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1
Introduction
To enable DL FET, an ACK message needs to be transmitted to NodeB on UL. One approach to send UL ACK for DL FET is to TDM ACK over the UL DPCCH channel. In [1], a proposal to dedicate 3 bit fields in UL DPCCH slot format for TFCI/NACK/ACK is introduced using smaller codebook size for TFCI and BPSK signalling for NACK/ACK. In this contribution, the performance this scheme along with asymmetric BPSCK signalling for ACK is evaluated. 
2
UL TDM ACK design
Figure 1 shows a schematic diagram of UL TDM ACK carried over DPCCH channel. In this scheme, DPCCH slot format consists of 5 pilot fields, 2 TPC, and 3 bits reserved for TFCI, NACK, or ACK. The first 7 slots are dedicated to TFCI, and starting from the 8th slot, NACK or ACK are sent instead of TFCI information.

Asymmetric BPSK signalling can be used for NACK/ACK. In other words, the ACK message can be sent at higher power offset to allow for some degree of control of probability of missed detection. In many case, a different offset for ACK field may not be needed, yet allowing for this flexibility provides a better degree to control performance of ACK signalling. 


[image: image1]
Figure 1: UL TDM ACK carried over DPCCH.  TFCI and NACK bits are sent at pilot level, while ACK uses asymmetric BPSK and may be sent at higher power offset with respect to pilot.

3
Simulation Setup

 Table 1 summarizes simulation setup in this evaluation.  The simulation setup is based on the setting of Option 1 for FET along with ACK Option 3 in [2], with a modification of using asymmetric BPSK instead of BPSK . Two cases are studied in these simulations where per-NACK false ACK alarms of 3e-4 and 1e-3 targets are targeted. Using DL FET statistics, a per-NACK false alarm of 3e-4 results in an overall false alarm rate not exceeding 1e-3. A per-NACK false alarm of 1e-3 is also studied, which is relevant with less number of FET attempts, since with fewer number of ACK messages, for example when 3 ACKs are allowed instead of 10, the overall false ACK alarm is still reasonably small compared to BLER target of 1%.
Table 1: Simulation Setup

	UL DPDCH
	Repeated twice with 10ms TTI

	UL DPCCH slot format
	5 pilots, 2 TPC, 3 TFCI/NACK/ACK

	BLER Target Slot
	15

	BLER Target
	15%

	Final BLER Target at 20ms
	1%

	Channels
	ITU PA3, PB3, VA30, VA120

	Traffic 
	AMR 12.2Kbps

	DL ACK Pmiss
	15%

	DL/UL Control channels termination
	As soon as UL decodes at NodeB + 2 slots delay for DL ACK

	FET opportunity
	Every slot starting slot 9

	ACK delay
	2 slots

	Target per-NACK false ACK alarm rate 
	3e-4 and 1e-3

	FET Attempts
	Every slot beginning slot 9


4
Overview of simulation results
Table 2 and Table 3 show a summary of performance results for single-link and two-link soft-hand-off for ACK power offset of 2dB in single link, and 4dB in soft handover. A per-NACK false ACK alarm of 3e-4 is targeted in these simulations, and based on DL FET statistics, we observe that final overall false ACK alarm is below 0.1% in all cases. 
Table 2 and Table 3 show that the missed detection probability is less than 7% in all cases, while per TTI (overall) false alarm probability is controlled below 0.1%. It is also shown that a link gain of 2.15 to 2.43dB in single-link with the 2dB ACK offset, and a gain of 0.56 to 1.02dB in soft-hand-over is attainable with TDM ACK. Given that the maximum FET gain in UL without ACK overhead is about 2.54dB, these results show that TDM ACK provides acceptable performance at negligible link loss.  

Table 2:  Single link performance of TDM ACK carried over UL DPCCH channel for AMR 12.2kbps, target Per-NACK false alarm= 3e-4, ACK offset = 2dB, max FET gain is 2.54dB
	Channel
	Packet Type
	Bler at Slot 15
	Final BLER at Slot 30
	TFCI Error Rate
	Per NACK False Alarm Rate
	Overall False Alarm Rate
	Miss Detection Rate
	Average Received Ec/No (dB)
	Average Ec/No dB gain vs Legacy R99

	PA3
	FULL
	0.1501
	0.0012
	0.0007
	0
	0
	0.015
	
	

	PA3
	SID
	0.1501
	0.0018
	0.0007
	0
	0
	0.0089
	-21.0146
	2.31365

	PB3
	FULL
	0.1501
	0.0015
	0.0004
	0.0001
	0.0003
	0.0197
	
	

	PB3
	SID
	0.1501
	0.0023
	0.0008
	0
	0.0001
	0.0129
	-20.741
	2.43421

	VA30
	FULL
	0.1501
	0.0045
	0.0038
	0.0001
	0.0004
	0.0336
	
	

	VA30
	SID
	0.1501
	0.0044
	0.0032
	0.0001
	0.0002
	0.0251
	-20.2786
	2.15242

	VA120
	FULL
	0.1501
	0.0019
	0.0012
	0.0003
	0.001
	0.0699
	
	

