Page 1



3GPP TSG RAN WG1 Meeting #79

R1-145138
San Francisco, USA, 17th – 21st November 2014
Agenda item:

5.3.2
Source:
 Huawei, HiSilicon
Title:
 Evaluation results on downlink aspects of the solutions
Document for:

Discussion and Decision
1. Introduction

At the RAN#65 meeting, the SID on 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, a solution of soft combining TPC commands and initial evaluation results were provided in [2]. In this contribution, the evaluation results on downlink aspects of the proposed solution are updated based on the agreed text proposal on evaluation methodology of the downlink enhancements solutions [3] during the RAN1#78bis email discussion.
2. Soft Combining TPC Commands
2.1 Description of the Solution
In the solution of soft combining TPC commands, 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 current ULPC Algorithms (ULPC Algorithm 1 and ULPC Algorithm 2).
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Figure 1: TPC repetition scheme, where N=5

2.2 Link Evaluation Results
Link simulation results of TPC performance for different repetition factors, i.e. N=1, 3, 5, are given in Figure 2~Figure 5. We choose three sets of TPC performance for typical cases: far location point (Ior/Ioc=-3dB), medium location point (Ior/Ioc=9dB) and near location point (Ior/Ioc=19dB). The details of the simulation assumptions are provided in Appendix A.
In Figure 2~Figure 5, the TPC Tx power of TPC repetition scheme is reduced close to 10*log10N dB comparing to the baseline non repetition scheme i.e. around 5dB for N=3 and 7dB for N=5. The gain is almost identical in the three location points simulated.
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Figure 2: TPC Performance (PA3)
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Figure 3: TPC Performance (Case 4)
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Figure 4: TPC Performance (VA30)
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Figure 5: TPC Performance (VA120)

2.3 System Evaluation Results
System gains are derived based on the link simulation results of TPC performance (given BER=0.04 or BER=0.1) and Geometry CDF curves from system simulation assuming that the system is fully loaded and the TPC commands are evenly distributed.
Firstly, we can obtain a set of required TPC Ec/Ior at a given BER by link simulation under a set of possible geometry values, which are derived from the geometry CDF values from system simulation as in Figure 8. Then, with the geometry CDF values and the corresponding set of required TPC Ec/Ior, we can derive the TPC Ec/Ior CDF values in the system (see Figure 6 and Figure 7). 
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Figure 6: 1 UEs TPC Performance (BER=0.04)
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Figure 7: 1 UEs TPC Performance (BER=0.1)
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Figure 8: CDF of Geometry
With the TPC Ec/Ior CDF values, the overall TPC Ec/Ior in the system can be obtained. Considering a large number of UEs active in the cell, e.g. 50 or 100 UEs, the overall TPC Tx power is provided in Table 1 and Table 2 given TPC BER=0.04 and TPC BER=0.1. It is noted that the TPCs of all the UEs are evenly distributed. 
It can be observed in case of 100 UEs and TPC BER=0.04 that the TPC Tx power can be reduced from about 10.6% to about 2% if repetition scheme with N=5 is assumed for PA3 or Case 4. The power reduction is larger in VA30 and VA120 (from about 12.6% to about 2.5% in VA30, from about 15% to about 2.5% in VA120). The power reduction is also significant even for larger TPC BER.

If a larger TPC BER (BER=0.1) can be used to balance the uplink power control impact and downlink power reduction, the repetition scheme with N=5 given 0.04 TPC BER can also give lower Tx power. For example in case of 100 UEs for VA120 channel, the TPC Tx power is about 7% for the non repetition scheme given 0.1 TPC BER while the TPC Tx power is about 2.5% for the repetition scheme with N=5 given 0.1 TPC BER.
Table 1 Overall TPC Tx power (no SHO UEs, TPC BER=0.04)

	Number of UEs
	Total TPC Tx power

	
	PA3
	Case 4
	VA30
	VA120

	
	N=1
	N=3
	N=5
	N=1
	N=3
	N=5
	N=1
	N=3
	N=5
	N=1
	N=3
	N=5

	50
	5.32%
	1.63%
	1.03%
	5.32%
	1.63%
	1.01%
	6.32%
	2.18%
	1.26%
	7.63%
	2.12%
	1.24%

	100
	10.64%
	3.27%
	2.06%
	10.63%
	3.25%
	2.02%
	12.63%
	4.36%
	2.51%
	15.26%
	4.24%
	2.49%


Table 2 Overall TPC Tx power (no SHO UEs, TPC BER=0.1)

	Number of UEs
	Total TPC Tx power

	
	PA3
	Case 4
	VA30
	VA120

	
	N=1
	N=3
	N=5
	N=1
	N=3
	N=5
	N=1
	N=3
	N=5
	N=1
	N=3
	N=5

	50
	2.69%
	0.77%
	0.48%
	2.62%
	0.78%
	0.48%
	2.93%
	1.00%
	0.56%
	3.38%
	0.98%
	0.60%

