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[bookmark: _Ref528762725]Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In last RAN2#108 meeting, the following agreement was made on high priority frequencies.
	3	Whether higher priority frequencies can be relaxed is up to network configuration.  FFS on how the configuration is done.


In the current running 38.304 CR, the control of the RRM relaxation of higher priority frequencies is via the RRC parameter highPriorityMeasRelax. During the email discussion [108#79] on this running 38.304 CR, companies had different views on the use and, even, need of such configuration parameter. In this contribution, we further discuss measurement relaxation with high priority frequencies based on RAN4’s measurement requirements and propose as way forward to ask RAN4 how/if they would make use of such highPriorityMeasRelax when determining the relaxation method(s) for high priority frequencies measurements.
Discussion
The following are the measurement rules for cell re-selection in TS38.304 [1].
	[bookmark: _Toc29245206]5.2.4.2	Measurement rules for cell re-selection
Following rules are used by the UE to limit needed measurements:
-	If the serving cell fulfils Srxlev > SIntraSearchP and Squal > SIntraSearchQ, the UE may choose not to perform intra-frequency measurements.
-	Otherwise, the UE shall perform intra-frequency measurements.
-	The UE shall apply the following rules for NR inter-frequencies and inter-RAT frequencies which are indicated in system information and for which the UE has priority provided as defined in 5.2.4.1:
-	For a NR inter-frequency or inter-RAT frequency with a reselection priority higher than the reselection priority of the current NR frequency, the UE shall perform measurements of higher priority NR inter-frequency or inter-RAT frequencies according to TS 38.133 [8].
-	For a NR inter-frequency with an equal or lower reselection priority than the reselection priority of the current NR frequency and for inter-RAT frequency with lower reselection priority than the reselection priority of the current NR frequency:
-	If the serving cell fulfils Srxlev > SnonIntraSearchP and Squal > SnonIntraSearchQ, the UE may choose not to perform measurements of NR inter-frequencies or inter-RAT frequency cells of equal or lower priority;
-	Otherwise, the UE shall perform measurements of NR inter-frequencies or inter-RAT frequency cells of equal or lower priority according to TS 38.133 [8].


Based on the above description, the UE may choose not to perform intra-freq/inter-freq with equal or lower reselection priority if the signal quality of the serving cell is good enough. But the UE shall perform measurement of high priority inter-freq regardless of the signal quality of the serving cell. 
The following descriptions are legacy measurement requirements on high priority frequencies.
	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.
-------------------------------------------------Skip some descriptions--------------------------------------------
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.


We can observe that:
[bookmark: _Hlk32436294]Observation 1: If Srxlev > SnonIntraSearchP and Squal > SnonIntraSearchQ, measurement cycle on high priority frequencies is at least equal to 1 minute.
[bookmark: _Hlk32436373][bookmark: _Hlk32437551]Observation 2: If Srxlev ≤ SnonIntraSearchP or Squal ≤ SnonIntraSearchQ, legacy measurement requirements on high priority frequencies are the same as that on equal or lower priority frequency layer.
The cases [Srxlev > SnonIntraSearchP and Squal > SnonIntraSearchQ] and [Srxlev ≤ SnonIntraSearchP or Squal ≤ SnonIntraSearchQ] can be classified as the UE is / is not in good coverage, respectively. The measurement requirement of high priority frequencies is different between good coverage and not good coverage. Hence, we discuss measurement relaxation with high priority frequencies with the two cases.
In good coverage
If the UE is in good coverage, the UE may choose not to perform measurement on intra frequency / equal or low priority inter-frequency, so there is no room for further relaxation for those frequencies. If any measurement relaxation is applied on high priority frequencies with good coverage, it means the relaxed measurement cycle would be larger than Thigher_priority_search (([60] * Nlayers) seconds) to save further power. High priority frequencies are primarily used for load balancing, therefore, considering Thigher_priority_search is already relaxed (the unit is minute), do we sacrifice any load balancing performance if we further relax RRM measurement on high priority frequencies while in good coverage? Considering Thigher_priority_search is defined in RAN4, we believe it belongs to RAN4 to answer this question.
Furthermore, we have agreed that the NW can configure the UE with the three possible measurement relaxation criteria:
- Low mobility criterion
- Not at cell edge criterion
- Both low mobility criterion and not in cell edge criterion
Hence, there are in principle three scenarios for measurement relaxation on high priority inter-frequencies in good coverage. However, if the criterion for UE in good coverage is met, then the criterion for not-at-cell-edge is also met (see Figure 1). Hence, if further relaxation on high priority inter-frequencies would be envisioned in good coverage condition with respect to legacy, the not-at-cell-edge criterion would play no role in triggering it, and the configuration with both low-mobility criterion and not-at-cell-edge criterion is equivalent to low-mobility only configuration in that case.

