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1. Introduction

After RAN1#73 meeting, email discussion was held to discuss the way forward on small cell discovery [1].  It was agreed in the email discussion that the further evaluation campaign for the performance of legacy mechanism should be based on the assumptions described in [2] in addition to the agreement at RAN1#72bis.  One of the assumptions in [2] is:

- Actual target set of detectable cells per carrier frequency should be determined based on gain achievable with, such as, interference coordination and load balancing.  

In this contribution, evaluation of semi-static/dynamic point selection/blanking is done to investigate the impact of number of detectable cells on the performance under small cell scenario 2a.  This helps to determine the required target of number of detectable cells.  
2. Point selection/blanking with different number of coordinating small cells
In Rel-11 CoMP, it was decided that the maximum size of measurement set is three which means the network can configure three coordinating nodes for a UE based on its feedback corresponding to the measurement set.   The decision of the measurement set size is based on CoMP scenarios which contain heterogeneous network scenarios with macro and 4 small cells per macro area.   In small cell scenarios, denser deployment of small cell is considered.  In the agreed simulation assumptions for small cell discovery, a cluster of 10 small cells is deployed in macro area.  So it is expected that required number of detectable small cells should be at least as many as the maximum size of CoMP measurement set.    We are going to check how much portion of the UEs can benefit from measurement set size of 3 and how much performance gain in different scenarios.  The following analysis is done in these two perspectives.
2.1. Distribution of CoMP measurement set size
Table 1: Distribution of CoMP measurement set size
	CoMP threshold
	Scenario 2a
	Percentage of

Single Point
	Percentage of

2 Points
	Percentage of

3 Points
	Percentage of

4 Points

	6 dB
	4 Small cells Per Macro
	74.44%
	20.95%
	4.44%
	0.16%

	
	10 Small cells Per Macro
	57.02%
	26.74%
	11.45%
	4.79%

	10 dB
	4 Small cells Per Macro
	59.03%
	30%
	9.53%
	1.53%

	
	10 Small cells Per Macro
	41.56%
	25.26%
	16.69%
	16.48%


Proportions of UEs with CoMP measurement set size of 1, 2, 3 or 4 for 6dB and 10dB CoMP threshold under scenarios 1-4 are shown in Table 1.  It can be observed that CoMP measurement set of 1 occupies most of the proportion in all scenarios.  Percentage of UEs with measurement set size larger than 2 ranges from about 4.5% to 33% depending on different scenarios and what CoMP threshold is used.  In particular for dense small cell scenarios, size of measurement set tends to be larger.  
Observation 1:  Percentage of UEs with measurement set size larger than 2 is quite significant especially in dense small cell scenarios
2.2. System level performance 
System level simulation is conducted to evaluate the performance impact with different number of detectable small cells.  Dynamic/semi-static point selection/blanking is chosen as the interference coordination scheme.  In one case, we assume ideal backhaul among small cells in the same cluster.    In another case, we assume non-ideal backhaul which has 10ms latency.   Point selection is only done in the small cell layer.  More detailed simulation assumptions are shown in the appendix A.
Table 2 Performance comparison between measurement set sizes of 2 and 3 in small cell scenario 2a.

	Transmission scheme and measurement set size
	Macro area cell average spectral efficiency (bps/Hz)
	Cell edge spectral efficiency(bps/Hz)

	DPS/DPB  Scenario 2a
	Max measurement set size of 2 small cells
	12.11
	0.067

	
	Max measurement set size of 3 small cells
	12.57 (+3.8%)
	0.076   (+13.4%)

	Semi-static point selection/blanking 

with 10ms backhaul latency
	Max measurement set size of 2 small cells
	11.51
	0.051

	
	Max measurement set size of 3 small cells
	11.93(+3.6%)
	0.060   (+17.6%)


