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1. Introduction
In RAN1#72bis, interference coordination schemes among small cells were discussed and the candidate solutions are summarized as follows:

[image: image1]
The common idea for the above solutions is to terminate DL transmission to avoid the inter-cell interference. Obviously, the interference by PDSCH wouldn’t be a problem because PDSCH transmission is suspended when no DL buffer is present. This means that the fundamental problem is common channel/signal interference, which cannot be suspended by Rel-11 specifications. To make a final decision on a particular solution, it is important to know the exact performance degradation by common channel/signal interference because DTX of common channels/signals may have a big impact for the current specs. In this contribution, we focus on CRS DTX and share our preliminary simulation result to quantitatively clarify the CRS interference problem. 
2. Discussions

The simulation parameters are shown in Table 1. Since this evaluation is just the initial one, the assumption is not fully aligned with the agreement. However, we believe that it would be helpful to identify the issues to be discussed during the S.I. Note that the offered traffic is given to satisfy the RU of 80% for macro eNBs. The corresponding RU for small cells is 21%. This value for small cells corresponds to low traffic load, and it would be helpful to know the upper bound of the achievable gain by CRS DTX.
In the evaluation, two cases of CRS interference are evaluated, i.e. without CRS interference and with CRS interference for PDSCH SINR calculation by explicit modelling. The intention is to confirm the upper bound of the performance gain by CRS DTX. 
Table 1: Simulation Condition
	
	
	Case 1 (CRS DTX)
	Case 2 (no CRS DTX)

	CRS interference modelling
	CRS is transmitted, but NOT used for interference calculation
	CRS is transmitted, and used for interference calculation

	Band information
	macro layer: 2GHz with 10MHz FDD bandwidth
small cell layer: 3.5GHz with 10MHz FDD bandwidth

	Transmission mode
	TM4

	Antenna configuration
	2x2 linear array

	Traffic model
	FTP type 1

	CRE bias
	0 dB

	Cell selection
	RSRP for both intra- and inter-frequency

	SCE scenario 
	2a with 7 cell model

	Number of cluster/small cells
	1 cluster per macro sector, 4 small cells per cluster

	Transmit power
	46 dBm for macro, 30 dBm for small cells

	UE receiver
	Linear MMSE

	Network Synchronization
	Ideal

	HARQ scheme
	IR with maximum 5 retransmissions

	Link to System mapping
	EESM

	Channel Estimation
	Ideal

	Scheduling Algorithm
	PF

	Feedback
	Periodic: mode 1-1 with 5ms interval with 4ms scheduling delay
Aperiodic: mode 3-1 with 10ms interval with 4ms scheduling delay


	Table 2 Simulation Results
　
	Case 1: CRS DTX
(gain over Case 2)
	Case 2: no CRS DTX

	UPT [Mbps]
	All UEs
	macro UEs
	small cell UEs
	All UEs
	macro UEs
	small cell UEs

	Average UPT
	10.581
	6.816
	13.581
	10.165
	6.750
	12.897

	
	(4.09%)
	(0.98%)
	(5.30%)
	
	
	

	5%-ile UPT
	0.310
	0.111
	2.350
	0.290
	0.106
	2.131

	
	(6.90%)
	(4.71%)
	(10.28%)
	
	
	

	50%-ile UPT
	6.704
	3.889
	9.250
	6.378
	3.865
	8.623

	
	(5.11%)
	(0.63%)
	(7.28%)
	
	
	

	95%-ile UPT
	31.404
	23.383
	35.110
	30.461
	23.004
	33.745

	
	(3.09%)
	(1.65%)
	(4.05%)
	
	
	


Table 2 shows the system level simulation results. It is demonstrated that the moderate performance improvement is achieved only for the worst throughput users. However, it is not so clear at present whether the achievable gain of 10.3% can justify the introduction of CRS DTX. More specifically, CRS DTX may require additional spec change and UE complexity e.g. RRM measurement, and hence drastic gain is highly expected. If other techniques such as (f)eICIC or CB-ICIC are available and outperform CRS elimination schemes, it would be much beneficial because their spec impact would be marginal.
Again, the assumptions we utilized here is just one example, thus it is premature to make a final decision. RAN1 should therefore continue evaluation works to clarify the achievable gain. 

Observation:
· CRS DTX for small cells will contribute to improve worst user throughput
· Under the assumption, the gain of 10.3% is expected for the cell edge UEs.
Proposal:

· Continue simulation based study for the interference handling schemes, especially for the CRS DTX
· comparison with (f)eICIC and CB-ICIC
· various parameters (offered traffic, number of UEs etc.) should be evaluated to clarify the range of achievable gain.
3. Conclusion
In this contribution, we focused on CRS DTX and shared our preliminary simulation result to quantitatively clarify the CRS interference problem. Our observation and proposal are summarized as follows.
Observation:
· CRS DTX for small cells will contribute to improve worst user throughput
· Under the assumption, the gain of 10.3% is expected for the cell edge UEs.
Proposal:

· Continue simulation based study for the interference handling schemes, especially for the CRS DTX
· comparison with (f)eICIC and CB-ICIC
· various parameters (offered traffic, number of UEs etc) should be evaluated to clarify the range of achievable gain.
The following downlink interference avoidance/coordination methods are proposed by a significant number of companies:


small cell DTX


carrier selection


eICIC (possibly with enhancements)


downlink power adaptation


cell selection enhancements
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