	VA120
	SID
	0.1501
	0.0023
	0.0011
	0.0003
	0.0009
	0.0576
	-19.9164
	2.30014


Table 3: Two link SHO performance of TDM ACK carried over UL DPCCH channel for AMR 12.2kbps - Target Per-NACK false alarm= 3e-4, ACK offset = 4dB, max FET gain 1.16-1.30dB

	Channel
	Packet Type
	Bler at Slot 15
	Final BLER at Slot 30
	TFCI Error Rate per Link
	Per NACK False Alarm Rate
	Overall False Alarm Rate per Link
	Miss Detection Rate per Link
	Average Received Ec/No (dB) per Link
	Average Ec/No dB gain vs Legacy R99

	PA3
	FULL
	0.152
	0.0024
	0.02
	0.0003
	0.001
	0.0654
	
	

	PA3
	SID
	0.1521
	0.0034
	0.0211
	0.0001
	0.0005
	0.0566
	-21.1525
	0.56993

	PB3
	FULL
	0.153
	0.0047
	0.0067
	0.0002
	0.0006
	0.0288
	
	

	PB3
	SID
	0.1538
	0.0056
	0.0064
	0
	0
	0.0256
	-20.6122
	1.02836

	VA30
	FULL
	0.1538
	0.0056
	0.0112
	0.0004
	0.0013
	0.0342
	
	

	VA30
	SID
	0.1538
	0.0066
	0.0094
	0
	0
	0.0314
	-20.2988
	0.95382

	VA120
	FULL
	0.1538
	0.005
	0.0052
	0
	0
	0.051
	
	

	VA120
	SID
	0.155
	0.0063
	0.0073
	0
	0
	0.0498
	-19.6002
	0.85395


More detailed sweep of ACK performance for various power offsets are listed in the appendix. 
5
Conclusion

The performance of TDM ACK and early TFCI encoding are evaluated.  With an asymmetric BPSK signalling for ACK message, it is shown that performance of ACK message can be well controlled in both single link and two-link SHO scenarios, and a missed detection of less than 7% is achieved with overall false ACK alarm rate of 0.1%, in the extreme case of ACK opportunity at every slot beyond slot 9. In addition, the link loss due to extra overhead to signal the ACK message is insignificant.
Proposal: TDM ACK and early TFCI carried over UL DPCCH are adopted for signalling ACK for DL FET.
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Appendix

This appendix shows performance results for single-link and two-link scenarios for various ACK power offsets and target per-NACK false alarms. 
Target per-NACK false ACK alarm of 3e-4
Table 4 and Table 5 show performance for single-link scenarios, with target per-NACK false alarm rate of 3e-4, and Table 6 Table 7 show similar performance for the two-link SHO scenario. As can be seen in these tables, in all cases the overall false ACK alarm rate is below 0.1%. A power offset between 0-4 dB appears to be sufficient to guarantee acceptable performance for Pmiss in both single-link and soft-handover.
Table 4:  Single link performance of TDM ACK carried over UL DPCCH channel for AMR 12.2kbps FULL packet – Target Per-NACK false alarm = 3e-4

	Channel
	Packet Type
	Bler at Slot 15
	Average Ec/Nt dB Received
	Average Ecp/Nt dB Target
	TFCI Error Rate
	TPC Error Rate
	Per NACK False Alarm Rate
	Overall False Alarm Rate
	Miss De-tection Rate
	ACK boost offset (dB)

