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Introduction
In the last RAN4 meeting a number of agreements were reached related to NR EMR requirements. In [3] the current agreements are captured as reference. 
However, several issues are still open. One of the open items relates to UE search threshold – s-NonIntraSearchP and s-NonIntraSearchQ – applicability. This was discussed in last meeting and in this paper, we continue this discussion together with the other open items listed in the agreed WF [1].
Discussion
A number of aspects still needs to be discussed and agreed related to NR EMR. Based on the final agreed WF [1] and the meeting discussion at least following topics needs to be closed:
1) Applicability of s-NonIntraSearch thresholds and EMR carriers.
2) Number of EMR carriers to measure.
3) Beam level measurements and reporting. 
4) Detected cell status.
5) Requirements for non-overlapping EMR carriers.
6) UE EMR requirements when T331 has expired.
7) UE EMR requirements at cell change.
Following we address all these topics. It should be noted that some agreements impacting these topics have already been agreed in RAN2 which needs to be followed by RAN4. In general, the guidelines were listed in chair minutes from last meeting:
[bookmark: _Hlk39585289]Session chair: RAN4 shall follow RAN2 agreements and based on WID the LTE Rel-15 euCA work should be utilized when applicable (i.e. RAN4 needs to reuse the framework as much as possible unless critical issues identified)
s-NonIntraSearch thresholds and EMR carriers
Hence, for LTE Rel-15 EMR (enhanced utilization of carrier aggregation) it was decided in RAN2 that search thresholds (s-NonIntraSearch) do not apply to carrier configured for EMR (36.331, 5.6.20):
The fields s-NonIntraSearch in SystemInformationBlockType3 do not affect the UE measurement procedures in IDLE mode. How the UE performs measurements in IDLE mode is up to UE implementation as long as the requirements in TS 36.133 [16] are met for measurement reporting. UE is not required to perform idle measurements if SIB2 idle measurement indication is not configured.
In RAN4#93 Reno, it was agreed to align the RAN4 euCA requirements with the RAN2 decision stating the inter-frequency search thresholds (s-NonIntraSearch) are not applied for carriers configured for early measurement reporting. The CR was agreed in [2].
RAN2 has agreed similar text for NR EMR in 38.331 (5.7.8) for NR EMR. RAN2 has agreed that the applicability of s-NonIntraSearch is the same for NR as what is already defined for LTE.
[bookmark: _Hlk40178271]The fields s-NonIntraSearchP and s-NonIntraSearchQ in SIB2 do not affect the idle/inactive UE measurement procedures. How the UE performs idle/inactive measurements is up to UE implementation as long as the requirements in TS 38.133 [14] are met for measurement reporting
Additionally, the guidance from the WID is to follow LTE Rel-15 euCA:
1. Early Measurement reporting: Early and fast reporting of measurements information availability from neighbor and serving cells to reduce delay setting up MR-DC and/or CA. [RAN2, RAN4]
· This objective applies to MR-DC, NR-NR DC and CA
· The objective should consider measurements in IDLE, INACTIVE mode and CONNECTED mode
· The impacts on UE power consumption should be minimized
· The LTE Rel-15 euCA work should be utilized, when applicable
Unless the LTE Rel-15 euCA defined behavior and requirements are broken or cannot be applied to NR EMR, the LTE Rel-15 euCA work shall be utilized.
Hence, RAN4 applies the principles laid out by LTE euCA, the WID and RAN2, and develop UE NR EMR measurement requirements accordingly. To ensure clarity of the requirements the principle of s-NonIntraSearchP and s-NonIntraSearchQ not affecting the idle/inactive mode measurement procedures should additionally be captured in the RAN4 specification.
s-NonIntraSearchP and s-NonIntraSearchQ do not affect the idle/inactive mode measurement procedures.
UE NR EMR requirements capture that s-NonIntraSearchP and s-NonIntraSearchQ do not affect the idle/inactive mode measurement procedures.
One example TP how to capture such requirement:
Configured SnonIntraSearchP or SnonIntraSearchP do not apply to inter-frequency CA and DC candidate frequencies/cells and inter-RAT DC candidate frequencies/cells.
In [4] we have provided an example.
This requirement will apply for all EMR carriers. E.g. for overlapping EMR inter-frequency carriers, these will be measured according to the requirements in section 4.2.2.4 as if SnonIntraSearchP or SnonIntraSearchP are not configured by the network.
s-NonIntraSearchP and s-NonIntraSearchQ not affecting the idle/inactive mode measurement procedures applies generically to all configured EMR carriers.

