Page 1
Draft prETS 300 ???: Month YYYY
[bookmark: Title][bookmark: OLE_LINK16][bookmark: OLE_LINK17]3GPP TSG-RAN WG4 Meeting # 102-e	R4-2203791
Electronic Meeting, February 21 – March 3, 2022

[bookmark: Source]Agenda item:	10.20.3.3
Source:	Apple
Title:	Discussion on RRM relaxation requirement for RedCap
[bookmark: DocumentFor]Document for:	Discussion
1. Introduction
In last RAN4 meeting, the RRM relaxation for RedCap has been discussed and the conclusions were captured in the WF[1]. 
RAN2 also achieved some agreements of RRM relaxation in last #116e meeting, duplicated as below.
	Agreements via email - from offline 111:
· UE is not allowed to relax its RRM measurements if both stationarity criterion and R17 not-at-cell-edge criterion are configured but UE meets only the R17 not-at-cell-edge criterion.
· UE reports to network when it no longer meets relaxation criteria.
· No additional signaling is introduced for network to tell UE whether and which criteria for RRM relaxation is considered satisfied when leaving RRC_CONNECTED state.
· No need for UE to send UE Assistance Information to request network configuring it with relaxation criteria.
· UE does not report its history/state of RRM relaxation when transitioning from RRC Idle/Inactive to RRC Connected.  
· Relaxation criteria for UEs in RRC Connected are configured by only dedicated signaling.
Agreements online:
· RAN2 assume that the existing RRM measurement framework can be used as baseline for enabling and disabling RRM relaxations for UEs in RRC Connected. Other methods can be considered too based on relaxation methods agreed by RAN4.
· RAN2 understands that no prohibit timer is needed, if legacy measurement reporting framework is reused by UE to report its relaxation status
· The granularity of RRM measurement relaxations (i.e. whether it should be specified per beam, per cell or per frequency) should be handled by RAN4



In this contribution, we further discuss the RRM relaxation requirement for RedCap.
2. RRM measurement relaxation for Redcap
2.1 General aspects for RRM measurement relaxation for Redcap
Based on the following agreements from RAN2,
Rule 1: In Rel-17 RRM relaxation for RRC_IDLE/INACTIVE, Rel-17 stationary criterion is mandatory, and Rel-17 not-at-cell-edge criterion is optional configuration
Rule 2: A separate Rel-17 not-at-cell-edge threshold is introduced, and the new threshold is only associated with Rel-17 stationary criterion. 
Rule 3: If configured with a not-at-cell-edge criterion, the R17 stationary criterion can only be configured together with the R17 not-at-cell-edge criterion, not with the R16 one.
To further clarify Rule 3, our understanding is: If RedCap UE is configured with ONLY ONE not-at-cell-edge criterion, the R17 stationary criterion can only be configured together with the R17 not-at-cell-edge criterion, not with the R16 one. However, it allows to configure both R16 and R17 non-at-cell-edge criterion (2 non-at-cell-edge criterion) together with R17 stationary criterion. 
Based on RAN2 conclusions, our understanding on the R16/R17 criteria is as in the following table,
Proposal 1: as a working assumption RAN4 to consider the following scenarios/criterion for Rel-17 RedCap RRM relaxation in IDLE/inactive mode. After receiving RAN2 reply LS, RAN4 could revise the requirement accordingly.
	No
	Rel-16 relaxation criterion
	Rel-17 relaxation criterion
	Applicability

	6
	Rel-16 low mobility
	Rel-17 stationary
	Allowed

	7
	Rel-16 not-at-cell-edge 
	Rel-17 stationary
	Not allowed(Rule 3)

	8
	Rel-16 low mobility & Rel-16 not-at-cell-edge 
	Rel-17 stationary
	Not allowed(Rule 3)

	9
	Rel-16 low-mobility
	Rel-17 stationary & Rel-17 not-at-cell-edge
	Allowed

	10
	Rel-16 not-at-cell-edge
	Rel-17 stationary & Rel-17 not-at-cell-edge
	Allowed

	11
	Rel-16 low mobility & Rel-16 not-at-cell-edge
	Rel-17 stationary & Rel-17 not-at-cell-edge
	Allowed



Regarding the scenario when multiple criteria of R16/R17 are satisfied, RAN4 had some discussion in last meeting, 
	Issue 2-1-2:  Relaxation when multiple criteria of Rel-16 and Rel-17 are satisfied
· Proposals
· Option 1: UE is allowed to meet the requirements that are most relaxed out of Rel-16 and Rel-17 requirements. (Nokia vivo, Ericsson, CMCC MTK ZTE)
· Option 2: Up to UE implementation (Huawei xiaomi oppo ZTE)
· Option 3: The UE shall perform Rel-17 RRM relaxation method (Apple MTK xiaomi)
· Option 3a: A note shall be added to the rel-17 RRM relaxation to mention that when rel-17 RRM relaxation criterion is fulfilled then the rel-16 RRM relaxation shall be disabled (MTK)
Recommended WF: FFS


