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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. 
To reduce the DL transmit power on F-DPCH, a solution of TPC repetition was proposed and evaluation was provided [2] based on the agreed evaluation methodology of the downlink enhancements solutions [3] during the RAN1#78bis email discussion. In this contribution, further considerations on system gain of the proposed solution are provided.
2. Discussion on TPC Repetition
2.1 Description of Solution
In the proposed solution, TPC command is repeated in N consecutive slots so that UE can soft combine the N TPC commands and get the soft combing gain (see Figure 1). It is expected to provide significant gains in terms of DL TPC power reduction. Transmission power of downlink control channels may be reduced to allow more power for data transmission, since UE can soft combine the N TPC commands and get the soft combing gain, which enables NodeB to lower its Tx power of TPC command at the same TPC reception quality, if compared to legacy ULPC Algorithm 1.
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Figure 1: TPC repetition scheme, where N=5
2.2 System Gain in Power Floor Case
Considering the limitation of minimum transmit power requirement, there will be a minimum power floor for transmit power. The system gains are re-calculated as following Table 1~Table 12 based on the link simulation results of TPC performance [2], assuming the minimum power floor for the Ec/Ior for F-DPCH is set to -35 dB Ec/Ior [4].
From the tables, the system gains are almost the same to the results in [2] (excerpted in appendix and the results of the case of TPC BER=0.01 are also added). For N=1, there is no difference at all, meaning that almost all UEs’ F-DPCH Tx power is above the power floor. For N=5, the performance difference is within 0.1%. It means that the minimum power floor for transmit power has almost no impact on the system gain with the repetition scheme when the power floor is set to -35 dB. The power floor would only have impacts to the UEs with F-DPCH Tx power less than -35 dB after repetition. However the UEs’ F-DPCH Tx power satisfying this condition would only contribute quite a small portion of the power consumption in the system, especially when compared with the SHO UEs’ F-DPCH Tx power, which could be even 100 times higher that of the power floor.
Table 1 Overall TPC Tx power in power floor case (no SHO UEs, PA3)
	Number of UEs
	Total TPC Tx Power

	
	N=1 (legacy)
	N=3
	N=5

	
	BER=0.01
	BER=0.04
	BER=0.1
	BER=0.01
	BER=0.04
	BER=0.1
	BER=0.01
	BER=0.04
	BER=0.1

	50
	10.25%
	5.32%
	2.69%
	3.13%
	1.63%
	0.78%
	2.07%
	1.03%
	0.50%

	100
	20.50%
	10.64%
	5.37%
	6.27%
	3.27%
	1.55%
	4.14%
	2.07%
	1.00%


Table 2 Overall TPC Tx power in power floor case (no SHO UEs, Case 4)
	Number of UEs
	Total TPC Tx Power

	
	N=1 (legacy)
	N=3
	N=5

	
	BER=0.01
	BER=0.04
	BER=0.1
	BER=0.01
	BER=0.04
	BER=0.1
	BER=0.01
	BER=0.04
	BER=0.1

	50
	10.06%
	5.32%
	2.62%
	3.13%
	1.63%
	0.78%
	1.94%
	1.01%
	0.48%

	100
	20.13%
	10.63%
	5.24%
	6.26%
	3.25%
	1.57%
	3.88%
	2.02%
	0.97%


Table 3 Overall TPC Tx power in power floor case (no SHO UEs, VA30)
	Number of UEs
	Total TPC Tx Power

	
	N=1 (legacy)
	N=3
	N=5

	
	BER=0.01
	BER=0.04
	BER=0.1
	BER=0.01
	BER=0.04
	BER=0.1
	BER=0.01
	BER=0.04
	BER=0.1

	50
	14.06%
	6.32%
	2.93%
	4.49%
	2.18%
	1.00%
	2.57%
	1.26%
	0.56%

	100
	28.12%
	12.63%
	5.85%
	8.99%
	4.36%
	2.00%
	5.14%
	2.51%
	1.13%


Table 4 Overall TPC Tx power in power floor case (no SHO UEs, VA120)
	Number of UEs
	Total TPC Tx Power