Number of EMR carriers to monitor
In last meeting the agreed WF included the topic related to number of EMR carrier monitor:
1) Total number of NR inter-frequency carriers
2) Total number of LTE inter-RAT carriers
3) Total number of overlapping EMR carriers
4) Total number of non-overlapping EMR carriers
The two first relates to the total number (overlapping + non-overlapping) NR inter-frequency EMR carriers and LTE EMR Inter-RAT carriers. 
The third is considering the total number of overlapping EMR carriers (NR and LTE), while the fourth concerns the total number of non-overlapping EMR carriers (NR and LTE).

Total number of NR inter-frequency carriers
If we start with NR inter-frequency EMR carriers (overlapping and non-overlapping), which could be used for either CA or DC setup or both, we see that more than one EMR carrier would need to be supported. Having only 1 EMR carrier would limit the configuration flexibility on carrier basis (e.g. for network to consider load) and would only enable either configuring PSCell (NR-DC) or CA (NR-CA). Hence, we see that more than 1 inter-frequency EMR carrier should be supported. Likely 3 carriers would be sufficient.
The UE shall support at least 3 NR inter-frequency EMR carriers.

Total number of LTE inter-RAT carriers
Next, we look at the number of inter-RAT overlapping and non-overlapping EMR carriers. As the intended use of the inter-RAT measurements are for fast setup of NE-DC (assuming the LTE cell will be the PSCell). I.e. at least 1 inter-RAT carrier should be possible to configure for EMR. In addition, for enabling further flexibility, it would be good to have a second inter-RAT EMR carrier. Hence, for inter-RAT EMR carriers (overlapping and non-overlapping) we propose:
The UE shall support at least 2 LTE inter-RAT EMR carriers.

Of the configured NR inter-frequency and LTE inter-RAT EMR carriers RAN4 need to decide whether all configured EMR carriers can be overlapping, non-overlapping or if there would be any limitations in the distribution among overlapping and non-overlapping carriers. 
Total number of overlapping EMR carriers
As a starting point the UE should at least support that all configured EMR carriers are overlapping carrier. As the total number of carriers will never exceed the current existing UE capability, the UE is already required to be able to measure up to this number of carriers for mobility – and hence can naturally measure those.
The UE shall support measurement on overlapping EMR carriers up to the sum of inter-frequency EMR carriers and inter-RAT EMR carriers.
UE shall support at least 5 overlapping EMR carriers.

Total number of non-overlapping EMR carriers
Understanding from LTE is that non-overlapping carriers are measured as:
For non-overlapping carriers, at least prior to transmission of the idle mode measurement report, the UE shall perform at least a single measurement on detected cells on the non-overlapping inter-frequency carrier(s) configured to be measured for early measurement reporting.
Such measurement limitation of course reduces the usefulness of non-overlapping carriers as they may not have been measured sufficiently to provide an accurate measurement result. On the other hand, it provides better power saving opportunities for the UE. Based on this we propose that the number of non-overlapping EMR carriers can be the same as for overlapping EMR carriers.
The UE shall support measurement on non-overlapping EMR carriers up to the sum of inter-frequency and inter-RAT EMR carriers.
UE shall support at least 5 non-overlapping EMR carriers.

