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8.5.25.38 AID2 EE_SII_D EVO ENABLE SET [Address = OX1_0118] +.evvivurrrrnnnrerrnnnerrnnnnnessnnnes 601
8.5.25.39 AID2 EE_SII_D EVO ENABLE CLEAR [Address = 0X1_011C] ...uviiiiinerriiiinnennninneeannnns 602
8.5.25.40 AID2 EE_SII_D EV1 ENABLE STATUS [Address = OX1_0120] ...cevvviiuerirninnreinninnesinnnes 603
8.5.25.41 AID2 EE_SII_D EV1 ENABLE SET [Address = OX1_0124] ..cviiiirririiineernainnessnannnessnnnes 604
8.5.25.42 AID2 EE_SII_D EV1 ENABLE CLEAR [Address = 0X1_0128].....ccvvviiurrirninnrrinninneaannns 605
8.5.25.43 AID2 EE_SII_D EVO ENABLED STATUS [Address = 0X1_012C]....uiviuerrrriinnrrniinnneinnnns 606
8.5.25.44 AID2 EE_SII_D EV1 ENABLED STATUS [Address = 0X1_0130] «uvvvvevnererrnnnnerrannneernnnns 607
8.5.25.45 AID2 EE_SIE_A RAW INTERRUPT STATUS [Address = 0X1_01B8].....civeierrrrinnrerrnnnnns 608
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8.5.25.47 AID2 EE_SIE_A RAW CLEAR [Address = OX1_01C0]..ccuueeerranrersnnnnerrsannnesrannnnssmnnnes 610
8.5.25.48 AID2 EE_SIE_A EVO ENABLE STATUS [Address = 0X1_01CA4]...ciiiiiurriiiinneinainnennnnnes 611
8.5.25.49 AID2 EE_SIE_A EVO ENABLE SET [Address = 0X1_01C8] ..uiviuurrrriinnrmrninnneinninnesinnes 612
8.5.25.50 AID2 EE_SIE_A EVO ENABLE CLEAR [Address = OX1_01CC]...cctvrriiurrrrsnnnrernnnnnenrnnnns 613
8.5.25.51 AID2 EE_SIE_A EV1 ENABLE STATUS [Address = 0X1_01D0]....cueeiureirninnrernainnesnannes 614
8.5.25.52 AID2 EE_SIE_A EV1 ENABLE SET [Address = 0X1_01DA4] ...ivierririinnrirninnsrniinnesinnnes 615
8.5.25.53 AID2 EE_SIE_A EV1 ENABLE CLEAR [Address = OX1_01D8] ...cvvvveirrersnnnrernsnnneernnnns 616
8.5.25.54 AID2 EE_SIE_A EVO ENABLED STATUS [Address = 0X1_01DC] ..iccuiviiiinireiiinneninnnnss 617
8.5.25.55 AID2 EE_SIE_A EV1 ENABLED STATUS [Address = OX1_01EOQ]....cvverviiiunreinninneninnnns 618
8.5.25.56 AID2 EE_SIE_B RAW INTERRUPT STATUS [Address = 0X1_01E4]....cvvvviereriinnrnnrnnnnns 619
8.5.25.57 AID2 EE_SIE_B RAW SET [Address = OX1_01ES8] ..cciiiuiiiiiiiiiiiiii i rrineennnnes 620
8.5.25.58 AID2 EE_SIE_B RAW CLEAR [Address = OX1_01EC] ...cuuveiriinerirniinesinninnnsininnessanes 621
8.5.25.59 AID2 EE_SIE_B EVO ENABLE STATUS [Address = 0X1_01F0] ..cvvviiierrrrninneernnnnennnnnes 622
8.5.25.60 AID2 EE_SIE_B EVO ENABLE SET [Address = OX1_01F4] ..oiieiiiiiiiiiiiiiieeinninenannns 623
8.5.25.61 AID2 EE_SIE_B EVO ENABLE CLEAR [Address = OX1_01F8].....ceviviuerririinnriniinneeinnnns 624
8.5.25.62 AID2 EE_SIE_B EV1 ENABLE STATUS [Address = OX1_O01FCl...cviieereriiinenernnnnrernnnnees 625
8.5.25.63 AID2 EE_SIE_B EV1 ENABLE SET [Address = 0X1_0200]....ccuueerrraneerrninnesinannnesaannes 626
8.5.25.64 AID2 EE_SIE_B EV1 ENABLE CLEAR [Address = OX1_0204].....cvvvviuerrrrninnrmmiinnneinnnns 627
8.5.25.65 AID2 EE_SIE_B EVO ENABLED STATUS [Address = OX1_0208] ..evvvvererrnnnrernnnnnenrnnnns 628
8.5.25.66 AID2 EE_SIE_B EV1 ENABLED STATUS [Address = OX1_020C]....ceeuereriinnrrrnninnearnnnes 629
8.5.25.67 AID2 EE_SIE_C RAW INTERRUPT STATUS [Address = OX1_0210] ...cvviviurerrrinnensrnnnnss 630
8.5.25.68 AID2 EE_SIE_C RAW SET [Address = OX1_0214]...ccuieiieerrrainnersannnesssnnnnessannnnssmnnnes 631
8.5.25.69 AID2 EE_SIE_C RAW CLEAR [Address = OX1_0218]....uueierriinrririinesinainnessaanenssannnss 632
8.5.25.70 AID2 EE_SIE_C EVO ENABLE STATUS [Address = OX1_021C]...cviiiueerininnnerrinnnnssannnss 633
8.5.25.71 AID2 EE_SIE_C EVO ENABLE SET [Address = 0X1_0220] +.evvveerrrrannrrersannnersssnneesnnnes 634
8.5.25.72 AID2 EE_SIE_C EVO ENABLE CLEAR [Address = 0X1_0224]......ciceieeriiinnriiinnneraannnss 635
8.5.25.73 AID2 EE_SIE_C EV1 ENABLE STATUS [Address = OX1_0228] ....cvvvvurrirninnrsinninneiinnnes 636
8.5.25.74 AID2 EE_SIE_C EV1 ENABLE SET [Address = OX1_022C] ..evvveererrainnrernnnnnerssnnnessnnnes 637
8.5.25.75 AID2 EE_SIE_C EV1 ENABLE CLEAR [Address = 0X1_0230]....ccvveaurerrmnnnrrrrnnneermannnss 638
8.5.25.76 AID2 EE_SIE_C EV0 ENABLED STATUS [Address = 0X1_0234] ....ccvieiiiiiinneinninnneinnnns 639
8.5.25.77 AID2 EE_SIE_C EV1 ENABLED STATUS [Address = 0X1_0238] ..cvvvvererrnnnrernnnnneernnnns 640
8.5.25.78 AID2 SYSCLK_ORIG_REG [Address = 0X1_02C0] ..eeuvuuurrrrnnnnerannnnessrannrsssannressannnes 641
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8.5.26 AID2_EE_DFE [Address = OX1_1000] .. ueuteuuueerraannerrsannnessaanneesaannnessasnnessssnnnessssnnesssnnns 642
8.5.26.1 AID2 DFE_EE_A RAW INTERRUPT STATUS [Address = 0X1_1000] ....evvviiuerrrnnnnerrnnns 642
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8.5.27.2 AID2 EE_SII_E RAW SET [Address = OX1_2004] ..uueuiriuueerrnnnnnsrannnsessinnnssssinnressainness 659
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8.5.27.7 AID2 EE_SII_E EV1 ENABLE STATUS [Address = 0X1_2018] ....cciveiierrirninnrrrnannnrsannnss 664
8.5.27.8 AID2 EE_SII_E EV1 ENABLE SET [Address = 0X1_201C] ..ovviiuuerininnnesininnnsisnnnnsssannns 665
8.5.27.9 AID2 EE_SII_E EV1 ENABLE CLEAR [Address = OX1_2020] ...uueerresnnerrrnnneesrmnnnnssmnnnes 666
8.5.27.10 AID2 EE_SII_E EVO ENABLED STATUS [Address = 0X1_2024] ...cviiiierrriiinneenninneeannnns 667
8.5.27.11 AID2 EE_SII_E EV1 ENABLED STATUS [Address = OX1_2028] ...vvvviuerrrrninnrmrninneeinnnns 668
8.5.27.12 AID2 EE_SII_F RAW INTERRUPT STATUS [Address = 0X1_202C] ....vvvvrinererrnnnnnrrnnnees 669
8.5.27.13 AID2 EE_SII_F RAW SET [Address = OX1_2030] .. .uueerruumrerrninnesraannessrannessaannnssannnns 670
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8.5.27.19 AID2 EE_SII_F EV1 ENABLE SET [Address = OX1_2048]....cuciierriiiinreirainneernannnesaanns 676
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8.5.27.22 AID2 EE_SII_F EV1 ENABLED STATUS [Address = OX1_2054] ...cviiiierriiiinnrenninneeinnnns 679
8.5.27.23 AID2 EE_SII_G RAW INTERRUPT STATUS [Address = 0X1_2058] .....cvvvvuurrrrinnenrinnnnns 680
8.5.27.24 AID2 EE_SII_G RAW SET [AdAress = OX1_205C] .uvevreiurerrrnnnnersannnesssannnessannnnssennnes 681
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8.5.27.27 AID2 EE_SII_G EVO ENABLE SET [Address = 0X1_2068] ...vvvvurrrrranrerrnnnnerrnnnnnessnnnes 684
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8.5.27.29 AID2 EE_SII_G EV1 ENABLE STATUS [Address = 0X1_2070] ...uvevrsiuerirninnnsimninnesinnes 686
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8.5.27.61 AID2 EE_SIE_E EVO ENABLE CLEAR [Address = OX1_21F8].....ceviiiuerrriiinnriniinneeinnnns 718
8.5.27.62 AID2 EE_SIE_E EV1 ENABLE STATUS [Address = OX1_21FCl...cviieurerinnnnrersnnnnersnnnnes 719
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8.5.27.65 AID2 EE_SIE_E EVO ENABLED STATUS [Address = OX1_2208] ..evvvvuererrnnnrerrnnnneesnnnes 722
8.5.27.66 AID2 EE_SIE_E EV1 ENABLED STATUS [Address = OX1_220C]...ccueuerrrnnnnrrrnninneasnnnns 723
8.5.27.67 AID2 EE_SIE_F RAW INTERRUPT STATUS [Address = OX1_2210] cc.vvviriunrrirnnnensrnnnnss 724
8.5.27.68 AID2 EE_SIE_F RAW SET [AdAress = OX1_2214] ..uuvuieieerraannnersannnesssannnessannnnssennnes 725
8.5.27.69 AID2 EE_SIE_F RAW CLEAR [Address = OX1_2218] ..cuuerrriinnrinainnesinannessaannnssaannes 726
8.5.27.70 AID2 EE_SIE_F EVO ENABLE STATUS [Address = 0X1_221C]...cviiiurerinnnnneirinnnessnnnns 727
8.5.27.71 AID2 EE_SIE_F EVO ENABLE SET [Address = OX1_2220]...cuuvueerreaneersnnnnessnsnnnessnnnes 728
8.5.27.72 AID2 EE_SIE_F EVO ENABLE CLEAR [Address = 0X1_2224] ......ceviiieiriiiinnernninnneannnns 729
8.5.27.73 AID2 EE_SIE_F EV1 ENABLE STATUS [Address = OX1_2228] ...cvvviiurrirninnrsinninneiinnnes 730
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8.6.51.2 AIL RM_O RAW SET [AdAress = 0X3_4004] cueerreieeersannerraannnrssannessannnnessannnessmnnnes 1091
8.6.51.3 AIL RM_O RAW CLEAR [Address = 0X3_4008] ....uueeirrnmrrraannnersainnesiaannnssaaannessannnes 1093
8.6.51.4 AIL RM_0 EVO ENABLE STATUS [Address = 0X3_400C] ...uivaueriiiinnnsimnnnnesiiinnnsisnnnes 1095
8.6.51.5 AIL RM_0 EVO ENABLE SET [Address = 0X3_4010]...uuuueeerrauneerrnnnnerssannnessannnessmnnnes 1097
8.6.51.6 AIL RM_0 EVO ENABLE CLEAR [Address = 0X3_4014] ...ueiiiiiuieiiiiineeiiainnessaannessannns 1098
8.6.51.7 AIL RM_0 EV1 ENABLE STATUS [Address = 0X3_4018] ....ivviueriiiinnnninninnesininnnsiiannes 1099
8.6.51.8 AIL RM_0 EV1 ENABLE SET [Address = 0X3_401C] ..uuurerrrannerrrnnnnerrannnnessannnessannnes 1101
8.6.51.9 AIL RM_0 EV1 ENABLE CLEAR [Address = 0X3_4020] .. .ueuirriurrrrninnriaannnessaannessaannes 1103
8.6.51.10 AIL RM_0 EVO ENABLED STATUS [Address = 0X3_4024] ...iviutiiiiinnreiniinnrirninnnsinnnns 1105
8.6.51.11 AIL RM_0 EV1 ENABLED STATUS [Address = OX3_4028] +..vuvuvrerrnnnrerrnnnneerannneernnnns 1107
8.6.51.12 AIL RT_TM_O0 RAW INTERRUPT STATUS [Address = O0X3_402C] ....ceevrririnnrerrnnnneennns 1109
8.6.51.13 AIL RT_TM_O0 RAW SET [Address = 0X3_4030] ...uueerrsuurrersinrermminnesssinnsissinnssinnnes 1110
8.6.51.14 AIL RT_TM_0 RAW CLEAR [Address = 0X3_4034] «.vvveirrerrnnnrerrannneesssnnnessannnessnnnes 1111
8.6.51.15 AIL RT_TM_0 EVO ENABLE STATUS [Address = OX3_4038] ....ceevriiurrrrrinnrernainneaannns 1112
8.6.51.16 AIL RT_TM_0 EVO ENABLE SET [Address = OX3_403C] ..vvvruuurrrriinnrsisinnnsimninnesinnnes 1113
8.6.51.17 AIL RT_TM_0 EVO ENABLE CLEAR [Address = 0X3_4040] +.uvuvrerrinnrerrnnnnerrnnnneesnnnns 1114
8.6.51.18 AIL RT_TM_0 EV1 ENABLE STATUS [Address = OX3_4044] ....cviiiiiiiiiiiiineinninneannnns 1115
8.6.51.19 AIL RT_TM_O0 EV1 ENABLE SET [Address = OX3_4048]....civevurririinnreiriinnsirninnsinnnes 1116
8.6.51.20 AIL RT_TM_0 EV1 ENABLE CLEAR [Address = 0X3_404C]....cuevrrirnnrerrnnnneerananeennnns 1117
8.6.51.21 AIL RT_TM_0 EVO ENABLED STATUS [Address = 0X3_4050] ...cvvvriuererrnnnrerrnnnneennnns 1118
8.6.51.22 AIL RT_TM_O0 EV1 ENABLED STATUS [Address = 0X3_4054] .....civviereiriinrriniinnneinnns 1119
8.6.51.23 AIL CI_CO_0 RAW INTERRUPT STATUS [Address = 0X3_4058] ....eveererrnnnrerrnnnneennnns 1120
8.6.51.24 AIL CI_CO_0 RAW SET [Address = 0X3_405C] ...uutrrriinrrrriinreraannnesasannssssannnessannes 1121
8.6.51.25 AIL CI_CO_0 RAW CLEAR [Address = OX3_4060] ...uuvriuurerriinrrmrminnrsrsiinnssmminnesinnnes 1122
8.6.51.26 AIL CI_CO_0 EVO ENABLE STATUS [Address = 0X3_4064] ...ccvvrreinrerrnnnrerananneennnns 1123
8.6.51.27 AIL CI_CO_0 EVO ENABLE SET [Address = 0X3_4068] ....cvviiurrrriinnrerniinnearnanneerannns 1124
8.6.51.28 AIL CI_CO_0 EVO ENABLE CLEAR [Address = 0X3_406C] ...uvrrriinnrmrmninnsirninnnsinnnns 1125
8.6.51.29 AIL CI_CO_0 EV1 ENABLE STATUS [Address = 0X3_4070] +..ceevrrrrinererrnnnrernnnnneesnnns 1126
8.6.51.30 AIL CI_CO_0 EV1 ENABLE SET [Address = 0X3_4074] ..cveiiiiutriiiianreraaineasaannesannes 1127
8.6.51.31 AIL CI_CO_0 EV1 ENABLE CLEAR [Address = 0X3_4078]...uvuveterriinnrerrinnrernninneiinnns 1128
8.6.51.32 AIL CI_CO_0 EVO ENABLED STATUS [Address = 0X3_407C]..cvvririnererrnnnnerrnnnneernnns 1129
8.6.51.33 AIL CI_CO_0 EV1 ENABLED STATUS [Address = 0X3_4080] ....uvvvriererrnnnrerrrnnneeennns 1130
8.6.51.34 AIL SYSCLK_PHY_ORIG_REG [Address = 0X3_4084].....cciviiurrrriinnriisiinnsisninnssinines 1131
8.6.52 AIL_IQN_AIL_EE_SYSCLK_EE [Address = 0X3_4800] +..uueerreneerrrannnerrannnesrsmnneessmnnnenenns 1132
8.6.52.1 AIL PD_0 RAW INTERRUPT STATUS [Address = OX3_4800] .....cevriiurrrrrinnrrinannnesiannes 1140
8.6.52.2 AIL PD_0 RAW SET [Address = OX3_4804] ...vuiiiuuriiininneiiiinsnsiriinsessannnnsrsannnessannnes 1142
8.6.52.3 AIL PD_0 RAW CLEAR [Address = 0X3_4808]....cuurerreinnerrrannnerrannnerssannnessmnnnessmnnnes 1144
8.6.52.4 AIL PD_0 EVO ENABLE STATUS [Address = 0X3_480C] ..cviiiiueriiiiinnrianinneriaannassaanns 1146
8.6.52.5 AIL PD_0 EVO ENABLE SET [Address = 0X3_4810] +.uuuuuursinnunnrirninnesininnessannnnsssnnnes 1148
8.6.52.6 AIL PD_0 EVO ENABLE CLEAR [Address = 0X3_4814] ...uvvireieeerrsannerreannnersaannnsssnnnes 1150
8.6.52.7 AIL PD_0 EV1 ENABLE STATUS [Address = 0X3_4818]...cciiiieriiiiinneiiiinnesiaannnssaanns 1152
8.6.52.8 AIL PD_0 EV1 ENABLE SET [Address = 0X3_48LC]...icuuuriiiinnriininnesinnnneiiannnesssnnnes 1154
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8.6.52.64 AIL AIL_SI_0 EV1 ENABLE CLEAR [Address = 0X3_4954] ....cceierininrernnnneernnnnnennnnns 1214
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8.6.52.73 AIL EE_SII_A EV1 ENABLE STATUS [Address = 0X3_4978]...ccvrriiirrrrninnrernnnnnennnnns 1223
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8.6.52.77 AIL EE_SII_A EV1 ENABLED STATUS [Address = 0X3_4988].....ccciaerrrriinrrirninnearnnnes 1227
8.6.52.78 AIL EE_SII_B RAW INTERRUPT STATUS [Address = OX3_498C] ....cvuvrrrinnrrrriinnneinnns 1228
8.6.52.79 AIL EE_SII_B RAW SET [Address = 0X3_4990] ...uuverriinrrrrrannrersannnessasnnesssannnessannes 1229
8.6.52.80 AIL EE_SII_B RAW CLEAR [Address = 0X3_4994]....cciiiiiiiiiinieiaiineernainnessaannessaanes 1230
8.6.52.81 AIL EE_SII_B EVO ENABLE STATUS [Address = 0X3_4998]......cviiiiurriiiinnrrinninneiinnns 1231
8.6.52.82 AIL EE_SII_B EVO ENABLE SET [Address = 0X3_499C]...ceviiiurrrriinrernnnnnernnnnnessnnnes 1232
8.6.52.83 AIL EE_SII_B EVO ENABLE CLEAR [Address = 0X3_49A0] «...uueerrriererniinnesaannneesannes 1233
8.6.52.84 AIL EE_SII_B EV1 ENABLE STATUS [Address = 0X3_49A4] ....cviiiiiiiiiiiinieinninneeinnnns 1234
8.6.52.85 AIL EE_SII_B EV1 ENABLE SET [Address = 0X3_49A8] . ctviiiierrrrainnerrannnnersannnessnnnes 1235
8.6.52.86 AIL EE_SII_B EV1 ENABLE CLEAR [Address = OX3_49AC].....uiiiiiiierriiiinneinainneeiannas 1236
8.6.52.87 AIL EE_SII_B EVO ENABLED STATUS [Address = 0X3_49B0] ....evvvvuererrinnrrinninneeinnns 1237
8.6.52.88 AIL EE_SII_B EV1 ENABLED STATUS [Address = 0X3_49B4] .....civveeverrninrernnnnneennnns 1238
8.6.52.89 AIL EE_SII_C_0 RAW INTERRUPT STATUS [Address = 0Xx3_49B8] ......cevvierrrrinnneennns 1239
8.6.52.90 AIL EE_SII_C_0 RAW SET [Address = 0X3_49BC] ...iviiutrirninnriiniinnsisiinnesisannssiannes 1240
8.6.52.91 AIL EE_SII_C_0 RAW CLEAR [Address = 0X3_49C0] .. uuvrerrninrerrnnnneersnnnnessasnnessnnnes 1241
8.6.52.92 AIL EE_SII_C_0 EVO ENABLE STATUS [Address = OX3_49C4] ...cviiiiiiiiiiineinninneannnns 1242
8.6.52.93 AIL EE_SII_C_0 EVO ENABLE SET [Address = OX3_49C8] ....ctviriineriiiiinnsiininnesinnnes 1243
8.6.52.94 AIL EE_SII_C_0 EVO ENABLE CLEAR [Address = 0X3_49CC] ccuvvriiirrerrnnnrrrrnnnneennnns 1244
8.6.52.95 AIL EE_SII_C_0 EV1 ENABLE STATUS [Address = OX3_49D0] ...cviiiurririinnnernninneannnns 1245
8.6.52.96 AIL EE_SII_C_0 EV1 ENABLE SET [Address = OX3_49D4] ....cuviiiiiiriiniinnniniinnesinnnes 1246
8.6.52.97 AIL EE_SII_C_0 EV1 ENABLE CLEAR [Address = 0X3_49D8]....cvvvvaererrnnnnerrsnnneernnnns 1247
8.6.52.98 AIL EE_SII_C_0 EVO ENABLED STATUS [Address = 0X3_49DC]....cccevrriinnrrrrninneeannns 1248
8.6.52.99 AIL EE_SII_C_0 EV1 ENABLED STATUS [Address = 0X3_49EQ] ...vvvevririinnrrrninnneinnns 1249
8.6.52.100 AIL EE_SII_C_1 RAW INTERRUPT STATUS [Address = Ox3_49E4]......vveveverinnnnennnns 1250
8.6.52.101 AIL EE_SII_C_1 RAW SET [Address = OX3_49E8] .....uuiiiiiiiiiiiiiinneiaainesiaannesssanns 1251
8.6.52.102 AIL EE_SII_C_1 RAW CLEAR [Address = 0X3_49EC] ....ivviiiieiiiiiiiiiiiiininnineeiaans 1252
8.6.52.103 AIL EE_SII_C_1 EVO ENABLE STATUS [Address = 0X3_49F0]....cuvvrrriinrernnnneennnnns 1253
8.6.52.104 AIL EE_SII_C_1 EVO ENABLE SET [Address = OX3_49F4] ....uiiiiiiiiiiiiiireennineeannns 1254
8.6.52.105 AIL EE_SII_C_1 EVO ENABLE CLEAR [Address = 0X3_49F8] ....civiverriiiinrrinninnneinnns 1255
8.6.52.106 AIL EE_SII_C_1 EV1 ENABLE STATUS [Address = 0X3_49FC] ...viiirriiiineenninneennnns 1256
8.6.52.107 AIL EE_SII_C_1 EV1 ENABLE SET [Address = OX3_4A00] .. ..uveririnreriiinreraninneeanns 1257
8.6.52.108 AIL EE_SII_C_1 EV1 ENABLE CLEAR [Address = 0X3_4A04] ....cvviiereiiiinrriininnnennnns 1258
8.6.52.109 AIL EE_SII_C_1 EVO ENABLED STATUS [Address = 0X3_4A08].....ccvvvraanrerrnnnneernnns 1259
8.6.52.110 AIL EE_SII_C_1 EV1 ENABLED STATUS [Address = 0X3_4A0C] ...cccvvriiinnrerrnnnneennns 1260
8.6.52.111 AIL EE_SII_D RAW INTERRUPT STATUS [Address = 0X3_4AB68]......ccvvvvurrrriinnneinnns 1261
8.6.52.112 AIL EE_SII_D RAW SET [Address = 0X3_4ABC] ..uverriurerrainnerrsanneessannnesssannesssnnnes 1262
8.6.52.113 AIL EE_SII_D RAW CLEAR [Address = OX3_4AT70]. ..o ueriiiiiiiiiiiinneiaainesssannesssanns 1263
8.6.52.114 AIL EE_SII_D EVO ENABLE STATUS [Address = OX3_4AT74]...cciiiiiriiiiinininninnesinnnes 1264
8.6.52.115 AIL EE_SII_D EVO ENABLE SET [Address = O0X3_4AT78] c.vvvveeererrainnreraannrersnnnnennnnns 1265
8.6.52.116 AIL EE_SII_D EVO ENABLE CLEAR [Address = OX3_4AT7C] . ..uuieiiiiaiieiiiinneianinneannnns 1266
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8.6.52.117 AIL EE_SII_D EV1 ENABLE STATUS [Address = OX3_4A80]....cvvevarrerrnnnrerrnnnnenrnnnes 1267
8.6.52.118 AIL EE_SII_D EV1 ENABLE SET [Address = O0X3_4A84] ....cciieiiiiiiiiiiiiiineinninneaannns 1268
8.6.52.119 AIL EE_SII_D EV1 ENABLE CLEAR [Address = OX3_4A88] .....tviiiiurrirriinrriniinnniinnns 1269
8.6.52.120 AIL EE_SII_D EVO ENABLED STATUS [Address = 0X3_4A8C] .vvvvieerrrrnnnrrernnnneennnns 1270
8.6.52.121 AIL EE_SII_D EV1 ENABLED STATUS [Address = 0X3_4A90]....ciuiierrriiinrernninneaannns 1271
8.6.52.122 AIL EE_SIE_A RAW INTERRUPT STATUS [Address = Ox3_4B18].....ccvvviurririinnrninnns 1272
8.6.52.123 AIL EE_SIE_A RAW SET [Address = OX3_4BLC] cutvriiiurrerrnnnrersannnessssnnnessannnessnnnes 1273
8.6.52.124 AIL EE_SIE_A RAW CLEAR [Address = 0X3_4B20].....cccveiiiiiiiiiiineiiiie e innineeannnas 1274
8.6.52.125 AIL EE_SIE_A EVO ENABLE STATUS [Address = 0X3_4B24].....civiiiiiiiiiniiiniinnnnnns 1275
8.6.52.126 AIL EE_SIE_A EVO ENABLE SET [Address = 0X3_4B28] +.vvvvurreriiinrerinnnnerrannneernnnns 1276
8.6.52.127 AIL EE_SIE_A EVO ENABLE CLEAR [Address = 0X3_4B2C] ....cciiiirriiiiirinniinnennnnns 1277
8.6.52.128 AIL EE_SIE_A EV1 ENABLE STATUS [Address = 0X3_4B30]....ciivirreiiiinnriiiinnneinnns 1278
8.6.52.129 AIL EE_SIE_A EV1 ENABLE SET [Address = 0X3_4B34] .eviviiirriiinrerinnnnennnanneennnnns 1279
8.6.52.130 AIL EE_SIE_A EV1 ENABLE CLEAR [Address = 0X3_4B38] .....cciiiiriiiinriiiiinneinnnns 1280
8.6.52.131 AIL EE_SIE_A EVO ENABLED STATUS [Address = 0X3_4B3C] ...iviveiriiiinneiniinnnnnnnns 1281
8.6.52.132 AIL EE_SIE_A EV1 ENABLED STATUS [Address = O0X3_4B40].....cccvvviiirrrrnnnneernnnns 1282
8.6.52.133 AIL EE_SIE_B RAW INTERRUPT STATUS [Address = Ox3_4B44].....cccviiiiriiiiinnnnnnnns 1283
8.6.52.134 AIL EE_SIE_B RAW SET [Address = OX3_4B48] ...cviiiuiiiiiiiniriiiinesiiiiinnsisninnssiannes 1284
8.6.52.135 AIL EE_SIE_B RAW CLEAR [Address = 0X3_4BA4C] ...ccviiiiiieieriiineesnannnessannnessnnnes 1285
8.6.52.136 AIL EE_SIE_B EVO ENABLE STATUS [Address = 0X3_4B50]....cciiiiiiriiiiriiiiinneainnns 1286
8.6.52.137 AIL EE_SIE_B EVO ENABLE SET [Address = 0X3_4B54] ....cviiiiiiiiiiiiiiiniiiinnsinnns 1287
8.6.52.138 AIL EE_SIE_B EVO ENABLE CLEAR [Address = 0X3_4B58] ....cvviiiererrninerrnnnneernnnns 1288
8.6.52.139 AIL EE_SIE_B EV1 ENABLE STATUS [Address = 0X3_4B5C] ....iiiiiiiiiiiiiiiiiiieeannnns 1289
8.6.52.140 AIL EE_SIE_B EV1 ENABLE SET [Address = 0X3_4B60] ...cvvuviiiiiierriniinneiniinnsinnnns 1290
8.6.52.141 AIL EE_SIE_B EV1 ENABLE CLEAR [Address = O0X3_4B64] .....vviviererinineernnnnnernnnns 1291
8.6.52.142 AIL EE_SIE_B EVO ENABLED STATUS [Address = 0X3_4B68]......ccevviiirrirniinnninnnns 1292
8.6.52.143 AIL EE_SIE_B EV1 ENABLED STATUS [Address = 0X3_4B6C] ...ivvivrviiiinnririinnneinnns 1293
8.6.52.144 AIL EE_SIE_C RAW INTERRUPT STATUS [Address = 0x3_4B70]...ccvvvviirrrrnnnneennnns 1294
8.6.52.145 AIL EE_SIE_C RAW SET [AdAress = 0X3_4B74] ..ouiiiiiiiiiiii i rcinee e nnnes 1295
8.6.52.146 AIL EE_SIE_C RAW CLEAR [Address = OX3_4B78]....ccuteiriiuiriiiiinneiiiinesirninssinnnns 1296
8.6.52.147 AIL EE_SIE_C EVO ENABLE STATUS [Address = OX3_4B7C] c.vvviiiiereriinnnernnnnneennnns 1297
8.6.52.148 AIL EE_SIE_C EVO ENABLE SET [Address = 0X3_4B80] ......uvrriiiierriiiineerninneannnns 1298
8.6.52.149 AIL EE_SIE_C EVO ENABLE CLEAR [Address = OX3_4B84] .....civiiuriiiiinnreiniinnninnnns 1299
8.6.52.150 AIL EE_SIE_C EV1 ENABLE STATUS [Address = O0X3_4B88].......cvererrinnrerrnnnneernnns 1300
8.6.52.151 AIL EE_SIE_C EV1 ENABLE SET [Address = 0X3_4B8C]....ccceviiiiierriiiiieinaiinneinnnas 1301
8.6.52.152 AIL EE_SIE_C EV1 ENABLE CLEAR [Address = OX3_4B90] ....cvvviiurrirninnrrinninneinnnns 1302
8.6.52.153 AIL EE_SIE_C EVO ENABLED STATUS [Address = 0X3_4B94]....ccceriiiiieennnnnnnennnnns 1303
8.6.52.154 AIL EE_SIE_C EV1 ENABLED STATUS [Address = 0x3_4B98].....cccvviiiirriiniinnninnnns 1304
8.6.52.155 AIL SYSCLK_ORIG_REG [Address = OX3_4C20] ..tuurruurrerrannrrrrsinnrsrssinnsssminnesisnnes 1305
8.7 D @ =T 11 =T 1306
8.7.1 DIO2_SI_IQ_EFE_CONFIG_GROUP [Address = OX0000] . ...cuueuuuerirannnerrannnnrsrannresaannneeenns 1308
8.7.1.1 DIO2 IQ EFE CHANNEL CONFIGURATION REGISTER [Address = 0x0000 + (S x
0000 1309
8.7.1.2 DIO2 IQ EFE CONFIGURATION REGISTER [Address = 0X0200] .....uueerrrinrrirnnnnesrnnnes 1310
8.7.1.3 DIO2 IQ EFE GLOBAL ENABLE SET REG [Address = 0X0240] ...cvvvvueriiiinnnsinninnssinnnes 1311
8.7.1.4 DIO2 IQ EFE GLOBAL ENABLE CLEAR REG [Address = OX0244]....cccevvieieerrnnnnenrnnnes 1312
8.7.1.5 DIO2 IQ EFE GLOBAL ENABLE STATUS [Address = OX0248].....iviiierriiiinnerininanrsaannss 1313
8.7.1.6 DIO2 IQ EFE CHANNEL ON STATUS REG [Address = OX0260].....cuuueerrrinnrsiriinnesinnnes 1314
8.7.1.7 DIO2 IQ EFE IN PACKET STATUS REGISTERS [Address = 0X0280] ...vvvvvvurrrrnnnneernnnns 1315
8.7.1.8 DIO2 IQ EFE DMA SYNC STATUS REGISTERS [Address = OX02A0] ...cvvviiurrirninrernnnns 1316
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8.7.2.3 DIO2 IQ EFE RADIO STANDARD 0 TDD ENABLE LUT [Address = 0x0440 + (S x

00007 | 1320
8.7.2.4 DIO2 IQ EFE RADIO STANDARD 1 TDD ENABLE LUT [Address = 0x0460 + (S x
03000 1321
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00007 1322
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00007 | 1323
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03000 1324
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[Address = OX0800 + (R X OX0004)] . uueeiuuueeusnnnesisnsnnssssannssssanssessannnssssannressssnnes 1329
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00007 | 1335

8.7.8.3 DIO2 IQ IFE RADIO STANDARD 0 TDD ENABLE LUT [Address = 0x2240 + (S x 0x0004)] 1336
8.7.8.4 DIO2 IQ IFE RADIO STANDARD 1 TDD ENABLE LUT [Address = 0x2260 + (S x 0x0004)] 1337
8.7.8.5 DIO2 IQ IFE RADIO STANDARD 2 TDD ENABLE LUT [Address = 0x2280 + (S x 0x0004)] 1338
8.7.8.6 DIO2 IQ IFE RADIO STANDARD 3 TDD ENABLE LUT [Address = 0x22A0 + (S x 0x0004)] 1339
8.7.8.7 DIO2 IQ IFE RADIO STANDARD 4 TDD ENABLE LUT [Address = 0x22CO0 + (S x 0x0004)] 1340
8.7.8.8 DIO2 IQ IFE RADIO STANDARD 5 TDD ENABLE LUT [Address = 0x22E0 + (S x 0x0004)] 1341
8.7.8.9 DIO2 IQ IFE RADIO STANDARD 6 TDD ENABLE LUT [Address = 0x2300 + (S x 0x0004)] 1342
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8.7.9.3 DIO2 IQ IFE GLOBAL ENABLE STATUS [AddreSs = 0X2348]....eeerreeeeeeeeseeeeeisssrnenenns 1346
8.7.9.4 DIO2 IQ IFE CHANNEL ON STATUS REG [Address = 0X2350]......cceeeeeeereeeeesiinssnsnnnes 1347
8.7.9.5 DIO2 IQ IFE IN PACKET STATUS REGISTERS [Address = 0x2360] ........ceeeeeruvvvrrrnnne. 1348
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8.7.13.1 DIO2 IQ IFE AXC FRAMING SAMPLE TERMINAL COUNT CONFIGURATION REGISTER
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010 R 1375
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8.7.21.3 DIO2 IQ IDC EOP COUNTER REGISTER [AdAress = OXA008] ....evvvreeeeeeeeeeeeeinnsssrnnnss 1379
8.7.22 DIO2_GLOBAL [ADAress = 0X1_0000].......cereeeeserursrrrreererereeeeeseesssssssssssssssssssseeseeees 1380
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8.7.23.2 DIO2 DIO INGRESS DMA CONFIGURATION REGISTER 0 [Address = 0x1_0104 + (R x

N0 7:10) ) R 1391
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0 7:10) ) IR 1392
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L0000} ) 1402
8.7.27.2 DIO2 DIO INGRESS DBCNTO CONTROL REG [Address = 0x1_0804 + (R x 0x0008)] ...... 1403
8.7.28 DIO2_|_DBCNT1_RAM_MMR [Address = 0x1_1000 + (R X OX0008)] ...evvrvuuurrrrnnnnnrrnnnnnenss 1404
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L0000} ) 1406
8.7.29.2 DIO2 DIO INGRESS DBCNT2 CONTROL REG [Address = 0x1_1804 + (R x 0x0008)] ...... 1407
8.7.30 DIO2_E_AOG_RAM_MMR [Address = 0x1_2800 + (R X OX0004)] +uuvvruerrinerrinrrnnnernneinnnens 1408
8.7.30.1 DIO2 DIO EGRESS AXC OFFSET REG [Address = 0x1_2800 + (R x 0X0004)]......ccvvunnns 1408
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L0000} ) 1409
8.7.31.2 DIO2 DIO EGRESS DBCNTO CONTROL REG [Address = 0x1_3004 + (R x 0x0008)] ....... 1410
8.7.32 DIO2_E_DBCNT1_RAM_MMR [Address = 0x1_3800 + (R X OX0008)] .vvvvvuuurerrnnnnerrsnnnnenss 1411
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L0000} ) 1411
8.7.32.2 DIO2 DIO EGRESS DBCNT1 CONTROL REG [Address = 0x1_3804 + (R x 0x0008)] ....... 1412
8.7.33 DIO2_E_DBCNT2_RAM_MMR [Address = 0x1_4000 + (R X OX0008)] «.eevvvuuurrrrninnrrrrnnnnenss 1413
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(0000} ) 1413
8.7.33.2 DIO2 DIO EGRESS DBCNT2 CONTROL REG [Address = 0x1_4004 + (R x 0x0008)] ....... 1414
8.7.34 DIO2_EE [AdAress = OX1_8000] +.uuuuuueerruunesrsnnnnerssnnnessssnnsssssnssssssinnssssinnssisssnssiannns 1415
8.7.34.1 DIO2 EE_DMA_ING_A RAW INTERRUPT STATUS [Address = 0x1_8000]......cevvuunrernnns 1422
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8.7.34.4 DIO2 EE_DMA_ING_A EVO ENABLE STATUS [Address = 0X1_800C] ...vvvvivurerrnnnneennnns 1425
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DIO2 EE_DMA_ING_B RAW CLEAR [Address = 0X1_8034] ......cceevvvvrveeerrnnnnnnnneeenns 1435
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DIO2 EE_DMA_EGR_A RAW CLEAR [Address = 0X1_80E4] ........ccevvrvvrrrrrrrnnnnnnnennns 1446
DIO2 EE_DMA_EGR_A EVO ENABLE STATUS [Address = 0X1_80ES8] .....uvvvverennnrnnnss 1447
DIO2 EE_DMA_EGR_A EVO ENABLE SET [Address = 0X1_80EC] ....vvvvvvrvrrnnnieeeesennss 1448
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DIO2 EE_DMA_EGR_A EV1 ENABLE STATUS [Address = OX1_80F4] .....uvvvvueennreennns 1450
DIO2 EE_DMA_EGR_A EV1 ENABLE SET [Address = 0X1_80F8]..........evvrrvrennneeennns 1451
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DIO2 EE_SII_A EV1 ENABLE CLEAR [Address = OX1_8154] .....cevvvvevrvverrrrennnnnnnnnnnns 1474
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8.7.34.64 DIO2 EE_SII_C EV1 ENABLE CLEAR [Address = 0X1_8180]...cuvvrrriurrersnnnrerssnnneernnns 1485
8.7.34.65 DIO2 EE_SII_C EVO ENABLED STATUS [Address = 0X1_8184] ....viveevriiiinniriiinnneannns 1486
8.7.34.66 DIO2 EE_SII_C EV1 ENABLED STATUS [Address = 0X1_8188] ....iivvererriinireisinnneinns 1487
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8.7.34.70 DIO2 EE_SIE_A EVO ENABLE STATUS [Address = 0X1_821C] ...vviiiurrrrrinnrernnnnnensnnns 1491
8.7.34.71 DIO2 EE_SIE_A EVO ENABLE SET [Address = 0X1_8220]...ccuutrrrrinnrerrninnearnanneeannnns 1492
8.7.34.72 DIO2 EE_SIE_A EVO ENABLE CLEAR [Address = OX1_8224] .....civivurririinnrinninnneinnnns 1493
8.7.34.73 DIO2 EE_SIE_A EV1 ENABLE STATUS [Address = 0X1_8228] ...vvvvverrerrinnrernnnnnennnnns 1494
8.7.34.74 DIO2 EE_SIE_A EV1 ENABLE SET [Address = 0X1_822C] ...uuuiriiiinriiniinneinainnessnnnes 1495
8.7.34.75 DIO2 EE_SIE_A EV1 ENABLE CLEAR [Address = OX1_8230] ...cvvvrvuurrrrninnrsrsinnneinnnns 1496
8.7.34.76 DIO2 EE_SIE_A EVO ENABLED STATUS [Address = 0X1_8234] ...vvveererrnnnrerrnnnneennnns 1497
8.7.34.77 DIO2 EE_SIE_A EV1 ENABLED STATUS [Address = 0X1_8238] ...iveeerrriinnrrrrnnnneennnns 1498
8.7.34.78 DIO2 EE_SII_E RAW INTERRUPT STATUS [Address = 0X1_823C] .....evvviuurrrrninnreinnns 1499
8.7.34.79 DIO2 EE_SII_E RAW SET [AdAress = 0X1_8240] cuvvereiurerrnnnnersaanneessannnesssannnsssnnnes 1500
8.7.34.80 DIO2 EE_SII_E RAW CLEAR [Address = 0X1_8244] .....cuieiiiiuiiiiiinieiiainnessaannsssanes 1501
8.7.34.81 DIO2 EE_SII_E EVO ENABLE STATUS [Address = 0X1_8248] ......ivvvereiiiinrrinninnneinnns 1502
8.7.34.82 DIO2 EE_SII_E EVO ENABLE SET [Address = 0X1_824C] +.vvuvurrerrinrersnnnnersannneesnnnns 1503
8.7.34.83 DIO2 EE_SII_E EVO ENABLE CLEAR [Address = 0X1_8250] ....cevviiiuririiinreinninneannnns 1504
8.7.34.84 DIO2 EE_SII_E EV1 ENABLE STATUS [Address = 0X1_8254] .....iiviiererriinrrinninneeinnns 1505
8.7.34.85 DIO2 EE_SII_E EV1 ENABLE SET [Address = 0X1_8258]...cvvveererrninrerrnnnnrernnnnnensnnns 1506
8.7.34.86 DIO2 EE_SII_E EV1 ENABLE CLEAR [Address = 0X1_825C].....ceviiiurrrrninnrernninneannnns 1507
8.7.34.87 DIO2 EE_SII_E EVO ENABLED STATUS [Address = OX1_8260] ....ivvvererriinreersinnneinnns 1508
8.7.34.88 DIO2 EE_SII_E EV1 ENABLED STATUS [Address = OX1_8264] ...vvvveeverrnnnnrernnnneennnns 1509
8.7.34.89 DIO2 EE_SII_G RAW INTERRUPT STATUS [Address = OX1_8268] .....ccvvvvurrrrninnearnnns 1510
8.7.34.90 DIO2 EE_SII_G RAW SET [Address = OX1_826C] ..uvvvruurrrrsinrrirsinnrsssinnnsisminnssinnnes 1511
8.7.34.91 DIO2 EE_SII_G RAW CLEAR [Address = 0X1_8270] +.vuuererrannrerrssnnrersssnnessssnneesnnnns 1512
8.7.34.92 DIO2 EE_SII_G EVO ENABLE STATUS [Address = 0X1_8274] c.uvvviiirreiiinnnernninneennnns 1513
8.7.34.93 DIO2 EE_SII_G EVO ENABLE SET [Address = 0X1_8278] +.uvvvutrerrinnreiriinnsirninnneinnnns 1514
8.7.34.94 DIO2 EE_SII_G EVO ENABLE CLEAR [Address = OX1_827C] ccuvvvriinererrnnnnerrnnnneesnnnns 1515
8.7.34.95 DIO2 EE_SII_G EV1 ENABLE STATUS [Address = 0X1_8280] ...cvvvviurrrrrinnrrrrnnnneeinns 1516
8.7.34.96 DIO2 EE_SII_G EV1 ENABLE SET [Address = 0X1_8284] ...vvvutririinreiniinneiiiinnnsinnnns 1517
8.7.34.97 DIO2 EE_SII_G EV1 ENABLE CLEAR [Address = OX1_8288]......cvvevurrerrnnnrersnnnneennnns 1518
8.7.34.98 DIO2 EE_SII_G EVO ENABLED STATUS [Address = 0X1_828C].....cceevrrrinnrrrrrnnneeannns 1519
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Preface

About This Manual

This User Guide includes an overview of the IQN2 peripheral, and provides information on the features,
operation, and use of the peripheral.

