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Introduction
RAN4 has been working on the MR-DC topic for a number of meetings. One part of the WI is introduction of NR inter-RAT measurement for EMR in 36.133. In this paper we discuss details related to these requirements.

Discussion
In RAN4#94bis e-meeting RAN4 agreed on WF [2]. The scope of the work it is to add the option of configuring a supporting UE with one or more NR inter-RAT carriers for EMR measurements. The basic EMR functionality as defined in Rel-15 is not under the scope. 
Hence, in the spirit of the WI it is not within the work item scope to change the baseline LTE EMR requirements.
Change of the baseline LTE EMR requirements is not within the scope of the WI.
Additionally, considering the timeline of the WI we propose to focus the work on following:
[bookmark: _Hlk40453742]Only discuss requirements for adding NR inter-RAT EMR using existing LTE EMR requirements framework.
Only discuss how many NR inter-RAT EMR carriers the UE at least shall be able to measure.
And in last meeting it was agreed:
· The number of LTE EMR inter-frequency carriers remain unchanged compared to Rel-15.

UE capability
We propose to define NR inter-RAT EMR as a potential additional feature. It should be defined in such a way that the UE has can support either LTE EMR alone, LTE and NR EMR, and NR EMR alone.
It is our view that this can be handled in RAN4 by defining appropriate applicability rules for the two features. For example:
A UE supporting ca-IdleModeMeasurements or [TBDfeature] shall perform the idle mode measurement on the inter-frequency CA or inter-RAT DC candidate frequencies/cells indicated by higher layers and meet the requirement specified in this section.
Additionally, a UE supporting ca-IdleModeMeasurements or [TBDfeature] shall perform the idle mode measurement on serving cell and meet the requirement specified in this section.
A UE only supporting ca-IdleModeMeasurements shall fulfil the requirements defined for a UE supporting ca-IdleModeMeasurements as defined in this section.
A UE only supporting [TBDfeature] shall fulfil the requirements defined for a UE supporting [TBDfeaure] as defined in this section.
A UE supporting both ca-IdleModeMeasurements and [TBDfeature] shall fulfil the requirements for a UE supporting ca-IdleModeMeasurements and [TBDfeature] as defined in this section.
This would make the RAN4 work agnostic to any capability discussion coming. In TP in [2] we have captured an example.
Adopt the proposed applicability text in 36.133.

Number of NR Inter-RAT carriers to measure
The total number of carriers as defined in section 4.2.2.9 in 36.133 remain unchanged. This includes the number of NR inter-RAT carriers which is up to 8 carriers. Based on this we can see that at most 8 NR inter-RAT carriers can be configured for EMR.
No more than 8 NR inter-RAT carriers can be configured for EMR in LTE.
As the NR inter-RAT measurements are for EN-DC capable devices and for early configuration of EN-DC, we would see that the UE shall at minimum be able to measure at least one NR inter-RAT EMR carrier. To enable some network flexibility and allow for potential early configuration of DC and an additional NR SCell, we propose that the UE shall be able to measure at least 2 NR inter-RAT carriers for EMR.
The UE shall be able to measure at least 2 NR inter-RAT carrier for EMR.
As the SnonIntraSearch thresholds do not apply to carriers configured to measure for EMR (while T331 is running) and to maintain the LTE EMR principles, we propose that the number of NR inter-RAT EMR carriers is fixed throughout the cell.

Cell detected status when entering idle mode
In last meeting RAN4 agreed to use the LTE detected cell conditions as baseline for NR detected cell conditions. Additionally, it was agreed that following conditions should be fulfilled:
1. The detected cell is on the overlapping or non-overlapping carrier (as indicated by dedicated RRC signalling or SIB), and
2. A T331 is provided during connection release, and 
3. The carrier frequency of the detected cell and the serving cell are among the supported band combination of the UE
The latter line 3 was agreed already in RAN4#94 meeting. Besides the agreement RAN4 also listed following aspects 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.
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.
These conditions 1 and 2 could be captured as illustrated next:
This subclause defines the requirements for the detected cell status for the idle mode CA measurement when UE transitions from RRC Connected mode to Idle mode and after UE has entered Idle mode. The requirements are applicable to an E-UTRAN carrier aggregation capable UE which has been configured with one or more downlink SCells during the Connected mode and which supports ca-IdleModeMeasurements. The requirements are applicable for E-UTRAN FDD and TDD SCell(s). The requirements are additionally applicable to an EN-DC capable UE which has been configured with an NR PSCell and one or more NR SCell(s) during the connected mode and which support [TBDfeature]. The requirements are applicable for NR FDD and TDD PSCell and SCell(s).
Upon releasing the connection and if the UE has been configured with idle mode CA measurement reporting, following requirements apply concerning the detected cells in Connected mode upon state transitioning to Idle mode and during Idle mode: 
- 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. 
- The carrier frequency of the detected cell and the carrier frequency of the serving cell are among the supported band combination of the UE. 
An inter-frequency cell is considered detectable according to RSRP, RSRP Ês/Iot, SCH_RP and SCH Ês/Iot defined in Annex B.1.1 and Annex B.1.2 for a corresponding Band. 
An NR inter-RAT cell is considered detectable according to the conditions in Annex B.1.2 and B.1.3 for a corresponding band in 38.133.
Agree on the proposed text for detected cell condition on state transition to idle/inactive mode.
In [3] we have provided an TP.