In IDLE/Inactive modes, since network may have R16 PS UEs and R17 RedCap UEs, and the R16/R17 criteria is probably broadcasted via the SI, so R17 RedCap UE who can also support R16 PS may fulfill both R16 and R17 criterion for relaxation, and in this case, we assume RedCap UE shall follow the Rel-17 RRM relaxation method. However, in last meeting, many companies thought option 1 could be used as baseline since the most relaxed requirement would be preferable if mixed criteria are configured. For instance, if UE is not allowed to do any relaxation when R17 NACE condition is met, however, R16 power saving feature allows UE to perform relaxation when R16 NACE condition is met. We are also fine to adopt option 1 for a baseline UE behavior.
Proposal 2: In IDLE/Inactive mode, when both rel-16 and rel-17 RRM relaxation criteria are met, UE is allowed to meet the requirements that are most relaxed out of Rel-16 and Rel-17 requirements.
2.2 RRM measurement relaxation for Redcap at Idle/Inactive state
Regarding IDLE/Inactive mode RRM relaxation, RAN2 agreed that network can configure R17 stationarity criterion/criteria together with a R17 not-at-cell-edge criterion, to trigger RRM relaxations in RRC Idle/Inactive for R17 UEs supporting the feature. We think the RRM requirement delay requirement relaxation in RAN4 could be similar as R16 power saving WI. In last RAN4 meeting, some options were collected as,
	Issue 2-2-2: Scaling factor value when Rel-17 single criteria (stationary) is satisfied
· Proposals
· Option 1: 8 (apple)
· Option 2: >3 (Huawei xiaomi oppo MTK)
· Option 3: 4 (CMCC Ericsson)
· Option 4: [5, 10, 30, 100] (Nokia)
· Option 5: [5, 10, 20, 50, 100] (Qualcomm)
· Option 6: between 4 and 8 (vivo)
· Option 7: 5 (MTK)
Tentative agreement: Select one from [4 5 6 8] 

Issue 2-2-3: The value of the one fixed long measurement period when both Rel-17 criteria are satisfied
· Proposals
· Option 1: 8 hours (Apple MTK)
· Option 2: > 1 hour (Huawei xiaomi oppo Ericsson)
· Option 3: 2 hours (CMCC)
· Option 5: one value between 2 and 24 hours (vivo)
· Option 6: [1h, 2h, 6h, 24h] (Nokia)
· Option 7: [2 hour, 4 hours, 8 hours, 12 hours, 24 hours] (Qualcomm)
Tentative agreement: Select one from [2 8 12 24] hours 


In R16 power saving WI, when one of the criterion is fulfilled, UE would have a scaling factor K1/K2 to relax the RRM requirement, and if both of the criterion is fulfilled, RAN4 has a relative long fix value for RRM requirement interval, duplicated as below.
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In last RAN2 meeting, it was agreed that,
· UE is not allowed to relax its RRM measurements if both stationarity criterion and R17 not-at-cell-edge criterion are configured but UE meets only the R17 not-at-cell-edge criterion.
Regarding the scaling factor value, we think FR1 extension when single criteria is met could be as much as FR2 measurement delay with beam sweeping, which means extended by a beam sweeping factor, like 8 as conservative approach. Thus, regarding relaxation when single Rel-17 criteria is satisfied, we propose that,
Proposal 3: use scaling factor K1_RedCap=8 to relax the RRM requirement when Rel-17 single criteria (stationary) is satisfied.
As discussed above, when both Rel-17 stationary and Rel-17 not-at-cell-edge criteria are satisfied, we could use a fixed long measurement period for requirement relaxation, and this fixed long measurement period could be 8 hours.
Proposal 4: use a fixed long measurement period of 8 hours for requirement relaxation when both Rel-17 criteria are satisfied.
Regarding the RRM relaxation when eDRX is used, all the discussion has been postponed until eDRX and RRM relaxation core requirements are clear. However, we still would like to point out one principle as we discussed in eDRX session, that is, the measurement samples for PHY averaging shall not cross different PTW windows if PTW window is used. Even though we don’t need to go to the details of the requirement for RRM relaxation with eDRX at this stage, we propose to agree the principle the relaxed RRM measurement period for PHY filtering shall not cross different PTW windows.
Proposal 5: Even though we don’t need to go to the details of the requirement for RRM relaxation with eDRX at this stage, we propose to agree the principle that the relaxed RRM measurement period for PHY filtering shall not cross different PTW windows.
2.3 RRM measurement relaxation for Redcap at CONNECTED state
Regarding the RRM relaxation scenarios for RRC_Connected mode, some options were collected in last meeting:
	Issue 2-3-1: On RRM relaxation scenarios for RRC_CONNECTED mode
· Proposals
· Option 1: only consider scenario 4 (Rel-17 stationary configured alone) of the idle state scenario list in Connected state.(Nokia Apple Huawei oppo)
· Option 2: No need discussion (Ericsson)
· Option 3: eDRX enhancements in CONNECTED mode may not add further much power saving enhancements (MTK)
· Option 4: FFS (vivo QC)
· Recommended WF
· TBA


