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1 	Introduction
In this contribution paper, the impact of the RRM measurement relaxation for reduced capability (RedCap) on the Rel-17 specification are discussed. The WI in [1] has the following work item: 
	· Specify support for the following RRM measurement relaxations for neighbouring cells for RedCap devices: for RRC_Idle/Inactive/Connected [RAN2, RAN4]:
· Specify measurement (RSRP/RSRQ) based stationary criterion and not-at-cell-edge criterion [RAN2]
· Enabling/disabling of RRM measurement relaxation should be under the network’s control. Specify both broadcast and dedicated signalling for enabling/disabling of RRM measurement relaxation.
· Specify UE requirements for RRM measurement relaxation [RAN4]
· No RRM measurement relaxations are specified for the serving cell. 


Also, RAN2 sent the following agreements in their LS on RRM Relaxation for RedCap :
	Agreements in RAN2#113bis-e:
· At least for RRC idle/inactive, a measurement-based R17 stationarity criterion can be configured separately from R16 low-mobility criterion for R17 UEs supporting the feature.
· Network can configure R17 stationarity criterion/criteria together with a not-at-cell-edge criterion, to trigger RRM relaxations in RRC Idle/Inactive for R17 UEs supporting the feature. FFS whether the R16 not-at-cell-edge thresholds can be reused or separate R17 not-at-cell-edge thresholds are needed.
Agreements in RAN2#114-e:
· An RSRP/RSRQ based stationarity criterion (Working Assumption: the same as in idle/inactive) can be configured for UEs in RRC Connected. If the criterion is met, this is reported to the network (FFS how/when). It is FFS whether, based on this, besides possibly reconfiguring RRM measurements (up to network implementation), the network can enable RRM measurement relaxation (FFS whether same method as in Idle/Inactive).
· Subscription based relaxation criteria will not be considered in Rel-17 RRM relaxation.
· Reuse R16 low mobility criterion, as part or whole of Rel-17 stationary criterion in RRC_IDLE/INACTIVE. When NW configures both Rel-17 stationary criterion and Rel-16 low mobility criterion, NW configures different Rel-17 thresholds (i.e., SSearchDeltaP_stationary/TSearchDeltaP_stationary) from Rel-16 (SSearchDeltaP / TSearchDeltaP). How to configure the criterion (e.g. more stringent) is left to NW implementation (i.e. no specification impact to RAN2).  
· Postpone the following discussion until RAN4 defines RRM relaxation method for Rel-17:
When NW configures both R16/R17 relaxation criteria and the UE fulfills both, UE performs:
- Option 1) UE performs Rel-17 RRM relaxation method
- Option 2) It is up to UE implementation to select either Rel-16 or Rel-17 relaxation operation
· When NW configures 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. 
Agreements in RAN2#115-e:
· Do not introduce nor reuse not-at-cell-edge threshold for R17 RRC_CONNECTED UEs.
· Do not introduce beam change based criterion in Rel-17.
· The network provides the configuration of stationarity criterion to the UE via dedicated signalling (e.g. RRCReconfiguration message) in RRC_CONNECTED.
Introduce separate Rel-17 not-at-cell-edge threshold, and the new threshold is only associated with Rel-17 stationary criterion (if configured). 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.


2 Discussion on the stationary and not-at-cell edge criteria
In this section, the RRM measurement relaxations are discussed for the stationary and rel-17 not-at-cell edge criteria. As given in the WID, the RRM measurement relaxations are for both inactive/idle and connected modes, hence this section is divided into two main parts as follows: 
2.1. The stationary and rel-17 not-at-cell edge criteria for IDLE/INACTIVE mode
The stationary criterion are new criteria for RedCap UEs in 5G NR Rel-17. This new criterion allows the UEs to improve the power saving. Therefore, to achieve that, further DRX relaxation compared to the low mobility and not-at-cell edge criteria must be considered. Given that the relaxation factor used for the low mobility criterion and rel-16 not-at-cell edge criterion is K1 = 3 [3], hence the new relaxation factor (J2) for the stationary criterion must be larger than 3 (i.e. J2 > K1). 
Proposal 1: [bookmark: _Ref78923259]Support a new relaxation factor (J2) to be used in the DRX cycles requirements for the stationary criterion and rel-17 not-at-cell edge criterion in IDLE/INACTIVE mode, where J2 > K1. 
Proposal 2: [bookmark: _Ref85815400]The DRX cycle requirements for Tdetect,NR_Intra, Tmeasure,NR_Intra and Tevaluate,NR_Intra for the stationary in intra-frequency, inter-frequency and inter-RAT are the following:
Table 4.2.2.g1-g1: Tdetect,NR_Intra, Tmeasure,NR_Intra and Tevaluate,NR_Intra for UE operating with DRX_IDLE (DRX_INACTIVE) cycle without PTW for FR1
	DRX cycle length [s]
	Scaling Factor (N1)
	Tdetect,NR_Intra [s] (number of DRX cycles)
	Tmeasure,NR_Intra [s] (number of DRX cycles)
	Tevaluate,NR_Intra
[s] (number of DRX cycles)

