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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
In current LTE, RSRQ is used as one of the measurement quantities which could reflect link quality by taking RSSI into consideration. Assuming all the cells (including serving cell and neighbour cells) have the same level of load (, the RSRQ can be roughly calculated by equation (1), 
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where RSRPs and RSRPn denote the received power from the serving cell and neighboring 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). 

RS-SINR is defined as RSRPs/(interference +noise),and the RS-SINR could be roughly calculated by equation (2) assuming the impact of noise is negligible,
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The correlation between SINR and RSRQ can be illustrated by
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As per the equation, the relationship between 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 SINR and RSRQ

Observation 1: RSRQ cannot reflect the real channel quality if the UE has good radio 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 
In our understanding, the RS-SINR of the neighbour cell could reflect the signal quality level in some extent. Based on the information, UE could make handover decision or redirection decision. But there is also a shortcoming of RS-SINR, that is it 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 deal, since the CRS-colliding case could be avoided by well network planning in regular network deployment (without considering eICIC feature). 
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.
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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