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1. Introduction
In the RANP#88-e meeting, following issues were captured in the exception sheet for WID of Multi-RAT Dual-Connectivity and Carrier Aggregation enhancements [1].
	· Early Measurement Reporting:
· Requirements for beam-level measurements for EMR on NR inter-frequency and NR inter-RAT carriers;
· The impact of configured search thresholds on EMR measurements requirements;
· UE measurement requirements for non-overlapping NR inter-frequency and LTE inter-RAT EMR carriers (TS 38.133), and non-overlapping NR inter-RAT EMR carriers (TS 36.133).
· Define the number of non-overlapping NR inter-RAT EMR carriers
· Finalize the discussion and conclude on the number of non-overlapping NR inter-frequency EMR carriers
· Completion of EMR requirements in TS 38.133.
· Specification of EMR requirements in TS 36.133.



In this contribution we further provide our views on the open issues of NR EMR.

2. Discussion
Requirements for beam-level measurements for EMR
According to RAN2 LS [2], 32 beams can be configured for EMR per frequency layer.
For early measurement configuration and reporting, ASN.1 signalling to allow the configuration of
	-up to 32 beams to be included in the NR results (per carrier)

There is no UE capability for beam level IDLE mode measurements being specified in 38.133. It was agreed in the last meeting to specify UE measurement capability requirements for IDLE mode measurements as a UE capability.
For a UE supporting beam level EMR RAN4 will introduce beam level measurement requirements for EMR under the assumption that UE will be allowed additional time for such measurement. Numbers are FFS.
For a UE not supporting beam level measurement for EMR capability shall support cell level measurement for EMR
Note: UE requirements related to EMR and beam-level measurement capability is a UE capability

There are two approaches to define requirements of number of beams for EMR. One is to follow RAN2 agreements that 32 beams per frequency layer can be measured and reported by UE. The other one is to follow CONNECT mode measurement capability requirements.

Number of beams that UE shall be capable of measuring for CONNECTED mode is as follows.
Requirements for FR1:
For each inter-frequency layer, during each layer 1 measurement period, the UE shall be capable of performing SS-RSRP, SS-RSRQ, and SS-SINR measurements for at least: 
-	7 SSBs with different SSB index and/or PCI on the inter-frequency layer.
Requirements for FR2:
For each inter-frequency layer, during each layer 1 measurement period, the UE shall be capable of performing SS-RSRP, SS-RSRQ, and SS-SINR measurements for at least:
-	10 SSBs with different SSB index and/or PCI on the inter-frequency layer, and 
-	1 SSB per identified cell.

It can be seen that gap of number of beams between RAN2 agreements and existing CONNECTED mode requirements is quite big. Besides the maximum number of beams can be averaged to determine cell signal quality in IDLE mode is 16 according to SIB2 configuration. So in IDLE mode UE may be capable of measuring 16 beams per cell. 
From UE measurement capability perspective it is reasonable that same capability is specified for both IDEL mode and CONNECTED mode.
Proposal 1: The number of beams for EMR in FR1 is 7 SSBs with different SSB index and/or PCI on each inter-frequency layer.
Proposal 2: The number of beams for EMR in FR2 is 10 SSBs with different SSB index and/or PCI on each inter-frequency layer.

Impact of configured search thresholds on EMR measurements requirements
In the last meeting, companies had different understanding regarding whether idle mode search thresholds should be applied to EMR measurements or not. No consensus could be reached so an LS [3] was sent to RAN2 for clarification.
RAN2 replied the LS in [4] as follows.
RAN2 discussed RAN4 LS (R2-2006131) and reached following agreement:
· R2 intended that Search thresholds (s-NonIntraSearchP and s-NonIntraSearchQ) do not apply to EMR measurements performed on carriers configured for EMR measurements.

So obviously search thresholds do not apply to EMR measurements. In other words configured EMR measurements are independent of any thresholds and the measurement should be performed as long as timer T331 is running.
Proposal 3: EMR measurements is irrelevant of search thresholds for IDLE mode measurements..


UE measurement requirements for non-overlapping NR inter-frequency and LTE inter-RAT EMR carriers
For the measurement requirements for non-overlapping NR inter-frequency carrier, it may be preferable to have single measurement from UE power saving perspective. Single measurement doesn’t mean one shot measurement. The measurement results should be obtained by filtering number of samples as for inter-frequency measurement in IDLE mode. Since the EMR measurement results except the last one is not used for report and not for UE internal evaluation, it is not helpful if the measurement is done periodically. However it is necessary to ensure that the reported results are updated before T331 expires. This can be specified in core requirements and tested in test cases.
Proposal 4: For non-overlapping NR inter frequency EMR carrier, the measurement results are obtained by filtering several samples as for overlapping NR inter frequency EMR carrier.
Proposal 5: For non-overlapping NR inter frequency EMR carrier, the measurement is single measurement and it should be updated before T331 expires.
Proposal 6: For non-overlapping NR inter frequency EMR carrier, the accuracy requirements should be specified, which can be the accuracy as for connected mode NR inter-frequency measurement if enough number of samples is guaranteed.

