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1. Introduction
In RAN4#76 meeting, the reply LS on a new measurement quantity for Multicarrier Load Distribution was approved. In the reply LS, RAN4 confirms the feasibility and usability of introducing SINR measurement and recommends RAN2 to study the necessary changes to introduce SINR measurement. The responses from RAN4 are provided as follows [1]:
	RAN4 would like to thank RAN2 for their LS in [1]. In this LS, RAN2 asked RAN4 to evaluate the SINR measurement of inter-frequency neighbour cells (and possibly of serving cell) for the purpose of allow network to better predict the achievable user throughput, taking into account complexity and battery consumption. RAN4 began discussions in RAN4#76 and will continue to investigate the measurement. In view of the limited time to complete the work, RAN4 recommends that RAN2 should study the necessary signaling changes to introduce SINR measurement in parallel with the ongoing work in RAN4 and provides the following preliminary responses. It should be noted that as the measurement has only been discussed for one meeting and the exact definition of SINR is an ongoing topic of discussion
[RAN2 Question] Whether it is feasible for the UE to perform inter-frequency SINR measurements

[RAN4 Response] It appears feasible from a power consumption and complexity perspective.
[RAN2 Question] Whether it is feasible for the UE to perform serving cell SINR measurements 
[RAN4 Response] It appears feasible from a power consumption and complexity perspective.
[RAN2 Question] Whether the SINR measurements can be performed accurately to be useful to predict the achievable user throughput in the neighbour cells
[RAN4 Response] RAN4 considers RSRP and interference of SINR is measured only on CRS REs of the target cell. Compared to RSRQ, RS-SINR does not vary according to the target cell load. This means that in some cases RS-SINR may be a better indicator of downlink quality than RSRQ. In other cases, RS-SINR may not fully indicate the interference experienced on all REs, e.g. with colliding CRS and low interferer load. The combination of the RS-SINR and RSRQ provides more information of downlink quality than RSRQ alone, which could be beneficial for predicting the achievable user throughput. Therefore, it is desirable to add RS-SINR measurements in addition to the existing RSRQ measurements.

Regarding the accuracy of RS-SINR measurement, it needs further simulation. RAN4 will continue to evaluate the accuracy requirements of RS-SINR measurement and perform studies at link level and system level.

[RAN2 Question] 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) 
[RAN4 Response] No problem is foreseen, except for the deployment scenarios where interference has different characteristic in the central part of the measurement bandwidth. RAN4 is considering the need for UE capability for supporting WB SINR measurement.


In this contribution, we discuss the RAN2 impacts in order to support RS-SINR measurement.
2. UE feature of RS-SINR measurement
RAN4 considers SINR is only measured on CRS REs, other types of reference signals are not considered in Rel-13 (e.g. CSI-RS) [1][2]. One possible way to derive RS-SINR is: RSRP/(linear average of the total received power on CRS REs - RSRP) [3][4]. 
In RAN4’s agreed way forward [5], the possible RS-SINR definition is provided as follows. And RAN4 decided to agree on the exact RS-SINR definition next meeting and send LS to RAN1 and RAN2.
	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.


According to the above definition, UE is able to estimate RS-SINR during inter-frequency measurement, which is same as existing RSRP/RSRQ. Also RAN4 confirmed that it is feasible for UE to perform serving and inter-frequency SINR measurements from a power consumption and complexity perspective. Hence, we propose to have RS-SINR measurement as a mandatory feature from Rel-13 and onwards.
Proposal 1: RS-SINR measurement is mandatory for Rel-13 UE and onwards.
3. Measurement configuration

As we discussed in section 2, UE is able to estimate RS-SINR during inter-frequency measurement, which is same as existing RSRP/RSRQ. Hence, for inter-frequency RS-SINR measurement, existing measurement gap pattern configuration can be reused (i.e. 6ms gap every 40ms or 80ms period). No enhancement is needed for measurement gap.
Proposal 2: The existing measurement gap pattern configuration can be reused for inter-frequency RS-SINR measurements.
The quantity configuration defines the measurement quantities and the associated filtering used for all event evaluation and the related reporting of that measurement type. Since RS-SINR is introduced as a new measurement quantity, the existing quantity configuration needs to be extended to include RS-SINR.
Proposal 3: The existing quantity configuration needs to be extended to include RS-SINR.
4. Measurement report triggering