	
	N=1 (legacy)
	N=3
	N=5

	
	BER=0.01
	BER=0.04
	BER=0.1
	BER=0.01
	BER=0.04
	BER=0.1
	BER=0.01
	BER=0.04
	BER=0.1

	50
	18.10%
	7.63%
	3.38%
	4.47%
	2.12%
	0.98%
	2.51%
	1.24%
	0.60%

	100
	36.21%
	15.26%
	6.76%
	8.94%
	4.24%
	1.96%
	5.02%
	2.49%
	1.19%


Table 5 Overall TPC Tx power in power floor case (35% SHO UEs in 50 UEs, PA3)

	Unevenly distributed SHO UEs
	Total TPC Tx power

	
	N=1 (legacy)
	N=3
	N=5

	
	BER=0.01
	BER=0.04
	BER=0.1
	BER=0.01
	BER=0.04
	BER=0.1
	BER=0.01
	BER=0.04
	BER=0.1

	33% (5~6 UE)
	27.46%
	14.15%
	7.14%
	8.29%
	4.37%
	2.06%
	5.53%
	2.77%
	1.31%

	25% (4~5 UE)
	21.32%
	11.00%
	5.55%
	6.45%
	3.39%
	1.60%
	4.30%
	2.15%
	1.02%

	20% (3~4 UE)
	17.64%
	9.11%
	4.60%
	5.35%
	2.81%
	1.33%
	3.56%
	1.78%
	0.85%

	0%
	10.25%
	5.32%
	2.69%
	3.13%
	1.63%
	0.78%
	2.07%
	1.03%
	0.50%


Table 6 Overall TPC Tx power in power floor case (35% SHO UEs in 50 UEs, Case 4)

	Unevenly distributed SHO UEs
	Total TPC Tx power

	
	N=1 (legacy)
	N=3
	N=5

	
	BER=0.01
	BER=0.04
	BER=0.1
	BER=0.01
	BER=0.04
	BER=0.1
	BER=0.01
	BER=0.04
	BER=0.1

	33% (5~6 UE)
	25.16%
	13.42%
	6.56%
	7.81%
	4.08%
	1.96%
	4.91%
	2.54%
	1.21%

	25% (4~5 UE)
	19.78%
	10.53%
	5.15%
	6.14%
	3.21%
	1.54%
	3.85%
	2.00%
	0.95%

	20% (3~4 UE)
	16.55%
	8.80%
	4.31%
	5.14%
	2.68%
	1.29%
	3.22%
	1.67%
	0.80%

	0%
	10.06%
	5.32%
	2.62%
	3.13%
	1.63%
	0.78%
	1.94%
	1.01%
	0.48%


Table 7 Overall TPC Tx power in power floor case (35% SHO UEs in 50 UEs, VA30)

	Unevenly distributed SHO UEs
	Total TPC Tx power

	
	N=1 (legacy)
	N=3
	N=5

	
	BER=0.01
	BER=0.04
	BER=0.1
	BER=0.01
	BER=0.04
	BER=0.1
	BER=0.01
	BER=0.04
	BER=0.1

	33% (5~6 UE)
	33.69%
	15.15%
	7.05%
	10.85%
	5.24%
	2.40%
	6.05%
	2.98%
	1.36%

	25% (4~5 UE)
	26.69%
	12.00%
	5.58%
	8.58%
	4.15%
	1.90%
	4.81%
	2.37%
	1.07%

	20% (3~4 UE)
	22.49%
	10.11%
	4.70%
	7.22%
	3.49%
	1.60%
	4.07%
	2.00%
	0.90%

	0%
	14.06%
	6.32%
	2.93%
	4.49%
	2.18%
	1.00%
	2.57%
	1.26%
	0.56%


Table 8 Overall TPC Tx power in power floor case (35% SHO UEs in 50 UEs, VA120)

