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Introduction
In RAN4#92bis meeting, the RRM requirements for L1-SINR measurements were discussed. It was agreed in [1] that the existing measurement period and side condition for L1-RSRP measurements could be reused for L1-SINR measurements only based on CMR. In this contribution, we will provide the discussion on RRM requirements for L1-SINR measurements based CMR and IMR.
Discussion
[bookmark: OLE_LINK232][bookmark: OLE_LINK233][bookmark: OLE_LINK665][bookmark: OLE_LINK666][bookmark: OLE_LINK667]According to the agreements in [1], the following scenario need to be considered for L1-SINR measurements.
· Scenario 1: L1-SINR measured on CMR only (when dedicated IMR is not configured)
· Scenario 1A: CSI-RS based CMR (only with density 3 REs/RB)
· Scenario 2: L1-SINR measured on CMR+IMR (when dedicated IMR is configured)
· Scenario 2A: SSB based CMR + ZP-IMR
· Scenario 2B: CSI-RS based CMR + ZP-IMR
· Scenario 2C: SSB based CMR + NZP-IMR (only with density 3 REs/RB)
· Scenario 2D: CSI-RS based CMR + NZP-IMR (only with density 3 REs/RB)
How to perform L1-SINR calculation will impact the L1-SINR measurement performance. The value of L1-SINR can be calculated as:

For Scenario 1, the numerator is the signal power measured on CMR and the denominator (interference and noise) is the residual power measured on the same CMR.
For Scenario 2, obviously the numerator of L1-SINR is the signal power measured on CMR. However, the denominator of L1-SINR (interference and noise) can have different implementation. The denominator (interference and noise) can derive from the total power measured on associated IMR and/or the residual power measured on CMR.
When the IMR is configured to the UE, it usually indicates the interference measurement based on CMR could not reflect the interference level. Hence, the IMR is configured for interference measurements. For Scenario 2, it can be assumed that the total received power on ZP-IMR is used as the denominator for L1-SINR calculation.
Proposal 1: For CMR+IMR based L1-SINR, the L1-SINR calculation is based on the assumption that the numerator is the signal power measured on CMR and the denominator (interference and noise) is the total received power on associated IMR.
In RAN4, the following aspects need to be considered for defining L1-SINR measurement requirements.
· Question-1: Whether to define separate requirements for CMR only and CMR+IMR?
· Question-2: Whether to define separate requirements for SSB-based CMR and CSI-RS based CMR?
· Question-3: Whether to define separate requirements for different IMR configuration?
RAN4 need to study how to define the L1-SINR measurements requirements in considering of all the scenarios.
For CMR only scenario, it has been agreed to reuse existing L1-RSRP measurement period requirements for L1-SINR measurement, which is defined as a number of CMR periodicities.
However, the L1-SINR measurement period requirements for CMR+IMR scenario will be more complicated than that for CMR only scenario. The CMR periodicity could be different with the associated IMR periodicity, especially for Scenario 2A/2C. It is suggested to define the L1-SINR measurement period as a number of max periodicity between CMR and IMR, which allows UE to perform Rx beam sweeping based on the max periodicity in FR2.
Proposal 2: For CMR+IMR scenario, the requirements on L1-SINR measurement period could be defined as a number of Max(CMR periodicity, IMR periodicity).
RAN4 needs to consider whether to calculate the L1-SINR based single measurement sample or based multiple measurement samples. For L1-RSRP based beam report, if higher layer parameter timeRestrictionForChannelMeasurement is configured, the L1-RSRP measurement is based on M=1 measurement sample, otherwise the L1-RSRP measurement is based on M=3 measurement samples. The similar principles can be reused for L1-SINR based beam report.
In RAN1, it has been agreed that the configuration of L1-SINR based beam report is indicated in a CSI-reportConfig. For CMR+IMR scenario, gNB configures a list of N CMR(s) and another list of N IMR(s), and they are 1-to-1 mapped. In TS38.214, it is defined that the timeRestrictionForChannelMeasurements parameter in CSI-ReportConfig can be configured to enable time domain restriction for channel measurements and timeRestrictionForInterferenceMeasurements can be configured to enable time domain restriction for interference measurements. Hence, it is suggested that the L1-SINR measurement is based on M=3 measurement samples when either timeRestrictionForChannelMeasurements or timeRestrictionForInterferenceMeasurements is configured, otherwise the L1-SINR measurement is based on M=3 measurement samples.