Summary
As summary we see that up to 5 EMR carriers should be possible to configure. Of these 5 EMR carriers 3 can be NR inter-frequency carriers and 2 can be LTE inter-RAT carriers. Regarding the split between overlapping and non-overlapping EMR carriers we see that any configured EMR carrier can be either overlapping or non-overlapping. This would be up to network configuration.
	
	Total number
	overlapping carriers
	non-overlapping carriers

	Number of NR inter-frequency EMR carriers
	≤3
	≤3
	≤3

	Number of LTE inter-RAT EMR carriers
	≤2
	≤2
	≤2

	Total # of EMR carriers
	≤5
	≤5
	≤5




Beam level measurements for EMR
RAN2 has introduced beam level reporting for EMR in addition to cell measurements. When beamMeasConfigIdle has been included in the measIdleCarrierListNR, the UE shall derive beam measurements based on SS/PBCH block for each indicated cell measured.
RAN2 has designed signalling to support up to 8 cells per carrier and 4 beams on average per cell. The UE can be configured to include up to maxNrofRS-IndexesToReport (32) SS/PBCH block indexes in the report.
Currently, RAN4 has not defined any specific requirements related to number of cells or beams the UE should be able to monitor in idle or inactive mode. Such requirements have only been defined for connected mode. However, RAN4 will need to discuss if detailed requirements related to number of cells and beams UE is at least required to measure for EMR.
As baseline, it should be noted that in Rel-15 LTE EMR does not have any specific requirement related to number of cells the UE should be able to measure for EMR. For overlapping EMR carriers the Rel-15 euCA requirements refer to non-EMR measurement requirements which do not have requirements related to number of cells.
It is required though, that the UE will perform the required idle mode measurements and hence detect and measure potential new cells during the EMR measurement time, T331. From network and system point of view the most important is that the UE is able to report the best cells measured in idle mode. And from the best cells the UE should be able to report at least the best SSBs.
Based on this we suggest that the UE should be able to measure at least 2 cells per EMR carrier and up to 4 SSB indexes per reported cell.
UE should be able to measure and report at least 2 cells per EMR carrier.
UE should be able to measure and report and up to 4 SSB indexes per reported cell.

Detected cell details
In last meeting RAN4 agreed following related to detected cell status when transitioning to idle/inactive mode from connected mode (from [3]):
· A cell which is detected cell in Connected mode prior to connection release, shall remain detected after UE has entered Idle mode and during Idle mode, provided that the following conditions are met:
· The UE has been provided with a list of cells and/or carrier frequencies for early measurement reporting by dedicated RRC signaling and
· The detected cell is among the list of cells or on a carrier frequency provided for early measurement reporting, and
· The UE is provided with a valid timer T331 by dedicated RRC signaling, and
· The detected cell remains detectable until UE reconnects to the network and transmits the early measurement report, and
· The carrier frequency of the detected cell and the carrier frequency of the serving cell are among the supported band combination of the UE. 
And following was left open for further discussion:
1) The detected cell remains detectable in terms of signal quality
2) The detected SSBs of a cell remains detectable in terms of signal quality
3) T331 status – specifically and “timer is not expired”
It seems reasonable to include the conditions when a cell and SSB is assumed detectable in terms of signal quality. Re-using the existing idle mode conditions regarding when a cell is considered detectable would be one option. Hence, refer to section B.1.2 for intra-frequency cells and B.1.3 for inter-frequency cells. These requirements cover both FR1 and FR2 and should account the SSB signal quality.
Capture when a detected cell remains detectable in terms of signal quality.
Capture when a detected SSBs of a cell remains detectable in terms of signal quality.
As for the T331 status we see this covered well enough by the existing line:
· The UE is provided with a valid timer T331 by dedicated RRC signaling
and following the principle that the EMR requirement applies while T331 has not expired. 
No need to capture T331 not expired in the cell detected status.
Based on this discussion we suggest covering the cell and SSB signal level by adding following conditions to the intra-frequency detected cell status:
An intra-frequency cell is considered detectable and UE is expected to be able to perform SSB based measurements according to the conditions for NR intra-frequency measurements in section B.1.2 for SSB_RP and SSB Ês/Iot, as applicable for the corresponding operating band.
A similar TP for inter-frequency:
An inter-frequency cell is considered detectable and UE is expected to be able to perform SSB based measurements according to the conditions for NR inter-frequency measurements in section B.1.3.
In [4] we have provided a TP.

