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Introduction
The revised WID on support of reduced capability (RedCap) NR devices has been approved in [1]. The WID has the following objectives on introduction of extended DRX: 
	· Specify support for the following Extended DRX enhancements for RedCap UEs [RAN2, RAN3, RAN4]:
· Extended DRX for RRC Inactive and Idle with eDRX cycles up to 10.24 s, without using PTW and PH, and with common design (e.g. common set of eDRX values) between RRC Inactive and Idle
· Extended DRX for RRC Inactive and Idle with eDRX cycles up to 10485.76 s; the details of mechanisms and feasibility regarding maximum length of the extended DRX cycles for RRC Inactive and Idle need to be checked by SA2, CT1 and/or RAN4.
· RAN2 to decide which Node(s) configure eDRX in RRC_Idle and RRC_Inactive.


In RAN4 RRM, some discussion on eDRX were carried out at last meeting. This contribution provides further analysis on the measurement requirements for RedCap UE when eDRX is configured.
Discussion
In RAN2, there are some progress on eDRX for Redcap UE. The agreements are duplicated as below.
In RAN2#113bis, the related agreements are,
	· RAN decides and configures eDRX via RRC for RRC_INACTIVE (FFS on the need and details of coordination with the CN)
· At least for eDRX cycle, the configurations of the eDRX for RRC_IDLE and RRC_INACTIVE can be different (FFS for PTW, e.g. length and starting point, when eDRX cycles are longer than 10.24s)
· RAN2 assumes that CN provides necessary assistance information on eDRX config. for RRC_IDLE to RAN (e.g. reusing eDRX config. defined in “CN Assistance Information for RRC INACTIVE IE” for E-UTRA/5GC).
· eDRX feature, including the related parameters (i.e. PH, PTW. H-SFN) and corresponding paging operation defined for E-UTRA/5GC is used as baseline to enable eDRX >10.24sec for both RRC_IDLE and RRC_INACTIVE in NR/5GC
· RAN2 confirms that CN paging and RAN paging use the same paging frame offset and first PDCCH monitoring occasion in PO, which are configured by RAN without involvement of CN.
· The two parametners are used same as NR R15 
· RAN2 confirms that SI modification mechanism from LTE is used as a baseline for SI change (other than ETWS and CMAS), i.e. by using an eDRX acquisition period and a flag to indicate SI modification for eDRX in Short Message (e.g. systemInfoModification-eDRX)



In RAN2#114e, the related agreements are,
Agreements via email - from offline 110:
1. Lower bound for eDRX configuration in RRC_IDLE and RRC_INACTIVE is 2.56 seconds. Inform SA2/CT1 and check if there is any concern.
2. It is up to RAN to configure the length for PTW for RAN paging, the RAN PTW length can be different from the CN PTW length.
3. When RAN and CN paging coincide in the same PH, the PTW starting locations are the same. FFS how to calculate the PTW starting location so that it is the same for RAN and CN PTW.
Agreements online:
1. Continue in the next meeting the discussion on how UE is expected to monitor RAN and CN PTW, e.g. whether UE in RRC_INACTIVE monitors for only RAN PTW or both CN and RAN PTW when they overlap

In RAN2#115e, the related agreements are,
Agreements:
1. When IDLE eDRX cycle is longer than 10.24s, PH calculation formula defined in LTE is re-used, i.e. 
	PH_CN:  H-SFN mod TeDRX,_CN,H= (UE_ID_H mod TeDRX_CN,H)
	-  where TeDRX_CN,H is equal to IDLE eDRX cycle.
2.	When IDLE eDRX cycle is longer than 10.24s, CN PTW_end calculation formula defined in LTE is re-used, i.e. 
	PTW_end is radio frame satisfying SFN = (PTW_start + L*100 - 1) mod 1024, 
	- where L is PTW length configured by upper layers.
3.	For RRC_IDLE UE, when eDRX cycle is no longer than 10.24s, T is determined by IDLE eDRX cycle. When eDRX cycle is longer than 10.24s, during the CN PTW, T is determined by the shortest of UE specific DRX cycle, if configured by upper layer, and default paging cycle.
4.	For RRC_INACTIVE UE, when IDLE eDRX cycle is longer than 10.24s and Inactive eDRX cycle is not configured, during CN PTW, T is determined by the shortest of UE specific DRX cycle, if configured by upper layer, RAN paging cycle and default paging cycle.
5.	For RRC_INACTIVE UE, when IDLE eDRX cycle is longer than 10.24s and Inactive eDRX cycle is no longer than 10.24s, outside CN PTW, T is determined by INACTIVE eDRX cycle.

