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1. Introduction

In RAN WG1 meeting #27, results were presented [1] showing how the power required for the ACK transmissions on the HS-DPCCH can be reduced by the use of a timer to control the use of DTX in the ACK/NACK field (in conjunction with other methods).

In this paper, we present further results and describe an improvement to the use of the timer to control DTX in the ACK/NACK field. We present simulation results showing the reduction in transmit power which can be achieved by this improved method on its own. 

We also show that this method is fully compatible with any other power reduction techniques for the HS-DPCCH, and that it can always give an additional reduction in transmit power.

2. Background

As currently specified, the UE will use DTX in the ACK/NACK field on the HS-DPCCH if it fails to detect correctly the signalling on the HS-SCCH. The Node B must offset its ACK/NACK decision threshold so as to avoid erroneously detecting this DTX as an ACK, or else the packet will be lost. The effect of this is to increase significantly the transmit power required for the ACKs.

[1], [2] and [3] proposed that the UE should continue to transmit NACKs in every HS-DPCCH sub-frame after reception of an HS-DSCH packet for the duration of a timer. While the timer was running, the Node B would not have to offset its detection threshold, so the ACK power for any subsequent packets during this period could be much lower.

This has the drawback that extra UL interference is generated if no HS-DSCH packets are transmitted while the timer is running. 

3. Proposal

We therefore propose that the timer should be limited to 1 sub-frame, thus virtually eliminating the extra UL interference generated. In other words, the UE should transmit a NACK just in the sub-frame immediately following an ACK/NACK for an HS-DSCH packet (unless an HS-DSCH packet were transmitted in the next sub-frame and successfully decoded by the UE, in which case an ACK would obviously be transmitted).

In addition to this, we propose that when the UE detects signalling on the HS-SCCH indicating the presence of an HS-DSCH packet for that UE, the UE should transmit an additional NACK in the HS-DPCCH subframe before the one in which the UE would transmit the normal hybrid ARQ ACK/NACK for the packet. 

The proposal is illustrated in Figure 1:
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Figure 1:  Illustration of proposed threshold offset reduction scheme

According to the example in Figure 1:

· When the UE detects relevant control information in the sub-frame labelled "N" on the HS-SCCH, the UE transmits a NACK in sub-frame N-1 on the HS-DPCCH (unless a packet was successfully decoded from sub-frame N-1 on the HS-DSCH). 

· In sub-frame N on the HS-DPCCH, the UE transmits the normal ACK or NACK indicating the result of decoding the packet received in sub-frame N on the HS-DSCH. 

· In sub-frame N+1 on the HS-DPCCH the UE transmits a NACK (unless a packet is successfully decoded from sub-frame N+1 on the HS-DSCH, in which case ACK is sent).  

· In sub-frames N+2 onwards on the HS-DPCCH, the UE goes back to using DTX in the ACK/NACK field (unless new relevant control information is detected on the HS-SCCH).

4.  Discussion

According to this proposal, if the UE fails to detect the HS-SCCH signalling, it will DTX two consecutive sub-frames on the HS-DPCCH. This means that the probability of the Node B misdetecting the DTX can be divided between the two sub-frames. For example, if P(DTX->ACK) is required to be 0.01 (as has been generally assumed – e.g. [4]), then this can now be achieved by setting the Node B's decision thresholds such that P(DTX->NACK) = 0.1 in the sub-frame before the normal ACK/NACK transmission, and P(DTX->ACK) = 0.1 for the normal ACK/NACK transmission. 

Therefore the Node B's decision threshold can now be offset much less than for P(DTX->ACK) = 0.01, with the result that the ACK transmit power can be significantly reduced. 

The NACK transmission in sub-frame N+1 is beneficial in the case that two consecutive packets are sent, but the UE only detects the first one. The Node B can then more reliably detect a NACK for the second packet than a DTX.

The reduction in ACK transmit power is achieved regardless of how bursty or disparate the pattern of DL packets is. The peak ACK/NACK transmit power is therefore significantly reduced for all packets for any traffic model.

As this method directly tackles the offset threshold at the Node B, it is totally compatible with any other power-reduction mechanism for the HS-DPCCH (e.g. ACK/NACK repetition or relaxation of error rate requirements), and will always offer an additional reduction in peak ACK/NACK power. 

This method provides a useful complement to the use of ACK/NACK repetition, as it can still give benefit in situations where repetition not desirable, for example at high packet throughputs. 

The method described here can also give additional benefit when used at the same time as ACK/NACK repetition. Annex B shows how the method would work when N_ack_nack_transmit (i.e. the total number of transmissions ACK/NACK transmissions including repetitions) is greater than 1.

This proposal has no impact on the ACK/NACK protocol. The only signalling requirement is to be able to switch this functionality on and off. This would be signalled as a higher layer parameter, together with other parameters like N_ack_nack_transmit. 

This would enable the functionality to be switched off, for example if the Node B specifically wanted to detect DTX separately from NACK, for example if non-self-decodable retransmissions were being used. 

