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1. Introduction
After last RAN4 meeting, RAN4 has agreed to send LS [1] to RAN2. In the LS, RAN4 informs RAN2 about the measurement and capability requirements defined for early measurement. In addition, the LS also highlights below concern, and indicates it is up to RAN2 whether and how to extend the maximum value for T331.  
	During the discussions, RAN4 made following observations based on the above requirements and UE capability. 
· UE may not be able to complete the idle mode CA measurements on all configured carriers while timer T331 is running in some configuration scenarios, from RAN4 minimum requirement point of view. For example, when Srxlev > SnonIntraSearchP and Squal > SnonIntraSearchQ, (no matter if higher priority carrier(s) are configured), the time duration for UE to measure 7 inter-frequency carriers (UE capability, including both carriers configured for idle mode CA measurements and mobility carriers) can be up to 7*60=420s. 
· If a UE supporting beam level reporting and beam level measurement is configured, the UE is allowed additional time duration for to perform the idle mode CA measurements according to the RAN4 minimum requirements. RAN4 is still working on the UE requirements for beam level measurement.
It is up to RAN2 whether and how to extend the maximum configurable value for T331.


In this contribution, we discussed this issue and other issues identified based on RAN4 requirements. 
2. Discussion
In general, the RAN4’s LS mainly includes two parts of defined requirements:
· Part 1: Requirement of measurement periodicity for EMR:
	· UE measurement requirements for idle mode CA measurements, when SnonIntraSearchP/Q are not configured, follow requirements in section 4.2.2.4 table 4.2.2.4-1
· UE measurement requirements for idle mode CA measurements, when SnonIntraSearchP/Q are configured, and when Srxlev ≤ SnonIntraSearchP or Squal ≤ SnonIntraSearchQ follow requirements in section 4.2.2.4 table 4.2.2.4-1.
· UE measurement requirements for idle mode CA measurements, when SnonIntraSearchP/Q are configured, when Srxlev > SnonIntraSearchP and Squal > SnonIntraSearchQ, and the UE is configured with one or more higher priority carrier, at least follow requirements in section 4.2.2.7.
· UE measurement requirements for idle mode CA measurements, when SnonIntraSearchP/Q are configured, when Srxlev > SnonIntraSearchP and Squal > SnonIntraSearchQ, and the UE is not configured with one or more higher priority carrier, at least follow requirements in section 4.2.2.7
                                       # corresponding section 4.2.2.4 and 4.2.2.7 are shown in Annex 


· Part 2: Requirement of minimum number of measured frequencies for EMR. 
	For Idle mode NR-CA and MR-DC measurements on overlapping carriers, the UE supporting endc-IdleInactiveMeasurements-r16 or idleInactiveEUTRA-MeasReport-r16 shall be capable of monitoring at least:
-	Depending on UE capability, 7 NR inter-frequency carriers, and
-	Depending on UE capability, 7 FDD E-UTRA inter-RAT carriers, and
-	Depending on UE capability, 7 TDD E-UTRA inter-RAT carriers.
Note:	the definition of overlapping and non-overlapping carriers for Idle mode CA/DC measurements is in clause 4.3.


