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1. Introduction

In this paper, we present some further results based on the discussion held at the last meeting when [2] was presented. The main comments received mentioned the need for an analysis of the extra uplink interference created when using the proposed enhanced HS-DPCCH power control scheme. First the algorithm principle is reminded, applicability to algorithm 2 is details then simulation results and assumptions are presented.

A companion CR is also available for this meeting.

2. Modified DPCCH and HS-DPCCH power control algorithm

In this section, we present again, the scheme proposed in [2] to improve the performance of HS-DPCCH power control in soft handover. 

2.1. Enhanced HS-DPCCH power control scheme

2.1.1. Principle

The rational behind the proposed scheme is the following : in case of soft handover, when the serving HS-DSCH cell is not the best receiving cell in the UL, the TPC command sent by the serving cell and the one resulting from the combination of the commands received from the active set cells will often be different i.e. the serving cell will ask for more power in the uplink but the command resulting from the combination will lower the power if at least one base station in the active set receives the DPCCH at an acceptable power.

So every time these 2 commands (the one from the serving HS-DSCH cell and the one resulting from the combination) are different the HS-DPCCH power drifts from the power needed for an acceptable reception level at the node B. To compensate for this drifting effect, in the proposed scheme the UE keeps track of the mismatch over a given window size during which no HSDPA transmission occurs. When HSDPA transmission effectively occurs, the drift is compensated by applying a larger step size to transmit the DPCCH.

The step size is calculated in the following way : when an HS-DSCH block is received, the UE compares the K last power control commands arising from the serving cell with the K last effectively applied commands (resulting from the combination of commands received from the active set cells). When a reliable difference is observed, it means that the serving cell asked for an up command and a down command was effectively applied. The power step HS to be applied to the DPCCH transmission power is then set according to d the number of mismatches : 

HS = d * TPC , where TPC is the usual step size as used in 25.214

As we do with the increased step size after a transmission gap, HS-DPCCH aims at correcting the mismatch between serving HS-DSCH cell commands and effectively applied commands for the last K slots

It is also proposed that the UE should check if the TPC command is reliable i.e. consider also the soft symbol information.

If a CQI is to be transmitted immediately after the ACK/NACK, only the current serving cell command is used to derive the DPCCH transmit power as the mismatch over the K window has already been compensated. If the memory size K is larger than the time period between 2 HS-DPCCH transmission then K is reduced accordingly in order to compensate only the drift between two consecutive HS-DPCCH transmissions.

When continuous transmission to a given UE is used, without any CQI information being transmitted the K window is reduced to 2 slots. 

When continuous transmission to a given UE is used and the CQI is transmitted every sub-frame, the proposed scheme is identical to the scheme presented in [1].

2.1.2. Examples

The scheme is illustrated on the figure below.

· Cmd 0 corresponds to the serving HS-DSCH cell

· Cmd corresponds to the command which is applied by the UE according to OR of DOWN power control algorithm

· Areas in red correspond to the buffered commands used for the proposed algorithm and the corresponding power change from the UE

· Areas in grey correspond to the commands which are applied by the UE
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2.2. Applicability of the proposed algorithm when to algorithm 2 is configured

When algorithm 2 is configured in the UE, the UE implements four consecutive zero power changes corresponding to TPC_cmd defined in 24.214 equal to zero and one non zero TPC_cmd which results from the combination of commands received over a 5 slot period. 5 slots periods always remain aligned to the frame boundary.

In the soft handover case with algorithm 2, the UE will receive commands for multiple cells in each slot. It firsts conducts a hard decision on every commands received in a given slot. Then over a 5-slot period, the UE sets TPC_cmd to zero for the first 4 slots then derives a single TPC commands for node B in the active set, and further combines these commands to derive a single TPC_cmd for the 5th slot.

The proposed algorithm, as described in the previous section can use the TPC_cmd commands derived by the UE indifferently when algorithm 2 is configured for the connection.

The combined TPC command and TPC command from the HS-DSCH serving cell will systematically be identical for the first 4 slots of the 5-slot period by definition of algorithm 2, therefore no change will be compensated over these slots. It’s only in 1 slot out of 5 that the proposed algorithm may compensate a difference between the combined command and the HS-DSCH serving cell command.

