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1 Introduction

The simulation result in [1] shows that the required power offset of ACK/NACK when compared with the R99 uplink DPCCH varies a lot between SHO and non-SHO cases, especially at low UE speeds. According to the HSDPA working assumption detailed in [2], the ACK/NACK message is transmitted with a fixed power offset. As this power offset has to be set for the worst case, the transmission power of the ACK/NACK will be excessive in non-SHO case. Power control methods of uplink HS-DPCCH were proposed in [3] and [4] respectively. Method in both [3] and [4] need additional TPC commands (TPC-HS), further more, method in [4] requires additional pilot bits to HS-DPCCH, thus having a drawback of reducing the number of bits available for ACK/NACK signalling.

In this document, we propose a simple method requiring no additional signalling to perform the power control for ACK/NACK when UE is in SHO region, which does not need additional TPC commands or Pilot bits. In this way the uplink ACK/NACK transmitting power can be reduced.

2 New uplink power control algorithm in soft handover

It is known that the power control algorithm used is ‘or of down’ when UE is in SHO region, which is shown for the two cells in the following Table 1.

Table 1. TPC bit estimation in UE

TPC from Cell_A 

(HSDPA serving cell)
TPC from Cell_B

(Other cell in active set)
TPC (Combined in UE)

↑
↑
↑

↑
↓
↓

↓
↑
↓

↓
↓
↓

From the Table 1, it can be seen that the TPC combined by ‘or of down’ algorithm is not equal to the TPC form HSDPA serving cell if and only if the TPC from HSDPA serving cell is ‘↑’ while the TPC from any other cell is ‘↓’. 

In this case, the composite uplink signal between UE and HSDPA serving cell, consisting of R99 uplink signal and HS-DPCCH, may be much deteriorated because the power control of HS-DPCCH is opposite to the TPC from HSDPA serving cell. If this case can be detected, an appropriate adjustment of the power of uplink HS-DPCCH can be done. 

In all other cases, the combined TPC obtained from ‘or of down’ algorithm is equal to the TPC from HSDPA serving cell. In these cases the power offset between uplink HS-DPCCH and R99 DPCCH can be set at the same value as in non-SHO case. In that way, the transmitted power can be reduced in comparison with the fixed power offset scheme in [2], where the power offset have to be set for the worse case.  The basic adjustment algorithm is shown in Table 2.

Table 2. HS-DPCCH power adjustment algorithm

TPC from 

HSDPA serving cell
TPC from 

(any) other cell in active set
TPC (Combined)
Poffset

↑
↑
↑
No change

↑
↓
↓
↑(△P)

↓
↑
↓
No change 

↓
↓
↓
No change

 The power control algorithm is defined by the following steps, and is also shown in Fig.1.

1. When UE enter SHO region, power offset between uplink HS-DPCCH and R99 DPCCH is set to be Poffset_df, where Poffset_df is a high level parameter, which may be the same as or a little higher than the power offset when UE is no in SHO region. A counter (Cnt in Fig1) is needed in UE, which is set to zero at the beginning of power control process in SHO region.

2. UE perform TPC combination by ‘or of down’ algorithm and compare the combined TPC result with the TPC command from HSDPA serving cell. 

3. If they are not equal, power offset between HS-DPCCH and DPCCH should be raised by △P if it is not larger than Poffset_max. Here △P  and Poffset_max are high level parameters, and the Poffset_max  is the power offset set for the worst case in SHO.

4. If they are equal, the counter Cnt should be incremented and Poffset should not be changed. Further more, if the counter Cnt value is greater than N, Poffset should be set to the default value Poffset_df; where N is a high level parameters.
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Fig. 1.  Power control algorithm of uplink HS-DPCCH at UE in soft handover

By this method, the transmitted power of uplink HS-DPCCH is always above the target, and lower than or equal to the Poffset_max (which is set for the worst case in SHO, equal to the △PAN or △PNAN in [2]). Thus, the transmitted power of HS-DPCCH can be reduced compared to the fixed power offset scheme.

3 Simulation results

From the current simulation results, about 2dB gain can be obtained in soft handover by the above method, compared to the fixed power offset scheme in [2] when ACK/NACK BER is 1E-4. 

4 Conclusion

A method of ACK/NACK power (offset) control in SHO case is proposed. By this method, the average transmitted power of uplink HS-DPCCH can be reduced when UE is in SHO region with a little complexity added to UE. There is no additional signalling necessary to be added. Further more, we propose the current assumptions of power offset between uplink HS-DPCCH and primary DPCCH should not changed.
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Annex  – Simulation Assumptions

2GHz carrier frequency

Pedestrian A channel – Rayleigh fast fading, classical Doppler spectrum, no shadowing, 3km/h

Number of UL DPCCH pilot per slot – 6 pilot bits

UL power control step size 1dB, algorithm 1

TPC error 4%, TPC delay 1slot

Interference in UL modeled as AWGN

Perfect phase de-rotation 

Soft handover model – 3 NodeBs are in the active set, with approximately equal path losses but                                       independent Rayleigh fading.

TPC combining rule – ‘or of down’  
Soft combining of 10 ACK/NACK field bits
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