[bookmark: _Ref32482064]Figure 1: Not-at-cell-edge criterion is always met if legacy good-coverage criterion is met
Observation 3: When UE is in good coverage [Srxlev > SnonIntraSearchP and Squal > SnonIntraSearchQ], the configuration with both low-mobility criterion and not-at-cell-edge criterion is equivalent to low-mobility only configuration.
On the other hand, RAN4 made the following agreements [3]:
	· For information: Scenarios
· #1: Low mobility scenario
· #2: Not in cell-edge scenario 
· #3: Low-mobility + Not in cell-edge scenario
· RRM measurement relaxation methods for UE power saving in RRC_idle/inactive state
· Option 1: Allow RRM measurements with longer intervals 
· Option 2: UE is not required to meet the intra-frequency and inter-frequency neighbor cell measurement requirements
· Applicability of RRM relaxation methods when the relaxation criteria are fulfilled
[image: cid:image001.png@01D5E2BD.E2885720]
· Selection of option 1 or option 2 will depend on the details of the criteria as developed by RAN2.
· Encourage companies to bring the analysis on how to relax measurement interval if option 1 is proposed in next meeting
· Encourage companies to bring the analysis for option 2 if option 2 is proposed in next meeting



The above agreements do not distinguish the legacy good/no-good coverage cases, but seem to say that, for Option 2, the same relaxation would apply, when both low-mobility and not-at-cell-edge criteria are met, as when the legacy UE is in good coverage. It is not 100% clear though that the agreement also applies to high priority inter-frequency measurements.
Observation 4: It is not 100% clear in RAN4 agreements if the relaxation method of Option 2 (no intra/inter-frequency measurements) also applies to high priority inter-frequencies.
We now look at the impact of the highPriorityMeasRelax parameter on potential measurement relaxation of high priority inter-frequencies when the UE is configured with the different relaxation criteria, while in good coverage in Table 1.
[bookmark: _Ref32483582]Table 1: Impact of highPriorityMeasRelax on potential measurement relaxation of high priority inter-frequencies with the different possible relaxation criteria configurations when UE is in good coverage.
	Configured criterion
	Criterion met
	highPriorityMeasRelax = false
	highPriorityMeasRelax = true

	Low Mobility
	Yes
	No relaxation beyond Thigher_priority_search
	Possible relaxation beyond Thigher_priority_search (FFS RAN4)

	
	No
	No relaxation beyond Thigher_priority_search

	Not at cell edge
	Always
	No relaxation beyond Thigher_priority_search
	Possible relaxation beyond Thigher_priority_search (FFS RAN4)

