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1	Introduction 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK132][bookmark: OLE_LINK133]In RAN4 #94 meeting, it is agreed that companies are encouraged to provide input and views on following early measurement reporting (EMR) issues [1]:
	Agreements
1. Definition of overlapping carrier: 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.
2. RAN4 follow RAN2 and captures that the UE performs the idle measurement for the frequencies in configured frequency list only when the UE support CA or MR-DC between the frequency and the serving frequency.
3. 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).
4. 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.
5. 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

Way Forward
1. Shall RAN4 define UE EMR requirements for EMR carriers while T331 timer is active?
2. Shall RAN4 need to define UE EMR requirements for EMR carriers when T331 timer has expired?
3. Shall RAN4 define UE EMR measurement requirements for EMR for overlapping EMR carriers?
· when T331 is running?
· when T331 has expired?
4. Shall RAN4 define UE EMR measurement requirements for EMR for non-overlapping EMR carriers?
· when T331 is running?
· when T331 has expired?
5. Continue the discussion related to cell detection and measurement requirements on EMR carrier, at least addressing the following topics:
· RAN4 needs to further discuss the UE measurement requirements details at least including:
· Cell detection requirements for overlapping and non-overlapping carriers.
· Measurement requirements for overlapping and non-overlapping carriers.
· Accuracy requirements for overlapping and non-overlapping carriers.
6. Discuss further. 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
· No additional thresholds are needed for EMR
· Let RAN2 decide
· Use existing search thresholds
· Weighted number of EMR carriers based on cell center or cell edge based on serving cell threshold.
7. Continue the discussion if or how to capture the measurement assumptions for EMR carrier when cell type changes due to cell change
8. RAN4 to discuss what is potentially not covered by RAN2 agreements and if this leads to a need for RAN4 requirements
9. RAN4 to discuss further the expected UE behaviour related to detected and measured cell needs to be captured for EMR specifically. This can be part of the discussion considering measurement requirement
10. RAN4 to continue to discuss Impact on early measurements after T331 stops and before reporting EMR.



In this paper, we will discuss all the related issues for NR IDLE/INACTIVE CA and DC measurement. 
[bookmark: _Ref32352040]2	Discussion on scenarios of the early measurement reporting   
We would like to firstly discuss the scenarios for the early measurement reporting shown in Table 1. The first one is LTE CRS based measurement in LTE IDLE/INACTIVE mode and RAN4 had already discussed the corresponding requirements in the LTE euCA section. The remaining 3 scenarios are: 
1. NR SSB based measurement in LTE IDLE/INACTIVE mode for DC purpose; 
2. LTE CRS based measurement in NR IDLE/INACTIVE mode for DC purpose; 
3. NR SSB based measurement in NR IDLE/INACTIVE mode for both DC and CA purposes. 
[bookmark: _Ref32311594]  Table 1: Measurements of inter-frequency CA candidate cells
	scenarios
	EMR requirement
	Purpose
	Spec
	Requirement
Framework
	Capability

	1
	LTE CRS based measurement in LTE IDLE/INACTIVE
	CA
	36.133
	Done
	ca-IdleModeMeasurements-r15 in LTE RRC

	2
	NR SSB based measurement in LTE IDLE/INACTIVE
	DC
(EN-DC)
	36.133
	TBD
	New proposed in LTE RRC (RAN2)

	3
	LTE CRS based measurement in NR IDLE/INACTIVE
	DC
(NE-DC)
	38.133
	TBD
	New proposed in NR RRC (RAN2)

	4
	NR SSB based measurement in NR IDLE/INACTIVE
	DC ,CA
(NR-DC, NR-SA)
	38.133
	TBD
	New proposed in NR RRC (RAN2)


In this paper, we will focus on the scenario 3 and 4. 
3	Discussion on requirement framework of NR IDLE/INACTIVE DC and CA measurement    
As listed in the WF [1], so far RAN4 has listed many related issues for the NR IDLE/INACTIVE mode DC and CA measurement. We will provide our own view on each of them.
1. Definition of overlapping carrier:
From UE perspective, ‘actively measured’ carrier is the carrier that UE has completed the measurement within 5 seconds or is currently conducting measurement for re-selection purpose. Carriers configured by the Network but not monitored by UE, due to the number of configured carriers already exceeds the limitation of the measurement capability, do not belong to the actively measured carriers.