NOTE: The information in this document should be used in conjunction with information in the
device-specific Keystone Architecture data manual that applies to the part number of your
device.

Notational Conventions

This document uses the following conventions:

 Commands and keywords are in boldface font.

» Arguments for which you supply values are in italic font.

« Terminal sessions and information the system displays are in screen font.
» Information you must enter is in boldface screen font.

» Elements in square brackets ([ ]) are optional.

Notes use the following conventions:

NOTE: Means reader take note. Notes contain helpful suggestions or references to material not
covered in the publication.

The information in a caution or a warning is provided for your protection. Please read each caution and
warning carefully.

CAUTION
Indicates the possibility of service interruption if precautions are not taken.

WARNING

Indicates the possibility of damage to equipment if precautions are
not taken.

Related Documentation from Texas Instruments

Serializer/Deserializer (SerDes) for KeyStone Il Devices User Guide SPRUHO03
Multicore Navigator for KeyStone Devices User Guide SPRUGR9
TCI6630 Silicon Data Manual SPRS893

All trademarks are the property of their respective owners.
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Introduction

The information in this document should be used in conjunction with information in the device-specific
Keystone Architecture data manual that applies to the part number of your device.
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1.1

1.2

13

Purpose

IQNet2 (IQN2) is a peripheral module that supports transfers of baseband IQ data between uplink and
downlink baseband DSP processors and a high-speed serial interface.

This document describes:

* How to use IQN2

» Supported features

« Interface and implementation details
e IQN2 memory mapped registers

» IQN2 configuration example

Scope

The scope of this document is limited to the IQN2 IP. This version of the document includes information
about internal IQN2 modules and features. It also includes information about Multicore Navigator which is
included in the IQN2 subsystem and shows some examples of how to use it, but does not include detailed
configuration of PKTDMA and QM. This document also explains AID and other IQN2 subsystems for DFE
users but does not include DFE HW detail.

Terminology

The following sections list abbreviations, acronyms, and definitions of key terms that appear in this user

guide.

1.3.1 Abbreviations and Acronyms

Table 1-1. Abbreviations in the IQN2 User Guide

Abbreviation

Description

3GPP 3" Generation Partnership Project
AlF2 Antenna Interface 2

AID Antenna Interface for DFE

AlL Antenna Interface Link

AP Applications Processor

AT IQN2 Timer (sub-module)

AxC Antenna Carrier (stream)

AXC Container

Contains the IQ samples of one AxC for one chip (applied for CPRI)

Basic Frame

A CPRI basic frame consists of 16 words

BB Base Band
BBM Base Band Module
BCN Base station Chip Number (BCN timer has same role like Phy timer)
BE Big Endian
BER SerDes Bit Error Rate
BF Basic Frame
BFN UMTS NodeB Frame Number
BTS (Base Transceiver Station (Base Station)
C&M Control and Management
CBA Common Bus Architecture (SCR, VBUSP, VBUSM)
CDC Clock Domain Crossing
CDMA Code Division Multiple Access
CFG Configuration
CorePac A specific DSP core used (CPU)
CPRI Common Public Radio Interface
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Table 1-1. Abbreviations in the IQN2 User Guide (continued)
Abbreviation Description
CRC Cyclic Redundancy Check
CSL Code Support Library
CSR Control and Status Register
Ccw Control Word (CPRI)
DDR3 Dual Data Rate Memory 3
DFE Digital Front End
DL Downlink
DMA Direct Memory Access
DSP Digital Signal Processor
EDC Egress DMA Controller
EE IQN2 Error Event handler (sub-module)
EFE Egress Framing Engine
FDD Frequency Division Duplexing
FIFO First In First Out queue memory structure
FCS Frame Check Sequence
FD Finger Despreader
FM Framing Module
GCCP Generic Correlator Co-processor
HDLC High-level Data Link Control
HFN Hyperframe Number
HW Hardware
Hyperframe 1 CPRI Hyperframe = 256 CPRI basic frames
ICC IQN Core Component (Components mated with Sl to create AIL and DIO)
IDC Ingress DMA Controller
SD SerDes
IFE Ingress Framing Engine
1/0 Input & Output data flow
1Q In-phase and Quadrature data
IQN2 IQ Net #2
IQS IQ Switch
1P Interface and Peripherals
K Codes 7-bit line codes representing 8b10b control characters
L2 CorePac DSP Level 2 SRAM
LE Little Endian
LOF Loss Of Frame
LOS Loss Of Signal
LPSC Local Power Sleep Controller
LUT Look Up Table
LSB Least Significant Bit
LTE Long Term Evolution
MAC Media Access Control
MAI Multiple Access Interference
MMR Memory Mapped Register
MOD Modulo
MSB Most Significant Bit
OBSAI Open Base Station Architecture Initiative
OFDM Orthogonal Frequency Division Multiplexing
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Table 1-1. Abbreviations in the IQN2 User Guide (continued)

Abbreviation Description
PIC Parallel Interface Cancellation
PLL Phase Lock Loop
PM Path Monitor
PSI Packet Streaming Interface
“re reserve bits (i.e. 0's)
RAI Remote Alarm Indication
RAM Random Access Memory
RAC Receive Accelerator Co-processor
RE Radio Equipment (RF Module)
REC Radio Equipment Control (BBM)
RF Radio Frequency
RP1 Reference Point 1 (OBSAI)
RP3 Reference Point 3 (OBSAI)
RSA Rake Search Accelerator
RTWP Received Total Wideband Power of UMTS
RX Receive
SAP Service Access Point
SCR Switch Central Resource (VBUS cross bar switch)
SDI SAP Defect Indication
SDRAM Synchronous Dynamic RAM
SerDes SERializer / DESerializer
Sl IQN2 System Interface module
SIE_IQ S| Egress IQ
SI_IQ Sl Ingress 1Q
SOF Start of Frame
Chip rate = 1/3.84MHz
TBD To Be Determined
TDD Time Division Duplexing
TFCI Transport Format Combination Indicator
TD-SCDMA Time Division-Synchronous Code Division Multiple Access (new China radio standard)
TPDMA Third Party DMA
TX Transmit
UE User Equipment
uL Uplink
UMTS Universal Mobile Telecommunication System
VBUSM Virtual Bus Multi-issue
VBUSP Virtual Bus Pipeline
WCDMA Wideband Code Division Multiple Access
WiMax Worldwide Interoperability for Microwave Access
XAUI 10 Gigabit Attachment Unit Interface, IEEE 802.3ae
8b10b Transmission code for high speed serial links
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1.3.2 Definitions

Table 1-2. Definitions of Key Terms

Term Definition

Channel (same as stream)

Chip WCDMA term indicating a sample of time. In WCDMA, one chip represents one clock cycle of 3.84MHz (appox
260 ns). Term is also used to indicate a 16-bit | /16-bit Q sample, or two 8-bit I/8-bit Q samples for UL 2x
oversampled.

Egress Data or control information that has or will exit IQN2

Ingress Data or control information that has or will enter IQN2

Link (Lane) A link is equivalent to a SerDes channel and the associated OBSAI or CPRI protocol that passes over that link.
Links have an associated bit rate where the bit rate has some degree of programmability.

PKTDMA A PKTDMA packet consists of a PKTDMA header (called a descriptor) plus payload information (called a buffer)

Packet and optional protocol-specific data, which is an extension of payload information.

Stream IQN2, CPRI, and OBSAI have the concept of multiple parallel contexts interleaved or arbitrated onto a single link.
Stream is a term that is sometimes used to identify a single context (or series of packets). Channel is also used to
identify the same concept. A given stream can either be streaming such as with ADC antenna data or on-demand
as in packet date. The concept of stream is very important as IQN2 has unpacking and packing buffers dedicated
per stream.

Wrap IQN2 has circular ram, terminal count, and LUT; these fields use their own limited count value. If the count value
reaches the terminal count value, it will automatically go back to the initial value or zero value. Wrap means this
kind of circular repeating activity of a register field or memory.

1.4 Features

The following key features are supported:
» Supported Standards
— OBSAI

OBSAI WCDMA

OBSAI LTE

OBSAI WiMax (all 802.16 formats)
OBSAI GSM/Edge

OBSAI Generic Packet Traffic

— CPRI

* 2xXAIL

CPRI WCDMA

CPRILTE

CPRI WiMax (all 802.16 formats)
CPRI TDSCDMA support

CPRI GSM

CPRI Control Word (Ethernet)
lanes

— Link Rates

OBSAI {2x, 4x, 8x}
CPRI {2x, 4x, 5x, 8%, 10x, 16x}

— PHY reset isolation

e Number of channel Supported (Ingress + Egress)

(48

(16

+ 48) PktDMA channels

(64 + 64) Each AIL AXC and (4+4) each AIL Control channel

+ 16) DIO AxC

(32 + 32 ) AID AxC and (16 + 16) AID Control channel
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* Timing and Synchronization

Radio Timer
» Programmable to handle supported radio standards
* Counts OFDM symbol boundaries
Physical Interface Timer—10ms frame count for OBSAI/CPRI timing
Timer Synchronization
» External synchronization
¢ OBSAI RPO1
* Generic strobe
« PA_COMP signal
e Internal synchronization—Software (MMR) controlled synchronization
System Event
» Internal System Event generation (total 24 events)
* Synchronize software or EDMA to Radio Timing
* Event generation based on Radio Timers

+ Data Transfers and Formats

Autonomous DMA

* RAC addressing format

» TAC addressing format

» WCDMA delayed stream format

» Ping/Pong L2 data format for CorePac processing
*  WiMax—Symbol format with gap at Frame End

e LTE symbol format

e Optional and programmable system event to mark completion of {4chip, WiMax Symbol, Frame}

Big and Little Endian

* Endian Entity size programmable per DMA channel

IQ or QI programmable ordering

16-bit | and 16-bit Q—oversampling factor per AxC 1x
RSA UL Data Format 8-bit | and 8-bit Q

e Over sampling factor per AXC 2x

» Other Oversampling factors supported via multiple AxC

» Debug Support

Data tracing support

Clock stop and Emulation support

Error and Exception Interrupts (detection of many error conditions)
VBUS Configuration access to Data Buffer RAMs

* Frame Timing and Synchronization

OBSAI RP1 Support
OBSAI RP3-01 Support

System Requirements & Throughput:
» Mixed Radio Standards (and mixed DIO/PktDMA)
+ VBUS CFG

no substantial run-time throughput
» 4 writes per 560 usec (for BB Hopping control)
other debug, diagnostic, and error handling traffic
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Features

VBUS_Data
— BW for all AxC and control traffic
— Worst Case: 9Gbps Ingress + 9-Gbps Egress

Radio Standard configurations:

LTE1.4: (32 + 32) AxC

— 3.9+ 3.9 Ghps

— 448k + 448k pkt/sec (normal cyclic prefix)
WCDMA: (16 +16) AxC

— 3.9+ 3.9 Ghps

— DIO... no pkt/sec

LTE20: (8 + 8) AXC

— 7.8+ 7.8 Ghps

— 112k + 112k pkt/sec (max ext. cyc prefix)
GSM: (32 +32) AxC (not a formal requirement)
— 3.9 + 3.9 Ghps (max GSM sample rate)

— 55k + 55k pkt/sec

Mix: LTE w/ WCDMA

— combined BW not to exceed any spec above
— combined pkt/sec not to exceed any spec above
Mix: 8 + 8 LTE20 & 4 + 4 TDSCDMA

— 8.0+ 8.0 Ghps

— 112k + 112k pkt/sec (max ext. cyc prefix)
plus (16 + 16) ctrl

— undefined BW and pkt/sec
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2.1

Overview

IQNZ2 is a peripheral module that supports data transfers between uplink and downlink baseband
processors through a high-speed serial interface. The IQN2 subsystem also supports digital front end
interface for small cell BTS users. IQN2 directly supports the following radio standards:

« WCDMA/FDD
« LTE FDD

e LTETDD

*  WiMax

e TD-SCDMA

« GSM/Edge

The IQN2 supports both OBSAI RP3 and CPRI protocols. Much of the functionality of the IQN2 is not
specific to either protocol. This document does not contain detailed information about OBSAI and CPRI
protocols. For more information about these protocols, see the OBSAI RP3 spec. 4.2 and CPRI spec. 5.0.

IQNet stream data is the primary transferred data type and inter-device control data (or control data
from/to the RF units) is the secondary transferred data type.

The internal IQN2 interface connects the IQN2 with multiple DSP cores, ARM cores, RAC, TAC, and the
FFTC unit via the DMA Switch Fabric and Control Switch Fabric. The IQN2 internal interface connection to
the switch fabric is the VBUS. The external IQN2 interface (sometimes called the SerDes interface)
connects the IQN2 with either RF units and/or other Baseband OBSAI/CPRI devices. Another external
interface connects the AID with Digital Front End (DFE) module in the device. A second internal IQN2
interface connects to the Configuration Switch Fabric for MMR read/writes.

The internal interface is based on two VBUS connections to the DMA Switch Fabric and the Configuration
Switch Fabric. The 32-bit VBUS connection to the 32-bit Configuration Switch Fabric is mainly for
configuration, status and error/alarm condition maintenance. The 128-bit VBUS connection to the 128-bit
DMA Switch Fabric is mainly used for high data rate circuit-switched and packet-switched data that is
sourced from or destined to the IQN2.

Both Configuration and DMA Switch Fabrics are a system of buses, switches, and internal communication
protocols. The buses used by both switch fabrics are the Tl proprietary VBUS and use a Tl-specified
VBUS protocol. The antenna interface is a slave endpoint on both the Configuration VBUS and master on
the DMA Switch Fabric VBUS. Both switch fabrics use a crossbar switch (SCR) for connecting VBUS
endpoints. This SCR (Switch Central Resource) allows multiple VBUS endpoints to communicate
simultaneously.

IQN2 uses two basic data transport mechanisms (for data path). Data traffic is mastered by Multicore
Navigator or Direct 0. Multicore Navigator is an internal packet DMA mechanism that is used for internal
data transport (which is more packet-like) and non-antenna data. Direct IO is a custom state machine that
transports WCDMA data to and from circular buffer in {RAC, TAC, L2, DDR3}. Circular buffering is a
requirement unique to WCDMA and is not well-supported by Multicore Navigator.

IQN2 is a subsystem of scalable components. It has blocks that get data into the system from outside the
SoC like AIL (one lane of CPRI or OBSAI) and AID (interface block that ties the DFE into IQNet. You put a
maximum of four copies of AIL down depending upon the needs of the platform. The IQN2 AIL external
interface is implemented with high-speed serialized links (max. of four). These links support OBSAI RP3
line {2x, 4x, 8x} rates and CPRI {2x, 4x, 5x, 8x, 10x, 16x} link rates.

IQN2 is intended to communicate with {FFTC, RAC, TAC, PA} subsystems without the need of constant
supervision or control from application software. Application software would initially configure the
interaction between IQN2 and these subsystems; however, in steady state no MIPS are required for this
data interchange.

Communications with these subsystems falls into two basic categories:

» Direct 10: RAC & TAC

* Multicore Navigator: FFTC & PA/NETCP
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Direct 10 is used exclusively with WCDMA antenna traffic where the source and destination are circular
buffers. Direct 10 is similar to an EDMA solution except that the DMA is controlled by a custom FSM within
IQN2. The change in approach between previous DSPs and the new KeyStone Architecture was
motivated by the desire to make DMA changes dynamically.

Multicore Navigator is a packet-based DMA. In LTE (for example) each LTE symbol is treated as a packet.
The packets are staged in L2ZMSMC RAM. The IQN2 buffers are not large enough to hold whole LTE
symbols, so the LTE symbols are slowly accumulated in L2 RAM. IQN2 marks the LTE symbol with the
received IQN2 channel number and the LTE symbol index (count value starting at O on the radio frame
boundary). The packet is then transferred to FFTC. The whole transfer of the LTE symbol from IQN2 to
memory and finally to FFTC is performed with no interrupts of real-time action by any of the CorePac
cores. (Packet exchanges between IQN2 and PA/NETCP occur in much the same way.)

FFTC requires configuration data in order to process LTE symbols. There are two different ways to
configure FFTC:

» Dynamic: Send FFTC ahead of the packet payload (in the protocol specific region of the packet)

» Static: If no configuration is sent, use the last configuration sent (used by data sourced from IQN2)

FFTC has four different input queues all of which have their own static configuration memory. It is
recommended that one of these queues be dedicated for reception of packet from IQN2.

NOTE: TAC has a channel aggregation feature which allows for RSA generated data to aggregate
into TAC output buffers. This operation happens at earlier stages of TAC processing and are
transparent to IQN2 DMA operation.

100

Overview of IQN2 Hardware and Software Components SPRUHO6A-May 2014—Revised October 2014

Submit Documentation Feedback
Copyright © 2014, Texas Instruments Incorporated


http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SPRUHO6A

Chapter 3
I ’.{‘IE)S(’?IgUMENTS SPRUHO6A-May 2014 —Revised October 2014

Radio Standard Requirements and IQN2 Handling

Topic Page

3.1 WCDMA Requirements and Handling .......oeueieiiininiiiiiii it e e eae e 102

3.2 OFDM Requirements and Handling (LTE FDD, LTE TDD, WiMax, TD-SCDMA)........... 102
SPRUHO6A-May 2014 —Revised October 2014 Radio Standard Requirements and IQN2 Handling 101

Submit Documentation Feedback
Copyright © 2014, Texas Instruments Incorporated


http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SPRUHO6A

13 TEXAS
INSTRUMENTS

WCDMA Requirements and Handling www.ti.com

3.1

3.2

3.2.1

WCDMA Requirements and Handling
e WCDMA AxC
— 3.84 MHz sampling
— Four bytes per sample
« DL:
e 16-bit | + 16-bit Q, 1x over-sampling -or-
e 15-bit | + 15-bit Q, 1x over-sampling (CPRI only)
« UL:
e 8-bit | + 8-bit Q, 2x over-sampling -or-
e 7-bit | + 7-bit Q, 2x over-sampling (CPRI only)
* Radio Frame Size
— 10 ms
— 38,400 chips (1x sample clocks for DL and 2x sample per clocks for UL)
» Data Sources/Destinations
— RAC—<Circular Buffer
— TAC—Single Buffer, read every four chips. Treated as a circular buffer of one.
— Memory (L2, MSMC, DDR3)
e RSA processing of WCDMA data
» Circular Buffer scheme

OFDM Requirements and Handling (LTE FDD, LTE TDD, WiMax, TD-SCDMA)

Both OBSAI and CPRI standards appear to have been developed with WCDMA sample rates in mind. The
new emerging OFDM standards challenge these standards with a wide range of sampling rates. The
OBSAI standard appears to be ahead of CPRI with the “Dual Bit Map” rate matching mechanism. CPRI
has its own rate matching approach using the packing method 3 stuffing bit mechanism. Both of these
mechanisms essentially rate matches as close to possible then insert bubbles to make up the difference.
OBSAI specifies a precise mechanism and tables which show how to program the mechanism. CPRI
specifies formulas which specify where the bubbles should be placed, but does not specify an
implementation.

OFDM standards differ in data processing compared with WCDMA traffic. WCDMA traffic processing is a
continuous streaming operation whereas OFDM processing is chunk-based processing. In OFDM, an FFT
operation is performed on AxC data immediately after UL traffic enters the device. Likewise, IFFT is
performed on AXC data just before exiting the device. In both cases, the most common FFT granularity is
based on the OFDM symbol (grouping of samples).

OFDM DMA

IQN2 AIL uses the Packet DMA (PKTDMA) methodology and hardware accelerators for handling internal
data movement. OFDM data is stored in memory on OFDM symbol boundaries. Multicore Navigator adds
a small header (descriptor) and protocol-specific field that provides some metadata for each OFDM
symbol.

Multicore Navigator is a:

» DMA engine that is rate-controlled by IQN2

* Queue manager that can handle a backlog of packets to be transferred or consumed
* Memory management system

Multicore Navigator dictates (within a memory region) where to write OFDM symbols and frees memory
resources after a transfer is complete.
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Figure 3-1. OFDM PKTDMA
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For OFDM traffic, IQN2 AIL identifies the symbol boundaries, segmenting the traffic into symbol sized
packets. Data is internally DMA’ed and stored based on OFDM symbol packet basis. The Multicore
Navigator packet header (PS field) contains such information as:

* AxC index

*  OFDM Symbol number

* OBSAI header information (GSM BB hopping)
« Number of valid byte in packet (Info Word)

The Multicore Navigator packet payload consists of the OFDM symbol (including cyclic prefix).

The AT (IQN2 Timer) radio timer maintains the radio standard time. For OBSAI, each AxC is supported to
have a time offset relative to the radio timer. In CPRI, the PHY (BCN) timer is used as the reference for

AxC timing. The AxC offset is added to or subtracted from the system time calculating AxC slot
boundaries and slot numbers.

The DMA buffering within the IQN2 AIL is intentionally shallow, intended only to handle small DMA timing
differences and AxC alignments. The AIL begins partial DMA of the OFDM packet before receiving the
entire packet. The user chooses which memory the packets are delivered to. For all active AxC, AlL in
parallel forms whole OFDM packets into user-defined memory (L2, MSMC, or DDR3).
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CAUTION

The normal traffic pattern of antenna traffic is for many parallel channels to
stream data at radio rates. From a DMA perspective, this usually translates to
bursts of 64 bytes for each given channel with rapid DMA context switching
between channels. The nature of DDR devices imposes performance penalties
when jumping around in address space, known as page thrashing. Because of
DDR page thrashing, it is not recommended to have IQN2 directly target DDR
with PktDMA AxC traffic. If use of DDR is required, it is recommended that
IQN2 use L2 as a shallow PktDMA buffer (i.e., 3 symbol per AxC) then use
infrastructure DMA to serially move whole packets to DDR, avoiding the rapid
DMA context switching.

The user configures/programs the device with the location where IQN2 AIL will deliver packets and what
should be done after the packets are fully formed in memory. The most likely next destination for a packet
would be FFTC for FFT to be preformed on the packet. The Multicore Navigator subsystem can be
controlled to automatically transfer (without CorePac intervention) OFDM packets (symbols) to FFTC after
the packet is complete.

IQN2 AIL and Multicore Navigator deal with OFDM by using a fixed “buffer” size. A packet does not need
to entirely fill a buffer, but it must not exceed the buffer size.

For LTE in particular, there can be three different packet sizes to process, as follows:

» Extended cyclic prefix packet size

* Normal cyclic prefix packet size (first symbol of frame/half-frame)

* Normal cyclic prefix packet size (other symbols of frame/half-frame)

When configuring the Multicore Navigator buffer size, the user must choose a buffer size that can

accommodate the largest-sized packet. This represents a waste of memory, but it should be an
insignificant percentage of RAM as cyclic prefixes tend to be much smaller than the samples of interest.

NOTE: In normal LTE cyclic prefix, the first symbol is a little bit bigger than the other symbols.
Simply size the PktDMA buffer to accommodate the larger size.

3.2.1.1 OFDM TDD DMA {LTE TDD, WiMax, TD-SCDMA}

The OBSAI/CPRI links are full duplex (dedicated transmit and receive) and the air channel is half duplex in
TDD (multiplexing between transmit and receive). The effect for the IQN2 AIL is that approximately

50 percent of the time traffic—depending on UL/DL ratio—is idle (sending messages for which the payload
is not used, zero preferred) on a given link.

NOTE: RF modules may very well send non-zero data during these “idle” symbols/time_slots, but
the Base Band will not use this non-zero payload. IQN_AIL will insert zeros for TDD OFF DL

While an AxC is idle (for either DL or UL), the links of the IQN2 AIL continue operating, but do not create
OFDM packets or DMA any of the idle traffic within the SOC. Control of this operation is generalized by
IQN2 AlL.

Each IQN2 AlL radio standard (8 Ingress & 8 Egress) is programmed with a bit map. Each bit in the bit
map is intended to represent one OFDM symbol per frame/sub-frame. (In more general terms, each bit
represents a DMA packet and the frame can represent a half-frame for the case of LTE TDD. Zeros in the
bit map represent DTX (discontinuous transmission) and ones enable transmission.

On every frame (or sub-frame) boundary use of the bit map will rewind to the beginning. The bit map may
be altered on-the-fly for support of changing the UL/DL ratio. The use of these TDD control bits is sampled
only at the beginning of each symbol which allows for the possibility of SW updating the table in the
middle of each symbol.
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3.2.2

3.2.2.

3.2.2.

Alternately there is a second TDD mechanism which is a single bit per AxC. With this mechanism, the SW
must modify the bit in real time prior to the beginning of each symbol. The HW samples and holds the
value at each start of symbol giving the SW the largest possible time window to perform the update.

LTE
IQN2 directly supports all known/established LTE sampling rates. 100Mhz LTE or
80MHz LTE can be indirectly supported where the system partitions the traffic into

multiple, separate LTE20 AxC (There is no special support to group, interleave, or

merge the multiple AXC into a single entity).

Table 3-1. LTE Channels Supported

AXxC per Link Cyclic Prefix FET Size
LTE Rate | Sample Rate | 2x | 4x | 5x | 8x | Normal 1% | Normal2"™-7" | Extended 15 -6™ (payload)
1.4MHz 1.92MHz 16 |32 |40 |64 |10 9 32 128
3.0Hz 3.84MHz 8 16 |20 |32 |20 18 64 256
5MHz 7.68MHz 4 8 10 |16 |40 36 128 512
10MHz 15.36MHz 2 4 8 80 72 256 1024
15MHz 23.04MHz 1 2 120 108 384 1536
20MHz 30.72MHz 1 2 160 144 512 2048

LTE1.4 and LTE3.0 both have cases where symbols are not quad word aligned. TI SOC buses and
memories are naturally QWD(128 bit) in width. All other LTE rates have n x 4 samples per symbol which
has the effect of being QWD aligned. The user simply programs packet symbols to the correct length.
Specific AIL HW handles this complexity “under-the-hood” without special programming or handling
required by the user. (AIF2 did not have this ability)

Oversampling of LTE is not directly supported, but may be achievable using the many degrees of
programmability of IQN2.

NOTE: IQN_AIL received and transmits full OFDM symbols, including the cyclic prefix. IQN_AIL has
no distinction on cyclic prefix vs. payload region. In the SOC system, the FFTC module
performs any cyclic prefix manipulations such as stripping it off, or generating it and adding it
on.

¢ Sample bit-width of LTE is (IQN2 AIL supported):

OBSAI: 16-bit | and 16-bit Q
CPRI: 15-bit | and 15-bit Q

1 LTE Framing

1.1 LTE FDD Framing
Figure 3-2. LTE FDD Frame Structure
. One radio fimme. T= 3072000, = 10nE

| Ope slot, Ty = 15360, =058
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Framing

10ms frame

1ms subframe

0.5 ms timeslot

Six or seven symbols per time-slot (that is, 20MHz LTE)
307200 samples per 10ms frame

15360 samples per 0.5ms timeslot

Extended Cyclic Prefix

Six symbols per timeslot

All same length

2560 = 512 cyclic prefix + 2048

Normal Cyclic Prefix

Seven symbols per timeslot

1 % symbol—2208 = 160 cyclic prefix + 2048
Other symbols—2192 = 144 cyclic prefix + 2048
Other Sampling rates

3.2.2.1.2 LTE TDD Framing

Figure 3-3. LTE TDD Frame Structure (5ms Switch
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(same as FDD case)
Plus... half frame 5ms concept

Special LTE TDD subframe

No implication for IQN2

Symbols are simply used for different uses
Symbols are same size as non-special timeslots
Two options for Switch Point

Casel (5ms) one special frame per 5ms
Case2 (10ms) one special frame per 10ms

TDD Muxing
Each timeslot can be either UL or DL

LTE cyclic prefix is static and can not be modified while a link is active.
Dynamic change of UL/DL ratio—Switch Point: 5ms half frame boundary or 10ms frame boundary

IQN2 AIL needs to support change in UL/DL ration on 5ms or 10ms basis
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— Ratio can be changed at the switch point.

The IQN2 AIL has specific HW based on the sub-frame or slot concept. It simply counts n symbols within
a frame/half-frame. An egress and ingress channel is allocated for each AxC. The TDD bit map per radio
standard indicates on a symbol-by-symbol basis whether or not that symbol is to be DMA’ed or whether
that symbol is empty. It is the programmer’s responsibility to remap the LTE TDD UL/DL patrtition into the
appropriate DMA control bit maps.

IQN2 AIL is likewise uninterested in the concept of special frames. The user programs the DMA bit maps
so the DL symbols are handled by the Egress channel and UL symbols are handled by the Ingress
channel. In this way, IQN2 AIL generalizes traffic, handling multiple radio standards with a single HW
interface.

3.2.2.1.3 LTE MBSFN Framing

LTE MBSFN is a dynamic transition from normal to extended cyclic prefix with an unused gap between the
two. The transition occurs part way through an LTE sub-frame. From the perspective of higher layer SW,
the position of the transition is known; from the perspective of IQN2 AlL, it is programmed on a sub-frame
basis on how it should process the next sub-frame.The MBSFN system operation translates to a dynamic
modification of AIL framing engines and an agreed upon handling of the “gap.”

Radio framing engines with the IQN2 sample and hold MMR configuration data at the beginning of each
symbol. This allows SW to carefully modify the framing parameters while AIL HW is in mid-symbol. In this
way, SW may re-configure the AlL to implement different radio framing from one sub-frame to the next.

From the perspective of the AIL, the “gap” is treated as an extremely short symbol. Application SW must
index the symbol numbers accordingly, counting the gap as one of the symbols. SW may chose to TDD
“OFF” the gap so that no dummy DMA data is required, but when SW writes the symbol index into the
packets, it must increment the index as if the gap were an actual symbol. A SW wake-up routine is
required to perform real-time MBSFN configuration of IQN2. An AT system event should be utilized in
order to trigger the SW wake-up routine.

3.2.2.2 CPRILTE (FDD and TDD)

3.2.2.2.1 CPRILTE (FDD and TDD) Packing of AxC

Primarily, the industry is using CPRI LTE sample bit widths of 15bit | + 15bit Q. At these sampling rates,
the following number of LTE AxC are supported at the different rates.

Table 3-2. LTE AXC Supported Over Different CPRI Link Rates

Link Rate
LTE 2x 4x 5x 8x 10x 16x
1.4 MHz 16 32 40 64 64 64
3.0 MHz 8 16 20 32 40 64
5 MHz 4 8 10 16 20 32
10 MHz 2 4 5 8 10 16
15 MHz 1 2 6 10
20 MHz 1 2 4 5 8
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The LTE15 link rate does not evenly fit into the CPRI link. The CPRI stuffing sample mechanism defined
in Mapping Method 3 (see CPRI spec 5.0) is implemented to rate match the LTE15 into the CPRI PHY.

Rate matching is the concept of inserting bubbles in order to match the rates of the dissimilar frequency
requirement.

Figure 3-4. CPRI LTE Sample Packing {20MHz, 10MHz, 5MHz} vs. {4x, 2x} Link Rate
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3.2.2.3 OBSAILTE (FDD and TDD)

With 16-bit | + 16-bit Q sample sizes, exactly four samples fit into an OBSAI message; each OBSAI
message contains four samples for one AxC.

The five-bit OBSAI timestamp starts at zero (on a radio frame boundary) and increments by one every four
samples for a given AxC.

The AT (IQN2 Timer) is used to predict LTE (and other standards) frame boundary that is used in
timestamp Tx generation and Rx checking. The IQN2 AIL contains a uAT timer which mirror the AT timers.
In practice it is the radio timer in the uAT which is used for AIL operation.

OBSAI RP3 has done a really nice job of listing all the LTE channel bandwidths and listed the
programming of the dual-bit-map FSM mechanism for rate matching.
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See the OBSAI RP3 specification, Appendix F for details.

While the OBSAI RP3 standard does not specially call out LTE TDD, it is easily extrapolated that zero
samples will continue to flow though the interface while either a UL or DL link is idle. During a TDD OFF
symbol, OBSAI messages have zero payload with OBSAI message headers incrementing the TS field as
if no TDD were implemented. The reception portion of IQN2 AIL continues checking the time stamp of
TDD OFF symbols and expects proper headers of each message. The payload portion of Ingress TDD
OFF symbols is discarded.

3.2.3 LTE 80 MHz and 100MHz Support

The LTE standards body has not fully developed the concept of 100MHz LTE. There are two possibilities:
e 80MHz: four times the bandwidth of 20MHz LTE
* 100MHz: five times the bandwidth of 20MHz LTE

3.2.3.1 80 MHz

Four times the bandwidth of 20 MHz LTE does fit into a single 8x rate IQN2 AIL link. IQN2 AIL does
support modulo transmission rule (which is the way to program OBSAI for this AxC traffic rate).

3.2.3.2 100 MHz

One possible method of supporting 100 MHz LTE is for the sending device to segment the AxC into five
parts, then send these parts over five different 20 MHz LTE AxC. If it is done correctly, the Multicore
Navigator mechanism could be manipulated on the receiving device such that only Multicore Navigator
headers would need to be modified in order to reconstruct the 100MHz AxC from the five 20 MHz AxC.

The manipulation of PktDMA can only concatenate multiple PktDMA packets together. It can not perform a
sample-by-sample interleave. For this reason, an entire LTE 100MHz symbol needs to be pre-buffered at
the source and segmented into five parts. This will result in the additional latency. It is up to the system
designer to determine if this additional latency is acceptable.

To facilitate this reconstruction, the IQN2 PKTDMA channels involved should be programmed to use
Multicore Navigator “Host Mode” instead of Multicore Navigator “Monolithic Mode.” Host mode separates
the Multicore Navigator descriptor from the Multicore Navigator buffer. Host mode also allows for multiple
descriptor/buffer pairs to be linked-listed into a larger packet structure. In the most optimal usage, the
Multicore Navigator buffers should be sized such that a single LTE 20 MHz symbol fits into a buffer. In this
way, there will be a single Multicore Navigator descriptor/buffer pair per 20 MHz Symbol. After all 20 MHz
symbols are received, the application software can manipulate the buffer pointers linking all five
descriptor/buffer pairs into a single LTE 100 MHz symbol packet.

