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1. Introduction

In RAN#68, a WID of downlink TPC enhancements for UMTS was agreed [1]. This work item focuses on the reduction of DL control channel overhead, especially in case of a large number of DL connections which may result in a significant control channel overhead. The objective of this work item is the specification of 
· Mechanisms for downlink control channel performance improvements. Identified solutions: repetition of TPC commands and DTX of TPC commands (RAN1)

· UE capability (RAN2)
· Potential signaling between NodeB and RNC (RAN3)

In the contribution, some detailed designs are listed for further considerations in this work item.
2. Solutions
In TR 25.706[2], two solutions were provided as follows:
· Repetition of TPC commands
In this solution (see Figure 1), the TPC command is repeated in N consecutive slots. UE can soft combine those N consecutive TPC commands and get the soft combining gain.
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Figure 1:
Reduced TPC frequency with repetition of TPC commands solution, where N = 5

· DTX of TPC commands
In this solution (see Figure 2), the TPC command is only transmitted at the first slot in every N consecutive slots, and the other TPC commands are DTXed in the remaining N-1 slots. UE can respond to the first TPC command. 
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Figure 2: Reduced TPC frequency with DTX of TPC commands solution, where N = 5

For both solutions, a significant downlink TPC power saving can be achieved. Both link evaluation and system evaluation were provided in the TR 25.706[2]. From DL link evaluation results, a downlink gain around 10*log10N dB (where N is the repetition/decimation factor) can be observed for both solutions of slow power control over the legacy algorithm 1 fast power control. System gains can be also achieved and more gains in case of more unevenly distributed SHO UEs as more downlink Tx power is consumed for the TPC symbols that are time aligned. The uplink impact of the both two solutions with 1% TPC BER is low (≈ 0.1dB). No significant difference is in the performance of the two solutions in both DL and UL. Consequently, the performance of the two solutions would not be analyzed in the further discussions in this work item.
3. Further Considerations on the Solutions
To specify all the solutions for the downlink control channel performance improvements, some considerations would be further discussed as follows.
3.1 Configuration on the number of repetitions/DTX of TPC commands
The number of repetitions or DTX of TPC commands in the solutions can be configurable. When the UE is in SHO, the number of repetitions or DTX of TPC over the F-DPCHs or DPCCHs from the cells in a UE active set should be same which has been agreed in TR25.706 [2]. If a cell only supporting the legacy TPC mechanism is in the active set, the TPC frequency should be the same as the legacy power control algorithm. The number of repetitions or DTX should be fixed to 5 in order to coexist with the legacy algorithm.
Proposal 1: The number of repetitions or DTX of TPC commands should be configurable. When the UE is in SHO, the number of repetitions or DTX of TPC over the F-DPCHs or DPCCHs from the cells in a UE active set should be same.

Proposal 2: If a cell only supporting the legacy mechanism exists in SHO, the number of repetitions or DTX should be fixed to 5 in order to coexist with the legacy algorithm.
3.2 TPC Combing in Softer/Soft Handover
When the UE is in SHO, the UE combines the TPC commands from radio links of same and different radio link sets. Some aspects should be further discussed when the cells are configured as same or different power control algorithm, including how to combine TPCs from different RLs, and the compatibility of the case of one cell supporting Rel-13 and the other cell supporting old release before Rel-13, etc.
For solution 1 (Repetition of TPC commands), the UE will always determine the TPC command at the Nth slot, as in the legacy algorithm “PCA2”. So whether only the solution 1 or both the solution 1 and “PCA2” is configured in the active set, the UE first determines the temporary TPC commands TPC_tempi from each radio link, finally, the UE derives a combined TPC command TPC_cmd from the temporary TPC commands. One example is given in the specification TS25.214 [3]:

· TPC_cmd is set to -1 if any of TPC_temp1 to TPC_tempM are equal to -1.

· Otherwise, TPC_cmd is set to 1 if 
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· Otherwise, TPC_cmd is set to 0. 

For solution 2 (DTX of TPC commands), the UE can determine the TPC command in a single radio link once it receives the TPC. It is obvious that the effective timing on TPC commands may be not coinstantaneous for the different radio links in an active set. Therefore, several questions should be further discussed. 
Firstly, when the UE is in SHO, how to combine the TPC commands from different RLs if the new algorithm is supported by all the cells. The network could assign the transmission of the TPCs from all the NodeBs into the same slot. However, this solution is not optimized for TPC power saving, and would bring a large PAPR which impacts the performance. Based on this analysis, it is better to allow the network to assign TPCs into different slots. 
Secondly, how to combine the TPC commands if both the new algorithm and the legacy algorithm are configured in SHO. For the legacy algorithm 2, the TPC command would take effect after the Nth slot in SHO, while for the new solution 2, the TPC command can take effect in any of the N slots depending on the configuration. Some remaining issues for solution 2 are listed as follows:
· If all radio links in an active set can support solution 2, how to assign the TPC commands for different radio links (i.e. assign into same slot or different slot).
· If some radio links only support the legacy algorithm, how to perform TPC combining with legacy algorithm and solution 2.
3.3 DL power control implementation
There are two options for DL power control implementation for DL DPCCH/F-DPCH. Fast DL power control can adopt the legacy mechanism completely. SIR estimation is still reliable when the power of F-DPCH is reduced. From the Node B Tx side, the evaluation results in Section 5.1.2.2.2 in TR25.706 [2] show that if a minimum power floor of -35dB Ec/Ior is set at the NodeB, there is almost no impact to the system performance gain. From the UE Rx side, the UE would be able to have reliable SIR estimation even at a very low F-DPCH power level. Referring to the evaluations in Section 5.1.2.2.1 in TR25.706 [2], the power level of 30% TPC BER is over 7dB lower than that of 4% TPC BER, and the gain achieved by repetition is around 7dB for N =5. According to Section 6.4.4 in the TS 25.101[4], even when the TPC command error ratio is 30%, the UE is still capable of estimating a reliable SIR to judge out-of-sync status. As a result, SIR estimation for the F-DPCH with low Tx power does not appear to be an issue. As fast power control is generally more efficient than slow power control, it is preferable to have the fast DL power control for the TPC repetition solution. 
4. Conclusion
In this contribution, some considerations on the candidate solutions are listed for further discussions in this work item phase. The considerations include configuration of the number of repetitions/DTX of TPC commands, TPC combing in softer and soft handover, and DL power control implementation.

Proposal 1: The number of repetitions or DTX of TPC commands can be configurable. When the UE is in SHO, the number of repetitions or DTX of TPC over the F-DPCHs or DPCCHs from the cells in a UE active set should be same.
Proposal 2: If the cell only supporting the legacy mechanism exists in SHO, the number of repetitions or DTX should be fixed to 5 in order to coexist with the legacy algorithm.
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