	
	FR1
	FR2Note1
	
	
	

	0.32
	1
	8
	11.52 x N1 x M2 x J2 (36 x N1 x M2 x J2)
	1.28 x N1 x M2 x J2 (4 x N1 x M2 x J2)
	5.12 x N1 x M2 x J2 (16 x N1 x M2 x J2)

	0.64
	
	5
	17.92 x N1 x J2 (28 x N1 x J2)
	1.28 x N1 x J2 (2 x N1 x J2)
	5.12 x N1 x J2 (8 x N1 x J2)

	1.28
	
	4
	32 x N1 x J2 (25 x N1 x J2)
	1.28 x N1 x J2 (1 x N1 x J2)
	6.4 x N1 x J2 (5 x N1 x J2)

	2.56
	
	3
	58.88 x N1 x J2 (23 x N1 x J2)
	2.56 x N1 x J2 (1 x N1 x J2)
	7.68 x N1 x J2 (3 x N1 x J2)

	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:	J2 = 5 (or TBD) (J2>K1) is the measurement relaxation factor applicable for UE fulfilling the StationaryEvalutation criterion.



Table 4.2.2.g1-g2: Tdetect,NR_Inter, Tmeasure,NR_Inter and Tevaluate,NR_Inter for UE operating with DRX_IDLE (DRX_INACTIVE) cycle without PTW for FR1
	DRX cycle length [s]
	Scaling Factor (N1)
	Tdetect,NR_Inter [s] (number of DRX 
	Tmeasure,NR_Inter [s] (number of DRX cycles)
	Tevaluate,NR_Inter [s] (number of DRX cycles)

	
	FR1
	FR2Note1
	cycles)
	
	

	0.32
	1
	8
	11.52 x N1 x 1.5 x J2 (36 x N1 x 1.5 x J2)
	1.28 x N1 x 1.5 x J2 (4 x N1 x 1.5 x J2)
	5.12 x N1 x 1.5 x J2 (16 x N1 x 1.5 x J2)

	0.64
	
	5
	17.92x N1 x J2 (28 x N1 x J2)
	1.28 x N1 x J2 (2 x N1 x J2)
	5.12 x N1 x J2 (8 x N1 x J2)

	1.28
	
	4
	32 x N1 x J2 (25 x N1 x J2)
	1.28 x N1 x J2 (1 x N1 x J2)
	6.4 x N1 x J2 (5 x N1 x J2)

	2.56
	
	3
	58.88 x N1 x J2 (23 x N1 x J2)
	2.56 x N1 x J2 (1 x N1 x J2)
	7.68 x N1 x J2 (3 x N1 x J2)

	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:   J2 = 5 (or TBD) (J2>K1) is the measurement relaxation factor applicable for UE fulfilling the StationaryEvalutation.



Table 4.2.2.g1-g3: Tdetect,EUTRAN, Tmeasure,EUTRAN, and Tevaluate,EUTRAN for UE operating with DRX_IDLE (DRX_INACTIVE) cycle without PTW for FR1
	DRX cycle length [s]
	Tdetect,EUTRAN [s] (number of DRX cycles)
	Tmeasure,EUTRAN [s] (number of DRX cycles)
	Tevaluate,EUTRAN
[s] (number of DRX cycles)

	0.32
	11.52 x J2 (36 x J2)
	1.28 x J2 (4 x J2)
	5.12 x J2 (16 x J2)

	0.64
	17.92 x J2 (28 x J2)
	1.28 x J2 (2 x J2)
	5.12 x J2 (8 x J2)

	1.28
	32 x J2 (25 x J2)
	1.28 x J2 (1 x J2)
	6.4 x J2 (5 x J2)

	2.56
	58.88 x J2 (23 x J2)
	2.56 x J2 (1 x J2)
	7.68 x J2 (3 x J2)

	Note 1:	J2 = 5 (or TBD) (J2>K1) is the measurement relaxation factor applicable for UE fulfilling the StationaryEvalutation criterion.