	100
	5.37%
	1.54%
	0.96%
	5.24%
	1.57%
	0.96%
	5.85%
	2.00%
	1.13%
	6.76%
	1.96%
	1.19%


In a realistic network configuration, however, the TPC symbols of all the UEs cannot be perfectly evenly distributed when there are SHO UEs. The F-DPCHs or DPCCHs from the cells in a UE active set should be aligned. Due to such restriction, the network cannot distribute the TPC symbols evenly for the SHO UEs. From the Multi-flow study as well as other studies, it is known that the ratio of soft handover and softer handover UEs within a network is around 35% [4][5]. 
Table 3 to Table 6 provide system evaluation results considering 35% of SHO UEs, and various percentages of these SHO UEs whose TPC symbols are unevenly distributed, e.g., UEs with TPC symbols which are time aligned. If the TPC symbols are time aligned, more downlink Tx power is consumed. From the results it can be observed that the overall TPC Tx power is higher with the increased percentage of unevenly distributed SHO UEs. For some cases, the overall TPC Tx power is close to 100%, which means that the entire DL power cannot afford the power consumption of TPC if non repetition scheme is assumed, while TPC Tx power is down to 15.6% if repetition scheme with N=5 is assumed. Thus, significant power saving on downlink Tx power can be observed using the TPC repetition scheme.
Table 3 Overall TPC Tx power (35% SHO UEs in 50 UEs, TPC BER=0.04)

	Unevenly distributed SHO UEs
	Total TPC Tx power

	
	PA3
	Case 4
	VA30
	VA120

	
	N=1
	N=3
	N=5
	N=1
	N=3
	N=5
	N=1
	N=3
	N=5
	N=1
	N=3
	N=5

	100%
	39.34%
	12.17%
	7.71%
	36.52%
	11.08%
	6.91%
	40.36%
	13.97%
	7.89%
	49.18%
	13.44%
	7.81%

	50%
	20.45%
	6.32%
	4.00%
	19.19%
	5.83%
	3.64%
	21.46%
	7.42%
	4.21%
	26.11%
	7.16%
	4.16%

	33%
	14.15%
	4.37%
	2.77%
	13.42%
	4.08%
	2.54%
	15.15%
	5.24%
	2.98%
	18.42%
	5.06%
	2.95%

	25%
	11.00%
	3.39%
	2.15%
	10.53%
	3.21%
	2.00%
	12.00%
	4.15%
	2.37%
	14.58%
	4.01%
	2.34%

	20%
	9.11%
	2.81%
	1.78%
	8.80%
	2.68%
	1.67%
	10.11%
	3.49%
	2.00%
	12.27%
	3.38%
	1.98%

	0%
	5.32%
	1.63%
	1.03%
	5.32%
	1.63%
	1.01%
	6.32%
	2.18%
	1.26%
	7.63%
	2.12%
	1.24%


Table 4 Overall TPC Tx power (35% SHO UEs in 100 UEs, TPC BER=0.04)

	Unevenly distributed SHO UEs
	Total TPC Tx power

	
	PA3
	Case 4
	VA30
	VA120

	
	N=1
	N=3
	N=5
	N=1
	N=3
	N=5
	N=1
	N=3
	N=5
	N=1
	N=3
	N=5

	100%
	78.68%
	24.34%
	15.43%
	73.05%
	22.16%
	13.83%
	80.72%
	27.94%
	15.78%
	98.37%
	26.88%
	15.62%

	50%
	40.90%
	12.64%
	8.01%
	38.39%
	11.66%
	7.27%
	42.91%
	14.85%
	8.41%
	52.22%
	14.31%
	8.33%

	33%
	28.30%
	8.74%
	5.53%
	26.84%
	8.16%
	5.09%
	30.31%
	10.48%
	5.96%
	36.84%
	10.12%
	5.90%

	25%
	22.01%
	6.79%
	4.29%
	21.06%
	6.41%
	4.00%
	24.01%
	8.30%
	4.73%
	29.15%
	8.03%
	4.68%

	20%
	18.23%
	5.62%
	3.55%
	17.59%
	5.36%
	3.34%
	20.23%
	6.99%
	3.99%
	24.54%
	6.77%
	3.95%

	0%
	10.64%
	3.27%
	2.06%
	10.63%
	3.25%
	2.02%
	12.63%
	4.36%
	2.51%
	15.26%
	4.24%
	2.49%


Table 5 Overall TPC Tx power (35% SHO UEs in 50 UEs, TPC BER=0.1)

