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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. An uplink HS-DPCCH power control method was proposed in [3], which requires addition of 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 in SHO case. In this way the uplink ACK/NACK transmitting power can be reduced significantly.

2 New uplink power control algorithm during SHO 

The new uplink DPCCH-HS power control algorithm at HSDPA serving NodeB is defined by the following steps, shown also in Fig.1:

· An Iub signalling from RNC informs HSDPA serving NodeB when UE enters the SHO region.

· HSDPA serving NodeB calculates the TPC command (TPC-HS) for the ACK/NACK in uplink DPCCH-HS according to the following formulas

TPC-HS = (PAr – PAt > 0)? 0 : 1



PAr = PPr + Poffset_df + Poffset_add 


(1)



Poffset_add = (Nup – Ndown) * ΔP 

where  PA r is the received ACK/NACK signal power at HSDPA serving NodeB, PAt is the target ACK/NACK signal power received at HSDPA serving Node B, PP r is the R99 UL DPCCH Pilot power measured in HSDPA serving NodeB, Poffset_df is the default power offset between ACK/NACK and R99 DPCCH when the UE is not in SHO region, Nup is the number of  commands of TPC_HS=1 that HSDPA serving NodeB transmitted after the UE enters SHO region, Ndown is the number of  commands of TPC_HS=0 that HSDPA serving NodeB transmitted after the UE enters SHO region, and ΔP is the step of power adjustment at UE.

· HSDPA serving NodeB transmits TPC-HS instead of TPC for the primary uplink DPCCH. Another possibility is the time-multiplexing of TPC-HS with the TPC for primary DPCCH on the downlink of HSDPA serving cell, as described in [3].
· Transmission power offset between the ACK/NACK and the primary DPCCH is controlled only by the TPC-HS from the HSDPA serving NodeB with step size ofΔP.
· The power control of the uplink primary DPCCH is the same as in R99, except that UE does not use the TPC command (TPC-HS) received from HSDPA serving NodeB. 
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Fig. 1.  Flow chart of power control for the uplink ACK/NACK at HSDPA serving NodeB in SHO case.

3 Simulation results

The ACK/NACK power requirements imposed by the new power control algorithm (TPC-HS instead of Primary TPC) and the fixed power offset method are shown in Fig.2 (with UE speed 3km/h) and Fig.3 (with UE speed 10km/h). At low UE speeds, the ACK/NACK transmission power can be reduced by 3dB when ACK/NACK BER is lower than 10-2 and 6dB when ACK/NACK BER is lower than 10-4.
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Fig.2. ACK/NACK BER performance with proposed method and with fixed offset method (3kmph).
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Fig.3. ACK/NACK BER performance with proposed method and with fixed offset method (10kmph).

When TPC-HS is time-multiplexed with the primary TPC, the ACK/NACK power requirements imposed by the new power control algorithm are shown in Fig.4 (with UE speed 3km/h) and Fig.5 (with UE speed 10km/h). 
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Fig.4. ACK/NACK BER performance with proposed method and with fixed offset method (3kmph).
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Fig.5. ACK/NACK BER performance with proposed method and with fixed offset method (10kmph).

4 Impacts on current specification

1. A signalling should be added from  RNC to HSDPA serving NodeB when  UE enters a SHO region.

2. A TPC_HS should be transmitted by the HSDPA serving NodeB in the SHO case instead of or time-multiplexed with the normal TPC command in DL DPCCH.

5 Conclusion

A method of ACK/NACK power (offset) control in SHO case is proposed. By this method, the average transmitting power of ACK/NACK can be greatly reduced when UE is in SHO region with a little complexity added to HSDPA serving NodeB. There is no additional signalling necessary to be added.
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Annex  – Simulation Assumptions

2GHz carrier frequency

SHO model – 3 NodeB

Pedestrian A channel – Rayleigh fast fading, classical Doppler spectrum, no shadowing

Number of UL DPCCH pilot per slot – 6 pilot bits

UL power control step size 1dB, algorithm 1

UL SF 256

Interference in UL modelled as AWGN

Perfect phase derotation and TPC command demodulation

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

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