Measurement requirements
In RAN4#94, it was agreed use existing cell detection, measurement period and accuracy of cell re-selection for NR inter-RAT measurements for NR inter-RAT EMR measurement requirements for overlapping carriers.
This can be done as illustrated next:
4.9.2.4	Measurements of inter-RAT DC candidate cells
While T331 is running, the UE shall perform measurement on the configured overlapping and non-overlapping inter-RAT carriers for idle mode measurement reporting.
A UE which supports [TBDfeature] shall support the idle mode CA measurements of at least [TBD] inter-RAT carriers of which zero or one inter-RAT carrier may be a non-overlapping carrier.
For overlapping carriers, the inter-RAT measurement requirements in section 4.2.2.5.6 apply.
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-RAT carrier(s) configured to be measured for early measurement reporting.
In the absence or expiration of T331, it is up to UE implementation to perform the idle mode CA measurement.
For overlapping carriers, the UE shall be capable of performing SS-RSRP and SS-RSRQ measurements of the overlapping carriers, and the UE physical layer shall be capable of reporting SS-RSRP and SS-RSRQ measurements of the overlapping carriers to higher layers, with measurement accuracy as specified in sub-clauses [TBD] and [TBD], respectively. The UE shall be able to report idle mode CA measurements when idle mode CA measurement reporting is requested by the network.
Left open for discussion was how to address beam level measurements and measurement requirements for non-overlapping carriers.
Adopt the text proposal for measurements of inter-RAT DC candidate cells in 36.133

Beam level measurements for NR Inter-RAT EMR
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 the UE is at least required to measure for EMR.
As baseline, it should be noted that in Rel-15 LTE inter-frequency EMR measurement requirements do not have any specific requirement related to number of cells the UE should be able to measure for EMR. For overlapping EMR carriers the 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 cell measured in idle mode. And from the best cell, the UE should be able to report at least the best SSB.
Based on this we suggest that the UE should be able to measure at least 2 cells per NR inter-RAT EMR carrier and up to 4 SSB indexes per reported cell.
UE should be able to measure and report at least 2 cells per NR inter-RAT EMR carrier.
UE should be able to measure and report and up to 4 SSB indexes per reported cell.

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 inter-RAT EMR measurement requirements it would be very useful to have better UE requirements defined for non-overlapping NR inter-RAT EMR carriers. Especially for FR2 NR 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 LTE EMR measurement requirements for non-overlapping FR1 carriers as minimum baseline for NR EMR measurement requirement for non-overlapping FR1 NR inter-RAT carriers.
We do not see that the LTE non-overlapping EMR carrier measurement requirement would be suitable for FR2. Hence, the requirements for a non-overlapping FR2 EMR carrier would need to be different than for FR1.
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.
Measurement requirements for an FR2 non-overlapping EMR NR inter-RAT carrier are the as for an overlapping EMR FR1 NR inter-RAT carrier.

Conclusion
In this paper we have looked at the open aspects for introduction of NR inter-RAT measurements for EMR in 36.133 based on the agreed WF [2]. We propose following:
1. Only discuss requirements for adding NR inter-RAT EMR using existing LTE EMR requirements framework.
Only discuss how many NR inter-RAT EMR carriers the UE at least shall be able to measure.
Adopt the proposed applicability text in 36.133.
The UE shall be able to measure at least 2 NR inter-RAT carrier for EMR.
No need to capture T331 not expired in the cell detected status.
Agree on the proposed text for detected cell condition on state transition to idle/inactive mode.
Adopt the text proposal for measurements of inter-RAT DC candidate cells in 36.133
UE should be able to measure and report at least 2 cells per NR inter-RAT EMR carrier.
UE should be able to measure and report and up to 4 SSB indexes per reported cell.
Use existing LTE EMR measurement requirements for non-overlapping FR1 carriers as minimum baseline for NR EMR measurement requirement for non-overlapping FR1 NR inter-RAT carriers.
Measurement requirements for an FR2 non-overlapping EMR NR inter-RAT carrier are the as for an overlapping EMR FR1 NR inter-RAT carrier.
In [3] we provided a text proposal based on these proposals.
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