	PA3
	FULL
	0.15
	-19.177
	-20.8674
	0.0004
	0.0293
	0
	0.0001
	0.8363
	-6

	PB3
	FULL
	0.15
	-18.9652
	-20.5178
	0.0003
	0.0443
	0
	0.0001
	0.8352
	-6

	VA30
	FULL
	0.15
	-18.6272
	-20.1454
	0.0021
	0.0534
	0.0001
	0.0003
	0.8255
	-6

	VA120
	FULL
	0.15
	-18.1715
	-19.7147
	0.0009
	0.0658
	0.0003
	0.001
	0.8271
	-6

	PA3
	FULL
	0.15
	-19.1528
	-20.8676
	0.0004
	0.0293
	0
	0.0001
	0.5945
	-3

	PB3
	FULL
	0.15
	-18.9411
	-20.5183
	0.0003
	0.0443
	0
	0.0001
	0.5915
	-3

	VA30
	FULL
	0.15
	-18.604
	-20.1466
	0.0022
	0.0534
	0.0001
	0.0003
	0.5755
	-3

	VA120
	FULL
	0.15
	-18.1468
	-19.7144
	0.0009
	0.0658
	0.0003
	0.001
	0.5861
	-3

	PA3
	FULL
	0.15
	-19.068
	-20.8639
	0.0004
	0.0293
	0
	0.0001
	0.1482
	0

	PB3
	FULL
	0.15
	-18.8924
	-20.518
	0.0003
	0.0443
	0
	0.0002
	0.1562
	0

	VA30
	FULL
	0.15
	-18.5576
	-20.1485
	0.0022
	0.0535
	0.0001
	0.0003
	0.1742
	0

	VA120
	FULL
	0.15
	-18.0982
	-19.7149
	0.0009
	0.0658
	0.0003
	0.001
	0.2209
	0

	PA3
	FULL
	0.15
	-18.9745
	-20.8658
	0.0004
	0.0293
	0
	0.0001
	0.0032
	3

	PB3
	FULL
	0.15
	-18.7956
	-20.5176
	0.0003
	0.0443
	0
	0.0001
	0.0053
	3

	VA30
	FULL
	0.15
	-18.4634
	-20.148
	0.0022
	0.0535
	0.0001
	0.0004
	0.0157
	3

	VA120
	FULL
	0.15
	-18.002
	-19.7142
	0.0009
	0.0658
	0.0003
	0.001
	0.0385
	3

	PA3
	FULL
	0.15
	-18.79
	-20.8632
	0.0004
	0.0294
	0
	0.0001
	0
	6

	PB3
	FULL
	0.15
	-18.608
	-20.5153
	0.0003
	0.0443
	0
	0.0002
	0.0001
	6

	VA30
	FULL
	0.15
	-18.2784
	-20.1442
	0.0022
	0.0534
	0.0001
	0.0004
	0.0008
	6

	VA120
	FULL
	0.15
	-17.8151
	-19.7133
	0.0009
	0.0657
	0.0003
	0.001
	0.0054
	6

	PA3
	FULL
	0.15
	-18.3978
	-20.8526
	0.0005
	0.0293
	0
	0
	0
	9

	PB3
	FULL
	0.15
	-18.2565
	-20.5096
	0.0003
	0.0441
	0
	0.0001
	0
	9

	VA30
	FULL
	0.15
	-17.9324
	-20.1399
	0.0021
	0.0533
	0.0001
	0.0004
	0.0001
	9

	VA120
	FULL
	0.15
	-17.4615
	-19.7081
	0.0009
	0.0656
	0.0003
	0.001
	0.001
	9


Table 5:  Single link performance of TDM ACK carried over UL DPCCH channel for AMR 12.2kbps SID packet - Target Per-NACK false alarm = 3e-4

	Channel
	Packet Type
	Bler at Slot 15
	Average Ec/Nt dB Received
	Average Ecp/Nt dB Target
	TFCI Error Rate
	TPC Error Rate
	Per NACK False Alarm Rate
	Overall False Alarm Rate
	Miss De-tection Rate
	ACK boost offset (dB)

