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1 Introduction
A LS from RAN2 sent to RAN4 in last RAN4#74bis meeting [1]. It pointed out that RSRQ is limited to expect the achievable throughput. RAN2 would like provide RS-SINR measurement for inter-frequency measurement. Herein part of the content of LS is duplicated as below:

	RAN2 would like to ask RAN4 to evaluate for the above use case, taking into account complexity and battery consumption 
· Whether it is feasible for the UE to perform inter-frequency SINR measurements

· Whether it is feasible for the UE to perform serving cell SINR measurements 

· Whether the SINR measurements can be performed accurately to be useful to predict the achievable user throughput in the neighbour cells 
· Whether the accuracy or usability is impacted by the fact that the SINR measurements may be performed over narrowband (e.g. if UE is not capable of WB RSRQ) 

To RAN4 group:

ACTION: 

RAN2 kindly asks RAN4 to evaluate the feasibility and how to perform inter-frequency SINR measurement of the neighbour cells (and possibly of the serving cell) for the purpose of allow network to better predict the achievable user throughput. 


This contribution provides the analysis on the feasibility and how to perform inter-frequency SINR measurement of the neighbour cells (and possibly of the serving cell) for the purpose of allow network to better predict the achievable user throughput.
2 Discussion on RSRQ and RS-SINR
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 all the cells (including target cell and neighbour cells) have the same level of load (, the SINR measured on PDSCH (SINRPDSCH) could be roughly calculated by equation (1),
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where RSRPs and RSRPn denote the received power from the measured cell and neighbouring cell respectively, and 0< ( ≤1 is the load factor, and ( = 1 means that the resources of a cell are fully used (all REs are occupied).

2.1 
RSRQ
In current LTE, RSRQ is used as one of the measurement quantities which could reflect link quality by taking RSSI into consideration, and the RSRQ can be calculated by equation (2), 
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Assuming the impact of noise is negligible, the correlation between SINR measured on PDSCH and RSRQ can be illustrated by
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                                                            (3)
As per the equation, the relationship between PDSCH SINR and RSRQ is illustrated in Fig.1). As we know RSSI takes signal, interference and noise into account. If the received signal increases, RSSI increases also. From the RSRQ definition, both the numerator and denominator increase with the same direction, resulting in very little change of RSRQ with received signal power. On the other hand, SINR linearly increases with the signal power. So RSRQ cannot adequately reflects the channel quality, especially if the UE is in good radio quality (e.g., SINR is bigger than 0 dB).
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Fig.1 Correlation between PDSCH SINR and RSRQ

Observation 1: RSRQ cannot reflect the real channel quality if the UE has good radio quality.

2.2 
RS-SINR

RS-SINR, which is measured on the resource element carrying CRS within the considered measurement frequency bandwidth, is defined as the ratio of the received signal strength to the total noise and interference power,
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The interference power is from two kinds of neighbouring cell. One is having colliding CRS with measured cell while another is having non-colliding CRS with measured cell. Hence,  the RS-SINR could be roughly calculated by equation (5),
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where RSRPs denotes the received power from the measured cell, RSRPn1 and RSRPn2 denote the received power from the neighbouring cell with colliding CRS and with non-colliding CRS respectively, and 0< ( ≤1 is the load factor, and ( = 1 means that the resources of a cell are fully used (all REs are occupied). 

· Macro-only 

· Macro+4 small cell
· Macro+10 small cell

For investigating the relationship between PDSCH SINR and RS-SINR, both of them are evaluated under the above scenarios. For comparison purposes, the difference between PDSCH SINR and RS-SINR is calculated by equation (6).
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From the equation (1) and (4), 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. 
As shown in table 1 to table 3, the SINR 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 1: 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
	≥ 89.56%


Table 2: 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
	≥ 94.58%


Table 3: 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
	≥ 97.05%


Observation 2: The SINR measured over the resource elements carrying CRS could be used for reflecting the data channel quality.
3 RS-SINR Feasibility
· Whether it is feasible for the UE to perform serving cell SINR measurements 
For the downlink data transmissions in LTE, the eNodeB typically selects the modulation scheme and code rate depending on a prediction of the downlink channel conditions. An important input to this selection process is the Channel Quality Indicator (CQI) feedback transmitted by the User Equipment (UE) in the uplink. CQI feedback is an indication of the data rate which can be supported by the channel, taking into account the SINR and the characteristics of the UE’s receiver. I.e., in current implementation in LTE, UE performs RS-SINR measurement of serving cell in order to report CQI. So it is feasible for UE to perform serving cell SINR measurements.

