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1
Introduction   


eCoMP SI [1] has been approved in 2013 June, and the key content of this SI is to evaluate performance of some CoMP schemes under non-ideal backhaul assumption. In RAN1#74b, the following was agreed to help to calibrate the small cell performance between companies. In this contribution, we provide some details of our small cell results. 
Agreed way forward: 

· 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

2 
Coordinated Scheduling Algorithm
In this section, we provide the details of coordinated scheduling algorithm we used. Following the agreed simulation assumptions, intra-site 3 cells coordination is also needed. In order to have a fair comparison, our algorithm is developed to be fitting to ideal and non-ideal backhaul environment so that we can directly compare the performance of the same algorithm under difference assumption, below is the detailed description of the algorithm. In the results presented in this paper, the total latency from the time CQI is available at the serving eNB to the muting pattern application is considered to be 5ms or 50ms.
Algorithm principle:

Thanks to the Rel.11 multiple CSI and configurable IMR, multiple CQI can be reported with each corresponding to different interference hypothesis. Now each UE reports the CQI without strongest interference, in another word, it’s possible to accurately predict the impact to this particular UE if the strongest interference cell is muted. As a result, network could collect the CQI information of all UEs and choose the muting pattern resulting in the largest benefit metric. 
1. Benefit metric is defined as the sum of PF metric for all UEs inside of the coordination area. 
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, where H is the hypothetic muting pattern (e.g. H= ‘101110111’ in 9 cell coordination area, each bit is corresponding to one cell’s muting decision, 0 mean muted.). 
b. The benefit calculation is per PRB based. 
c. For a given UE i, 
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, where k is the strongest interference cell to this UE. 
d. UE shall report both  
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 corresponding to normal CQI (cell k is not muted) and muting CQI (cell k is muted) to eNB. 
2. Muting decisions is to maximize the benefit metric with possible muting hypothesis 
a. 
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3. Backhaul decides the CSI&BS (Buffer status) latency

a. Ideal backhaul means CSI&BS of the coordination area is available with no latency. 

b. Non-ideal backhaul means CSI&BS of the coordination is available with some certain latency. 

4. Muting decision update

a. With instant CSI&BS, muting pattern is updated every TTI. 

b. With delayed CSI&BS, muting pattern is updated periodically, e.g. 10TTIs. 
3     Simulation results for SCE-1
Small cell scenario.1 is with two overlapped layers. The interference from Macro to small cells and between small cells is very severe, and thus interference management is needed in SCE-1. In this section, we provide our CoMP simulation results in SCE-1. 
	Bursty (Offered Load = 48 Mbps per macro area)

	CoMP schemes
	Coordination
	Mean bE Tput (Mbps)
	Cell Edge UE
	PRB

	
	
	
	 Tput (Kbps)
	Utilization

	eICIC (9dB,2/8 ABS)
	None
	14.2
(100%)
	2370
(100%)
	54%

	Inter-site CS (15 cells), CRE=9dB
	Ideal 
	16.0 (12.6%)
	2500 (5.5%)
	42%

	Inter-site CS (15 cells), CRE=9dB
	Non-ideal (5ms)
	15.6 (9.8%)
	2380 (0.4%)
	43%

	 Inter-site CS (15 cells), CRE=9dB
	Non-ideal (50ms)
	14.7 (3.5%)
	2080   (-13%)
	44%


	Bursty (Offered Load = 40 Mbps per macro area)

	CoMP schemes
	Coordination
	Mean bE Tput (Mbps)
	Cell Edge UE
	PRB

	
	
	
	 Tput (Kbps)
	Utilization

	FeICIC (9dB, 1/8 ABS)
	ABS configuration
	19.9
	3570
	41%

	Inter-site CS (15 cells), CRE=9dB
	Ideal DCM
	21.2 (7%)
	3760 (5.3%)
	33%

	Inter-site CS (15 cells), CRE=9dB
	Non-ideal (5ms)
	20.6 (3.5%)
	3610 (1.1%)
	33%

