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1. Introduction

The HS-DPCCH is used in the uplink to carry CQI and HARQ-ACK from the UE to the HS-DSCH serving Node B. In addition to the HS-DPCCH, the UE is simultaneously transmitting a DPCH. The Node B is using the pilot bits on the DPCCH to estimate the channel and this channel estimate is used when demodulating the HS-DPCCH. The DPCH can be in soft handover, while the HS-DPCCH cannot since it must be received by the HS-DSCH serving Node B.

In some previous contributions, concerns have been expressed regarding the performance of HS-DPCCH demodulation when the DPCH is in soft handover. In this case, the DPCH is power controlled by multiple Node Bs and the DPCCH might not be strong enough to result in sufficiently a good channel estimate. Hence, the performance of the HS-DPCCH signaling  could be limited by the received pilot energy rather than the energy of the HS-DPCCH information fields. As a solution, an additional sub-frame format for the HS-DPCCH have been proposed which reduces the CQI coding performance in order to fit 5 pilot bits. In the proposal in [1], the pilot bits are always transmitted every sub-frame, regardless of the HARQ-ACK and CQI activity.

2. Alternative Solution

The introduction of an additional sub-frame format has several drawbacks:

· Reduced coding gain for the CQI as some of the channel bits are used for the pilot.

· Increased complexity as both the UE and the Node B must handle multiple sub-frame formats instead of only a single one. This will complicate testing as well.

· The new HS-DPCCH pilot bits cannot be exploited by other cells as they are not aware of any HS-DPCCH activity in the HS-DSCH serving cell. Furthermore, they might not be capable of HS-DPCCH reception, for example in the case of R99/4 Node Bs. The HS-DPCCH pilots will thus cause additional interference in these cells.

· The additional HS-DPCCH pilot bits are transmitted during a relatively short duration relative to the 2 ms sub-frame duration. Hence, the power is likely to be raised to obtain sufficient energy of the pilot information, which can have implications when the UE is peak-power limited.

· If the Node B receiver wants to utilize all the transmitted pilot energy in the channel estimation process, the Node B must receive and process two separate pilot signals (DPCCH and HS-DPCCH). This will complicate the Node B channel estimator compared to processing a single pilot signal.

As an alternative, the power of the DPCCH can be increased if necessary from a channel estimation point-of-view. This can be achieved by changing the DPCCH/DPDCH power ratio used by the UE and the SIR target at the Node B. Efficiently, this results in a stronger DPCCH, while keeping the DPDCH power untouched. This alternative has several advantages: 

· No additional sub-frame formats are required, keeping the complexity of the Node B and the UE down.

· Signaling already defined in R99/4/5 can be used. Hence, complexity of the Node B and the UE is not increased and testing is not affected.

· The additional pilot energy transmitted by the UE can be utilized by all Node Bs involved in soft handover, e.g., R99/4 capable Node Bs, and not only by the HS-DSCH serving Node B.

· The pilot energy is transmitted during longer duration. For example, using a slot format with 6 pilot bits per slot, a total of 18 pilot bits are transmitted per 2 ms sub-frame format, which, to obtain the same pilot energy, each requires a lower power compared to the 5 HS-DPCCH pilot bits.

· No additional processing is required in any of the Node Bs involved in the soft handover to utilize all the pilot energy transmitted by the UE.

3. Conclusion

No need for the introduction of HS-DPCCH pilots bits are foreseen. If channel estimation at the Node B in soft handover is troublesome, this problem can be addressed by mechanisms already present in the current R99/4/5 specifications.
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