Proposal 3: [bookmark: _Ref85815479]The stationary evaluation of intra-frequency, inter-frequency and inter-RAT for NR cell in INACTIVE mode requirements shall apply the same requirements in Table 4.2.2.g1-g1, Table 4.2.2.g1-g2, and Table 4.2.2.g1-g3, respectively. 
Furthermore, the existing RRM measurements requirement for the scenario when both low mobility criterion and not-at-cell edge criterion are satisfied is that: the UE can stop measurements for up to an hour [3]. Also, given that the stationary and rel-17 not-at-cell edge criteria should be further relaxed compared to low mobility and not-at-cell edge criteria, hence the period of time that the UE can stop monitoring neighbouring cell should be longer than an hour. Furthermore, given that the in NB-IoT in LTE, which a stationary use case, has a relaxed timing at least 24 hours defined in TS 36.304 clause 5.2.4.12 [4]. Hence, the extended time for stationary and rel-17 not-at-cell edge criteria should equal to 24 hours. 
Proposal 4: [bookmark: _Ref78923271]Support extending the time period to at least 24 hours in which the UE can stop its measurements for cell reselection in IDLE/INACTIVE mode, when both stationary criterion and rel-17 not-at-cell edge criterion are satisfied.
2.2. The stationary and not-at-cell edge criteria for connected mode
RAN2 has reached to the following agreements related to RRM relaxation in connected mode. 
	· UE reports to network when it no longer meets relaxation criteria. [CONNECTED mode].
· 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.
· 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.


From the above agreements, RAN2 has not provided RAN4 with what can be relaxed in the case of CONNECTED mode. Besides, given that there was no RRM relaxation in CONNECTED mode in rel-16, hence, RAN4 may not introduce any new RRM relaxation in CONNECTED mode.
Proposal 5: [bookmark: _Ref78923303]RAN4 may not introduce any new RRM relaxation in CONNECTED mode.
3 Discussion on whether the UE shall operates with rel-16 or rel-17 relaxation when both criteria are met
RAN4 received an LS from RAN2 regarding the RRM relaxation agreements from the following RAN2 meetings, RAN2#113bis-e, RAN2#114-e and RAN2#115-e. From the RAN2#114-e, RAN2 is asking RAN4 what is the UE relaxation method when the both rel-16 and rel-17 relaxation are fulfilled. Also, RAN2 provided two options, which are: (i) option 1, UE performs Rel-17 RRM relaxation method, and (ii) option 2, it is up to UE implementation to select either Rel-16 or Rel-17 relaxation operation. To our understanding, if the UE fulfils both rel-16/rel-17 relaxation criteria, as the minimum requirement, then the UE should be allowed to meet the least stringent requirements (i.e the most relaxed requirements) which is rel-17 relaxation criterion in this case. For example, a UE is configured with both rel-16 and rel-17 not-at-cell edge criteria and this UE fulfils both criteria, given that the rel-17 not-at-cell edge criterion is more relaxed compared to rel-16 not-at-cell edge criterion, therefore, the UE should perform rel-17 not-at-cell edge. 
Proposal 6: [bookmark: _Ref85815587]When both rel-16 and rel-17 RRM relaxation criteria are met, the UE shall perform rel-17 RRM relaxation method.
Nevertheless, when the UE is configured with both relaxation criteria and when both criteria are met then the UE may perform both at the same time, which leads to an error. Therefore, there should be a note added to the RRM relaxation of rel-17 to specify that when rel-17 RRM relaxation is fulfilled then rel-16 RRM relaxation should be disabled. 
Proposal 7: [bookmark: _Ref85815618]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.
4 Summary
In this contribution, the RRM measurement relaxation for RedCap are discussed and hence we have the following proposals: 
Proposal 1: Support a new relaxation factor (J2) to be used in the DRX cycles requirements for the stationary criterion and rel-17 not-at-cell edge criterion in IDLE/INACTIVE mode, where J2 > K1.
Proposal 2: The DRX cycle requirements for Tdetect,NR_Intra, Tmeasure,NR_Intra and Tevaluate,NR_Intra for the stationary in intra-frequency, inter-frequency and inter-RAT are the following:
Table 4.2.2.g1-g1: Tdetect,NR_Intra, Tmeasure,NR_Intra and Tevaluate,NR_Intra for UE operating with DRX_IDLE (DRX_INACTIVE) cycle without PTW for FR1
	DRX cycle length [s]
	Scaling Factor (N1)
	Tdetect,NR_Intra [s] (number of DRX cycles)
	Tmeasure,NR_Intra [s] (number of DRX cycles)
	Tevaluate,NR_Intra
[s] (number of DRX cycles)

	
	FR1
	FR2Note1
	
	
	

