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1. Introduction

In RAN4#94-e, the RRM requirements for NR EMR measurement were discussed and the outcomes are captured in the WF [1]. Based on our understanding, the remaining issues include
· Definition of ‘actively measure’ for overlapping carrier (OC) and non-overlapping carrier (NOC)
· Number of layer that UE shall monitor for EMR

· Measurement requirements for EMR

· Conditions for detected cell status

· EMR based on serving cell condition
· EMR requirements at cell change
· EMR requirements after T331 expiry
In this paper, we will provide our views for the above issues.
2. Discussion
2.1. Definition of ‘actively measure’
In [1] it is agreed that 

	RAN4 use ‘actively measured’ in the definition of overlapping and non-overlapping carriers is agreeable conditioned that RAN4 also defines the conditions for ‘actively measured’.
· RAN4 will define the conditions for ‘actively measured’ carrier.


The concept of overlapping carrier (OC) and non-overlapping carrier (NOC) is used for defining the requirements for EMR, e.g. the following requirements may be depending on whether the EMR carrier is OC or NOC:

· Measurement capability: based on companies’ proposal in RAN4#94-e, the number of EMR carriers UE shall be able to monitor may be different for OC and NOC
· Measurement requirements: based on the requirements from LTE euCA, the cell detection, measurement period and measurement accuracy requirements may be different for OC and NOC
In our view, the fundamental difference between OC and NOC is that 

· OC is a carrier UE is actively measuring for mobility, while 

· NOC is an additional carrier UE needs to measure for EMR. 

Therefore, for defining the requirements for EMR, we see it is sufficient to define the condition for ‘actively measure’ for mobility carrier, and this should be rather clear from RAN2, i.e. a carrier is actively measured for mobility if 

· It is configured with higher priority than UE’s serving carrier, or

· It is configured with equal or lower priority than UE’s serving carrier, and Srxlev ≤ SnonIntraSearchP or Squal ≤ SnonIntraSearchQ
We agree that a carrier configured for EMR may not be actively measured by UE e.g. if it is not in a band combination supported by the UE or if T331 has expired, but we do not see a need to define condition for ‘actively measure’ for EMR, because such a carrier is neither OC or NOC, and it will not impact anything in the requirement:
· It will not be counted in measurement capability, and 

· It will not apply any cell detection, measurement period or accuracy requirement

Based on above analysis, we suggest to define OC and NOC as:
Proposal 1: An EMR carrier is an overlapping carrier if it is actively measured by UE for mobility, otherwise it is a non-overlapping carrier.

Proposal 2: A carrier is considered to be actively measured for mobility if 
· It is configured with higher priority than UE’s serving carrier, or

· It is configured with equal or lower priority than UE’s serving carrier, and Srxlev ≤ SnonIntraSearchP or Squal ≤ SnonIntraSearchQ
2.2. Number of EMR layers

In [1] it is agreed that

	The total number of carriers that the UE must measure, for mobility and for EMR (overlapping and non-overlapping), should not exceed UE’s NR idle mode mobility measurement capability (section 4.2.2.1 in 38.133).
UE requirements related to number of overlapping and non-overlapping carriers for EMR in NR SA idle mode, use following in order to enable further discussions in RAN4 while leaving all numbers FFS:
· The total number carriers the UE at least shall be able to measure for EMR, N ≤ 14; 
· N = A + B; 
· The number of overlapping carriers, A = [0;x]; 
· The number of non-overlapping carriers, B = [0;y]
· A, B, x and y are all FFS.
· There may be additional restrictions on number of LTE carriers to be measured in NR idle.


In our view, there is no need to define a limit on number of overlapping or non-overlapping carriers.

For overlapping carrier, based on the tentative agreement on the definition of overlapping and non-overlapping carrier, an overlapping carrier will always be measured when UE performs mobility measurement, i.e. it does not lead to any additional measurement. In this sense, there is no need to limit the number of overlapping carriers, e.g. x = 7 for NR (here we are only considering NR EMR carriers, and once the principle to derive is agreed it can be extended to NR – LTE EMR carriers). 

For non-overlapping carrier, measurement on non-overlapping carrier is additional to the mobility measurement. However, RAN4 has earlier agreed that total number of carriers (mobility and EMR) will not exceed the Rel-15 UE capability, and also the measurement delay would scale with total number of carriers. In this sense, there is no difference if a carrier is measured as a non-overlapping EMR carrier or a mobility carrier, so a specific limit is not needed. 