	Unevenly distributed SHO UEs
	Total TPC Tx power

	
	PA3
	Case 4
	VA30
	VA120

	
	N=1
	N=3
	N=5
	N=1
	N=3
	N=5
	N=1
	N=3
	N=5
	N=1
	N=3
	N=5

	100%
	19.83%
	5.72%
	3.59%
	17.79%
	5.30%
	3.28%
	18.81%
	6.38%
	3.61%
	21.69%
	6.14%
	3.73%

	50%
	10.31%
	2.97%
	1.86%
	9.37%
	2.79%
	1.73%
	9.99%
	3.39%
	1.92%
	11.53%
	3.27%
	1.99%

	33%
	7.14%
	2.05%
	1.29%
	6.56%
	1.96%
	1.21%
	7.05%
	2.40%
	1.36%
	8.14%
	2.32%
	1.41%

	25%
	5.55%
	1.59%
	1.00%
	5.15%
	1.54%
	0.95%
	5.58%
	1.90%
	1.07%
	6.44%
	1.84%
	1.12%

	20%
	4.60%
	1.32%
	0.83%
	4.31%
	1.29%
	0.79%
	4.70%
	1.60%
	0.90%
	5.43%
	1.56%
	0.95%

	0%
	2.69%
	0.77%
	0.48%
	2.62%
	0.78%
	0.48%
	2.93%
	1.00%
	0.56%
	3.38%
	0.98%
	0.60%


Table 6 Overall TPC Tx power (35% SHO UEs in 100 UEs, TPC BER=0.1)

	Unevenly distributed SHO UEs
	Total TPC Tx power

	
	PA3
	Case 4
	VA30
	VA120

	
	N=1
	N=3
	N=5
	N=1
	N=3
	N=5
	N=1
	N=3
	N=5
	N=1
	N=3
	N=5

	100%
	39.65%
	11.43%
	7.18%
	35.59%
	10.60%
	6.57%
	37.61%
	12.77%
	7.22%
	43.38%
	12.28%
	7.47%

	50%
	20.62%
	5.94%
	3.73%
	18.73%
	5.58%
	3.45%
	19.98%
	6.79%
	3.84%
	23.05%
	6.55%
	3.98%

	33%
	14.27%
	4.10%
	2.58%
	13.12%
	3.91%
	2.42%
	14.10%
	4.79%
	2.71%
	16.27%
	4.64%
	2.82%

	25%
	11.10%
	3.19%
	2.00%
	10.31%
	3.08%
	1.90%
	11.16%
	3.80%
	2.15%
	12.88%
	3.68%
	2.24%

	20%
	9.20%
	2.64%
	1.66%
	8.62%
	2.57%
	1.59%
	9.39%
	3.20%
	1.81%
	10.85%
	3.11%
	1.89%

	0%
	5.37%
	1.54%
	0.96%
	5.24%
	1.57%
	0.96%
	5.85%
	2.00%
	1.13%
	6.76%
	1.96%
	1.19%


3. Conclusion
In this contribution, further evaluation results in the downlink of the TPC repetition scheme are provided based on the agreed evaluation methodology [3]. 
From the link evaluation results, it can be observed that the TPC Tx power for the TPC repetition scheme is reduced when comparing to the baseline algorithm 1, i.e. around 7dB for N=5. 

From the system evaluation results, it can be observed that when TPCs are evenly distributed, TPC Tx power can be reduced from about 15% to about 2.5% at maximum in VA120 if repetition scheme with N=5 is assumed. For a larger TPC BER=0.1, additional power saving can be observed for the TPC repetition scheme. For example in case of 100 UEs and VA120 channel, the TPC Tx power is about 7% for the non repetition scheme given 0.1 TPC BER while the TPC Tx power is about 2.5% for the repetition scheme with N=5 given 0.1 TPC BER. When considering 35% SHO UEs and all the SHO UEs with TPC symbols that are time aligned, the overall TPC Tx power can be close to 100%, which means that the entire DL power cannot afford the power consumption of TPC if the non repetition scheme is assumed. The TPC Tx power is reduced to 15.6% if the repetition scheme with N=5 is assumed.

The TPC repetition scheme is then expected to provide significant gains in terms of DL TPC power reduction. Thus, it is proposed to consider the TPC repetition scheme as a solution to reduce the DL TPC power and capture the downlink evaluation results in the TR.
Proposal 1: Capture the downlink evaluation results for TPC repetition scheme in the TR.
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Appendix A
Table 2 Downlink link simulation assumptions of the solutions to enhance downlink signalling performance [3]

	Parameters
	Values

	IorvsIoc
	[-5, 25] dB

	Outer loop power control
	Off

	Inner loop power control
	On

	Step size for inner loop power control
	1dB

	DL TPC error
	0

	DL TPC delay
	1slot

	Propagation condition
	PA3, Case 4,VA30, VA120

	Repeat Factor
	1, 3, 5

























































































































































