	 Inter-site CS (15 cells), CRE=9dB
	Non-ideal (50ms)
	19.8  (-0.5%)
	3260  (-9%)
	34%


	Bursty (Offered Load = 24 Mbps per macro area)

	CoMP schemes
	Coordination
	Mean bE Tput (Mbps)
	Cell Edge UE
	PRB

	
	
	
	 Tput (Kbps)
	Utilization

	FeICIC (9dB, 0/8 ABS)
	ABS configuration
	38.5
	9250
	15%

	Inter-site CS (15 cells), CRE=9dB
	Coordinated muting (IB)
	38.0   (-1.3%)
	9610 (4%)
	13%

	Inter-site CS (15 cells), CRE=9dB
	Coordinated muting (NIB=5ms)
	37.2 (3%)
	9440 (2%)
	13%

	 Inter-site CS (15 cells), CRE=9dB
	Coordinated muting (NIB=50ms)
	37.1   (-3.7%)
	9360 (1.1%)
	13%


Observation.1: In small cell scenario.1, larger coordination area with ideal backhaul can bring some additional gain over intra-site CoMP. 
Observation.2: With non-ideal backhaul, there is only minor performance gain over intra-site CoMP in high load, but performance loss in low load case. 
Observation.3: FeICIC already enhances the cell edge gain a lot, and additional eCoMP gain is more on the mean user throughput part. 
4      Some more results 
In RAN1#74b, some further metrics was agreed for calibrating SCE results from different companies. In this section, we provide corresponding results. 
	
	UE association rate (CRE=9dB)

	Macro UE
	17% (CRE=6dB)

	Pico UE
	83%(CRE=6dB)
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Macro UE and Micro UE coupling loss
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Macro UE and Micro UE Geometry 
	Offer Load per Macro Area:
	Interference Management
	Parameters
	5th Percentile (Kbps)
	50th Percentile (Mbps)
	95th Percentile (Mbps)
	Average Throughput (Mbps)

	24M
	FeICIC
	RE 9dB, ABS 0/8 (Baseline FeICIC)
	9250
	37.5
	67.2
	38.5

	
	CoMP
	15 cells, RE 9dB, IB
	9610
	36.0
	67.2
	38.0

	
	
	15 cells, RE 9dB, NIB 5ms
	9440
	35.0
	64.5
	37.2

	
	
	15 cells, RE 9dB, NIB 50ms
	9360
	35.6
	64.5
	37.1

	40M
	FeICIC
	RE 9dB, ABS 1/8 (Baseline FeICIC)
	3570
	15.0
	53.4
	19.9

	
	DCM
	15 cells, RE 9dB, IB
	3760
	15.6
	59.5
	21.2

	
	
	15 cells, RE 9dB, NIB 5ms
	3610
	15.5
	57.3
	20.6

	
	
	15 cells, RE 9dB, NIB 50ms
	3260
	14.6
	56.3
	19.9

	48M
	FeICIC
	RE 9dB, ABS 2/8 (Baseline FeICIC)
	2370
	10.0
	41.7
	14.2

	
	DCM
	15 cells, RE 9dB, IB
	2500
	11.0
	47.8
	16.0

	
	
	15 cells, RE 9dB, NIB 5ms
	2380
	10.6
	47.2
	15.6

	
	
	15 cells, RE 9dB, NIB 50ms
	2080
	9.8
	46.0
	14.7


5
Conclusion
In this section, we summarize our observations from eCoMP simulation results

Observation.1: In small cell scenario.1, larger coordination area with ideal backhaul can bring some additional gain over intra-site CoMP. 

Observation.2: With non-ideal backhaul, there is only minor performance gain over intra-site CoMP in high load, but performance loss in low load case. 

Observation.3: FeICIC already enhances the cell edge gain a lot, and additional eCoMP gain is more on the mean user throughput part. 
Proposal: Inter-eNB coordination can only provide marginal gain in SCE-1 over FeICIC. If we further consider FeICIC that can work in TM4 (less overhead), inter-eNB gain is even more marginal.
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