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1. Introduction

At RAN1#74bis meeting, it was shown that the performance gains of CoMP-NIB schemes were still divergent and hence the followings were agreed for further performance evaluation [1].
Agreements: 

· Further performance evaluation and alignment of reference schemes are needed for small cell scenarios.

· Reference schemes (including intra-site CoMP)

· SCE scenario 1:   FeICIC scheme 

· SCE scenario 2a (including modelling of macro association)

· Resource utilisation: 20%, 40%, 60%

· The following metrics for reference schemes should be provided by each company:

· Mean, 5%, 50%, 95% UPT to be provided as absolute values
· Percentage of UEs belonging to macro cells and small cells

· CDF curve of coupling loss for UE to serving cell (separate for macro and small cells)

· CDF curve of geometry (separate for macro and small cells)

· Served cell throughput for FTP traffic model 1
· Probability of successful first PDSCH transmission 

· CSI and interference measurement method should be provided by each company:

· Number of CSI processes, CSI reference resource and IMR assumption for each CSI process

· Delay and period of CQI feedback

Error modelling should be provided by each company
Following the agreements, we provide evaluation results of DL CoMP-NIB scheme in heterogeneous network (i.e., SCE scenario 1).
2. Discussion
2.1. CoMP-NIB scheme
In the contribution, we evaluate semi-static point muting (SSPM) considered as a potential candidate for DL CoMP-NIB scheme. For the SSPM, we assume that there is a central processor which could gather downlink information such as multiple UE scheduling metrics according to multiple CSI reports from UEs and decide resource allocation per eNB. Hence, each eNB could decide downlink scheduling such as UE selection, MCS selection, and precoding selection based on the latest CSI at the allocated resources from the processor. To be specific, the processor decides resources to be muted for system performance improvement and informs the muted resources to eNBs in coordination area. Assuming backhaul topology in [2], the information on muted resources is delayed by amount of twice of backhaul delay. The other inter-eNB signaling is described in our companion contribution in [3].
2.2. Configurations for CSI and interference measurement
In this section, we describe the evaluation assumptions on CSI and interference measurement. CSI-RS period is set to 5ms and interference estimation is modeled considering CSI-IM based estimation according to TM10. Thus, each UE periodically measures interference according to configured CSI-IM period (e.g., 5ms) and interference is dynamically on/off corresponding to the traffic load of neighboring eNBs. For the SSPM, we consider maximum 4 CSI-IM configurations per CoMP UE as depicted in Fig 1. Moreover, we assume that each UE is able to cancel two strongest CRSs to investigate the potential performance gain of CoMP-NIB scheme since CRS interference is too dominant in non-full buffer traffic model when resource utilization (RU) is low or modest. The other evaluation assumptions are shown in Appendix A.
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Fig 1. CSI-IM configurations for SSPM 
3. Evaluation results
3.1. Metrics for reference scheme 
As agreed in RAN1 #74bis meeting, it was suggested to provide metrics for reference scheme to find reasons of misalignment of evaluation results. In this contribution, we evaluate SU-MIMO with 6dB CRE for small cells as a reference since FeICIC or intra-CoMP scheme could be quite different depending on the implementation of each company and we could not find optimal pattern of zero power almost blank subframe (ZP ABS). In Table 1, we provide some metrics including percentage of UEs, served throughput, and probability of first PDSCH transmission. It should be noted that the served throughput means the throughput of macro cell and all of small cells (e.g., 4 small cells) in a macro geographic area. In addition, CDF curves of geometry and coupling loss are provided in Fig 2.
Table 1. Metrics for reference scheme
	RU
	Percentage of UEs

(Macro / Small)
	Served Throughput (bps/Hz)
	Macro cell Throughput (bps/Hz)
	Small cell
 Throughput (bps/Hz)
	Probability of 1st  PDSCH transmission