For LTE inter-RAT EMR measurement on non-overlapping carrier, same principle as NR inter-frequency EMR measurement can be reused.
Proposal 7: For non-overlapping LTE inter-RAT EMR carrier, the measurement results are obtained by filtering several samples as for overlapping LTE inter-RAT EMR carrier.
Proposal 8: For non-overlapping LTE inter-RAT EMR carrier, the measurement is single measurement and it should be updated before T331 expires.
Proposal 9: For non-overlapping LTE inter-RAT EMR carrier, the accuracy requirements should be specified, which can be the accuracy as for connected mode LTE inter-RAT measurement if enough number of samples is guaranteed.

 It should take into account that the multiple number of beams may be requested to be reported for EMR. In FR1 it is feasible that single measurement may get the results for all measurable SSBs. However in FR2 Rx beam sweeping is needed to get the results for all measurable SSBs. 
Proposal 10: Beam sweeping is necessary for EMR in FR2.

On the number of non-overlapping NR inter-frequency EMR carriers
The agreement on the number of EMR carriers [5] in the last meeting is as follows.
RAN4 will discuss and define a number of non-overlapping NR inter-frequency and/or LTE inter-RAT EMR carriers the UE at least need to be able to measure.
· The total number of EMR carriers the UE at least shall be able to measure ≤13 carriers (Issue 1-3-1)
Considering the total number of overlapping EMR carriers the UE at least shall be able to measure (Issue 1-3-1):
· The UE shall at least be able to measure:
· Overlapping LTE inter-RAT EMR carriers ≤7 LTE carriers
· Overlapping NR inter-frequency EMR carriers ≤7 NR carriers
Number of non-overlapping LTE inter-RAT carriers ≤ [1, 2] carrier(s)

It is important that certain number of non-overlapping EMR carrier is specified so that fast CA/DC setup is possible for those non-overlapping carriers. For the overlapping EMR carriers, there is no extra effort for the UE since all the measurements for cell reselection can be reused. There are total 7 inter-frequency carriers for cell reselection and total number of EMR carriers the UE shall at least be able to measure is 13. 
According to RAN2 LS [2],
For early measurement configuration and reporting, ASN.1 signalling to allow the configuration of
	-up to 8 E-UTRA and 8 NR carries to be measured
So for non-overlapping NR inter-frequency EMR carriers we suggest to define the number as 4 f. Since the measurement on non-overlapping EMR carrier is single measurement before T331 expires, the extra complexity would be acceptable for the UE when the limit of total number of all measurements are exceeded.
So for non-overlapping LTE inter-RAT EMR carriers we suggest to define the number as 2.

Proposal 11: The total number of non-overlapping NR inter-frequency EMR carriers the UE at least need to be able to measure is 4 when the total number limit is exceeded.
Proposal 12: The total number of non-overlapping LTE inter-RAT EMR carriers the UE at least need to be able to measure is 2 when the total number limit is exceeded.
Proposal 13: No limitation on non-overlapping EMR carriers when the total number limit is not exceeded.



3. Conclusion
In this contribution, we further provided our views on NR EMR open issues. Following proposals are present. 
Proposal 1: The number of beams for EMR in FR1 is 7 SSBs with different SSB index and/or PCI on each inter-frequency layer.
Proposal 2: The number of beams for EMR in FR2 is 10 SSBs with different SSB index and/or PCI on each inter-frequency layer.
Proposal 3: EMR measurements is irrelevant of search thresholds for IDLE mode measurements.
Proposal 4: For non-overlapping NR inter frequency EMR carrier, the measurement results are obtained by filtering several samples as for overlapping NR inter frequency EMR carrier.
Proposal 5: For non-overlapping NR inter frequency EMR carrier, the measurement is single measurement and it should be updated before T331 expires.
Proposal 6: For non-overlapping NR inter frequency EMR carrier, the accuracy requirements should be specified, which can be the accuracy as for connected mode NR inter-frequency measurement if enough number of samples is guaranteed.
Proposal 7: For non-overlapping LTE inter-RAT EMR carrier, the measurement results are obtained by filtering several samples as for overlapping LTE inter-RAT EMR carrier.
Proposal 8: For non-overlapping LTE inter-RAT EMR carrier, the measurement is single measurement and it should be updated before T331 expires.
Proposal 9: For non-overlapping LTE inter-RAT EMR carrier, the accuracy requirements should be specified, which can be the accuracy as for connected mode LTE inter-RAT measurement if enough number of samples is guaranteed.
Proposal 10: Beam sweeping is necessary for EMR in FR2.
Proposal 11: The total number of non-overlapping NR inter-frequency EMR carriers the UE at least need to be able to measure is 4 when the total number limit is exceeded.
Proposal 12: The total number of non-overlapping LTE inter-RAT EMR carriers the UE at least need to be able to measure is 2 when the total number limit is exceeded.
Proposal 13: No limitation on non-overlapping EMR carriers when the total number limit is not exceeded.
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