First, RAN4 has categorized idle/inactive measured frequencies into two types:
· Overlapping carriers: The frequencies are configured for both early measurement and cell re-selection;
· Non-overlapping carriers: The frequencies are configured only for early measurement, not cell re-selection.
Based on above RAN4 defined requirements, for frequencies that configured for early measurement, no matter it is overlapping or non-overlapping carrier, the requirement of measurement period for EMR carrier are defined as:
· If Srxlev > SnonIntraSearchP and Squal > SnonIntraSearchQ, measurement period of EMR carriers = (60 * Nlayers) seconds, Nlayers is is the total number of EMR and higher priority cell-reselection carriers;
· If Srxlev ≤ SnonIntraSearchP or Squal ≤ SnonIntraSearchQ, measurement period of EMR carriers is same as normal inter-frequency cell-reselection carriers (see 4.2.2.4 in Annex).
As we can see, if the UE is at cell center (fulfills Srxlev > SnonIntraSearchP and Squal > SnonIntraSearchQ), then the measurement requirements of EMR will be the same as high priority frequencies configured for cell re-selection. And the measurement period is extremely longer than the UEs who are at cell edge. In fact, in real deployment, fast DC/CA setup is mainly applicable to cell center UEs, so most likely EMR will be performed with large periodicity.
Observation 1:  Fast DCCA setup is mainly useful to cell center UEs, so based on RAN4 defined measurement requirements, most of time UE will perform EMR measurement with large periodicity, i.e. (60 * Nlayers)s. 
According to the discussion in RAN4, the motivation of defining such long periodicity for cell center UEs, is to minimize UE’s power consumption. In addition, to allow UEs to implement same behaviour for EMR carriers and high priority cell re-selection carriers. 
However, as mentioned in the LS, this may cause other problems. For instance, if network configures a total of 7 carriers for idle/inactive measurement (including EMR carriers, higher priority inter-frequency, inter-RAT cell re-selection carriers). The measurement periodicity of each carrier would be 60*7 = 420s, which means at least UE needs 420s to detect all those carriers. This is even longer than the maximum value of T331 timer (e.g. 300s). Since RAN4 concludes it is up to UE implementation on how to prioritize those frequencies, there might be at least 2 frequencies that could not be measured before T331 expires. 
In LTE euCA, the UE can measure up to 3 inter-frequency carriers for EMR, so such problem does not occur in LTE euCA.  
Observation 2:  For LTE euCA, UE can measure up to 3 inter-frequency carriers for EMR; While for NR DCCA, UE can measure up to 7 inter-frequency carriers for EMR. 
Observation 3:  Based on RAN4 defined requirement, in some NR EMR configuration, the UE may not be able to measure all configured EMR frequencies before T331 expires. 
To solve above problem, we would suggest to extend the maximum value of T331 timer. Since the maximum measurement period identified by RAN4 is 420s, and it haven’t taken into account the additional delay caused by beam level measurement and reporting, we would suggest to extend the maximum value into 480s (=8min). And new capability is needed to indicate the support of this new value, the corresponding CRs are provided in [2][3]. 
Proposal 1: To extend the maximum value of T331 timer (i.e. measIdleDuration-r16) to 480s, and agree the CR in [2][3].
In addition, we have another concern about RAN4 defined requirements.
For high priority cell re-selection procedure, although UE measures target frequency with long period (60*N)s, the UE will evaluate whether cell re-selection criteria is fulfilled when obtaining the measurement results. But with such long measurement interval, it is meaningless to store the measurement results, because it is probably out-of-date when next measurement occasion arrives. 
However, different from high priority cell re-selection, for EMR, the UE is supposed to store the measurement results of neighbour cells in UE’s memory, and deliver the stored measurement results to network by sending EMR report (e.g. upon transition from RRC_IDLE/INACTIVE to RRC_CONNECTED). So by using (n*60)s measurement interval, it is unclear to us, whether the UE may deliver the old measurement results to network in EMR report? 
For example, a UE is configured with 4 EMR carriers, and the UE is not configured with other high priority cell re-selection carriers. The UE is not at cell edge, so Srxlev > SnonIntraSearchP and Squal > SnonIntraSearchQ, then based on RAN4 requirements, the UE will measure EMR carriers every 60s, the measurement behaviour is illustrated in Figure 1. 


Figure 1 Example of EMR measurement for cell center UE
The question is: when UE initiates RRCResume procedure at T5, and the UE is requested to send EMR result in RRCResumeComplete, will UE only report the measurement results of freq1 (assuming others are already out-of-date)? Or will UE include the measurement results of freq1 as well as freq 2/3/4 obtained at T1、T2 and T3? If the UE has moved, the results obtained at T1/2/3 may be out-of-date, not suitable for CA/DC setup evaluation. And if the UE only reports the latest obtained results (e.g. freq1), then the benefit of configuring more than EMR carriers is gone. And network may assume other frequencies are not good enough (so they are excluded by UE), and then cause misjudgment. According to the requirements defined in TS 38.133, it is unclear which behaviour will be adopted by UE? And there is no evidence shows such problem can be avoid.
Observation 4:  Based on RAN4 defined requirements, for cell center UE, due to the long measurement interval (n*60s), it seems UE may report out-of-date EMR measurement results to network or may only report EMR results of single frequency to network. 
In our understanding, the only way to solve it, is to request UE to perform intensive measurements before transmission of the EMR report, so UE can re-evaluate the validity of those measurement results (see example in Figure 2).