3.2.4 TD-SCDMA

IQN2 AIL CPRI TD-SCDMA support is a comprehensive solution to TD-SCDMA. IQN2, in conjunction with
Multicore Navigator, seamlessly transports and coordinates TD-SCDMA traffic with application software
running on the CorePac core.

For TD-SCDMA, the DMA granularity may need to support two different modes:
e DMA on Symbol Boundaries
 DMA on ¥ Symbol Boundaries

% Symbol Boundary DMA is not supportable with OBSAI.

3.2.4.1 TD-SCDMA Framing
TD-SCDMA is a TDD standard meaning that the Air channel is multiplexed between UL and DL.
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Figure 3-5. TD-SCDMA Frame Structure
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TD-SCDMA has a 10ms frame that is broken down into two 5ms subframes. Each subframe is further
broken down into:

e Seven slots for transporting antenna traffic—Each are 864 chips
e Three special slots:

— DwPTS: DL 96 chips

— GP: Gap (unused) 96 chips

— UpPTS: UL 160 chips

The first of the seven slots is always DL data. The special slots always follow the first normal slot in the
subframe. The remaining regular slots can be configured to be either UL or DL information with the
following restrictions:

» If there are any UL slots, the first UL slot follows the special slots
» All UL slots are grouped together with only one transition to DL slots
e All remaining DL slots are grouped together

Figure 3-6. TD-SCDMA Example DL/UL Mix
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Down Link
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The air channel is TDD (simplex), but the CPRI SerDes are not simplex; the SerDes are full duplex. The
SerDes have two half links (Tx and Rx) with DL traffic on one half (that is, TX) and the UL traffic on the
other half (that is, RX). This has the unavoidable impact that only one half of the SerDes bandwidth is
usable in TDD systems.

OO0 > <«
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There are three separate “special slots” in TD-SCDMA, but for simplification, IQN2 AIL treats all three
special slots as grouped together or a single slot. The next special handling aspect of IQN2 AIL is that the
grouped special slot is handled redundantly for both UL and DL. This special handling is transparent at the
RF card as the CorePac fills in zeros for all unused portions in the DL case and the CorePac disregards
unused portions in the UL case.

The IQN2 AIL does not perform any special processing for 2x oversampling. The user would need to
allocate two separate antenna carrier bins where IQN2 AlL would simply treat Odd and Even samples as
separate antennas. If the user requires odd and even samples interleaved, the CorePac would be required
to perform this function.

3.2.4.2 CPRI TD-SCDMA

Figure 3-7. TD-SCDMA AxCs Packed into Three CPRI Basic Frames
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CPRI was developed initially for WCDMA and because TD-SCDMA is exactly one-third the sample rate,
TD-SCDMA fits into the CPRI framing. For CPRI WCDMA (15-bit mode), a sample for each of {8, 16, 32}
AXC fits respectively in a {2x, 4x, 8x} link rate basic frames; the same is true for TD-SCDMA. The
difference between WCDMA and TD-SCDMA is:

« WCDMA: The next basic frame contains the next sample for those AxC

» TD-SCDMA: The next two basic frames contain a sample for other AxC. Effectively 3x more AxC are
supported.

The CPRI link rates {2x, 4x, 8x} support {24, 48, 96} AxC. Even though the CPRI PHY supports up to 96
AXC, the IQN2 AIL only supports up to 64 DMA channels per link and PktDMA supports up to 48 DMA
channels, so 48 will be the real maximum channel number supported.

There are a total of 38,400 basic frames per 10 ms frame. For TD-SCDMA support, these basic frames
are grouped into threes giving a total of 12,800 basic frame groups per 10ms frame.

3.2.43 TD-SCDMA DMA

The DMA and memory storage of TD-SCDMA Data is slot-by-slot based. Each slot of TD-SCDMA data is
stored in a contiguous memory block known as a buffer. While IQN2 AIL is receiving TD-SCDMA AxC
data, it counts through the samples and identifies slot boundaries. IQN2 AIL tightly coordinates with the
PKTDMA subsystem to transport the slot into memory.
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Figure 3-8. TD-SCDMA Slots Transferred To/From Memory
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Once the slot is completed in memory, the Multicore Navigator queue manager presents the buffer to the
CorePac core. A pointer to the buffer is placed into a queue that is accessible to the CorePac core. The
application software has great flexibility in configuring and use of these buffers. A system event can be
programmed to alert the CorePac that an arrival queue is hon-empty; the CorePac core can use this
system event either as an interrupt or simply poll the event. The application software can consume the
data very quickly or can allow multiple slots of data to accumulate in the arrival queues. A single arrival
gueue may be used for all AxC, or multiple arrival queues may be used to facilitate some form of priority
scheme.

The separation of UL and DL has several degrees of freedom. Because UL and DL are separated by
ingress and egress links, the IQN2 and Multicore Navigator can be programmed to place UL and DL traffic
in separate memory regions such as different L2 regions for different CorePac cores.

The mixture between UL and DL traffic is also highly programmable. Even though TD-SCDMA only allows
for two transition points (switch points) between UL and DL traffic within a subframe, the IQN2 is highly
programmable and has no such limitation. IQN2 AIL allows the allocation of UL and DL slots to be
programmed on-the-fly. From one TD-SCDMA frame to the next, the slots can be reallocated between UL
and DL.

The IQN2 AIL TDD bit map per DMA channel is programmed with indication bits configuring IQN2 for:
e 1'bl: slot is active and DMA data used
e 1'b0: slot is null, no internal DMA for slot

— Tx: zeros filled into CPRI link

— Rx: data is not extracted from CPRI link

The example TDD_EN bit field setup in AIL_IQ_EFE_TDD_EN_CFGO0 and AIL_IQ_IFE_TDD_EN_CFGO
register looks like below.

AIL SI Egress or Ingress... bit0=0, 1, 1, 1, 1, 0, 0, 0, X, X, X, X, X, X, ....,X, bit31=x
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3.2.4.4 TD-SCMDA Timer (AT) Operation

Figure 3-9. TD-SCDMA (AT) Timer-Based System Event Generation
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The IQN2 timer (AT) can generate system events for use by application software running on the CorePac
cores. The AT is highly programmable. As a minimum requirement, it can supply timing strobes on TD-
SCDMA slot or one-half slot boundaries by using modulus count register. A system event is generated at
the beginning of the special region and at the end of the special region, but system events are not
generated on special slot boundaries within the “special” region.

3.2.5 WiMax
3.2.5.1 WiMax Framing

Figure 3-10. WiMax Frame Structure
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» OFDM samples n= {128, 512,1024,2048}
» cyclic prefix p= {n/4, n/8, n/16, n/32}
* Symbolsizen+p

. sample rate 28/25 x {1.25MHz(128), 5MHz(512), 10MHz(1024), 20MHz(2048)}
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— 7MHz and 8.75MHz also have importance
* Over-sample 1x
» Data width 16-bit | and 16-bit Q

The WiMax TDD frame is partitioned into two subframes with a gap in between:

* DL subframe

* UL subframe

The DL and UL subframes are always an integer number of WiMax symbols in length. All symbols are the
same length in WiMax and comprise an FFT length of samples plus a fixed-length cyclic prefix

(combination of these two is referred to as a symbol in this document). The frame length MOD symbol
length is the gap length (always smaller than a symbol in length).

On a frame-by-frame basis, the DL portion can shrink or grow by an integer number or blocks with the UL
portion growing or shrinking by the amount. The gap between UL and DL does not change as the UL and
DL portions are adjusted in duration.

3.2.5.2 WiMax, IQN2 Implementation
The IQN2 generic mechanism is used to implement WiMax. As with all TDD processing, IQN2 AIL uses
two separate DMA channels to implement a single WiMax TDD antenna:
» UL: Ingress DMA channel
» DL: Egress DMA channel

Both channels are configured with n+1 symbols of length where:
* First n symbols programmed as symbol length
» Last symbol programmed as gap length (combined length of two gaps)

IQN2 has the generic concept of an AxC offset and Radio Standard offset which allows antenna carriers to
be offset relative to the system timer (and each other). For WiMax, the offset mechanism is manipulated to
create the sub-frame time offset between DL and UL. The DL AxC offset is programmed to be whatever
the user requires. The UL Offset is programmed as the DL offset plus the time duration of the first gap;
this is just to align the UL symbol boundaries.

Using AxC Offset for this purpose may pose a very small limitation on a user. IQN2 AIL supports a whole
frame of AxC offset, but the UL offset will consume a small portion of this AxC offset. In OBSAI, the user
could wait the entire RadT instead of using AXC_Offset MMR. In CPRI, the user should use the Group
Offset (basic frame and hyper frame offset) which is effectively a radio standard offset for this purpose.

Just as with all other TDD standards, the PD IQN2 AIL bit map per DMA channel is programmed with
indication bits configuring IQN2 for:

e 1'bl: symbol is active and DMA data used
e 1'b0: symbol is null, no internal DMA for symbol
— Tx: zeros filled into OBSAI/CPRI link
— Rx: data is not extracted from OBSAI/CPRI link

The bitmap may be modified on-the-fly allowing for changes in the DL/UL ratio on WiMax frame
boundaries.

3.2.5.3 OBSAI WiMax

OBSAI RP3 lists all the WiMAX channel bandwidths and the programming of the dual-bit-map FSM
mechanism for rate matching.

See the OBSAI RP3 specification, Appendix D for details.

3.2.5.4 CPRI WiMax

CPRI Mapping Method 3 Stuffing Sample mechanism can be used for rate matching WiMax into the CPRI
PHY. See CPRI Spec 5.0 for more details.
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DM
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3.2.6 GSM/Edge Requirement and Handling

A and queuing

1 packet per GSM time slot

SAl specific

Each OBSAI message is 4 samples

GSM time slots are not n x 4 samples

OBSAI message partition is not exactly on GSM time slot boundary

* GSM Timing

— GSM frame is 60ms/13

— GSM time slot (60ms/13)/8

— Need 3.5 hour timer... 26 x 51 x 2048 x frames
Need unique frame number in 3.5 hour timer
— Each GSM Time slot is
CPRI 141,750 sys_clk (245.7MHz)
OBSAI uneven number of sys_clk (307.2MHz)
AT is programmed to approximate timing of GSM time slot timing to the nearest clock cycle.

System events are required on GSM time slot boundaries and 1/64 ™ GSM time slot boundaries. The GSM
sample clock is not in a nice multiple of the OBSAI sys_clk rate, so an approximation is performed. It is
observed that every 13 GSM frames, the GSM timer is an exact multiple of byte clock which occurs every

60 ms.

e 18432000 307.2MHz clocks every 60 ms

» 104 GSM timeslots per 60ms
— 24 timeslots w/ 177230 clocks
— 80 timeslot w/ 177231 clocks

Table 3-3. GSM Slot 307.2 MHz Approximations

307.2MHz clocks per GSM slot (Approximations)
Slot0 Slotl Slot2 Slot3 Slot4 Slot5 Slot6 Slot7
FrameO 177231 177231 177231 177230 177231 177231 177231 177231
Framel 177230 177231 177231 177231 177230 177231 177231 177231
Frame2 177230 177231 177231 177231 177231 177230 177231 177231
Frame3 177231 177230 177231 177231 177231 177230 177231 177231
Frame4 177231 177231 177230 177231 177231 177231 177230 177231
Frame5 177231 177231 177230 177231 177231 177231 177231 177230
Frame6 177231 177231 177231 177230 177231 177231 177231 177230
Frame7 177231 177231 177231 177231 177230 177231 177231 177231
Frame8 177230 177231 177231 177231 177230 177231 177231 177231
Frame9 177231 177230 177231 177231 177231 177230 177231 177231
Framel0 177231 177230 177231 177231 177231 177231 177230 177231
Framell 177231 177231 177230 177231 177231 177231 177230 177231
Framel2 177231 177231 177231 177230 177231 177231 177231 177230

e GSM sub-slot System Events
— 64 system events per slot

— 2769 307.2Mhz clocks per segment

— Last segment of time slot is either 14 or 15 clocks longer than the 2769 clock segments
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3.2.6.1 GSM Base Band Hopping

GSM Base Band Hopping is a scheme employed in GSM that can shift the frequency band allocated to a
user.

+ DMA
— Have a fixed PktDMA channel per all possible AxC
* App software chooses which DMA channel to write to
— Have a single PktDMA channel for all Egress GSM control

» Use Protocol Specific fields in Multicore Navigator header to pass OBSAI address or OBSAI
header from application software to IQN2

* Data
— Both UL and DL data have a (DTX) non-transmission portion at the end of each timeslot
— DL has two forms, Compressed (mostly DTX) and normal (only a few DTX messages)
* Tx Rules
— Use fixed DBM rules, mapping all possible antenna carriers
— Fixed OBSAI adr and type per AxC (for AxC traffic)
— Use OBSAI adr from packet (for GSM Control)
* Hopping

— The TDD bit per AxC is dynamically configured by a SW wake-up routine each GSM time slot
indicating weather the particular AxC is BB_Hop On/Off for that GSM time slot

* OBSAI msg Time stamp
— MSB is 1 for beginning of time slot (0 else)
— Five LSBs count up normally, wrap every 32
— DL, first message MSB is active first message
— UL, first four messages, MSB is “1”
» Error conditions
— If last message of time slot is corrupted, need watchdog or other timer to close out EOP
— If first message of UL is corrupted/lost, cannot lose whole packet

Normally, one device will process a set number of fixed antennas of data. In baseband hopping, this
antenna contribution is dynamically mapped to different physical antennas on the RF card.

The basic radio concept is that multiple GSM frequency bands are supported by a single radio tower.
Some of these frequencies have lower noise floors than others. With Baseband hopping, the “good” and
“not-as-good” GSM frequency bands are TDM shared by all the active antenna traffic.

The implications on IQN2 transmission are:

» The mapping of PktDMA streams can be dynamically reassigned on GSM time slot boundaries. All
possible transmission rules are predefined at configuration time (even though only some of these will
be active at any point in time)

e The App software will dynamically map which antenna to transmit on simply by targeting a different
Multicore Navigator queue. IQN2 is tolerant of data being present (or not) on a time slot by time slot
basis.

» For GSM control data, Multicore Navigator passes the OBSAI address to allow for the OBSAI address
to dynamically remap. App software writes the OBSAI address fields into a Multicore Navigator field.
The PE will use this OBSAI address when building messages (hot using the default OBSAI address
programmed for the channel).

* IQN2 AIL PE needs to be programed every GSM time slot by using the TDD bit so that the next time
slot will be BB_Hop ON or OFF. When OFF, no DMA data is expected and the Egress circuits will
output OBSAI emtpy_msg or CPRI zeros.

» IQN2 AIL PD is also tolerant of whole missed GSM time slots.
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Example:

If the baseband pool is supporting 36 AXC, each IQN2 AIL in each device will have 36 identically mapped
transmission rules. If each device is supporting only eight of the 36 AxC, the application software will write
data to eight of the 36 Multicore Navigator queues with GSM data for each GSM time slot. The IQN2 will
process only those channels that have data for that particular time slot.

For each time slot of egress GSM data, the application software also supplies control data associated with
the RF destination of the AxC data. The application software controls or routes the transfer of the control
packets by writing the appropriate OBSAI address into a protocol-specific word attached to the Multicore
Navigator header. IQN2 AlL inserts this software-written information into the OBSAI header when
constructing the OBSAI message.

BB hopping has the specific requirement that a single device can dynamically target different RF
destinations with control information. IQN2 has a very specific feature that allows this behavior; application
software can dictate the OBSAI address in the header of the control message (when the message is in
L2). When using this mechanism, a single OBSAI transmission rule can be used for many different control
messages with different destination addresses.

In most cases, GSM samples are not 16-bit or 8-bit. IQN2 should be programmed to treat GSM data as
generic 32-bit data in these cases so any endianess swap logic will not corrupt the samples. GSM
Timestamping is not frame-based, but timeslot-based. This enables whole time slots to be omitted without
regard for maintaining gaps in timestamp generation/checking. It is highly advisable that all GSM
channels/AxC within a hopping group have the same AxC offset. The IQN2 AlL would probably work with
different AXC offset, but this makes no sense from a system perspective.

3.2.6.2 GSM Time Slot Compression

3.2.7

IQN2 is required to handle both compressed and non-compressed GSM. The high level concept of
compression is that DL data is sent as only 1bit | + 1 bit Q. The Radio module then applies a gain and
expands the resolution of the samples. From the perspective of the IQN2 AL, the concept of compression
is simply that some portion of the end of a time slot is not populated with antenna data.

The implications on transmit.

» (OBSAI) AIL PE will not fail the link if the DMA data does not fully fill the GSM Time Slot. The PE will
transition to empty messages or zero antenna data

* (CPRI) AIL PE will not fail the link if the DMA data does not fully fill the GSM Time Slot. The PE will
commence with the next packet at the beginning of the next GSM time slot.

The implications on ingress/reception are nearly identical:

» (OBSAI) the AIL PD is programed to accept a very short time slot.

* (CPRI) the HW packetizes frame-based AIL data into full length GSM time slots. The received packets
result with zero padding and user application truncates packets to real size.

The AIL module does not natively support the GSM mantissa/exponent format. Also, special care should
be taken by the user if a mantissa/exponent format is to be transmitted or received over the CPRI link,
since the AIL module performs sign extension to all 7-bit and 15-bit quantities. The user would have to be
cognizant of this sign extension and make the necessary adjustments for it, such as ignoring the sign
extension during reception and sign extending the data on transmission so that it is not saturated by the
AIL module.

Dynamic Configuration

IQN2 supports dynamic configuration in run time as listed below:
* AlL lane Add/Delete
* AXC channel Add/Delete
* GSM Baseband Hopping
 LTE (TDD) and WiMax (TDD)
— Change UL/DL ratio (on-the-fly)
— LTE MBSFN support
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e Timing
— System Event Add/Delete

IQN2 supports several forms of dynamic changes that support changes to the base station radio
configuration. These types of changes could be split into two basic categories:

» On-the-fly: Change occurs from one frame to the next without any OFF or error period. Requires
special ping/pong buffering of configuration data where the ping/pong will toggle on the next frame
boundary.

* Normal Changes: An antenna carrier is torn down, later rebuilt to accomplish a change. There is the
expectation that some small amount of time of no transmission will elapse.

Basic operation of links and antenna carriers allow Add/Delete support. On-the-fly modification is generally
not supported. To perform a Modify operation, delete the AIL lane/AxC followed by an Add with the new
characteristics.

When Adding or Deleting a channel, there are three levels of configuration required:
» PHY: Links need to be enabled and preferably up and running

» Protocol: OBSAI address, type, transmission rules setup

 DMA: DMA channels assigned and turned on

WCDMA AxC Add/Delete should incorporate the Add/Delete of the assigned DirectlO DMA configuration.
With PktDMA, the user has the choice to Add/Delete Multicore Navigator channels when performing
Add/Delete of AxC, or simply keep the Multicore Navigator channel active always (as no data will transfer
when the AxC is OFF).

The GSM Base Band hopping special requirements are not handled as reconfiguration, but rather by
allowing software to direct where data goes. For antenna data, all DMA channels are allocated, and
software steers data into the appropriate DMA channel FIFO. For control data, software writes the
destination OBSAI addressing into the Multicore Navigator packet.

The standards that support TDD have separate UL and DL regions. On-the-fly update of the DL/UL ratio is
required. On-the-fly update requires IQN2 to ping-pong buffer control information and transition to new
control information at a precise timing (that is, on frame boundary).

Table 3-4. OFDM On-The-Fly Update Requirements

On-the-fly Update
Radio Standard UL/DL Ratio Symbol Size Sample Freq or Bandwidth
LTE FDD N/A No No
LTE TDD Yes No No
WIMAX TDD Yes No No
TD-SCDMA No N/A No

LTE supports extended and normal cyclic prefix length in symbols and multiple bandwidth. It is expected
that some users will support multiple LTE configurations on the same device (and even on the same link).
LTE bandwidth change (for example from 20 MHz to 10 MHz) or change of cyclic prefix length is a radical
re-configuration of an antenna carrier.

The user has a choice of handling Multicore Navigator when supporting multiple LTE bandwidths
simultaneously. The easiest (and most practical) solution is to allocate the Multicore Navigator buffer size
to accommodate the largest symbol size supported. When an antenna of lesser bandwidth uses these
buffers, only a fraction of the memory is actually utilized. When using this simple approach to Multicore
Navigator memory management, there is no Multicore Navigator reconfiguration required when changing
LTE bandwidth.

The IQN2 is designed to handle 8 radio standard variants simultaneously (each LTE sampling rate and
cyclic prefix is considered a variant). The AT has 8 different Radio timers. Each AIL has 8 different radio
framing engine configurations. Each AIL PHY can handle at least 8 different radio standards (and Ingress
and Egress can each have different radio standards). The AIL CPRI implementation supports up to 8
different groups and AIL OBSAI implementation supports up to 32 Egress transmission rules. The IQN2 is
very well positioned to simultaneously support a complex mixture of radio standard traffic.
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Changes of system event generation are supported by first turning a system event off, reconfiguring the
system event, then turning it on. As a rule, system events are mainly used by application software and

having an OFF period of time is required for software to re-sync to the difference in system event timing.
Each system event is independent of the others, giving the flexibility to change one without corrupting any
others.

Dynamic AxC channel reconfiguration example :

Egress:

Stop pushing packets into the Tx queue

Allow PktDMA and AlL channel to starve by waiting some time
Disable the AxC channel at DIO S| EFE (for WCDMA)

Disable the AxC channel at AL EFE

Wait for at least 1 radio frame of time

Reconfigure AlIL channel

Reconfigure DIO channel (for WCDMA)

Enable DIO channel if it was disabled

Enable AIL channel

Start pushing Tx data before the next frame boundary

Ingress:

Disable AIL IFE channel

Wait for at least two radio frames of time and confirm if the channel status is low
If the channel status doesn’t go low, use force channel shutdown

Disable DIO SI IFE channel (for WCDMA)

Disable PktDMA channel if needed

Reconfigure AlIL channel

Reconfigure DIO channel or PktDMA Rxflow if needed

Enable PktDMA and DIO if it was disabled

Enable AIL channel

Disabling or enabling PktDMA for Rxflow reconfiguration is not a must. It could be safely done in run time.

BW change requires Channel LUT value change and this should be done only when all related AxC
channels are disabled. Force channel shutdown is a useful feature when unexpected packet EOP loss

occurs like cable de-insertion or hot-swap.
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4.1 Timing and Topology

Within the daisy chain, the user needs to define the timing reference. One logical choice is to define time
equal to zero at the radio head. This would yield all DL timing to be negative time and all uplink timing to
be positive time. An alternative is to define time=0 at the first DL node in the chain; this way, all offsets are
positive.

With any approach, each device in the chain has some amount of propagation delay between its input and
output links. This translates into approximately 228 ns (around WCDMA one chip) of timing difference
between adjacent devices in the chain. IQN2 AIL has sufficient buffering capability in most topology cases.

Figure 4-1 illustrates that each node in the chain has separate radio timing alignment. Node RF3 is
defined with radio time equal to zero, where DL offsets are negative (red) and UL offsets are positive
(blue). The offset differs at each point in the chain correlating to the propagation delay through the
devices. In this example, there are three RF units in the serial chain. RF1 and RF2 both are implementing
offsets because they are not defined to be equal to zero timing references.

Figure 4-1. Timing Topology, Multiple RF, Common Alignment
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In topologies with multiple chained RF radio heads, the definition of time equal to zero can be further
confused. Optionally, the furthest radio head from the baseband card can be defined with time equal to
zero. In this case, the closer radio heads would delay DL data locally such that all radio heads would have
synchronized transmission alignment. The radio heads would also result in synchronized reception timing,
where closer RF heads would delay UL signals, compensating for any fiber delay to the furthest radio
head.
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Figure 4-2. Timing Topology, Multiple RF, Independent Alignment
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Optionally, each RF head could have its own unique concept of time equal to zero relative to itself. In this
case, it is envisioned that radio head traffic is separated by an AIL link, where each link has a different
reference point for timing. This is a good example to show why each AIL link supports independent timing.

Figure 4-3. OFDM/GSM/Edge2 Timing
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For all radio standards other than WCDMA, DMA is aligned to radio time. For {LTE, WiMax, TD-SCDMA}

DMA is started on the radio frame boundary of each AXC where each OFDM symbol is separated into a
unique packet. For {GSM, Edge?2}, alignment is initially made at the 60 ms boundary, but then each
timeslot is separated into a unique packet.
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Figure 4-4. WCDMA Timing
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Neither IQN2 nor RAC have sufficient buffering to align input data to the radio frame boundary. As a
result, IQN2 DIO performs a continuous DMA of WCDMA data to RAC with only alignment programmed to
the granularity of 32 or 64 chips. The DMA is not aware of the radio frame boundary and can start with
somewhat random alignment to radio framing.

TAC always begins transmission on radio frame boundaries. The DMA is not aware of radio framing,
where DMA may start reading TAC output even before the beginning of the radio frame.

4.2 AxC Offset

If all antennas are co-located with the base station, there is no antenna carrier offset. The coaxial or
optical cable delay is treated as an extension of the air-propagation delay where the sampling at the RF
card is considered to be time=0.

The first device in the daisy chain is considered to receive the antenna data with a time=0. Each
subsequent “hop” in the daisy chain has a time offset relative to the delay through the previous device.

The concept of IQN2 antenna carrier offset is similar to AIF2. The minor difference is that the AxC offset is
configured by multiple MMRs. For OBSAI, AxC offset MMR in PE, PD can be used to control each
channel timing with sys_clk unit. For CPRI, QWD level AxC offset MMR is in PE, PD and additionally, the
Sl module has fine AxC offset which controls word-level offset. This fine offset is programmed to be zero
for OBSAI. For legacy support of BTS with no fiber delay, the AxC offset is programmed to be zero.

For a centralized BTS that is supporting remote radio heads, there is a long fiber delay between the radio
head and BTS ( Figure 4-5). The time it takes for the signal to propagate through the fiber is the antenna
carrier offset and is relative to a perfect connection (as if there were no delay at all).
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Figure 4-5. BTS AxC Offset
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The programming of AxC offset is a fixed value. For each hop of the daisy chain, the AxC offset is
programmed with a different value to compensate for the time propagation through each daisy chain node.

If Ingress AxC offset is zero, PD will start processing when it detects the first AXC data within the AxC
offset window boundary. If PD fails to find the first correct AXC data within the window, the PD link will not
work until it meets the next radio frame boundary. On the Egress side, the minimum AxC offset cannot be
zero for OBSAI, because the PE channel should be turned on after the channel data transfer is ready; so
the min AxC offset will be the PE_STB offset from AIL uAT and additional fiber delay (4 sample, 8
sample, ...) is added based on that value.

The AXC offset usage is different depending on the user's protocol (OBSAI, CPRI) and radio standard
(WCDMA, OFDM). For AIL OBSAI, both Egress and Ingress AxC offset unit is sys_clk and AxC offset
window is used to check receiving frame boundary and if it has TS = 0 value OBSAI slot inside the
window range. Ingress AxC offset is the center of the window and the user can flexibly expand the range
of the window.

For AIL CPRI, the AXC offset unit is a CPRI sample for both sides. Normally, ingress AxC offset MMR in
PD is programmed to be zero, because there is a radio standard level offset (BFRM, HFRM offset) which
is defined by the CPRI 5.0 spec. and that offset is mainly used to control timing. Ingress AxC offset is not
used for WCDMA. Instead, DIO_AXC_OFFSET (offset within circular buffer) and RAC control the external
data delay. The AxC offset window concept is not used for CPRI.

For DIO/AID, the AxC offset unit is four CPRI samples (same to QW per AxC) and Ingress AxC offset is
not used for WCDMA either like AIL CPRI. Fine AxC offset per channel is used for word-level offset.
Normally, DIO AxC offset MMR in Sl does not need to be programmed if AIL or AID controls the AxC
timing.

4.3 IQN2 Internal Timing Details

4.3.1 DMA Timing
In a qualitative sense, RAC and TAC are local resources with dedicated access to DIO. L2 or shared
memory are accessed by many peripherals with greater chance of contention. Users need to dedicate
more slack timing for shared endpoints and less slack for dedicated endpoints.
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For Egress, it is up to the user to ensure that DMA data is available prior to beginning AIL PE message
construction (AIL PE_STB). Breaking real time on DMA has similar effects to breaking CorePac MIPS real
time. Specifically, IQN2 will fail each affected AxC until the beginning of the next radio frame boundary.

For Ingress, it is important that DMA is efficient enough that the IQN2 internal input buffers never overflow.

For DIO (WCDMA), the Ingress DIO circular buffer size is 8 QW and can have up to a 32-chip time delay
before it wraps.

The Multicore Navigator mechanism {LTE, GSM, WiMax, TD-SCDMA} manages input and output buffering
more automatically, while the DIO DMA {WCDMA} is a much more manual and deterministic flow.

4.3.1.1 PKTDMA Timing

The IQN2 is a real-time system, meaning that there is a limited window of opportunity for transmission.
Missing this window of opportunity is known as Breaking Real Time. In IQN2, it specifically is Breaking
DMA Read Time. The penalty for breaking real time is fairly severe; the effected antennas stop
transmission until the beginning of the next radio frame (in many cases 10 ms). During this time, it is likely
that all calls on the effected antennas will be dropped. As such, Egress has much more interesting timing
problems than Ingress.

QMSS (Queue Manager Sub-System) is the central resource for queuing free packet storage resources
(memory management) and queuing packets that are ready for transport or consumption by endpoints. As
a central resource, the QMSS blocks access to one resource while servicing other resources. The length
of time for which QMSS blocks an access adds to the overall transport time of a packet.

Typically, engineers look at DMA bandwidth (and QMSS bandwidth) on an average basis because
average bandwidth is the best understood criteria in our radio system. However, peak conditions are the
usual source for breaking real time and peak conditions are difficult to characterize.

PUSH/POP: When a peripheral or CorePac wants to create a packet, it needs a memory location to start
writing the data. Multicore Navigator manages memory by having a queue of free memory location
(buffers) to write to. The peripheral needs to POP a location from QMSS to receive this address.

After the CorePac or peripheral creates the packet, it passes the packet to either a DMA engine or
software thread for processing. The Pass operation is performed by posting a pointer to this packet on a
gueue. This operation is known as a PUSH and takes 12 clock cycles when 32 descriptors are used.

Table 4-1. QMSS Back-to-Back Performance

Operation VBUS Cycles
PUSH 12
POP 45

Congestion: There are many parallel peripherals and CorePac cores that can all be performing Multicore
Navigator packet operations. Congestion occurs either when there are either multiple simultaneous
requestors or with a single requestor rapid firing or consuming packets. The user must handle these
congestion issues in one of two ways:

* Add slack or a timing margin
e Carefully calculate and predict Multicore Navigator QMSS congestion to avoid failing cases

All modules (even a well-behaved module such as FFTC) will perform a single PUSH and POP in close
proximity to each other when processing back-to-back packets.

Poorly-behaved peripherals will have peak packet flooding conditions where packets are machine gun
fired into the system. There are two different conditions that can cause this type of behavior:

» Small packets: 16-byte packets are a worst-case offender, requiring a PUSH and a POP for relatively
low interface or VBUS bandwidth. Both SRIO and IQN2 are built to handle small packets (or large) as
small as 16 bytes.

e Many parallel channels: IQN2 is a worst-case offender for parallelism. IQN2 has up to 48 parallel
channels. If these channels are all time-aligned, there is an amazing congestion of QMSS accesses.
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While hardware peripherals tend to have a Multicore Navigator characteristic, software use of Multicore
Navigator can be of either extreme (or more likely a mixture). 16-byte packets that are received by either
SRIO or IQN2 are likely delivered to the CorePac. The CorePac software needs to access QMSS in much
the same way as the hardware peripherals. Even for the otherwise well-behaved uses of CorePac (such
as generating FFTC traffic) there is a danger of being organized into peak QMSS accesses. To save
MIPS, a software user may like to cache Multicore Navigator descriptors in an effort to expedite packet
creation.

The first-order worry of QMSS congestion is breaking IQN2 real time on the transmit side (Egress side)
and a lesser worry is of overrunning the IQN2 receive buffers. Once Multicore Navigator packets have
been started, the IQN2 implements a fair share scheduling algorithm to even out the traffic among
channels.

4.3.1.2 DIO DMA Timing

4.3.2

Internal system events from UuAT trigger the DIO Core (up to three engines) to transfer data. The user
calculates how much time gets allocated for the DMA transfer after the internal system event triggers.

To start, the user calculates the ideal DMA transfer time (assuming no contention). In Table 4-2 and
Table 4-3, look up the number of VBUS cycles and multiply by the number of VBUS bursts.

Table 4-2. Egress (Tx) DIO Core Performance

Burst Length (QW) Bubbles (waste) VBUS Cycles
4 1 5
2 2 4
1 3 4

Table 4-3. Ingress (Rx) DIO Core Performance

Burst Length (QW) Bubbles (waste) VBUS Cycles
4 2 6
2 3 5
1 4 5

Then take the ideal value and apply a derating factor. For local RAC or TAC access, +50 percent derating
factor is suggested. For L2 or MSMC, +200 percent is recommended. DDR access is so heavily
dependent on loading that a simple rule of thumb is not supplied.

Example: Assuming a 1 GHz CPU clock, the resulting VBUS clock is 3.3ns, yielding 157 vbus_clk
allocated for the transfer.
» 32 UL AXC (8x), 8 chip iteration, two QW per AxC, 4-burst, RAC destination
— 16 bursts of 4 = 16 x 6 = 96 VBUS clock
— Derate by 50% = 144 vbus_clk
— 475.2 ns +518.1 ns (157 vbus_clk) = 306 sys_clk (307.2 MHz)
* 32 DL AXC (8x), 4 chip iteration, 1 QW per AxC, 4-Burst, TAC source
— 8bursts of 4 =8 x 5 =40 VBUS clock
— Derate by 50% = 60 vbus_clk
— 198 ns + 518.1 ns = 221 sys_clk (307.2MHz)

IQN2 Internal Delay

4.3.2.1 DIO or PktDMA => IQS =>AlL PE_STB Timing

This egress path is processed based on a request from the scheduler, and there is no intermediate buffer
that causes a large amount of delay, so user does not need to care too much about delay. Sufficient
amount of DMA delay (PktDMA or DIO) will cover all internal minor delays within sub-modules.
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4.3.2.2 PE_STB =>RT_STB=>TM_STB (Delta) Timing

The minimum distance between the PE_STB and TM_STB (Delta) is 60 clock cycles for CPRI and 100
clock cycles for OBSAI. The minimum spacing between these system events represents the time it takes
for PE to create link data prior to the TM beginning transmission. The PE_STB is the starting point for link
construction.

The RT_STB is the starting point for link retransmission, insertion, or aggregation of RT. The minimum
distance between PE_STB and RT_STB is 10 sys_clk and the minimum distance between RT_STB and
TM_STB is 20 sys_clk. RT_STB moves between those two boundaries to better sync with incoming data
from RM.

4.3.2.3 TM(Delta) and PE Event Offset Calculation

Delta and PE event offset is measured by sys_clk (307.2MHz for OBSAI and 245.76MHz for CPRI). There
are several time delay factors in the egress side. They are Multicore Navigator data transfer delay, DIO
DMA delay, and Egress IQN2 internal delay.

Delta (DL case) = DMA time (Multicore Navigator or DIO) + PE_STB =>TM_STB timing

* There is approximately one chip (260 ns) of minimum latency between reception and retransmission of
a link.

» The distance between TM (Delta) and RT is approximately 15 sys_clk.
» Pitime could be the same to RT_STB event time in case of aggregation or retransmission.

e The distance between PE_STB and TM_STB (Delta) is 60 sys_clk or more for CPRI and 100 sys_clk
or more for OBSAI

4.3.2.4 RM =>RT timing (Retransmission or Aggregation)

The propagation delay from RM to RT is around 15 clock cycles. This is the time from Pi arrival as
measured at the UAT until data is available to aggregate with PE.

RT_STB is the latest moment that RT will wait for PE and Cl SOF contribution before

progressing without either input. Set RT_STB equal to Pi ,,,, + 15 where Pi ,,, represents the latest time at
which the frame boundary is expected.

4.3.2.5 AIL RM =>IQS =>PktDMA or DIO (UL Case)

The largest component of ingress timing has to do with packing the PHY standard {OBSAI, CPRI} and
DIO SI buffer 4-sample data control and RSA data format control. In CPRI (non-RSA), a full quad word is
accumulated before writing to PktDMA or DIO SlI, because AxCs are interleaved on a word-by-word basis.
With OBSAI, the AxCs are interleaved qwd-by-qwd — again, within four samples of time.

With RSA data format, AIL PD will wait until two quad words of data for a given AxC are received before
writing to DIO, then PD will write out both quad words sequentially.

In practice, setting 400 clocks for all these kinds of internal delay and fuzzy factors avoids complex
calculation. Therefore, the total Min Ingress Delay before starting First Ingress DIO S| 4-sample event will
be Pi + 400 clock time margin for AIL internal processing and data transfer to DIO Sl buffer. The
delay for final DIO core DMA start depends on the burst size per AxC (4-sample, 8-sample, 16-sample).
DMA delay for 4-sample can be simply approximated as 240 clocks for CPRI and 300 clocks for OBSAI
and it can be doubled for 8-sample and 16-sample cases.

NOTE: In DIO mode of operation, DMA is triggered by precise timed internal system events and
therefore has to be correctly timing characterized. In Multicore Navigator modes of operation,
the DMA is triggered by data arrival making these timing calculations mostly unnecessary.

4.3.2.6 AID => DFE & DFE => AID timing

Only the AID requires per-radio standard frame timing strobe derived from the uAT for ICC Transmit and
receive timing.
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On egress, the AID scheduler wakes up for each 4 sample iteration strobe from uAT for each radio
standard variant and starts a read of TDM LUT for all assigned channels. this 4-sample event with frame
boundary strobe can be started after a certain amount of DMA time from PktDMA or DIO (this delay might
be similar to the AIL case). The DFE module should be activated and wait for frame strobe from AID
before starting data transmission.

On Ingress, The AID is a timing slave of the ICC (DFE) it is attached to. Operations are paced as data is
made available to the IFE of AID. The frame start signal from the DFE is the only synchronization
mechanism required. The user application should know the exact frame start delay from DFE and the
delay must be matched with AID IFE 4-sample strobe start timing. In case of WCDMA, DIO Sl event and
DIO Core event timing must be paced with this strobe with a certain amount of delay. The delay for DIO
events are the same to the AIL/DIO case. (See Section 4.3.2.5 for details.)

4.3.3 WCDMA Timing Example

4.3.3.1 WCDMA DL CPRI

The first example is a WCDMA using DIO for Egress TAC emulation (Section 4.3.3.2). The TAC process
starts at PhyT=0 and RadT =0 and at PhyT = 230, Egress DIO DMA starts, where approximately four
chips of time are given to allow the DMA to complete (which is an excessively large amount of time for the
transfer to complete).

Figure 4-6. WCDMA DL Egress Timing (CPRI)

WCDMA DL Timing (CPRI)
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At PhyT=470, the AxCs are activated. The AxC_Offset is chosen using the exact method, a value of 470
which is the same to PE_STB. The exact method is chosen for simulation purposes such that the AxC
starts up exactly when the link turns on. Using the approximate method is recommended for field use
where it is not critical to start real traffic in the first frame of boot.

The RT_STB event in this example proved non-critical as there is no aggregation in this example. The
distance between PE_STB and TM_STB (Delta) has been chosen as the minimum (60). It is
recommended to use the Min values always (no reason to vary this timing).

