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1. Introduction

In [1] it has been shown that the current HS-DPCCH performance issue in soft handover is not due to a poor channel estimation but rather to the inefficiency of the current power control scheme. In this contribution we list requirements to optimise HS-DPCCH power control and derive possible power control schemes to meet these requirements.

2. Requirements for HS-DPCCH power control procedures

In the current release 5 specifications, the power control scheme for HS-DPCCH uses fixed offsets for ACK, NACK and CQI relative to the DPCCH power. These offsets can be modified during the connection i.e. when the active set is modified.

The uplink DPCCH is power controlled through commands sent by the active set cells because it is received by all these cells. The UE performs a combination of the commands received from all the cells and applies a power change accordingly. The HS-DPCCH is only received by one cell which is the HS-DSCH serving cell.

When the active set contains only one cell, the commands received by the UE are also adapted for HS-DPCCH power control however when the active set is greater than one there can be mismatch between the command received from the HS-DSCH serving cell and the command resulting from the combination of active set cells command. This leads to the HS-DPCCH power control issue in soft handover. In these cases applying a fixed offset between the HS-DPCCH and the DPCCH is not the optimum solution.

From a performance point-of-view, the most optimum solution would be to have a specific power control procedure for the HS-DPCCH. This power control procedure should nevertheless satisfy a number of criterion for backward compatibility reasons :

· it should not affect existing release 99/release 4 channels : in order to keep the split between release 99 channels and HSDPA channels, it is recommended that the HS-DPCCH power control procedure has no impact on the these channels

· it should minimise the interference generated to other cells i.e. it should not require a continuous transmission of HS-DPCCH : the objective is to stick as much as possible to the sporadic nature of the HS-DPCCH.

3.  Possible HS-DPCCH power control procedures

The idea of having a specific power control procedure relies on the fact that to optimise the UL performance of HSDPA it should be possible to closely control the transmit power of HS-DPCCH. Currently this power control is rather lose since HS-DPCCH power control follows DPCCH power control though the performance objective of these 2 channels are different.

We can classify the HS-DPCCH power control schemes in 2 categories :  those which are based on a single power control loop (DPCCH/DPDCH power control loop) and those which are based on introducing a second power control loop to control only the HS-DPCCH power.

Whether 1 loop or 2 loops are actually implemented, when there is no soft handover, HS-DPCCH power should follow, DPCCH power control procedure since it will be controlled only by the serving HS-DSCH cell. The schemes discussed in the rest of this document relate only to the soft handover case.

3.1. HS-DPCCH power control using a single loop

In this category of scheme, no specific HS-DPCCH power control is implemented at the node B , HS-DPCCH and DPCCH power control differ at the UE in the way the commands which are sent by the node Bs in the active set are interpreted at the UE.

In the non softer handover case, since the commands received from the serving HS-DSCH cell have been derived based on the received DPCCH SIR which will be the same (not taking into account the offsets) as the HS-DPCCH SIR. Provided that there is a rule to derive the HS-DPCCH power variation when receiving the TPC command from the serving HS-DSCH cell, it could be a way to control the HS-DPCCH power i.e. have a different interpretation in the mobile of the TPC command from the serving HS-DSCH cell depending on whether it is used to derive the HS-DPCCH power or the DPCCH power.

In that particular case, a mechanism may also be needed in the UE to record the difference in power between the DPCCH and the HS-DPCCH if it was to be transmitted.

In case of softer handover, the commands received from the serving HS-DSCH cell have been derived possibly based on a combination of DPCCHs received from different cells under the same node, so may well be different from what the serving HS-DSCH cell would have sent if it had been alone. If we think that this case should be treated seperately then we may consider allowing the HS-DPCCH to be transmitted in softer handover. Using the one loop scheme would then be as efficient and well suited as in the non softer handover case.

3.2. HS-DPCCH power control using 2 loops

In this category of schemes, one power control loop is used to derive the DPCCH/DPDCH power, this is the existing inner loop power control, the 2nd loop is used specifically to control the HS-DPCCH power. Here again there are 2 options : either we introduce a separate power control channel as had already been considered in the past but not studied in details or we consider frame/ symbol stealing on the HS-SCCH to allow this scheme to work on a 2ms basis.

With the first option, some DL codes have to be reserved to power control groups of UEs e.g. sharing the same HS-PDSCH code(s), it has some impacts on radio resource management but has the advantage of keeping the HS-DPCCH power control separate from existing release 99 channels.

With the 2nd option, there is an impact on HS-SCCH  channel coding and performance, still there could be some benefit in using the HS-SCCH as it would not use more code resource and also allows to keep the HS-DPCCH power control separate from existing release 99 channels.

This 2 options have already been considered in RAN1 for enhancement of HS-DPCCH power control however they have never been studied into details in particular the first one. We believe that this could be a way forward and should be discussed within RAN1.

4. Conclusion 

In this paper we have listed a number of power control schemes which could be considered in RAN1 to enhance the current HS-DPCCH power control scheme which is generally seen as not sufficient in soft handover situation.

First, RAN1 should consider if any of the 2 options (1 loop or 2 loops) is better suited to obtain acceptable performance on the HS-DPCCH, then the scheme can be fine tuned with the relevant parameters to meet the performance targets set by RAN2.
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