Since the power update rate with algorithm 2 is smaller (300Hz instead of 1500Hz), the correction in the proposed algorithm will be correspondingly smaller e.g. over a period of K=5 slots, only 1dB additional offset may be added with algorithm 2 where as it could be up to 5dB with algorithm 1. The reason is that only one slot over the 5 slot period can possibly have different combined and serving cells commands with algorithm 2.

3. Analysis of UL interference

In this section, we present an estimation of the UL interference generated with the proposed scheme for various activity factors.

3.1. Simulation assumptions

The simulation assumptions are identical to [2].

1) 3-way soft handoff has been simulated 

2) Propagation channel : outdoor to indoor A, speed 3km/h

3) 2 uncorrelated reception antenna

4) Power control in the soft handover case, is performed in 3 different ways

· as described in 25.214 i.e. OR of TPC commands coming from the active set node Bs (PC class)

· as proposed in [1], according to the commands received from the serving cell (PC SC)

· as described in section 2.2 i.e. according to the serving cell command with a memory (PC SC w memo) of 6 slots.

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 in the UE uses algorithm 1 with power control step 1dB and power control delay 1 slot.

7) Channel estimation has been performed 3 slots averaging.

8) Activity ratio : 20%. The traffic is assumed to be equally distributed in time.

9) ACK/ NACK BER and CQI BLER are presented

3.2. Derivation of the total transmitted power in the UL

In the same conditions as in the simulations presented in [2], UL DPCCH power was computed. It can be expressed as 
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is the DPCCH power when no HS-DPCCH is present i.e similar to release 99 power control.

From (1) we derive
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(2)

which can be used in the subsequent equation to derive the total uplink power 
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The objective is to compare 
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 to the UL transmitted power for the proposed algorithm to 
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for the existing scheme and the scheme where the HS-DPCCH follows the commands from the serving cell.

The results are given in the following section for various BER target.

3.3. Simulation results

PC class corresponds to the current HS-DPCCH power control scheme (i.e. fixed offset from HS-DPCCH , no specific power control scheme)

PC SC corresponds to the power control scheme where the UE follows the TPC commands from the serving HS-DSCH cell to adjust the UL DPCCH/DPDCH power when it has to transmit ACK/NACK

PC SC with memo is the proposed algorithm described in section 2.1.1.

DPCCH power (dB) BER_ACK = 1%

	Power control algorithm
	Mean power on serving HS-DSCH cell DPCCH

	
	Activity 20%
	Activity 50%
	Activity 100%

	PC class
	1.26
	2.24
	3.47

	PC SC
	1.80
	2.62
	3.83

	PC SC with memo
	1.91
	3.11
	3.83


DPCCH power (dB) BER_ACK = 0.1%

	Power control algorithm
	Mean power on serving HS-DSCH cell DPCCH

	
	Activity 20%
	Activity 50%
	Activity 100%

	PC class
	n/a
	n/a
	n/a

	PC SC
	11
	7.06
	3.67

	PC SC with memo
	7.51
	3.72
	3.67


The above table shows that the excess UL power transmitted due to the proposed scheme is between 0.90 and 0.35dB on average for one UE depending on the activity factor. This has of course to be balanced against the performance improvement which is about 5dB compared to the PC SC method and between 8 and 5dB with respect to PC Class when no repetition (or only one repetition) is assumed.

For a BER of 0.1% only the power control scheme with memory reaches the target BER with less transmitted power than the current power control scheme (which in fact cannot reach the target even with infinite power) or the simple serving cell power control scheme.
4. Conclusion 

In this paper, we present some results on the additional uplink interference created with the proposed power control scheme for the HS-DPCCH in case the associated dedicated channel is in soft handover. It was shown in previous papers that this scheme allows to improve the performance of HS-DPCCH by up to 8 dB at low speed and at medium speed. In particular when the activity on the channel is limited (lower than 50%), it allows to increase the HS-DPCCH power offset temporarily and therefore reduces the cases in which the error requirements cannot be met to a greater extent than the scheme proposed in [1]. In this paper, it is shown that the effect on uplink interference is rather limited.

A companion CR is proposed in [3].. 
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