	20% (macro)
	35.6% / 64.4%
	1.2816
	0.4544
	0.2068
	0.91

	40% (macro)
	35.7% / 64.3%
	1.9803
	0.7091
	0.3178
	0.90

	60% (macro)
	35.2% / 64.8%
	2.6656
	0.9417
	0.4309
	0.88
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Fig 2. CDF curves of geometry
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Fig 3. CDF curves of coupling loss
3.2. Evaluation results
In Table 2, evaluation results of SSPM in SCE scenario 1 are presented for the cases where overall delay is set to {0ms, 10ms, 20ms, 30ms, and 100ms} and RU is set to {20%, 40%, and 60%}. In the cases of 20% and 40% RU, it can be seen that SSPM with non-ideal backhaul has no meaningful performance gain over non-CoMP scheme. It is because interference is low enough in the cases of low and moderate level of RU and additional interference coordination such as muting would not be effective. Moreover, backhaul delay could make unnecessary muting which degrade the performance. In the case of 60% RU, SSPM with NIB has meaningful performance gain especially for 5%-tile and 50%-tile UE with backhaul delay of {5ms, 10ms, 15ms} (e.g., overall delay = {10ms, 20ms, 30ms}).
Table 2. Evaluation results SSPM in heterogeneous network

(a) RU 20%
	
	RU (macro)
	Avg. UE Throughput (bps/Hz)
	5%-tile UE Throughput (bps/Hz)
	50%-tile UE Throughput (bps/Hz)
	95%-tile UE Throughput (bps/Hz)

	
	
	
	
	
	

	ZP-ABS = 0%
	0.19
	2.6957
	0.4902
	2.4390
	5.8824

	
	
	0.0 %
	0.0 %
	0.0 %
	0.0 %

	ZP-ABS = 10%
	0.19
	2.5457
	0.4695
	2.2727
	5.4795

	
	
	-5.6 % 
	-4.2 % 
	-6.8 % 
	-6.8 % 

	SSPM with IB

(backhaul delay = 0ms)
	0.17
	2.7672
	0.4745
	2.5641
	5.8824

	
	
	2.7 %
	-3.2 %
	5.1 %
	0.0 %

	SSPM with NIB

(backhaul delay = 5ms)
	0.17
	2.6970
	0.4711
	2.5157
	5.5556

	
	
	0.0 %
	-3.9 %
	3.1 %
	-5.6 %

	SSPM with NIB

(backhaul delay = 10ms)
	0.17
	2.6062
	0.4614
	2.4242
	5.1948

	
	
	-3.3 %
	-5.9 %
	-0.6 %
	-11.7 %

	SSPM with NIB

(backhaul delay = 15ms)
	0.18
	2.5221
	0.4524
	2.3669
	5.1282

	
	
	-6.4 %
	-7.7 %
	-3.0 %
	-12.8 %

	SSPM with NIB

(backhaul delay = 50ms)
	0.18
	2.3803
	0.4324
	2.2346
	5.0031

	
	
	-11.7 %
	-11.8 %
	-8.4 %
	-15.0 %


(b) RU 40%
	
	RU (macro)
	Avg. UE Throughput (bps/Hz)
	5%-tile UE Throughput (bps/Hz)
	50%-tile UE Throughput (bps/Hz)
	95%-tile UE Throughput (bps/Hz)

	
	
	
	
	
	

	ZP-ABS = 0%
	0.37
	2.1576
	0.2686
	1.7621
	5.4054

	
	
	0.0 %
	0.0 %
	0.0 %
	0.0 %

	ZP-ABS = 10%
	0.39
	2.0139
	0.2502
	1.6194
	5.1948

	
	
	-6.7 %
	-6.9 %
	-8.1 %
	-3.9 %

	SSPM with IB

(backhaul delay = 0ms)
	0.32
	2.2819
	0.2730
	1.9608
	5.4795

	
	
	5.8 %
	1.6 %
	11.3 %
	1.4 %

	SSPM with NIB

(backhaul delay = 5ms)
	0.32
	2.2033
	0.2672
	1.8779
	5.1948

	
	
	2.1 %
	-0.5 %
	6.6 %
	-3.9 %

	SSPM with NIB

(backhaul delay = 10ms)
	0.32
	2.1379
	0.2639
	1.8433
	4.9383

	
	
	-0.9 %
	-1.7 %
	4.6 %
	-8.6 %

	SSPM with NIB

(backhaul delay = 15ms)
	0.32
	2.0761
	0.2566
	1.8100
	4.7059

	
	
	-3.8 %
	-4.5 %
	2.7 %
	-12.9 %

	SSPM with NIB

(backhaul delay = 50ms)
	0.33
	1.9607
	0.2448
	1.7094
	4.5977

	
	