Measurement requirements for non-overlapping EMR carrier
The Rel-15 LTE EMR has defined that for non-overlapping carriers the UE measurement requirements are:
For non-overlapping carriers, at least prior to transmission of the idle mode measurement report, the UE shall perform at least a single measurement on detected cells on the non-overlapping inter-frequency carrier(s) configured to be measured for early measurement reporting.
For NR EMR it would be very useful to have better UE requirements defined for non-overlapping EMR carriers. Especially for FR2 EMR carriers, where it is assumed that UE sweeping is needed. It was also raised in earlier RAN4 discussions that even for FR1 better requirements would be beneficial e.g. for those scenarios where the UE moves during idle mode while performing measurements for EMR.
The impact on the UE power consumption would need to be discussed and considered as well. UE power consumption impact should be addressed to some extend by the T331 timer length which limits the time duration during which the measurements for EMR shall be performed by the UE. Additionally, having a limitation on the number of non-overlapping carriers also help in reducing the UE power consumption.
Hence, we suggest to further discuss how to improve the UE EMR measurement for non-overlapping carriers while still considering the UE power consumption impact. As minimum baseline for measurement requirements for non-overlapping FR1 EMR carriers we could use existing LTE requirements.
Use existing Rel-15 LTE EMR measurement requirements for non-overlapping FR1 carriers as minimum baseline for NR EMR measurement requirement for non-overlapping FR1 NR inter-frequency EMR carriers.
We do not see that the current LTE non-overlapping EMR carrier measurement requirement would be suitable for FR2. Hence, the requirements for a non-overlapping FR2 EMR inter-frequency carriers would need to be different than for FR1.
[bookmark: _Hlk40452892]Due to UE sweeping in FR2, one shot measurement requirements do not seem feasible in FR2.
One simple approach is of course to have same measurement requirement for overlapping carriers and non-overlapping carriers at least in FR2.
[bookmark: _Hlk40452906]Measurement requirements for an FR2 non-overlapping EMR inter-frequency carrier are the as for an FR2 overlapping EMR inter-frequency carrier.

T331 and EMR requirements
Referring to the RAN2 agreements it seems clear that the procedure specifying the measurements to be performed and stored by a UE in RRC_IDLE and RRC_INACTIVE when it has an idle/inactive measurement configuration, only applies while timer T331 is running.
The RAN2 requirements covers when the T331 is running. Hence, only while UE is in RRC_IDLE or RRC_INACTIVE and, T331 is running and the SIB1 contains idleModeMeasurements, is the UE required to perform measurements for EMR.
UE behaviour once the timer T331 is stopped or expires is also well defined in RAN2 and the UE releases the configuration. It is then up to UE implementation whether to continue the idle/inactive measurements according to the configuration once the T331 is stopped or has expired.
UE may of course continue to support such measurements, but it would not be required. Based on this we propose not to define UE requirements for when T331 has expired or after it has stopped.
RAN4 does define UE measurement requirements for EMR after T331 is stopped or has expired.
As in Rel-15 LTE the behaviour can be left up to UE implementation.