	Both
	Same as Low Mobility



As can be observed:
Observation 5: When UE meets the good-coverage criterion, [Srxlev > SnonIntraSearchP and Squal > SnonIntraSearchQ] and not-at-cell-edge is the only configured relaxation criterion, the potential measurement relaxation of high priority inter-frequencies beyond Thigher_priority_search only depends on the parameter highPriorityMeasRelax.
From the above, we can observe that potential measurement relaxation of high priority inter-frequencies can be envisioned, from RAN2 perspective, depending on the configured relaxation criterion and the RRC parameter highPriorityMeasRelax. But it depends on whether relaxing such measurements makes sense from RAN4 perspective. So we propose asking this to RAN4:
Proposal 1: Ask RAN4:
Q1: Would RAN4 have a concern if it is allowed to relax measurement on higher priority frequencies beyond the legacy limit, Thigher_priority_search, if the UE is in good coverage (i.e. Srxlev > SnonIntraSearchP and Squal > SnonIntraSearchQ) and meets e.g. the low-mobility criterion for RRM measurement relaxation?
[bookmark: _Toc20383032]Not in good coverage
In case the UE is not in good coverage conditions (based on above criterion), legacy behavior is to perform inter-frequency measurements for higher priority frequencies at least every Tmeasure,NR_Inter (< Thigher_priority_search ). In case RAN4 decides that when RAN2-defined RRM relaxation criterion(s) is/are met, UE is allowed to relax its neighbor cells measurements to, say Tmeasure,NR_Inter_relax where one would expect that Tmeasure,NR_Inter < Tmeasure,NR_Inter_relax < Thigher_priority_search (FFS RAN4), does it make sense from load balancing performance perspective, to not relax higher priority frequencies, but only relax lower priority frequencies? Here again, we propose asking this to RAN4.
Proposal 2: Ask RAN4:
Q2: In case the UE is not in good coverage conditions (Srxlev ≤ SnonIntraSearchP or Squal ≤ SnonIntraSearchQ), legacy behavior is to perform measurements at least every Tmeasure,NR_Inter (< Thigher_priority_search ). In case RAN4 decides that when RAN2-defined RRM relaxation criterion(s) is/are met, UE is allowed to relax its neighbor cells measurements to, say Tmeasure,NR_Inter_relax where one would expect that Tmeasure,NR_Inter < Tmeasure,NR_Inter_relax < Thigher_priority_search, does it make sense from load balancing performance perspective, to not relax higher priority frequencies, but only relax lower priority frequencies?
Conclusion
This contribution discussed the use of highPriorityMeasRelax when low-mobility and/or not-at-cell-edge relaxation criteria are configured, when the UE is / is not in good coverage conditions. Based on legacy RAN4 specification, we made the following observations:
Observation 1: If Srxlev > SnonIntraSearchP and Squal > SnonIntraSearchQ, measurement cycle on high priority frequencies is at least equal to 1 minute.
Observation 2: If Srxlev ≤ SnonIntraSearchP or Squal ≤ SnonIntraSearchQ, legacy measurement requirements on high priority frequencies are the same as that on equal or lower priority frequency layer.
Observation 3: When UE is in good coverage [Srxlev > SnonIntraSearchP and Squal > SnonIntraSearchQ], the configuration with both low-mobility criterion and not-at-cell-edge criterion is equivalent to low-mobility only configuration.
Observation 4: It is not 100% clear in RAN4 agreements if the relaxation method of Option 2 (no intra/inter-frequency measurements) also applies to high priority inter-frequencies.
Observation 5: When UE meets the good-coverage criterion, [Srxlev > SnonIntraSearchP and Squal > SnonIntraSearchQ] and not-at-cell-edge is the only configured relaxation criterion, the potential measurement relaxation of high priority inter-frequencies beyond Thigher_priority_search only depends on the parameter highPriorityMeasRelax.
And we proposed as way forward on this issue to ask RAN4 which further relaxation would highPriorityMeasRelax allow on high priority frequency measurements:
Proposal 1: Ask RAN4:
Q1: Would RAN4 have a concern if it is allowed to relax measurement on higher priority frequencies beyond the legacy limit, Thigher_priority_search, if the UE is in good coverage (i.e. Srxlev > SnonIntraSearchP and Squal > SnonIntraSearchQ) and meets the low-mobility criterion for RRM measurement relaxation?
Proposal 2: Ask RAN4:
Q2: In case the UE is not in good coverage conditions (Srxlev ≤ SnonIntraSearchP or Squal ≤ SnonIntraSearchQ), legacy behavior is to perform measurements at least every Tmeasure,NR_Inter (< Thigher_priority_search ). In case RAN4 decides that when RAN2-defined RRM relaxation criterion(s) is/are met, UE is allowed to relax its neighbor cells measurements to, say Tmeasure,NR_Inter_relax where one would expect that Tmeasure,NR_Inter < Tmeasure,NR_Inter_relax < Thigher_priority_search, does it make sense from load balancing performance perspective, to not relax higher priority frequencies, but only relax lower priority frequencies?
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