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1 Introduction
Since LS on a new measurement quantity for multicarrier load distribution from RAN2 was sent to RAN4 in RAN4#74bis meeting [1], the feasibility and how to perform inter-frequency SINR measurement of inter-frequency neighbor cells (and possibility of the serving cell)  has been discussed for two RAN4 meetings. Although a reply LS [2] was agreed to send to RAN2 in last RAN4 meeting, it was still pointed out that RAN4 would continue to evaluate the accuracy requirements of RS-SINR measurement. A way-forward on RS-SINR measurement [3] was also agreed and interested companies were encouraged to simulation results for evaluation. In this paper, the system level simulation results are provided to evaluate the feasibility of SINR measurement for the purpose of allow network to better predict the achievable user throughput.
2 Discussion
Basically, the DL user throughput is dependent on the link quality of data transmission resource, i.e., the SINR of Physical Downlink Shared Channel (PDSCH). Assuming that RSRPs and RSRPn denote the RSRP from the measured cell and neighbouring cell respectively, the SINR measured on PDSCH (SINRPDSCH) could be calculated by equation (1),
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where Pnoise denotes the linear average of the noise power per resource element. 0<(n≤1 denotes the load factor for the neighbouring cell, and (n=1 means that the resources of a cell are fully used (all REs are occupied).

In the agreed way-forward in [3], the SINR measurement was defined as below:

	· RS-SINR is defined as the linear average over the power contribution (in W) of the resource elements carrying CRS divided by the linear average of the noise and interference power contribution (in W) of the resource elements carrying CRS within the considered measurement frequency bandwidth. 
· For RS-SINR determination, the cell-specific reference signals R0 according TS 36.211 shall be used. If the UE can reliably detect that R1 is available it may use R1 in addition to R0 to determine RS-SINR.   

· The reference point for the RS-SINR shall be the antenna connector of the UE.   

· If receiver diversity is in use by the UE, the reported value shall not be lower than the corresponding RS-SINR of any of the individual diversity branches. 


Based on the definition, the RS-SINR (SINRRS) can be calculated by equation (2),
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There are two kinds of neighbouring cells around the measured cell. One is having colliding CRS with measured cell while the other is having non-colliding CRS with measured cell. Thus, the RS-SINR could be described by equation (3),
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where RSRPs denotes the RSRP from the measured cell, RSRPn1 and RSRPn2 denote the RSRP from the neighbouring cell with colliding CRS and with non-colliding CRS respectively, (n1 and (n2 are the load factor for neighbouring cell with colliding CRS and with non-colliding CRS respectively.
For comparison purposes, the difference between PDSCH SINR and RS-SINR is calculated by equation (4).
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From the equation (1) and (3), it can be observed that the difference between RS-SINR and PDSCH SINR depends on the proportion of interference for neighbouring cells with colliding CRS. The gap between t RS-SINR and PDSCH SINR increases by the proportion of interference from neighbouring cells with colliding CRS. 
For investigating the relationship between PDSCH SINR and RS-SINR, both of them are evaluated assuming that all the cells have the same level of load (, and the parameters for system simulation are listed in Table 1.

Table 1: Assumptions for system level evaluation

	Parameter
	Values used for evaluation

	Number of macro sites
	19

	Number of sectors per macro site
	3

	ISD
	500 m

	Number of LPNs per macro cell
	Sparse scenario
	4

	
	Dense scenario
	10

	Number of UEs
	20

	UE dropping
	UEs randomly and uniformly dropped within Macro.

	Transmitter power
	Macro: 46dBm

LPN:   30dBm

	System BW
	10 MHz

	Carrier frequency 
	2.0 GHz

	Minimum distance UE to LPN
	5 m

	Minimum distance LPN to LPN
	20 m

	LPN antenna gain
	5 dBi

	UE Antenna gain
	0 dBi

	UE Noise Figure
	9 dB

	Network synchronization
	Perfectly synchronized

	Pathloss model
	· Macro: ITU UMa
· LPN: ITU UMi

	PDSCH transmission probability
	0%, 25%, 50%, 75%and 100%


Based on the simulation assumption in Table 1, the difference between RS-SINR and PDSCH SINR will be evaluated under three scenarios. 
· Macro-only 

· Macro+4 small cell

· Macro+10 small cell

As shown in Table 2 to Table 4, the values of 5% and 95% CDF curves for both PDSCH SINR and RS-SINR are summarized. Based on the simulation results, it can be observed that the CDF spread of RS-SINR is similar to that of PDSCH SINR. The measurement difference between RS-SINR and PDSCH SINR is ≤0.1dB with more than 90% probability. By reasonable network deployment, most of strong interfering cells have non-colliding CRS with the measured cell, and the neighbouring cells with colliding CRS are far from the measured cell which makes the interference very small. Thus, the difference between RS-SINR and PDSCH SINR is negligible.
Table 2: PDSCH SINR and RS-SINR results in Macro only (Unit: dB)
	Load Factor
	0.0
	0.25
	0.5
	0.75
	1.0

	Percentile
	5%
	95%
	5%
	95%
	5%
	95%
	5%
	95%
	5%
	95%

	SINRRS
	13.02
	46.23
	3.65
	24.97
	0.86
	22.07
	-0.84
	20.35
	-2.046
	19.13

	SINRPDSCH
	13.36
	46.84
	3.68
	25.00
	0.88
	22.10
	-0.84
	20.36
	-2.035
	19.13

	∆SINR<0.1dB
	≥ 90%


Table 3: PDSCH SINR and RS-SINR results in Macro+4 small cells (Unit: dB)
	Load Factor
	0.0
	0.25
	0.5
	0.75
	1.0

	Percentile
	5%
	95%
	5%
	95%
	5%
	95%
	5%
	95%
	5%
	95%

	SINRRS
	15.29
	51.37
	3.22
	24.98
	0.32
	22.05
	-1.40
	20.30
	-2.60
	19.05

	SINRPDSCH
	16.4
	51.70
	3.30
	25.06
	0.36
	22.06
	-1.34
	20.35
	-2.56
	19.07

	∆SINR<0.1dB
	≥ 95%


Table 4: PDSCH SINR and RS-SINR results in Macro+10 small cells (Unit: dB)
	Load Factor
	0.0
	0.25
	0.5
	0.75
	1.0

	Percentile
	5%
	95%
	5%
	95%
	5%
	95%
	5%
	95%
	5%
	95%

	SINRRS
	22.22
	52.49
	2.90
	23.26
	-0.08
	20.20
	-1.83
	18.5
	-3.07
	17.30

	SINRPDSCH
	23.20
	52.75
	2.94
	23.40
	-0.06
	20.30
	-1.82
	18.6
	-3.06
	17.40

	∆SINR<0.1dB
	≥ 97%


Observation 1: The SINR measured over the resource elements carrying CRS could be used for reflecting the data channel quality.
Based on the above observation, the following are proposed:

Proposal 1: It is feasible for the UE to perform SINR measurements could accurately predict the achievable user throughput in the neighbour cells.

3 Conclusion
This contribution gives the system simulation results to evaluate the feasibility of SINR measurement for the purpose of allow network to better predict the achievable user throughput. The following are provided:
Observation 1: The SINR measured over the resource elements carrying CRS could be used for reflecting the data channel quality.
Proposal 1: It is feasible for the UE to perform SINR measurements could accurately predict the achievable user throughput in the neighbour cells.
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5 Annex

· CDF curves for SINR values

· Scenario1: Macro-only 
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· Scenario2: Macro+4 small cell per cluster
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· Scenario3: Macro+10 small cell per cluster
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