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1. Introduction
Some proposals on ACK/NACK signalling in soft handover region have been discussed at previous meetings. In this contribution, we present a couple of schemes to enhance current proposals. 

2. Challenges in ACK/NACK Signalling

2.1 Target Error Rate of ACK/NACK Signalling

One bit-ACK/NACK indication for H-ARQ is transmitted in one slot with repetition coded to 10bits. If ACK is detected as NACK with reception error, the cell re-transmits the packet that has been already received correctly at the UE. This kind of error causes a little degradation of packet throughput. On the other hand, if NACK is detected as ACK, the cell discards the packet instead of retransmitting the packet. This kind of error causes packet loss. Hence, reception error of ACK/NACK signal should be kept low enough, and the reception error of NACK needs to be lower than that of ACK as follows,

Error Rate [NACK ( ACK] < 10-4
Error Rate [ACK ( NACK] < 10-2
2.2 User Throughput with ACK/NACK Repetition

To achieve above requirements, the power offset ACK or NACK against uplink DPCH is added to transmit power of ACK/NACK indication. As suggested in [1][2], if these power offset is fixed, the received quality of ACK/NACK indication in soft handover region might be degraded. To solve this problem, the higher layer signaling to update power offset value and the repetition of ACK/NACK signal are introduced in [3]. 

   However, if ACK/NACK signals are repeatedly transmitted, the UE cannot receive packets continuously.　The throughput decreases as the increase of ACK/NACK repetition number. Considering the fact that low MCS level tends to be selected for UEs in soft handover region, throughput becomes considerably low with the repetition. Therefore, it is very important to decrease the repetition number as small as possible. 
2.3 Mitigation of Disturbance from Non-serving Cells


Another challenge is the mitigation of transmit power control disturbance by 
non-serving cells (which is active set cells that do not transmit HS-PDSCH ). Although only one cell transmits HS-PDSCH, which is referred to as serving cell, TPC commands are transmitted from all active set cells. This fact leads to the following problems. 

· In uplink power control, it is possible that TPC commands from non-serving cells reduce uplink DPCH transmit power even when the quality at the Serving cell is not good.  This leads to the degradation of ACK/NACK reception errors at serving cell. 
· In downlink power control, UE generates TPC commands based on the received quality of DPCCH from serving cells and non-serving cells after diversity combining. Therefore, even when received quality of serving cell is not good enough it is possible that UE generates TPC command to decrease the DPCCH transmit power. In such a case, TPC commands transmitted from serving cell are degraded. This results in inaccurate uplink power control for the serving cell.
It should be noted that, no matter how large the max transmit power is in UE, the above problems occur as long as there is disturbance from non-serving cell. Especially, in the case of trying to achieve very low bit error rate such as 10e-4, these impacts are not negligible. 
3. Enhancement of HS-DPCCH Power Control

As enhancements to obtain the required quality at serving cell, following approaches can be considered. 

(1) Control the uplink DPCCH transmit power so that received quality at the serving cell is maintained at the required quality by avoiding the effect of TPC commands from non-serving cells.

(2) Improve the accuracy of downlink DPCCH transmit power control in the serving cell so that received quality of TPC command from serving cell is maintained.

(3) Increase the power offset of HS-DPCCH. 

As an example of approach (1), it was proposed that serving cell generates TPC commands based on received quality of HS-DPCCH [4][5]. This might be useful because the required quality at serving cell will be maintained with direct power control by serving cell.

As an example of approach (3), it was proposed to have 2 bit uplink power offset parameter which would be sent on HS-SCCH with other HARQ parameters [6]. This would allow faster and more accurate power control than higher layer signalling.
As further enhancements, other alternatives are described in the following sub-sections.

3.1 Modification of R’99 TPC procedure in UE 

Another alternative to realize approach (1) is as follows:

· In uplink inner loop power control, UE follows only the TPC commands transmitted from the serving cell during packet transmission.

· More specifically, the above power control mode is activated on the indication of packet transmission in HS-SCCH, and is terminated on the completion of the packet transmission.

· TPC commands are generated as usual in Node-B. 

One may intuitively understand that hard handover is applied during packet transmission in this scheme. Since power offset is constant in this scheme, quality of pilot bit in uplink DPCCH is also improved while ACK/NACK is signaled. Hence it is not necessary to insert pilot bits in HS-DPCCH. In addition to the above power control, target SIR at serving cell may be kept higher than usual when the above power control mode is used. This makes it possible to keep target SIR low when packets are not transmitted. 

3.2 Improvement of Downlink TPC quality in the Serving cell

One or both of the following solutions may be applied in the Approach (2) during packet transmission at serving cell only:

(a) Increase power offset for TPC field in downlink DPCCH.

(b) Increase reference power in downlink power balancing.

As in the alternative for uplink power control, one may intuitively understand that hard handover is applied during packet transmission in (b) because transmit power of non-serving cell is relatively reduced compared with that of the serving cell.
3.3 Update of Power Offset based on Path-loss Difference


In approach (c), suitable power offset depends on the path-loss difference between serving cell and non-serving cells. To compensate for the path-loss difference, the following formula may be used to decide power offset: 

SHO=10log (max (RPServ, RPNserv1, RPNserv2,…)/ RPServ) + Non-SHO     [dB]

where SHO, Non-SHO [dB] are power offset in soft handover region and non-soft handover region, respectively. RPServ, RPNservi,(i=1,2,3…) are received level  of CPICH transmitted from serving cell and non-serving cell, respectively. 
4. Impacts for Node B and UE

Following table shows the impact for Node B or UE.

	
	Node B
	UE

	 Modification of R’99 TPC procedure in UE
	For further improvement,

Target SIR may be increased.
	Additional TPC mode is needed.

	Improvement of downlink TPC
	Additional power offset or additional reference power is needed.
	No impact

	Update of power offset based on path-loss difference 
	No impact
	Calculation of offset is needed.


5. Conclusion

In this contribution, we described some schemes to improve ACK/NACK signaling in soft handover region. We propose to study these schemes if power control of HS-DPCCH is enhanced.   
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