Page 1

3GPP TSG RAN WG1 Meeting #76

R1-140701
Prague, Czech Republic, 10th – 14th February 2014
Source:
QUALCOMM Incorporated

Title:
Performance of DL ACK signalling Mechanisms for UL FET
Agenda item:

6.2.2.2
Document for:
Discussion/Decision
1
Introduction

In this contribution, we analyze the performance of symbol-based BPSK Ack/Nack signaled similar to UL-TPC bits sent on DL. This analysis shows that performance of BPSK signalling of ACK is acceptable when UE is not in soft handover (SHO). A few options for further improvement of Ack channel design in the SHO case are discussed for further study.
2
Analysis of Ack scheme
2.1 Simulation methodology, signalling design, and false-Ack target
In the present contribution, DL DCH Enhancements simulations for AMR12.2 Kbps full-packet and null packet are run as in Solution 3 of [3], except that an Ack/Nack signalling 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 methodology used is identical to that of [4], however, null packets and DL SHO were not considered earlier in [4]. Also, in [4], the false-Ack probability for each Ack transmission was targeted to be 0.01%, which allowed reasonable Ack power requirements even if UL FET is allowed at every slot. However, decoding the UL at every slot imposes significant complexity at the NodeB. Further, as shown in [5], a significant fraction of the UL FET gain can be obtained even if early decoding is attempted at three well-chosen times during the UL packet transmission, instead of at every slot. Based on this, the per-Ack false-Ack target is relaxed to 0.075% or 0.1% in this study.

The Ack channel is assumed to be carried on one DPCCH-symbol using BPSK, using I-Q multiplexing together with TPC; ACK could also be replacing the TPC field in certain designated DL slots but this is left for further study. As observed above, since Ack transmissions are fairly infrequent (eg, 3 times per 20ms), replacing the TPC with Ack does not significantly impact the uplink power control. This design avoids using a new code channel for the Ack signalling, and allows minimal Ack delay due to the short duration of each Ack transmission field. On-off keying is not considered as it has been shown to have significantly worse performance in [4]. The Ack channel power is a fixed offset of the DPDCH power, similar to the power settings of other DPCCH fields. We study the Ack channel performance as a function of this Ack/DPDCH power offset.
As noted in [4], asymmetric decoding is used for the BPSK Ack/Nack. This is because false-Acks are much more harmful than missed-Acks and thus the error rate acceptable for Nack-to-Ack errors (i.e., false-Acks) is much lower than that for Ack-to-Nack errors (i.e., missed Acks). The decoding thresholds for asymmetric decoding were optimized separately for each Ack power offset considered. This requires signalling of the Ack power offset to the UE, which could be done by reusing the IEs signalling the power offsets for the DPCCH fields carrying pilot (unused when pilot-free slot format is used), or TFCI (unused when BTFD is used). The decoding thresholds for each Ack power offset were chosen to guarantee the targeted false-Ack probability in all channel models and geometries evaluated, for both full and null packet transmissions on the downlink. Higher thresholds are usually required when DL carries null packets, due to lower SIR setpoint in this case. Since the lower setpoint is caused by continued transmission of null packets, dynamic switching of threshold based on DL packet type is not considered. Note however that in practice, due to transmission of a SID packet after every 7 Null packets during silences in voice traffic, the setpoint will actually be somewhat higher than that in the simulations wherein Null packet is transmitted continuously, and hence our approach is somewhat conservative.
2.2 Performance in single-link (non-SHO) case
Table 1 shows the performance of the Ack channel sent over one SF 128 symbol in non-SHO case, when 0.1% false-Ack probability is targeted for each Ack. This false-Ack target allows 3 Ack opportunities while maintaining overall false-Ack probability per TTI to be around 0.1%. We see that Ack/DPDCH power offset of 6dB ensures a missed-ack rate <15% for DL full packets and <25% for DL null packets. A power offset of 9dB ensures a missed-ack rate <2.1% for DL full packets and <4.8% for DL null packets. Table 2 shows the DL link loss at 50% voice-activity factor due to the power required to carry this Ack channel at these Ack/DPDCH power offsets. Note that the UL voice activity factor is also assumed as 50%, which means 43.75% of the DL TTIs do not carry any Ack channel, since Null packets on the uplink do not need acknowledgement. We see that the DL link loss is around 0.1dB at 6dB offset and 0.2dB at 9dB offset.