Agreements via email - from offline 105 second round:
1. RAN2 considers the configuration as an invalid case, where INACTIVE eDRX cycle is configured but IDLE eDRX cycle is not configured. FFS whether to capture this restriction in RAN2 spec.
2. RAN2 considers the configuration as invalid case, where INACTIVE eDRX cycle is longer than IDLE eDRX cycle. FFS whether to capture this restriction in RAN2 spec.
3. The maximum PTW length is 40.96s when IDLE eDRX cycle is longer than 10.24s.
4. The minimum PTW length is 1.28s and the step length/granularity of PTW length is 1.28 when IDLE eDRX cycle is longer than 10.24s.
5. Introduce an additional new IE for INACTIVE eDRX to contain all values of INACTIVE eDRX cycles (also include values >10.24, if agreed in future).
6. For RRC_INACTIVE UE, when IDLE eDRX cycle is no longer than 10.24s and INACTIVE eDRX cycle is no longer than 10.24s, T is determined by the shortest of IDLE eDRX cycle and INACTIVE eDRX cycle.
7. For RRC_INACTIVE UE, when IDLE eDRX cycle is longer than 10.24s and INACTIVE eDRX cycle is no longer than 10.24s, during CN PTW, T is determined by the shortest of UE specific DRX cycle, if configured by upper layer, INACTIVE eDRX cycle and default paging cycle.
8. eDRX feature is optional for any UE (including RedCap and non-RedCap UEs).

Agreements online:
1. For RRC_INACTIVE UE, when IDLE eDRX cycle is no longer than 10.24s and INACTIVE eDRX cycle is not configured, FFS which option below is adopted for paging monitoring:
	Option 1: T is determined by the shortest of RAN paging cycle, IDLE eDRX cycle, and default paging cycle.
	Option 2: T is determined by the shortest of RAN paging cycle and IDLE eDRX cycle.
2. For RRC_INACTIVE UE, when IDLE eDRX cycle is longer than 10.24s and INACTIVE eDRX cycle is not configured, outside CN PTW, FFS which option below is adopted for paging monitoring:
	Option 1: T is determined by the shortest of RAN paging cycle and default paging cycle.
	Option 2: T is determined by RAN paging cycle.
In RAN2#116e, the related agreements are,
	Agreements via email - from offline 105:
1. The max eDRX cycle length for RRC Inactive is 10.24s in Rel-17
1. PO determination for non-overlapping CN/RN case is applicable to eDRX
1. When IDLE eDRX and INACTIVE eDRX are configured and both cycles are no longer than 10.24s, PO is determined by IDLE eDRX.
1. When IDLE eDRX is configured and is no longer than 10.24s, INACITVE eDRX cycle is not configured, PO is determined by IDLE eDRX.
1. During CN PTW when IDLE eDRX is configured and longer than 10.24s, and INACTIVE eDRX is configured, PO is determined by the shortest value of default paging cycle and UE specific DRX cycle if configured by upper layer.
1. During CN PTW when IDLE eDRX is configure and is longer than 10.24s, INACTIVE eDRX cycle is not configured, PO is determined by the shortest value of default paging cycle and UE specific DRX cycle if configured by upper layer.
1. eDRX supporting UEs are assumed to also support the UE capability on PO determination for non overlapping CN/RN case (Further discuss on the reporting of eDRX capability)
1. The below working agreement is now changed to an agreement.
0. When IDLE eDRX cycle is longer than 10.24s, CN PTW_start calculation formula defined in LTE is re-used as the baseline, as below. FFS whether CN PTW_start position could be configurable by network and in case which node decides the N value. Note: this formula would be revisited if INACTIVE eDRX cycle can be above 10.24s
0. PTW_start denotes the first radio frame of the PH that is part of the PTW and has SFN satisfying the following equation:
0. SFN = 1024/N* ieDRX, where
0. ieDRX = floor(UE_ID_H /TeDRX,H) mod N
0. FFS N = 4 or 8, FFS if N can take other values
1. The same LTE hashed UE_ID calculation is used for UE_ID_H for NR.

