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1. Introduction
RAN#67 approved a WI on multicarrier load distribution [1]. In the last few meetings, RAN2 discussed that in addition to RSRP/RSRQ, whether UE may provide an RS-SINR measurement of the inter-frequency neighbour cells (and possibly of the serving cell) to allow network to better predict the achievable user throughput in the neighbour cells. At RAN2#89bis meeting, RAN2 sent an LS [2] to RAN4 in order to ask RAN4 to evaluate feasibility and usability of RS-SINR measurement. In this contribution, we analyze the feasibility and usability of RS-SINR measurement and provide a draft reply LS [3].
2. Discussion

2.1. Definition of RS-SINR

The RS-SINR discussed in RAN2 [4] is an SINR measured on CRS. In other words, the RS-SINR is a ratio of a desired signal power of a RE carrying CRS to sum of noise and interference power of the RE carrying CRS. Although there is no definition of the RS-SINR in the current 3GPP specifications, we consider the following definition proposed in [5] as the RS-SINR definition in this contribution. In this case, the averaged power of the desired signal of the RE carrying CRS is equal to RSRP.
RS-SINR is defined as the linear average over the power contribution (in W) of the resource elements carrying CRS divided by the sum 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
2.2. RS-SINR feasibility and usability
Whether it is feasible for the UE to perform serving cell SINR measurements
The current UE from Rel-8 already measures the RS-SINR in the PDCCH region for Radio Link Monitoring specified in 36.133. In addition, it is said that the RS-SINR is used for the antenna bar display in the Android platform. It seems that the RS-SINR measurement of the serving cell is not a new scheme but is already supported. Thus the introduction of the RS-SINR measurement would not increase complexity. This means that it is feasible to perform the serving cell RS-SINR measurement.

Observation 1: It seems that the RS-SINR measurement of the serving cell is not a new scheme.
Proposal 1: It is feasible for the UE to perform the serving cell RS-SINR measurement.
Whether it is feasible for the UE to perform inter-frequency SINR measurements
The current UE from Rel-8 can measure inter frequency RSRP and RSRQ. Since the RSRP is estimated from measurement results of the RE carrying CRS, UE is capable to measure the desired signal power of a RE carrying CRS in an inter frequency cell. In addition, since RSRQ is consisted of RSRP and RSSI, it is reasonable to assume that UE can estimate the sum of noise and interference power of the RE carrying CRS in the interference cell. Thus UE could measure the inter frequency RS-SINR by utilize the existing mechanism. In other words, the introduction of the RS-SINR measurement would not increase complexity. Consequently, it is also feasible for the UE to perform the inter frequency RS-SINR measurement.

Observation 2: UE could measure the inter frequency RS-SINR by utilizing the existing mechanism.

Proposal 2: It is feasible for the UE to perform the inter frequency RS-SINR measurement.
Whether the SINR measurements can be performed accurately to be useful to predict the achievable user throughput in the neighbor cells
Achievable user throughput depends on a SINR measured on RE carrying user data. In this contribution, this SINR is hereinafter referred to “real-SINR”. A level of the real-SINR in the neighbor cell is not always equal to that of the RS-SINR and the difference between the real-SINR and RS-SINR depends on an existence of an interference cell whose carrier frequency is the same as that of the neighbor cell. 
In order to analyze the usability of the RS-SINR for predicting the achievable user throughput, we consider a situation in which a serving cell whose carrier frequency is F1, a neighbor cell whose carrier frequency is F2, and an interference cell whose carrier frequency is also F2. The neighbor cell is the target cell whose RS-SINR is measured by UE. In the following, we analyse six cases differed in impact from interference cell.
· Case A: Interference does not have impact on the target cell measurement
· Case A-1: No interference cell.
· Case A-2: An interference cell but no effective interference.

· Case B: Interference has impact on the target cell measurement
· Case B-1: High load on the interference cell and CRS colliding
· Case B-2: High load on the interference cell and CRS non-colliding

· Case B-3: Low load on the interference cell and CRS colliding

· Case B-4: Low load on the interference cell and CRS non-colliding

Case A: Interference cells in F2 don’t have impact on the target cell
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Figure 1: Case A: Interference does not have impact on the target cell
In the case of A-1, since there is no interference, SINR is equal to SNR, which is a ratio of a desired signal power to a noise power. The real-SINR level, therefore, is obviously equal to the RS-SINR level. In the case of A-2, even if there is the interference cell in F2, UE does not always receive the effective interference from the interference cell. For example, as described in Figure 1, if UE is near the center of the target cell, the interference would be enough small. The real-SINR level, therefore, is almost equal to the RS-SINR level. Consequently the RS-SINR measurement can be performed in order to predict the achievable user throughput in case A.

Proposal 3: If interference does not have impact on the neighbor cell measurement, RS-SINR measurement can be performed to accurately predict the achievable user throughput in the neighbor cell.