	Unevenly distributed SHO UEs
	Total TPC Tx power

	
	N=1 (legacy)
	N=3
	N=5

	
	BER=0.01
	BER=0.04
	BER=0.1
	BER=0.01
	BER=0.04
	BER=0.1
	BER=0.01
	BER=0.04
	BER=0.1

	33% (5~6 UE)
	44.11%
	18.42%
	8.14%
	10.62%
	5.06%
	2.32%
	5.86%
	2.95%
	1.41%

	25% (4~5 UE)
	34.84%
	14.58%
	6.44%
	8.43%
	4.01%
	1.84%
	4.67%
	2.34%
	1.12%

	20% (3~4 UE)
	29.28%
	12.27%
	5.43%
	7.11%
	3.38%
	1.56%
	3.95%
	1.98%
	0.95%

	0%
	18.10%
	7.63%
	3.38%
	4.47%
	2.12%
	0.98%
	2.51%
	1.24%
	0.60%


Table 9 Overall TPC Tx power in power floor case (35% SHO UEs in 100 UEs, PA3)

	Unevenly distributed SHO UEs
	Total TPC Tx power

	
	N=1 (legacy)
	N=3
	N=5

	
	BER=0.01
	BER=0.04
	BER=0.1
	BER=0.01
	BER=0.04
	BER=0.1
	BER=0.01
	BER=0.04
	BER=0.1

	25% (8~9 UE)
	42.64%
	22.01%
	11.10%
	12.90%
	6.79%
	3.21%
	8.59%
	4.30%
	2.04%

	20% (7 UE)
	35.28%
	18.23%
	9.20%
	10.70%
	5.62%
	2.66%
	7.11%
	3.56%
	1.70%

	0%
	20.50%
	10.64%
	5.37%
	6.27%
	3.27%
	1.55%
	4.14%
	2.07%
	1.00%


Table 10 Overall TPC Tx power in power floor case (35% SHO UEs in 100 UEs, Case 4)

	Unevenly distributed SHO UEs
	Total TPC Tx power

	
	N=1 (legacy)
	N=3
	N=5

	
	BER=0.01
	BER=0.04
	BER=0.1
	BER=0.01
	BER=0.04
	BER=0.1
	BER=0.01
	BER=0.04
	BER=0.1

	25% (8~9 UE)
	39.56%
	21.06%
	10.31%
	12.28%
	6.41%
	3.08%
	7.70%
	4.00%
	1.91%

	20% (7 UE)
	33.10%
	17.59%
	8.62%
	10.28%
	5.36%
	2.57%
	6.43%
	3.34%
	1.59%

	0%
	20.13%
	10.63%
	5.24%
	6.26%
	3.25%
	1.57%
	3.88%
	2.02%
	0.97%


Table 11 Overall TPC Tx power in power floor case (35% SHO UEs in 100 UEs, VA30)

	Unevenly distributed SHO UEs
	Total TPC Tx power

	
	N=1 (legacy)
	N=3
	N=5

	
	BER=0.01
	BER=0.04
	BER=0.1
	BER=0.01
	BER=0.04
	BER=0.1
	BER=0.01
	BER=0.04
	BER=0.1

	25% (8~9 UE)
	53.38%
	24.01%
	11.16%
	17.17%
	8.30%
	3.80%
	9.62%
	4.73%
	2.15%

	20% (7 UE)
	44.99%
	20.23%
	9.39%
	14.45%
	6.99%
	3.20%
	8.13%
	3.99%
	1.81%

	0%
	28.12%
	12.63%
	5.85%
	8.99%
	4.36%
	2.00%
	5.14%
	2.51%
	1.13%


Table 12 Overall TPC Tx power in power floor case (35% SHO UEs in 100 UEs, VA120)