Proposal 1: It is feasible for the UE to perform serving cell SINR measurements.

· Whether it is feasible for the UE to perform inter-frequency SINR measurements

Inter-frequency SINR could be illustrated as the ratio RSRP of the neighbour cell in inter-frequency/(interference +noise) on the CRS of neighbour cell. From UE implementation point of view, it is feasible for UE to measure RS-SINR on the inter-frequency neighbour cell.

Proposal2: It is feasible for the UE to perform inter-frequency SINR measurements.
·  Whether the SINR measurements can be performed accurately to be useful to predict the achievable user throughput in the neighbour cells 
The RS-SINR is measured on CRS, and the accuracy of signal quality predict may be lower in CRS-colliding light load case. However, we don’t think it is big issue since the CRS-colliding case could be avoided by well network planning in regular network deployment (without considering eICIC feature). From the simulation results in section2.2, the RS-SINR of the neighbour cell could basically reflect the signal quality level. Based on the information, UE could make handover decision or redirection decision.
Proposal3: SINR measurements could accurately predict the achievable user throughput in the neighbour cells.

· Whether the accuracy or usability is impacted by the fact that the SINR measurements may be performed over narrowband (e.g. if UE is not capable of WB RSRQ)
Recall the history of introducing WB RSRQ, the scenario is that [2]

Scenario 1; Serving: E-UTRAN 10 MHz, Neighbours: E-UTRAN 5 MHz
Scenario 2; Serving: E-UTRAN 10 MHz, Neighbours: E-UTRAN 5 MHz and UTRAN 5 MHz
Scenario 3; Serving: E-UTRAN 10 MHz, Neighbours: UTRAN 5 MHz
Taking scenario 1 as an example shown in Figure.1, the serving E-UTRAN cell (indicated as cell1) has 10 MHz channel bandwidth and the neighbour E-UTRAN cells (indicated as cell2 and cell3) have 5 MHz channel bandwidth in the same frequency band. The 10MHz channel bandwidth corresponds to 50RBs transmission bandwidth, and the 5MHz channel bandwidth corresponds to 25RBs transmission bandwidth. The relationship between channel bandwidth and transmission bandwidth introduces the gap between two E-UTRA neighbouring cells. Thus the narrow bandwidth RSRQ measurement is optimistic. Then wide bandwidth RSRQ is introduced into the specification.
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Figure2. Serving cell:10MHz, neighbouring cells:5MHz

Similar when performing RS-SINR measurement on neighbour cell in the special deployments (scenario1,2 and 3), the impact of measurement bandwidth  may need to be considered. 
However if excluded the special deployments, no problem is foreseen in narrow bandwidth SINR measurements.
Proposal4: No problem is foreseen in narrow bandwidth SINR measurements in typical network deployments.

4 Conclusion
This contribution provides the analysis on the feasibility and how to perform inter-frequency SINR measurement of the neighbour cells (and possibly of the serving cell). The following proposals are proposed:
Observation 1: RSRQ cannot reflect the real channel quality if the UE has good radio quality.

Observation 2: 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 serving cell SINR measurements.

Proposal2: It is feasible for the UE to perform inter-frequency SINR measurements.
Proposal3: SINR measurements could accurately predict the achievable user throughput in the neighbour cells.

Proposal4: No problem is foreseen in narrow bandwidth SINR measurements in regular network deployments.
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6 Annex

· Simulation assumptions for 
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 
	f1=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
	Synchronized

	Antenna height
	10m for LPN/Hotzone Node

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

	Load per LPN
	0%, 25%, 50%, 75%and 100%

	CRS muting pattern
	Muting within a cluster and no muting within cluster


· 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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