4.1 Trigger type
In existing RSRP/RSRQ measurement, two types of reporting criterions are specified: event triggered reporting and periodic reporting. Since RS-SINR is introduced for mobility in order to achieve better throughput, the existing trigger types for RSRP/RSRQ (i.e. event triggered and periodic) should be supported for RS-SINR measurements.
Proposal 4: Both event triggered reporting and periodic reporting should be supported for RS-SINR measurements. 
4.2 Events
The E‑UTRA measurement reporting events A1~A6 concerning CRS are specified for existing RSRP and RSRQ.
· Event A1:
Serving becomes better than absolute threshold;

· Event A2:
Serving becomes worse than absolute threshold;

· Event A3:
Neighbour becomes amount of offset better than PCell/ PSCell;

· Event A4:
Neighbour becomes better than absolute threshold;

· Event A5:
PCell/ PSCell becomes worse than absolute threshold1 AND Neighbour becomes better than another absolute threshold2.

· Event A6:
Neighbour becomes amount of offset better than SCell.
From mobility perspective, RS-SINR is introduced to better predict the achievable user throughput in order to maximize the network capacity for UE in RRC_CONNECTED mode. Hence, comparison between RS-SINR of serving cell and neighbour cells are important for selecting a better cell to achieve maximum user throughput, i.e. event A3, A5, A6.
In addition to mobility purpose, RS-SINR can also be used for MDT purpose in order to optimize the network deployment, to detect coverage problems (weak coverage, high interference, etc.) and assess network performance (e.g. throughput). Hence, absolute RS-SINR measurement for serving cell and neighbour cells are also important, i.e. event A1, A2, A4.
According to the above analysis, we propose that the existing event A1~A6 should be applied to RS-SINR measurement.

Proposal 5: The existing event A1~A6 should be applied to RS-SINR measurement.
Proposal 6: RS-SINR should also be included in MDT.
5.  Capability for supporting WB RS-SINR
In some deployment scenarios where interference has different characteristic in the central part of the measurement bandwidth, narrowband RSRQ measurement may not reflect the interference in the whole bandwidth. The same problem is foreseen in narrowband RS-SINR measurement. According to the reply LS [1], RAN4 is considering the need for UE capability for supporting WB RS-SINR measurement, which is same as WB RSRQ measurement. 
From usability perspective, the problematic scenarios for narrowband RSRQ and RS-SINR are exactly the same. In certain scenario, it is reasonable to configure WB RS-SINR together with WB RSRQ measurements. 
From UE implementation perspective, as we discussed in section 2, UE is able to estimate RS-SINR during inter-frequency measurement, which is same as existing RSRP/RSRQ. Therefore if UE supports wideband RSRQ, it is capable to perform wideband RS-SINR as well.

Based on the above analysis, existing UE capability rsrqMeasWideband for supporting WB RSRQ can be extended to indicate WB RS-SINR measurements. That is, extending existing rsrqMeasWideband, which indicates whether the UE can perform RRM measurements with wider bandwidth, including both RSRQ and RS-SINR.
	rsrqMeasWideband

Indicates whether the UE can perform RRM measurements with wider bandwidth, including RSRQ and RS-SINR measurements.


Proposal 7: Specify the UE capability for supporting WB SINR measurements by extending the existing UE capability “rsrqMeasWideband”.
6. Conclusion
In this contribution, we discuss the RRM framework design in order to support RS-SINR measurement. The proposals are provided as follows:
Proposal 1: RS-SINR measurement is mandatory for Rel-13 UE and onwards.
Proposal 2: The existing measurement gap pattern configuration can be reused for inter-frequency RS-SINR measurements.
Proposal 3: The existing quantity configuration needs to be extended to include RS-SINR.
Proposal 4: Both event triggered reporting and periodic reporting should be supported for RS-SINR measurements. 
Proposal 5: The existing event A1~A6 should be applied to RS-SINR measurement.
Proposal 6: RS-SINR should also be included in MDT.
Proposal 7: Specify the UE capability for supporting WB SINR measurements by extending the existing UE capability “rsrqMeasWideband”.
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