4.3.3.2 WCDMA DL OBSAI

In case of OBSAI (Figure 4-7), the main difference is using the sys_clk rate of 307.2 MHz. One WCDMA
chip length is 80 clocks instead of 64 clocks (CPRI) and requires 300 clock cycles for a 4 sample DMA to
complete. This makes the AxCs activated at PhyT = 530. The distance between PE_STB and TM_STB
(Delta) has been chosen as the minimum (100).
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Figure 4-7. WCDMA DL Egress Timing (OBSAI)
WCDMA DL Timing (OBSAI)
BCN Frame
(3072000clock)
[ SR PhyT
I S RadT
DIO Core PE_STB RT_STB TM_STB
TAC start start PhyT= PhyT= PhyT=
PhiT=0 PhyT=230 53(1 ewlo 1630
\ 4 chip data Vs chip data v
process time DMAtime Radio Frame @ PE_STB S ]
[ Radio Frame@ TM_STB Y |
AXC_Offset (AIL EFE)
RadT=530
Sys_clk = 307.2 MHz

4.3.3.3 WCDMA UL (Ingress)

This example is a WCDMA using DIO for Ingress RAC emulation. The Pi_Min is set to zero and the
Pi_Max is set to 20, providing some slack in reception timing.

With reception, (after PiMax) an overall ingress timing margin of 400 clocks is added before starting the
DIO Sl 4 sample strobe. This 400 clock margin includes all AIL pipe and processing delay + 1QS switching
delay + DIO SI buffer delay. Finally, an additional 480-clock delay is added before starting the DIO Core 8-
chip strobe for UL data. This delay between DIO SI strobe and DIO core DMA strobe will be doubled if 16-
sample burst per AxC is chosen for delayed stream.

RAC strobe can be started after 32-chip time since the Ingress DIO DMA 8-chip event is activated. IQN2
does not have UL and DL Radio timer like AIF2. Instead, the AT supports a max. of 8 radio timers. Some
of the timers are used to support real radio standards and the remaining ones might be used as UL or DL
timing creation for certain radio standards. For CPRI, Ingress AxC offset is not used and all external
antenna delay will be controlled by RAC.

Figure 4-8. WCDMA UL Ingress Timing (CPRI)

DIO Core 8chi P
PLmin Pimax  DIOSI4sample B et WCDMA UL Timing (CPRI)
PhyT=0 PhyT=20 Radt=420 Radt=900

b

[ Radio Frame @ RM (worst case) N |
Internal delay <_DIO internal delay_> DMA (8 chip)
400clk 480 clk 512clk
LLELELEEELEEELT FLELELELERTETEN 5 RadT
8 chip of time
512clk
32 chip of time
2048 clk
2948clk offset
RAC 32 chip strobe start
Radt=2948
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Figure 4-9. WCDMA UL Ingress Timing (OBSAI)

Pi_min Pi_max

_ 7 strobe start
PhyT-O1 fhyT-ZO Radt=420

DIO Sl 4 sample

DIO Core 8chip
event start
Radt=1020

WCDMA UL Timing (OBSALI)

[ Radio Frame @ RM (worst case) §\ |

Internal delay <’DIO internal delay > DMA (8 chip)

400ck 600 clk 640clk
LTI FLELELEETETETEN T 55 RadT

T 8 chip of time

ith wi 640clk
Q);(()j__r(ggf(s)et (with window) 32 chip of time
2560 clk

4.3.4 LTE Timing Example

3580clk offset

RAC 32 chip strobe start
Radt=3580

The LTE example is simpler than the WCDMA case because Multicore Navigator controls data transfer
automatically. The IQN2 PKTDMA packet pop operation starts before PhyT=0 and RadT =0 and at PhyT =
0 both the link and the AXC are activated by PE_STB. The AxC_Offset is chosen as a value of 0 (same to
PE_STB). The TM_STB value was set to 100 to cover both OBSAI (100 clock) and CPRI (60 clock) case.

Figure 4-11 shows the re-transmission insertion timing. If captured Pi on ingress link is 360, a Cl and RT
pipe delay of 15 clocks is added for egress RT_STB on egress to make a perfect daisy chain. PE_STB
and TM_STB are calculated based on RT_STB.

Figure 4-10. LTE Egress Timing

Physical (BCN) Frame

T 55 i PhyT
] I(a ] RadT
packet pop ' RT_STB TM_STB D) '
Tx queue push start start before pg STB  PhyT=  PhyT=
PhyT= - Symbol PhyT=0 PhyT=0 80 100
v ¥ Packet — Radio Frame @ PE %
DMA
time 4 [ Radio Frame @ TM b
AxC_Offset(OBSAI)
RadT=0
AXC_Offset = 0 (CPRI)
BFRM&HFRM offset = 0
Figure 4-11. Retransmission, Insertion Timing
Ingress | Radio Frame @ RM \C
PI_Min PI_Max
PhyT= 340 PhyT= 2360 P
Radio Frame@ TM NN
4...1.5..9!995..,l Egress
¥ R ~
Radio Frame @ PE NN
PE_STB RT_STB TM_STB
PhyT= PhyT=  PhyT=
295 375 395
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5.1

51.1

5.1.2

CPRI Specifics

Table 5-1. CPRI Link Rates

Link Rate

Gbps

sys_clk

Bytes
per CW

30-bit AXC Containers
per Basic Frame (Max)

32-bit AxC
Containers per
Basic Frame (Max)

2X

1.2288

245.7MHz

2

8

7

4x

2.4576

245.7MHz

4

16

15

5x

3.0720

307.2MHz

5

20

18

8x

4.9152

245.7MHz

8

32

30

10x

6.144

307.2MHz

10

40

37

16x

9.8304

245.7MHz

16

64

60

AIL CPRI Support Overview

The AIL module supports a large majority of the CPRI v5.0 protocol over a single transmit and a single
receive serial link. The AIL supports the 2x, 4x, 5x, 8%, 10x, and 16x line bit rates. It should be noted that
the 1x bit rate is not supported by the AIL. The line bit rate of the AIL transmit and receive path is set
through a Memory Mapped Register (MMR).

There are some limitations on the mix of link rates that can be supported with CPRI links using the same
SerDes macro. The 2x and 16x CPRI link rates cannot be supported by the same SerDes macro. Also,
the 5x and 10x CPRI link rates cannot be mixed with any other CPRI link rate within a SerDes macro. The
banking of AIL links is an SoC-level architectural decision.

At bit line rates of 8x and higher, the AIL supports scrambling which is applied to the data stream before
8b/10b encoding as described in Section 6.5 of the CPRI v5.0 specification. The scrambling seed is
provided to the AIL transmit link via an MMR, while the AIL receive link will recover the scrambling seed
using at least the first 32 bits of control bytes #7.0.2 to #2.0.(T/8-1). The AIL supports the use of zero as a
scrambling seed, which essentially disables scrambling while allowing the protocol version in the L1 in-
band control sub-channel to be set to 2.

The AIL module offers three synchronization mechanisms to the user. All of these mechanisms will
provide a reference point for the CPRI 10 ms frame. The user can choose to provide a pulse to a pin,
utilize the IEEE 1588 protocol to provide a timing base, or the user can perform a software write to an
MMR inside of the IQN2 subsystem. The accuracy of these synchronization methods should be
understood by the user when determining which method is best suited for the application. In all three sync
mechanisms, once AT BCN timer is started the timer can effectively be measured and adjusted.

Multicore Navigator transmission timing is set via the “delta.” CPRI reception of the PHY SOF (Start of
Frame) is measured via the “pi” MMR. Both of these are BCN timer values. Higher-layer SW can use the
transmission and reception timing of all nodes in the system to calculate RTT timing. Once RTT timing is
known, the network can be reconfigured to compensate for long fiber transmission delays.

CPRI 1Q Data Handling

The AIL module supports up to 64 AxCs (Antenna Carriers) to be transmitted per link and up to 64 AxCs
to be received per link. The actual number of AXCs that the link can support may be reduced due to the
line rate and the type of AxC (i.e., only 1 LTE20 AxC can be transmitted/received on a 2x link).

The AIL requires that these AXCs be mapped into a maximum of 8 groups. Each group will define
important characteristics of the AXCs (many users will choose to simply have one group per link). These
characteristics are the number of bits per container, the number of containers, and the offset in bits from
the previous group. CPRI defines the container size to be either 30-bit or 32-bit. In some 30-bit container
usages some bits are unused. The AIL supports 7, 8, 15, or 16-bit samples (i.e., 15-bit | + 15-bit Q).

The AIL will always send either 16 or 8-bit data to the DMA layer, so sign extension is performed on all 15
and 7-bit samples. The offset in bits from the previous group allows the user to space the groups in the 1Q
data block portion of the CPRI basic frame however they would like. Within these groups the containers
are packed as densely as possible, without any reserved bits between containers.

132

Interface Standards CPRI, OBSAI Specifics SPRUHO6A-May 2014—Revised October 2014

Submit Documentation Feedback
Copyright © 2014, Texas Instruments Incorporated


http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SPRUHO6A

13 TEXAS
INSTRUMENTS

www.ti.com CPRI Specifics

The AIL supports mapping method 3 as described in Section 4.2.7.2.7 of the CPRI v5.0 specification. This
means that the concept of stuffing samples is supported and the location of these stuffing samples is
determined by the formulas described by mapping method 3. The use of stuffing samples is effectively the
concept of rate matching. Since, the pattern of stuffing samples can be influenced by the grouping of AxC,
it is important that care is taken to program these groups accordingly. Also, since there are only 8 groups
available to the user, it may be necessary to program these groups with a number of AxC that is greater
than zero.

Each of these 8 groups would correspond to a radio standard or radio standard variant. As an example,
one group could be created for LTE20MHz traffic, while another group is created for LTE5SMHz traffic, and
a third group created for WCDMA traffic. CPRI requires all AXC within the same group to have the same
stuffing sample pattern, for this reason it is cleaner to group radio standard variants separately from one
another.

If AXC offsets are to be used, these are to be programmed on an AxC-by-AxC basis. The AxC offset
feature allows for the start of each AxC to be delayed by an integer number of samples relative to the
group offset. The group offset is programmed in basic frames and is relative to the CPRI PHY SOF. When
an AxC is programmed to use the AxC offset feature, the AxC will initially turn on later than those without
an AxC offset. While an AxC is OFF, zeros are transmitted. On reception, traffic for AxCs which are OFF
is discarded.

A Group turns On/Off relative to its group offset. Initially, all AXCs are OFF when a group is OFF. Once
the group is ON, AxC may turn ON/OFF based on the programming of those channels. SW enables AxCs,
and once the radio SOF is reached for that channel it will turn ON. Once SW disables an AxC, it will turn
OFF once the next radio symbol/slot boundary is reached. It is the responsibility of the user to only disable
a group once all AxCs are OFF. Likewise, it is the responsibility of the user to turn OFF the PHY only after
all groups are OFF.

The AIL module supports TDD radio standards by allowing symbols/slots to be marked as TDD off. When
a symbol/slot is marked as TDD off, all samples will be filled with zeros when transmitted, and all samples
received will be dropped. The AIL module expects that DMA data is provided only for TDD ON
symbols/slots.

In all cases, AIL checks that DMA data matches the expected radio traffic. AIL checks the symbol/slot
length of DMA data as well as the symbol/slot index provided in the PacketDMA packet headers. In cases
where DMA does not match the FSMs running in AIL TX, the AIL considers the DMA data to be “bad.” AIL
Drops all DMA packets until DMA SOF is encountered and AIL will then re-synchronize the use of DMA
data with PHY usage on the next radio SOF calculated by AIL FSMs.

5.1.2.1 TX Radio Timing

In CPRI, the radio timing of AxC traffic is always relative to the PHY SOF. CPRI is a little vague on the
concept of offsets. It comes up in two places in the standard. For GSM, they clearly call out a need for the
radio standard to be time offset from the PHY SOF. The other place where offsets come up is the RE UL
Chaining. While the standard does not call out the need for radio standard offset, the result of RE UL
Chaining clearly requires it. In order to generalize the CPRI concepts, AlL supports a separate offset for
each of eight supported groups.

From looking at the way CPRI segments the basic frames into groups and the way the bubble insertion
mechanism works, it is clear that group offset must always be whole basic frames. (The stuffing sample
mechanism starts on “container blocks” and a container block can span PHY frame boundaries).

The AIL implementation supports two different forms of radio standard timing offset:

» Radio Standard Offset: AIL supports up to eight groups within the single link. It is intended that AxCs
with similar timing requirements (radio standard) are grouped together. Each group is supported with
an offset, programmed in units of basic frames and even hyper-frames, relative to the PHY SOF. The
Ingress path and Egress paths are supported with independent offset values giving the user flexibility
to support normal vs. RE UL chaining -or- completely independent Ingress/Egress operation.

» AXC Offset: This concept is strong in OBSAI, but not specified at all in CPRI. Each AXC may have an
independent offset (delay) relative to the group (radio standard) offset. The AxC offset is programmed
in units of samples (unlike group offset which is programmed in basic frames). Most CPRI users will
program the AXC_Offset to zero, which means disabling the feature.
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The IQN2 Antenna Timer (AT) tends to be the centralized timing source for the entire SoC. The AT has
system events which are used to control RAC, TAC, and APP SW. These system events are generated
from eight different radio timers in the AT. The AIL CPRI implementation does not use the AT radio timers
directly, rather it only uses the BCN timer (which effectively is a PHY timer). The user must be aware of
the timing relationship between PHY time and radio time, and the ability to convert between them.

In particular, the RAC and TAC are paced by the radio timers in AT. A DMA is constantly performing the
export of the AT timer values to RAC and TAC in order for those IP modules to control where they are in
their WCDMA frame timing. The CPRI links only use the BCN timer value, so the user must know the
programmed relationship between these different timers.

The radio timing at the CPRI interface is extremely tight and precise. The radio timing concept at the APP
SW is rather loose, but still aligned to radio time. One of the primary functions of IQN2 AIL is to tighten, or
re-align the DMA data from the APP SW to the CPRI PHY.

5.1.2.2 CPRI IQ, link construction

CPRI uses a mechanism of precise placement within the CPRI PHY. CPRI hard partitions the link into
control vs. AxC bandwidth. For each CPRI basic frame, the first 1/16th of each basic frame are CW while
the remaining 15/16 of each basic frame is BW for IQ or AxC traffic. The placement of AXC samples within
this region is essentially done by a series of FSMs. Both the transmitter and receiver must have exactly
identical placement and extraction strategies. The placement must be exact on both ends. (This operation
is complex.)

Placement of AxC traffic is complicated by different radio sample rates and even a few different sample
widths. A single CPRI link contains many AXC and may contain several radio standards.

CPRI AxC placement strategy is a layered approach:
e Radio Standard (Group) Offset

— The 2nd and 3rd “layer” (Rate Matching & AXxC TDM) operations are aligned to the radio standard
frame boundary (relative to a PHY frame boundary)

— (i.e.,) the 60ms GSM radio frame (13 GSM frame boundary)
* APP SW chooses the appropriate (one of six) PHY frame boundary

 APP SW chooses the number of Basic Frame offsets relative to the chosen PHY frame
boundary

» IQN2 AIL starts the operation precisely at this programmed point.
» Layer 1: Grouping of AxC of similar characteristics
— A sensible thing to do is to group AxC of same radio standard
— AxC samples within a group must have the same number of bits per sample
e 32-bit container: (16-bit | + 16-bit Q) -OR- 2x (8-bit | + 8-bit Q)
e 30-bit container: (15-bit | + 15-bit Q) -OR- 2x (7-bit | + 7-bit Q)
e CPRI pre-defines reserved bit location if not all 30 bits are utilized
— AxC samples within a group must have same rate matching (stuffing sample)
— Gaps are permitted between Groups, but no gaps are permitted between containers within a Group.
» Gaps sizes are a programmable even number of bits
e Layer 2: Rate Matching (Stuffing Samples)
— Rate matching is performed independently on each Group
— Bubble insertion formulas are precisely defined in the CPRI standard
— These Bubbles or “stuffing samples” are wasted CPRI containers (samples)
— Without Rate Matching, some radio standards (i.e., GSM) cannot exactly fit in the CPRI PHY
* Layer 3: AXC TDM

— Within the Group, after the Rate Matching, the resulting stream of containers simply represent a
TDM of AxC.

» (i.e.,) if 3 AXCs fit into the Group, a pattern of 0, 1, 2, 0, 1, ... simply repeats over and over again
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» The TDM pattern must wrap on every radio frame (else the user has created an illegal pattern)

5.1.2.3 Group Programming

When programming the eight groups, the user is encouraged to maximize the group size. This means that
the user should call out the largest number of containers to be used for the radio standard variant. The
user will then be able to enable each container in the group. The enabled containers per group will be
used as the N variable in the mapping method 3 equations from the CPRI v5.0 specification.

The other necessary variables such as number of AXCs per group (N,), the number of samples per block
(S), the number of basic frames over which a block is transmitted/received (K), and the number of stuffing
samples per block (N,) are to be programmed by the user per group. These values will be used to
properly insert stuffing samples where needed. The sequence of AXC numbers must be provided by the
user, allowing the 1Q samples in a group to be flexibly ordered.

Each group must start on an even-numbered bit, and the groups cannot overlap.

The parameters controlling the eight groups can be changed during operation of the AIL. The changes will
only take effect on 10 ms CPRI frame boundaries. This effectively allows a user to add/delete a group with
the caveat that all effected AxCs in that group must be in the OFF state. Modifying a group with active
AxCs will likely corrupt current traffic and may not be recoverable.

5.1.2.4 Group & Stuffing Sample Example

Figure 5-1 shows an example where three groups are identified within a 8x CPRI link. The first group
contains a single LTE20 AxC, the second group contains two LTE5S AxCs, and the third group contains
four WCDMA AxCs. In this example, all of the groups have been defined with 30-bit container sizes, and
the radio standards do not require stuffing samples to be inserted into the 1Q data stream. It should be
noted that to optimally program this grouping into the AIL, the user should program the first group to
consume 16 containers, the second group to consume 12 containers, and the third group to consume four
containers. The first group would only have the first eight containers enabled, the second group with four
containers enabled, and the third group with all four containers enabled. Each disabled container will be
filled with reserved bits, which are zero. This mapping of more containers than are currently being used
allows for AxCs to be added/removed without changes to the grouping configuration.
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Figure 5-1. Multiple Radio Standard Group Mapping
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Figure 5-2 shows an example where groups with different container sizes are mapped onto a 4x CPRI
link. Each AxC in this example is mapped to a different group. They are packed as closely as possible for
illustrative purposes, since it would be better to configure the group mapping for the easy addition of AxCs
to groups without having to touch the mapping configuration. It should be noted that the container size is
always either 30 or 32 bits, and that sample size selection of seven or eight bits will indicate a container
size of 30 bits and 32 bits respectively. Also, the user should be aware that the use of 32-bit containers
will lower the number of AxCs that can be supported per AlL.
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Figure 5-2. Sample Size Options in Group Mapping
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Each AxC can be offset by an integer number of samples. This means that the first sample of an AxC
does not have to arrive/depart at the same time as the first sample of other AxCs within the same group.
Figure 5-3 depicts an example where AXC#0 is offset by 2 samples, AXC#1 is offset by zero samples, and
AxC#2 is offset by one sample on a 4x CPRI link. These AxCs are LTE10 AXCs, so each basic frame
holds four samples. Also, it is not required for AXC numbers to be incrementing within a group.

Figure 5-3. AXC Sample Offset Mapping
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When a radio standard is used that requires stuffing samples, the AIL follows equation 16 from the CPRI
v5.0 specification. The following four figures are examples of a 4x CPRI link with four groups. The first
group is an LTES5 group with two AxCs, the second group is an LTE1.4 group with three AxCs, the third
group is a GSM (960 kHz sample rate) group with one AxC, and the fourth group is a WCDMA group with
four AXCs. These four figures show the pattern of how stuffing samples would be inserted for this
grouping. This pattern would be repeated every four basic frames, with the sample numbers incrementing

accordingly.
Figure 5-4. Basic Frame 0 of Stuffing Sample Mapping
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Figure 5-5. Basic Frame 1 of Stuffing Sample Mapping
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Figure 5-7. Basic Frame 3 of Stuffing Sample Mapping
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5.1.3 CPRI Control Data Handling

Figure 5-8. CPRI Control Words Mapping
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Many mechanisms for CPRI CW (Control Word) are supported by the Tl implementation:

Slow C&M (HDLC)
Fast C&M (Fast Ethernet)

L1 inband, Predefined CW (specific HW control for special bytes)

Hyperframe delineated insertion
Null Delimiter

The AIL module can extract/insert up to 4 user defined streams of control words, along with other fixed
control words that the AIL captures to/inserts from MMRs.

All other information from control words such as slow C&M, fast C&M, RTWP (Received Total Wideband
Power) measurements, and vendor-specific control words are to be mapped to one of the four available
control flows. Each control word flow will allow the user to extract or insert into the control words of any of
the 256 basic frames. The user will also be able to define the number of bytes per control word that are to
be used per control word flow. This byte selection feature along with the basic frame selection feature can
be used to implement all of the slow C&M link rates.
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The user also may instruct a control word flow to only insert/extract control data during specific
hyperframes. This is a hyperframe filter for the control flow. The user will indicate into which hyperframe(s)
the control word data is to be inserted/extracted. This feature allows the user to implement the RTWP
control word flow, where the RTWP information is only sent every 30 hyperframes. It should be noted that
a single hyperframe filter is made available per AIL module direction (one for transmit, one for receive).
Each control word flow can either use the hyperframe filter, or be active during all hyperframes.

The user must set the receive and transmit C&M channel rates as well as the C&M channel type through
an MMR. The rate and C&M channel type will not be auto-negotiated through hardware. The user must
set the pointer-p value as well, since the AIL module does not use the pointer-p value to set the fast C&M
channel rate. Although the hardware does not perform auto-negotiation for the C&M channel rates, a
software routine can be written to perform this function. Also, it should be noted that if either C&M channel
rate is changed during normal operation, data could be lost during the change and the change requires
software assistance.

Each control channel flow can have the bit order, nibble order, or bit and nibble order reversed. This
reversal can be done before or after the desired encoding. Each control channel flow has its own reversal
control, so each control channel flow can be set differently. This flexibility at the hardware level allows the
data to be presented in the correct and optimal format for other end users.

5.1.3.1 L1 In-Band Signals (HW MMR Handling of Special CPRI CW)

As noted previously, the AIL module extracts many of the L1 in-band signals on the receive link to
readable MMRs. The AIL module filters the reset signal to make sure that at least five consecutive
instances of this bit were set before reporting the signal as set. This will ensure that multiple bit errors in
the reset bit location cannot cause a link to reset.

The LOS signal is set when the number of 8b/10b code violations exceed a programmable value per
hyperframe. The CPRI v5.0 specification calls out at least 16 8b/10b code violations per hyperframe, but
the AIL module leaves this up to the user.

The LOF signal is set when the K28.5 synchronization character is not found at location Z.0.0
consecutively greater than a programmable number of times.

The SDI signal cannot be forwarded from an AIL receive link, but it can be set by the reception of the
filtered reset signal of a receive link, or through the use of an MMR.

For these signals on the transmit link, the user can choose to either force these signals to a value through
the use of an MMR, or the signals can be forwarded from an AlL receive link. It should be noted that the
reset signal cannot be forwarded. The RAI signal can also be set by a receive link LOS or LOF signal.

* Sub-channel 0
— HFN (hyper-frame number)
— BFN (nodeB frame number)
* Sub-channel 2
— Protocol version
— HDLC bit rate
— Reset Status
— RAI (remote alarm indication)
— SDI (SAP defect indication)
— LOS (loss of signal)
— LOF (loss of frame)
— Pointer p value
* Sub-channel 52 (52, 116, 180, 244 control slot)
— Port ID (reserved for PORT ID and cannot be used for FastC&M)
The AIL will insert the following fields based on MMR settings:

e Sub-channel 2
— Protocol version
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— HDLC bit rate
— Pointer p value
* Sub-channel 52 (52, 116, 180, 244 control slot)
— Port ID (reserved for PORT ID and cannot be used for FastC&M)

The LOS and LOF conditions are well defined and can occur at the receiver of the AIL. In addition to the
LOS or LOF error occurring locally, the ingress and egress CPRI link has these bits in the Z2.130.0. For
purposes of clarification, Tl defines variants of these signals with the following sub-scripts:

*  XXXgy: bitis received in Ingress link byte Z130.0

e XXXggrr: Error has occurred locally at IQN_AIL receiver

o XXXy IQN_AIL sets bit in Egress link byte Z130.0

At each AIL receiver (RM), each of the four received error bits {LOSgy, LOFgy, RAlz«, SDIgy} is received
and extracted. The CorePac cores can be programmable alerted via the IQN2 AIL EE (Error Event)
mechanism. The error bits {LOSg4, LOFg«, RAlz«} as well as the locally detected errors {LOSggg, LOFggg}

also are passed to the transmitters (TM) for possible propagation. SDI is not supported with HW
propagation; SDIgy is only supported via EE alert and MMR insertion which requires SW support.

The transmitter (TM) for each link receives {LOSgy, LOFgy, RAIzy,LOSgrr, LOFrg} Signals from each of six
links as well as MMR control information and manual set of each transmitted bit {LOS+, LOFy,
RAl;y,SDlpy}

RAIl;y is defined as the aggregate of LOS OR LOF with the capability propagating. This is accomplished
by the logic OR of {LOSggg, LOFrr, RAlRx, and MMR bit}. Each possible input into the OR operation is
MMR enabled/disabled.

5.1.3.2 Flexible Control Word Flows

The AIL module provides several options when defining a control word flow. These options are to control
the encoding/decoding of the control words, as well as the delimitation of a message in the control word
flow. Through the combination of these options, the AIL module provides a comprehensive solution for
extracting control words from a CPRI link, be it one of the defined C&M channels or a vendor specific
channel.

The user can define a control word flow with 4b/5b encoding, HDLC bit-orientated encoding, or no
encoding. The insertion of preamble and SFD octets for fast C&M Ethernet is controlled via an MMR.
These encoding/decoding options are included to facilitate the fast and slow C&M channels, but can be
used in any control word flow.

The 4b/5b encoding code list is the same as called out in Table 14 of the CPRI v5.0 specification. This
encoding is used to emulate the physical specification of 100BASE-T, described in IEEE 802.3-2005
Section 2. This encoding style provides control characters, such as the start-of-stream delimiter and end-
of-stream delimiter that are used in determining packet boundaries.

The HDLC bit-oriented encoding is defined in ISO 13239 section 4.3.1, entitled “Synchronous
Transmission.” This encoding scheme inserts a 0 bit after all sequences of 5 contiguous 1 bits. The
encoding is performed on all of the content between the two flag sequences that indicate the start and end
of message, including the last five bits of the FCS (Frame Check Sequence). The FCS is a 2-byte value,
with an MMR that will provide the user with control of which byte to transmit/receive first. The FCS is a 16-
bit CRC, and the user can control the initialization value of this CRC sequence. Also, the user has the
option of sending constant flag sequences (Ox7E) or the IDLE flag (OxFF) as inter-message fill.

5.1.3.3 CPRI Control Word Interleave/Deinterleave

IQN2 allows up to four independent control streams per CPRI link. Each control stream may have parallel
control packets in flight at different stages of completion.

CPRI hyper-frames have exactly 256 control words. IQN2 provides a series of MMR registers (three bits
per CW position) per link that map each CPRI control word position to:

* Enable bit
— 1'b0: CW is not mapped to a control stream
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— 1'bl: CW is mapped to a control stream
* Mapping bits
— 0-3: map to Control Streams {0, 1, 2, 3}

With this LUT method of assigning CPRI control words, the user has complete flexibility to either duplicate
the CPRI separation between:

* {slow C&M, fast C&M, and vendor specific}
* Non-CPRI compliant usage of control works

NOTE: IQN2 AIL does not directly use the Pointer-P in assigning Control word BW. AIL does
support HW extraction/insertion of Ingress Pointer-P to MMR. If the user wishes to use the
Pointer-P for CW allocation, upper layers of SW need to implement this functionality.

5.1.3.4 Packet Parsing

The three key functions of packet parsing are:
» Using the hyperframe boundary as a packetization boundary
» Separating valid control data from null character
e Separating control stream into valid packets
— Identify SOP/EOP (start/end of packet)

IQN2 AIL has three mechanisms for packet parsing:

* Hyperframe FSM

* Programmable null delimiter

* 4B/5B coding

Each of four possible (per link) control streams is MMR configured as to which of the two options is used
for that stream.

Figure 5-9. CPRI Packet Delimiters

MNull Delimited Packets

222 Packet0 22223 Packet 1 E:
4B/5B Delimited Packets
= x% Packet( % e x% Packet1 é

The Programmable Null Delimiter is a unique character that identifies a null (empty byte). The value can
be any byte or any non-comma K-character (e.g., K27.7 or K29.7). It is not permissible to have this
character appear within a packet. IQN2 allows the user to choose which null value is to be used by
programming a 9-bit MMR field. Any data that does not match the Null Delimiter is considered valid control
data. There must be at least one Null Delimiter between “packets” of control data. All characters that do
not contain valid control data should be filled with the chosen Null delimiter.

Alternately, the Fast Ethernet 4B/5B coding scheme can be used to identify SOP/EOP. 4B/5B may be
used for non-Ethernet packets.

144

Interface Standards CPRI, OBSAI Specifics SPRUHO6A-May 2014—Revised October 2014

Submit Documentation Feedback
Copyright © 2014, Texas Instruments Incorporated


http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SPRUHO6A

I

TEXAS

INSTRUMENTS

www.ti.com

CPRI Specifics

5.1.3.5 Fast Ethernet

Fast Ethernet is Ethernet that is 4B/5B encoded. 4B/5B encoding is the encoding on top of the SerDes
8B/10B encoding. In essence, IQN2 deals with 8B/10B encoding at the PHY layer and 4B/5Bencoding at

the Protocol layer.

Figure 5-10. Ethernet Frame Structure

Start of
Preamble | To -~ DstAdr | SrcAdr | Length | Payload CRC
7 bytes 1 bytes 6 bytes 6 bytes 2bytes |1-1500byte | 4 byte

SSD/ESD: Appended and Stripped by AIL HW

Preamble: Constant value: 8'b1010_1010

— Ingress: Stripped off by IQN2 AIL
— Egress: Added by IQN2 AIL
Start of Frame: Constant value: 8'b1010_1011
— Ingress: Stripped off by IQN2 AIL
— Egress: Added by IQN2 AIL
Length Field: IQN2 does not use or check the length field of Ethernet

— Ingress: Ethernet frame is defined by either delimiter byte or 4B/5B encoding

— Egress: Packet length is controlled by Multicore Navigator header
Other Fields: Simply passed by IQN2

Interframe gap (not shown in Figure 5-10)

— Does not apply to CPRI, Gapping is not required over Phy

Extension fields
— Does not apply to CPRI, Not supported.

IQN2 performs the following operations:

PA (Packet Accelerator) performs the following operations:

Ingress

— De-interleave CPRI Streams
— 4B/5B decode (SSD/ESD strip)

— Parse stream into Ethernet packets
— Strip Ethernet preamble and SOF fields

— Encapsulation into Multicore Navigator packets

— PKTDMA
Egress
— PKTDMA

— Extract from Multicore Navigator Packet

— Add Ethernet preamble and SOF fields
— 4B/5B encode (SSD/ESD appended)

— Insert into CPRI Stream
— Interleave CPRI Streams

Route to final internal or external destination
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5.1.3.6 4B/5B Encoding

4B/5B encoding is part of Fast Ethernet, but IQN2 AIL allows for use of 4B/5B encoding simply as a
packet delimiter. This special encoding also can be used as a packet delimiter for generic packet traffic
that uses the AxC data slot in generic packet mode.

4B/5B encoding is a 20 percent overhead scheme where each byte is broken into two nibbles and each
nibble is represented by five bits. With the extra redundancy, extra characters can be defined. IQN2 allows
for the use of 4B/5B encoding only in CPRI mode and can be used for:

» Fast Ethernet (4B/5B required)
* Generic CPRI control packet delimiter

The SOP is uniquely identified by a pair SSD#1 and SSD#2 (bit pattern 11000 _10001) which is used by
AIL as a comma alignment character. The EOP is identified by the pair ESD#1 and ESD#2 (bit pattern
01101 _00111).

Table 5-2. Fast Ethernet 4B/5B Encoding

Name 4b 5b Description
0 0000 11110 hex data O
1 0001 01001 hex data 1
2 0010 10100 hex data 2
3 0011 10101 hex data 3
4 0100 01010 hex data 4
5 0101 01011 hex data 5
6 0110 01110 hex data 6
7 0111 01111 hex data 7
8 1000 10010 hex data 8
9 1001 10011 hex data 9
A 1010 10110 hex data A
B 1011 10111 hex data B
C 1100 11010 hex data C
D 1101 11011 hex data D
E 1110 11100 hex data E
F 1111 11101 hex data F
| -NONE- 11111 Idle

J -NONE- 11000 SSD partl
K -NONE- 10001 SSD part2
T -NONE- 01101 ESD partl
R -NONE- 00111 ESD part2
H -NONE- 00100 Halt

The 4B/5B encoding occurs before stream serialization (CPRI PHY packing) and before 8B/10B encoding
for SerDes transmission. (4B/5B encoding is in addition to 8B/10B; it does not replace 8B/10B).
4B/5B Corner cases and IQN2 handling:
e SSD#1 and SSD#2 form a pair that identify SOP

— They are a unique code which give comma alignment
» ESD#1 and ESD#2 form a pair that identify EOP

— Cannot be used for comma alignment
* Any non-data byte (except ESD) after an SSD

— Bad Packet

— Marked as bad packet in Multicore Navigator header (but still DMA’ed)

— IQN2 will EOP packet immediately
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» SerDes Byte Error during a packet
— Marked as bad packet in Multicore Navigator header (but still DMA’ed)
» Packet too long
— Not handled by IQN2 (handled by PA)
* Null Data
— IQN2 will transfer “IDLE” when there is no control packet to send on a given control stream.

5.1.3.7 CRC

514

5.1.5

The AIL module provides several hardware CRC options for control word flows. A programmable 8-bit
CRC, a 16-bit CRC (CRC-16-CCITT, x16 + x12 + x5 + 1), and a 32-bit CRC (CRC-32, x32 + x26 + x23 +
X22 +x16 +x12 + x11 + x10 + x8 + X7 + x5 + x4 + X2 + x + 1) are available.

When a CRC is enabled for transmit, it is created and appended to the end of a control message. The
user will have to leave space at the end of the packet sent over the DMA to the AIL module for the CRC to
be placed. These bytes will be overwritten by the AIL module when sent out over the CPRI link. When a
CRC is enabled for receive, the CRC is calculated and checked against the incoming CRC field. The CRC
field is passed with the rest of the packet over the DMA. If the CRC fields do not match, the packet can
either be marked as an errored packet or the packet can be dropped. The operation performed on a CRC
mismatch will be user selectable.

Retransmit/Chaining

Although the AIL module only has visibility of 64 AxCs at the protocol layer, the AIL module can retransmit
the entire CPRI link at the physical layer. The AIL module provides the capability to retransmit the
received traffic from one of eight other CPRI links onto the transmit CPRI link.

The retransmission of a CPRI link cannot be dynamically changed. Once a CPRI link is chosen to be the
retransmitted link, another link cannot be substituted while the AIL module is operational. The link rate of
the received traffic from other AIL modules must be the same as the transmitter link rate. For the AxCs for
which the AIL module does have visibility, the user can choose to have the AIL module transparently pass
the value from receive to transmit, aggregate the received sample with another sample from memory and
transmit the result, or overwrite by transmitting a different sample from memory.

During sample aggregation, the AIL module performs symmetrical saturation on any value that exceeds
the sample size after aggregation. When retransmitting, the AIL module has enough buffering and
bandwidth elasticity to compensate for +/- 833 ns of fiber drift.

The AIL module can be instructed to operate in CPRI uplink RE-Chaining mode. In this mode, the CPRI
control words will be buffered until the next CPRI hyperframe so that they can be inserted at the correct
basic frame. The user will program an MMR which instructs the AIL module to insert the IQ data at the
appropriate basic frame number. This MMR value can then be communicated to the downstream CPRI
receiver, so that the correct sample number can be recovered from the CPRI link. This feature meets the
requirement in the CPRI v5.0 specification where each networking RE can change the frame position of
an uplink AxC container in order to minimize delay.

It should be noted that when in CPRI uplink RE-Chaining, any control word messages that are to be
extracted during specific hyperframes will be delayed by at least one hyperframe per hop. This must be
taken into account by downstream receivers. When in the CPRI uplink RE-Chaining mode, the
repositioning of the IQ data will consume a portion of the fiber drift buffer.

Bit-Rate Conversion

The AIL module does not support bit-rate conversion. The data would have to be extracted to the DMA
layer, and then transmitted through normal means. This will increase latency and use switch-level DMA
resources as well. This precludes the AIL module from performing bit-rate conversion.
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5.1.6

5.2

521

Delay Measurement

The AIL module provides time measurements of when the incoming synchronization signal is received
over the CPRI link and when the outgoing synchronization signal is transmitted over the CPRI link. These
values are based on a central timer that both measurements share. The values are readable through an
MMR. This method meets the link timing and round trip delay timing accuracy requirements detailed in the
CPRI v5.0 specification, except when the AIL module is running at the 2x link rate. At this link rate, the
uncertainty contributions due to clock domain crossings could exceed the requirement values defined in
the CPRI v5.0 specification.

OBSAI Specifics

OBSAI| Standard Overview

The OBSAI interface is primarily intended for passing antenna data between the RF card and the
baseboard devices. Its secondary function is for passing user-specific control data between any devices.

The basic premises of the OBSAI interface are to time multiplex different streams (that is, antennas) of
data on a single SerDes link. OBSAI segments each data stream into 16-byte segments and appends a
simple header that is used on the receiving end to reconstruct/deinterleave the different streams.

There are two basic parts of the OBSAI interface:
e OBSAI RP1: timing interface for synchronizing all nodes/devices within the base station

» OBSAI RP3: Data Interface for passing antenna and control data between nodes in the base station
utilizing SerDes connectivity.

The RP1 physical interface is a simple LVDS serial data interface with corresponding LVDS 30.72MHz
clock. The IQN2 AIL supports only reception/synchronization to RP1 sync bursts, but does not transmit
RP1 sync bursts. The OBSAI RP1 spec. defines the serial burst stream pattern over the serial data
interface and how IQN2 is to use this timing information.

The RP3 physical layer provides coding and serialization of the transmission path. An LFSR scrambling
algorithm, applied to 8x links only, provides smoothing of the data stream before 8b10b encoding. The
data link layer provides a method for creating messages of the bit stream. The transport layer utilizes the
address field of messages to control message routing for processing of the application layer. The
application layer terminates the payload of messages into packets.