[bookmark: _Ref32353822]Proposal 1: RAN4 to confirm that actively measured carrier is the carrier that UE has completed the measurement within 5 seconds or is currently conducting measurement for re-selection purpose   

2. Number of carriers to measure for EMR:
RAN4 already 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.” Besides, the total number carriers the UE at least shall be able to measure for EMR is N, where N ≤ 14 and  
· N = A + B; 
· The number of overlapping carriers, A = [0;x]; 
· The number of non-overlapping carriers, B = [0;y]
As we mentioned in last meeting [2], we prefer to specify different N for EMR when UE is in cell center and is not in the cell center. Otherwise, it will be very difficult to determine a specific value. For example, if N = 3, it is acceptable for UE when it is in the cell center, due to the fact that UE is very possible to turn on the DC or CA mode right after entering CONNECTED mode. However, N=3 may cause unnecessary burden for UE when UE isn’t in cell center and preparing for the cell re-selection. For example, there is no EMR overlapping carriers configured by Network, then UE has to measure 3 extra non-overlapping carriers for EMR purpose, and the results might not be useful once UE changes the PCell.
So we prefer to apply different N: Ncell center =3, and Ncell edge =1, where
· Ncell center is the total number of carriers that UE at least shall be able to measure for EMR when UE is in cell center.
· Ncell edge is the total number of carriers that UE at least shall be able to measure for EMR when UE isn’t in cell center.
                                        
[bookmark: _Ref32353827]Proposal 2: In NR IDLE/INACTIVE mode DC and CA measurement, UE at least shall be able to measure 3 carriers for EMR when UE is in cell center and UE at least shall be able to measure 1 carriers for EMR when UE is not in cell center

3. Measurements for EMR and mobility:
As we mentioned, UE might prefer to allocate more resources (time and power) for EMR when serving cell signal quality is good enough, i.e., Srxlev > Threshold. On the other hand, when serving cell signal quality is no larger than a certain threshold, UE has less intention to perform frequently measurement for EMR. We suggest to reuse the existing search thresholds to avoid introducing extra signalling.
[bookmark: _Ref32353831]Proposal 3: In NR IDLE/INACTIVE mode DC and CA measurement, existing search thresholds are applied to determine whether UE has to monitor more or less carriers for IDLE/INACTIVE mode DC and CA measurement

4. Early measurement and cell change:
1) Dedicated and SIB configured EMR:
We see no issue to follow the RAN2 agreement shown as follows:
	· The early measurement configuration can be different between that in RRCRelease and in SIB. If the UE receives the early measurement configuration from RRCRelease, this overrides the early measurement configuration provided in SIB (if any)


      So we suggest that
[bookmark: _Ref32353835]Proposal 4: UE should measure the RRCRelease configured EMR carriers if they are configured; otherwise, UE should measure the SIB configured ERM carriers

2) UE behaviour related to reporting of EMR when PCell change:
From UE perspective, we prefer not to limit the UE behaviour related to EMR measurement while PCell changes and T331 is running. However, if companies agree that it is helpful to define some principles, we also provide our views:  
· RRCRelease configured EMR: As mentioned in above item, RAN2 already agreed that “if UE receives the early measurement configuration from RRCRelease, this overrides the early measurement configuration provided in SIB.” Therefore, it is straightforward that UE should continue the monitoring of the RRCRelease configured EMR carrier while PCell changes and T331 is running.
· SIB configured EMR: There are 3 cases when UE is monitoring the SIB configured EMR carriers while PCell changes and T331 is running:
· EMR carriers are listed in the old cell, but not listed in the new cell → 
UE should stop the monitoring
· EMR carriers are listed in the old cell, and also listed in the new cell →
UE should continue the monitoring
· EMR carriers are not listed in the old cell, but listed in the new cell → 
UE should start the monitoring

3) Impact on early measurements after T331 stops:
Considering that RAN2 already agreed “it is up to UE implementation whether to continue monitoring the EMR after the expiry of T331 timer,” there is no need to specify the corresponding measurement delay for this case. However, we suggest to specify the measurement accuracy in case that UE would like to report the EMR measurement after T331 timer expires. 
[bookmark: _Ref32353843]Proposal 5: RAN4 to specify the measurement accuracy for the overlapping and non-overlapping EMR carriers for the UE would like to report EMR after T331 timer expires

