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1. Introduction

Simulation results have been presented by various companies [e.g. 1 – 4] showing the power required for the HS-DPCCH signalling for the following target error rates:

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

It has been suggested that relaxing the NACK->ACK error rate to 10-3 could help to avoid the requirement for large power offsets for the HS-DPCCH, and therefore avoid the range of HSDPA being limited by the UL signalling power requirement.

This relaxation of the NACK->ACK error rate would also mean that the DTX->ACK error rate can be relaxed to 0.1.

In this paper we present a range of simulation results for these relaxed error rates:

DTX->ACK error rate <10-1
ACK->NACK error rate < 10-2
NACK->ACK error rate < 10-3
2. Simulation Assumptions

In the simulations presented here, we assume that the Node B uses a non-dynamic decision threshold for consistency with the assumptions of other companies, although it may be possible to achieve some reduction in the ACK power requirement (at the expense of NACK power) by means of a dynamic decision threshold.

The threshold position was set so as to achieve the required DTX->ACK error rate. 

Results are presented for dual-antenna Rx diversity at the Node B, as well as for no Rx diversity. 

We also show the effect of using the pilot bits from the last 3 slots for channel estimation, compared to using only the 6 pilot bits from the current slot. 

Other simulation assumptions are as in Annex A.

3. Simulation results

3.1 Non-SHO
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Figure 1:  ACK power requirement when not in SHO
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Figure 2:  NACK power requirement when not in SHO

3.2   2-way SHO
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Figure 3:  ACK power requirement in SHO
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Figure 4:  NACK power requirement in SHO

4.  Discussion

The results presented here show that the power which would be required for the HS-DPCCH is more reasonable when the NACK->ACK error rate is relaxed to 10-3 than for 10-4.

However, the power requirement is still significant, and is highly dependent on the receiver at the Node B. It seems to be essential for the Node B to have at least 2 receive antennas if very large HS-DPCCH power offsets are to be avoided. Indeed, under the assumptions used to generate the results presented here, the ACK performance requirement cannot be met at high speeds in SHO without Rx diversity.

The use of 3 consecutive slots for channel estimation at the Node B can give some useful benefit at low UE speeds, but by 40km/h this benefit is negligible and at higher speeds a shorter channel estimation period must be used. 

It is desirable to be able to achieve the required error rates for ACKs and NACKs without having to rely on repetition, as this has been shown to have a detrimental effect on capacity [5].

5.  Conclusions
If the error rate requirement for NACKs were to be reduced to 10-3 some improvement in the HS-DPCCH power requirement would result. 

However, receive diversity at the Node B would still be essential for reasonable performance. It should be discussed whether it is valid to design the HS-DPCCH such that it only works well if a non-mandatory feature like receive diversity is used.

If it is considered acceptable to rely on receive diversity at the Node B in order to achieve satisfactory HSDPA performance, then an informative note stating this should be included in the specifications. In this case, therefore, a LS should be sent to RAN WG4 recommending that such a note be included in the specifications. A draft LS is included at the end of this document.

However, if a requirement to use receive diversity is not considered satisfactory, other techniques should be considered instead, whether or not the NACK error rate requirement is relaxed.
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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 power control step size 1dB, algorithm 1

UL SF 256

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
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RAN WG1 has considered the conditions which are necessary in order to achieve the performance requirements agreed with RAN WG2 for the ACK and NACK messages on the HS-DPCCH for HSDPA.

The required ACK/NACK error rates can only be achieved in all circumstances (including high speed and soft handover cases) when Receive Diversity (at least 2 uncorrelated antennas) is used at the Node B. 

As this is not a mandatory feature for the Node B, RAN WG1 would like to ask RAN WG4 to include an informative note in its performance requirement specifications to indicate that it is expected that the Node B would use Receive Diversity for the HS-DPCCH signalling. 

RAN WG1 thanks RAN WG4 for their attention to this matter. 
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