	0.32
	1
	8
	11.52 x N1 x M2 x J2 (36 x N1 x M2 x J2)
	1.28 x N1 x M2 x J2 (4 x N1 x M2 x J2)
	5.12 x N1 x M2 x J2 (16 x N1 x M2 x J2)

	0.64
	
	5
	17.92 x N1 x J2 (28 x N1 x J2)
	1.28 x N1 x J2 (2 x N1 x J2)
	5.12 x N1 x J2 (8 x N1 x J2)

	1.28
	
	4
	32 x N1 x J2 (25 x N1 x J2)
	1.28 x N1 x J2 (1 x N1 x J2)
	6.4 x N1 x J2 (5 x N1 x J2)

	2.56
	
	3
	58.88 x N1 x J2 (23 x N1 x J2)
	2.56 x N1 x J2 (1 x N1 x J2)
	7.68 x N1 x J2 (3 x N1 x J2)

	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:	J2 = 5 (or TBD) (J2>K1) is the measurement relaxation factor applicable for UE fulfilling the StationaryEvalutation criterion.



Table 4.2.2.g1-g2: Tdetect,NR_Inter, Tmeasure,NR_Inter and Tevaluate,NR_Inter for UE operating with DRX_IDLE (DRX_INACTIVE) cycle without PTW for FR1
	DRX cycle length [s]
	Scaling Factor (N1)
	Tdetect,NR_Inter [s] (number of DRX 
	Tmeasure,NR_Inter [s] (number of DRX cycles)
	Tevaluate,NR_Inter [s] (number of DRX cycles)

	
	FR1
	FR2Note1
	cycles)
	
	

	0.32
	1
	8
	11.52 x N1 x 1.5 x J2 (36 x N1 x 1.5 x J2)
	1.28 x N1 x 1.5 x J2 (4 x N1 x 1.5 x J2)
	5.12 x N1 x 1.5 x J2 (16 x N1 x 1.5 x J2)

	0.64
	
	5
	17.92x N1 x J2 (28 x N1 x J2)
	1.28 x N1 x J2 (2 x N1 x J2)
	5.12 x N1 x J2 (8 x N1 x J2)

	1.28
	
	4
	32 x N1 x J2 (25 x N1 x J2)
	1.28 x N1 x J2 (1 x N1 x J2)
	6.4 x N1 x J2 (5 x N1 x J2)

	2.56
	
	3
	58.88 x N1 x J2 (23 x N1 x J2)
	2.56 x N1 x J2 (1 x N1 x J2)
	7.68 x N1 x J2 (3 x N1 x J2)

	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:   J2 = 5 (or TBD) (J2>K1) is the measurement relaxation factor applicable for UE fulfilling the StationaryEvalutation.



Table 4.2.2.g1-g3: Tdetect,EUTRAN, Tmeasure,EUTRAN, and Tevaluate,EUTRAN for UE operating with DRX_IDLE (DRX_INACTIVE) cycle without PTW for FR1
	DRX cycle length [s]
	Tdetect,EUTRAN [s] (number of DRX cycles)
	Tmeasure,EUTRAN [s] (number of DRX cycles)
	Tevaluate,EUTRAN
[s] (number of DRX cycles)

	0.32
	11.52 x J2 (36 x J2)
	1.28 x J2 (4 x J2)
	5.12 x J2 (16 x J2)

	0.64
	17.92 x J2 (28 x J2)
	1.28 x J2 (2 x J2)
	5.12 x J2 (8 x J2)

	1.28
	32 x J2 (25 x J2)
	1.28 x J2 (1 x J2)
	6.4 x J2 (5 x J2)

	2.56
	58.88 x J2 (23 x J2)
	2.56 x J2 (1 x J2)
	7.68 x J2 (3 x J2)

	Note 1:	J2 = 5 (or TBD) (J2>K1) is the measurement relaxation factor applicable for UE fulfilling the StationaryEvalutation criterion.



Proposal 3: The stationary evaluation of intra-frequency, inter-frequency and inter-RAT for NR cell in INACTIVE mode requirements shall apply the same requirements in Table 4.2.2.g1-g1, Table 4.2.2.g1-g2, and Table 4.2.2.g1-g3, respectively.
Proposal 4: Support extending the time period to at least 24 hours in which the UE can stop its measurements for cell reselection in IDLE/INACTIVE mode, when both stationary criterion and rel-17 not-at-cell edge criterion are satisfied.
Proposal 5: RAN4 may not introduce any new RRM relaxation in CONNECTED mode.
Proposal 6: When both rel-16 and rel-17 RRM relaxation criteria are met, the UE shall perform rel-17 RRM relaxation method.
Proposal 7: 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.
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