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1. Introduction

Simulation results were presented in [1] showing that the power requirement for the ACK/NACK field for HSDPA can be very large if acceptable error rates are to be achieved on the ACK/NACK messages. This was shown to be particularly the case in soft handover, when a power offset of up to 10dB could be required relative to a Release 99 UL DPCCH.

The simulation results presented in [1] assumed perfect channel estimation and perfect maximal ratio combining (MRC) in the Node B.

In this paper we present simulation results showing the effect of realistic channel estimation and MRC on the reliability of the ACK/NACK messages. 

The main aim is to find the lower bounds on the ACK power needed to achieve the required error performance.

2. Simulation Assumptions

In the simulations presented here, we assume that the Node B performs channel estimation for the HS-DPCCH using the pilot bits on the UL DPCCH. The UL DPCCH power is set as in [1] so that the error rate on the UL TPC commands is 4%. Detailed simulation assumptions are given in Annex A.

We then find the transmit power offset needed for the HS-DPCCH in order to give the following error rates: 

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

DTX->ACK error rate <10-2
The error rate of the ACK/NACK messages on the HS-DPCCH has a lower-bound which is dictated by the reliability of the channel estimate on the DPCCH pilot bits. When this lower bound is reached, no amount of additional transmit power offset for the HS-DPCCH can reduce the error rate further, as the additional power on the HS-DPCCH does not improve the reliability of the channel estimate. 

The typical behaviour of this lower-bound on the error rate is illustrated by way of example in Figure 1.
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Figure 1: Typical ACK/NACK error rate curve showing limiting effect of channel estimation errors

3. Simulation results

3.1  Only 1 Node B in active set

Figure 2 shows the minimum achievable error rate for the 10-bit ACK/NACK messages for a range of UE speeds. We assume 6 pilot bits per slot, with the DPCCH power set as described in section 2. 

Note that the minimum error rate for NACKs is the same as the minimum error rate for ACKs, as the effect of offsetting the detection threshold from zero becomes negligible as the HS-DPCCH transmit power tends to infinity.
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Figure 2: Minimum achievable error rates on HS-DPCCH (non-SHO)

It can be seen from Figure 2 that the required error rate of 10-4 for NACKs can never be achieved reliably if the Node B’s channel estimate is based only on the 6 pilot bits from the corresponding DPCCH slot. The required error rate for ACKs can be achieved up to about 100km/h. 

Figure 3 shows the minimum HS-DPCCH power offset which is required (relative to the DPCCH) to achieve the required error rate for the ACK. This power offset is up to 16dB greater than for perfect channel estimation (as in [1]).
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Figure 3:  HS-DPCCH Eb/No requirement with channel estimation errors (non-SHO)

3.2  Soft handover with 2 Node Bs in active set

In soft handover, the accuracy of the channel estimates is further deteriorated by the fact that the DPCCH is not well power-controlled to the Node B which is active for HSDPA.

The minimum achievable error rate for the ACK/NACK messages on the HS-DPCCH is shown in Figure 4. It can be seen that in soft handover, the requirement for the ACK->NACK error rate of 10-2 cannot be met.
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Figure 4: Minimum achievable error rates on HS-DPCCH in SHO

4.  Discussion

The results presented above show that channel estimation errors can have a serious effect on the error rates which can be achieved on the HS-DPCCH. 

The situation is different from the Release 99 DPCCH, because the HS-DPCCH does not carry its own pilots, so increasing the power of the HS-DPCCH will not help much when the error rate is dominated by the channel estimation errors. 

In summary, the results presented here show that:

When not in SHO:

· The required ACK error rate can be achieved by means of a power offset of up to +16dB for the HS-DPCCH. 

· The required NACK error rate can only be achieved if the UE is virtually stationary. 

When in SHO: 

· The required ACK (and NACK) error rates cannot be achieved with channel estimation based on 6 DPCCH pilot bits. 

We now consider a number of possible solutions to this problem:

4.1 Repeat ACKs and NACKs several times

This method was proposed recently and has now been adopted in TS25.214v5.0.0. This method provides some benefit in terms of reducing the required power offset. 

Figure 5 shows simulation results for transmitting each ACK message 3 times in SHO. Whereas without the repeats it was not possible to achieve the error rate of 10-2, the repeated ACKs now make this possible. In these simulations we assume soft combining of the 3 ACK messages at the Node B.


