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1
Introduction

This contribution presents an initial performance analysis of the Ack channel which is transmitted on the DL to support UL FET. We consider a 1-slot E-HICH-like Ack, and a 1-symbol Ack with BPSK and OOK.
2
Analysis of Ack schemes
2.1 Overview of Ack simulation methodology and assumptions

In the present contribution, DL DCH Enhancements simulations for AMR12.2 Kbps full-packet with single-link (non-SHO) are run as in Solution 3 of [1], except that an Ack/Nack signaling channel is also transmitted on the DL, at a fixed power-offset relative to the DPDCH. The missed-Ack and false-Ack probabilities of this Ack channel are studied as a function of this power offset. The Ack sent on UL for DL FET is modeled as in [1], i.e., assuming 2-slot delay and ideal decoding. This assumption is reasonable because non-idealities in that Ack would only cause the downlink DCH performance to suffer, thus raising the DL SIR-target and thereby allowing the Ack sent on DL to meet the same performance requirements with a somewhat lower power-offset relative to DPDCH. Thus, this assumption leads to a conservative estimate of the required Ack power-offset. The estimate is also not overly conservative, because a well-designed scheme for Ack supporting DL FET (sent on UL) will cause fairly minimal degradation of DL DCH performance relative to the case when that Ack is assumed to be ideally decoded.
In many of the schemes, an Ack threshold is required at the UE receiver to decode the Ack/Nack signaling. The threshold is a function of the required false-Ack probability, and also of the Ack power-offset in the case of BPSK (as opposed to on-off keying). The threshold must be chosen to meet a desired false-Ack probability across a range of channel conditions, since it is usually impractical to adapt the threshold to the channel condition. To determine the desired false-Ack probability, we must note that a false-Ack decoding of the Ack for UL FET causes the UL DPDCH to be DTXed prior to decoding, which usually leads to a lost UL DCH packet. This causes the UL outer-loop power-control (OLPC) to react by increasing the UL SIR-target. The increase will be such that the total BLER due to UL DCH decode failures (caused by poor channel condition) and due to these false-Acks is maintained at the level targeted by OLPC. Since voice packets usually require meeting 1% BLER, the contribution to the overall BLER coming from the false-Acks must be substantially lower than 1% to avoid excessive degradation of UL DCH performance. Note that the degradation can be manifested in the form of higher required transmit power to meet the BLER target. It can also manifest as a higher residual BLER at the end of the packet even when OLPC meets its BLER target, if the BLER is targeted at an earlier decoding point (eg, 15% after 10ms). This is because the rise in SIR-target required to maintain such a target in presence of packet-losses due to false-Acks may not be sufficient to also maintain the required 1% BLER at the end of the packet.
Based on the above discussion, a contribution to the overall BLER of around 0.1% due to packets lost from false-Acks should result in fairly negligible impact to UL performance. The precise trade-off between the false-Ack rate and UL DCH performance can be studied in more detail by simulating the false-Acks in the UL simulations, but for this contribution we target an overall false-Ack rate of 0.1% as being fairly conservative (i.e., possibly requiring more Ack power but ensuring minimal impact to UL from non-ideal Ack decoding). Note that this is similar to the approach used earlier in [2] for determining the required false-Ack rate on the Ack channel transmitted on UL to support DL FET.
The 0.1% overall false-Ack rate per TTI translates to a requirement on a false-Ack rate to be met for each Ack transmission. As explained in [2] this translation depends on the number of allowed Ack transmissions, and also on the downlink early-decoding statistics: A false-Ack occurrence corresponding to a later decoding attempt is less harmful than one at an earlier attempt, since the likelihood of Nack transmission (required to have a false-Ack event) is lower at the later decoding attempt. Based on the UL early-decoding statistics corresponding to the simulations of uplink Solution 1 of [1], a per-Ack false-Ack rate of 0.01% is sufficient for both Full and SID packets sent on UL in all channel models simulated in [1] (note that Null packets are not transmitted on UL and thus do not need to be Acked). This requirement can easily be relaxed to 0.03% if the number of opportunities for Ack transmission is reduced from that corresponding to decoding at slots 3,4,5,…27 (as assumed in [1]) to decoding at every 3rd slot (i.e., slots 3,6,9,….). This reduction only increases the average decoding time by 1 slot, and is thus expected to have minimal impact to uplink FET gain. In this contribution, we assume a per-Ack false-Ack target of 0.01% for the Ack sent on DL, and choose detection thresholds to meet this target.
The Ack schemes simulated were the 1-slot E-HICH-like on-off keyed Ack on a separate code channel and a 1-DPCHsymbol (=128 chips) ack. The 1-symbol ack was also simulated on a separate code-channel, although the final Ack design could also consider multiplexing it together with TPC on the current DPCCH, via either TDM (replacing some TPC with Ack) or I-Q multiplexing. For the 1-symbol Ack, both BPSK and on-off keying are considered for completeness, however on-off keying is shown to have very poor performance. The power-offset required on the symbol-based Ack can be reduced by 3dB by using a 2-symbol (i.e., 256 chip) Ack. This is possible by defining a DL DPCH slot format in which the TPC bit occupies 256 instead of 128 chip, and the TPC/DPCCH power offset can correspondingly be reduced by 3dB, and the Ack is multiplexed with these new TPC bits. This is possible for symbol-based Ack with both BPSK and on-off keying, however on-off keying requires extremely large power-offsets even with this change, and hence only BPSK needs to be considered for further study.
2.2 Simulation results
2.2.1 E-HICH-like 1-slot Ack on separate code channel
The performance of this Ack is shown in Table 1. During full-packet transmissions, a power-offset of 3dB achieves around 10-15% missed-Ack rate for all cases except VA120 at 12dB geometry, which has 20% missed-Ack rate. This is the worst case for Ack performance, and the false-Ack rates for all the other cases are considerably lower than the targeted 0.01% when the threshold is based on achieving this target in this case.