Case B: Interference cells in F2 have impact on the target cell
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Figure 2: Case B: Interference has impact on the target cell measurement
In the case of the colliding CRS, the RE carrying CRS in the target cell receives an interference from the RE carrying CRS in the interference cell and a RE carrying other signals such as user data receives an interference from a RE carrying other signals in the interference cell. On the other hand, in the case of the non-colliding CRS, the RE carrying CRS in the target cell receives the interference from the RE carrying other signals in the interference cell and the RE carrying other signals receives the interference from the RE carrying CRS or other signals in the interference cell. Since CRS is always transmitted, the target cell receives the interference from the RE carrying CRS in the interference cell regardless the load on the interference cell. On the other hand, whether or not the target cell receives the interference from the RE carrying other signals depends on the load on the interference cell.
In the case of high load on the interference cell (Case B-1 and B-2), both REs carrying CRS and user data in the target cell receive the interference. This means that the real-SINR level is almost equal to the RS-SINR level. The RS-SINR measurement, therefore, can be performed in order to predict the achievable user throughput.

In the case of low load on the interference cell and CRS colliding (Case B-3) and CRS non-colliding (Case B-4), the estimated RS-SINR may be lower and higher than the real-SINR, respectively. However, if UE reports the RS-SINR with other measurement results such as RSRP/RSRQ and cell ID, eNB can estimate the impact of the interference on the results of measured RS-SINR. In addition, since the RS-SINR is used for the load balancing purpose, it is reasonable assumption that eNB has load information of cells. Thus, even if the cases of the low load, eNB would be able to estimate the achievable user throughput by utilizing the RS-SINR with other measurement results.

Proposal 4: Even if interference has impact on the neighbor cell measurement, RS-SINR measurement can be performed accurately to predict the achievable user throughput in the neighbor cell. 

Proposal 5: If the load on the interference cell is low, the RS-SINR measurement with other measurement results can be performed accurately to predict the achievable user throughput in the neighbor cell. 

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)
At RAN4#60 meeting, the issues on narrow measurement bandwidth were discussed. For example, it was identified that there are potential problems caused by narrow measurement BW such as 6 RBs when considering the following potential problematic scenarios in [6].

· 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
This caused the introduction of WB-RSRQ measurement in 36.133. With regard to the RS-SINR measurement, similar issues due to narrow band measurement would occur in above scenarios.  On the other hand, in the case where neighbor cells have the same channel BW, there is no problem foreseen when performing RS-SINR measurement over narrowband.
Proposal 6: There is no problem foreseen when performing RS-SINR measurement over narrowband in the deployment scenarios where neighbor cells have the same channel BW.

Proposal 7: Similar problems discussed in WB-RSRQ are foreseen in the following deployment scenarios;

· 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
2.3. Response to RAN2
Based on the analysis in the previous section, we prepare a response to RAN2 as below.

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

· [Ans] 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 
· [Ans] 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 
· [Ans] Although other measurement results such as RSRP/RSRQ might be needed as additional information in some cases, SINR measurements can accurately predict the achievable user throughput in the neighbor cell. 

· 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) 

· [Ans] There is no problem foreseen when performing RS-SINR measurement over narrowband in the deployment scenarios where neighbor cells have the same channel BW. On the other hand, the similar problems discussed in WB-RSRQ are foreseen in the following deployment scenarios;

· Scenario 1; Serving: E-UTRAN 10 MHz, Neighbors: E-UTRAN 5 MHz

· Scenario 2; Serving: E-UTRAN 10 MHz, Neighbors: E-UTRAN 5 MHz and UTRAN 5 MHz

· Scenario 3; Serving: E-UTRAN 10 MHz, Neighbors: UTRAN 5 MHz

A draft LS is prepared in [5]. 

Proposal 8: Send the reply LS [3] to RAN2.

3. Conclusion
In this contribution, we analyzed the feasibility and usability of RS-SINR measurement and provided the draft reply LS [3]. Our observations and proposals are summarized as below:
Observation 1: It seems that the RS-SINR measurement of the serving cell is not a new scheme.

Proposal 1: It is feasible for the UE to perform the serving cell RS-SINR measurement.
Observation 2: UE could measure the inter frequency RS-SINR by utilizing the existing mechanism.

Proposal 2: It is feasible for the UE to perform the inter frequency RS-SINR measurement.
Proposal 3: If interference does not have impact on the neighbor cell measurement, RS-SINR measurement can be performed to accurately predict the achievable user throughput in the neighbor cell.

Proposal 4: Even if interference has impact on the neighbor cell measurement, RS-SINR measurement can be performed accurately to predict the achievable user throughput in the neighbor cell. 

Proposal 5: If the load on the interference cell is low, the RS-SINR measurement with other measurement results can be performed accurately to predict the achievable user throughput in the neighbor cell. 

Proposal 6: There is no problem foreseen when performing RS-SINR measurement over narrowband in the deployment scenarios where neighbor cells have the same channel BW.

Proposal 7: Similar problems discussed in WB-RSRQ are foreseen in the following deployment scenarios;

· 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
Proposal 8: Send the reply LS [3] to RAN2.
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