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1. Introduction

Simulation results were presented in [1] and [2] showing the power requirements for the ACK/NACK field in order to achieve acceptable error rates on the ACK/NACK messages. These results showed that a large power offset could be required relative to a Release 99 UL DPCCH.

It has been agreed that the following error rates are required on the ACK/NACK signalling:

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.

In [1], we showed how the peak power requirement for the ACK/NACK field can be reduced by allowing the UE to transmit a "REVERT" (REV) message in the ACK/NACK field, as an alternative to the usual ACK or NACK. The UE can use the REV message to recover from a misinterpreted NACK by making another request for the packet to be retransmitted. 

In [2], we showed how the peak power requirement can be further reduced by using a timer to decide when the UE may use DTX in the ACK/NACK field. During packet bursts, the UE would transmit a NACK in every ACK/NACK field for which it does not detect a packet indicator (HI). This avoids the need for the Node B to detect DTX in the ACK/NACK field most of the time, and therefore reduces the power required for the ACK messages.

Simulation results in [2] showed how the combination of these two techniques can reduce the peak power requirement for the ACK/NACK field by approximately 5dB across a range of UE speeds from 3km/h to 120km/h when the UE is in soft handover. These results are reproduced in Figure 1 below. 
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Figure 1: Power requirement for ACK/NACK field in SHO using REV command, and timer to control DTX

2.  New simulation results

We now present similar simulation results for the case when the UE is not in soft handover. These are shown in Figure 2 below. Simulation assumptions are as in [1, 2] and are repeated in Annex A.
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Figure 2:   Power requirement for ACK/NACK field not in SHO, using REV command, and timer to control DTX

It can be seen from Figure 2 that the combination of the two methods for reducing ACK/NACK power gives a significant improvement (of 3 – 4 dB across the range of speeds) when the UE is not in soft handover, as well as when the UE is in soft handover. 

In order to further illustrate the problem, it is also possible to obtain results for the worst case error rates which occur on the ACK and NACK commands if the transmit power were the same as for the Release '99 DPCCH and no mitigating techniques (such as the REV message and DTX timer) were used. These error rates are shown in Table 1 and Table 2 below:

Table 1:  Error rates in SHO with same power as R99 DPCCH 
and no mitigating techniques

Error event
Error rate
Target error rate

NACK->ACK
4 x 10-3
10-4

ACK->NACK
7.4 x 10-2
10-2

DTX->ACK
7.4 x 10-2
10-2

Table 2:  Error rates not in SHO with same power as R99 DPCCH 
and no mitigating techniques

Error event
Error rate
Target error rate

NACK->ACK
4 x 10-4
10-4

ACK->NACK
3.3 x 10-2
10-2

DTX->ACK
3.3 x 10-2
10-2

It can be seen that the resulting error rates would be much greater than the agreed requirements. The relatively flat BER vs SNR curves, especially in SHO, mean that very large power offsets would be required to achieve the target error rates if mitigating techniques are not used. 

3.  Consideration of uplink interference

The above improvements relate to the power in the ACK/NACK fields in which the UE transmits a message. However, when the timer is used to decide whether or not the UE should use DTX, the UE will transmit in more ACK/NACK fields than without the timer. This will affect the average uplink interference.  

The amount of extra uplink interference depends on the arrival statistics of the downlink packets. 

In general, we can assume that packets arrive in clusters, where the clusters contain N packets each on average.  Within each cluster, there are on average y TTIs which do not contain a packet between each TTI which does contain a packet. This is illustrated in Figure 3.
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Figure 3:  General packet clustering model

We consider first the power requirement if no timer or REV command are available:

Let the energy required for each ACK or NACK message in this case be E. Therefore the total ACK/NACK signalling energy is NE.

Now consider the case when the timer and REV command are used. From Figure 1, the energy required in each ACK/NACK/REV field after the first TTI in each cluster is 5dB below E, i.e. 0.3E.  

Then let x = the number of TTIs for which the timer runs after being triggered in the current TTI. 

Clearly x should be greater than the largest number of unused TTIs between packets in the cluster.

The total ACK/NACK/REV signalling energy is then given by 
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Therefore, for the timer to give a benefit, we need 
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In the worst case, when there is no clustering at all (i.e. N = 1, y = 0), setting x = 0 gives the same result as not using the timer. In other cases, when there is some clustering, a value of x may be found to give a significant reduction in the mean uplink interference from the ACK/NACK signalling. 

For example, in the example shown in Figure 3, x = 2 gives a reduction of 3dB in the mean transmit power for ACK/NACK signalling. Even in the non-SHO case, a reduction of 1dB is still achieved in the same example. 

If the UE shall in any case decode the HS-DSCH in the TTI immediately following successful reception of a packet, as proposed in [3, 4], the reduction in the mean power requirement is even greater, since the UE would in any case transmit in the ACK/NACK field for the TTI following each packet. 

4.  Conclusions and recommendations

The use of a REV command to correct a misinterpreted NACK, and a timer to avoid using DTX in the ACK/NACK field during packet clusters, can reduce the transmit power required for the uplink HSDPA signalling by 3 – 4 dB when not in soft handover, and 4.5 – 5.5 dB when in soft handover.

The Node B would wish to set the timer duration to an appropriate value for the packet arrival statistics. In order to cover worst case scenarios, it would be desirable to be able to signal a timer duration of 0 TTIs, as well as higher values for cases with more clustering of packets. 

We therefore propose that signalling should be provided to enable the Node B to signal the duration of a timer, which the UE would start after receiving a packet, and during which the UE would not use DTX in the ACK/NACK field. 

We also propose that the UE should be able to use a REVERT command to allow the potentially problematic consequences of misinterpreting a NACK to be corrected. 

A text proposal is provided in [5].
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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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