A missed-Ack rate of around 10% is sufficient to capture most of the UL FET gains, even if we assume that all missed-Acks result in UL packet transmission for the complete 20ms UL TTI. On the other hand, in Table 2, three Ack/Nack transmissions are assumed for each UL Full and SID packet. This means that even if the first Ack is missed, a later Ack could be received correctly, implying that some of the UL FET gain is still captured. Thus, an Ack power offset of 9dB is clearly much more than necessary. In practice even a 6dB offset could be acceptable. Even if a 9dB offset is used, the resulting DL link loss of around 0.2dB is not very significant, and could be further reduced by DTXing the Ack field after the first Ack is sent. 
By sending the Ack over 256 chips instead of 128 chips , the Ack power offset chosen here could be further reduced by 3dB. This causes negligible change to both Tables 1 and 2 – the total power spent on the Ack channel is the same, but spreading it over a longer duration allows a lower power offset, which is desirable from peak-to-average ratio and edge-of-coverage point of view. At the same time, 256-chip Ack duration is still small enough to avoid significant impact to Ack delay. There is also a slight impact to the DL DPDCH, which now has fewer symbols available, implying a slightly higher code-rate. However, the code-rate change is not expected to significantly impact DL gains from DCH enhancements, and also, any impact in terms of higher DL SIR setpoint will be offset to some extent by correspondingly lower Ack power offset requirement. Even this code-rate increase can be made even more negligible by using the new slot-format that allows a 256 chip Ack symbol only in the slots designated for Ack transmission, which occur rarely (around 3 per TTI). With such a scheme, even longer-duration Ack symbols (eg, 384 or 512 chips) could be considered if it is desirable to further reduce the Ack/DPDCH power offset ratio. The TPC duration could remain the same or could also be increased by correspondingly reducing the TPC/DPDCH power offset in these slots. 
Table 1: Performance of Ack sent on DL in non-SHO case
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-6 97.10% 97.71% 97.72% 97.79% 97.45% 97.63% 97.21% 97.35% 98.22% 98.49% 98.34% 98.46% 98.34% 98.45% 98.08% 98.19% 98.49%

-3 90.18% 92.13% 92.43% 92.68% 91.58% 91.75% 91.61% 92.16% 94.49% 95.16% 95.00% 95.14% 94.55% 95.10% 94.78% 95.03% 95.16%

0 70.88% 75.06% 76.61% 76.42% 74.73% 74.34% 75.56% 76.56% 82.00% 84.21% 83.79% 84.45% 83.24% 83.51% 83.75% 84.94% 84.94%

3 35.01% 38.40% 40.51% 41.14% 41.63% 39.02% 44.60% 43.16% 52.79% 54.08% 56.16% 56.26% 57.70% 55.25% 58.56% 57.65% 58.56%

6 6.23% 8.40% 9.67% 8.69% 12.20% 10.25% 14.48% 12.51% 18.55% 19.68% 19.76% 20.28% 22.16% 21.06% 24.83% 23.05% 24.83%

9 0.59% 0.60% 0.57% 0.51% 1.43% 1.01% 2.14% 1.13% 2.67% 2.39% 2.35% 2.23% 4.02% 2.83% 4.80% 3.46% 4.80%

12 0.06% 0.03% 0.02% 0.01% 0.08% 0.06% 0.14% 0.05% 0.20% 0.11% 0.12% 0.10% 0.32% 0.24% 0.46% 0.24% 0.46%

-6 0.03% 0.02% 0.03% 0.03% 0.04% 0.03% 0.06% 0.06% 0.06% 0.05% 0.06% 0.05% 0.06% 0.06% 0.08% 0.10% 0.10%

-3 0.03% 0.03% 0.03% 0.03% 0.04% 0.04% 0.04% 0.06% 0.06% 0.06% 0.06% 0.05% 0.06% 0.07% 0.10% 0.10% 0.10%

0 0.01% 0.02% 0.03% 0.01% 0.04% 0.04% 0.04% 0.04% 0.06% 0.06% 0.06% 0.05% 0.08% 0.07% 0.10% 0.08% 0.10%

3 0.02% 0.01% 0.02% 0.02% 0.03% 0.03% 0.04% 0.04% 0.07% 0.05% 0.05% 0.06% 0.10% 0.08% 0.10% 0.09% 0.10%

6 0.02% 0.01% 0.01% 0.01% 0.04% 0.03% 0.03% 0.03% 0.05% 0.06% 0.05% 0.05% 0.10% 0.08% 0.10% 0.08% 0.10%

9 0.01% 0.01% 0.00% 0.00% 0.03% 0.01% 0.03% 0.01% 0.05% 0.04% 0.02% 0.03% 0.10% 0.05% 0.08% 0.06% 0.10%

12 0.01% 0.01% 0.01% 0.00% 0.01% 0.01% 0.03% 0.01% 0.04% 0.03% 0.03% 0.02% 0.07% 0.05% 0.10% 0.05% 0.10%
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Table 2: DL link loss due to power for Ack channel on DL, in non-SHO case. Assumes 3 Ack transmissions for each UL FULL & SID packet.
	 