	PA3
	SID
	0.15
	-22.4039
	-20.3293
	0.0007
	0.0211
	0
	0.0001
	0.8057
	-6

	PB3
	SID
	0.15
	-22.1406
	-20.0568
	0.0006
	0.0337
	0
	0.0001
	0.8072
	-6

	VA30
	SID
	0.15
	-21.8176
	-19.7152
	0.0019
	0.0441
	0.0001
	0.0003
	0.797
	-6

	VA120
	SID
	0.15
	-21.408
	-19.3173
	0.0011
	0.0568
	0.0003
	0.001
	0.7992
	-6

	PA3
	SID
	0.15
	-22.3496
	-20.3299
	0.0007
	0.0211
	0
	0.0001
	0.531
	-3

	PB3
	SID
	0.15
	-22.0853
	-20.0578
	0.0006
	0.0337
	0
	0.0001
	0.5332
	-3

	VA30
	SID
	0.15
	-21.7633
	-19.716
	0.0019
	0.0441
	0.0001
	0.0003
	0.519
	-3

	VA120
	SID
	0.15
	-21.3517
	-19.3163
	0.0011
	0.0568
	0.0003
	0.001
	0.5359
	-3

	PA3
	SID
	0.15
	-22.2412
	-20.3299
	0.0007
	0.0211
	0
	0.0001
	0.1058
	0

	PB3
	SID
	0.15
	-21.976
	-20.0574
	0.0006
	0.0337
	0
	0.0001
	0.1149
	0

	VA30
	SID
	0.15
	-21.656
	-19.7156
	0.0019
	0.0441
	0.0001
	0.0003
	0.1387
	0

	VA120
	SID
	0.15
	-21.2432
	-19.3167
	0.001
	0.0568
	0.0003
	0.001
	0.1835
	0

	PA3
	SID
	0.15
	-22.0352
	-20.3295
	0.0007
	0.0211
	0
	0.0001
	0.0014
	3

	PB3
	SID
	0.15
	-21.7678
	-20.0607
	0.0006
	0.0337
	0
	0.0001
	0.0027
	3

	VA30
	SID
	0.15
	-21.4508
	-19.7176
	0.0019
	0.0441
	0.0001
	0.0003
	0.0101
	3

	VA120
	SID
	0.15
	-21.0332
	-19.3173
	0.0011
	0.0568
	0.0003
	0.001
	0.0289
	3

	PA3
	SID
	0.15
	-21.6534
	-20.332
	0.0008
	0.0212
	0
	0.0001
	0
	6

	PB3
	SID
	0.15
	-21.3761
	-20.0602
	0.0007
	0.0337
	0
	0.0001
	0
	6

	VA30
	SID
	0.15
	-21.0664
	-19.7175
	0.0019
	0.044
	0.0001
	0.0003
	0.0005
	6

	VA120
	SID
	0.15
	-20.6419
	-19.3193
	0.0011
	0.0569
	0.0003
	0.001
	0.0039
	6

	PA3
	SID
	0.15
	-20.9777
	-20.3283
	0.0008
	0.0213
	0
	0.0001
	0
	9

	PB3
	SID
	0.15
	-20.6863
	-20.0535
	0.0006
	0.0337
	0
	0.0001
	0
	9

	VA30
	SID
	0.15
	-20.387
	-19.7124
	0.0019
	0.044
	0.0001
	0.0004
	0.0001
	9

	VA120
	SID
	0.15
	-19.9531
	-19.3175
	0.0011
	0.0569
	0.0003
	0.001
	0.0008
	9


Table 6: Two-link SHO performance of TDM ACK carried over UL DPCCH channel for AMR 12.2kbps FULL packet - Target Per-NACK false alarm = 3e-4

	Channel
	Packet Type
	Bler at Slot 15
	Average Ec/Nt dB Received per Link
	Average Ecp/Nt dB Target
	TFCI Error Rate per Link
	TPC Error Rate per Link
	Per NACK False Alarm Rate
	Overall False Alarm Rate per Link
	Miss De-tection Rate per Link
	ACK boost offset (dB)

	PA3
	FULL
	0.15
	-20.9096
	-22.5259
	0.0209
	0.0789
	0.0003
	0.001
	0.9228
	-6

	PB3
	FULL
	0.15
	-19.9034
	-21.4572
	0.005
	0.077
	0.0001
	0.0003
	0.9172
	-6

	VA30
	FULL
	0.15
	-19.6387
	-21.1485
	0.0066
	0.0788
	0.0001
	0.0004
	0.9129
	-6

	VA120
	FULL
	0.15
	-18.9257
	-20.4793
	0.0024
	0.0816
	0.0002
	0.0006
	0.9108
	-6

	PA3
	FULL
	0.15
	-20.8859
	-22.527
	0.0209
	0.0789
	0.0003
	0.001
	0.7828
	-3

	PB3
	FULL
	0.15
	-19.8789
	-21.4578
	0.005
	0.077
	0.0001
	0.0003
	0.7613
	-3

	VA30
	FULL
	0.15
	-19.6139
	-21.148
	0.0066
	0.0788
	0.0001
	0.0004
	0.7456
	-3

	VA120
	FULL
	0.15
	-18.9012
	-20.4789
	0.0023
	0.0816
	0.0002
	0.0006
	0.738
	-3

	PA3
	FULL
	0.15
	-20.8373
	-22.5265
	0.0209
	0.0789
	0.0003
	0.001
	0.395
	0

	PB3
	FULL
	0.15
	-19.831
	-21.4598
	0.005
	0.077
	0.0001
	0.0003
	0.3458
	0

	VA30
	FULL
	0.15
	-19.5666
	-21.15
	0.0065
	0.0789
	0.0001
	0.0004
	0.3412
	0

	VA120
	FULL
	0.15
	-18.8522
	-20.4783
	0.0024
	0.0816
	0.0002
	0.0006
	0.3536
	0

	PA3
	FULL
	0.15
	-20.7192
	-22.5195
	0.0209
	0.079
	0.0003
	0.001
	0.0897
	3

	PB3
	FULL
	0.15
	-19.7345
	-21.4595
	0.0049
	0.077
	0.0001
	0.0003
	0.0474
	3

	VA30
	FULL
	0.15
	-19.472
	-21.1513
	0.0065
	0.0788
	0.0001
	0.0004
	0.0567
	3

	VA120
	FULL
	0.1501
	-18.7513
	-20.4751
	0.0024
	0.0815
	0.0002
	0.0007
	0.0762
	3

	PA3
	FULL
	0.15
	-20.5411
	-22.5257
	0.0209
	0.079
	0.0003
	0.001
	0.0185
	6

	PB3
	FULL
	0.15
	-19.5479
	-21.4578
	0.0049
	0.077
	0.0001
	0.0003
	0.0033
	6

	VA30
	FULL
	0.15
	-19.2855
	-21.1514
	0.0065
	0.0788
	0.0001
	0.0004
	0.0051
	6

	VA120
	FULL
	0.15
	-18.569
	-20.4761
	0.0024
	0.0816
	0.0002
	0.0006
	0.0108
	6

	PA3
	FULL
	0.15
	-20.1963
	-22.5229
	0.0209
	0.079
	0.0003
	0.001
	0.0052
	9

	PB3
	FULL
	0.15
	-19.1928
	-21.4503
	0.0048
	0.0769
	0.0001
	0.0003
	0.0003
	9

	VA30
	FULL
	0.15
	-18.9301
	-21.1396
	0.0064
	0.0785
	0.0001
	0.0004
	0.0006
	9

	VA120
	FULL
	0.15
	-18.2149
	-20.4686
	0.0024
	0.0813
	0.0002
	0.0006
	0.0019
	9


Table 7: Two-link SHO performance of TDM ACK carried over UL DPCCH channel for AMR 12.2kbps SID packet - Target Per-NACK false alarm = 3e-4

