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1. Introduction

During the last RAN1 meeting, discussions were held on the necessity to introduce a new sub-frame format for HS-DPCCH, which contains special pilot bits, to ease channel estimation and allows an HS-DPCCH specific power control scheme. In [1], 2 reasons were given for the introduction of  special pilot bits : the first one was the poor power control performance in soft handover situation due to the fact that the HS-DPCCH is not in soft handover while the DPCCH is, the 2nd reason which was given was a poor channel estimation. 

In this paper, we discuss whether the special pilot bits are really needed for channel estimation purposes, a companion document discusses the requirements to improve HS-DPCCH power control. 

2. HS-DPCCH channel estimation in soft handover

Channel estimation is two-fold : it consists in identifying the main paths of the channel profile and estimating their amplitudes. To obtain an acceptable channel estimate the node B must perform these 2 operations with a sufficient accuracy : path identification and amplitude estimation.

If as explained in [1], channel estimation has a poor performance then it has to come either from path identification or from amplitude estimation.

If HS-DPCCH channel estimation comes from path searcher then the DPCCH and DPDCH are also likely to be in trouble because the same paths will be used for demodulation of the release 99 UL channels. If the channel estimator has failed to identify the correct paths with the DPCCH pilots, there is a high probability that demodulation of the other UL channels will fail. If  we cannot properly identify the echoes on the uplink the node B will lose synchronisation, this should not happen if the DPCCH is correctly power controlled and the soft handover threshold are properly chosen. 

Beside if we want to synchronise with these new pilot bits , the sporadic nature of HS-DPCCH does not allow to perform reliable searching because we have too few snapshots over the averaging period, it means the new pilots have to be continuously transmitted causing an increase of the interference level generated towards other UEs.

This seems to imply that the channel estimation problem which has been identified is more an amplitude estimation problem than a searcher problem. In that case it is not clear to us how the inclusion of new pilot bits will help amplitude estimation. The proposed pilot insertion increases reference signal power, such an increase can also be obtained by considering pilot signal  from consecutive slots. One can argue that channel impulse response does not always remain constant during such a period, however proposed additional pilot position does not allow to fight against such channel incoherence and HSDPA should be optimised for low mobile speeds. So, in the general case, some improvement can be expected from carrying out estimation taking into account several time slots.

3. Simulation results when averaging is used

We have performed some simulations to assess the improvement which can be expected from averaging the paths amplitudes over 3 time slots compared to the 1 time slot case which has been used in [1]. The simulation assumption are the following :

1) One way and 3-way soft handoff have been simulated 

2) 3km/h fading, outdoor to indoor A multi-path

3) 2 reception antenna

4) Power control in the soft handover case, is performed as described in 25.214 when the UE receives multiple commands not necessarily identical (OR of TPC commands coming from the active set node Bs). An error rate of 4% has been assumed on the PC commands received by the mobile.

5) 6 pilots bits have been used in UL DPCCH.

6) Target Eb/No for outer loop power control has been set to 3dB after antenna combination in the node B. Power control step is 1dB and power control delay 1 slot.

7) Channel estimation has been performed using 1 slot and 3 slots averaging.

The results are shown in terms of power offset (dB) for ACK field to obtain a BER of 10-2 and power offset for CQI to obtain a BLER of 1%. They are compared with the results given in [1] for the use of 5 special pilots bits per HS-DPCCH sub-frame.
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As explained in [1], with a target SIR of 3dB it is not possible to achieve the 1% target BER on the ACK field, but this target can be achieved with the same target SIR and averaging over 3 slots. This can be seen in the figures attached in annex.

These results show that up to 2 dB can be gained by performing some averaging over multiple time slots. The 2 dB difference between 1 slot averaging and 3 slots averaging roughly corresponds to the difference in energy of the 2 configurations. With averaging over the DPCCH pilots, it is possible to obtain the same channel estimation quality (in terms of total energy on the pilot bits) than what is done with special pilot bits. The power that is lost on the received DPCCH power because of imperfect power control can be regained by cumulating the energy from multiple time slots.

Therefore the difference in performance between HS-DPCCH and DPCCH comes from the inefficiency of the power control procedure and not from a poor channel estimation. The imperfect power control results in a weaker HS-DPCCH but this is independent of the channel estimation and can be compensated by averaging the estimation over multiple time slots.

4. Conclusion 

In this contribution, we have shown that when averaging of the paths amplitude over several time slots is performed, it results in up to 2dB performance gain compared to the no averaging case. This averaging allows to regain the difference in terms of total pilot energy available when demodulating/ decoding the HS-DPCCH data compared to the case where some pilot bits are inserted and a specific power control procedure is applied. This clearly indicates that the issue which degrades the HS-DPCCH performance in soft handover is the poor power control and not a degraded channel estimation.  We believe that special pilots bits are not needed in HS-DPCCH to improve channel estimation, still some enhancement of the current power control procedure for HS-DPCCH should be considered to address the soft handover situation.
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Annex : performance curves
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