RAN2 had agreement that R17 not-at-cell-edge is not applicable to CONNECTED mode. And also, there is no R16 power saving applied in connected mode, and therefore only Rel-17 stationary criteria needs to be considered in connected mode.
Proposal 6: In RRC connected mode, only Rel-17 stationary criteria shall be considered for Rel-17 RRM relaxation method at RedCap UE.
Some other issues are as below,
	Issue 2-3-3: On RRM relaxation for RRC_CONNECTED mode
· Proposals
· Option 1: The relaxation method of stationary criterion for idle/inactive mode could be used as baseline for connected mode UE (xiaomi Nokia vivo Apple oppo)
· Option 1a: the UE applies the same relaxation method as in Idle / Inactive state in case the stationary criterion only is satisfied, i.e. the scaling/relaxation factor-based NC measurement relaxation using the scaling/relaxation factor received via dedicated signalling. (Nokia vivo)
· Option 2: No new UE behaviour of RRM measurement relaxation is needed for RedCap UE in connected mode (Huawei MTK Ericsson)
· Option 3: FFS (QC)
· Recommended WF
· TBA

Issue 2-3-4 On how to evaluate RRM relaxation criteria at RRC_CONNECTED mode
· Proposals
· Option 1: The UE in CONNECTED mode shall evaluate the configured relaxation criteria every Nth DRX cycle, where N is TBD; The measurement used for evaluating the relaxation criteria in CONNECTED mode shall fulfill the corresponding measurement requirements (delay and accuracy); (Ericsson Nokia vivo)
· Option 2: evaluation period for stationary criteria could be configured by network (apple)
· Option 3: no new UE behaviour of RRM measurement relaxation (Huawei)
· Option 4: postpone the discussion (MTK)
· Option 5: FFS(QC)
· Recommended WF
· TBA

Issue 2-3-5 Whether UE shall report fulfilment of relaxation when performing CGI reading?
· Proposals
· Option 1: The UE may evaluate the relaxation criteria, but shall not report fulfillment of the relaxation criteria if it is performing or configured to perform CGI reading measurements (Ericsson Nokia)
· Option 2: up to UE implementation (Apple)
· Option 3: up to RAN2 discussion (Huawei)
· Option 4: FFS (MTK vivo QC)
· Recommended WF
· TBA

Issue 2-3-6: Granularity of RRM measurement relaxations
· Proposals
· Option 1: Whether to specify further relaxations for specific bad beams, bad cells, bad frequencies and/or bad inter-RAT carriers should be investigated in more detail by RAN4 targeting a flexible and simple solution.(Nokia)
· Option 2: FFS (Apple MTK QC)
· Option 3: no new UE behaviour of RRM measurement relaxation (Huawei)
· Option 4: RAN4 can discuss the parts which do not affect the RAN2. RAN2 is actually waiting for RAN4 progress.(Ericsson)
· Recommended WF
· TBA