Table 1: Performance of 1-slot E-HICH-like Ack sent on DL during full-packet transmission

	 
	Ack/DPDCH power ratio (dB)
	AMR12.2 Full packet

	
	
	PA3
	PB3
	VA30
	VA120

	
	
	G=3dB
	G=12dB
	G=3dB
	G=12dB
	G=3dB
	G=12dB
	G=3dB
	G=12dB

	Pmiss for threshold chosen per case for per-Ack FA=0.01%
	-6
	0.74
	0.77
	0.76
	0.75
	0.74
	0.75
	0.85
	0.91

	
	-3
	0.44
	0.37
	0.41
	0.40
	0.43
	0.43
	0.63
	0.74

	
	0
	0.13
	0.10
	0.11
	0.11
	0.16
	0.14
	0.35
	0.46

	
	3
	0.03
	0.01
	0.01
	0.01
	0.04
	0.03
	0.14
	0.19

	
	6
	0.01
	0.00
	0.00
	0.00
	0.01
	0.00
	0.04
	0.05

	
	9
	0
	0.00
	0.00
	0.00
	0.00
	0.00
	0.01
	0.01

	
	12
	0
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0

	Pmiss for worst case (= VA120, G=12dB) threshold
	-6
	0.96
	0.97
	0.97
	0.96
	0.94
	0.95
	0.91
	0.91

	
	-3
	0.84
	0.77
	0.8
	0.79
	0.76
	0.76
	0.74
	0.74

	
	0
	0.45
	0.38
	0.41
	0.4
	0.43
	0.4
	0.47
	0.46

	
	3
	0.15
	0.09
	0.1
	0.09
	0.15
	0.12
	0.22
	0.19

	
	6
	0.05
	0.01
	0.01
	0.01
	0.03
	0.02
	0.07
	0.05

	
	9
	0.01
	0.00
	0.00
	0.00
	0.01
	0.00
	0.02
	0.01

	
	12
	0
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0

	Per-Ack false-Ack rate @ worst thresh
	1.50E-05
	9.40E-07
	4.20E-07
	6.30E-07
	1.00E-06
	2.30E-06
	2.60E-05
	1.00E-04


2.2.2 Symbol-based (128-chip) Ack with On-off keying
Table 2 shows the symbol-based Ack performance with on-off keying when Full-packets are transmitted on downlink. The missed-Ack probability is 20-38% even with a 12dB power offset. This scheme is not considered further.

Table 2: Performance of 1-symbol on-off-keyed Ack sent on DL during Full-packet transmission
	 
	Ack/DPDCH power ratio (dB)
	AMR12.2 Full

	
	
	PA3
	PB3
	VA30
	VA120

	
	
	G=3dB
	G=12dB
	G=3dB
	G=12dB
	G=3dB
	G=12dB
	G=3dB
	G=12dB

	Pmiss for threshold chosen per case for per-Ack FA=0.05%
	-6
	1
	1.00
	1.00
	1.00
	1.00
	1.00
	1.00
	1

