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1. Introduction

The RRM requirements for NR EMR are discussed in RAN4#94-e-bis, and the outcomes are captured in the WF [1]. The remaining open issues are 
· EMR measurement requirements

· Measurement capability in terms of number of EMR carriers

· Detected cell status

In this paper we will provide our views on the remaining issues in LTE – NR inter-RAT EMR requirements.
2. Discussion
2.1. General principle

RAN4 has discussed the EMR requirements when UE is camped on NR serving cell. Our views on NR EMR requirements are provided in the companion paper [2], and we see there are some differences in framework compared to LTE inter-frequency EMR requirements defined in euCA WI, e.g. the applicability of the search threshold in capability and measurement requirements. 

In our view, as LTE – NR inter-RAT EMR is a separate feature from LTE inter-frequency EMR, it is more reasonable to follow the NR EMR framework for defining the LTE – NR inter-RAT EMR requirements.

Proposal 1: RAN4 to follow the NR EMR framework for defining the LTE – NR inter-RAT EMR requirements.

2.2. Measurement requirements

In [1] the measurement requirements for overlapping carriers has been agreed, while it is still open for non-overlapping carriers. There are basically two options for non-overlapping carriers:
· Option 1: single measurement for detected cells 
· Option 2: periodic cell detection and measurement for all cells

Our preference is option 2. In our view, option 1 will make the EMR feature very risky for both UE and network. It means the UE may perform the single measurement for non-overlapping carriers at any time when UE is in Idle/Inactive, and report the stored measurement results when entering Connected. It is very likely that the measurement results are outdated due to UE mobility, and that network makes wrong EN-DC setup based on this outdated information. This will cause waste of signalling resources for UE and network and the EN-DC setup would be even slower compared to the case without EMR.
In addition, it is noted that LTE – NR inter-RAT EMR is used for EN-DC setup, and it is more likely to be performed by UE supporting only EN-DC (but not NR SA), so in the typical use case of the feature, the NR carrier will be a non-overlapping carrier. It is therefore very meaningful to ensure UE reports reliable measurement results for NR non-overlapping carriers. 

Proposal 2: UE performs periodic cell detection and measurement for NR non-overlapping carriers.

Next we will analyse the exact measurement requirements for overlapping and non-overlapping carriers. In [1] the following are agreed.
	· RAN4 use existing cell detection, measurement period and accuracy of cell re-selection for NR inter-RAT measurements for EMR measurements for overlapping carriers


The existing measurement requirements are based on Thigher_priority_search when in cell centre and TmeasureNR when at cell edge. As UE performs one measurement on overlapping carriers for both mobility and EMR, it make sense to apply the existing requirements for overlapping EMR carriers.
For non-overlapping, the most straightforward and reasonable way is to also follow the existing requirements because

· In this way the measurement interval would be same for all carriers including mobility and EMR, and it will make both the specification and UE implementation simpler. 

· Also, it is noted that from EMR point of view, the importance of overlapping and non-overlapping carriers are same so it is desirable to have same performance for them whenever possible. 
Proposal 3: For both overlapping and non-overlapping NR carriers, the measurement requirements 

· Follow existing requirements for higher priority mobility carriers, if serving cell condition is above the search threshold, and 

· Follow existing requirements equal/lower priority mobility carriers, if serving cell condition is below the search threshold
Another open issue in measurement requirements is the number of beams (SSB indexes) UE can measure per EMR carrier. In [1] it is captured that
	· The UE beam-level measurement capability requirements for EMR:
· option 1: same as the number of beams in the existing inter-frequency requirements for RRC_CONNECTED state.


In our view, it is feasible to re-use the number of beams for NR inter-frequency measurement in Connected (defined in 38.133) for EMR measurement, which are 
· FR1: 7 SSBs with different SSB index and/or PCI on the inter-frequency layer
· FR2: 10 SSBs with different SSB index and/or PCI on the inter-frequency layer
Proposal 4: The number of beams for NR inter-frequency measurement in Connected state can be re-used for LTE – NR inter-RAT EMR.
2.3. Number of EMR carriers
In [1] the following agreement is reached on the number of LTE inter-frequency EMR carriers, but the detailed requirements for NR inter-RAT (overlapping/non-overlapping) and total number of EMR carriers are still open.
	· The number of LTE EMR inter-frequency carriers remain unchanged compared to Rel-15


In our view, as overlapping carriers does not cause additional measurement than existing mobility carriers, there is no need to define a limit on number of overlapping carriers, i.e. the capability for overlapping carrier can follow the existing requirements for mobility measurement.