Of course, as the total number of carriers is limited, the more mobility carriers UE measures, the less non-overlapping carriers UE can measure. For example, 

· If UE measures 4 NR carriers for mobility, UE shall be able to measure 3 NR carriers as non-overlapping carriers. 

· If UE already measures 7 carriers for mobility, it should not be required to measure any non-overlapping carrier. 

If we denote the number of carriers UE actively measures for mobility is C, then y = 7 – C for NR.

Proposal 3: UE shall be able to measure any number of overlapping carriers, provided that the number of overlapping carriers does not exceed the UE capability defined in Rel-15, e.g. x = 7 for NR.
Proposal 4: UE shall be able to measure any number of non-overlapping carriers, provided that the total number of non-overlapping carriers and the carriers UE measures for mobility does not exceed the UE capability defined in Rel-15, e.g. y = 7 – C for NR, where C is the number of carriers UE actively measures for mobility.
2.3. Measurement requirements for EMR

In [1] it is agreed that

	· RAN4 needs to further discuss the UE measurement requirements details at least including:
1. Cell detection requirements for overlapping and non-overlapping carriers.
2. Measurement requirements for overlapping and non-overlapping carriers.
3. Accuracy requirements for overlapping and non-overlapping carriers.


In LTE, UE does not perform cell detection for EMR measurement. For non-overlapping carriers, and for overlapping carriers when serving cell is in good condition, UE only performs RSRP/RSRQ measurement on detected cells – the cells that have been detected by the UE when in Connected and remain detectable. 

The first question to be addressed is whether UE performs cell detection for EMR measurement in NR. In our view, as NR relies on beam based operation and there are multiple SSBs/Tx beams per cell, the usefulness of EMR would be quite limited without UE trying to search for new SSBs, e.g. a detected SSB of a detected cell may become undetectable, and whole cell would be undetectable if UE does not do cell detection. Also, when UE moves to a new cell, it is very likely that the candidate PSCell or SCell which can be paired with new serving cell have not been detected by the UE. 

Proposal 5: UE performs cell detection for NR EMR measurement.

2.4. Conditions for detected cell status

In [1] it is agreed that

	RAN4 agree to option 1 and defines requirements for the detected cell status for the EMR measurement when UE transitions from RRC Connected mode to Idle or Inactive mode and after UE has entered Idle or Inactive mode
· Note: further clarification as to the conditions needs to be discussed


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 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, UE still needs to first perform cell detection on other SSBs before it can measure that SSB. 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 6: Requirements for detected cell status apply only for the SSBs UE detected when in Connected mode. The requirements apply without restriction on same Rx beam.
2.5. EMR based on serving cell condition
In [1] it is agreed that

	Options 3 and 4 (see R4-2002177) are seemingly very similar and RAN4 could continue discussion based on those as baseline. These can also be realized without introducing any new thresholds for EMR
1. No additional thresholds are needed for EMR
2. Let RAN2 decide
3. Use existing search thresholds
4. Weighted number of EMR carriers based on cell center or cell edge based on serving cell threshold.


Mobility measurement is critical for UE performance in idle, including paging and RA. Based on configured SnonIntraSearch, UE may measure more carriers for mobility when at cell edge than in cell centre. On the other hand, measurement for EMR carriers, based on current procedure, is same when UE is at cell edge and cell centre. When UE is configured with non-overlapping carrier, it will result in a larger number of carries to be measured, and thus longer measurement delay, which is detrimental for mobility performance. 

To solve the problem, one option is listed in [1] that “Weighted number of EMR carriers based on cell center or cell edge based on serving cell threshold”. In our view, measurement on overlapping carrier will not impact mobility measurement performance, so RAN4 should focus on measurement on non-overlapping carriers when UE is at cell edge.

For non-overlapping carriers (it should be also noted that all EMR carriers may be non-overlapping), we think completely dropping the measurement when UE is at cell edge is not reasonable, as UE at cell edge will still benefit from fast CA and DC setup, and CA and DC may be more important for cell edge UEs from user experience point of view. 