	
	-3
	1
	1.00
	1.00
	1.00
	1.00
	1.00
	1.00
	1

	
	0
	0.98
	0.99
	0.99
	0.99
	0.98
	0.99
	0.99
	0.99

	
	3
	0.94
	0.95
	0.96
	0.95
	0.94
	0.94
	0.95
	0.97

	
	6
	0.77
	0.80
	0.83
	0.82
	0.80
	0.80
	0.85
	0.88

	
	9
	0.43
	0.48
	0.53
	0.51
	0.53
	0.51
	0.62
	0.66

	
	12
	0.13
	0.16
	0.19
	0.17
	0.24
	0.21
	0.34
	0.36

	Pmiss for worst case (= VA120, G=12dB) threshold
	-6
	1
	1
	1
	1
	1
	1
	1
	1

	
	-3
	1
	1
	1
	1
	1
	1
	1
	1

	
	0
	0.99
	1
	1
	1
	0.99
	1
	0.99
	0.99

	
	3
	0.97
	0.98
	0.98
	0.98
	0.97
	0.97
	0.97
	0.97

	
	6
	0.86
	0.90
	0.91
	0.91
	0.88
	0.88
	0.87
	0.88

	
	9
	0.56
	0.64
	0.67
	0.67
	0.64
	0.64
	0.66
	0.66

	
	12
	0.21
	0.27
	0.30
	0.29
	0.33
	0.31
	0.38
	0.36

	PFA @ worst thresh
	2.50E-05
	1.60E-05
	2.00E-05
	1.70E-05
	2.40E-05
	2.20E-05
	6.20E-05
	1.00E-04


2.2.3 Symbol-based (128-chip) Ack with BPSK

Table 3 shows the performance of symbol-based BPSK Ack/Nack which is decoded exactly like the current TPC, i.e., using a threshold of zero, or looking at the sign of the received symbol to determine whether it was an Ack or a Nack. This results in equal probabilities of missed-Ack and false-Ack, whereas in reality the performance of FET is much more sensitive to false-Acks compared to missed-Acks. We see that even 12dB power offset does not ensure meeting the targeted 0.01% false-Ack rate. Thus, a threshold is indeed necessary even with BPSK, to allow for asymmetric decoding that lowers the false-Ack rate while increasing the missed-Ack rate. In the case of on-off keying, the threshold was determined based on transmitting with zero power (DTX on Ack channel, which indicates Nack in on-off keying) and measuring the probability of decoding as Ack. Thus the threshold is independent of the Ack power offset. Here with BPSK on the other hand, signaling Nack also involves transmitting a symbol with nonzero power, thus the threshold is also based on the Ack power offset. For example asymmetric threshold is especially important for lower Ack power offsets. For each power offset, the thresholds are initially chosen separately for each channel and geometry. Then the worst case threshold across channels and geometries is computed separately for each power offset. The resulting performance is shown in Table 4 for Full-packet transmissions. A power-offset of 6dB achieves missed-Ack rates of 11-16% in all cases except VA120, where the missed-Ack rate is around 20%. As mentioned earlier, this power-offset can be reduced to 3dB by using a 256-chip Ack. This does not alter the total power overhead required for the Ack channel, but it avoids the need for higher power-offsets which are undesirable due to peak-to-average power considerations and coverage-limited scenarios.
Table 3: Performance of 1-symbol BPSK Ack sent on DL with symmetric decoding
	Ack/DPDCH PO (dB)
	PA3
	PB3
	VA30
	VA120

	
	G=3dB
	G=12dB
	G=3dB
	G=12dB
	G=3dB
	G=12dB
	G=3dB
	G=12dB

	-6
	0.2054
	0.2179
	0.2258
	0.2244
	0.2239
	0.216
	0.2275
	0.2144

	-3
	0.1269
	0.1408
	0.1474
	0.146
	0.1487
	0.1409
	0.1536
	0.1393

	0
	0.0604
	0.0707
	0.0747
	0.0741
	0.081
	0.0737
	0.0856
	0.073

	3
	0.0192
	0.0247
	0.0262
	0.0259
	0.0331
	0.0287
	0.0373
	0.0284

	6
	0.004
	0.0054
	0.0054
	0.0053
	0.01
	0.0077
	0.0121
	0.0077

	9
	0.0008
	0.0007
	0.0006
	0.0006
	0.0021
	0.0013
	0.0029
	0.0013

	12
	0.0003
	0.0001
	0
	0
	0.0003
	0.0001
	0.0006
	0.0001


Table 4: Performance of 1-symbol BPSK Ack sent on DL with full packet, asymmetric decoding
	 
	Ack/DPDCH PO (dB)
	PA3
	PB3
	VA30
	VA120

	
	