Figure 5-11. OBSAI Data Format and Line Coding
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The OBSAI RP3 standard supports multiple link data rates. SerDes data rates differ from usable data
rates for the following reasons:

» Three bytes of header for each 16 bytes of payload

» 8B/10B SerDes encoding

» One dedicated control message for each 20 data messages
» K-character demarcating framing

148

Interface Standards CPRI, OBSAI Specifics SPRUHO6A-May 2014—Revised October 2014

Submit Documentation Feedback
Copyright © 2014, Texas Instruments Incorporated


http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SPRUHO6A

13 TEXAS

INSTRUMENTS

www.ti.com

OBSAI Specifics

Table 5-3. OBSAI RP3 SerDes Rates

Link rate Line rate (Gbps) Data Msg Payload Rate (Gbps) Control Msg Payload Rate (Gbps)
2X 1.536 0.98304 0.049152
4x 3.072 1.96608 0.098304
8x 6.144 3.93216 0.196608
5.2.1.1 OBSAI Overview: Frame/Message Structure

Figure 5-12. OBSAI Frame/Message Structure
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Regardless of link rate, OBSAI has a 10 ms frame structure. The frame boundaries are demarcated with a
K28.7 character at the end of each frame. Each frame is further subdivided into i1920 message groups
(where i depends on link rate i={1x, 2x, 4x, 8x}). Each message group is exactly 400 bytes containing
exactly 21 messages ending with a single K-Character:

K28.7 if it is the last message group in a frame
K28.5 for other messages groups in a frame

Data Messages are grouped with Control Messages. First there are i20 Data messages then i Control
Messages. These groups span multiple message groups (with K-characters ending each message group.
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Table 5-4. OBSAI Data/Control Message Grouping
i Message Data Control
Link rate Groups Messages Messages
2X 2 40 2
4x 4 80 4
8x 8 160 8

The special message type “Empty Message” is defined to indicate a control or data message is currently
unused. “Empty Message” is indicated with the special OBSAI address of 13'h1fff. All other fields are
“don’t care” but IQNZ2 fills all other fields with zeros.

Figure 5-13. OBSAI Empty Message (IQN2 Transmitted)

13'h1fFf 5h0 | &'h0 12800

5.2.1.2 OBSAI Overview: RP3 Tx and Rx FSMs

Frame synchronization is achieved by adhering to defined state transitions in OBSAI RP3. For transmit,
the state transitions are shown in Figure 5-14. The frame synchronization begins in the Off state. The
transmitter is enabled by system control to transition the state machine to the Idle state. While in the Idle
state, the state machine follows the scrambler protocol acknowledge sequence if the link is configured for
6144 Mbps. If the link is configured for less than 6144 Mbps, then while in the Idle state K28.5 characters
are transmitted. Once the delta variable is known, the state machine can be transitioned to the
FRAME_TX state, and valid frames are transmitted at the delta offset. Upon a reset, receiver loss of
signal, or a system control disable of the transmitter, the state machine transitions back to the Off state.

Figure 5-14. OBSAI RP3 Transmit State Machine
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The receiver state machine in Figure 5-15 consists of four states for 768, 1536, and 3070 Mbps line rates
and six states for the 6144 Mbps line rate. The four states applied to all line rates are as follows:

« UNSYNC

« WAIT_FOR_K28.7_IDLES

« WAIT_FOR_FRAME_SYNC_T
« FRAME_SYNC

Two of these states, WAIT_FOR_K28.7_IDLES and WAIT_FOR_FRAME_SYNC_T, can be considered to
form a single logical state called SYNC. The meaning of states UNSYNC, SYNC, and FRAME_SYNC is
as follows:

 UNSYNC: Bus link is down. Many byte errors are detected.
* SYNC: Bus link is working, that is, connection exists.
* FRAME_SYNC: Normal operational mode. Frame structure is detected and messages are received.

Two additional states are applied for the 6144 Mbps line rate due to scrambling seed transfer from the
transmitter to the receiver: WAIT_FOR_SEED and WAIT_FOR_ACK. These two states form a logical
state called SCR_CAP (scrambling seed capture). It is expected, that the receiver can capture scrambling
code both from IDLE_REQ and IDLE_ACK patterns. When in the state WAIT_FOR_K28.7_IDLES,
IDLE_REQ is detected if every 17th byte of received data is a K28.5 and there are valid data bytes (no K-
codes, no LCV errors) between K-codes. Contents of data bytes are not checked. This way it is possible
to recognize IDLE_REQ, even if the scrambling code has been changed.

To reduce false recognition of IDLE_REQ, due to an errant K28.5, IDLE_REQ will not be detected in the
WAIT_FOR_FRAME_SYNC_T and FRAME_SYNC states. If a scrambling code has been changed, many
IDLE_REQs will be received. This will eventually cause FRAME_UNSYNC_T invalid message groups and
force the transition to the WAIT_FOR_K28.7 _IDLES state. IDLE_REQ will be detected in this state and
cause a transition to the WAIT_FOR_SEED state.

The receiver state machine uses two separate criteria to determine the quality of a bus link. The first one
monitors the signal quality by counting LCV errors and the second one monitors the validity of the
received frame structure. Parameters BLOCK_SIZE, SYNC_T, UNSYNC_T, FRAME_SYNC T, and
FRAME_UNSYNC_T control the transitions.

On reset, the state machine enters the UNSYNC state. The UNSYNC state also is entered when the
SerDes indicates a loss of signal. State transition from the UNSYNC state to WAIT_FOR_K28.7_IDLES
(768,1536, and 3070 Mbps line rate) or WAIT_FOR_SEED (6144 Mbps line rate) is done if SYNC_T
consecutive blocks of bytes have been properly received. In each block, there exists BLOCK_SIZE bytes
and a block is considered to be valid if all the bytes were received correctly (i.e., no 8b10b decoding
errors). Otherwise, the block is considered to be invalid.

In case of 6144 Mbps line rate, state transition from WAIT_FOR_SEED state to WAIT_FOR_ACK state is
done when the scrambling seed is captured from the IDLE_REQ training pattern (or IDLE_ACK pattern)
and verified over 16 sets of training patterns. Transition from the WAIT_FOR_ACK state to the
WAIT_FOR_K28.7_IDLES state is done when an acknowledgement of the seed capture has been
received (IDLE_ACK pattern).

Transition from state WAIT_FOR_K28.7_IDLES back to UNSYNC is done if UNSYNC _T consecutive
invalid byte blocks are received or in case of HW reset or SerDes loss of signal. Transition from state
WAIT_FOR_K28.7_IDLES back to WAIT_FOR_SEED occurs if an IDLE_REQ pattern is detected.

Master Frame boundary is indicated by a set of K28.7 IDLE bytes, i.e., it exists at the end of the block of
K_MG consecutive K28.7 IDLEs (for purposes of the IQN_AIL, K_MG = 1). Transition from
WAIT_FOR_K28.7_IDLES to WAIT_FOR_FRAME_SYNC_T is done when K_MG consecutive K28.7 IDLE
bytes, i.e., a possible Master Frame boundary, is detected. In state WAIT_FOR_FRAME_SYNC_T as well
as in state FRAME_SYNC, Master Frame timing is considered to be fixed (defined by the first set of
received K28.7 IDLES).

In WAIT_FOR_FRAME_SYNC T state, validity of consecutive message groups is studied. When
FRAME_SYNC_T consecutive valid message groups are received, FRAME_SYNC state is entered. If
FRAME_UNSYNC_T consecutive invalid message groups are received, state WAIT_FOR_K28.7_IDLES
is entered and search for a new set of K28.7 IDLE bytes is started immediately, unless the IDLE_REQ
pattern is detected (6144 Mbps line rate), in which case the WAIT_FOR_SEED state will be entered.
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State transition from FRAME_SYNC to WAIT_FOR_K28.7_IDLES is done when FRAME_UNSYNC_T
consecutive invalid message groups are received and transition from FRAME_SYNC to UNSYNC is done
when UNSYNC _T consecutive invalid blocks of bytes are received. If enabled, if a programmable number
of 8b10b decoding error occurs, the UNSYNC state also will be entered.

A valid message group is defined as a block of 400 bytes where the first 399 bytes are of type data or an
8b10b decoding error occurs. IDLE codes K28.5 or K28.7 are not allowed. The last K_MG bytes must be
either K28.5 or K28.7 IDLE bytes or an 8b10b decoding error. Furthermore, the order of the IDLE bytes
matters. In the first N_MG-1 Message Groups of a Master Frame, all IDLE bytes of the Message Group

must equal to K28.5 while in the last Message Group of the Master Frame, K_MG (=1) IDLE codes equal
to K28.7.

Figure 5-15. OBSAI RP3 Receive State Machine
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The receiver synchronization state machine has several outputs. Current state of the receiver will be
available for the Application layer. An interrupt may be generated from each state change. Signal
loss_of_signal is active (has value 1) in state UNSYNC while it is inactive in other states. Synchronization
block also indicates bytes that contain 8b10b decoding error as well as the location of the Master Frame

boundary. For the 6144 Mbps line rate, scramble seed capture and acknowledge training pattern received
is also indicated.

5.2.1.2.1 OBSAI Overview: General

Streams/Messages are classified into different types, and these types are indicated by the type field of the
message headers. OBSAI supports several different types of traffic. These are identified by the “Type”
field in the OBSAI header where the different types are predefined as a five-bit encoded fields. For the
different types, the usage of the “Timestamp” fields varies. Table 5-5 shows the “Timestamp” usage for the
different OBSAI types. An “X” indicates that there is an algorithm for filling the Timestamp. A “#” indicates
that Timestamp bits are being used to extend the addressing. In other cases, a fix value is written.
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Table 5-5. OBSAI RP3 Types
Timestamp #: address extension X:

Payload data Type Content of Type Field Timestamp Protocol
Control 00000 000000 —or- 000001
Measurement 00001 XXXXXX
WCDMA/FDD 00010 XXXXXX
WCDMA/TDD 00011 XXXXXX
GSM/EDGE 00100 XXXXXX
TETRA 00101 undefined
CDMA2000 00110 XXXXXX
WLAN 00111 undefined
LOOPBACK 01000 undefined
Frame Clock Burst 01001 000000
Ethernet 01010 XXXXXX

RTT message 01011 000000
802.16 01100 XXXXXX
Virtual HW reset 01101 000000

LTE 01110 XXXXXX
Generic Packet 01111 XXt

Not Used 10000-11111 undefined

CRC error check is provided for the following types:
» Control Messages: 16-bit CRC

» Generic Packet Type: 16-bit CRC

e Ethernet Type: 32-bit CRC

5.2.1.3 OBSAI Overview: Timestamp

The OBSAI header has a six-bit field that is labeled Timestamp. For transport types that are streaming
antenna traffic, this timestamp field is used to indicate the progression of samples moving in/out of the RF
card. Additionally, the TS field carries framing information indicating radio frame boundary for all standards
except for GSM/Edge where the timeslot boundary is indicated.

5.2.1.3.1 Non-GSM AxC Timestamp

The six bits of Timestamp start at 6’b000000 at the radio frame boundary and increment by one every
OBSAI message. Timestamp is maintained separately for each AXC. The timestamp value ranges from 0-
to-63, wrapping when reaching the max. count. Timestamp equal to O can either mean radio frame
boundary, or a simple wrap of the counter.

5.2.1.3.2 GSM Timestamp

GSM/Edge has a custom Timestamp where the MSB represents the beginning of a GSM timeslot (1'b1
identified timeslot beginning). The remaining LSBs start at zero (at the beginning of a timeslot) and
increment one for each message of the timeslot. There is one slight difference between UL and DL:

e DL: The MSB is held high for only the first OBASI message of the timeslot
e UL: The MSB is held high for the first four OBSAI messages of the timeslot

5.2.1.3.3 Ethernet Timestamp
+ SOP: 6’b100000
¢ MOP: 6’'b000000

e EOP: 6’b1XXXXX (XXXXX: indicates the number of bytes from the start of RP3 payload containing
MAC frame data (counting started from the byte after the header)
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5.2.1.3.4 Generic Packet Timestamp
e SOP: 6’b10XXXX
e MOP: 6’b00XXXX

e EOP: 6’b11XXXX (XXXX: is an extension of OBSAI address and is the same for all elements within the
packet)

5.2.1.4 OBSAI Overview: Message Payload Formats
See Figure 5-16 for data alignment within the OBSAI message payload.
Figure 5-16. OBSAI Message, Payload Sample Packing
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= (o lalaldls]lslalsglalgslalglalslals]

16bit samples (i.e. WCDMA DL)

v berel = [+ [ = [ = [ = [ = [ =]

Two different payload formats are supported for antenna traffic:
e 8-bit | + 8-hit Q, 2x over-sampled
e 16-bit | + 16-bit Q, not over-sampled

5.2.2 OBSAI: Header Based Processing

5.2.2.1 DMA Channel Index

OBSAI Header information is used to map ingress stream data with the appropriate ingress DMA channel.
There are a total of 64 possible ingress DMA channels per IQN2 AIL. The total address space of an
OBSAI header is too large to implement with an exhaustive RAM LUT. 64 parallel comparison circuits are
built corresponding to the 64 possible ingress DMA channels. When one of these 64 comparison circuits
activates, the corresponding DMA channel is indexed.

NOTE: It is the user’s responsibility to ensure that each unique DMA channel LUT is programmed
uniquely such that only one comparison will fire at a time.

This indexing function is based mostly on the OBSAI Address and Type comparison. The exception to this
rule is the OBSAI Generic Packet indicated by type 5'b01111; the address space is effectively extended
by using the four LSBs of the Timestamp field in Generic Packet Mode. In Generic Packet Mode, there is
no valid concept of timestamp and so this field is used to extend addressing.

While IQN2 AIL has 64 different DMA channels allowing for unique handling and destination addressing of
all 64 streams, IQN2 PktDMA only allows 48 channels to be mapped to PKTDMA channels. An additional
16 channels can be supported by DIO but those channels are only used for WCDMA traffic.

5.2.2.2 8B/10B Code Violation and Bad OBSAI Message Header

A SerDes bit error is expected to occur once every 10 *° bits (results in an 8B/10B code violation).
Although infrequent, it happens regularly enough that it needs to be handled properly. Each 10 bits across
the SerDes map to an eight-bit byte; a single bit error results in the complete corruption of the entire byte.

For antenna traffic, an infrequent bad byte at the phy level has much lower error contribution than the
cellular air channel. For control data, a bad byte in the payload fields is assumed to be unimportant,
caught by CRC check, or corrected by higher layers. The IQN2 handling of bad bytes in the OBSAI
payload (of the message) is to convert it to a 0 (8'h00) and simply pass it along.
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5.2.2.2.1 IQN2 Operation

* The IQN2 RM (Rx Mac) drops packets with:
— 8B/10B code violations in the OBSAI Header —or-
— K&30.7 in the OBSAI Header
— Dropped packet is replaced with empty message

« The IQN2 RM will replace bad payload bytes with 8’'h00. A bad byte is identified by either:
— 8B/10B code violations in the OBSAI Payload —or-
— K&30.7 in the OBSAI Payload

Retransmission occurs after RM, so the above actions dictate the handling.

5.2.2.3 OBSAI: Missing Timestamp

IQN2 expects a constant stream of correct OBSAI messages for each AxC stream. IQN2 checks the
incoming stream by examining the OBSAI message header timestamp field. Timestamps are expected to
be zero on radio frame boundary and increment by one for each OBSAI message of a given AxC.

Due to the handling of 8B/10B code violations in OBSAI headers, whole OBSAI messages can be
dropped. IQN2 has handling mechanisms that tolerate one or two consecutive missing messages. If there
are more than two consecutive missing messages, the entire AxC is failed; resynchronization occurs on
the next radio frame boundary.

5.2.2.3.1 IQN2 Operation

» PD Performs TS check
— PD predicts TS and FB
— Checks TS against Expected
— Writes packet boundaries and Error signals into FIFO w/Data

» DMA interface block (while reading DMA Channel FIFO)
— Insert 0, one, or two extra empty data phases
— Close/Open packet as indicated by packet boundaries

The IQN2 partitions the handling of missing TS information among several submodules. The PD (Protocol

Decoder) writes whole messages into the DB FIFO and identifies missing timestamps and missing packet
boundaries. PD performs this check using predicted timestamps and symbol boundaries.

5.2.2.3.2 Failed AxC
e AlIL restarts the TS predictor circuit
» AlIL close out any open packet (by writing a EOP with zero data)
» AIL will activate Fail_Pkt signal marking packet as bad
« DMA

— Direct 10: DIO stops capturing data until next Radio Frame Boundary; DIO DMA continues to
transfer junk

— Multicore Navigator: Discard current packet for DMA channel

The mechanisms for detecting missing TS (messages) is reactive. Not until new, valid messages have
arrived will the error mechanism for the missing messages be activated. In the event that a missing
message would have been the EOP (end of packet), the DMA of the packet is effectively delayed until a
valid message is received for that particular AxC. It is the responsibility of the user to analyze their system
to ensure that these timing differences do not have a detrimental effect.

The AIL_PD WatchDog timer can help improve the latency of packet completion due to missing OBSAI
messages. In particular, there is a special case of GSM BB Hopping or GSM Compressed Mode where a
missing EOP will not be pushed out by good traffic for a very long time.
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5.2.3 OBSAI: 6 GHz Scrambling

Bit-level scrambling is performed on 8x rate links to reduce cross talk between links as well as to reduce
inter-symbol interference (ISI). The RP3 transmitter applies a seven-degree polynomial to data bytes and
the inverse operation is performed by the RP3 receiver. Scrambling only pertains to 6 GHz operation (8x
link rate). Link rates {2x, 4x} are backward compatible with no scrambling applied.

Cross talk between transmitters through the local SerDes power supply is the main concern. With all
transmitters having differing scrambling offsets, randomness between transmitting lanes is achieved. The
assignment of unique scrambler offsets for receivers is optional as cross talk between receivers and
transmitters is non-critical.

The RP3 transmitter is configured by higher layers with a starting value of the seven-degree polynomial
scrambling code generator. Higher layers should configure unique seed values for adjacent RP3 Tx links.
Table 5-6 lists the available seed values to be used; these seed values represent nx7 position offsets (nx7
has been specifically chosen to give an odd offset between adjacent links). The RP3 receiver is a slave to
the transmitter, receiving the seed value in a training sequence.

Table 5-6. Scrambler Seed Values

Nx7 Index X7 X X3 X4 X3 X2 Xt
0 0 0 0 0 0 0 1
1 0 0 0 0 0 1 1
2 0 0 0 0 1 0 1
3 0 0 0 1 1 1 1
4 0 0 1 0 0 0 1
5 0 1 1 0 0 1 1
6 1 0 1 0 1 0 0
7 1 1 1 1 1 0 1
8 0 0 0 0 1 1 1
9 0 0 0 1 0 0 1
10 0 0 1 1 0 1 1
11 0 1 0 1 1 0 1
12 1 1 1 0 1 1 0
13 0 0 1 1 0 1 0
14 0 1 0 1 1 1 0
15 1 1 1 0 0 1 1
16 0 0 1 0 1 0 1
17 0 1 1 1 1 1 1

The scrambler is a seven-degree polynomial, linear feedback shift register (LFSR). The polynomial is X ” +
X ® +1. K28.5 or K28.7 characters reset the LFSR to the seed value. The bit pattern repeats every 127
bits.

5.2.4 OBSAI: Generic Packet Mode

Generic Packet is an OBSAI mechanism that allows multiple OBSAI messages to be grouped together to
form a larger packet. The packet size is n x 16 bytes where the last two bytes are the CRC16.

Generic Packet
» Type fields = “5’b01111"
» Timestamp field
— Bit[5:4]
* 2'b10: SOP start
e 2'b00: MOP mid-point
e 2'b11: EOP end
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— BIt[3:0]: extension of address field

5.2.5 OBSAI: RP3 Transmission

Modulo and Dual Bitmap Rules are used in conjunction with each other to flexibly allocate the Link
bandwidth between multiple streams of antenna or control data.

Figure 5-17. OBSAI Transmission Rules
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5.25.1 OBSAI Tx: Modulo Rules

Data Messages and Control Messages are separated into two different control flows. A counter is
maintained for each where the counter is zeroed at the beginning of each PHY (RP3) frame boundary. A
modulo value is chosen and different streams are given unique indexes into that modulo.

The modulo technique is used to share bandwidth between different streams sharing the same link or
virtual link. It is used for either antenna traffic or control traffic, but it was not intended that a single stream
be shared between Control Message slots and Data Message slots.

The Modulo technique works very well for WCDMA, LTE, and TD-SCDMA where the sample rate is an
exact divisible rate relative to the OBSAI Data Message rate. The Modulo technique does not work for
WiMax where the sample rate does not have a clear relationship to the OBSAI rates.

Historically, Modulo Rules where the only form of transmission rule. Dual bit map rules were added later to
support rate matching. Along with DBMR, the concept of TDM is added permitting a single rule to support
n AxC. Tl advocates using a single DBMR per radio standard, enabling a great simplification of the
AxC_Offset concept.

5.2.5.2 OBSAI Tx: Dual-Bit Map Rules

The Dual Bit Map approach is a rate matching algorithm for mapping streams into links (with dissimilar
frequencies). In summary, X AxC with the same sampling frequencies are mapped into X sequential Data
Messages. At the end of X sequential Data Messages one empty message is inserted according to the
programming of the Dual Bit Map control fields. Dual Bit Map Rules are not intended to be applied to
Control Messages.

If the bit map contains:
* 1:length = X + 1 ( X data message for X AXC + one empty message)
e 0:length =X
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The index into the bit map is incremented each X or X+1 data messages. The empty message gaps
constitute the rate matching where the whole purpose of the Bit Map Algorithm is to place these empty
messages in meaningful locations.

OBSAI RP3 specifies programming values of the Dual Bit Map FSM in the RP3 specification, Appendices
D and F.

5.2.6 OBSAI RP3-01 Standard Overview

The OBSAI RP3-01 is a late addition to the OBSAI standard specifically intended to support remote radio
heads. At that moment in time, Ethernet over OBSAI was added to the standard where Ethernet proves to
be useful for both Macro and RRT BTS. The ability to send remote sync to an external node is more
specific to RRH applications, though it has also been used for expansion modules of a macro BTS.

5.2.6.1 RP3-01 RTT Message

The OBSAI RP3-01 message is not supported by AlL. Users need to use Pi reception measurement in
conjunction with prior knowledge of Delta transmission timing at source in order to calculate RTT (round
trip timing) for the link.

5.2.6.2 RP3-01 Timing Synchronization

The RP3-01 is a mechanism to remotely synchronize a timer from a master node to a slave node via the
RP3 interface. The master node is assume to have an active RP1 interface to a timing board which is
supplying an RP1 serial FCB burst. The last bit of the RP1 timing burst is the exact time which the RP1
timing FCB is to take effect.

In normal RP1, the timing burst will synchronize a timer (several timers exist); in case of RP3-01, the RP1
FCB is passed to the remote slave node for use. When passing the FCB across, the timing precision of
the last bit is lost, so the RP3-01 protocol passes additional information in order to facilitate the
synchronization.

Master operation:

The IQN2 implementation of the RP3-01 differs slightly from the OBSAI spec. Whenever an RP1 FCB is
received over the RP1 bus, the AT BCN value is captured. In addition, the TM delta value (TM event
offset) is a known quantity. The delta is simply added to the measured FCB arrival time to calculate the
value of c1. This c1 value is multiplied by 2 prior to use. SW is alerted into action upon reception of the
RP1 FCB via an EE system event. The SW wake-up task performs this c1 calculation and builds up the
payload of the OBSAI FCB message.

The calculated c1[26-bit] value plus the two FCB fields system_type[8] and system_frame_number[64] are
packed into an OBSAI message with a CRC16 appended to the end. This specially constructed message
is inserted into the outgoing OBSAI link and must be transmitted within 9 ms of time. The complete
operation is controlled via a mixture of initialization SW and run-time “wakeup” SW. At initialization time,
the SW allocates a PktDMA channel and PE channel dedicated to the FCB messaging. SW sets up an
OBSAI transmission rule which allocated OBSAI BW for this RP3-01 flow (at least a few OBSAI message
slots per frame guarantee the 9 ms transmission). The runtime SW forms a packet from the OBSAI
message and pushes the packet onto the appropriate queue manager channel. Once the AIL_PE
(triggered by the OBSAI transmission rule) visits the channel, the packet will be fetched and the RP3-01
message sent over the OBSAI link to the slave device. The SW may use the CRC16 option in the PE
circuit or may simply calculate and append the CRC16.
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Figure 5-18. OBSAI RP3-01 Timing c2 >c1
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Slave operation:

On reception of every OBSAI frame boundary, the AIL_RM creates an internal strobe which captures the
AIL_SI_uAT BCN counter value. The measurement is extremely accurate. This measurement is referred
to as “Pi Measurement” and is the time synchronization reference point. Effectively, the “Pi Measurement”
plus the passed c1 value is the intended sync point passed FCB information. There are two complications
for this:

» The operation is non-causal: It took some amount of time to pass the FCB from master to slave so the
precise application of the original RP1 FCB has passed. The slave must apply the information for a
future sync point.

e c2>cl-or-cl>c2: depending on whether the FCB message was transmitting in the same link frame
as the RP1 message was received or if it was transmitted in the next link frame, there is a possible
correction factor which needs to be applied

The AT BCN counter and the uAT BCN counters are simply up counters which roll over at the 10 ms
boundary. Each of these is an OFFSET MMR which immediately offsets the count value. Many of these
have Frame_Cnt which increments every frame boundary wrap and this Frame_Cnt can be
instantaneously written (overwritten) by SW at any time. At the beginning of time, the RP3-01 slave starts
up it's BCN counters with random alignment to the radio system. Once an RP3-01 FCB BCN message is
received, the local BCN value is corrected. The correction value is the two parts, partial frame and whole
frame values.

Assuming that c2 > c1 and that the FCB is synchronizing BCN: The BCN counter was supposed to be
zero at the “Pi_Measurement” + c1. In other words if the “Pi_Measurement” + c1 is zero, then the BCN is
already properly aligned. If it is off in either direction, then a correction factor is calculated.

In cases where a RadT is being synchronized, the RadT alignment to the BCN is known. The RadT-to-
BCN offset is added to the above algorithm in order to calculate the correction factor specific to the RadT.

For the case of the BCN counters and simple RadT counters in the UAT, the offset value is simply
adjusted. In case of the complex RadT counters in the AT, a future sync point is calculated and
programmed into the RadT sync circuit (the complex RadT timers are started at a specified value of the
master AT BCN).

Figure 5-19. OBSAI RP3-01 Timing c1 > c2
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The c¢2 value is simply the number of clocks between the received frame boundary and the received RP3-
01 FCB message. In cases where the master measured c1 in one RP3 frame and transmitted the c1 in
the next RP3 frame, a correction factor is calculated and used. In this case the (“Pi_Measurement” - 10
ms) + c1 should be equal to zero. Since the BCN is already modulo10ms, the extra 10 ms factor has no
effect on the fine grain adjustment of the BCN or simple RadT. For RadT frame lengths which are not

10 ms (WiMax 4 ms in particular) the fine adjustment is complicated by this c1 > c2 case.

The IQN_AIL_PD strobes a signal to the uAT when the FCB message is received; the uAT captures its
local BCN value to an MMR. SW creates a c2 value by subtracting the Pi measurement capture from the
FCB BCN capture.

NOTE: The Pi measurement is triggered at the AIL_RM from the reception of the K28.5 on the
OBSAI PHY. The FCB message capture is triggered at the AIL_PD which is many clocks
away from the RM measurement. It is unfortunate that the measurements are taken in
different places in the pipeline, but necessary since only the protocol layer is capable of
decoding an OBSAI message. In practice, the user should compensate for the difference in
measurement positions to avoid corner case errors in the RP3-01 algorithm.

5.2.6.3 OBSAI RP3-01 Message

The RP3-01 requires the sender (master) to transmit the FCB message within 9 ms of receiving the RP1
FCB; this coupled with max fiber latencies of 200 us (40km) guarantee that the SFN (frame number) is
current for the current operation. In case of the simple BCN counters, simply update the counter offset
value with the correct fine adjustment, then overwrite the current Frame_Cnt with the value supplied by
the FCB SFN.

In cases of modifying the complex RadT timers of the AT, the SW must choose a future BCN value to be
a sync point and calculate what the Frame_Cnt will be at the time of that sync point. (This operation is
similar to the RP1 sync of these timers and may actually invoke the same SW routines.)

Figure 5-20. OBSAI RP3-01 Timing c1 > c2

Address [13]
Type [5]: 01001
“// TimeStamp [6]: 0's
\ \ CRC16 [16]
reserved [14]: 0's
SFN [64]:from RP1FCB c1[26]

System [8]: “Type” from RP1 FCB

The OBSAI header for the FCB message has a specific OBSAI Type of 5’b01001 and the OBSAI
TimeStamp of 6’b000000 (effectively the OBSAI TimeStamp field is unused).

A remote radio head (RP3-01 slave) requires both the RP3-01 sync and the ability to generate a radio
frequency exact clock. The clock source for the RRH is beyond the scope of the IQN2 and not discussed
in this document.
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6.1 VBUS Data Formats
6.1.1 IQN2 16-Bit Sample DMA (OFDM and WCDMA DL)
Four samples of 32 bits each conveniently fit into a single 128-bit VBUS cycle. For this reason, VBUS
packing and IQN2 PSI FIFO packing are orientated as 128-bit (eight 16-bit values). Endianess handling is
performed on the 32-bit entity size where word alignment swapping is implemented. IQN2 Sl
(DIO,AIL,AID) IDC and EDC has this special feature to swap data in word level. In case of WCDMA DL,
DIO Sl EDC swap feature can be chosen to swap data.
This data format is used for:
« WCDMA DL
» LTE, WiMax, TD-SCDMA
Figure 6-1 shows a WCDMA chip, but the same figure applies to OFDMA standards by replacing the word
“chip” with “sample.”
Figure 6-1. 16-bit Sample VBUS Transfer Format
£
. 8
(Little Endian) =
4 <. [ chipsq|-¥se
e Ch;:r\‘SI
eee Chipég
§ cce ChipZﬂ‘ 128bit VBUS .
Q| e | Chip1QY
eees | Chipil \‘ EED
eee | Chip0Q X
v °°° £cheal \ f
/ \ o
/ g
/ \
! v \[Lsb
I \
1 1
:32bit Word swapl‘
\oE
\ 8 1
. -\ o [}
(Big Endlanz & |
|
<=« [ Chipol —’l"SE:
««« | chipoQ l'
eee | Chipil ,’
eee [ Chip1Q 12ﬁbit VBUS
-e= | chip21 [ / ”
eee | Chip2a / TED
coe ChipS’I/,
eee | Chiff3Q [reeemeeeeees 5
1 bus cycles per stream %
LSb
Endianess handling is performed on the 32-bit entity size where word alignment swapping is implemented.
IQN2 SI (DIO, AIL, AID) IDC and EDC has this special feature to swap data in word level. In case of
WCDMA DL, DIO SI EDC swap feature can be chosen to swap data.
This data format is used for:
« WCDMA DL
» LTE, WiMax, TD-SCDMA
Figure 6-1 shows a WCDMA chip, but the same figure applies to OFDMA standards by replacing the word
“chip” with “sample.”
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In many cases, CPRI data arrives as 15-bit | + 15-bit Q. The Protocol layer converts between 15-bit and
16-bit data prior to the DMA layer.

WCDMA DL data has two possible sources:

+ TAC

* L2 (RSA processed DL data)

6.1.2 WCDMA UL DMA

Figure 6-2 shows:
* Odd samples: SOxx
* Even Samples: S1xx

RSA Data format is shown in diagrams. This RSA data format is the WCDMA UL data format used by
both CorePac RSA and RAC. The figure shows Odd/Even samples sequentially transferred over the
VBUS (in separate data phases). This is the way the RAC FEI requires input data.

Figure 6-2. Uplink VBUS Transfer Format

UL RSAVBUS Format
(Little Endian)
Stream
ees| S1C7 | SOCTA|-

A

-e+| s1c6 | socq
-+ | sics | soch
eee | S1C4 so¢4 128bit

-+« | sics | sofs

128 bit

eee| stc2 | sqc2

C: Chip eee| stct | sfci
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(2x Over Sampled) || === | $1C0 spco

—————
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\
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The uplink data flow is somewhat more complex than the Downlink scenario. Predominately, Uplink
symbol data originates in the Inbound RAM and is written to both the RAC (Receive Accelerator
Coprocessor) and the RX DSP L2 RAM. Delayed streams are formed by writing Antenna Data to the
external RAM and then retrieving it at a later time. Retrieved data is sent both to the RAC for receive
processing and out the Antenna Interface for broadcast to other devices in the system.
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WCDMA Uplink DMA transfers are always bursts of eight chips (the DL transfer burst format is four chips).
Uplink data is eight bits | and eight bits Q with an oversampling rate of 2x. The RSA (which can perform
some Uplink processing such as Preamble Detect or Path Monitoring) requires the oversampled input data

to be separated into even and odd samples. All this coupled with a VBUS width of 128 dictates an optimal
transfer burst of eight chips.

Endianess handling is performed on the 16-bit entity size where byte alignment swapping is implemented.
IQN2 DIO has a special feature to swap data in byte level by programming
DIO_GLOBAL_CFG.RSA_BIG_ENDIAN. See Section 7.7 for more detail about this feature.
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6.1.3 Generic Format DMA
Generic Format:

CPRI Ethernet

CPRI Control Data

OBSAI 16 byte (mode) Control Message
OBSAI or CPRI Generic Packet of Control Slot
OBSAI Generic usage of AxC data Payload

Figure 6-3. VBUS Format Generic (Byte Numbers Relative to PHY Arrival)
VBUS Generic Format (Little Endian)

Stream,
_Or-
byte12 | MSB
byte13

Mbyte14

\byte15

oo ‘)ytes

Byte9

byte10 | 128pit

byt 11 VBUS

cee bytg4 -

byte€s
byte§
byteT\
byte0'y
byte1 |
Y byte2
v / bytes \ LSB
1 or 2 bus cycles

«—fF——1="
per stream

1
I
I
|

|

Word3

Word2

128 bit

Word1

b
Word0

1
VBUS Generlc Format (Big ‘-anian)
32bi‘ Word Swap !

Stream,

«—\—
\ -or-

|
|
l
A "\,J byte0 |_Msp
|
1
]

|

byte1
byte2
byte3
ceo byted |
byte5 |

byte6 | 1p8bit
byte7 | ¢

byte8 |/
byte9 {
byte10/|
byte1f
byje12
bfite13
byte14
v byte15 | LSB

1 or 2 bus cycles
per stream

Word0

Word1

VBUS

128 bit

Word2

Word3

The Generic format supports all packet switch messages (including control messages) and is used to
facilitate inter-device communication traffic. The Generic format is differentiated from other formats with its
word (four-byte) orientation matching the width of the DSP core data path.
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6.1.4 VBUS Config Bus

The 32-bit VBUS config port is used for reading and writing MMRs within IQN2 as well as accessing the
IQN2 data path for emulation.

Figure 6-4. MMR VBUS_Config Data Format

32bit VBUS Config Bus Format
(Little & Big Endian are the same)

ceo byte3 byte3 i i

ee [2| byte2 [B] byte2 3B 6 onfig
eee (= bytel |[S| bytel VBUS ~
ceo byte0 byte0 LSB

All MMRs within IQN2 are defined as 32-bit words and therefore have identical Big Endian and Little
Endian representation on the 32-bit VBUS config.

While users are debugging code using Code Composer Studio, it is possible to place various memories
into a watch window. To achieve this, CCS is actually performing reads (and writes) of various memory-
mapped locations.

6.2 Direct IO

The term Direct IO means that a peripheral has dedicated custom logic that implements data movement
(as apposed to using EDMA or CPU reads/writes). For IQN2, custom circuitry is built to handle data
movement requirements unique to WCDMA.

The Packet DMA (PKTDMA) module has a Direct IO support feature that allows IQN2 to pass VBUS
reads/writes to the VBUS, using the 128-bit VBUSM master port on the PKTDMA.

Direct 10 is a state machine that is triggered to transfer data when DIO internal uAT RadT events fire.
Example transfer times could be every {4, 8, 16} chips of time. The time granularity of the data transfer
does depend on UL/DL and the preferred packing at the destination (that is, DDR3 prefers 64-byte
read/write bursts). The amount of data to be transferred is equal to the accrued number of samples
buffered during the transfer time chosen above.

The PKTDMA module in IQN2 megamodule assigned 48 channels for packet style data transfer like LTE,
WIMAX, TD-SCDMA, GSM and also assigned separate 16 channels for Direct |10 purpose. There is no
need to enable Rx and Tx channels before sending or receiving DIO data and PKTDMA internal data
loopback mode setup can be ignored for DIO mode. (There is nothing to be set for DIO operation.)

6.2.1 IQN2DIO

The IQN2 DIO allows for Direct I/O, i.e., non-packet-based DMA for WCDMA applications. It uses a
common DMA engine design that is constructed specifically for WCDMA-based transfers. The DIO
consists of the following major components:

* Ingress DIO

» Egress DIO
 Data Trace
e S|

— Ingress Sl Interface

— Egress Sl Interface

— Micro AT module (UAT)
* VBUSM Interface (master)
» Error Event (EE) Module

The DIO module controls the WCDMA 1Q data coming from and going to the PSI bus with minimum
latency. The DIO also implements RSA (RAC WCDMA UL format) Data Format Conversion for both the
Ingress and Egress directions.
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6.3

PKTDMA

Multicore Navigator is a methodology and a series of hardware accelerator modules that allow DSP cores
and peripherals to effectively transfer packets. It is a safe and managed way that memory can be used to
pass data. The Multicore Navigator hardware accelerators decouple DSP cores from the actual transfers

elevating what would otherwise be a heavy interrupt and MIPS burden from the DSP core.

Multicore Navigator hardware accelerators use the VBUS infrastructure to implement DMA movement and
Queue maintenance. The PKTDMA connection to VBUS is a VBUSM master port and for IQN2, the
PKTDMA connection is 128 bits wide.

Figure 6-5. IQN2 Multicore Navigator

Sys event
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Ptrs

RAM

Linking| Muticore Navigator

PKTDMA

< L

PKTDMA
Buffers

PKTDMA
Schedule

L2
|| Memory IQN2

SerDes

The DSP host allocates blocks of memory and configures the Multicore Navigator hardware to utilize the
memory region. A key aspect of the Multicore Navigator solution is that the memory is broken up into
small grain buffers that are linked listed together via the Multicore Navigator hardware creating virtually
any size packets. This approach utilizes the memory space very efficiently minimizing “white space”
overhead. While the processing burden of this linked list approach is significant, much of it is performed in
hardware accelerators minimizing any impact on DSP MIPS or peripherals.

There is a trade-off when choosing the buffer size. Small buffers give finer grain usage of memory, but
may require more buffers to be linked together to store a packet (creating more overhead in
storing/retrieving packets). Larger buffer size would require fewer buffers, but the last buffer in a linked list
is likely to be only partially full (wasting memory).

Multicore Navigator has a large degree of flexibility. Some applications are not tolerant to breaking up
packets into multiple buffers. For these applications, Multicore Navigator has an alternate operation where
only a single fixed size buffer is used per packet. Clearly the buffer size needs to be chosen in advance to
handle the largest possible packet size. (Each memory region supports only one buffer size.)
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Figure 6-6. Multicore Navigator Host Mode Example
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Figure 6-7. Multicore Navigator Monolithic Mode Example
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6.3.1 Multicore Navigator Buffers and Descriptors

Multicore Navigator includes the concept of Buffers and Descriptors:

» Buffers: Buffers hold raw data. The CorePac core allocates a region of memory for buffers and the
CorePac core dictates the fixed size for all buffers in this memory region. Multicore Navigator can
support multiple memory regions, but each region can support only one buffer size. (Monolithic mode
will use exactly one of these buffers per packet. Host mode can use one or more buffers chained
together in a linked list.)

» Descriptors: Descriptors are a form of packet header or buffer header which contains information
specific to Multicore Navigator. Pointers to buffers (differing from linked list) are contained in
Descriptors as well as many other useful fields both for software and the PKTDMA engine. Descriptor
fields vary depending on the Multicore Navigator packet type being supported:

— Host Mode Descriptor: As well as other information, holds an additional pointer to the “next” Host
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6.3.2

6.3.3

Mode Descriptor in the packet (forming a linked list). The Descriptor and Buffer are separate
entities stored in separate areas of memory.