EMR measurement at cell change
In the last RAN4 meetings it has also been discussed how the UE requirements might be impacted due to cell changes. For this case RAN2 has defined the rules as well:
· For intra-RAT cell change cell selection or reselection while T331 is running, the UE shall continue measurements as when receiving a new EMR configuration. This includes checking validity area, check if serving cell support EMR etc.
· For inter-RAT cell reselection while T331 is running, the UE stops timer T331 and stops measurements for EMR.
These requirements are defined by RAN2. There should be no need for additional RAN4 requirements.
Second open aspect raised was how the UE handles already performed measurements at cell changes where the EMR measurements continues (i.e. intra-RAT). Our view here is that in a good UE implementation measurement handling at cell changes are already handled and in a good implementation, measurements would not reset and restart at cell changes. 
It would be good to have captured such behaviour as a UE requirement. However, we also realize that such requirement does not exist for connected mode. We do not see RAN4 requirements are needed and this could be left for UE implementation.
No specific RAN4 EMR measurement requirements are defined during cell changes. 

Conclusion
Based on the agreements in last meeting a number of aspects were left open for further discussion. In this paper we address following topics based on the agreed WF [1]:
1) Applicability of s-NonIntraSearch thresholds and EMR carriers.
2) Number of EMR carriers to measure.
3) Beam level measurements and reporting. 
4) Detected cell status.
5) Requirements for non-overlapping EMR carriers.
6) UE EMR requirements when T331 has expired.
7) UE EMR requirements at cell change.
The very basic principle is that RAN4 applies the principles laid out by LTE euCA, the WID and RAN2, and develop UE NR EMR measurement requirements accordingly. Based on RAN2 agreements we observe:
1. s-NonIntraSearchP and s-NonIntraSearchQ do not affect the idle/inactive mode measurement procedures.
1. s-NonIntraSearchP and s-NonIntraSearchQ not affecting the idle/inactive mode measurement procedures applies generically to all configured EMR carriers.
To ensure clarity of the requirements the principle of s-NonIntraSearchP and s-NonIntraSearchQ not affecting the idle/inactive mode measurement procedures should additionally be captured in the RAN4 specification.
Based on the discussion we propose:
1. UE NR EMR requirements capture that s-NonIntraSearchP and s-NonIntraSearchQ do not affect the idle/inactive mode measurement procedures.
1. The UE shall support at least 3 NR inter-frequency EMR carriers.
1. The UE shall support at least 2 LTE inter-RAT EMR carriers.
1. The UE shall support measurement on overlapping EMR carriers up to the sum of inter-frequency EMR carriers and inter-RAT EMR carriers.
1. UE shall support at least 5 overlapping EMR carriers.
1. The UE shall support measurement on non-overlapping EMR carriers up to the sum of inter-frequency and inter-RAT EMR carriers.
1. UE shall support at least 5 non-overlapping EMR carriers.
	
	Total number
	overlapping carriers
	non-overlapping carriers

	Number of NR inter-frequency EMR carriers
	≤3
	≤3
	≤3

	Number of LTE inter-RAT EMR carriers
	≤2
	≤2
	≤2

	Total # of EMR carriers
	≤5
	≤5
	≤5



UE should be able to measure and report at least 2 cells per EMR carrier.
UE should be able to measure and report and up to 4 SSB indexes per reported cell.
Capture when a detected cell remains detectable in terms of signal quality.
Capture when a detected SSBs of a cell remains detectable in terms of signal quality.
No need to capture T331 not expired in the cell detected status.
Use existing Rel-15 LTE EMR measurement requirements for non-overlapping FR1 carriers as minimum baseline for NR EMR measurement requirement for non-overlapping FR1 NR inter-frequency EMR carriers.
Due to UE sweeping in FR2, one shot measurement requirements do not seem feasible in FR2.
Measurement requirements for an FR2 non-overlapping EMR inter-frequency carrier are the as for an FR2 overlapping EMR inter-frequency carrier.
RAN4 does define UE measurement requirements for EMR after T331 is stopped or has expired.
No specific RAN4 EMR measurement requirements are defined during cell changes. 

In [4] we have provided a TP for the former and new proposals.
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