	Channel
	Packet Type
	Bler at Slot 15
	Average Ec/Nt dB Received per Link
	Average Ecp/Nt dB Target
	TFCI Error Rate per Link
	TPC Error Rate per Link
	Per NACK False Alarm Rate
	Overall False Alarm Rate per Link
	Miss De-tection Rate per Link
	ACK boost offset (dB)

	PA3
	SID
	0.15
	-24.1624
	-22.1064
	0.0182
	0.0694
	0.0003
	0.001
	0.9006
	-6

	PB3
	SID
	0.15
	-23.1977
	-21.1255
	0.0044
	0.0669
	0.0001
	0.0003
	0.8941
	-6

	VA30
	SID
	0.15
	-22.9419
	-20.8407
	0.0055
	0.0704
	0.0001
	0.0004
	0.8887
	-6

	VA120
	SID
	0.15
	-22.314
	-20.2374
	0.0023
	0.0752
	0.0002
	0.0007
	0.8882
	-6

	PA3
	SID
	0.15
	-24.1069
	-22.1063
	0.0182
	0.0694
	0.0003
	0.001
	0.7289
	-3

	PB3
	SID
	0.15
	-23.1415
	-21.1254
	0.0044
	0.0669
	0.0001
	0.0003
	0.7107
	-3

	VA30
	SID
	0.15
	-22.8858
	-20.8399
	0.0055
	0.0704
	0.0001
	0.0004
	0.6938
	-3

	VA120
	SID
	0.15
	-22.2579
	-20.2372
	0.0023
	0.0752
	0.0002
	0.0008
	0.6912
	-3

	PA3
	SID
	0.15
	-23.9991
	-22.1066
	0.0183
	0.0694
	0.0003
	0.001
	0.327
	0

	PB3
	SID
	0.15
	-23.0229
	-21.118
	0.0044
	0.0668
	0.0001
	0.0004
	0.2829
	0

	VA30
	SID
	0.15
	-22.7773
	-20.8406
	0.0055
	0.0704
	0.0001
	0.0003
	0.2855
	0

	VA120
	SID
	0.15
	-22.1485
	-20.2375
	0.0023
	0.0753
	0.0002
	0.0008
	0.3059
	0

	PA3
	SID
	0.15
	-23.7911
	-22.1066
	0.0183
	0.0694
	0.0003
	0.001
	0.069
	3

	PB3
	SID
	0.15
	-22.8204
	-21.1249
	0.0045
	0.0669
	0.0001
	0.0003
	0.0326
	3

	VA30
	SID
	0.15
	-22.5676
	-20.8401
	0.0055
	0.0704
	0.0001
	0.0004
	0.0414
	3

	VA120
	SID
	0.15
	-21.9391
	-20.239
	0.0023
	0.0752
	0.0002
	0.0007
	0.0611
	3

	PA3
	SID
	0.15
	-23.4032
	-22.1058
	0.0184
	0.0694
	0.0003
	0.001
	0.014
	6

	PB3
	SID
	0.15
	-22.4284
	-21.1266
	0.0044
	0.0669
	0.0001
	0.0003
	0.0021
	6

	VA30
	SID
	0.15
	-22.1757
	-20.8369
	0.0055
	0.0703
	0.0001
	0.0003
	0.0033
	6

	VA120
	SID
	0.15
	-21.5471
	-20.2393
	0.0023
	0.0753
	0.0002
	0.0008
	0.0086
	6

	PA3
	SID
	0.15
	-22.7227
	-22.1034
	0.0184
	0.0693
	0.0003
	0.001
	0.0038
	9

	PB3
	SID
	0.15
	-21.7351
	-21.1184
	0.0044
	0.0667
	0.0001
	0.0003
	0.0002
	9

	VA30
	SID
	0.15
	-21.491
	-20.8343
	0.0055
	0.0703
	0.0001
	0.0003
	0.0004
	9

	VA120
	SID
	0.15
	-20.8565
	-20.2351
	0.0024
	0.0752
	0.0002
	0.0008
	0.0015
	9


Target per-NACK false alarm of 1e-3

In Table 8 and Table 9, we show performance for single-link scenarios with target per-NACK false alarm rate of 1e-3, and in Table 10 and Table 11 show similar performance for the two-link SHO scenario. A lower target for per-NACK false ACK alarm allows for lower ACK power offsets and is a reasonable approach with fewer number of ACK signals. As can be seen in these tables, the overall false ACK alarm rate with ACK opportunity every slot is still reasonably small.  A power offset between 0-3 dB appears to be sufficient to guarantee acceptable performance for missed ACK probability in both single-link and soft-handover.
Table 8: Single link performance of TDM ACK carried over UL DPCCH channel for AMR 12.2kbps FULL packet – Target Per-NACK false alarm = 1e-3

	Channel
	Packet Type
	Bler at Slot 15
	Average Ec/Nt dB Received
	Average Ecp/Nt dB Target
	TFCI Error Rate
	TPC Error Rate
	Per NACK False Alarm Rate
	Overall False Alarm Rate
	Miss Detection Rate
	ACK boost offset (dB)