Figure 2 way to avoid out-of-date measurement results
In LTE TS 36.133, it defines:
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.
However, in LTE, such requirement is only defined for non-overlapping carriers, which network can only configure up to 1 frequency to UE. While in NR, irrespective of overlapping or non-overlapping case, RAN4 haven’t defined such kind of requirements for NR EMR measurements. 
In any case, to avoid inter-operability issues, we suggest to further confirm with RAN4 about this.  
Proposal 2: Send LS to RAN4, asks RAN4 to confirm even in case of “Srxlev > SnonIntraSearchP and Squal > SnonIntraSearchQ”, the defined idle/inactive measurement requirements can ensure the UE won’t deliver out-of-date measurement results in EMR report, and the UE can report EMR results of multiple frequencies (not only one);
The draft LS is provided in [4], capture both Proposal 1 and Proposal 2.
Proposal 3: Approve the reply LS in [4].
3. Conclusion and proposals
RAN2 is kindly asked to discuss and adopt the following proposal:
[bookmark: _Toc535476034]Observation 1:  Fast DCCA setup is mainly useful to cell center UEs, so based on RAN4 defined measurement requirements, most of time UE will perform EMR measurement with large periodicity, i.e. (60 * Nlayers)s. 
Observation 2:  For LTE euCA, UE can measure up to 3 inter-frequency carriers for EMR; While for NR DCCA, UE can measure up to 7 inter-frequency carriers for EMR. 
Observation 3:  Based on RAN4 defined requirement, in some NR EMR configuration, the UE may not be able to measure all configured EMR frequencies before T331 expires. 
Observation 4:  Based on RAN4 defined requirements, for cell center UE, due to the long measurement interval (n*60s), it seems UE may report out-of-date EMR measurement results to network or may only report EMR results of single frequency to network. 
Proposal 1: To extend the maximum value of T331 timer (i.e. measIdleDuration-r16) to 480s, and agree the CR in [2][3].
Proposal 2: Send LS to RAN4, asks RAN4 to confirm even in case of “Srxlev > SnonIntraSearchP and Squal > SnonIntraSearchQ”, the defined idle/inactive measurement requirements can ensure the UE won’t deliver out-of-date measurement results in EMR report, and the UE can report EMR results of multiple frequencies (not only one);
Proposal 3: Approve the reply LS in [4].
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5. Annex
TS 38.133 vg.5.0
4.2.2.4	Measurements of inter-frequency NR cells
The UE shall be able to identify new inter-frequency cells and perform SS-RSRP or SS-RSRQ measurements of identified inter-frequency cells if carrier frequency information is provided by the serving cell, even if no explicit neighbour list with physical layer cell identities is provided.
If Srxlev > SnonIntraSearchP and Squal > SnonIntraSearchQ then the UE shall search for inter-frequency layers of higher priority at least every Thigher_priority_search where Thigher_priority_search is described in clause 4.2.2.7.
If Srxlev ≤ SnonIntraSearchP or Squal ≤ SnonIntraSearchQ then the UE shall search for and measure inter-frequency layers of higher, equal or lower priority in preparation for possible reselection. In this scenario, the minimum rate at which the UE is required to search for and measure higher priority layers shall be the same as that defined below in this clause.
The UE shall be able to evaluate whether a newly detectable inter-frequency cell meets the reselection criteria defined in TS38.304 [1] within Kcarrier * Tdetect,NR_Inter  if at least carrier frequency information is provided for inter-frequency neighbour cells by the serving cells when Treselection = 0 provided that the reselection criteria is met by a margin of at least 5 dB in FR1 or 6.5dB in FR2 for reselections based on ranking or 6dB in FR1 or 7.5dB in FR2 for SS-RSRP reselections based on absolute priorities or 4dB in FR1 and 4dB in FR2 for SS-RSRQ reselections based on absolute priorities. The parameter Kcarrier is the number of NR inter-frequency carriers indicated by the serving cell. An inter-frequency cell is considered to be detectable according to the conditions defined in Annex B.1.3 for a corresponding Band.
When higher priority cells are found by the higher priority search, they shall be measured at least every Tmeasure,NR_Inter. If, after detecting a cell in a higher priority search, it is determined that reselection has not occurred then the UE is not required to continuously measure the detected cell to evaluate the ongoing possibility of reselection. However, the minimum measurement filtering requirements specified later in this clause shall still be met by the UE before it makes any determination that it may stop measuring the cell. If the UE detects on a NR carrier a cell whose physical identity is indicated as not allowed for that carrier in the measurement control system information of the serving cell, the UE is not required to perform measurements on that cell.