	G=3dB
	G=12dB
	G=3dB
	G=12dB
	G=3dB
	G=12dB
	G=3dB
	G=12dB

	missed-Ack probability
	-6
	0.9949
	0.9963
	0.9961
	0.9963
	0.9955
	0.996
	0.9939
	0.9939

	
	-3
	0.9737
	0.9807
	0.9805
	0.9813
	0.9768
	0.9788
	0.9738
	0.9753

	
	0
	0.8663
	0.8927
	0.8973
	0.8986
	0.8833
	0.8849
	0.8829
	0.8889

	
	3
	0.5093
	0.5646
	0.5866
	0.5843
	0.5729
	0.5632
	0.5994
	0.5967

	
	6
	0.117
	0.1438
	0.1587
	0.153
	0.1854
	0.1647
	0.22
	0.1947

	
	9
	0.0085
	0.009
	0.0098
	0.0088
	0.0224
	0.0153
	0.0333
	0.0188

	
	12
	0.0013
	0.0002
	0.0001
	0.0001
	0.0014
	0.0006
	0.0026
	0.0006

	False-Ack probability *10000
	-6
	0.362
	0.25
	0.2479
	0.2563
	0.3752
	0.3761
	0.718
	1

	
	-3
	0.3802
	0.2896
	0.3251
	0.2854
	0.4698
	0.492
	0.7398
	1

	
	0
	0.3616
	0.2834
	0.353
	0.299
	0.6071
	0.6029
	0.7601
	1

	
	3
	0.3896
	0.3516
	0.3445
	0.3323
	0.8006
	0.7233
	0.821
	1

	
	6
	0.4139
	0.3188
	0.2596
	0.2571
	1
	0.7572
	0.8395
	0.8349

	
	9
	0.5238
	0.2292
	0.1614
	0.1094
	1
	0.5653
	0.9138
	0.5156

	
	12
	1
	0.1261
	0.0399
	0.0365
	0.6866
	0.2837
	0.8871
	0.1896


2.2.3 Comparing slot-based OOK and symbol-based BPSK Ack/Nack

The slot-based Ack requires transmission for 1 entire slot every 20ms. The symbol-based Ack requires transmission in several slots due to BPSK, however the transmission within each slot is confined to 1 symbol duration. The Ack power offset required with full packets on DL is roughly 3dB higher for the symbol-based Ack for achieving the same missed-Ack probability of around 10%. Since there are 20 symbols (with SF128) in 1 slot, this implies that both Ack designs will have comparable Ack power overheads if the number of transmissions required for the BPSK symbol based Ack is 10 or close to 10. Since the false-alarm target was chosen assuming Ack can be sent in every slot, and the average UL decoding time from UL Solution 1 of [1] is approximately 12 slots, this means that Ack/Nack signaling will indeed occur around 10 times per packet on average. If Ack is repeated once the packet has decoded, then this can lower the overall missed-Ack probability, however it further increases the Ack power overhead (note that the repetitions cannot be combined for power-gain at the receiver, since the receiver does not know when the signaling changed from Nack to Ack). 
The symbol-based Ack is attractive due to reduced Ack delay compared to slot-based Ack, and due to avoiding of the need for a new OVSF code for the Ack channel. However, the higher power offset is of some concern, since it requires defining a slot-format with more TPC bits. It may also require allowing new negative values of TPC/DPDCH power offset, since this power offset must be lowered to maintain the same overall TPC power. For example, the AMR5.9Kbps codec already uses power offset of 0dB. Also, in the case of slot-format with spreading factor of 256 (as used by AMR5.9Kbps), adding an extra TPC symbol adds more significant TPC overhead. It may have some impact due to increased puncturing (higher code rate) as well, although this is likely to be small especially with the use of pseudo-flexible rate-matching.
Another aspect of concern is the performance when SID and Null packets are transmitted on the downlink. In this case, the SIR target will be lower, and hence the Ack power offset required will be higher. In the E-HICH-like design, since on-off keying is used, the Ack decoder threshold is independent of the Ack power offset, whereas in the BPSK symbol-based approach, it depends on the power offset. If the NodeB varies the power offset based on downlink packet type, then the UE is often not aware of these variations while it attempts to detect the Ack. So UE must use a fixed detection threshold, even though this may not be optimal for both Full and Null packets. This needs further study.
3
Conclusions

We have presented an initial analysis of 1-slot E-HICH-like on-off-keyed Ack/Nack and 1-symbol BPSK and on-off-keyed Ack/Nack. The 1-symbol approach should use BPSK, since on-off keying requires prohibitively high power offsets. We have outlined some further aspects to be studied regarding Ack performance so as to be able to converge to a complete Ack channel design.
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