	PA3
	FULL
	0.15
	-19.177
	-20.8674
	0.0004
	0.0293
	0.0001
	0.0003
	0.7198
	-6

	PB3
	FULL
	0.15
	-18.9652
	-20.5178
	0.0003
	0.0443
	0.0002
	0.0005
	0.7182
	-6

	VA30
	FULL
	0.15
	-18.6272
	-20.1454
	0.0021
	0.0534
	0.0004
	0.0014
	0.7089
	-6

	VA120
	FULL
	0.15
	-18.1715
	-19.7147
	0.0009
	0.0658
	0.001
	0.0033
	0.7118
	-6

	PA3
	FULL
	0.15
	-19.1528
	-20.8676
	0.0004
	0.0293
	0.0001
	0.0003
	0.4433
	-3

	PB3
	FULL
	0.15
	-18.9411
	-20.5183
	0.0003
	0.0443
	0.0001
	0.0005
	0.4433
	-3

	VA30
	FULL
	0.15
	-18.604
	-20.1466
	0.0022
	0.0534
	0.0004
	0.0014
	0.4332
	-3

	VA120
	FULL
	0.15
	-18.1468
	-19.7144
	0.0009
	0.0658
	0.001
	0.0034
	0.4519
	-3

	PA3
	FULL
	0.15
	-19.068
	-20.8639
	0.0004
	0.0293
	0.0001
	0.0003
	0.0824
	0

	PB3
	FULL
	0.15
	-18.8924
	-20.518
	0.0003
	0.0443
	0.0002
	0.0005
	0.0898
	0

	VA30
	FULL
	0.15
	-18.5576
	-20.1485
	0.0022
	0.0535
	0.0004
	0.0014
	0.1074
	0

	VA120
	FULL
	0.15
	-18.0982
	-19.7149
	0.0009
	0.0658
	0.001
	0.0034
	0.1473
	0

	PA3
	FULL
	0.15
	-18.9745
	-20.8658
	0.0004
	0.0293
	0.0001
	0.0003
	0.0014
	3

	PB3
	FULL
	0.15
	-18.7956
	-20.5176
	0.0003
	0.0443
	0.0002
	0.0005
	0.0024
	3

	VA30
	FULL
	0.15
	-18.4634
	-20.148
	0.0022
	0.0535
	0.0004
	0.0014
	0.0085
	3

	VA120
	FULL
	0.15
	-18.002
	-19.7142
	0.0009
	0.0658
	0.001
	0.0034
	0.0243
	3

	PA3
	FULL
	0.15
	-18.79
	-20.8632
	0.0004
	0.0294
	0.0001
	0.0003
	0
	6

	PB3
	FULL
	0.15
	-18.608
	-20.5153
	0.0003
	0.0443
	0.0001
	0.0005
	0
	6

	VA30
	FULL
	0.15
	-18.2784
	-20.1442
	0.0022
	0.0534
	0.0004
	0.0014
	0.0005
	6

	VA120
	FULL
	0.15
	-17.8151
	-19.7133
	0.0009
	0.0657
	0.001
	0.0034
	0.0034
	6
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Table 9: Single link performance of TDM ACK carried over UL DPCCH channel for AMR 12.2kbps SID packet - Target Per-NACK false alarm = 1e-3

	Channel
	Packet Type
	Bler at Slot 15
	Average Ec/Nt dB Received
	Average Ecp/Nt dB Target
	TFCI Error Rate
	TPC Error Rate
	Per NACK False Alarm Rate
	Overall False Alarm Rate
	Miss De-tection Rate
	ACK boost offset (dB)