— Monolithic Mode Descriptor: Descriptor and Buffer are merged into one contiguous portion of
memory (basically, the Buffer contains the Descriptor in the first n words). PKTDMA is aware of the
offset between descriptor and beginning of payload.

NOTE: AXxC & Packet Tx Buffers must be in same memory region. All traffic for a given IQN2
egress DMA channel must be sourced from the same memory region (i.e., the same L2).
The issue which is being avoided is re-ordering of VBUS read requests due to different
memory targets. Assume that there are back-to-back memory requests for a single AxC
where the first memory read is for a highly loaded L2 and the 2nd memory read is for a
lightly loaded L2. PktDMA is a high speed interface and will pipeline issue these read
requests prior to the first read request receive data. If the latency of the first read is higher
than the pipelined issue and round trip return of the 2nd read request, the data will be
presented out of order to the IQN2. This would corrupt the traffic for that AxC, possibly
scrambling the order of up to 32 consecutive samples. This is not an issue for consecutive
requests to the same memory region as all consecutive requests will be returned in order
even if read requests experience stalls.

Multicore Navigator Queues

Queues are at the heart of the Multicore Navigator concept. There are several types of Multicore

Navigator Queues.

* Free Queue: At the time of initialization, all Descriptor/Buffer pairs are pushed onto a Free Queue.
Each memory region should be given its own Free Queue. As Descriptor/Buffer pairs are allocated,
they are popped off the Free Queue. When Descriptor/Buffer pairs are no longer needed, they are
deallocated by popping off the appropriate queue and pushing them onto the Free Queue.

* Receive Queues: Receive and Transmit Queues are packet queues that are used for scheduling
PKTDMA transfers. Multiple Queues are useful to implement a Priority scheme. When the host
receives an interrupt from PKTDMA that a packet has arrived and populated Receive Queue, the host
will pop packets from the receive queue for processing and the receive queue could be popped into
Free Queue for recycling. (This should be done by the host. PKTDMA will not do this automatically.)

» Transmit Queues: The host Pushes Packets on a Transmit Queue for DMA and PKTDMA will
automatically recycle the queue when the packet is fully transferred.

When App software shuts down a channel, there could be residual packet data in the Multicore Navigator
buffers for that channel. AIL will stop generating Multicore Navigator packet data once the AxC is disabled,
but if the App software stops reading this Multicore Navigator traffic, it would be the responsibility of the
software to move all the descriptor pointers to a free queue.

Multicore Navigator and DIO Scheduling

The arbitration scheme allows for programmable priority between the following:
* Multicore Navigator Traffic
+ Direct 10 Traffic

When only one form of traffic has pending data, that traffic is serviced. If both forms of traffic have pending
data, the state of the MMR bit indicates which one will be serviced. The higher priority traffic is serviced
exclusively until all pending data is transported, then and only then is the other form of traffic serviced.

For the two different modes of DMA, the scheduling is performed in a very different way:

» Direct 10: An internal system event from uAT triggers the DIO FSM to burst transfer all DMA activity
programmed into the engine.

e Multicore Navigator: Data transfer is scheduled based on the PHY rate of data reception/transmission.
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6.3.4 Multicore Navigator Packet Types

Multicore Navigator is extremely general and flexible; the intended use of IQNZ2 is to use Multicore
Navigator in a very specific and limited way, using only two Multicore Navigator packet types:

» Monolithic: Used for {LTE, WiMax, TD-SCDMA, GSM} Antenna data and Control data
» Host: Used for {Control data, Generic packet, Ethernet} traffic that requires a large data buffer

NOTE: Itis possible to use Host Mode for antenna traffic instead of Monolithic. If this is desired,
please be aware the Host Mode has more descriptor fetch overhead than Monolithic. Make
sure that system performance will not suffer.

NOTE: The Monolithic Descriptor type has a variable length. IQN2 uses only a 12-byte descriptor
(with an optional four bytes of protocol specific) in order to keep the Descriptor VBUS
overhead to one bus cycle.

The Host mode packets are the most general and widely used packet (in other IP peripherals) as it
handles variable packet length by chaining n buffers together in a linked list fashion. Clearly, if the packet
does not completely fill the last buffer, the unused area is wasted. Host mode descriptors are separate
from the buffers where each descriptor contains a pointer to a data buffer and a second pointer to the next
descriptor in the linked list.

Host mode has a lot of performance overhead with many descriptor and pointer operations. In Host mode,
the first descriptor is known as the packet descriptor and only this descriptor is placed on a transport
(DMA) gueue in the QM.

During configuration, the Host is responsible to prelink Host Mode descriptors and buffers by writing a
buffer pointer to each descriptor. After this operation, all descriptors are placed on a free queue. Once on
a free queue, Multicore Navigator can randomly assign buffers as needed, performing memory
management.

At the time of configuration, it is the responsibility of the user to program how much memory to allocate
and how large the buffers should be. If the buffers are too large, then the memory is not used efficiently. If
the buffers are too small, there is a higher performance overhead for increased linking operations.

The Monolithic packet type is mainly envisioned for the purpose of passing OFDM symbol data. It is
designed for maximum performance in both clock cycles and memory utilization.

Multicore Navigator Monolithic packet types have the descriptor and buffer concatenated in one
contiguous memory buffer. Because the descriptor and buffer are in contiguous memory, the PKTDMA
operations are simplified when addressing memory. Monolithic packet types do not support linked list
chaining and therefore must be sized correctly to accommodate the largest possible packet.

The Monolithic packet descriptor header for IQN2 is exactly 16 bytes (one VBUS 128 data phase). Many
of the fields are required by Multicore Navigator, and some of the remaining bits (4 bytes) are allocated for
protocol specific use. The Monolithic packet type uses some of the protocol specific bits for Radio
Standard specific information:

* Ingress/Egress selection
* AXC number
e Symbol Number (or GSM timeslot number)

In the special case of GSM Base Band Hopping where App software is assigning OBSAI address to
Control Packets, the protocol specific word contains:

* OBSAI address (13 bits)

In the special case of GSM Base Band Hopping where App software is assigning full OBSAI header to
Control Packets, the protocol specific word contains:

» OBSAI address (13 bits)
« OBSAI type (6 bits)
e OBSAI time stamp (5 bits)
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Packets that are sourced by the CorePac core are expected to have the Multicore Navigator descriptors
properly populated. IQN2 requires the CorePac to fill in {Ingress/Egress, AXC num, Symbol num} fields for
transmit AXC packets. IQN2 PSR will check and fail packets that do not match expected timing. If the AxC
num and Symbol num are not matched with the expected timing, the AIL link will be halted until the end of
the Radio frame.

FFTC or any other operations after CorePac core that creates packets are expected to maintain these
protocol-specific fields of information as IQN2 requires this metadata. The PKTDMA Tx configuration
register has a special bit field called AIF_MONO_MODE. This bit should be set to one if the user wants to
use four bytes protocol specific field.

NOTE: Itis possible for the FFTC to send output packets directly to the IQN2 without any DSP
intervention. In that case, the AIF_MONO_MODE should be turned off and FFTC uses a
descriptor size field of 16 bytes as normal mode, because FFTC cannot set 64 bytes to
DESC_SIZE field before pushing the descriptor into the IQN2 TX queue.

PKTDMA loopback mode also should be disabled because the default value is loopback enable. The
PKTDMA emulation control register in the Global control register region has this bit field.

In the event that Monolithic is used for non-AxC data, IQN2 will fill Egress protocol specific fields with
zeros and Ingress protocol specific fields will be disregarded.

At time of Configuration, the user should choose the smallest Monolithic packet to fit the OFDM Symbol or
GSM timeslot. Monolithic packets can be allocated in n x 16 bytes. Choose the size to be the symbol size
plus 16 bytes for descriptor header (rounded up to the nearest 16 bytes). For LTE, the first, largest symbol
size should be chosen.

The following tables show examples of monolithic descriptor fields.

Table 6-1. Monolithic Packet Descriptor Word 0

Bits Name Description

31- | Packet ID Monolithic packet descriptor type. Value is always 2 (0x02) for monolithic descriptors.

30

29- | Packet Type This field indicates the type of this packet and is encoded as follows:

25 0-31 = To Be Assigned by User

24- | Data Offset This field indicates the byte offset from byte 0 of this descriptor to the location where the valid data begins.
16 On R, this value is set equal to the value for the SOP offset given in the Rx DMA channel's monolithic

control register.

When a monolithic packet is processed, this value may be modified in order to add or remove bytes to or
from the beginning of the packet.

The value for this field can range from 0-511 bytes, which means that the maximum NULL region can be
511-12 bytes, because byte 0 is the start of the 12-byte packet info area.

Note that the value of this field must always be greater than or equal to four times the value given in the
Protocol Specific Valid Word Count field.

Set to 0x10 for IQN2 (16 bytes)
15-0 | Packet Length | The length of the packet in bytes. The valid range is from 0 to 65536 bytes.
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Table 6-2. Monolithic Packet Descriptor Word 1
Bits Name Description

31-24 | Source Tag - Hi This field is application specific. During Packet reception, the DMA controller in the port will
overwrite this field as specified in the rx_src_tag_hi_sel field in the flow configuration table entry.

23-16 | Source Tag - Lo This field is application specific. During Packet reception, the DMA controller in the port will
overwrite this field as specified in the rx_src_tag_lo_sel field in the flow configuration table entry.
Normally, this field is used as an index of Rx flow.

15-8 Dest Tag — Hi This field is application specific. During Packet reception, the DMA controller in the port will
overwrite this field as specified in the rx_dest_tag_hi_sel field in the flow configuration table
entry. Not used for IQN2.

15-0 Dest Tag - Lo This field is application specific. During Packet reception, the DMA controller in the port will
overwrite this field as specified in the rx_dest_tag_lo_sel field in the flow configuration table
entry. Not used for IQN2.

Table 6-3. Monolithic Packet Descriptor Word 2
Bits Name Description
31 Extended Packet Info | This field indicates the presence of the Extended Packet Info Block in the descriptor.
Block Present « 0= EPIB is not present (set zero for IQN2)
* 1= 16-byte EPIB is present
30 Reserved
29-24 | Protocol Specific Valid | This field indicates the valid # of 32-bit words in the protocol specific region. For IQN2, this
Word Count should be 1. This is encoded in increments of 4 bytes as follows:
e 0=0 hytes
e 1=4hytes
* 16 = 64 bytes
e 32 =128 bytes
* 33-63 = Reserved

23-20 | Error Flags This field contains error flags that can be assigned based on the packet type. Not used for IQN2.

19-16 | Protocol Specific Flags | This field contains protocol specific flags / information that can be assigned based on the packet
type.
l\ilst used for IQN2.

15 Reserved

14 Return Push Policy This field indicates how a Transmit DMA should return the descriptor pointers to the free queues.
This field is encoded as follows:

» 0 = Descriptor must be returned to tail of queue
» 1 = Descriptor must be returned to head of queue
This bit is only used when the Return Policy bit is set to 1.

13-12 | Packet Return Queue | This field indicates which of the four potential queue managers in the system the descriptor is to
Mar # be returned to after transmission is complete. This field is not altered by the DMA during
transmission or reception and should be initialized by the host.

11-0 Packet Return Queue | This field indicates the queue number within the selected queue manager that the descriptor is

# to be returned to after transmission is complete.
Table 6-4. Monolithic Packet Descriptor Word 3 (Protocol Specific Info)
Bits Name Description

31-16 | Reserved
15 Ingress/Egress 0 = Ingress

1 = Egress
14-7 Symbol Number Symbol number (0x00 — OxFF)
6:0 AXC Number AXC number (0x00 — Ox7F)
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Multicore Navigator Examples

Table 6-5. Monolithic Packet Descriptor Word 3 (Protocol Specific Info Alternate Mode for OBSAI

Address Only)

Bits Name Description
31:16 |Reserved
15 Ingress/Egress 1 = Egress Only
14:13 | Reserved
12:0 OBSAI address 13-bit OBSAI address that will be inserted in OBSAI header for GSM frequency hopping

Table 6-6. Monolithic Packet Descriptor Word 3 (Protocol Specific Info Alternate Mode for Full

OBSAI Header)

Bits Name Description
31:24 | Reserved
23:11 | OBSAI address 13-bit OBSAI address that will be inserted in OBSAI header for GSM frequency hopping
10:5 OBSAI type 6-bit OBSAI type that will be inserted in OBSAI header for GSM frequency hopping
4:0 OBSAI time stamp 5-bit OBSAI time stamp that will be inserted in OBSAI header for GSM frequency hopping

6.4 Multicore Navigator Examples

QM: Multicore Navigator Queue Manager
Packet DMA: PKTDMA Controller

6.4.1 Ingress (IQN2 Reception DMA-to-L2 RAM)
» CorePac Initializes Multicore Navigator (PKTDMA, QM)

Buffer Allocated

» The CorePac core allocates a portion of L2 memory for data sharing between the IQN2 and
CorePac.

» The CorePac programs Multicore Navigator hardware accelerators with the location and size of
these buffers.

Monolithic and Host Descriptors filled out (Initialized)

» CorePac core writes a link-pointer in each descriptor pointing to its associated buffer
Queue Manager notified of all available resources

» Buffer region, number of buffers, and buffer size are programmed into queue manager
Free Descriptor Queue filled with all Descriptors

» Free Queue is a virtual queue inside queue mgr. (shared)

» Free Queue is implemented with Linking RAM as are all other Queues

» CorePac writes all descriptors addresses to Free Queue essentially “pushing” them onto the
queue

Enable PKTDMA Rx, Tx channels, and disable loopback mode
» Enable each Rx or Tx channels with AIF_MONO_MODE option in case of OFDM.
» Disable PKTDMA loopback mode.

» Enable PKTDMA Rx, Tx channels should be executed after IQN2 sub-module (AIL, AID, DIO)
channels are enabled. (different from AIF2 operation)

* IQN2 starts receiving packet over OBSAI or CPRI interface

Multicore Navigator/IQN2 DMA Scheduler

» Once a programmable number of bytes are in the IQN2 buffer, IQN2 DMA Scheduler passes a
“credit” to PKTDMA controller.

» Each DMA Channel has a default Rx Queue that will be the next destination of the packet.
* IQN2 Scheduler has an internal queue of “credits” indicating a requested DMA transfer, the
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channel number, and number of bytes to be transferred.

* IQN2 has several categories of packets that are managed. Each category has its own FIFO
and is considered a Multicore Navigator channel.

e IQN2 will usually request 64-byte transfers.
— PKTDMA Control
e If SOP, PKTDMA read (fetch from QM) descriptor over VBUS
* (QM) allocates a descriptor for the new packet
e This is considered a “packet descriptor” (being the first descriptor per packet)

» For large packets, multiple descriptors are allocated. Subsequent descriptors are simply
called descriptors and also requested by Packet DMA (PKTDMA).

» (PKTDMA) writes to Descriptor (in L2). Fills in Descriptor with information about Packet.
» (PKTDMA) Reads pointer to buffer (from Descriptor in L2)
» (PKTDMA) Writes data to data buffer
— PKTDMA transfers data
» DMA reads data across Multicore Navigator FIFO I/F (similar to VBUS)
« If packet is larger than a single buffer, QM and PKTDMA work together to:
e Assign a new descriptor
Link list, link the new descriptor to the old descriptor

« DMA the partial packet FIFO data to the new buffer
e If EOP, Write descriptor contents
« (PKTDMA) writes Descriptor to Packet Queue
* (QM) create system event
» CorePac
— CorePac either polls or waits for interrupt from system event
— CorePac reads “Packet Queue”
— Pointer to descriptor
— Either reads Descriptor, or for monolithic skips header and uses data
— Host Mode... CorePac will follow links in Descriptors...
— When CorePac is done with packet
» CorePac navigates Packet Linked List
» Writes Descriptors to Free Queue for recycle.

6.4.2 Egress (L2 RAM DMA-to-IQN2 Transmission)

This section is abbreviated. See Ingress example for greater detail.
» CorePac Initializes Multicore Navigator
e CorePac packet create
— CorePac pops descriptors from Free Queue
— CorePac fills in descriptors and buffers, popping and filling new descriptors as needed.
— CorePac fills in first SOP descriptor and pushes onto Transport Queue
* IQN2 DMA Scheduler controls PKTDMA to transfer packet
— QM gives IQN2 a constant status of queue not_empty for each of 48x queues
— Scheduler monitors IQN2 output buffer depth, if space available
— If EOP, Scheduler indicates EOP and number of bytes in last transfer
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* PKTDMA performs transfer

— PKTDMA fetches Descriptor address from QM

— PKTDMA fetches Descriptor from L2

— PKTDMA (uses Buffer Address from Descriptor) fetches Buffer from L2

— PKTDMA writes Buffer info to IQN2 input buffer

— As Buffer boundaries are encountered (for Host Mode)
» PKTDMA will push freed descriptors/buffers onto Free Queue for recycle
*  PKTDMA use link in descriptor to fetch next descriptor in linked list

— As EOP is encountered PKTDMA will close out packet
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IQN2 Top

7.1

IQN2 Top

Figure 7-1 shows the top level IQN2 internal hardware architecture.
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Figure 7-1. IQN2 Top Level Block Diagram
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Key High-Level Features:

VBUSM DATA connection

— VBUS_CLK (CPU_CLK/3)
— connection is to the PktDMA
2x VBUSP CFG

— VBUSP CFGO (IQN2):
— VBUSP CFG1 (DFE):

Number of channels supported (Ingress + Egress)
— (48 + 48) PktDMA channels

— (68 + 68) Each AIL
— (16 + 16) DIO2

PktDMA

— (48 + 48) channel support
» allocation between Control and AxC is soft/flexible

AID

— (32 + 32) AXC channels

— (16 + 16) Control Channels

AIL(2x)
— OBSAI

* (64 + 64) any AXC/Ctrl mixture channels

* link rates {2x, 4x, 8x}

— CPRI

* (64 + 64) AXC channels
* (4 + 4) control channels

B4
SER
DES

SPRUHO6A-May 2014 —Revised October 2014

Submit Documentation Feedback

Implementation Details and Application for Sub-Modules

Copyright © 2014, Texas Instruments Incorporated

177


http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SPRUHO6A

13 TEXAS
INSTRUMENTS

IQN2 Top www.ti.com

7.1.1

» link rates {2x, 4x, 5x, 8%, 10x, 16x}
— Allows link-to-link PHY level forwarding (defined in OBSAI/CPRI)
— PHY reset isolation
e AT
— 24 System Events
— 1 BCN counter and 8 complex RADT (Radio Timers)
— Timing Sync Sources {RP1, generic input pins, CPTS(10gE), SW}
« DIO
— Core (Engine, VD): DIO engines + VBUS DMA controller
— 3 DIO engines
e Up to 3-way Ingress multi-cast

» Each engine independently programmed DMA profile, Each engine can have different burst
length and SOC addressing scheme

 1QS
— DMA-to-Peer & Peer-to-DMA mapping only
* PSR/Flush Controller
— Provides packing/unpacking of PSI PS_DATA

— Provides peer requested flush of packets from the PKTDMA. Flushes packets to the PKTDMA if a
PKTDMA channel is over full.

— limits VBUS peak BW during packet Flush
+ VC(VBUS CFG)
— Top Level MMRs
e SERDES 2:1 Mux (share AIL SERDES w/DFE) is done at chip level (not in IQN2)

Chip level 10 mapping and Clock
Table 7-1 describes the clocks required for IQN2.

Table 7-1. Clocks

CHIP Pin Name Frequency Description

sys_clk 307.2 MHz (OBSAI and CPRI | This is used in symbol rate processing of IQ data and AT/UAT timers
5%, 10x), 245.76 MHz (CPRI) | use this clock as a counter unit. CPRI 16X gets a 491.4 MHz txbclk. It is
divided by 2 in the AIL and used to drive all other internal AlL logic and
selected as sys_clk for IQN2 logic outside of AIL. In modes other than
CPRI 16X, the txbclk input is used unchanged, without the clock divider

in AIL.

vbus_clk CPU/3 Typically 400MHz, could be as low as 233MHz

rpl_clk 30.72 MHz This clock is only used for OBSAI RPO1 clock source. This clock comes
from an external LVDS device pin pair.

dfe_sys_clk 245.76MHz, 368.64MHz This clock comes from an external PLL which drives DFE. This clock is

derived from the same source which drives the reference clock for the
JESD SERDES.

The VC_CLKCTL_SYSCLK_SEL_CFG register has AT_DFE_CLK_SEL and SYSCLK_SEL field. if
AT_DFE_CLK_SEL is set, it selects dfe_sys_clk as a clock source of ATand uAT instead of IQN2 sys_clk.
This is only valid when DFE is used but AlL is not used. Remember AID always uses def _sys clk for its
sys_clk area operation.

When IQN2 AIL is used, the SYSCLK_SEL field, bits 0 and 1 are used to select which SERDES txbclk is
used for the IQN2 internal system clock (sys_clk). Bit 2 is set when selecting the divide-by-2 txbclk in
CPRI 16X mode. Otherwise it will be 0. The AIL PHY section further describes the SERDES clocking
when using the AlL.
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Example 7-1. KeyStone Il SerDes Link Rate Configuration Example:

OBSAI(2x,4x,8x) and CPRI5x,10x: Use 6.144GHz SerDes configuration

TX : Full rate

RX : Full rate for 8x and CPRI 10x,

Half rate for 4x and CPRI 5x,

Quad rate for 2x

CPRI(2x,4x,8x): Use 4.9GHz SerDes configuration

TX : Full rate

RX : Full rate for 8x,

Half rate for 4x,

Quad rate for 2x

CPRI 16x: Use 9.8GHz SerDes configuration

TX : Full rate

RX : Full rate

and Set SYSCLK_SEL bit[2] in VC_CLKCTL_SYSCLK_SEL_CFG register

CPRI 8x,4x lane when 9.8GHz SerDes configuration used:

TX : Half rate

RX : Half rate for 8x,

Quad rate for 4x,

and Set SYSCLK_SEL bit[2] in VC_CLKCTL_SYSCLK_SEL_CFG register
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7.1.2 SerDes Serial Bit Ordering

The serial coding provides the 20-bit encoded symbol to the SerDes module such that it follows the bit
order defined for both the OBSAI RP3 and CPRI standards. These bit orderings for each 10 bits of the 20-
bit pair are shown in the following figures. The SerDes module expects that the first bit transmitted or
received is bit O of the parallel interface of the module.

Figure 7-2. OBSAI Serial Bit Ordering

(s ]
o [ —
] e 2
u‘:‘r ) EE‘
Addr Type Time | Payload
Byte 0 48// /
L7l e[ 5[4]3]2] 1[o] .. [7]&]5] 4| a[ 2[ 1] of
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Ord .
s o] ool
Bit 9 last 0123456789
Figure 7-3. CPRI Serial Bit Ordering
[T ]
e o 2
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Encoder
Transmission 20cdeanl 10
Order 10 bit
Bit 0fist™ | egister
Bit 9 last
0123456789

NOTE: SerDes module information for KeyStone Il devices is not provided in this user guide. See
KeyStone Il SerDes User Guide on the device product web page for more information.
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7.1.3 PSR (PS Reformatter)

The PSR module reformats PS data between PKTDMA PS data transfers and the IQN2 internal INFO
word under MMR control. Packets in the Egress direction may pack the PS data word from the PKTDMA
needed for AXC data into the INFO word. For Ingress, it can take the INFO word and transfer to the
PKTDMA as a PS_DATA.

Flush (for Failed Packet from PKTDMA) in the Egress direction is done if requested by the Egress peer
(AIL or AID), because PKTDMA cannot flush the error packet for itself. If this flush is not done correctly for
the error packets, it may cause serious memory problem like losing descriptors. In either direction, the
flush function drops all data for a channel until the next SOP is seen. BW limiting (by MMR) is provided on
the Egress path to minimize the effect on the system VBUS.

Egress data is read from the PKTDMA with packets that may or may not contain PS data. An MMR will
indicate if that PKTDMA channel will have a PS _DATA word available in the cycle after an INFO word. If
there was no PS_DATA expected, only the INFO word would be loaded. If a peer indicates a channel
needs to be flushed, data from that channel is dropped until an SOP is seen. Flush transfers will have
lower priority than all other AXC or packet data transfers and will be bandwidth limited based on an MMR
setting.

7.1.3.1 Configuring the Flush Rate

The IQN2 needs to limit the BW used during flushes. The flush rate algorithm is based on VBUS utilization
within a 16-clock cycle window. When a flush transfer starts, a state machine starts which allows a
selectable number of transfers to be made at certain times over the following 16 cycles. The available
transfer times are spread as evenly as possible over the 16 cycles so if four cycles are allowed over 16
cycles, the accesses are spaced four cycles apart from each other rather than four back-to-back followed
by 12 unusable cycles. Normal data transfers have priority over flush transfers so if both are possible on a
clock cycle the flush transfer is ignored. The PSR_EGR_CFG.BW_LIMIT selects the rate with a value of O
allowing one transfer every 16 cycles.

With a VBUS clock at 400 Mhz, the maximum data rate of the VBUS is 51 Gbit/second. We want to flush
at a higher rate than the normally-used data rate on the bus, but not so fast as to cause problems in other
parts of the system. The percentage bandwidth of flush should be set based on the percentage of the bus
expected to be in non-flush operation and the estimated available bandwidth based on the system level
VBUS utilization.

If a system is configured to support 6Gbit of traffic, that is 12 percent of the entire VBUS throughput. Due
to activity in the other parts of the chip, we may be limited to the use of a peak bandwidth of 9Gbit which
gives us a maximum rate of 1.5 times the normal operating bandwidth. This is 3/16 of the full VBUS
bandwidth so we would set the PSR_EGR_CFG.BW_LIMIT to a 2 so there are three possible transfers
every 16 cycles. In a larger system that supports a 12Gbit bandwidth, we would need a higher number to
just match the average bandwidth, a setting of 3 which means four possible transfers every 16 cycles
(12Ghit) gives just enough for this bandwidth, if no additional BW is allowed from the system.

Also assume all other activity leaves very little available bandwidth on the above examples, such as only
5Gbit is unused. Since each 1/16 of the VBUS bandwidth is 3Gbit, then we would set a value of 0 in the
register which is one transfer every 16 cycles.
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7.1.4 VC (VBUS CFG)

Table 7-2. Memory Map of Register Region Addresses

Module Sub-module IP Level Address Sub-Module LevelAddress
Top
VC MMR 0x00_0000 0x00_0000
EE 0x00_4000 0x00_4000
PSR 0x00_8000 0x00_8000
1QS 0x02_0000 0x02_0000
AT2
AT MMR 0x01_0000 0x00_0000
AT EE 0x01_8000 0x00_8000
AID2
Sl sysclk 0x04_0000 0x00_0000
Sl vbusclk 0x04_8000 0x00_8000
EE sysclk 0x05_0000 0x01_0000
EE DFE 0x05_1000 0x01_1000
EE vbusclk 0x05_2000 0x01_2000
DIO
Sl sysclk 0x06_0000 0x00_0000
Sl vbusclk 0x06_8000 0x00_8000
DIO mmr 0x07_0000 0x01_0000
DIO EE 0x07_8000 0x01_8000
PktDMA
gcfg 0x10_4000 0x00_0000
tcfg 0x10_6000 0x00_2000
rcfg 0x10_8000 0x00_4000
txs 0x10_A000 0x00_6000
rflow 0x10_C000 0x00_8000
AIL_O
Sl sysclk 0x20_0000 0x00_0000
Sl vbusclk 0x20_8000 0x00_8000
PE 0x22_0000 0x02_0000
PD 0x22_8000 0x02_8000
PHY 0x23_0000 0x03_0000
EE vbusclk 0x23_2000 0x03_2000
EE sysclk 0x23_4000 0x03_4000
AlL_1
Sl sysclk 0x24_0000 0x00_0000
Sl vbusclk 0x24_8000 0x00_8000
PE 0x26_0000 0x02_0000
PD 0x26_8000 0x02_8000
PHY 0x27_0000 0x03_0000
EE Vbus 0x27_2000 0x03_2000
EE Sys 0x27_4000 0x03_4000
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7.1.4.1 Reset

The VC_SW_RESET_STB MMR gives the programmer the ability to reset specific sections of the IQN2.
The SW reset feature typically is used in initial bring-up and debug, not typically in normal operation.

The following endpoints will each have one bit associated with its software reset:
e AIL_O: PHY & PROTO/DMA
* AIL_1: PHY & PROTO/DMA
* AIL_2: PHY & PROTO/DMA
e AIL_3: PHY & PROTO/DMA

» AID
« DIO
*  PkiDMA

» SW RESET resets all of the above with one bit.

Great care must be taken when implementing RESET. It has always been possible to hang the
VBUS_DATA or VBUS_CFG. Importantly, it is possible to hang the PktDMA with a partial reset of either
AILO/1 or AID. So, care must be taken not to create a serious situation, and to bring down links gracefully.
(Stop traffic and shutting down channels first.)

7.1.4.2 Power Gating & Reset Isolation

Power Gating, Known Use Cases :
« DFE-only operation: In this use case, the dual AIL sub-chip is not used and power gated OFF
e AlL-only operation: The DFE is power gated OFF.

» SOC Deep Sleep (AIL use): For BTS overnight power savings, some SOCs in the daisy chain are put
into extremely low power state and not contributing to the OBSAI/CPRI daisy chain. During this
operation, only the AIL sub-chip is power gated ON while most of the remaining SOC is power gated
OFF (DFE is also power gated OFF). IQN2_TOP is power gated ON, although the VBUS clock may be
turned off. The AIL_PHY remains active to prevent crashing the OBSAI/CPRI daisy chain. Prior to
waking up the SOC, it is likely that an isolated HW reset is performed on the SOC omitting a HW reset
to the AIL_PHY.

Reset Isolation :

In IQN2 there is a need to allow for the AIL PHY to remain up and running while the remainder of the
IQNZ2 is reset after recovering from a deep sleep (overnight power savings for example).

IQN2 has two separate HW reset pins. One input is used for resetting non-isolated hardware and the other
input is used for resetting all hardware including non-isolated and isolated. Control of these pins is
exercised through a low-power sleep controller (LPSC) outside of IQN2.

To simplify the design, the entire AIL is on the reset isolation area. The reason for this is that the Micro AT
is instantiated in parts of the AIL which are not easily separated from the PHY vs. Protocol. The Micro AT
must still be up and running while the PHY is running. The AT must also be up and running during PHY
operation since it is the main time keeper. The VC MMRs are also on the reset isolation area, since it
controls the clock selection, reset, and some of the SerDes related functions.

The SerDes logic must also be controlled externally by the LPSC to be treated as isolated logic. The user
is required to gracefully shut down all IQN2 channels and DMA traffic prior to resetting the device.

7.1.4.3 Shutdown Controller (SC)

The shutdown controller orchestrates clock-stop-request and emulation-suspend. While from the user’'s
perspective, these are two different mechanisms. From the perspective of the IQN2, CLKSTP and
EMUSUSP are handled nearly identically. For both of these mechanisms, IQN2 shuts down DMA and
Protocol layer traffic as cleanly as possible.
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7.1.5

Figure 7-4. Conditions That Start Shutdown
CLKSTP_REQ

EMUSUSP_REQ - \ Start shutdown
- operation -
SW_Shutdown(MMR) .

'EMUSUSP_ACK
(MMR)

The shutdown process is started when either the external clock stop REQ or the emulation suspend signal
to the IQN2 is asserted, or if a FRC_SHUTDOWN from a VC MMR is set. The SC is in essence the
master shutdown controller which orchestrates shutdown operations between all sub-modules. Most
subsystems have a slave shutdown controller which orchestrates the smaller grain shutdown operations
contained within that sub-module.

EE Methodology & Implementation

The IQN2 EE is comprised of two major components. The EE Handler provides event enable registers
(mask registers) and a Status “register” that indicates the status/origination (ORGN) of the enabled events.
Also provided is the EOI register and write pulse logic required by the INTD to create a pulsed interrupt.
The enabled events are aggregated (ORed) down to a single, active high-level event. There are two
identical versions of these sets of registers in order to be able to generate independent interrupts that may
contain a different “mix” of masked events.

The INTD is a Highlander 0.1 compliant, Interrupt Distributor. This component accepts active high-level
events from the EE Handler and creates a pulsed interrupt in conjunction with the EOI logic. This pulse is
stretched, as needed, for the host and synchronized to the host clock.

Each IP module provides two active high-level outputs that are a selection of error or info events from that
IP. Figure 7-5 shows event handling and interrupt generation at the Top IQN2 level.
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Figure 7-5. Top Level Exception Event Handler and Interrupt Generator
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7.1.5.1 EE Handler

For each interrupt path (EVO and EV1), there is a separate set of origin (ORGN) status registers. This is
equivalent to the Interrupt Vector (intr_vector)

End of Interrupt Register (EOI)

e The End of Interrupt Register allows the software to acknowledge the servicing of a handshake
interrupt so that another interrupt can be generated. Software should clear the interrupt, using the
Interrupt Clear Shadow Register.

» The EOI mechanism involves an extra register write by the host after clearing the interrupt in the IP.
This write is to an EOI register. Writing to the register triggers an EOI handshake. The data written to
the register indicates which group to handshake with so different groups will look for different EOI
values. When an EOI handshake is seen with the correct EOI value, the group of interrupts is re-
evaluated and if any interrupt in the group is pending, then another interrupt is sent to the host. If there
are no pending interrupts, the group waits for the next interrupt to generate the system interrupt to the
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host. This extra register write guarantees that the previous write to clear the interrupt has been
received by the IP and stabilized that interrupt's status before the re-evaluation occurs.

NOTE: The IQN2 consists of three independent interrupt sources from the IP (ee_cppi, ee_ev0 and
ee_evl) with corresponding interrupt destinations. As such, the EOI Vector (eoi_cppi_vector,
eoi_0_vector and eoi_1_vector) values for each of these interrupt paths is 0x00.

7.1.5.2 Mapping an IP Module to a Single Interrupt

The following is an example of mapping an IP module to its own interrupt. In this example, we will map the
DFE events to interrupt iqgn_ee_int0.

Set the following register in the AID (AID2_IQN_AID2_DFE_EE_SYSCLK_EE):
« AID2_DFE_EE_A_EVO_EN_SET

Do not set any other IP EE registers to EVO. In this way, only events generated by the DFE will create an
interrupt on ign_ee_int0.

7.1.5.3 EE Register Description

The following comprise the IQN2 EE register set:
» Interrupt Raw Status Register (IRS)

— The Interrupt Raw Status Register captures the current active status of the error/info events before
any processing (one bit per error/info event).

* Raw status of active error/info events (0 = inactive, 1 = active)
» Interrupt Set Register (IRS_SET)

— The Interrupt Set Register provides a software interface for setting interrupts. It is a shadow register
and does not have any bits but modifies the IRS register.

» Write a 1 in a bit position to set the error/info event active (writing a 0 has no effect)
» Interrupt Clear Register (IRS_CLR)

— The Interrupt Clear Register provides a software interface for clearing interrupts after they have
been serviced or for debug purposes. It is a shadow register and does not have bits but modifies
the IRS Register.

— Write a 1 in a bit position to clear the error/info event to inactive state (writing a 0 has no effect)
» Enable Status Register (EN_STS_EV)

— The Enable Status Register captures the current active status of the error/info event after the
enabling function (one bit per error/info event). This register does not require any flop bits.

« Enabled status of active error/info event (0 = inactive, 1 = active)
» Enable Register (EN_EV)

— The Enable Register allows the software to enable individual error/info events. This register reads
the current state of the enables for the error/info event.

» Enabled status of active error/info event (0 = inactive, 1 = active)
e Enable Set Register (EN_SET_EV)

— The Enable Set Register allows the software to enable individual error/info events. Since it is a
shadow register there are no physical bits but rather it operates on the IRS value.

» Write a 1 in a bit position to set the enable (writing a 0 has no effect)
» Enable Clear Register (EN_CLR_EV)

— The Enable Clear Shadow Register allows the software to disable individual error/info events. It is a
shadow register and does not contain any bits but modifies the Enable Register.

« Write a 1 in a bit position to clear the enable (writing a 0 has no effect)
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Figure 7-6. Exception Handling Register Set
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7.1.5.4 EE Interrupt Support

The EE aggregates all of the Error and Info event signals for an IP into two, active high level signals
(ip_ee_ev0 and ip_ee_evl) that are sent to the Top EE module to be further aggregated. These two
signals can ultimately be used as interrupt sources to the Host.

Each internal error/info event is reported to the IP EE as a one vbus_clk wide pulse and results in a
unique bit being set to a 1 in an Interrupt Raw Status Register (IRS) in the EE. This bit remains set until
cleared by the Host via the VBUSP configuration bus.

All error/info event signals can be routed to either or both of the ip_ee_ev0 or ip_ee_evl interrupts, and
the user can configure the subset of error/info event signals that are associated with each of the
ip_ee_ev0 and ip_ee_evl interrupts via individual enable registers (EN_SET_EV) for each of the signals
inside the EE. If the error/info event signal is enabled via the enable registers (EN_EV), it will cause an
interrupt on the ip_ee_ev0 or ip_ee_evl signal it is routed to when the error/info event signal occurs.

After the interrupt occurs on ip_ee_evO0 or ip_ee_evl, subsequent event signals that are received for this
same ip_ee_ev0 or ip_ee_evl interrupt will not cause another interrupt until the Host has acknowledged
the interrupt by clearing the associated interrupt raw status register (IRS_CLR). The Host must also write
to the End of Interrupt Register (EOI) in the top EE after it clears the source of the interrupt from the IP
before a new interrupt can be generated to the system from the ip_ee_ev0 or ip_ee_evl that created the
previous interrupt.

Here are some additional rules that the EE follows:
» If an error/info event signal is received and the corresponding error/info event interrupt raw status bit is
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already set to a 1, the occurrence of the second signal will not be saved.

If the Host attempts to clear an error/info event at the same time that a new error/info event signal is

received on the same error/info event input, the new error/info event will cause the status bit to remain
settoal.

7.1.5.5 Error / Info Event Mapping

To map an error/info event to the ip_ee_ev0 output interrupt, the user would write a 1 to the enable bit
corresponding to the error/info event in the EN_SET_EVO register. This action would allow the error/info
event to pass to the ip_ee_ev0 aggregation logic. Mapping an error/info event to ip_ee_evl output

interrupt is done in the same manner described above except a 1 would be written to the EN_SET_EV1
register.

If a user wanted to test the mapping of an error/info event to the ip_ee_evO0 interrupt without actually
generating the error/info event signal from the source module, the user would write a 1 to the
corresponding bit in the EN_SET_EVO register (to enable the bit to pass) and then write a 1 to the bit in
the IRS_SET register. The IRS bit corresponding to the error/info event would then have to be cleared
from the IRS by writing a 1 to the corresponding bit in the IRS_CLR register. Finally the user would write
the EOI register in the top EE to acknowledge the servicing of the interrupt. The same process can be

applied to map an error/info event to the ip_ee_evl interrupt by writing a 1 to the corresponding bit in the
EN_SET_EV1 register.

7.1.5.6 EE Event Origination Support

The EE module contains an origination register (EE_ORGN_STS) that is designed to help the user
minimize the number of register reads required to investigate which error/info event caused an interrupt to
occur. This register contains an indication of which EN_STS_EV register contains an error/info event that
may have caused the initial interrupt. It is the OR of EN_STS_EVO | EN_STS_EV1.

7.2 1QS (IQ Switch)

The IQN2 Switch (1QS2) connects and arbitrates traffic between a DIO and a PKTDMA with an AID and
up to four AIL modules (only two AIL modules are instantiated). The 1QS2 uses most of the standard PSI
signals and timing plus some additional sideband signals. It supports transfers between the DIO or

PKTDMA and the AID or AlL. Transfers between AlLs and the AID are not supported. All data comes from
or goes to the VBUSM interface.