	-9.1 %
	-8.9 %
	-3.0 %
	-14.9 %


(c) RU 60%
	
	RU (macro)
	Avg. UE Throughput (bps/Hz)
	5%-tile UE Throughput (bps/Hz)
	50%-tile UE Throughput (bps/Hz)
	95%-tile UE Throughput (bps/Hz)

	
	
	
	
	
	

	ZP-ABS = 0%
	0.63
	1.5847
	0.1032
	1.0929
	4.7059

	
	
	0.0 %
	0.0 %
	0.0 %
	0.0 %

	ZP-ABS = 10%
	0.63
	1.5031
	0.0945
	1.0178
	4.5455

	
	
	-5.1 %
	-8.4 %
	-6.9 %
	-3.4 %

	SSPM with IB

(backhaul delay = 0ms)
	0.49
	1.7910
	0.1233
	1.3158
	4.9383

	
	
	13.0 %
	19.5 %
	20.4 %
	4.9 %

	SSPM with NIB

(backhaul delay = 5ms)
	0.49
	1.7152
	0.1199
	1.2658
	4.7059

	
	
	8.2 %
	16.2 %
	15.8 %
	0.0 %

	SSPM with NIB

(backhaul delay = 10ms)
	0.49
	1.6692
	0.1169
	1.2384
	4.5455

	
	
	5.3 %
	13.3 %
	13.3 %
	-3.4 %

	SSPM with NIB

(backhaul delay = 15ms)
	0.49
	1.6241
	0.1149
	1.2158
	4.3011

	
	
	2.5 %
	11.3 %
	11.2 %
	-8.6 %

	SSPM with NIB

(backhaul delay = 50ms)
	0.49
	1.5491
	0.1069
	1.1527
	4.1667

	
	
	-2.2 %
	3.6 %
	5.5 %
	-11.5 %


Observation #1:
- In heterogeneous network (e.g., SCE scenario 1), SSPM provides meaningful performance gain for 5%-tile and 50%-tile UE with backhaul delay of {5ms, 10ms, 15ms} and RU of 60%.
4. Conclusion
In this contribution, we presented further evaluation results for SSPM as a candidate technique for CoMP with non-ideal backhaul and found that CoMP-NIB scheme could provide performance gain. Thus, we conclude that it is worthwhile to study more optimized coordination scheme for CoMP-NIB.
Observation #1:
- In heterogeneous network (e.g., SCE scenario 1), SSPM provides meaningful performance gain for 5%-tile UE with backhaul delay of 5ms and RU of 60%.
______________________________________________________________________
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Appendix A: Simulation Parameters and Assumptions
	Parameter
	Value

	Cellular layout
	3-sectorized Hexagonal grid with 19 cells wrap-around

	System frequency
	2 GHz carrier, 10 MHz bandwidth

	Indoor/outdoor UE ratio
	80% indoor UE, 20% outdoor UE

	Small cells per sector
	4

	Traffic model
	FTP model 1, 0.5 Mbyte file size

	Scheduling algorithm
	Proportional Fair

	Transmission mode
	Transmission mode 10 with SU -MIMO

	Channel quality report
	Mode 1-1: Wideband PMI per 50 RBs, Wideband CQI per 50 RBs
5ms CSI reports periodicity,
5ms delay total (measurement in subframe n is used in subframe n+5)
MCSs based on LTE transport formats [36.213]
Rel-8 2-tx codebook

	Antenna configuration
	2x2 antenna 

(# of Tx Ant. at eNB) x (# of Rx Ant. at UE)

eNB: Cross-polarized antennas, 0.5 wavelengths separation
UE: Cross-polarized antennas

	Control channel and
 reference signal overhead 
	4 OFDM symbols per RB
- PDCCH overhead: 20RE/RB

- DM-RS overhead: 12RE/RB
- CRS overhead: 16RE/RB

	Downlink transmitter/receiver type
	MMSE-IRC

	Hybrid ARQ
	Incremental Redundancy (IR), Maximum four transmissions,

Initial transmission target FER: 10%

	Hybrid ARQ round trip delay for UE
	8 subframes (8 ms)

	Channel Estimation
	Non Ideal

	Feedback and control channel errors
	Ideal
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