	PA3
	SID
	0.15
	-22.4039
	-20.3293
	0.0007
	0.0211
	0.0001
	0.0003
	0.6775
	-6

	PB3
	SID
	0.15
	-22.1406
	-20.0568
	0.0006
	0.0337
	0.0001
	0.0003
	0.6789
	-6

	VA30
	SID
	0.15
	-21.8176
	-19.7152
	0.0019
	0.0441
	0.0004
	0.0012
	0.6689
	-6

	VA120
	SID
	0.15
	-21.408
	-19.3173
	0.0011
	0.0568
	0.001
	0.0034
	0.6744
	-6

	PA3
	SID
	0.15
	-22.3496
	-20.3299
	0.0007
	0.0211
	0.0001
	0.0003
	0.3802
	-3

	PB3
	SID
	0.15
	-22.0853
	-20.0578
	0.0006
	0.0337
	0.0001
	0.0003
	0.3827
	-3

	VA30
	SID
	0.15
	-21.7633
	-19.716
	0.0019
	0.0441
	0.0004
	0.0012
	0.3776
	-3

	VA120
	SID
	0.15
	-21.3517
	-19.3163
	0.0011
	0.0568
	0.001
	0.0034
	0.4004
	-3

	PA3
	SID
	0.15
	-22.2412
	-20.3299
	0.0007
	0.0211
	0.0001
	0.0002
	0.0546
	0

	PB3
	SID
	0.15
	-21.976
	-20.0574
	0.0006
	0.0337
	0.0001
	0.0002
	0.0615
	0

	VA30
	SID
	0.15
	-21.656
	-19.7156
	0.0019
	0.0441
	0.0004
	0.0012
	0.0816
	0

	VA120
	SID
	0.15
	-21.2432
	-19.3167
	0.001
	0.0568
	0.001
	0.0034
	0.1187
	0

	PA3
	SID
	0.15
	-22.0352
	-20.3295
	0.0007
	0.0211
	0.0001
	0.0002
	0.0005
	3

	PB3
	SID
	0.15
	-21.7678
	-20.0607
	0.0006
	0.0337
	0.0001
	0.0003
	0.0011
	3

	VA30
	SID
	0.15
	-21.4508
	-19.7176
	0.0019
	0.0441
	0.0004
	0.0013
	0.0053
	3

	VA120
	SID
	0.15
	-21.0332
	-19.3173
	0.0011
	0.0568
	0.001
	0.0034
	0.0171
	3

	PA3
	SID
	0.15
	-21.6534
	-20.332
	0.0008
	0.0212
	0.0001
	0.0002
	0
	6

	PB3
	SID
	0.15
	-21.3761
	-20.0602
	0.0007
	0.0337
	0.0001
	0.0003
	0
	6

	VA30
	SID
	0.15
	-21.0664
	-19.7175
	0.0019
	0.044
	0.0004
	0.0013
	0.0003
	6

	VA120
	SID
	0.15
	-20.6419
	-19.3193
	0.0011
	0.0569
	0.001
	0.0034
	0.0024
	6

	PA3
	SID
	0.15
	-20.9777
	-20.3283
	0.0008
	0.0213
	0.0001
	0.0003
	0
	9

	PB3
	SID
	0.15
	-20.6863
	-20.0535
	0.0006
	0.0337
	0.0001
	0.0003
	0
	9

	VA30
	SID
	0.15
	-20.387
	-19.7124
	0.0019
	0.044
	0.0004
	0.0013
	0.0001
	9

	VA120
	SID
	0.15
	-19.9531
	-19.3175
	0.0011
	0.0569
	0.001
	0.0034
	0.0006
	9




Table 10: Two-link SHO performance of TDM ACK carried over UL DPCCH channel for AMR 12.2kbps FULL packet - Target Per-NACK false alarm = 1e-3

	Channel
	Packet Type
	Bler at Slot 15
	Average Ec/Nt dB Received per Link
	Average Ecp/Nt dB Target
	TFCI Error Rate per Link
	TPC Error Rate per Link
	Per NACK False Alarm Rate
	Overall False Alarm Rate per Link
	Miss De-tection Rate per Link
	ACK boost offset (dB)