5. Cell detection and measurement requirements on EMR carriers:
In euCA, the requirement of EMR overlapping carriers is the same with that of re-selection carriers. Besides, RAN4 didn’t specified measurement period for EMR non-overlapping carriers. We suggest to reuse this principles in NR IDLE/INAVTIVE mode CA and DC measurement.
[bookmark: _Ref37277836]Proposal 6: RAN4 to reuse the measurement period and accuracy of cell re-selection to specify the requirements of overlapping EMR carriers 
[bookmark: _Ref37277716]Proposal 7: RAN4 will not specify the measurement period of non-overlapping EMR carriers

The proposed overall CRS based and SSB Based EMR requirement framework in NR IDLE/INACTIVE mode can be found in Table 2. As we explained in Section 2, the measurement delay and accuracy of CRS based EMR measurement are specified for the NR UE to enter the NE-DC mode, and the measurement delay and accuracy of SSB based EMR measurement are specified for the NR UE to enter the NR-DC mode or the CA mode. RAN4 might need to further discuss the measurement delay and accuracy in these 2 different cases. The proposed EMR requirement framework might be a good starting point, so we recommend that 
[bookmark: _Ref37277717][bookmark: _Ref32353846]Proposal 8: RAN4 to adopt the CRS based and SSB Based EMR requirement framework shown in following table as a baseline to further discuss the corresponding measurement delay and accuracy requirements 
[bookmark: _Ref32355126]Table 2: CRS based and SSB Based EMR requirement framework in NR IDLE/INACTIVE mode
	Serving cell signal quality
	Srxlev ≤ Threshold
	Srxlev > Threshold

	Overlapping with carriers for 
re-selection
	Overlapping
	Non-overlapping
	Overlapping
	Non-overlapping

	# of early measurement reporting carriers
	At least [1] inter-freq. carriers
	At least [3] inter-freq. carriers

	CRS based Measurement delay
	FFS 
	FFS 
	FFS 
	FFS

	CRS based Measurement accuracy
	FFS 
	FFS 
	FFS 
	FFS

	SSB based Measurement delay
	FFS 
	FFS 
	FFS 
	FFS

	SSB based Measurement accuracy
	FFS 
	FFS 
	FFS 
	FFS



4	Summary 
In this contribution, we have the following proposals:
Proposal 1: RAN4 to confirm that actively measured carrier is the carrier that UE has completed the measurement within 5 seconds or is currently conducting measurement for re-selection purpose   
Proposal 2: In NR IDLE/INACTIVE mode DC and CA measurement, UE at least shall be able to measure 3 carriers for EMR when UE is in cell center and UE at least shall be able to measure 1 carriers for EMR when UE is not in cell center
Proposal 3: In NR IDLE/INACTIVE mode DC and CA measurement, existing search thresholds are applied to determine whether UE has to monitor more or less carriers for IDLE/INACTIVE mode DC and CA measurement
Proposal 4: UE should measure the RRCRelease configured EMR carriers if they are configured; otherwise, UE should measure the SIB configured ERM carriers
Proposal 5: RAN4 to specify the measurement accuracy for the overlapping and non-overlapping EMR carriers for the UE would like to report EMR after T331 timer expires
Proposal 6: RAN4 to reuse the measurement period and accuracy of cell re-selection to specify the requirements of overlapping EMR carriers
Proposal 7: RAN4 will not specify the measurement period of non-overlapping EMR carriers
Proposal 8: RAN4 to adopt the CRS based and SSB Based EMR requirement framework shown in following table as a baseline to further discuss the corresponding measurement delay and accuracy requirements 
Table 2: CRS based and SSB Based EMR requirement framework in NR IDLE/INACTIVE mode
	Serving cell signal quality
	Srxlev ≤ Threshold
	Srxlev > Threshold

	Overlapping with carriers for 
re-selection
	Overlapping
	Non-overlapping
	Overlapping
	Non-overlapping

	# of early measurement reporting carriers
	At least [1] inter-freq. carriers
	At least [3] inter-freq. carriers

	CRS based Measurement delay
	FFS 
	FFS 
	FFS 
	FFS

	CRS based Measurement accuracy
	FFS 
	FFS 
	FFS 
	FFS

	SSB based Measurement delay
	FFS 
	FFS 
	FFS 
	FFS

	SSB based Measurement accuracy
	FFS 
	FFS 
	FFS 
	FFS
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