Issue 2-3-7: RAN2 impact on RRM relaxation for RRC_CONNECTED mode
· Proposals
· Option 1: For RedCap RRM relaxation in RRC connected mode, RAN4 to defer requirement design until sufficient conclusions are made in RAN2.(Apple Huawei QC)
· Option 2: Start work independent of RAN2 (Nokia vivo)
· Option 3: RAN2 has already reached agreements, yet there is no clear relaxation procedure to follow(MTK)
· Recommended WF
· A LS could be sent to RAN2 for further clarification


Regarding issue 2-3-3: On RRM relaxation for RRC_CONNECTED mode, since the mobility in connected mode is more sensitive than the one in IDLE/INACTIVE mode, we think in the worst case the current relaxation method of scaling factor in IDLE/INACTIVE mode could be used as baseline for connected mode, and therefore we propose to adopt option 1.
Proposal 7: On RRM relaxation for RRC_CONNECTED mode, the relaxation method of stationary criterion for idle/inactive mode could be used as baseline for connected mode UE.
Regarding Issue 2-3-4 On how to evaluate RRM relaxation criteria at RRC_CONNECTED mode, in current RRTM spec we have intra-frequency measurement delay applied for DRX based serving cell measurement, and therefore we think no extra definition is needed for RRM relaxation criteria evaluation in connected mode.
Proposal 8: The measurement used for evaluating the R17 stationary criteria in CONNECTED mode shall meet the existing intra-frequency measurement requirements (delay and accuracy). No need to introduce any extra UE behavior definition for this R17 stationary criteria evaluation in CONNECTED mode.
In last RAN2 meeting, it was agreed that,
Agreements via email - from offline 104:
1. If UAI-based report is adopted, 1-bit indication (i.e., whether UE meets stationary criterion or not) is sufficient for UE to report its relaxation status.
2. Define a Rel-17 indicator similar to combineRelaxedMeasCondition-r16. This indication is used to differentiate two cases 1) only stationary criterion is met and 2) both criteria (stationary and not-at-cell-edge) are met, when both criteria are configured.
3. RRC Release message is not used to configure RRM relaxation for IDLE/INACTIVE UE.
4. Do not discuss the issue related to CGI reading requirement.
5. Introduce a separate reference Srxlev value, SrxlevRef-Stationary, for evaluating the R17 stationary criterion.
6. No need to specify any restriction (e.g., not evaluate stationary criterion / not report relaxation status) in specification, in case SpCell RSRP is not lower than s-MeasureConfig. It is left to UE implementation.
Agreements online:
7. Except for the first report, UE reports are triggered only if relaxation status (i.e., whether relaxation criterion is met or not) toggles. UE triggers the first report when relaxation criterion is first met since configured (further check if there is anything to fix when drafting the running CR)
8. RedCap UE cannot use CSI-RS-based measurement for stationary criterion in RRC_CONNECTED.

Regarding Issue 2-3-5 Whether UE shall report fulfilment of relaxation when performing CGI reading, no more discussion is needed based on RAN2 conclusion.
Proposal 9: Do not discuss the issue related to CGI reading requirement in RAN4.
Regarding Issue 2-3-6: Granularity of RRM measurement relaxations, the relaxation criteria is mainly depending on the serving cell condition and that means UE baseline relaxation behavior shall only be differentiated among different serving cell conditions rather than among different measurement targets. It would make the UE implementation quite complex and ambiguous if the granularity could be as fine as beam level or cell level, especially when UE is performing blind searching. We propose to reuse the same granularity as in power saving, i.e., UE level measurement relaxation.
Proposal 10: for granularity of RRM measurement relaxations, RAN4 to only focus on UE level measurement relaxation for requirement design.
3. Conclusion
In this contribution, we further discuss the RRM relaxation requirement for RedCap.
Proposal 1: as a working assumption RAN4 to consider the following scenarios/criterion for Rel-17 RedCap RRM relaxation in IDLE/inactive mode. After receiving RAN2 reply LS, RAN4 could revise the requirement accordingly.
	No
	Rel-16 relaxation criterion
	Rel-17 relaxation criterion
	Applicability