The UE shall measure SS-RSRP or SS-RSRQ at least every Kcarrier * Tmeasure,NR_Inter (see table 4.2.2.4-1) for identified lower or equal priority inter-frequency cells. If the UE detects on a NR carrier a cell whose physical identity is indicated as not allowed for that carrier in the measurement control system information of the serving cell, the UE is not required to perform measurements on that cell.
The UE shall filter SS-RSRP or SS-RSRQ measurements of each measured higher, lower and equal priority inter-frequency cell using at least 2 measurements. Within the set of measurements used for the filtering, at least two measurements shall be spaced by at least Tmeasure,NR_Inter/2.
The UE shall not consider a NR neighbour cell in cell reselection, if it is indicated as not allowed in the measurement control system information of the serving cell.
For an inter-frequency cell that has been already detected, but that has not been reselected to, the filtering shall be such that the UE shall be capable of evaluating that the inter-frequency cell has met reselection criterion defined TS 38.304 [1] within Kcarrier * Tevaluate,NR_Inter when Treselection = 0 as specified in table 4.2.2.4-1 provided that the reselection criteria is met by
-	the condition when performing equal priority reselection and
	when rangeToBestCell is not configured:
-	the cell is at least 5dB better ranked in FR1 or 6.5dB better ranked in FR2 or.
when rangeToBestCell is configured:
-	the cell has the highest number of beams above the threshold absThreshSS-BlocksConsolidation among all detected cells whose cell-ranking criterion R value in TS38.304 [1] is within rangeToBestCell of the cell-ranking criterion R value of the highest ranked cell. 
-	if there are multiple such cells, the cell has the highest rank among them 
-	the cell is at least 5dB better ranked in FR1 or 6.5dB better ranked in FR2 if the current serving cell is among them. or
-	6dB in FR1 or 7.5dB in FR2 for SS-RSRP reselections based on absolute priorities or
-	4dB in FR1 or 4dB in FR2 for SS-RSRQ reselections based on absolute priorities.
When evaluating cells for reselection, the SSB side conditions apply to both serving and inter-frequency cells.
If Treselection timer has a non zero value and the inter-frequency cell is satisfied with the reselection criteria, the UE shall evaluate this inter-frequency cell for the Treselection time. If this cell remains satisfied with the reselection criteria within this duration, then the UE shall reselect that cell.
The UE is not expected to meet the measurement requirements for an inter-frequency carrier under DRX cycle=320 ms defined in Table 4.2.2.4-1 under the following conditions:
-	TSMTC_intra = TSMTC_inter = 160 ms; where TSMTC_intra and TSMTC_inter are periodicities of the SMTC occasions configured for the intra-frequency carrier and the inter-frequency carrier respectively, and
-	SMTC occasions configured for the inter-frequency carrier occur up to 1 ms before the start or up to 1 ms after the end of the SMTC occasions configured for the intra-frequency carrier, and
-	SMTC occasions configured for the intra-frequency carrier and for the inter-frequency carrier occur up to 1 ms before the start or up to 1 ms after the end of the paging occasion in TS38.304 [1].
Table 4.2.2.4-1: Tdetect,NR_Inter, Tmeasure,NR_Inter and Tevaluate,NR_Inter
	DRX cycle length [s]
	Scaling Factor (N1)
	Tdetect,NR_Inter [s] (number of DRX cycles)
	Tmeasure,NR_Inter [s] (number of DRX cycles)
	Tevaluate,NR_Inter [s] (number of DRX cycles)

	
	FR1
	FR2Note1
	
	
	

	0.32
	1
	8
	11.52 x N1 x 1.5 (36 x N1 x 1.5)
	1.28 x N1 x 1.5 (4 x N1 x 1.5)
	5.12 x N1 x 1.5 (16 x N1 x 1.5)

	0.64
	
	5
	17.92x N1 (28 x N1)
	1.28 x N1 (2 x N1)
	5.12 x N1 (8 x N1)

	1.28
	
	4
	32 x N1 (25 x N1)
	1.28 x N1 (1 x N1)
	6.4 x N1 (5 x N1)

	2.56
	
	3
	58.88 x N1 (23 x N1)
	2.56 x N1 (1 x N1)
	7.68 x N1 (3 x N1)

	Note 1:	Applies for UE supporting power class 2&3&4. For UE supporting power class 1, N1 = 8 for all DRX cycle length.




[bookmark: _Toc5952541]4.2.2.7	General requirements
The UE shall search every layer of higher priority at least every Thigher_priority_search = (60 * Nlayers) seconds, where Nlayers is the total number of higher priority NR and E-UTRA carrier frequencies broadcasted in system information.
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