Table 1 shows the performance gains in scenario 2a of having 3 coordinating points over 2 points are 3.8% and 13.4% on cell average and cell edge respectively when there is ideal backhaul.  The gains observed from non-ideal backhaul scenario are 3.6% and 17.6% on cell average and cell edge respectively.   Significant gain is observed especially on cell edge performance.   Discovering a small cell is prerequisite for including it into the measurement set.  If a UE cannot discover more than two small cells, the measurement set is likely limited to two only.  Therefore significant gain of interference coordination cannot be secured.   
Observation 2:  Small cell discovery has significant impact on the performance of interference coordination scheme.
To secure achievable gain from interference coordination, it is necessary to make sure we have a good small cell discovery scheme to discover more than 2 small cells per carrier frequency.   Therefore we have the following proposal:
Proposal: Target set size of detectable cells per carrier frequency should be larger than 2.

3. Conclusion
In this contribution, we provide performance evaluation to investigate the impact on small cell scenarios with different number of detectable cells.  From the simulation results, we have the following observations: 
Observation 1:  Percentage of UEs with measurement set size larger than 2 is quite significant especially in dense small cell scenarios.
Observation 2: Small cell discovery has significant impact on the performance of interference coordination scheme.
Based on these observations, we have the following proposal:

Proposal: Target set size of detectable cells per carrier frequency should be larger than 2.
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Appendix A
Table A.1 Simulation parameters for small cell deployment
	　Parameters
	Scenario #2a

	　
	Macro cell
	Small cell

	Layout
	Hexagonal grid, 7 sites, 3 Macro cells per site, wrap‑around
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Clusters uniformly random within macro geographical area; small cells uniformly random dropping within cluster area

	System bandwidth
	10MHz
	10MHz

	Carrier frequency 
	2.0GHz
	3.5GHz

	Carrier number
	1
	1

	Total BS TX power (Ptotal per carrier)
	46 dBm
	30 dBm 

	Distance-dependent path loss
	ITU UMa [referring toTable B.1.2.1-1 in TR36.814], with 3D distance between an eNB and a UE applied
	ITU Umi [referring toTable B.1.2.1-1 in TR36.814] with 3D distance between an eNB and a UE applied

	Penetration
	For outdoor UEs:0dB
For indoor UEs: 20dB+0.5din (din : independent uniform random value between [ 0, min(25,d) ] for each link)
	For outdoor UEs:0dB
For indoor UEs: 20dB+0.5din (din : independent uniform random value between [ 0, min(25,UE-to-eNB distance) ] for each link)


	Shadowing
	ITU UMa according to Table A.1-1 of 36.819
	ITU UMi [referring to Table B.1.2.1-1 in TR36.814]

	Antenna pattern
	3D,  referring to TR36.819
	2D Omni-directional is baseline; directional  antenna is not precluded

	Antenna Height: 
	25m
	10m

	UE antenna Height
	1.5m

	Antenna gain + connector loss
	17 dBi 
	5 dBi

	Antenna gain of UE
	0 dBi

	Fast fading channel between eNB and UE
	ITU UMa according to Table A.1-1 of 36.819
	 ITU UMi

	Antenna configuration
	2Tx2Rx in DL, 1Tx2Rx in UL,  Cross-polarized

	Number of clusters/buildings per macro cell geographical area
	1

	Number of small cells per cluster
	10

	Number of small cells per Macro cell
	4*Number of clusters per macro cell geographical area

	Number of UEs 
	30 UEs 

	UE dropping
	Baseline: 2/3 UEs randomly and uniformly dropped within the clusters, 1/3 UE randomly and uniformly dropped throughout the macro geographical area. 80% UE indoor, 20% UE outdoor. 

	Macro ABS Ratio
	25%

	Radius for small cell dropping in a cluster
	50m 

	Radius for UE dropping in a cluster
	60m

	Cell selection criteria
	RSRQ for intra-frequency, with 0 dB bias

	Traffic model
	Full buffer

	Minimum distance (2D distance)
	Small cell-small cell: 20m

	
	Small cell-UE: 5m

	
	Macro –small cell cluster center: 95m

	
	Macro – UE : 35m

	
	cluster center-cluster center: 90m
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