	Unevenly distributed SHO UEs
	Total TPC Tx power

	
	N=1 (legacy)
	N=3
	N=5

	
	BER=0.01
	BER=0.04
	BER=0.1
	BER=0.01
	BER=0.04
	BER=0.1
	BER=0.01
	BER=0.04
	BER=0.1

	25% (8~9 UE)
	69.68%
	29.15%
	12.88%
	16.86%
	8.03%
	3.68%
	9.33%
	4.68%
	2.24%

	20% (7 UE)
	58.56%
	24.54%
	10.85%
	14.23%
	6.77%
	3.11%
	7.90%
	3.95%
	1.89%

	0%
	36.21%
	15.26%
	6.76%
	8.94%
	4.24%
	1.96%
	5.02%
	2.49%
	1.19%


3. Conclusion
In this contribution, further considerations on system gain of the downlink TPC repetition scheme are provided considering a minimum power floor for transmit power in realistic networks. It has been observed that the system gains in power floor case are very similar to the results in no power floor case. Thus, it can be concluded that the minimum power floor for transmit power in realistic networks has almost no impact on the system gain.
Proposal 1: Capture the system gains of TPC repetition scheme in power floor case and the additional system results with 0.01 TPC BER in no power floor case in the TR.
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Appendix
Table x1 Overall TPC Tx power in no power floor case (no SHO UEs, PA3)
	Number of UEs
	Total TPC Tx Power

	
	N=1 (legacy)
	N=3
	N=5

	
	BER=0.01
	BER=0.04
	BER=0.1
	BER=0.01
	BER=0.04
	BER=0.1
	BER=0.01
	BER=0.04
	BER=0.1

	50
	10.25%
	5.32%
	2.69%
	3.13%
	1.63%
	0.77%
	2.07%
	1.03%
	0.48%

	100
	20.50%
	10.64%
	5.37%
	6.27%
	3.27%
	1.54%
	4.14%
	2.06%
	0.96%


Table x2 Overall TPC Tx power in no power floor case (no SHO UEs, Case 4)
	Number of UEs
	Total TPC Tx Power

	
	N=1 (legacy)
	N=3
	N=5

	
	BER=0.01
	BER=0.04
	BER=0.1
	BER=0.01
	BER=0.04
	BER=0.1
	BER=0.01
	BER=0.04
	BER=0.1

	50
	10.06%
	5.32%
	2.62%
	3.13%
	1.63%
	0.78%
	1.94%
	1.01%
	0.48%

	100
	20.13%
	10.63%
	5.24%
	6.26%
	3.25%
	1.57%
	3.88%
	2.02%
	0.96%


Table x3 Overall TPC Tx power in no power floor case (no SHO UEs, VA30)
	Number of UEs
	Total TPC Tx Power

	
	N=1 (legacy)
	N=3
	N=5

	
	BER=0.01
	BER=0.04
	BER=0.1
	BER=0.01
	BER=0.04
	BER=0.1
	BER=0.01
	BER=0.04
	BER=0.1

	50
	14.06%
	6.32%
	2.93%
	4.49%
	2.18%
	1.00%
	2.57%
	1.26%
	0.56%

	100
	28.12%
	12.63%
	5.85%
	8.99%
	4.36%
	2.00%
	5.14%
	2.51%
	1.13%


Table x4 Overall TPC Tx power in no power floor case (no SHO UEs, VA120)
	Number of UEs
	Total TPC Tx Power

	
	N=1 (legacy)
	N=3
	N=5

	
	BER=0.01
	BER=0.04
	BER=0.1
	BER=0.01
	BER=0.04
	BER=0.1
	BER=0.01
	BER=0.04
	BER=0.1

	50
	18.10%
	7.63%
	3.38%
	4.47%
	2.12%
	0.98%
	2.51%
	1.24%
	0.60%

	100
	36.21%
	15.26%
	6.76%
	8.94%
	4.24%
	1.96%
	5.02%
	2.49%
	1.19%


Table x5 Overall TPC Tx power in no power floor case (35% SHO UEs in 50 UEs, PA3)