	DL link gain from DCH Enh., no Ack on DL
	Loss in DL gain at 6dB Ack/DPCCH power ratio
	Loss in DL gain at 9dB Ack/DPCCH power ratio

	Geom dB
	PA3
	PB3
	VA30
	VA120
	PA3
	PB3
	VA30
	VA120
	PA3
	PB3
	VA30
	VA120

	3
	2.67
	2.65
	2.69
	2.66
	0.12
	0.12
	0.11
	0.11
	0.22
	0.22
	0.22
	0.22

	6
	2.50
	2.63
	2.67
	2.64
	0.11
	0.11
	0.11
	0.11
	0.22
	0.22
	0.21
	0.22

	9
	2.51
	2.61
	2.67
	2.66
	0.1
	0.11
	0.11
	0.11
	0.21
	0.22
	0.21
	0.21

	12
	2.58
	2.61
	2.69
	2.66
	0.11
	0.11
	0.12
	0.11
	0.22
	0.23
	0.22
	0.21


In summary, a BPSK DPCCH-symbol-based Ack channel design is very much feasible for the non-SHO case, with acceptable Ack power offset requirement that meets the targeted false-Ack and missed-Ack rates without significantly impacting the DL link efficiency.

2.3 Options to send ACK on DL

As discussed above, allowing for a wider ACK symbol (pertaining to more ACK symbols in one slot) reduces requirements for power offset of ACK correspondingly. There are a few options when it comes to multiplexing ACK and TPC together, by allowing for I-Q multiplexing or TDMing of ACK and TPC. Figure 1 illustrates all these options.
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Figure 1: Options for multiplexing TPC and Ack for UL FET on DL
2.4 Options for SHO case

The Ack channel power requirement is higher in SHO, because Ack has to be independently decoded from each link, unlike DL DPDCH which can be soft-combined across the two links. This has also been noted in [1,2]. However, the techniques in Figure 1 could be used to make the Ack/DPDCH power offset value acceptable. Also, further reduction in required Ack power is possible by identifying the underlying reason for the high power offset requirement. Even if the SHO links are balanced and thus of similar quality over the long term, the instantaneous realization of the fading channel could be much stronger on one link compared to the other. In this scenario, the inner-loop power-control adjusts the setpoint to be based on the stronger link. The weaker link thus experiences a deep fade, and suffers increased interference from the stronger link. This fade/interference cannot be alleviated by soft-combining of Acks across the links, since each Ack is independently generated. The fade essentially brings the transmitted constellation points closer to each other at the receiver, and noise/interference then has a greater chance of enabling the Nack to be incorrectly decoded as an Ack. The problem is much more severe on the downlink compared to uplink [6] due to absence of receive diversity. 
The Ack/Nack decoding threshold could be chosen to be conservative enough to guard against these types of Nack-to-Ack (i.e., false-Ack) errors when one link undergoes severe fade. However, in the scenario described above, the conservative threshold implies that the miss probability is also very high from the weak link. Since that same threshold is then used in all scenarios without any kind of threshold adaptation, this worsens (increases) the overall miss probability, thus requiring higher Ack power offset to maintain acceptable miss probability. The remedy to this problem is to instead design a way to detect the above-mentioned fade scenarios and then declare a Nack from the cell with the weak DL. This avoids the conservative threshold setting and thus improves (reduces) the missed-Ack probability. This can be achieved by allowing for an erasure detection mechanism to detect the occurrence of deep fade. Note that the link with the weaker instantaneous DL fade may in fact be the one with the stronger instantaneous UL fade, thus declaring a Nack on that weak DL link may lose some UL FET gain in SHO. However, the high DL penalty caused by forcing support for Ack on DL even in such situations could make the loss in UL FET gains acceptable.
It is also to be noted that the inability to soft-combine Acks across the SHO links is a key reason why the Ack channel becomes more demanding in SHO, and this lack of soft-combining arises only when the cells in the active set during SHO do not belong to the same radio-link set (RLS). If the cells are in the same RLS (‘softer’ as opposed to ‘soft’ handover), they transmit the same Ack/Nack information, which can be soft-combined at the UE, resulting in much better Ack channel performance.
3
Conclusions

We have demonstrated feasibility of DPCCH-symbol based BPSK Ack sent on DL to support UL FET in the single-link (non-SHO) case. We have outlined options for further study to improve the performance in the SHO scenarios. This motivates continued study of possible standardization of UL operation that allows UL FET using a supporting Ack channel on the DL.
Proposal: Study design of Ack channel sent on DL supporting UL FET to improve its performance in soft handover.
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