Finally, note that the transmission of a NACK in sub-frame N-1 has no impact on the processing time available to the UE for decoding the HS-DSCH packet, as the UE would always transmit a NACK in the earlier sub-frame, regardless of whether the packet would be correctly decoded or not. The early NACK simply indicates that the UE has detected relevant signalling on the HS-SCCH.

5.  Simulation results

In these simulations we assume the use of Rx diversity at the Node B, with 2 uncorrelated antennas. The channel model is Pedestrian A. As in [5], a static ACK/NACK decision threshold is set according to the probability of DTX being wrongly detected as ACK. 

For UE speeds in the range 0 – 40km/h, the channel estimation at the Node B is carried out using the pilot bits from 3 consecutive UL slots. Above 40km/h, the pilot bits from only 1 slot are used for the channel estimation. This ensures that the best method of channel estimation (as shown in [5]) is always used as the benchmark.

Other simulation assumptions are given in Annex A.

We present simulation results here for both non-SHO and SHO with 2 Node Bs, as well as for both the original non-relaxed error requirements (i.e. P(NACK->ACK) = 10-4 with P(DTX->ACK) = 0.01) and the relaxed error requirements (i.e. P(NACK->ACK) = 10-3 with P(DTX->ACK) = 0.1).
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Figure 2:  Non-SHO,  P(DTX->ACK) = 0.01
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Figure 3:  Non-SHO,  P(DTX->ACK) = 0.1
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Figure 4:  SHO,  P(DTX->ACK) = 0.01
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Figure 5:  SHO,  P(DTX->ACK) = 0.1

These results show how much the high ACK power requirement is due to the need to offset the decision threshold at the Node B so as to avoid misdetecting DTX as ACK. If this can be avoided, or at least mitigated, the required ACK power is reduced by between 3 and 6dB.

6.  Conclusions
An improvement to previous proposals for a timer to control the use of DTX in the ACK/NACK field has been presented. 

According to the improved proposal, the UE transmits a NACK in the sub-frame before the normal ACK/NACK if it detects relevant HS-SCCH signalling, and it transmits one NACK in the sub-frame following the ACK/NACK (unless an immediately following packet is correctly decoded, in which case ACK is sent).

This proposal significantly reduces the amount by which the Node B must offset its ACK/NACK decision threshold, resulting in a 3-6dB reduction in required ACK power. 

This proposal continues to give a useful reduction in the ACK power requirement when used in conjunction with any other HS-DPCCH power reduction method, including repetition or relaxation of the error rate requirements. 

The proposal has no impact on the higher layer protocols or on the processing time available for the UE or Node B.

Although the proposal can easily be used together with ACK/NACK repetition, as a possible simplification its application could be limited to the case with only one repetition. 

Two alternative CRs are included with this document; the first allows this method to be used to reduce the ACK power for any value of N_acknack_transmit; the second CR specifies this method only for the case of N_acknack_transmit = 1. 
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Annex A – General Simulation Assumptions

2GHz carrier frequency

Pedestrian A channel – Rayleigh fast fading, classical Doppler spectrum, no shadowing

4% error rate (AWGN) on DL TPC commands

UL power control step size 1dB, algorithm 1

UL DPCCH SIR target set to give 4% TPC error rate; same SIR target in SHO as for non-SHO.

Interference in UL modelled as AWGN

Soft combining of 10 ACK/NACK field bits

Annex B – Operation when N_ack_nack_transmit > 1

The method proposed in this paper for enabling a reduced offset to the Node B's ACK/NACK decision threshold, and hence a significantly lower ACK transmit power, is fully compatible with the use of ACK/NACK repetition. 

Figure 6 shows how the method would work if N_ack_nack_transmit is greater than 1, for the example of N_ack_nack_transmit = 3.
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Figure 6:  Illustration of proposed threshold offset reduction scheme

According to the example in Figure 6, when N_ack_nack_transmit > 1:

· When the UE detects relevant control information in the sub-frame labelled "N" on the HS-SCCH, the UE transmits a NACK in sub-frames N-2 and N-1 on the HS-DPCCH (unless a packet was successfully decoded from sub-frame N-N_ack_nack_transmit on the HS-DSCH). 

· In sub-frames N to N+N_ack_nack_transmit-1 on the HS-DPCCH, the UE transmits the normal ACK or NACK indicating the result of decoding the packet received in sub-frame N on the HS-DSCH. 

· In sub-frames N+N_ack_nack_transmit to N+(2*N_ack_nack_transmit)-1 on the HS-DPCCH the UE transmits a NACK (unless a packet is successfully decoded from sub-frame N+N_ack_nack_transmit on the HS-DSCH).  

· In sub-frames N+2*N_ack_nack_transmit onwards on the HS-DPCCH, the UE goes back to using DTX in the ACK/NACK field (unless new relevant control information is detected on the HS-SCCH).

In this way, the detection of DTX is spread over more sub-frames than using repetition alone, so the Node B can offset its decision threshold less than with repetition alone. 
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