	Unevenly distributed SHO UEs
	Total TPC Tx power

	
	N=1 (legacy)
	N=3
	N=5

	
	BER=0.01
	BER=0.04
	BER=0.1
	BER=0.01
	BER=0.04
	BER=0.1
	BER=0.01
	BER=0.04
	BER=0.1

	33% (5~6 UE)
	27.46%
	14.15%
	7.14%
	8.29%
	4.37%
	2.05%
	5.53%
	2.77%
	1.29%

	25% (4~5 UE)
	21.32%
	11.00%
	5.55%
	6.45%
	3.39%
	1.59%
	4.30%
	2.15%
	1.00%

	20% (3~4 UE)
	17.64%
	9.11%
	4.60%
	5.35%
	2.81%
	1.32%
	3.56%
	1.78%
	0.83%

	0%
	10.25%
	5.32%
	2.69%
	3.13%
	1.63%
	0.77%
	2.07%
	1.03%
	0.48%


Table x6 Overall TPC Tx power in no power floor case (35% SHO UEs in 50 UEs, Case 4)

	Unevenly distributed SHO UEs
	Total TPC Tx power

	
	N=1 (legacy)
	N=3
	N=5

	
	BER=0.01
	BER=0.04
	BER=0.1
	BER=0.01
	BER=0.04
	BER=0.1
	BER=0.01
	BER=0.04
	BER=0.1

	33% (5~6 UE)
	25.16%
	13.42%
	6.56%
	7.81%
	4.08%
	1.96%
	4.91%
	2.54%
	1.21%

	25% (4~5 UE)
	19.78%
	10.53%
	5.15%
	6.14%
	3.21%
	1.54%
	3.85%
	2.00%
	0.95%

	20% (3~4 UE)
	16.55%
	8.80%
	4.31%
	5.14%
	2.68%
	1.29%
	3.22%
	1.67%
	0.79%

	0%
	10.06%
	5.32%
	2.62%
	3.13%
	1.63%
	0.78%
	1.94%
	1.01%
	0.48%


Table x7 Overall TPC Tx power in no power floor case (35% SHO UEs in 50 UEs, VA30)

	Unevenly distributed SHO UEs
	Total TPC Tx power

	
	N=1 (legacy)
	N=3
	N=5

	
	BER=0.01
	BER=0.04
	BER=0.1
	BER=0.01
	BER=0.04
	BER=0.1
	BER=0.01
	BER=0.04
	BER=0.1

	33% (5~6 UE)
	33.69%
	15.15%
	7.05%
	10.85%
	5.24%
	2.40%
	6.05%
	2.98%
	1.36%

	25% (4~5 UE)
	26.69%
	12.00%
	5.58%
	8.58%
	4.15%
	1.90%
	4.81%
	2.37%
	1.07%

	20% (3~4 UE)
	22.49%
	10.11%
	4.70%
	7.22%
	3.49%
	1.60%
	4.07%
	2.00%
	0.90%

	0%
	14.06%
	6.32%
	2.93%
	4.49%
	2.18%
	1.00%
	2.57%
	1.26%
	0.56%


Table x8 Overall TPC Tx power in no power floor case (35% SHO UEs in 50 UEs, VA120)

	Unevenly distributed SHO UEs
	Total TPC Tx power

	
	N=1 (legacy)
	N=3
	N=5

	
	BER=0.01
	BER=0.04
	BER=0.1
	BER=0.01
	BER=0.04
	BER=0.1
	BER=0.01
	BER=0.04
	BER=0.1

	33% (5~6 UE)
	44.11%
	18.42%
	8.14%
	10.62%
	5.06%
	2.32%
	5.86%
	2.95%
	1.41%

	25% (4~5 UE)
	34.84%
	14.58%
	6.44%
	8.43%
	4.01%
	1.84%
	4.67%
	2.34%
	1.12%

	20% (3~4 UE)
	29.28%
	12.27%
	5.43%
	7.11%
	3.38%
	1.56%
	3.95%
	1.98%
	0.95%

	0%
	18.10%
	7.63%
	3.38%
	4.47%
	2.12%
	0.98%
	2.51%
	1.24%
	0.60%


Table x9 Overall TPC Tx power in no power floor case (35% SHO UEs in 100 UEs, PA3)