Proposal 5: The measurement capability for overlapping carriers is 

· LTE inter-frequency EMR carriers: x=1, 2 or 3 (pending on Rel-15 euCA requirements)
· NR inter-RAT EMR carriers: 8
· Total number of LTE inter-frequency EMR and NR inter-RAT EMR carriers: 8
For non-overlapping carriers, as they are additional measurements and will cause increased delay for mobility measurements, it makes sense to define a limit on the number of carriers, and the limit should be based on serving condition and the search threshold. In our view, the numbers suggested in [3] are reasonable. 
Proposal 6: The measurement capability for non-overlapping carriers is 

· LTE inter-frequency EMR carriers: 1 (Rel-15 euCA requirements)
· LTE inter-RAT EMR carriers: 3/1 when serving cell is above/below the search threshold
· Total number of LTE inter-frequency EMR and NR inter-RAT EMR carriers: 3/1 when serving cell is above/below the search threshold
In addition, the total number of LTE inter-frequency carriers and the total number of NR inter-RAT carriers should remain same as in Rel-15.
Proposal 7: The total number of LTE inter-frequency carriers, for mobility and EMR (overlapping and non-overlapping), does not exceed 3 as in Rel-15 (Rel-15 euCA requirements).

Proposal 8: The total number of NR inter-RAT carriers, for mobility and EMR (overlapping and non-overlapping), does not exceed 8 as in Rel-15.

2.4. Detected cell status

In [1] it is agreed that

	· Cell detected status:
· Agreement: Define cell detected status based on LTE baseline and on:
· The detected cell is on the overlapping or non-overlapping carrier (as indicated by dedicated RRC signalling or SIB), and
· A T331 is provided during connection release, and 
· The carrier frequency of the detected cell and the serving cell are among the supported band combination of the UE
· Note: last line was already agreed in RAN4#94e meeting.
· discussed further:
· The detected cell remains detectable in terms of signal quality
· The detected SSBs of a cell remains detectable in terms of signal quality
· T331 status – specifically and “timer is not expired”


In LTE the requirements for detected cell status means UE needs to keep the information for the cell detected when it was in Connected after it enters Idle. UE would not need to perform cell detection for that cell but can just measure it after entering Idle. 

For NR, an important difference is that the measurement is based on SSB, i.e. when we say a cell is a detected cell for the UE, it means one or more SSBs of the cell is detected. It should be noted that as Tx beam is different on different SSBs, one SSB being detected does not mean the other SSBs of the cell are all detected, i.e. UE still needs to first perform cell detection on other SSBs before it can measure them. Therefore, the requirements for detected cell status apply only for the SSB UE detected when in Connected mode, but not for all SSBs of the cell. 

Another difference is NR is that in case of FR2 the measurement is done with Rx beam sweeping. However, we do not see this needs to be accounted in the requirements for the detected cell. This is because for UE measurement in Idle, e.g. in section 4.2 of 38.133, the Rx beam sweeping is already included. It means when UE rotates and the best Rx beam changes, a detected SSB can still be considered as in detected status.

Proposal 9: Requirements for detected cell status apply only for the SSBs UE detected when in Connected. The requirements apply without restriction on same Rx beam.
3. Conclusions

In this paper we provided our views on LTE – NR EMR measurement requirements.

Proposal 1: RAN4 to follow the NR EMR framework for defining the LTE – NR inter-RAT EMR requirements.

Proposal 2: UE performs periodic cell detection and measurement for NR non-overlapping carriers.

Proposal 3: For both overlapping and non-overlapping NR carriers, the measurement requirements 

· Follow existing requirements for higher priority mobility carriers, if serving cell condition is above the search threshold, and 

· Follow existing requirements equal/lower priority mobility carriers, if serving cell condition is below the search threshold
Proposal 4: The number of beams for NR inter-frequency measurement in Connected state can be re-used for LTE – NR inter-RAT EMR.
Proposal 5: The measurement capability for overlapping carriers is 

· LTE inter-frequency EMR carriers: x=1, 2 or 3 (pending on Rel-15 euCA requirements)
· NR inter-RAT EMR carriers: 8
· Total number of LTE inter-frequency EMR and NR inter-RAT EMR carriers: 8
Proposal 6: The measurement capability for non-overlapping carriers is 

· LTE inter-frequency EMR carriers: 1 (Rel-15 euCA requirements)
· LTE inter-RAT EMR carriers: 3/1 when serving cell is above/below the search threshold

· Total number of LTE inter-frequency EMR and NR inter-RAT EMR carriers: 3/1 when serving cell is above/below the search threshold

Proposal 7: The total number of LTE inter-frequency carriers, for mobility and EMR (overlapping and non-overlapping), does not exceed 3 as in Rel-15 (Rel-15 euCA requirements).

Proposal 8: The total number of NR inter-RAT carriers, for mobility and EMR (overlapping and non-overlapping), does not exceed 8 as in Rel-15.

Proposal 9: Requirements for detected cell status apply only for the SSBs UE detected when in Connected. The requirements apply without restriction on same Rx beam.
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