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1. Introduction

According to the working assumptions detailed in TR25.858, the UE will use DTX in the ACK/NACK field on the uplink HSDPA control channel when no packet has been received in the corresponding DL TTI.

The use of DTX when there is no ACK/NACK information to be sent is beneficial for both UL interference and UE battery life. 

There are 2 cases in which a UE might use DTX:

· no packet was transmitted by the Node B  or
· the Node B transmitted a packet but the UE failed to detect the HI or to decode the HS-DSCH-SCCH correctly. 

In the latter case, the Node B needs to retransmit the packet. This means that the Node B should detect the DTX state as a NACK. However, this has the drawback that the ACK power has to be increased in order to achieve an acceptable error rate on the ACK messages.  

At the RAN WG1 adhoc on HSDPA in Sophia Antipolis, the following requirements were agreed for the acceptable error rates on the ACK and NACK commands:

ACK->NACK error rate < 10-2
NACK->ACK error rate < 10-4

HI detection failure rate < 10-2

It follows that the DTX->ACK error rate should be <10-2, so that P(HI missed) x P(DTX‑>ACK) = P(NACK->ACK) < 10-4.

Simulation results were presented in [1] showing the power requirements for the ACK/NACK field in order to achieve these error rates on the ACK/NACK messages. 

The results for the non-soft-handover case are reproduced in Figure 1 below. 
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Figure 1: Power requirements for ACK/NACK field
Figure 1 shows that the transmit power in the ACK/NACK field will need to be in the range 2 – 4 dB above the transmit power of a Release '99 UL DPCCH. This power level is governed by the ACK power needed to achieve P(ACK->NACK) < 10-2 and P(DTX‑>ACK) < 10-2.

As discussed in [1], the optimum position of the ACK/NACK decision threshold at the Node B depends on the UE speed and on whether the UE is in soft handover, which means that the actual power requirement may be significantly higher, especially if the Node B does not know how many Node Bs are in the UE's active set. 

In this paper we propose a method by which the ACK power can be reduced. 

2.  Proposal for ACK power reduction

In order to reduce the power required for the ACK message, we need to be able to move the Node B’s decision threshold closer to the DTX state. Therefore we need to find a way of forbidding the UE from using DTX in the ACK/NACK field without wasting a large amount of energy when no packets are being transmitted on the HS-DSCH.

As most traffic models for HSDPA consider the DL packets to be bursty, we propose that the UE should operate in two states, which would be controlled by a timer. 

When the UE detects a packet on the HS-DSCH, it enters the state in which further packets are expected. It starts the timer, and then while the timer is running the UE transmits a NACK in every ACK/NACK field when it does not detect an HI. After the timer expires, the UE reverts to using DTX in the ACK/NACK field when an HI is not detected. If another packet is received while the timer is still running, the UE restarts the timer. The value of the timer could be signalled by the network.

This scheme means that there could be an increase in the ACK->NACK error rate for the first packet of each burst, as the Node B would have to set its decision threshold higher so as to detect DTX. However, after the first packet the Node B would reduce its decision threshold for the duration of the timer. 

In order to avoid getting a higher ACK->NACK error rate for the first packet of each burst, the UE could use a higher ACK power just for the first packet if it was not power-limited. 

Figure 2 shows the required ACK/NACK power when the timer is in operation. (The simulation assumptions are given in Annex A.)
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Figure 2: Power requirement for ACK/NACK field with and without timer to control use of DTX

The results in Figure 2 were obtained by optimising the position of the decision threshold at the Node B so that the required power for the ACK and NACK messages are equal. In this way the peak power requirement in the ACK/NACK field is minimised. 

It can be seen from Figure 2 that the use of the timer to control when DTX is used results in a reduction of approximately 3.5dB in the peak power requirement in the low-speed environments which are the most important for HSDPA.

Figure 3 shows the required ACK/NACK power when the UE is in soft handover. In this case the improvement due to the use of the timer to control DTX mainly occurs at higher speeds. This is because in soft handover the transmit power at low speeds is dominated by the NACK power required to achieve P(NACK->ACK) < 10-4.
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Figure 3: Power requirement for ACK/NACK field in SHO with and without DTX-control timer

However, in [1] we show how the NACK power requirement can be significantly reduced by the use of an additional “REVERT” message, which gives the UE a chance to recover from a misinterpreted NACK by making another request for the packet to be retransmitted. 

When the REVERT message is used in conjunction with the timer to reduce the ACK power, the ACK/NACK power requirement in soft handover is reduced very significantly, by approximately 5.5dB across the entire range of UE speeds, as shown in Figure 4.
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Figure 4: Power requirement for ACK/NACK field in SHO using REV command and timer to control DTX

3.  Conclusions and recommendations

The use of DTX in the ACK/NACK field is beneficial for uplink interference and UE battery life.

However, the need for the Node B to respond to DTX as if it were a NACK results in the required transmit power being high for the ACK message. 

We have presented simulation results showing how the ACK power can be reduced by allowing the UE to exploit the typically bursty arrival statistics of the HS-DSCH packets. The UE would use a timer to control when DTX was used in the ACK/NACK field, so as only to use DTX outside packet bursts. 

A reduction of up to 3.5 dB can be achieved in the peak ACK/NACK power requirement when the UE is not in soft handover. 

In soft handover, a reduction of approximately 5.5dB (across the entire range of UE speeds) can be achieved in the peak ACK/NACK power requirement when the use of DTX is controlled by a timer, in conjunction with the REVERT command described in [1].

A text proposal for reducing the ACK power by means of a timer is given in [3]. However, the benefits of this proposal are significantly increased if it is combined with the REVERT command (see text proposal in [2]).
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Annex A – 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 SIR estimation error assuming 6 pilot bits

UL power control step size 1dB, algorithm 1

UL SF 256

Interference in UL modelled as AWGN

Perfect phase derotation at BS

Soft combining of 10 ACK/NACK field bits
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