	Unevenly distributed SHO UEs
	Total TPC Tx power

	
	N=1 (legacy)
	N=3
	N=5

	
	BER=0.01
	BER=0.04
	BER=0.1
	BER=0.01
	BER=0.04
	BER=0.1
	BER=0.01
	BER=0.04
	BER=0.1

	25% (8~9 UE)
	42.64%
	22.01%
	11.10%
	12.90%
	6.79%
	3.19%
	8.59%
	4.29%
	2.00%

	20% (7 UE)
	35.28%
	18.23%
	9.20%
	10.70%
	5.62%
	2.64%
	7.11%
	3.55%
	1.66%

	0%
	20.50%
	10.64%
	5.37%
	6.27%
	3.27%
	1.54%
	4.14%
	2.06%
	0.96%


Table x10 Overall TPC Tx power in no power floor case (35% SHO UEs in 100 UEs, Case 4)

	Unevenly distributed SHO UEs
	Total TPC Tx power

	
	N=1 (legacy)
	N=3
	N=5

	
	BER=0.01
	BER=0.04
	BER=0.1
	BER=0.01
	BER=0.04
	BER=0.1
	BER=0.01
	BER=0.04
	BER=0.1

	25% (8~9 UE)
	39.56%
	21.06%
	10.31%
	12.28%
	6.41%
	3.08%
	7.70%
	4.00%
	1.90%

	20% (7 UE)
	33.10%
	17.59%
	8.62%
	10.28%
	5.36%
	2.57%
	6.43%
	3.34%
	1.59%

	0%
	20.13%
	10.63%
	5.24%
	6.26%
	3.25%
	1.57%
	3.88%
	2.02%
	0.96%


Table x11 Overall TPC Tx power in no power floor case (35% SHO UEs in 100 UEs, VA30)

	Unevenly distributed SHO UEs
	Total TPC Tx power

	
	N=1 (legacy)
	N=3
	N=5

	
	BER=0.01
	BER=0.04
	BER=0.1
	BER=0.01
	BER=0.04
	BER=0.1
	BER=0.01
	BER=0.04
	BER=0.1

	25% (8~9 UE)
	53.38%
	24.01%
	11.16%
	17.17%
	8.30%
	3.80%
	9.62%
	4.73%
	2.15%

	20% (7 UE)
	44.99%
	20.23%
	9.39%
	14.45%
	6.99%
	3.20%
	8.13%
	3.99%
	1.81%

	0%
	28.12%
	12.63%
	5.85%
	8.99%
	4.36%
	2.00%
	5.14%
	2.51%
	1.13%


Table x12 Overall TPC Tx power in no power floor case (35% SHO UEs in 100 UEs, VA120)

	Unevenly distributed SHO UEs
	Total TPC Tx power

	
	N=1 (legacy)
	N=3
	N=5

	
	BER=0.01
	BER=0.04
	BER=0.1
	BER=0.01
	BER=0.04
	BER=0.1
	BER=0.01
	BER=0.04
	BER=0.1

	25% (8~9 UE)
	69.68%
	29.15%
	12.88%
	16.86%
	8.03%
	3.68%
	9.33%
	4.68%
	2.24%

	20% (7 UE)
	58.56%
	24.54%
	10.85%
	14.23%
	6.77%
	3.11%
	7.90%
	3.95%
	1.89%

	0%
	36.21%
	15.26%
	6.76%
	8.94%
	4.24%
	1.96%
	5.02%
	2.49%
	1.19%

























































































































































