	PA3
	FULL
	0.15
	-20.9096
	-22.5259
	0.0209
	0.0793
	0.001
	0.0034
	0.8407
	-6

	PB3
	FULL
	0.15
	-19.9034
	-21.4572
	0.005
	0.076
	0.0003
	0.001
	0.8311
	-6

	VA30
	FULL
	0.15
	-19.6387
	-21.1485
	0.0066
	0.0788
	0.0004
	0.0015
	0.8241
	-6

	VA120
	FULL
	0.15
	-18.9257
	-20.4793
	0.0024
	0.0814
	0.0007
	0.0023
	0.8219
	-6

	PA3
	FULL
	0.15
	-20.8859
	-22.527
	0.0209
	0.0793
	0.001
	0.0033
	0.6491
	-3

	PB3
	FULL
	0.15
	-19.8789
	-21.4578
	0.005
	0.0761
	0.0003
	0.001
	0.6203
	-3

	VA30
	FULL
	0.15
	-19.6139
	-21.148
	0.0066
	0.0788
	0.0004
	0.0015
	0.6051
	-3

	VA120
	FULL
	0.15
	-18.9012
	-20.4789
	0.0023
	0.0814
	0.0007
	0.0023
	0.6028
	-3

	PA3
	FULL
	0.15
	-20.8373
	-22.5265
	0.0209
	0.0793
	0.001
	0.0034
	0.2756
	0

	PB3
	FULL
	0.15
	-19.831
	-21.4598
	0.005
	0.0761
	0.0003
	0.001
	0.2286
	0

	VA30
	FULL
	0.15
	-19.5666
	-21.15
	0.0065
	0.0788
	0.0004
	0.0014
	0.2306
	0

	VA120
	FULL
	0.15
	-18.8522
	-20.4783
	0.0024
	0.0814
	0.0007
	0.0023
	0.2456
	0

	PA3
	FULL
	0.15
	-20.7085
	-22.5159
	0.0209
	0.0791
	0.001
	0.0034
	0.0585
	3

	PB3
	FULL
	0.15
	-19.7345
	-21.4595
	0.0049
	0.0761
	0.0003
	0.001
	0.0262
	3

	VA30
	FULL
	0.15
	-19.472
	-21.1513
	0.0065
	0.0788
	0.0004
	0.0014
	0.0323
	3

	VA120
	FULL
	0.15
	-18.7508
	-20.4757
	0.0024
	0.0813
	0.0007
	0.0023
	0.0469
	3

	PA3
	FULL
	0.15
	-20.5411
	-22.5257
	0.0209
	0.0794
	0.001
	0.0034
	0.0126
	6

	PB3
	FULL
	0.15
	-19.5479
	-21.4578
	0.0049
	0.0762
	0.0003
	0.001
	0.0017
	6

	VA30
	FULL
	0.15
	-19.2855
	-21.1514
	0.0065
	0.0789
	0.0004
	0.0014
	0.003
	6

	VA120
	FULL
	0.15
	-18.569
	-20.4761
	0.0024
	0.0813
	0.0007
	0.0022
	0.0069
	6

	PA3
	FULL
	0.15
	-20.1963
	-22.5229
	0.0209
	0.0794
	0.001
	0.0033
	0.0038
	9

	PB3
	FULL
	0.15
	-19.1928
	-21.4503
	0.0048
	0.076
	0.0003
	0.001
	0.0002
	9

	VA30
	FULL
	0.15
	-18.9301
	-21.1396
	0.0064
	0.0785
	0.0004
	0.0015
	0.0004
	9

	VA120
	FULL
	0.15
	-18.2149
	-20.4686
	0.0024
	0.081
	0.0007
	0.0023
	0.0014
	9


Table 11: Two-link SHO performance of TDM ACK carried over UL DPCCH channel for AMR 12.2kbps SID packet - Target Per-NACK false alarm = 1e-3

	Channel
	Packet Type
	Bler at Slot 15
	Average Ec/Nt dB Received per Link
	Average Ecp/Nt dB Target
	TFCI Error Rate per Link
	TPC Error Rate per Link
	Per NACK False Alarm Rate
	Overall False Alarm Rate per Link
	Miss De-tection Rate per Link
	ACK boost offset (dB)

	PA3
	SID
	0.15
	-24.1683
	-22.0965
	0.0179
	0.0691
	0.001
	0.0034
	0.8132
	-6

	PB3
	SID
	0.15
	-23.171
	-21.1085
	0.0042
	0.0663
	0.0003
	0.001
	0.8047
	-6

	VA30
	SID
	0.15
	-22.9386
	-20.8421
	0.0054
	0.0704
	0.0004
	0.0014
	0.7974
	-6

	VA120
	SID
	0.15
	-22.308
	-20.2338
	0.0023
	0.0754
	0.0008
	0.0027
	0.7978
	-6

	PA3
	SID
	0.15
	-24.1131
	-22.0965
	0.0179
	0.069
	0.001
	0.0034
	0.5966
	-3

	PB3
	SID
	0.15
	-23.1151
	-21.1087
	0.0043
	0.0663
	0.0003
	0.001
	0.5728
	-3

	VA30
	SID
	0.15
	-22.8825
	-20.8413
	0.0054
	0.0704
	0.0004
	0.0014
	0.56
	-3

	VA120
	SID
	0.15
	-22.252
	-20.2336
	0.0023
	0.0754
	0.0008
	0.0027
	0.562
	-3

	PA3
	SID
	0.15
	-24.0052
	-22.0965
	0.018
	0.069
	0.001
	0.0034
	0.2292
	0

	PB3
	SID
	0.15
	-22.9962
	-21.1057
	0.0043
	0.0664
	0.0003
	0.0011
	0.1873
	0

	VA30
	SID
	0.15
	-22.7741
	-20.842
	0.0054
	0.0703
	0.0004
	0.0013
	0.1938
	0

	VA120
	SID
	0.15
	-22.1426
	-20.2339
	0.0023
	0.0754
	0.0008
	0.0027
	0.2151
	0

	PA3
	SID
	0.15
	-23.798
	-22.0973
	0.0181
	0.069
	0.001
	0.0034
	0.0466
	3

	PB3
	SID
	0.15
	-22.7939
	-21.108
	0.0042
	0.0663
	0.0003
	0.001
	0.0188
	3

	VA30
	SID
	0.15
	-22.5651
	-20.8421
	0.0054
	0.0703
	0.0004
	0.0014
	0.0246
	3

	VA120
	SID
	0.15
	-21.9331
	-20.2353
	0.0024
	0.0754
	0.0008
	0.0026
	0.0389
	3

	PA3
	SID
	0.15
	-23.4076
	-22.0941
	0.0181
	0.069
	0.001
	0.0033
	0.0096
	6

	PB3
	SID
	0.15
	-22.4023
	-21.1099
	0.0041
	0.0663
	0.0003
	0.001
	0.0012
	6

	VA30
	SID
	0.15
	-22.1737
	-20.8392
	0.0054
	0.0702
	0.0004
	0.0014
	0.0019
	6

	VA120
	SID
	0.15
	-23.2328
	0.0023
	0.0026
	0.0694
	0.001
	0.0033
	0.0096
	6

	PA3
	SID
	0.15
	-22.7259
	-22.0905
	0.0181
	0.069
	0.001
	0.0034
	0.0029
	9

	PB3
	SID
	0.15
	-21.7097
	-21.1022
	0.0042
	0.066
	0.0003
	0.0011
	0.0001
	9

	VA30
	SID
	0.15
	-21.4887
	-20.8368
	0.0054
	0.0703
	0.0004
	0.0014
	0.0002
	9

	VA120
	SID
	0.15
	-20.8515
	-20.2323
	0.0024
	0.0753
	0.0008
	0.0026
	0.001
	9
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