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1. Introduction

For power control of UL DPCCH/DPDCH when UE is in SHO region, “OR of DOWNs” rule is applied for the TPC commands from active cells. However, “OR of DOWNs” rule cannot guarantee adequate power level for HS-DPCCH, since only the HS-DSCH serving cell receives HS-DPCCH. Furthermore, since pilot energy received by the HS-DSCH serving cell can be weak because of “OR of DOWNs” rule, channel estimation performance at HS-DSCH serving cell can be poor, which also prevents reliable decoding of HS-DPCCH.

During the last several meetings, we have discussed lots of solutions to this problem. In this contribution, we summarize our view on the solutions considered so far and recommend a way forward.

2. Discussion

(1) To stick with Release 99 methods (and already included methods)

In regard to HS-DPCCH decoding, as shown in [1]-[4], large amount of power is needed for HS-DPCCH to meet the error requirements because of poor power control and the resultant poor channel estimation. Furthermore, it is also shown that it could be impossible to meet the error requirements only by increasing the transmit power. 

Repetition of ACK/NACK could reduce the required transmit power. However, as shown in [5] and [13], ACK/NACK repetition may noticeably reduce system throughput as well as peak bit rate. Therefore, repetition of ACK/NACK should be avoided as far as possible.

(2) To add more control bits on HS-SCCH for repetition

This method proposes to dynamically control the number of repetitions for ACK/NACK. This method results in additional overhead in HS-SCCH. Transmission of repetition factor on HS-SCCH is not so reliable. Hence, there could be erroneous operation of HARQ protocol. Our concerns on this method are detailed in [6], which was discussed in R1#25 meeting in Paris. Furthermore, there is no obvious result showing the benefit of dynamic signalling of repetition factor.

(3) To discuss with WG2 of possibility to use e.g. REVERT proposal to reduce requirements for P(NACK -> ACK)

If the requirement for P(NACK -> ACK) is relaxed, the residual error rate and hence, RLC retransmission may significantly increase as shown in [7]. REVERT proposal seems to complicate the HARQ operation and it is not clear how to solve the problem of misunderstanding of REV.

(4) To adopt the differentially encoded ACK/NACK

Differential encoding of ACK/NACK reduces the distance between the two code words and hence could increase the power requirement. In [8], the simulation results show that the differential coding significantly increases the power required for NACK signalling at low speed of 3 kmph, which is the most representative environment for HSDPA deployment.

(5) Separate definition of UE behaviour for TPC loop from the cell providing HS-DSCH

In the scheme proposed in [9], during the packet transmission on HS-DSCH, UE adjusts transmit power of UL DPCCH/DPDCH/HS-DPCCH only according to the TPC command from the HS-DSCH serving cell. Hence, there is no soft handoff operation for UL DPCCH/DPDCH, which could increase UL interference. This method requires switching between the normal TPC algorithm and the modified TPC algorithm. However, it is not so clear how to decide the switching between the two TPC algorithms, and neither is the impact of the switching operation on the performance.

(6) Separate channel (could be HS-SCCH) to provide TPC info for HS-DPCCH

Even though there is a separate channel to provide TPC information for HS-DPCCH, if there is no special pilot in HS-DPCCH, then it will be difficult to closely control the transmit power of HS-DPCCH, because the transmit power of UL DPCCH pilot is controlled by “OR of DOWNs” operation on the TPC commands from active cells. If HS-SCCH is utilized, since HS-SCCH is transmitted only when the packet is scheduled, the transmit power of HS-DPCCH cannot be closely controlled. Furthermore, there is no result showing the benefit of this method.

(7) Temporary DPCCH power adjustment 

In this method [10], DPCCH power is temporarily increased to improve channel estimation using the pilot of UL DPCCH. However, this method cannot be applied for UE in SHO, since active cells other than HS-DSCH serving cell cannot know this temporal adjustment of DPCCH pilot power. 

(8) To add pilots on HS-DPCCH + independent TPC loop for HS-DPCCH
As far as HS-DPCCH decoding is concerned when UE is in SHO, the major problem is poor power control caused by “OR of DOWNs” operation and the resultant poor channel estimation due to weak received energy of UL DPCCH pilot. Then, it is a very natural approach to solve this problem by the following way: 

· To control the transmit power of HS-DPCCH depending only on the link condition between the UE and the HS-DSCH serving cell, i.e., to control HS-DPCCH transmit power independent of UL DPCCH/DPDCH.

· To insert special pilot bits in HS-DPCCH to support measurement of HS-DPCCH SIR for the independent power control as well as better channel estimation.

As a detailed solution based on this concept, for the UE in SHO, we proposed 

· To insert special pilot field (5-bit HS-Pilot field) in the end of HS-DPCCH subframe

· To transmit the TPC command for HS-DPCCH by stealing the TPC field of every third slot of DL DPCH for independent power control of HS-DPCCH. Then, the power control rate of HS-DPCCH is 500 Hz.  

Our proposal is summarized in [12] and the HS-DPCCH structure is shown in Figure 1 for convenience. During the past several meetings, it is shown that this method achieves the significant gain in terms of transmit power as well as coverage with very negligible (less than 0.2 dB at max) or no effect on UL DPDCH performance [1], [11], [12], [18]. 
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Figure 1. Proposed HS-DPCCH structure with a special pilot bits (HS-pilot) field

3. Conclusion

Based on the above discussions, the solution (8) “To add pilots on HS-DPCCH + independent TPC loop for HS-DPCCH” is recommended as the improvement of HS-DPCCH operation in SHO. The CRs relevant to our scheme of [12] based on the solution (8) are contained in [14]-[16].

There is another scheme proposed in R1#26 meeting [17], which also transmits special pilot bits on HS-DPCCH and employs independent power control of HS-DPCCH, as in the solution (8). In this scheme, the TPC command from the HS-DSCH serving cell is generated based only on SIR of the HS-DPCCH pilot and is transmitted in every slot of DL DPCH. Therefore, the power control rate of HS-DPCCH is increased to 1500Hz with some modification of UE behaviour and hence HS-DPCCH decoding performance is further improved. In regard to generation and transmission of TPC command, the operation of HS-DSCH serving Node B is simplified because there is only one TPC bit stream. In addition to these aspects, the impact on UL DPDCH performance needs to be further investigated.
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