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1 Introduction
In RAN4#76, the following definition of RS-SINR was discussed in the way forward
	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.


It was also agreed that this definition is for simulation purpose (R4-154494) and that RAN4 would agree on the SINR definition during RAN76bis and send an LS to RAN1 and RAN2. Alternative definitions are also provided in the annex of the contribution (from Ericsson in R4-154568 and from Nokia).
2 Discussion

When considering the various measurement definitions, there seem to be too main approaches. In one approach, the noise and interference estimator is more explicitly defined (e.g. by subtracting RSRP or wanted signal from the resource element received power), whereas in the other approach noise and interference estimation is implicitly mentioned. Considering that the spirit of the measurement definition is not to constrain UE implementations to be performed in a certain manner, we can agree to use the implicit definition, i.e. a similar approach to the definition which was agreed in [1] to be used for simulation purposes.
Proposal 1 : Implicit definition of interference may be used in the final definition of RS-SINR
In RAN4#76 several agreements were already reached for RS-SINR measurement in release 13, which we summarise for completeness

· Interference estimation of SINR is not compensated for different UE receiver types (captured in the definition by specifying that the measurement point is the UE antenna port)
· In Rel-13, focus on CRS based RS-SINR.
Another discussion point which we raised, but which there seems to be no final conclusion for is whether category 0 requirements for RS-SINR are necessary. Given the limited time to complete the work and the fact that RAN4 has not specified interfrequency measurement requirements for category 0 in release 12 work, our view is that category 0 requirements for RS-SINR could be skipped, but this could be discussed and confirmed to be suitable in RAN4.

Proposal 2 : RAN4 should discuss whether 1RX UEs fall within the scope of the work.
The next open item which we would like to discuss is the usage of R1 in RS-SINR measurement. The proposed definition in [1] includes the sentence “If the UE can reliably detect that R1 is available it may use R1 in addition to R0 to determine RS-SINR.” which has been copied from other definitions such as RSRP. One aspect that we would like to highlight and discuss is whether it is reasonable to assume that interference conditions are the same on CRS RE corresponding to R1 transmission as they are on R0. Different interference conditions could exist, for example because of
· Deployments where some network nodes use 1TX and other network nodes use 2TX

· Deployments where different TX ports from the network nodes are not collocated

· Deployments where different boosting is used on different TX ports is used

If such scenarios arise and some UE make use of R0 only, whereas other UE make use of R0 and R1, there will be different nominal RS-SINR reported by the different types of UE. This may not be desirable and if the RS-SINR accuracy is already sufficient based on R0 measurements then the additional benefit of using R1 may be outweighed by the disadvantage of UE inconsistency in certain deployments. Hence we think it would be beneficial to discuss the deployment aspects further, and make a decision on whether this sentence should be included in the measurement definition.
Proposal 3 : RAN4 should discuss whether the UE may use R1 in addition to R0 to determine RS-SINR (assuming it can reliably detect that R1 is available)
Based on these considerations and with some editorial corrections our proposed definition of RS-SINR becomes

	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 over 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.


The highlighted text in square brackets may be included or excluded depending on the outcome of the discussion under proposal 3.

Another issue which was discussed in RAN4#76 was how many cells should be measured for RS-SINR on each frequency layer. One company proposed that RS-SINR should be measured only for the strongest cell to reduce complexity of the measurement. Since the strongest cell on a frequency layer can vary quite dynamically especially if hysteresis/time to trigger/L3 filter are not applied and only the L1 measurements are considered, we do not consider that this would give sufficient information to network RRM functionality to ensure the usefulness of the measurement and we think that some additional measurements are necessary. For interfrequency RSRP and RSRQ, UEs are required to measure at least 4 cells per frequency layer, and for intrafrequency RSRP and RSRQ, UEs are required to measure at least 8 cells per frequency layer. Our view is that these values should be considered as baseline for RS-SINR measurement also, i.e. ideally the UE would be able to report RS-SINR for every cell that it is already able to report RSRP and RSRQ for. If relaxations are considered, these would need to be justified by complexity analysis showing that the incremental computational complexity for measuring RS-SINR (as the UE already measures RSRP and RSRQ) for 4 cells per interfrequency layer and 8 cells per intra-frequency layer is prohibitive.
Proposal 4 : As a baseline, it is assumed that UEs are capable of measuring RS-SINR on 4 cells per interfrequency layer and 8 cells per intrafrequency layer. If relaxations are considered, these should be justified by complexity analysis showing that the incremental computational complexity for measuring RS-SINR on this number of cells is prohibitive.

As an aside, we also note that the incoming liaison statement from RAN2 mentioned serving cell measurement and interfrequency measurement. However, our assumption is that RS-SINR could be measured and reported on other cells on intrafrequency layers similarly to RSRQ. As the UE has more measurement time available for intra-frequency measurement objects, it would seem counter intuitive for the measurement of RS-SINR on intra-frequency measurement objects to be less capable than interfrequency measurement objects.

Proposal 5 : RAN4 confirms to RAN2 that intrafrequency RS-SINR should be measured on non-serving cells as well as serving cells

Another aspect which RAN2 will need information about, so as to complete the signalling design is the value range for RS-SINR. Although the report mapping would be captured similarly to other measurements in 36.133, the range and resolution have implications for the number of bits needed in ASN.1 etc.  Our view is that the value range should not be restrictive,  to avoid the possible need to extend it in future as was done for RSRQ in release 12. The relevant side conditions in which accuracy of RS-SINR reports can be expected is a separate discussion and matter for RAN4 specifications. Based on system simulations in [2], we propose that RS-SINR measurement report mapping is defined from -34 dB to 40 dB, with 0.5 dB resolution, and primarily based on link level accuracy considerations[3], we propose that Es/Iot= -6 dB is used as the side condition for RS-SINR.

Proposal 6 : RAN4 needs to discuss and inform RAN2 on report mapping (range and resolution) for RS-SINR

Proposal 7 : RAN4 needs to discuss and agree on relevant side conditions for RS-SINR based on system and link level consideration
3 Conclusions

In this contribution we discuss some remaining open issues relating to RS-SINR measurement definition and use. We believe that it would be beneficial to discuss these issues in RAN4 and propose
Proposal 1 : Implicit definition of interference may be used in the final definition of RS-SINR

Proposal 2 : RAN4 should discuss whether 1RX UEs fall within the scope of the work.
Proposal 3 : RAN4 should discuss whether R1 based measurement of RS-SINR should be allowed.

Based on these considerations and with one editorial corrections our proposed definition of RS-SINR becomes

	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 over 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.


The highlighted text in square brackets may be included or excluded depending on the outcome of the discussion under proposal 3.

Proposal 4 : As a baseline, it is assumed that UEs are capable of measuring RS-SINR on 4 cells per interfrequency layer and 8 cells per intrafrequency layer. If relaxations are considered, these should be justified by complexity analysis showing that the incremental computational complexity for measuring RS-SINR on this number of cells is prohibitive.

Proposal 5 : RAN4 confirms to RAN2 that intrafrequency RS-SINR should be measured on non-serving cells as well as serving cells

Proposal 6 : RAN4 needs to discuss and inform RAN2 on report mapping (range and resolution) for RS-SINR

Proposal 7 : RAN4 needs to discuss and agree on relevant side conditions for RS-SINR based on system and link level consideration
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