Figure 7-7. IQN2 1QS2 Block Diagram
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7.2.1

7.2.2

7.2.3

7.3

Ingress Arbitration

Round Robin Arbitration rotates requests so the last granted request is the lowest priority. Then it
generates the priority and re-adjusts the result based on what the last granted request was. This provides
equal sharing of accesses between all requesting devices.

Fixed arbitration allows the highest priority thread, thread 0, to win out over any lower priority thread, even
if that thread has been waiting. Lower priority ports cannot be granted until all higher priority requests have
completed.

The 1QS2 combines both Round Robin and fixed priority arbitration to provide multiple fixed levels of
arbitration between channels with Round Robin arbitration done for channels at the same priority. Which
channel was granted last is kept separately for each fixed level of priority. Priorities can be modified at any
time regardless of any arbitration activity.

Egress Arbitration

Arbitration in the egress will allow only one channel to have a data transfer on each cycle. It will rely on
per-channel empty flags from the egress output port FIFO and the PKTDMA or DIO channel data available
signals to decide if a transfer is needed.

Each egress PKTDMA and DIO channel has an MMR specifying which of the output ports it is going to
and which channel in that port to write to. It will also have an enable and a 3-bit priority select field so
each channel can be assigned to one of eight priority levels.

Whichever source wins the arbitration, either the PKTDMA or DIO, has its data muxed onto a bus that is
distributed to all the egress output FIFO modules along with the channel and destination that won the
arbitration. Each output FIFO module monitors its data valid indication and takes the data if it was
selected.

Push back

Pushback from the PKTDMA FIFO is supported for those input ports that have their ALLOW_PUSHBACK
MMR bits set. The PKTDMA pushback point on these ports is selectable at either 1/2 or 3/4 full. The DIO
does not support pushback since it only handles AxC traffic. Pushback is intended for traffic such as
control packets.

AT

The Antenna interface Timer (AT) is meant to mark frame boundaries so that events can be generated
which are synchronized with this time. Frame synchronization is flexible and currently-known required
framing boundaries are {1ms, 4ms, 5ms, 10ms, 60ms}.

There are two basic timer types which are used as a reference for PHY and radio timers (BCN and
RADT). All timer synchronizationis based on the offset BCN, which needs to be synchronized with the
system. The radio timer RADT is used as a reference basis for radio standard event generation. This timer
is synchronized to a particular standard that is chosen. Figure 7-8 shows basic block diagram of AT.
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7.3.1

Figure 7-8. AT Block Diagram
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The RADT (radio) timers will be used by the system software to mark radio time. All timers are CPU
readable. One specialized radio timer (RADT[7]) can be used for counting GSM frame timing. There are a
total of 24 external events and event[0] is connected to the external output signal EXT_FRAME_EVENT.
This will typically be used for debug purposes. This event is in the native AT sys_clk domain.

There is a synchronization section that detects synchronization from an external source. This detected
sync is used as a basis for the timers to capture the BCN count. Software may then adjust the BCN offset
as needed for the RADT timing synchronization. The difference in sync selection between AIF2 and IQN2
AT is that the PHY timer is replaced by the BCN timer which is always started by software. The BCN value
is captured when there is an input synchronization event (Physync, Radsync, PA_TSCOMP, RP01). An
interrupt is generated upon the sync event and SW may then read the captured offset BCN value.
Software will then program a BCN offset register which will be used to sync a RADT by using the BCN
sync compare value register.

AT BCN Timer

The BCN timer works similarly to the previous PHY timer in AIF2 and it is used for synchronization with
GSM time and for marking frame boundaries. The function of the timer is straightforward. There is a clock
counter which runs at the basic IQN2 system clock rate which is 307.2MHz (OBSAI) or 245.76MHz (CPRI)
and a frame counter which increments upon wrap of the clock counter.

The clock counter will count up to a full frame in OBSAI or CPRI mode. The terminal count for this counter
is 25 bits wide and is programmable to count up to 33,554,432 clock ticks. This allows for a 60 ms frame
timing at 500MHz. A 10 ms frame for example is 3,072,000 clock ticks at a system clock of 307.2MHz and
2,457,600 clock ticks at a system clock of 245.76 MHz.

The frame counter is 40 bits in width. The initial value of the frame is set by software.

The BCN receives its synchronization from a number of possible sync sources. Each sync is used for
capturing its offset BCN time. Initially, the SW programs the BCN offset to be 0. BCN terminal count is
programmed. The BCN is enabled and starts free-running. When a sync occurs, an EE event interrupts
the SW for that sync and the offset BCN is captured. SW then adjusts the BCN offset according to the
captured BCN time by writing the BCN offset MMR. If the sync is an RP1 sync, the frame number is
captured by the RP1 interface. The SW uses this value to initialize the 40-bit BCN Frame counter.

The BCN counter has a terminal count MMR which is used for both the free-running for frame compare
and strobe generation (mst_slv_sync for uAT synchronization).
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7.3.2 AT Radio Timer

Figure 7-9. AT2 RADT Block Diagram
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Radio Timers have the ability to count symbols and frames of various sample counts. Symbol or frame
boundary will be used to drive event generators. These events will be used by the internal modules and
external to IQN2. These events will typically interrupt CPUs but may be used by other system
components. The IQN2 AT supports eight simultaneous radio standards with eight RADTs and a special
GSM frame counter.

Timer symbol counting is accomplished with the use of a lookup table (LUT) programmed to represent the
radio standard time. This allows for timing a regular pattern of symbols of variable size as in some TDM
standards. Each RADT will have its own BCN comparator. SW programs the compare value which
effectively offsets the individual RADT from the BCN frame boundary.

To start the RADT, SW must first enable the particular RADT by setting enable MMR. Once enabled, the
RADT starts counting once the associated BCN compare value is met from an initial value of 0 for all but
the frame counter. The frame counter may be initialized by SW.

The RADT basic counter setup is as diagrammed in Figure 7-10.
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Figure 7-10. RADT Basic Counters
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RADT is a fine-grain reference timer clocked off of the system clock (sys_clk). This time is converted to its
selected standard through the use of the Clock TC LUT. The LUT is populated (programmed) with
terminal counts that represent all of the symbol terminal counts within the desired standard’s frame or
group of frames.

The sample LUT consists of a single RAM that is shared among eight RADTSs. A separate symbol LUT
index counter is used to select the clock counter terminal count value for that particular symbol. It will
increment whenever it sees a symbol boundary and will wrap on the number of symbols per frame
counted. The wrap value is programmed per standard. Typically, the wrap value of the LUT index is equal
to the wrap value of the symbol TC plus the index start offset. If all of the symbol sizes are equal for a
particular standard, only one location in the LUT will be used for that RADT. An exception is in LTE which
has a repeating pattern or either 6 or 7 symbols within a group of 120 or 140 symbols.

The clock counter, sample counter, and symbol counter all start from a count of zero. The Frame counter
starts from whatever initial value was loaded by SW.

RADT has a status MMR for WCDMA format time. All RADTs have this although only some of the RADTs
are used for this purpose. This format is needed for doing a DMA of the value to the RAC or TAC upon an
event that drives an EDMA.

There is an additional GSM timer triggered off of the RADT 7 every eight symbol boundaries. This marks
T1, T2, and T3 frame times. These counters count GSM frames which are a duration of 1/13th of a 60 mS
period. The modulo count for the three timers is as follows:

e T1 = modulo 2048

e T2 = modulo 26

e T3 =modulo 51

Software must initialize the T1, T2 and T3 counters based on the current FCB received. The software
application must calculate T1,T2 and T3 based on a received RP1 FCB frame burst and then load these T
counters. T2 and T3 both count GSM frames. T1 counts every time when both of these counters wrap.
Max count for T1 is 2047 before it wraps to 0.
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Figure 7-11. GSM Frame Timer
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7.3.3 AT: Synchronization

7.3.3.

Synchronization is detected from an external source and is meant to determine a time within a UMTS or
other frame boundary. This synchronization would typically happen on the frame boundary, but may
happen at an offset into the frame boundary. Detected Frame synchronization is referenced to the
selected sync clock, but will be re-synchronized to the 307.2MHz or 245.76MHz sys_clk domain in which
the timers and events reside.

This detected sync is used as a basis for the timers to capture the BCN count. Software may then adjust
the BCN offset as needed. The difference in sync selection between AIF2 and IQN2 AT is that the PHY
timer is replaced by the BCN timer which is started by software. The BCN value is captured when there is
an input synchronization event. Each synchronization input has its own separate BCN capture register. An
interrupt is generated upon the sync event and SW may then read the captured offset BCN value.
Software will then program a BCN offset register to adjust the frame timing.

Captured offset BCN value shows the time distance between current free running BCN frame boundary
and the sync triggered timing. Software then calculates BCN frame length - Captured offset BCN and the
result can be set as a BCN offset value. This offset value is added to the current clock counter right away.
For example, if the BCN frame size is 2457600 clocks and captured offset BCN was 2100000, then
2457600 - 2100000 = 357600. This 357600 can be set to BCN offset register and the current clock
counter will jump to the new clock counter value as amount of 357600 as soon as the offset is set.

There is no synchronization source selection. Instead, the sync sources have their own BCN capture
register. When a sync occurs, an interrupt may be generated for that sync and the SW can then read the
captured BCN value for that sync and make adjustments in timing accordingly.

1 AT: OBSAI RP1 Synchronization

OBSAI RP1 specifies that the CCM (Clock and Control Module) provides a 30.72MHz System Clock and
periodically sends synchronization bursts to the BaseBand Modules. The RP3 and System Frame
Numbers, Frame boundary timing, and Time of Day information is passed in the synchronization bursts.
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The OBSAI synchronization burst is serially transmitted over a single differential input (differential
signaling) which is clocked in via the differential SCLK. Each bit of the serial transfer is held for eight
System Clock (SCLK) periods; this is approximately 260 ns. For fields with more than a single bit, the
least significant bit (LSB) is sent first.
The first field is the “Start” bit which marks the beginning of the synchronization burst. The 8-bit “Type”
field follows and identifies the type of information which is contained in the synchronization burst payload.
The 64-bit “Information” or Payload field contains the relevant data (either frame number or time of day).
The CRC field is used for data integrity and the “End” field terminates the synchronization burst packet.
The falling edge of the END bit based on the RP1 clock determines the frame synchronization boundary.
This boundary is resynchronized to the AT2 sys_clk domain (clock which is used for the BCN anb RADT
timers) which adds one to two sys_clk pipeline delays. This is one sys_clk period of uncertainty due to
synchronization plus one pipeline delay. This synchronized RP1_SYNC is then used for capturing the
BCN counter which software can read and determine if an adjustment is needed by writing to the BCN
offset configuration register.
Figure 7-12. Synchronization Burst Format
(@
B Type |3 Information'(l/)rPayload % CRC
(8bit) @4bity 2 (16 bit)
Start nd
(1bit) (1bit)
Table 7-3. RPO1 Type Field Definition
Type Supported Value
Not Used @ N/A 00h
RP3 Bus (FDD) Frame Number Yes 01lh
WCDMA/FDD Frame Number Yes 02h
GSM/Edgel Frame Number Yes 03h
GSM/Edge2 Frame Number Yes 04h
GSM/Edge3 Frame Number Yes 05h
WCDMA/TDD Frame Number Yes 06h
CDMA2000 Frame Number Yes 07h
Time of Day Yes 08h
Reserved @) N/A 09h — 7Fh
802.16 Frame Number, 2ms Frame Yes 80h
802.16 Frame Number, 2.5ms Frame 81h
802.16 Frame Number, 4ms Frame Yes 82h
802.16 Frame Number, 5ms Frame Yes 83h
802.16 Frame Number, 8ms Frame Yes 84h
802.16 Frame Number, 10ms Frame Yes 85h
802.16 Frame Number, 12.5ms Frame 86h
802.16 Frame Number, 20ms Frame 87h
3GPP LTE Frame Number Yes 88h
Spare @ No 89h — FFh
@ Reserved” and “Not Used” Types will cause an Alarm/Error condition.
@ Spare” Types are disregarded
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Figure 7-13 shows the payload used for the Time of Day timer.

Figure 7-13. Payload Use for Type Time Of Day

Passed to
TOD

| o Spare ele Src EQ|NIeapSecse«‘>E>! GPSTime

Full Payload captured in TOD Capture register

Notused

7.3.3.1.1 AT: RP1CRC

The CRC process does a modulo2 polynomial divide of the input data stream. The resulting remainder of
that division is compared with the sent CRC and is equal provided that the data or CRC value has not
been corrupted.

“OBSAI Reference Point 1 specification” specifies the divisor polynomial to be:
X x24px54+1 1)

The initial value of the CRC shall be OXFFFF

The CRC checking circuit recursively processes every bit of the “Type,” “Information,” and “CRC” fields
and then on 16 trailing O bits. If the remaining result equals the sent CRC, the CRC passes. The checking
circuit must first be initialized to either all Os or all 1s before the checking process begins.

Flexibility has been designed into the CRC checker since the OBSAI RP1 spec. has had some ambiguous
interpretations and was in a state of changing as this document was written. There are four bits in Control
Register 1 that control the behavior of CRC checking:

* “CRC_use” = 1 will use the CRC, = 0 will not.
» “CRC_flip” =1 will change the MSB/LSB order, = 0 will keep MSB/LSB order (default).

» “CRC._init_ones” controls initialization where the default value of “0” will initialize the CRC calculator to
all 0s. For true OBSAI compliance, this bit must be set to “1” to initialize the CRC calculator to all 1s.

e “CRC invert” =1 inverts the CRC for comparison, = 0 does not invert the calculated CRC for
comparison (default).

The order in which the frame_burst CRC is received is programmable with the CRC_flip bit of a control
register. When CRC_flip =0, the CRC register bit-16 value should be received first in the frame_burst
CRC. When CRC _flip=1, the CRC register bit-1 value should be received first in the frame_burst CRC.
The received value is loaded into a shift register, then compared to the calculated CRC.

CRC is enabled by setting a CRC_use bit. When enabled, a CRC failure will discard the sync_burst. The
CRC fail will generate an error or alarm using the error/alarm mechanism. If the CRC passes, the contents
of the sync burst are used and normal operation will continue. If the CRC is disabled by clearing a

CRC __use bhit, the contents of the sync_burst are used regardless of the CRC.

7.3.3.1.2 AT: Time of Day

The RP1 interface receives a frame burst of type TOD and the payload value is captured. The type and
payload is SW readable after the RP1 sync is detected. SW determines that this is of type TOD and uses
the TOD payload.

7.3.3.2 AT: Sync Boundary Detect and Resynchronization

When synchronization has already been established and a new sync arrives while the BCN and RADT
timers are counting, there may be an interrupt on sync (if enabled) and the SW will determine if the BCN
offset has changed from the original sync time. If it has, the SW may then readjust BCN offset or offset
comparators for RADTs and UATSs.
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7.3.3.2.1 AT Re-synchronization Process

* When new external sync arrives, one of the BCN sync capture status registers will show new captured
value.

» Calculates new offset based on captured value and update BCN offset register.

« It takes more than one frame time to make both BCN and RADT fully synchronize and run correct with
new offset.

»  New mst_slv_sync signal will be delivered to uATs (AIL, AID, DIO) for uAT BCN and RADT
synchronization

7.3.3.2.2 Micro AT Re-synchronization Process (Applied to AlL, AID, DIO)

* New mst_slv_sync sync from AT arrives, all BCN and RADT sync capture status registers will show
new captured value.

» Calculates new offset based on captured value and update BCN or RADT offset register if required.
AID, DIO requires RADTSs, AIL OBSAI requires BCN and RADTs and AIL CPRI only requires BCN.

* It takes more than two or three frame time to make both BCN and RADT fully synchronize and run
correctly with new offset.

* In case of AID, all AID EFE, IFE channels must be disabled before updating the micro AT timer offset
registers and enabled again after the re-sync process is fully done.

7.3.3.2.3 DIO Module Re-synchronization

There are two restrictions to make DIO run correctly after re-synchronization.

« DIO engine should be disabled before updating the micro AT timer offset registers and enabled again
after the re-sync process is fully done.

» All DIO EFE channels (used for SoC level ingress) must be disabled before updating the micro AT
timer offset registers and enabled again after the re-sync process is fully done.

7.3.4 Adjusting Radio Timer Terminal Counts on the Fly
Antenna interface Timer (AT) will allow adjusting of the radio timers on the fly with some restrictions.
System software needs to wait for an event from the particular radio timer which marks the start of a
period of time in which that timer can be updated. The event needs to be a frame boundary event for the
particular radio timer.
If all radio timers are to be adjusted, there need to be separate events, each referenced to their
associated timer.
Upon detection of the event, the software update window is one minimum symbol of time minus event
latencies, processor latencies, and VBUS latencies. Preference for standards with variable symbol length
would be to use a frame boundary event since the clock counter terminal count will already be known for
the first symbol.
In this time, SW needs to write the new terminal count into the symbol LUT.
Any updates of TC or actual counter value must be done with the same event mechanism, on a frame
event boundary.
Assumptions:
e Update of radio timer LUT index is not allowed.
» Update only allowed on a frame event for the particular timer.
» Update of sample TC LUT allowed.
» Update of symbol TC allowed.
* Update of Frame TC allowed.
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7.3.5

7.3.6

RADT SB[8] — |
RADT FB[8] —

Event_nearesf{1] —— p»

Modifying the 40-bit Frame in BCN and RADT Timers

Antenna interface Timer (AT) allows for a programmable software modification of the frame in the BCN
and RADTSs.

SW then reads/modifies/writes the new frame value. The upper 28 bits of the frame can be modified with
one 28-bit register write. If there is a need to modify the lower 12 bits, a second register write is needed
for the frame LSBs of that timer. For BCN and RADT, there is a window of one frame minus event
latencies, processor latencies, and VBUS latencies.

The safest way of updating a RADT is to wait for a symbol-based system event for the particular timer and
do the_ modification within the symbol minus latency (above) time. Software must account for symbol count
wrapping.

Assumptions:

» Update for RADT allowed on symbol boundary event.

« Update of frame number allowed.

» Update of clock counter on the fly is not allowed.

» Update of sample counter on the fly is not allowed.

» Update of symbol counter on the fly is not allowed.

AT: Event Generation

There are a total of 24 events used by the system outside of AT and event[0] output is also connected to
an external pin. These events are referenced to the radio timers (RADT timers). Events for internal IQN2
use are based on the RADT timer and explained in more detail in UAT chapter in SI.

Figure 7-14. Event Generator

Event strobe
select 3bit

Event Modulo terminal Event Offset
count 22 bit compare 22 bit

\ |

> Event modulo
(start at strobe, reload on strobe or TC) counter 22 bit

Y &

count compare
pulse gen.

mask value
64 bit o

# | Event_#
hift ) P
S o maskshit | \

63

30
load L puf © 4‘—
Mask is meant to be Event_disable[n]
used in GSM when 64
events per symbol are Force event #

generated

Each event generator for the 24 events used outside of IQN2 is based on an event modulo counter and an
event count compare. These two values are set in software. There is a boundary detect signal from its
selected RADT. This boundary is typically a symbol boundary, but may also be a frame boundary. An
event start boundary may also be based on the nearest neighbor event (next higher event).
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Detection of the boundary starts the modulo timer. Events will occur upon compareison of the modulo
timer with the event count compare, provided that the particular event is not masked. There is a 64-event
mask register that is set to mask any combination of 64 events in a symbol, provided that 64 events per
symbol are programmed in the event modulo and compare. This is meant to be used in GSM and can be
set to OXFFFFFFFF for all other radio standards.

Event count compare (offset) and event modulo TC should be less than the event symbol (or frame)
period. Event count compare must be less than or equal to the event modulo TC. Event modulo
minimum is mod 16. This will allow for crossing synchronization boundaries into the VBUS clock domain
which is CPU clock/3. The event output will be a positive pulse of one VBUS clock width.

Since all of the events are counter-based, each event can have the flexibility to have a modulus that is not
necessarily a power of two.

Events may be disabled or enabled on the fly while events are being generated. Disabling an event will
cause the event to be removed on the next available selected timer frame boundary (frame or symbol). An
event that is enabled during event generation will start generation upon its programmed offset after the
next detected boundary. Also, events can be forced in software. This feature may be used for system
debug.

The external system event, EXT_FRAME_EVENT, is a chip output event based on at_event[0]. The
requirement for this event is to generate a frame pulse that is a minimum of eight clock cycles long. AT
system EventO is used for driving the EXT_FRAME_EVENT and will be synchronized to the sys_clk and
extended a minimum of eight clock cycles.

Table 7-4. Use of Timer Fields for Different Radio Standards

Radio Standard Frame_Cnt Symbol_Cnt sample_Count Clock_Count
WCDMA 10ms Time Slots Samples per Slot Clocks per Sample
LTE 10ms Symbol Count Samples per Symbol Clocks per Sample
WiMax (TDD/FDD) Frames Symbol Count Clocks per Symbol Not used (zero)
TD-SCDMA (TDD) Frames Symbol Count Clocks per Symbol Not used (zero)
GSM 60ms Time Slots per 60ms Clocks per Time Slot Not used (zero)

7.3.6.1 AT WCDMA

The RADT timers are programmed as shown for WCDMA.

The LUT index will always point to one location. This location will have the terminal count value so that the
sample counter will count to 2560. The clock counter will count to 80 clocks for OBSAI, CPRI 5x,10x and
64 for other CPRI.

Figure 7-15. WCDMA RADT Timer Setup

UMTS Count
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Symbol count TC is 14, allowing for 15 slots per frame. The frame counter will count up to 4095 then
wrap. RADT events will be triggered by either a symbol boundary or frame boundary. Once triggered,
there could be up to 640 events per symbol (UMTS slot), representing one event for every four UMTS
chips for downlink and eight UMTS chips for uplink. The BCN clock timer is set to count 3072000 clocks at
307.2MHz and 2457600 clocks at 245.76MHz. This represents one full 10 mS frame.

7.3.6.2 ATLTE

For LTE FDD count, the clock counter LUT index is programmed to six and sample count will be repeated
every seven symbols. The clock counter will count to 10 clocks for OBSAI, CPRI 5x,10x and 8 clocks for
other CPRI(LTE 20MHz). Table 7-5 shows how the clock counter can be set for each radio standard.
Symbol count TC is 139, allowing for 140 symbols per frame when normal cyclic prefix is used. The frame
counter will count up to 4095 then wrap.

Table 7-5. Clock Count Within One Sample

Radio Standard Clocks in sample (OBSAI, CPRI5x10x) Clocks in sample (CPRI 2x4x8x16x)
WCDMA 80 64

LTE 20 MHz 10 8

LTE 10MHz 20 16

LTE 5MHz 40 32

LTE 3MHz 80 64

LTE 1.4MHz 160 128

Figure 7-16. LTE RADT Timer Setup for FDD
LTE FDD Count(20MH?2)
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7.3.6.3 AT WiMax

The RADT timers have the flexibility needed for the various WIMAX rates. The following example is for a 5
ms frame, 22.4MHz sample rate. The clock counter LUT index will be programmed with the same value as
the Symbol count TCsymb. Since the WIMAX sample clock is not an integer multiple of the 307.2MHz
RADT timer clock, an approximation must be made for time-slot counts or for gap.

In the following example setup ( Figure 7-17), error is accumulated in the gaps. Clock counter is not used
and sample counter shows the nmber of clocks within symbol. Setup of sample TC may be modified to
distribute the error among time-slots as is done in the GSM example.

Figure 7-17. WIMAX Timer Setup 5 ms Frame,22.4MHz Sample Rate
WIMAX example
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Events may be generated for uplink or downlink separately, or both combined. Events would be triggered

by symbol boundaries (OFDM packets). The event counter could be set to have one event per symbol. If

separate events for uplink and downlink are desired, the mask for the particular event could be configured
to select only uplink while masking out downlink events. The same could be done for downlink. When the
UL and DL ratio changes, the mask can be reprogrammed on the fly to change this event ratio.

7.3.6.4 AT TD-SCDMA

The RADT timers are programmed as shown for a 5 ms TDSCDMA subframe. The clock counter LUT
index is programmed with the same value as the symbol count TCsymb.

For TDSCDMA, there are various slot sizes. The LUT is programmed to have the configuration shown in
Figure 7-18. For example, the first terminal count for the clock counter (Sample TC in this case) is
programmed to be 165887, the second location 67583, third location 207359, etc. This accounts for the
various but repeatable symbol sizes in TDSCDMA.

Symbol count TC is set to seven in order to count eight symbols per subframe.
Each sub-frame in this case is 5 ms.

If a 10 ms frame boundary is needed, the programmer has the option of doubling the depth used in the
LUT and doubling the symbol count.
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Figure 7-18. RADT TDSCDMA Counter
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Events are generated on a % slot boundary as shown. Slotl is a special slot, actually made up of DWPTS,
GP, and UpPTS. No event is generated in the middle of this slot. The event counter has a 432 chip as a
modulo and a period of 67584 clocks @ 245.76MHz, so it does not create a mid-slot event.

TDSCDMA slots

7.3.6.5 AT GSM/Edge

Figure 7-19. TDSCDMA events
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Since the GSM sample clock is not an integer multiple of the RADT timer clock, an approximation must be
made for time-slot counts. Fortunately, every 60 ms, the GSM timer is an exact multiple of the 307.2MHz
clock. This allows for minor adjustments of the slot size, +/- one clock. Since there are eight slots per
GSM frame and there are 13 frames in 60 ms, we need to be able to have 104 timeslots (sample). Clock
terminal counts are available in the sample count lookup table. The 256 locations of the sample count LUT
can accommodate this. 104 locations are loaded with the various slot sizes of either 177230 or 177231
clocks (307.2MHz case). In a series of 13 slots, three slots would count 177230 clocks and 10 slots would
count 177231 clocks. This pattern of terminal counts will exactly allow for a 60 ms count for 13 GSM

frames.
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The symbol counter needs to count 104 slots per 13 GSM frames, or 60 ms. The 104 locations will
account for clock count distribution among 13 GSM frames. T1, T2, and T3 counters are initialized by
software and are used to count GSM frames. Typically, the value in the Frame Count field is not used,
rather the T1, T2, T3 values are read by software. A fixed eight-symbol counter indicates a GSM frame
boundary and increments the T2/T3 counters.
Figure 7-20. GSM RADT Setup
GSM
8 slots per GSM frame
104 slots per 13 GSM frames (60mS)
Symbol Clock
- count - -
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TCsamp12 = 177230
repeat this pattern to location 103
Events are generated based on slot boundaries where there are 64 possible events per slot. The desired
event counter is programmed to be modulo64 with an index of 0. The 64-event mask is programmed to
enable the desired event pattern within the slot period. All slots for that particular event counter will have
an identical event pattern.
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Figure 7-21. GSM Maskable Events
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7.4

GSM also has another group of three timers which are increased on a GSM frame-by-frame basis. They
will be increased every time the symbol (GSM slot) counter wraps. These are the T1, T2, and T3 timers
fixed as:

 T1 = modulo 2048
e T2 =modulo 26
e T3 =modulo 51

These timers will not generate events but are readable by software. Software must initialize the T1, T2,
and T3 counters based on the current FCB received.

Sl

The SI (IQN2 System Interface) module provides a common interface between the components of an
IQN2 (i.e., AIN, AlL, and DIO) and the IQN2 buffer or IQS for both the Ingress and Egress paths. The Sl
can accommodate both 1Q data and control packets, if required, via separate interfaces. Some IQN2
components require special signals that the Sl also accommodates. Since each IQN2 component can
have different AXC capacity requirements, the Sl can be configured differently for each application.

A block diagram of an IQN2 component using the Sl and an IQN2 core component (ICC) is shown in
Figure 7-22. The AID, AIL, and DIO are all implemented in this manner. The AID is implemented with only
a standalone SI, MMRs, Shutdown Controller, and an EE module.
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Figure 7-22. IQN2 Component Block Diagram (AIL,DIO)
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NOTE: For purposes of this chapter, an IQN2 component (e.g., AlL, AID, DIO) consists of an IQN2
core component (ICC) and an accompanying Sl block. Refer to the AIL, AID, and DIO
chapters for further details on the top level block diagrams of each of these IQN2

components.

An IQN2 component has a single VBUSP configuration port that is connected to the Sl via a SCR (not
shown) so that all of the SI MMRs are located in the SlI. The IQN2 component also aggregates the EEs
from both Sl and ICC. A Shutdown Controller is also included that orchestrates a safe shutdown of all of
the blocks to support clock stop and emulation. This local Shutdown Controller is controlled by the

Shutdown Controller in the IQN2 component.

Depending on the characteristics of the IQN2 that the Sl will be used in, the PSI interfaces will connect to
either a custom buffer, or IQS. The rest of this chapter will use the term “IQN buffer (IQNB)” when
referring to the IQN2 element that connects to the SI PSI interfaces.

7.4.1 Ingress I1Q

Figure 7-23 shows a block diagram of the Sl Ingress 1Q block. It consists of an Ingress Framing Engine

(IFE) and an Ingress DMA Controller (IDC).

Figure 7-23. Sl Ingress IQ Block Diagram
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7.4.1.1 Ingress Framing Engine (IFE)

The IFE receives radio frame based streaming IQ data from the ICC that it is attached to and partitions it
into packets which are framed with an SOP and an EOP. For all radio standards except WCDMA, the
packets are OFDM Symbols or GSM Time Slots. For WCDMA, the packets are WCDMA Time Slots (i.e.,
2560 chips or 640 QWDs).

Channels are enabled or disabled by SW. The actual Channel ON/OFF activity is controlled by radio
frame timing. Once enabled via writing IQ_IFE_CHAN_CFG[N].CHAN_EN, a channel turns on when the
next SOF is received from the ICC for that channel. Once disabled, the channel turns OFF on the next
SYM/TimeSlot boundary for that channel. SW may read the ON/OFF status of each channel via
IQ_IFE_CHAN_ON_STS[N].CHAN_ON[N].

In the case of Global Disable, the channel ON/OFF behaves as if all channels are disabled and turns OFF
on the next SYM/TimeSlot boundary for each of the channels. Global Disable is initiated by an MMR write
of IQ_IFE_GLOBAL_EN_CLR_STB

In addition to tracking channel ON/OFF status, “in packet” status also is tracked. Every SOP written to the
IDC places a channel “in packet.” Every EOP written to the IDC places a channel “out of packet.”
IQ_IFE_IN_PKT_STS[ N ].IN_PKTI[N] provides this packet status. For AXC channels, IN_PKT[N] is low
for only the small period of time between the EOP and SOP. For TDD OFF channels, IN_PKT[N] is low
for the duration of all OFF symbols.

7.4.1.1.1 Radio Framing FSM

The primary purpose of the Radio Framing FSM is to break up the streaming data from the ICC into
smaller portions which make sense to the DMA system and the radio processing application SW or HW
processing modules. The streaming data is partitioned into packets framed with SOP and EOP indicators.
The packets are partitioned into OFDM Symbols, GSM Time Slots, or WCDMA Time Slots of 2560 chips
(or 640 qwd).

Figure 7-24. S|_IFE: Radio Framing FSM

)

SYM_CNT (8bit) SAMP_CNT (18bit)
symbol TC

Sample Terminal
Count LUT (18bit)
X

INDEX_CNT (8bit) |, 256 locations

index TC

Local function

SW loaded MMR

The Radio Framing FSM is used to support all channels. The IFE has a separate set of framing controls
per radio standard variant (i.e., eight total), and the Radio Framing FSM uses the set that is assigned to
the channel. The framing state of each channel is separately maintained.
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The Radio Framing FSM configuration is radio-standard specific and used for {LTE, WCDMA, WiMax, TD-
SCDMA, GSM} and their variants (e.g., LTE20Mhz, LTE10Mhz, etc.). The IFE has eight sets of framing
counter configurations to support up to eight radio standard variants. The high degree of programmability
is to satisfy all the special requirements of all the different radio standards.

The Radio Framing FSM has three fields or counters:

* SAMP_CNT: A per-channel, count down, sample counter that loads a terminal count value from the
Sample Terminal Count LUT (IQ_IFE_FRM_SAMP_TC_CFG[256].FRM_SAMP_TC) at the start of
every symbol . Since the Radio Framing FSM stores the value of
IQ_IFE_FRM_SAMP_TC_ CFG[256].FRM_SAMP_TC at the start of each symbol, SW can dynamically
change the MMR value.

* SYM_CNT: A per-channel, count up symbol counter that increments by one each time the SAMP_CNT
under flows.The state of SYM_CNT is presented to external circuits for the purpose of creating the
symbol index for the PKTDMA. The Radio Framing FSM stores the value of
IQ_IFE_FRM_TC_CFG[8].FRM_SYM_TC when it reaches the terminal count indicated by
IQ_IFE_FRM_TC_CFG[8].FRM_INDEX_TC and SAMP_CNT under flows. This provides SW with a
window where it can dynamically change FRM_SYM_TC.

* INDEX_CNT: A per-channel, count up index counter that increments by one each time the SAMP_CNT
under flows. When it reaches the terminal count indicated by
IQ_IFE_FRM_TC_CFG[8].FRM_INDEX_TC and SAMP_CNT under flows it wraps back to
IQ_IFE_FRM_TC_CFG[8].FRM_INDEX_SC. The intent is that INDEX_CNT be either identical to
SYM_CNT or wrap an even number of times within the total SYM_CNT. The INDEX_CNT is used to
index the Sample Terminal Count LUT that supplies the length of each symbol to SAMP_CNT. This
allows a set of different SYM/SLOT lengths to be supported.

* The Radio Framing FSM stores the value of IQ_IFE_FRM_TC_CFG[8].FRM_INDEX_SC and
IQ_IFE_FRM_TC_CFG[8].FRM_INDEX_TC when it reaches the terminal count indicated by
FRM_INDEX_TC and SAMP_CNT under flows. This provides SW a window where it can dynamically
change FRM_INDEX_SC and FRM_INDEX_TC.

7.4.1.1.2 TDD s upport

Two modes of TDD are supported by the Radio Framing FSM. The first is called the TDD LUT mode, and
it is controlled on a per-radio standard variant basis with a separate enable/disable control and TDD LUT
for each variant. When it is enabled via IQ_IFE_RAD_STD_CFG[8].TDD_LUT_EN, the associated 160
entry TDD LUT (IQ_IFE_TDD_EN_CFGI[8][5].TDD_EN[32]) indicates which symbols are enabled/disabled
for DMA. SYM_CNT is essentially used as an index into the TDD LUT.

The Radio Framing FSM makes use of the TDD configuration MMRs by storing the TDD_EN for the next
symbol and the value of TDD_LUT_EN when the SAMP_CNT under flows. This provides SW a window
where it can dynamically change TDD_EN and TDD_LUT_EN.

The second TDD mode is controlled on a per-channel basis via the
IQ_IFE_CHAN_CFG|N].CHAN_TDD_FRC_OFF bit. This bit forces the channel into TDD OFF regardless
of the TDD configuration of the radio standard variant the channel is assigned to (i.e., TDD_EN and
TDD_LUT_EN). The channel enters TDD-OFF on the next symbol (i.e., SAMP_CNT under flows) after
CHAN_TDD_FRC_OFF is setto a 1.

7.4.1.1.3 Multiple Radio Standard Support

The IFE can support eight simultaneous radio standard variants. These include the various standards and
their variants (i.e., LTE3Mhz and LTE5Mhz are variants of LTE).

Each AxC is associated with one of the eight possible radio standard variants via the
IQ_IFE_CHAN_CFGIN].CHAN_RADIO_SEL parameter. As an example,
IQ_IFE_CHAN_CFG[0].CHAN_RADIO_SEL is programmed to 0x0 to associate it to radio standard
variant #0.

The value of CHAN_RADIO_SEL selects the following parameters that control the framing and TDD
behavior of each AxC:
* FRM_SAMP_TC

« FRM_SYM_TC
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- FRM_INDEX_TC
. TDD_LUT_EN
- TDD_EN

7.4.1.1.4 OBSAI Control Message Support for AIL Applications

Channels can be configured to support OBSAI Control Message packets via
IQ_IFE_CHAN_CFG[N].CHAN_OBSAI_CTL, which only exist for AIL applications. Since OBSAI Control
Message packets are provided as packets by the ICC, the IFE handles these in an entirely different
manner than AxC traffic. Wherever possible, the functions that already exist for AxC traffic are overloaded
to support these messages.

7.4.1.2 Ingress DMA Controller (IDC)

The IDC receives packets from the IFE and converts them to a RX PSI format that drives the common
IQNB which is in the VBUS_CLK domain. Since the IFE operates in the SYS_CLK domain in some
applications, a clock domain crossing FIFO (CDC FIFO) is provided to interface the two clock domains.
The IDC MMRs operate in both clock domains.

7.4.1.2.1 Data Swapper

The first stage of the IDC is the Data Swapper which performs programmable endian independent data
and 1Q swapping logic on a per-channel basis. This logic is controlled by
IQ_IDC_CH_CFG[N].DAT_SWAP and IQ_IDC_CH_CFG[N].IQ_ORDER.

The internal format of the data before the data swapper is big endian since the IFE is natively big endian.
Figure 7-25 shows an example of the data swapping schemes supported by the IDC. The CPUs in the
system can be configured to operate in either big or little endian mode.

Figure 7-25. Data Swap
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Figure 7-26 shows example of the IQ swapping schemes supported by the IDC.

Figure 7-26. 1Q Swap
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7.4.1.2.2 Force off controller

The SlI_IQ can force off all of the channels or a single channel without waiting for a Symbol/TimeSlot
boundary for AXC channels or an EOP for OBSAI control channels. This feature allows channels to be
shut off in cases where the input data is abruptly lost and cannot be shut down in the normal, traffic-driven
manner.

When channels are truncated, the PktDMA can be left with “open packets” for those channels. This is a
problem, because buffers allocated in the SoC for those channels will not be available for other uses, and
also the PKTDMA will not respond to RX tear-down requests for those channels. These issues are solved
by having the Force Off Controller (FOC) close out any channels with “open packets” by generating an
EOP for the channels.

The Force Off Controller (FOC) can be configured to force off all of the channels supported by the SIl_1Q
via IQ_IDC_CFG.FRC_OFF_ALL. For AIL applications, the FOC also can be triggered to close all of the
channels when the PHY looses sync for the entire link. The FOC can be configured to allow this condition
to force off all of the channels via IQ_IDC_CFG.RM_FAIL_FRC_OFF_EN, which is only defined for AIL
applications.

The FOC can be configured to individually force off a channel via
IQ_IDC_CHAN_CFG[N].CHAN_FRC_OFF. The FOC waits until the channel is in the CHAN_OFF state
and then inserts an EOP into the PSI Staging FIFO for the channel. All packets closed in this manner are
marked as having an error and may also be dropped by the PKTDMA if
IQ_IDC_CFG.FAIL_MARK_ONLY is set to zero.

7.4.1.2.3 Rate Controller

Based on the MMR value programmed into the Rate Controller (RC), the PSI Controller throttles the
master thread ready signals to control the BW of the data sent to the IQNB. This function is required
because data from the ICC may burst into the S, suddenly requiring a large amount of bandwidth and
potentially overwhelming the IQNB.

The rate-control algorithm is based on bus utilization within a 16-clock cycle window. The RC sums the
number of active cycles (i.e., request cycles from IQNB) within this 16-clock cycle window and compares it
to the value programmed in IQ_IDC_RATE_CTL_CFG.RATE[3:0] + 1. If the number of active cycles is
greater than or equal to this value, the RC drives thread enable low, otherwise thread enable will be driven
high.

