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1. Introduction

At RAN#65 meeting, a SID of downlink enhancements for UMTS was agreed [1]. One of the objectives of this SID is to investigate mechanisms to enhance DL control channel performance as follows: 

· Investigate mechanisms to enhance DL control channel performance, for example: (RAN1) 
· Repeat DL TPC commands in a number of consecutive slots to allow soft combining at the UE in order to reduce DL TPC transmit power. 
Aiming at the objective, candidate solutions and evaluation results were provided in [2]~[6]. In this contribution, we summarize the downlink and uplink evaluations on the candidate solutions.
2. Candidate Solutions

2.1 Reduced TPC frequency with repetition of TPC commands
In order to achieve soft combining gains, the solution of reduced TPC frequency with repetition of TPC commands is proposed so that the TPC command is repeated in N consecutive slots. UE can soft combine those N consecutive TPC commands and get the soft combining gain. The solution is illustrated in Figure 1, with N = 5 as an example. Transmission power of downlink control channels may be reduced to allow more power for data transmission thanks to the soft combining gain.
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Figure 1: Reduced TPC frequency with repetition of TPC commands solution, where N = 5
2.2 Reduced TPC frequency with DTX of TPC commands
The solution of reduced TPC frequency with DTX of TPC commands is proposed so that 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. The solution is illustrated in Figure 2, with N = 5 as an example.
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Figure 2: Reduced TPC frequency with DTX of TPC commands solution, where N = 5

3. Evaluation of the Candidate Solutions
From link evaluations, a downlink gain around 10*log10N dB (where N is the repetition/decimation factor) can be observed for all the candidate solutions of slow power control over the legacy algorithm 1 fast power control. From system evaluations, significant power saving on downlink Tx power can be observed using the TPC repetition scheme, considering the limitation of minimum transmit power requirement.
The fast power control with 10 % TPC BER can be considered as an implementation solution to reduce DL control channel power consumption. According to the system evaluation of comparing fast power control with 4 % TPC BER, it can save about 11%~16% F-DPCH Tx power in the downlink. However, about 13%~20% F-DPCH Tx power can be saved by using new TPC repetition scheme with 1% TPC BER and about 18%~24% F-DPCH Tx power can be saved by using TPC repetition scheme with 4% TPC BER. The power consumption of fast power control with 10 % TPC BER is 2% to 8% more than that of the TPC repetition scheme.
Both of the implementation solution and new solutions (TPC repetition scheme and TPC decimation scheme) have some impact on the uplink performance, comparing with the performance of fast power control with 4 % TPC BER. For both 2 and 4 H-ARQ transmissions, it can be observed that the performance of fast power control with 10 % TPC BER is worse than the performance of slow power control with 1% and 4 % TPC BER in the VA120 and case 4 channels. In PA3 channel, fast power control with 10% TPC BER shows 0.36dB gain over new algorithms with 1% TPC BER and 0.68dB gain over new algorithms with 4% TPC BER for 2 H-ARQ transmissions. For 4 H-ARQ transmissions, however, this gain is reduced to as small as 0.09dB and 0.2dB. In summary, for 2 H-ARQ transmissions, fast power control with 10 % TPC BER has smaller uplink impact than slow power control with 1% and 4% TPC BER in the uplink at low UE speed. For 4 H-ARQ transmissions, fast power control with 10 % TPC BER has similar impact with slow power control with 1% and 4% TPC BER in the uplink at low UE speed. As for high UE speed, slow power control with 1% and 4% TPC BER has smaller impact than fast power control with 10% TPC BER.
The advantages and disadvantages of legacy algorithm (fast power control) with 10 % TPC BER and new algorithms (slow power control) with 1% TPC BER are summarized as follows:
Table 1 Summary of all the candidate solutions

	Candidate solutions
	Downlink gain
	Uplink impact

	Legacy algorithm with 10 % TPC BER
	medium
	low

	New algorithms with 1% TPC BER
	high
	low

	New algorithms with 4% TPC BER
	high
	medium


4. Conclusion
In this contribution, we summarize the downlink and uplink evaluations on the candidate solutions. It is proposed:
Proposal 1: Capture the conclusions in section 3 in the TR.
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