Proposal 3: For CMR+IMR scenario, the L1-SINR measurement is based on M=1 (single-shot measurement) if either timeRestrictionForChannelMeasurements or timeRestrictionForInterferenceMeasurements is configured, otherwise based on M=3 (multiples measurements).
For CMR only scenario, the L1-SINR measurement period is related to CMR periodicity and higher layer parameter timeRestrictionForChannelMeasurement.
For CMR+IMR scenario, the requirements on L1-SINR measurement period is related to CMR periodicity, IMR periodicity, higher layer parameter timeRestrictionForChannelMeasurement and timeRestrictionForInterferenceMeasurements.
Based on the above analysis, it can be observed that the requirements on L1-SINR measurement period for CMR only scenario could not be reused for CMR+IMR scenario.
Proposal 4: RAN4 defines separate L1-SINR requirements for CMR only scenario and CMR+IMR scenario.
For Scenario 1, the measurement uncertainty of L1-SINR is basically from the baseband measurement error on CMR.
For Scenario 2, the measurement uncertainty of L1-SINR includes two parts: the measurement uncertainty of signal power on CMR and the measurement uncertainty of total power on IMR. If sufficient IMR REs are collected then the estimated total power on IMR will be close to the ideal total power on IMR. Hence, the main source of measurement uncertainty of L1-SINR is from the measurement uncertainty of signal power on CMR without considering RF margin, i.e. the baseband measurement error on CMR.
Observation 1: The L1-SINR measurement uncertainty mainly depends on the channel measurement uncertainty on CMR for both CMR only scenario and CMR+IMR scenarios.
Proposal 5: For CMR+IMR scenario, the side condition for L1-RSRP measurement could be reused, i.e. CMR Es/Iot >=-3dB.
For CMR only scenario, only CSI-RS will be configured as CMR. For CMR+IMR scenario, both SSB and CSI-RS could be configured as CMR. According to existing L1-RSRP measurement, it could be observed that the channel measurements for SSB based CMR and CSI-RS based CMR show different measurement performance. Hence, the L1-SINR measurement requirements needs to be separately defined for SSB based CMR and CSI-RS based CMR.
Proposal 6: RAN4 defines separate L1-SINR measurement requirements for the following scenarios.
· CSI-RS based CMR only
· SSB based CMR + IMR
· CSI-RS based CMR + IMR

Conclusions
This contribution provides our analysis on L1-SINR measurements for NR eMIMO. The following are provided:
Proposal 1: For CMR+IMR based L1-SINR, the L1-SINR calculation is based on the assumption that the numerator is the signal power measured on CMR and the denominator (interference and noise) is the total received power on associated IMR.
Proposal 2: For CMR+IMR scenario, the requirements on L1-SINR measurement period could be defined as a number of Max(CMR periodicity, IMR periodicity).
Proposal 3: For CMR+IMR scenario, the L1-SINR measurement is based on M=1 (single-shot measurement) if either timeRestrictionForChannelMeasurements or timeRestrictionForInterferenceMeasurements is configured, otherwise based on M=3 (multiples measurements).
Proposal 4: RAN4 defines separate L1-SINR requirements for CMR only scenario and CMR+IMR scenario.
Observation 1: The L1-SINR measurement uncertainty mainly depends on the channel measurement uncertainty on CMR for both CMR only scenario and CMR+IMR scenarios.
Proposal 5: For CMR+IMR scenario, the side condition for L1-RSRP measurement could be reused, i.e. CMR Es/Iot >=-3dB.
Proposal 6: RAN4 defines separate L1-SINR measurement requirements for the following scenarios.
· CSI-RS based CMR only
· SSB based CMR + IMR
· CSI-RS based CMR + IMR
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