[image: image5.wmf]0

10

20

30

40

50

60

70

80

-5

0

5

10

15

20

Transmitted E

b

/N

0

 required on HS-DPCCH in SHO relative to DPCCH:

 For P(ACK->NACK)=10

-2

 using 3 transmissions of each ACK message

Transmitted E

b

/N

0

 required on HS-DPCCH  / dB

(relative to DPCCH)

UE speed  / km/h


Figure 5:  ACK Eb/No requirement in SHO with 3 transmissions of each ACK message

However, it can be seen from Figure 5 that the minimum power offset required for the ACK messages is still very large, especially at low speeds which are important for HSDPA. The improvement at high speeds seems to be due to time diversity.

Further, this method has a significant impact on performance of HSDPA (see [2]). 

We conclude that this method provides some benefit which could be useful in special cases, but it would not be desirable as a general solution.

4.2 Include pilot bits on the HS-DPCCH

It has been suggested that pilot bits could be included on the HS-DPCCH to aid channel estimation, for example by borrowing part of the ACK/NACK field. 

In Figure 6 and Figure 7 we present simulation results for the HS-DPCCH power requirement when the ACK/NACK field is split equally between ACK/NACK and pilot bits, e.g. :
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The power of HS-DPCCH is assumed to follow that of DPCCH (i.e. no modification of uplink power control operation).

It can be seen from Figure 6 that although the presence of pilot bits on the HS-DPCCH in the non-SHO case helps to reduce the larger power offsets required for the HS-DPCCH, they still rise to over 10dB relative to the DPCCH. At low speeds the power requirement for ACKs is increased due to the replacement of ACK/NACK bits by pilot bits. To meet the NACK error rate requirement requires very large power offsets and in both SHO and non-SHO. 
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Figure 6:  HS-DPCCH Eb/No requirement using pilot bits in ACK/NACK field
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Figure 7:  HS-DPCCH Eb/No requirement in SHO using pilot bits in ACK/NACK field

In SHO (Figure 7), some benefit is again achieved by using pilot bits in the ACK/NACK field to assist channel estimation. It becomes possible to achieve the required error rates, but only at the expense of a large power offset (or a possibly a large number of repeats) – approx 13dB to meet 10-2.

We therefore conclude that addition of pilot bits to HS-DPCCH gives some useful benefit at little cost, but does not provide a complete solution.

A variation of this possibility would be to distribute the pilots bits across the ACK/NACK field. This would allow better tracking of the channel with high terminal speeds. In this case the code words for ACK and NACK could be described, rather than “0000000000” and “0000011111” as “0000000000” and “0101010101” respectively. It is then a matter of taste as to whether these are considered as codewords which can be detected without knowing the channel phase, or as a data field containing distributed pilot bits. 

4.3  Relax the error rate requirements

Such high power offsets would not be necessary if the error rate requirements could be relaxed. In particular, the requirement for P(NACK->ACK)<10-4 is difficult to achieve. However, this requirement is necessary in order to avoid packets being lost due to the Node B wrongly deciding that the UE has received them correctly. Therefore this requirement can only be relaxed if a recovery mechanism is available to give the UE another chance to request a retransmission of packets for which the NACK has been misinterpreted. 

In [3] and [4] it is shown how this can be achieved by allowing a “Revert” message to be transmitted as a third codeword in the ACK/NACK field. A higher error rate on NACK messages can then be tolerated, because the UE can use the Revert message to give the Node B another opportunity to retransmit packets. 

This reduces the error rate requirements to the following:

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

REV->ACK error rate <10-2
This would avoid the need for very large power offsets for the HS-DPCCH.

This approach is compatible with the modified contents of the ACK/NACK field proposed above. In this case the code word for revert could be “0011001110”, maintaining good distance properties with ACK and NACK codewords.

5.  Conclusions

The results presented here show that when realistic channel estimation errors are included, the performance requirements for ACK/NACK signalling cannot be met in practice simply by increasing the HS-DCCH power offset.

Repetition of ACKs and NACKs will help, but could not be applied widely as it has a significant impact on QoS and throughput.

The codewords for ACK and NACK could be changed either to add explicit pilot bits or by re-defining the codewords to allow detection without a reliable channel phase reference being available from the DPCCH. We prefer the second approach. A CR introducing this change is presented 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 channel estimation and SIR estimation based on 6 DPCCH pilot bits

UL power control step size 1dB, algorithm 1

UL SF 256

Interference in UL modelled as AWGN

Soft combining of 10 ACK/NACK field bits
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