Example: IQ_IDC_RATE_CTL_CFG.RATE = 0; This MMR is programmed to the number of active cycles
allowed in the 16-clock window minus 1. A value of 0 means that the PSI Controller can only send one
transaction to the IQNB within the window. A value of 15 means that the PSI Controller can use all 16
clock cycles of the window (100% BW)

7.4.2 Egress I1Q

Egress IQ module consists of an Egress DMA Controller (EDC) and an Egress Framing Engine (EFE).
Figure 7-27 shows a block diagram of the SI Egress 1Q block.

Figure 7-27. Sl Egress 1Q Block Diagram
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7.4.2.1 Egress DMA Controller (EDC)

The EDC requests packet data from the IQNB, and it is delivered on a 128-bit slave Tx PSI interface
(Scheduler). The EFE reads this data approximately every 4-samples/chips of time for AXC channels.
Since the IQNB is operating in the VBUS clock domain (vbus_clk) and the EFE is operating in the system
clock domain ( sys_clk), a clock domain crossing FIFO (CDC FIFO) is provided.

7.4.2.1.1 PSI Error Checks

The Scheduler checks the PSI data_type and the number of PS data phases and creates an EE event (
si_ee_egr_iq_psi_data_type_err) if it detects errors. PSI data_type errors include unsupported data types
for both AXC and OBSAI Control channels, packets with no PS data for AXC channels, and packets with
extra PS data for both AXC and OBSAI Control channels.

If IQ_EDC_CFG.PSI_ERR_CHK_DISABLE is 0, the EDC scheme for handling data_type errors is to
convert the data phase with the data_type error and all subsequent data phases for the remainder of the
packet to all zeros, which is a safe value. When IQ_EDC_CFG.PSI_ERR_CHK_DISABLE is one, the
Scheduler still detects missing PS data and extracts the symbol number, which will cause the EFE to
detect a symbol error and flush the channel.

7.4.2.1.2 Data Swapper

The Data Swapper performs programmable endian independent data and 1Q swapping logic on a per-
channel basis. This logic is controlled by EDC_CH_CFG[N].DAT_SWAP and
EDC_CH_CFG[N].IQ_ORDER. The EDC swapper works in exactly the reverse order of IDC swapper.
See Section 7.4.1.2.1 for more detail.

7.4.2.1.3 Debug Support

The EDC debug support includes the following:

* 24-bit SOP counter (IQ_EDC_SOP_CNTR_STS) that increments each time the Scheduler receives an
SOP over the PSI. This counter wraps when it reaches its max. count.

» 24-bit EOP counter (IQ_EDC_EOP_CNTR_STS) that increments each time the Scheduler receives an
EOP over the PSI. This counter wraps when it reaches its max. count.

If the user can see only SOP increase without increments of EOP, it indicates there is a non-proper
configuration in the Sl or ICC.

7.4.2.2 Egress Framing Engine (EFE)

The EFE converts loosely-timed DMA data into strictly-timed data to the ICC using radio time. Micro AT
timing strobes are used as the exact timing reference. As part of the operation, the EFE exactly predicts
the DMA data packetization via the Radio Framing FSM. If packetization errors or starvation are detected,
EFE inserts zero traffic, and re-synchronizes DMA traffic to the next radio frame boundary. In a sense, the
Radio Framing FSM is the synchronization master and the DMA traffic is the slave.

The EFE can be thought of as having an input stage and an output stage. The output timing is dictated by
Micro AT timing signals, while the input stage operations are driven by the availability of buffer. The
LTE3MHz and LTE1.4MHz radio standards have packet lengths which are not always quad-word aligned
(i.e., last QWD of packet is not fully populated). The EFE concatenates these types of DMA packets to
form whole quad-words for ICC consumption.

EFE can handle both AxC and OBSAI Control packets, and channels are configured for AxC traffic when
IQ_EFE_CHAN_CFG[N].CHAN_OBSAI_CTL is 0. OBSAI Control channels that carry Ethernet frames
are configured when 1IQ_EFE_CHAN_CFG[N].CHAN_ENET_CTL and
IQ_EFE_CHAN_CFG[N].CHAN_OBSAI_CTL are both 1.

AXxC channels that carry GSM compressed mode traffic for AIL applications are treated in the same
manner as OBSAI Control channels. GSM compressed mode channels are configured on a radio standard
variant basis via IQ_EFE_RAD_STD_CFG[8].GSM_CMP_MODE.
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7.4.2.2.1 Scheduler for AID and DIO Applications

The Scheduler for AID and DIO applications consists of a Visitation Engine and a TDM LUT. The Micro
AT. The Visitation Engine can support up to eight radio standard variants simultaneously. It receives the 4-
sample strobes and frame boundary strobes for each of the radio standard variants from the Micro AT and
starts the visitation process (i.e., wakes up) when one of the 4-sample strobes fire.

The TDM LUT is a 256x8-bhit RAM where each entry consists of a 7-bit channel number
(IQ_EFE_CHAN_TDM_LUT_CFG[256].CHAN_INDEX[7]) and an enable bit
(IQ_EFE_CHAN_TDM_LUT_CFG[256].CHAN_INDEX_ENI[1]). The entries are allocated to each radio
standard variant via MMR values with the starting address in the TDM LUT for the radio standard variant
(IQ_EFE_RAD_STD_SCH_CFG[8].TDM_START) and its length
(IQ_EFE_RAD_STD_SCH_CFG[8].TDM_LEN).

The TDM LUT is configured via the VBUSP interface to the Sl. The Scheduler supports dynamic changes
to the TDM LUT, but certain rules which are outlined below must be followed.

* Adding a channel on the fly to the end of the radio standard variant LUT table:
— New channel must be in the CHAN_OFF state
— Set CHAN_INDEX_EN bit in entry that will be added
— Enable channel via IQ_EFE_CHAN_CFG[N].CHAN_EN
— Increment LUT length via IQ_EFE_RAD_STD_CFG[8].TDM_LEN

— Channel is not “in service” until it is in the CHAN_ON state. This synchronizes the addition of a new
channel to a frame boundary with an adjustment for the AxC Offset. Any visitations before
CHAN_ON state results in 0 data sent to the ICC.

e Deleting a channel on the fly:
— Disable channel via IQ_EFE_CHAN_CFG[N].CHAN_EN

— Channel is not “out of service” until it is in the CHAN_OFF state. This synchronizes the deletion of a
channel to the end of a Symbol/Time slot.

— Clear CHAN_INDEX_EN bit in LUT
» Enabling and disabling a radio standard variant

— Aradio standard variant is enabled via IQ_EFE_RAD_STD_CFG.EN. Once enabled, the visitations
start at the next SOF.

— Once a radio standard variant is disabled, the visitations will stop immediately. Therefore, it is the
responsibility of the user to ensure that all of the AxC channels associated with a radio standard
variant are in the CHAN_OFF state before it is disabled. This is accomplished by disabling each
AxC channel associated with the radio standard variant via IQ_EFE_CHAN_CFG[N].CHAN_EN
and waiting for all of the associated channels to reach the CHAN_OFF state. This can be detected
via IQ_EFE_CHAN_ON[N/32].CHAN_ON_STS.

» The position on any channel in the CHAN_ON state cannot be changed in the LUT. The channel has
to be deleted and then added. Fragmentation of the LUT table can occur when channels are deleted.
This shows up as wasted reads of the LUT table that do not result in any visitations.

7.4.2.2.2 Scheduler for AIL Applications

Largely, the SI_E AIL_PE scheduler is comprised of two independent circuits, one each for CPRI/OBSAI.
In general, there are several similar concepts in both schedules:

* PHY FSM

» Channel visitation FSM/Rule

» Bubble FSM (rate matcher)

In OBSAI operation, the OBSAI scheduler samples and holds the uAT RadT for the entire duration of the
TDM. In CPRI operation, the uAT RadT values are unused. Both OBSAI and CPRI are able to share the
TDM LUT which lists channel numbers in order of visitation. The LUT is partitioned by the user to be

shared between multiple flows within the PHY. CPRI flows are radio standards while OBSAI flows are
more generic transmission rules.
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Figure 7-28. SI_E AIL_PE Scheduler
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7.4.2.2.3 AIL_PE CPRI SI_E Scheduler

There are three different offset concepts in CPRI:

» PHY Offset: The PHY turns on when the UAT pe-fb fires. This is effectively an advanced “delta”
compare value against the BCN counter.

* Radio Standard Offset: CPRI5.0 introduces the concept of groups of AxC. AIL refers to these groups
as radio standards. The TDM & Bubble FSM of group is permitted to start at an offset relative to the
PHY frame boundary. This offset may only be whole basic frames.

* AXC Offset: This is an extension of OBSAI which is not really specified in CPRI. AIL allows every AxC
within a group to be offset relative to the Radio Standard Offset. Simplistic programming of AIL can
zero the radio and AxC offsets

Each CPRI AxC container (repeating each basic frame) is progammably mapped to a radio standard. For
rate matching radio standards such as GSM into the CPRI PHY (which is WCDMA/LTE orientated) some
stuffing samples are required. This operation is more generically called “bubble insertion.” After other
operations, CPRI visitations of AxC are simply in a TDM repeating pattern.

The TDM is implemented via a lookup table, but other circuit implementation limitations restrict the use of
this LUT to be either one entry per AxC, or bursts of consecutive entries per AxC. It is illegal to program
the LUT with multiple entries for any given AxC with other AxC interleaved between the entries. (AIF2
supported this flexible interleaving but it is illegal for IQN2.)

PE_TDM_LUT_CFG[256]: For CPRI: Used to map streams of CPRI containers to appropriate AXC. AxCs
are listed in TDM order within each group (radio standard). Different portions of LUT allocated to different
groups (radio standards). The number of TDM LUT used should be matched with the real container
number used in the AxC container group (could be multiple basic frames).

For OBSAI: AxCs are listed in TDM order per OBSAI DBMR. Different portions of LUT are allocated to
different DBMR. The number of TDM LUT used will be matched with the number of AXCs within DBMR.

PE_TDM_LUT_CFG[256].AXC: List of AXC indexes giving TDM AxC order.

PE_TDM_LUT_CFG[256].EN: Enables each entry. Disabled entries will result in OBSAI Empty Message
or CPRI empty container. LTE1.4MHz for CPRI requires disabling of certain containers and it allows only
limited BW to be used.
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7.4.2.2.4 AIL_PE OBSAI SI_E Scheduler

OBASI supports transmission rules in three parts:

e  Modulo

» Dual Bit Map

 TDM Look Up Table (shared between CPRI/OBSAI)

The implementation of the Modulo Rule Circuit is a straightforward counter-based approach. 32 different
versions of the same circuit are concurrently operating. The counter is programmed with:

* Modulo (12 bits): Modulo-1 is the terminal count.
* Index (12 bits): Indicates at which count, the circuit will enable transmission.
* En (1bit): Enables the counter (if off, output will never fire).

+ DBMR_EN (1bit): Enables Dual Bit Map as 2 " Rule stage, otherwise output will bypass the DBMR
circuit simply using the first entry from the AxC LUT.

« DatCtrl (1bit): 1'b1: only responds to AXC data msgs.; 1;b0: only responds to control msgs.

The counter simply resets to zero at each Frame boundary and increments by +1 whenever the
appropriate link and data vs. control message is active. When the counter reaches a terminal count of
(Modulo - 1) the counter wraps back to 0.

For a given link, only one Modulo rule may fire in a given cycle. It is considered a programming error for
multiple Modulo rules to fire and will yield unpredictable results. If two rules fire simultaneously both rules
may be unrecoverably corrupted until the rules are disabled, then restarted.

The Dual Bit Map Rules (DBMR) circuit is basically a counter that circularly TDM X channels. Every time
the Modulo Rule Fires, the next channel is serviced. Note that at the end of round robin TDM servicing of
X channels, a gap of xbubble messages is added. The gap is controlled by the “Bit Maps.”

The Bubble FSM consists of a state machine following the Dual Bit Map algorithm. In every state, a single
bit of either of the two “Bit Maps” indicates:

* 1'b1: after the “X” count, one additional xbubble count prior to rewinding X count
e 1'b0: after the “X” count, simple start over again

The concept of a bubble is wasted BW where an OBSAI Empty Message is sent out over the PHY in
place of productive traffic.

Table 7-6. OBSAI Dual Bit Map FSM Fields

OBSAI
Width AIL Width
Parameter Definition (bits) (bits)
X Maximum number of AxC that will fit into a given virtual link. Zero indicates one - 6
AxC
Bit_Map_1_Mult | Number of times the first bit map is repeated. Zero represents one use of bit - 8
mapl
Bit_Map_1 Value of the first Bit Map. The Bit Map is read starting from the right most (LSB) 80 128
bit. The 32bit word in the lowest address is read first.
Bit_Map_1_Size | Size of the first Bit Map (number of bits). Zero represents length of one. 7 7
Bit_Map_2 Value of the second Bit Map. The Bit Map is read starting from the right most 48 96
(LSB) bit. The 32bit word in the lowest address is read first.
Bit_Map_2_Size | Size of the second Bit Map (number of bits). Zero indicates zero length. 6 7

The algorithm is pretty simple. After every X or X+1 count, the use of the bit map is advanced by one
position. Bit_Map_1 is used Bit_Map_1 Mult times then Bit_Map_2 is used once. Then the operation is
repeated. When “using” a bit map, only a portion of the bit map is used, indicated by Bit_Map_1_Size and
Bit Map 2 Size.
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7.4.2.25 AXxC Offset

The Sl Egress supports per-channel AxC offsets. These are used to effectively shift the frame boundary of
the AXC relative to the frame boundary of the radio standard variant.

» AIL OBSAI: AXC_OFFSET is programmed in sys_clk cycles and used to compare against the RADT
provided by the Micro AT. The offset within a QWD, for each AXC channel is provided by
IQ_EFE_CHAN_CFG|N].AXC_FINE_OFFSET[2].

NOTE: AXC_FINE_OFFSET is not specified in the OBSAI standard. Configure as 0 for pure OBSAI
compliance. The AXC_FINE_OFFSET field is only defined for AIL applications.

e AIL CPRI: AXC_OFFSET is programmed in number of samples. The offset within a
QWD for each AxC channel is provided by AXC_OFFSET[1:0].

. AID/DIO: Same as AlL CPRI.

7.4.2.2.6 Channel ON/OFF

A channel may turn ON only at a radio frame boundary. A channel may turn OFF on any SYM/SLOT
boundary (SYM is an LTE/WiMax concept and SLOT is a similar GSM/WCDMA concept). For OBSAI, the
radio frame boundary for each radio standard variant is implied when the RADT_CNT for the assigned
radio standard variant from the Scheduler crosses the AxC offset value.

The CHAN_ON concept is basically IQ_EFE_CHAN_CFG[N].CHAN_EN re-timed to the frame boundary
for the radio standard variant that the channel is assigned to. IQ_EFE_CHAN_ON[N/32].CHAN_ON_STS
gives SW visibility to the CHAN_ON status. When CHAN_ON_STS is active for a channel, the EFE will
feed a constant stream of zeros to the ICC until DMA data is available.

7.4.2.2.7 DMA SYNC

The DMA SYNC concept is based on a channel being in the CHAN_ON state and synchronized to DMA

data. It only applies to AXC channels and will not be driven for OBSAI Control channels. The DMA SYNC
state is entered once a DMA SOF is detected. Once disabled via IQ_EFE_CHAN_CFG[N].CHAN_EN or
during shutdown via global_en, the channel exits the DMA SYNC state on the next SYM/SLOT boundary.
IQ_EFE_DMA_SYNC[N/32].DMA_SYNC_STS gives SW visibility to the DMA SYNC status.

Additionally, the channel exits the DMA SYNC state immediately for any flush condition. A flushed channel
will naturally go back into the DMA SYNC state on the next DMA SOF boundary. The DMA SOF occurs
on the SOP for a SYM/SLOT with the SYM/SLOT number of O for non-TDD channels or the SYM/SLOT
number matches the value in IQ_EFE_RAD_STD_CFG[8].TDD_FIRST_SYM for TDD channels.

7.4.2.2.8 Radio Framing FSM

The primary function of the Radio Framing FSM is to sequence through AxC channels at precise radio
sample instances (i.e., visitations from the Scheduler) while predicting framing conditions for each AxC
channel's data stream (i.e., SOF, SOP, EOP, and SYMBOL #).

The Radio Framing FSM configuration is radio standard specific and used for {LTE, WCDMA, WiMax, TD-
SCDMA, GSM} and their variants. The Controller has eight sets of framing counter configurations to
support up to eight radio standard variants. The high degree of programmability is to satisfy all the special
requirements of all the different radio standards. The Radio Framing FSM diagram is exactly the same as
the SI_IFE Radio Framing FSM diagram in Section 7.4.1.1.1.

The Radio Framing FSM is used for AXC channels only. A separate FSM is maintained per AxC channel
and configured via per-radio standard variant MMRs as explained below. An FSM starts on a frame
boundary when the FSM detects that the channel has gone into the CHAN_ON state.

The Radio Framing FSM has three major fields or counters:

e SAMP_CNT: A per-channel, count down, sample counter that loads a terminal count value from the
Sample Terminal Count LUT ( IQ_EFE_FRM_SAMP_TC_CFG[256].FRM_SAMP_TC) at the start of
every symbol . Since the Radio Framing FSM stores the value of
IQ_EFE_FRM_SAMP_TC_CFG[256].FRM_SAMP_TC at the start of each symbol, SW can
dynamically change the MMR value.
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* SYM_CNT: A per-channel, count up symbol counter that increments by one each time the SAMP_CNT
under flows. When it reaches the terminal count indicated by
IQ_EFE_FRM_TC_CFG[8].FRM_SYM_TC and SAMP_CNT under flows, it sends a frame boundary
strobe to external circuits and wraps back to zero (also resets the INDEX_CNT).

e The Radio Framing FSM stores the value of IQ_EFE_FRM_TC_CFG[8].FRM_SYM_TC when it
reaches the terminal count indicated by IQ_EFE_FRM_TC_ CFG[8].FRM_INDEX_TC and SAMP_CNT
under flows. This provides SW with a window where it can dynamically change FRM_SYM_TC.

» INDEX_CNT: A per-channel, count up index counter that increments by one each time the SAMP_CNT
under flows. When it reaches the terminal count indicated by
IQ_EFE_FRM_TC_CFGJ8].FRM_INDEX_TC and SAMP_CNT under flows, it wraps back to
IQ_ EFE_FRM_TC_CFG[8].FRM_INDEX_SC. The intent is that INDEX_CNT should be either identical
to SYM_CNT or wrap an even number of times within the total SYM_CNT. The INDEX_CNT is used to
index the Sample Terminal Count LUT that supplies the length of each symbol to SAMP_CNT. This
allows a set of different SYM/SLOT lengths to be supported.

» The Radio Framing FSM stores the value of IQ_EFE_FRM_TC_CFG[8].FRM_INDEX_TC and
IQ_EFE_FRM_TC_CFG[8].FRM_INDEX_TC when it reaches the terminal count indicated by
FRM_INDEX_TC and SAMP_CNT under flows. This provides SW a window where it can dynamically
change FRM_INDEX_SC and FRM_INDEX_TC.

7.4.2.29 TDD Handling

Two modes of TDD are supported by the Radio Framing FSM. The first is called the TDD LUT mode, and
it is controlled on a per-radio standard variant basis with a separate enable/disable control and TDD LUT
for each variant. When it is enabled via IQ_EFE_RAD_STD_CFG[8].TDD_LUT_EN, the associated 160
entry TDD LUT (IQ_ EFE_TDD_EN_CFGI[8][5].TDD_EN[32]) indicates which symbols are
enabled/disabled (i.e., TDD-ON/TDD-OFF) for DMA. SYM_CNT is used as an index into the TDD LUT.
The symbol number of the first enabled symbol of a radio frame for each radio standard variant when it is
in TDD mode is provided in IQ_EFE_RAD_STD_CFG[8].TDD_FIRST_SYM.

The Radio Framing FSM makes use of the TDD configuration MMRs by storing the TDD_EN for the next
symbol, the value of TDD_LUT_EN, and the value of TDD_FIRST_SYM when the SAMP_CNT under
flows. This provides SW a window where it can dynamically change these values.

The second TDD mode is controlled on a per-channel basis via the
IQ_EFE_CHAN_CFG[N].CHAN_TDD_FRC_OFF bit. This bit forces the channel into TDD OFF regardless
of the TDD configuration (i.e., TDD_EN, TDD_LUT_EN, and TDD_FIRST_SYM) of the radio standard
variant the channel is assigned to. The channel enters TDD OFF on the next symbol (i.e., SAMP_CNT
under flows) after CHAN_TDD_ FRC_OFF is set to a 1. The channel will exit TDD OFF on the next symbol
(i.e., SAMP_CNT under flows) after CHAN_TDD_FRC_OFF is setto a 0.

NOTE: Use cases for CHAN_TDD_FRC_OFF would most likely require an AT system event that
wakes up a CPU on a particular symbol to put a channel in TDD OFF on the next symbol for
a period of time. One intended use is GSM BB Hopping.

7.4.2.2.10 GSM Support (AIL Applications Only)

The Sl Egress supports GSM compressed mode on a per-radio standard variant basis via
IQ_EFE_RAD_STD_CFG[8].GSM_CMP_MODE. In this mode, the actual length of the packet received
from the SOC or IQN2 peer is less than the programmed slot length in
IQ_EFE_FRM_SAMP_TC_CFG[256].FRM_SAMP_TC. For OBSAI, the unpopulated portion of the GSM
slot is legal and replaced with OBSAI Empty Messages in the ICC. For CPRI, it is replaced with O data.

Base band hopping for AxC channel:

The Sl Egress supports GSM BB Hopping for AXC channels. In this mode, AxC traffic hops between a
group of channels on a symbol-by-symbol basis. This behavior is supported in the Radio Framing FSM in
a manner similar to how it supports TDD mode. A radio standard variant can be configured to support
GSM BB Hopping for AXC channels via IQ_EFE_RAD_STD_CFG[8].GSM_AXC_BBHOP_MODE. The
Controller sends OBSAI empty messages to the ICC for visitations to TDD-OFF symbols due to either
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CHAN_TDD_FRC_OFF or TDD_LUT_EN for both OBSAI and CPRI. Although, zero data is also sent to
the ICC for visitations to TDD-OFF symbols for AXC channels not configured for GSM BB Hopping, OBSAI
empty messages (internal signal for CPRI) are not sent. For OBSAI, this means the channel is not valid
for any AxC during the symbol time. For CPRI, the OBSAI empty message signal is delivered to ICC,
which means the zero data does not indicate the channel is valid during the symbol time.

Base band hopping for OBSAI Control channel: (OBSAI only)

The Sl Egress also supports the power control messages for GSM BB Hopping which are sent to the PE
as OBSAI Control packets. A full or partial (address only) OBSAI header is sent to the PE via protocol
specific field in descriptor header.

Ingress Control (ICTL)

The ICTL module provides a common interface between the components of an IQN2 (i.e., AID and AIL)
and the IQN2 buffer for control information for the Ingress path. The ICTL receives packets from the ICC
and converts them to a Rx PSI format that drives the common IQNB which is in the VBUS_CLK domain.
The destination of these PSI packets is the PKTDMA in IQN2.

Channels are enabled or disabled by SW. The actual Channel ON/OFF activity is controlled by ICC packet
status. Once enabled, via writing, ICTL_CHAN_EN_CFG[N].CHAN_EN, a channel turns on when the next
SOP is received from the ICC for that channel. Once disabled, the channel turns OFF on the next EOP for
that channel. SW may read the ON/OFF status of each channel via
ICTL_CHAN_ON_STS.CHAN_ON[N].The Force Off Controller (FOC) can be configured to force off all of
the channels supported by the SI ICTL via ICTL_CFG.FRC_OFF_ALL.

In addition to tracking channel ON/OFF status, “in packet” status also is tracked. Every SOP written to the
ICTL places a channel “in packet.” Every EOP written to the ICTL places a channel “out of packet.”
ICTL_IN_PKT_STS.IN_PKT[N] provides this packet status.

For AIL applications, the FOC also can be triggered to close all of the channels when the PHY looses
sync for the entire link. The FOC can be configured to allow this condition to force off all of the channels
via IQ_IDC_CFG.RM_FAIL_FRC_OFF_EN, which is only defined for AIL applications.

Global enable/disable for all ICTL channels. Disable causes all “On” channels to gracefully shutdown on
next packet EOP. This can be controlled by writing to ICTL_GLOBAL_EN_SET and
ICTL_GLOBAL_EN_CLR and read via ICTL_GLOBAL_EN_STS.

1 Rate Controller (RC)

Based on the MMR value programmed into the ICTL Rate Controller, the PSI Controller will remove/delay
master thread ready to give CTL data more or less BW. This function is required because control data
from the ICC may burst data into the ICTL thus, suddenly requiring a large amount of bandwidth and
potentially overwhelming the IQNB.

The rate control algorithm is based on bus utilization within a 16-clock cycle window. The RC sums the
number of active cycles (i.e., request cycles from IQNB) within this 16-clock cycle window and compares it
to the value programmed in ICTL_RATE_CTL_CFG.RATE[3:0] + 1. If the number of active cycles is
greater than or equal to this value, the RC will drive enable low, otherwise enable will be driven high.

Example: ICTL_RATE_CTL_CFG.RATE = 0; The percentage of BW requested would be 1/16 = 6%.

The IQN2 should not request data from the system at a rate greater than 25% to 33% (i.e., 1 out of 4
clocks to 1 out of 3 clocks) of the maximum rate supported by the VBUSM connected to IQN2. As such,
the 1Q data rate plus CTL data rate plus the rate of the normal traffic should not exceed 25% to 33% of the
maximum VBUSM rate.

2 Debug Support

The ICTL debug support includes the following:

e 24-bit SOP counter (ICTL_SOP_CNTR_STS) that increments each time the PSI Controller sends an
SOP over the PSI. This counter wraps when it reaches its max count.

* 24-bit EOP counter (ICTL_EOP_CNTR_STS) that increments each time the PSI Controller sends an
EOP over the PSI. This counter wraps when it reaches its max count.
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7.4.4 Egress Control (ECTL)

The ECTL module provides a common interface between the components of an IQN2 (i.e., AID and AlL)
and the IQN2 buffer (IQNB) for control information for the Egress path. The ECTL requests Control Data
via the IQNB and it is delivered on a 128-bit slave Tx PSI interface (Scheduler). The packet data and
associated sideband information (e.g., SOP, EOP) are stored in the Data Buffer.

Channels are enabled or disabled by SW. The actual Channel ON/OFF activity is controlled by ICC packet
status. Once enabled, via writing ECTL_CHAN_CFG[N].CHAN_EN, a channel turns on immediately.
Once disabled, the channel turns OFF on the next EOP sent to the ICC for that channel or immediately if
the channel is not in packet.

In addition to tracking channel ON/OFF status, “in packet” status also is tracked. Every valid SOP to the
ECTL places a channel “in packet.” Every EOP to the ECTL places a channel “out of packet.”
ECTL_IN_PKT_STS.IN_PKT[N] provides this packet status.

Global enable/disable for all ECTL channels. Disable causes all “On” channels to gracefully shutdown on
next packet EOP. This is an internal register whose state can be changed by writes to ECTL
_GLOBAL_EN_SET and ECTL _GLOBAL_EN_CLR and read via ECTL _GLOBAL_EN_STS.

7.4.4.1 Rate Controller

Based on the MMR value programmed into the ECTL Rate Controller via ECTL_RATE_CTL_CFG, the
Scheduler will remove/delay slave thread ready to give the ECTL data more or less BW.

7.4.4.2 DB Threshold Setup

The per-channel data available indication is based on either an EOP present in the Data Buffer or the
threshold value programmed in the per-channel ECTL_DB_THOLD_CFG[N] register. (N = 0~ 15 for AID
and 0 ~ 3 for AIL)

Examplel: ECTL_DB_THOLD_CFGJ[0] = 0 (default) The Data Buffer indicates data available for channel
“0” if there is any data in the buffer.

Example2: ECTL_DB_THOLD_CFGJ[2] = 1 The Data Buffer indicates data available for channel “2” once
the threshold of “2” Quad Words of data in the buffer is reached and the buffer does not go empty or there
is an EOP in the buffer for channel 2.

Example3: ECTL_DB_THOLD_CFGJ[2] = 3 The Data Buffer indicates data available for channel “2” once
the threshold of “4” Quad Words of data in the buffer is reached and the buffer does not go empty or there
is an EOP in the buffer for channel 2.

7.4.4.3 Debug Support

7.4.5

The EDC debug support includes the following:

e 24-bit SOP counter (ECTL_SOP_CNTR_STS) that increments each time the Scheduler receives an
SOP over the PSI. This counter wraps when it reaches its max. count.

* 24-bit EOP counter (ECTL_EOP_CNTR_STS) that increments each time the Scheduler receives an
EOP over the PSI. This counter wraps when it reaches its max. count.

Micro AT (UAT)

The Micro AT (UAT) generates local timing information in radio time in the form of programmable strobes,
typically frame strobes or four sample strobes. The uAT has a base timer (BCN) and radio timers. Strobes
are generated based on these timers. The uAT BCN is synchronized to a master AT by capturing the uAT
BCN upon receiving MstSIvSync from the AT master. This value is used by software to determine what
offset should be applied to the free-running BCN so adjusted BCN_CNT value can be provided, which will
be used in Delta by the TM as well as having an accurate time reference for generating strobes. The
RADTSs operate in the same fashion as BCN and have offsets programmed by SW to get true reference
time for generating strobes.

The programmer will understand that the timing of the MstSIvSync is based on AT BCN time and program
all offsets to BCN or RADTSs according to the sync capture value which is captured offset BCN value.
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Pl Capture and Rp3-01 Capture are also captured offset BCN values upon their respective capture
strobes. Also, frame boundary signal is used to qualify the captured offset BCN for Pl checking.

A Pi window is set by software in two registers, one for Pi max. and one for Pi min. An error interrupt will
be generated when the captured Pi BCN is outside of that window. The uat_pi_bcn_capture_sts MMR
also has a field, kchar_position that captures if the k-character was received on the upper or lower
received byte.

Rp3-01 capture happens when the UAT is strobed by the AIL PD. The PD has an interrupt
pd_ee rp3_01 capture_info. When this interrupt occurs, the rp3-01 capture register may be read by SW.

There are 22 RADT events which are enabled by the uAT to handle up to eight different radio standards
simultaneously and drive the Sl ingress, Sl egress, DIO ingress, and DIO egress.

Different strobes based on BCN or RADTSs are generated for different applications. The two applications
described here are for AIL and for AID/DIO. AIL will be BCN-based for CPRI and both BCN and RADTSs
will be used for OBSAI. AID/DIO will be radio time based.

Procedure for uAT startup:

* SW sets up the IQN2 AT.

» SW writes all uUAT RADT, BCN and event timer terminal counts.

» AT is started.

e The UAT run bit is set by SW in the uat_cfg MMR to start up the UAT.

* When a sync is received from the AT after a frame boundary, SW may be alerted by an AT frame
boundary event.

» The timer values for RADTs and BCN will be captured by hardware and read by SW.
* SW will then adjust the RADTs and BCN offsets to adjust these timers based on the captured values.

e The targets of uUAT may then enable the use of UAT outputs, like the frame boundary and four sample
strobes as well as BCN and RADT values.

For the AIL application, SW may write a new value to the BCN frame counter at any time depending on
system frame BFN information received outside of uAT, because the original frame counter might not be
matched with BFN number from outside when the BCN counter updated by offset register setup.
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Figure 7-29. uAT Block Diagram
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AID/DIO only

Micro AT event is generated by setting a compare register to compare with the RADT or BCN offset-
adjusted count. The compare value is used for frame boundary strobes. That means users can add frame
level offset by using this register. This also can be done by updating BCN or RADT offset registers. It is
the user’s responsibility to match master AT RADT offset with uUAT RADT offset.

AID/DIO also have 4-sample strobes which will be triggered on its associated frame strobe (FRM_STB)
and use a counter to generate a 4-sample strobe. Each radio time strobe event generator FRM/4SAMP
will be associated with one RADT. The event generator 0 to 7 drive
UAT_EGR_FRM_EVT/UAT_EGR_4SAMP_EVT. Event generators 8 to 15 drive
UAT_ING_FRM_EVT/UAT_ING_4SAMP_EVT (AID only).

Event generator 16 to 18 drive UAT_DIO_EGR_FRM_EVT/UAT_DIO_EGR_4SAMP_EVT. Event
generator 19 to 21 drive UAT_DIO_ING_FRM_EVT/UAT_DIO_ING_4SAMP_EVT. These events only
used for DIO (DIO engine control) and it could be 4, 8, 16 sample event depending on CLK_CNT setup.

AIL has three frame level internal strobe like UAT_RT_FB_STB, UAT_PE_FB_STB, UAT_TM_FB_STB
and these strobes are matched with pel, pe2, and delta strobe in AlIF2.

AIL CPRI: Use BCN timer only. No RADT event is required.
AIL OBSAI: Use BCN and 8RADT timers. No RADT event is required.
AID: Use BCN and 8RADT timers. The first 16 RADT events are used.

DIO: Use BCN, 8RADT(for Sl egress only) and three DIO RADT timers. Eight RADT events and six DIO
RADT events are used.
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75 AID
7.5.1 Overview
The IQN2 AID interfaces to a DFE module via the AID/DFE interface. The Ingress block accepts UL data
from the DFE and partitions the frames it receives into packets (e.g., symbols for LTE or eight quad-word
packets for DIO). It sends the symbol based traffic to the IQN2 PKTDMA or DIO traffic to IQN2 DIO via a
master PKTDMA PSI interface. The Egress block usually reads DL data from system memory or IQN2
DIO via a slave PKTDMA PSl interface and paces the data delivery to the DFE to a 4-sample (chip) strobe
from AID uAT RADT.
75.2 Sl
The AID function is a pre-processor or post-processor plus DMA interface for the DFE module. Essentially
all other major sub-system of IQN2 {AIL, AID, DIO} also require nearly the identical function. As an
implementation and user simplification this common functionality is define as Sl (system interface) and
implemented as a reusable module. The re-use module overlays all the functionality between all the use
scenarios and is implemented with parameterized number of channels. In effect, the SI and AID are one-
and-the-same. all HW detail about S| are already described in Section 7.4.
See the DFE User Guide for more details about DFE functionality and see the DFE LLD example code for
AID ingress micro AT event compare value setup.
7.6 AIL (Antenna Interface CPRI/OBSAI Link)
The IQN2 AIL interfaces to a Radio module via either of CPRI or OBSAI protocol.The interface to the
overall IQN2 subsystem is done via a reuse module, Sl. All major IQN2 building block components use Sl
as the interface into the IQN2 switching infrastructure, 1QS. Figure 7-30 shows important submodules
within AlL.
Figure 7-30. AIL Block Diagram
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7.6.1 Re-synchronization

Through programming errors, bad input timing, or startup conditions, failed timing between IQN2
submodules can exist. In these cases, error handling mechanisms activate to flush and reset submodules
allowing them to attempt re-synchronization at the next available time.

7.6.1.1 TM Re-synchronization

The TM Fail mechanism provides a means for the IQN2 AIL IP Block to initialize traffic flow transmitted on
each of the AIL links. The Tx Mac block determines the synchronization status for the antenna interface
and either initiates or does not initiate a TM Fail condition for the link. The TM Fail condition is used by
other blocks within AIL to re-synchronize the data path. Re-synchronization occurs on the next 10 ms
frame boundary.

Even if the frame is failed in mid-frame, the rest of the current frame is transmitted as an empty frame. An
empty frame contains:
+ OBSAI
— Correctly placed K28.5 & K28.7 framing characters
— Empty messages (defined as all 1s in address and Os elsewhere)
 CPRI
— Correctly placed K28.5 framing characters
— Correctly Sync & Timing CPRI Control Words
— Correctly L1 Inband Protocol control word
— Zero for antenna carrier data and other control words

7.6.1.2 RT Re-synchronization

The RT is an aggregation point between the PHY received data path and the PE output path. Ultimately,
the RT is feeding the TM. There are basically three static modes for RT:

e PE only (no RM)

e RM only (no PE)

* PE & RM aggregation

On each PHY frame boundary, the RT attempts to merge the timing of the two possible sources of data.
This is accomplished by stalling both RM/CI and PE data streams until a JIT (Just In Time) moment

indicated by the uAT RT_FB strobe. Once RT_FB fires, the RT performs its aggregation operation and
transfers data to the CO/TM.

The RT FIFO (buffers data from the CI/RM) operation is affected by sync. In sync/re-sync operations, the
FIFO is always primed with SOF. A circuit feeding the FIFO will drop-on-the-floor entries until an SOF is
received. RT FIFO overflow or TM_RESYNC initiate this FIFO re-sync operation.

7.6.1.3 PE/SI_EGR Re-synchronization

The PE SIE_Scheduler is the master FSM for PE operation. The FSM is PHY frame orientated where the
link rate is taken from the global MMR so that incorrect programming is not possible. The FSM starts and
stops on PHY frame boundaries, so only full PHY framing is possible. The uAT PE_FB strobe starts the
construction of PE PHY frames.

Internally, PE operations continue regardless of consumption by RT from the PE/RT FIFO. Internal PE
operations are exactly controlled by the PHY FSM. Sync to the PHY is achieved through the PE/RT FIFO
where RT control the read timing of the FIFO, in particular it controls the timed use of SOF.

When PE receives a RT_PE_RESYNC, PE flushes the PE/RT FIFO and drops-on-the-floor, all FIFO
writes until the next SOF.
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7.6.2 AIL Protocol Layer, PD, PE CPRI AxC

CPRI packing method 3 specifies the formula of inserting valid AxC samples and zeros (bubbles or
stuffing samples) for purpose of rate matching. The following sections describes how PD, PE controls
each step for this operation.

7.6.2.1 CPRI Radio Standard Offset

Figure 7-31. CPRI Radio Standard Offset
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CPRI specifies the concept of a Radio Standard being offset relative to the PHY frame boundary.
Particularly for GSM “networking” cases, the Radio Frame is not aligned to the CPRI PHY frame. With this
requirement, AIL generalizes the Radio Frame offset concept.

The AIL implementation of radio frame offsets is an enable, offset, and length. The
CPRI_RADSTD_CFG[8].EN will trigger the radio standard to turn ON for the beginning of basic frame
when CPRI_RADSTD1_CFG[8].HFRM_OFFSET, CPRI_RADSTD1_CFG[8].BFRM_OFFSET is reached.
In cases such as GSM when the radio standard is longer than 10 ms, the SW must take care to enable
the radio standard at the appropriate time. In order to do that, the correct 10 ms PHY frame boundary is
used as a reference. (The HW does a simple comparison to the concatenated HF_CNT, BF_CNT without
first waiting for a PHY frame boundary.)

A Radio Standard turns OFF immediately when CPRI_RADSTD_CFGJ8].EN is disabled. In the case of
AIL_PD usage, the radio standard turns OFF immediately when the RM indicates that the PHY has gone
down. When in the OFF state, the PD halts all traffic for the effected channels while the PE processes
zero traffic.

AIL supports both a Radio Standard Offset defined by HFRM_OFFSET & BFRM_OFFSET and an offset
for each individual AIL channel defined by AXC_offset. The concept of an individual AxC offset is not
contained within the CPRI standard, and as such it is expected that most users will program AxC_offset to
zero. When used, the AXC offset is relative to the Radio Frame Boundary and not the PHY frame
boundary.

7.6.2.2 PD, PE CPRI AxC: Map to AXC Group

The first stage is a simple LUT which maps the AxC Container index to an AxC group. The AxC group
should be considered to be one of the eight supported radio standards.

For PD, the AIL_PHY_Cl is providing a Basi