	6
	Rel-16 low mobility
	Rel-17 stationary
	Allowed

	7
	Rel-16 not-at-cell-edge 
	Rel-17 stationary
	Not allowed(Rule 3)

	8
	Rel-16 low mobility & Rel-16 not-at-cell-edge 
	Rel-17 stationary
	Not allowed(Rule 3)

	9
	Rel-16 low-mobility
	Rel-17 stationary & Rel-17 not-at-cell-edge
	Allowed

	10
	Rel-16 not-at-cell-edge
	Rel-17 stationary & Rel-17 not-at-cell-edge
	Allowed

	11
	Rel-16 low mobility & Rel-16 not-at-cell-edge
	Rel-17 stationary & Rel-17 not-at-cell-edge
	Allowed


Proposal 2: In IDLE/Inactive mode, when both rel-16 and rel-17 RRM relaxation criteria are met, UE is allowed to meet the requirements that are most relaxed out of Rel-16 and Rel-17 requirements.
Proposal 3: use scaling factor K1_RedCap=8 to relax the RRM requirement when Rel-17 single criteria (stationary) is satisfied.
Proposal 4: use a fixed long measurement period of 8 hours for requirement relaxation when both Rel-17 criteria are satisfied.
Proposal 5: Even though we don’t need to go to the details of the requirement for RRM relaxation with eDRX at this stage, we propose to agree the principle that the relaxed RRM measurement period for PHY filtering shall not cross different PTW windows.
Proposal 6: In RRC connected mode, only Rel-17 stationary criteria shall be considered for Rel-17 RRM relaxation method at RedCap UE.
Proposal 7: On RRM relaxation for RRC_CONNECTED mode, the relaxation method of stationary criterion for idle/inactive mode could be used as baseline for connected mode UE.
Proposal 8: The measurement used for evaluating the R17 stationary criteria in CONNECTED mode shall meet the existing intra-frequency measurement requirements (delay and accuracy). No need to introduce any extra UE behavior definition for this R17 stationary criteria evaluation in CONNECTED mode.
Proposal 9: Do not discuss the issue related to CGI reading requirement in RAN4.
Proposal 10: for granularity of RRM measurement relaxations, RAN4 to only focus on UE level measurement relaxation for requirement design.
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- has also fulfilled both criteria, and
- less than 1 hour have passed since measurements for cell reselection were last performed

In this case the UE is not required to meet TdetectNR_intra, Tmeasure,NR_Intra and Tevaluate,NR_Intra as defined in Table 4.2.2.3-1.
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When Srxlev > Sponntrasearchp and Squal > Srnonmirasearchq and the UE is configured with highPriorityMeasRelax [2] then the
UE shall search for inter-frequency layers of higher priority at least every K2*Thiger priority search Where Thigher priority_search 18
described in clause 4.2.2.7 and, K2 = 60. Otherwise if the UE is not configured with highPriorityMeasRelax [2] then the
UE shall search for inter-frequency layers of higher priority at least every Thigher priority_search Where Thigher priority_search 18
described in clause 4.2.2.7.
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Table 4.2.2.9. 2-1: Tdetect,NR_Intra, Tmeasure,NR_Intra @Nd Tevaluate,NR_Intra

DRX cycle Scaling Factor | TaetectNR_intra [S] (NUumber | TmeasureNR_intra [S] (NUMber Tevaluate,NR_intra
length [s] (N1) of DRX cycles) of DRX cycles) [s] (number of DRX
FR1 | FR2Notel cycles)
0.32 1 8 11.52 x N1 xM2 xK1 (36 | 1.28xN1x M2 x K1 (4 x 5.12x N1 xM2x K1 (16
x N1 x M2 x K1) N1 x M2 x K1) x N1 x M2 x K1)
0.64 5 17.92 x N1 x K1 (28 x N1 1.28 x N1 x K1 (2x N1 x 5.12x N1 x K1 (8 x N1 x
x K1) K1) K1)
1.28 4 32 x N1 xK1 (25 x N1 x 1.28 x N1 x K1 (1 x N1 x 6.4 x N1 x K1 (5 x N1 x
K1) K1) K1)
2.56 3 58.88 x N1 x K1 (23 x N1 2.56 x N1 x K1 (1 x N1 x 7.68 x N1 x K1 (3xN1x
x K1) K1) K1)
Note 1:  Applies for UE supporting power class 2&3&4. For UE supporting power class 1 or 5, N1 = 8 for all DRX cycle
length.
Note 2: M2 = 1.5 if SMTC periodicity of measured intra-frequency cell > 20 ms; otherwise M2=1.
Note 3: K1 = 3 is the measurement relaxation factor applicable for UE fulfilling the lowMobilityEvalutation [2] criterion.
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42294 Measurements for UE fulfilling low mobility and not-at-cell edge criteria
This clause contains requirements for measurements on intra-frequency NR cells provided that:

- UE is configured with both lowMobilityEvalutation [2] criterion and cellEdgeEvaluation [2] criterion, and