To minimize the impact to measurement delay of mobility measurement, when at cell edge UE can

· Measure less number of non-overlapping carriers, or

· A limit of non-overlapping carriers can be defined, e.g. when at cell edge UE is only required to measure [2] non-overlapping carrier. 

· Measure non-overlapping carrier with relaxed performance 

· Similar as LTE IncMon, non-overlapping carriers are measured with [8] times larger interval.

The intention is to get a reasonable trade-off between mobility and EMR measurements, and we are open to discuss the details like exact number of non-overlapping carriers or the relaxation factor.

Proposal 7: Measurement of overlapping carriers is not impacted by serving cell condition.

Proposal 8: When serving cell is below SnonIntraSearch, UE measures a limited number of non-overlapping carriers, or measures non-overlapping carriers with relaxed performance.
2.6. EMR requirements at cell change

In [1] it is agreed that 
	1. Continue the discussion if or how to capture the measurement assumptions for EMR carrier when cell type changes due to cell change
2. RAN4 to discuss what is potentially not covered by RAN2 agreements and if this leads to a need for RAN4 requirements


RAN2 has defined the configuration that UE should follow for EMR measurement when cell change occurs. It is then clear for UE which EMR carriers it should start, continue or stop to measure when it reselects to a new serving cell. We do not see a reason for RAN4 to define a different UE behaviour based on an EMR carrier changing from overlapping to non-overlapping or vice versa, or to define any additional rule. 

Indeed, an EMR carrier may change from overlapping to non-overlapping or vice versa when UE performs inter-frequency cell reselection. In our view, this would only impact the EMR measurement performance and also the overall measurement performance. RAN4 could define the requirement for the transition, e.g. similar to existing requirements in 9.1.6 of 38.133.

Proposal 9: RAN4 not to define different or additional UE behaviour than what RAN2 has defined related to EMR measurement at cell change.

Proposal 10: RAN4 considers to define transition requirements for EMR measurement at cell change.
2.7. EMR requirements after T331 expiry
In [1] it is agreed that
	1. RAN4 to continue to discuss Impact on early measurements after T331 stops and before reporting EMR.


According to RAN2 agreements, UE is only required to perform EMR measurement when T331 is running, and we understand it is up to UE implementation whether and how to perform EMR measurement after T331 expiry. Therefore, RAN4 does not need to define requirements for EMR measurement after T331 expires. This is also the same case as in LTE euCA. On reporting of measurement results after T331 expiry, we understand it is RAN2 issue, while RAN4 should focus on the measurement performance.

Proposal 11: RAN4 not to define EMR measurement requirements or reporting behaviour for UE after T331 expiry.
3. Conclusions

In this paper we provided our views on remaining issues in NR EMR requirements.
Proposal 1: An EMR carrier is an overlapping carrier if it is actively measured by UE for mobility, otherwise it is a non-overlapping carrier.

Proposal 2: A carrier is considered to be actively measured for mobility if 

· It is configured with higher priority than UE’s serving carrier, or

· It is configured with equal or lower priority than UE’s serving carrier, and Srxlev ≤ SnonIntraSearchP or Squal ≤ SnonIntraSearchQ
Proposal 3: UE shall be able to measure any number of overlapping carriers, provided that the number of overlapping carriers does not exceed the UE capability defined in Rel-15, e.g. x = 7 for NR.

Proposal 4: UE shall be able to measure any number of non-overlapping carriers, provided that the total number of non-overlapping carriers and the carriers UE measures for mobility does not exceed the UE capability defined in Rel-15, e.g. y = 7 – C for NR, where C is the number of carriers UE actively measures for mobility.

Proposal 5: UE performs cell detection for NR EMR measurement.

Proposal 6: Requirements for detected cell status apply only for the SSBs UE detected when in Connected mode. The requirements apply without restriction on same Rx beam.
Proposal 7: Measurement of overlapping carriers is not impacted by serving cell condition.

Proposal 8: When serving cell is below SnonIntraSearch, UE measures a limited number of non-overlapping carriers, or measures non-overlapping carriers with relaxed performance.
Proposal 9: RAN4 not to define different or additional UE behaviour than what RAN2 has defined related to EMR measurement at cell change.

Proposal 10: RAN4 considers to define transition requirements for EMR measurement at cell change.
Proposal 11: RAN4 not to define EMR measurement requirements or reporting behaviour for UE after T331 expiry.
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