Agreements via email - from offline 105 (second round):
· eDRX feature can be supported by non RedCap UEs.
· A UE in idle mode requests eDRX configuration via NAS signalling. FFS if capability signalling in RAN, as part of the UE capability message, is also needed.
· eDRX support is optional for the RedCap UE.
· the UE_ID for eDRX is defined by 5G-S-TMSI mod 4096.
· the eDRX acquisition period is the maximum configurable value of the eDRX cycle
· No eDRX specific on-demand SI enhancements are considered for Rel-17

Agreements online:
· For the eDRX PTW start calculation, agree to N=8. No signalling needed to CN.
· The eDRX acquisition period is the same for IDLE and INACTIVE.
· A)	For RRC_INACTIVE UE, when IDLE eDRX cycle is no longer than 10.24s and INACTIVE eDRX cycle is not configured, T is determined by the shortest of RAN paging cycle and IDLE eDRX cycle.
· B)	For RRC_INACTIVE UE, when IDLE eDRX cycle is longer than 10.24s and INACTIVE eDRX cycle is not configured, outside CN PTW, T is determined by RAN paging cycle.




In last meeting, most issues have reached conclusions for cell reselection requirements in idle mode. In the following, the cell reselection requirements for inactive mode are discussed. 
Cell reselection requirements for inactive RedCap UE
· Measurement principle
CT1 and SA2 agreed to support eDRX up to 10.24s for RRC inactive in R17. Therefore PH, PTW and H-SFN are not applied for eDRX_inactive. As we know UE in inactive mode shall monitor both CN paging and RAN Paging. Therefore even if the idle mode eDRX >10.24s, UE shall monitor within PTW and outside PTW. 
RAN2 has reached agreement on how to determine T (which is used to calculate PO and PF). RAN2’s agreements are summarized in Table 1. 
Table 1. Summary of RAN2 agreements on T determination
	IDLE eDRX
	Inactive eDRX
	T

	>10.24
	N/A
	Within PTW: Min{UE specific DRX cycle(if configured by upper layer), RAN paging cycle, default paging cycle} 

	
	
	Outside PTW: RAN paging cycle

	
	<=10.24
	Within PTW: min{UE specific DRX cycle (if configured by upper layer) , INACTIVE eDRX cycle and default paging cycle}.

	
	
	Outside PTW: INACTIVE eDRX cycle

	<=10.24
	N/A
	min{ RAN paging cycle, IDLE eDRX cycle}

	
	<=10.24
	min{IDLE eDRX cycle, INACTIVE eDRX cycle}



UE needs to monitor both idle mode DRX and inactive mode DRX. Therefore even if the idle mode eDRX >10.24s, UE shall monitor within PTW and outside PTW. Regarding using T or inactive DRX/eDRX cycle to define measurement requirements, we had some considerations:
1. According to T definition in RAN2, the length of T is different within and outside PTW. If T is used for measurement period evaluation, then the measurement period inside and outside PTW would be also different. Then the measurement period would frequently change inside/outside PTW. This would complicate UE measurement implementation. In addition, many transitions between inside and outside PTW would happen. This would further complicate the UE measurement if measurement is based on T. UE performs measurement based on inactive eDRX/DRX cycle. If inactive eDRX/DRX cycle is used for determining measurement period, then the measurement period would be fixed inside and outside PTW.
2. In essence T is for paging occasion rather than for RRM measurement. From measurement perspective, it is no need for UE to perform measurement on each paging occasion. The paging occasion is symbol level which is not fully overlapping with SSB. Before reading PDCCH in PO, UE performs AGC adjustment based SSB, however we don’t think it is a strong reason to limit UE always to perform SSB based intra-frequency measurement and AGC adjustment simultaneously. When UE performs intra-frequency measurement depends on UE implementation.
3. In legacy requirements, the measurement requirement of inter-frequency is the same as that of intra-frequency. It is also agreed in last meeting [5], 
	Issue 1-4-4: Inactive state eDRX inter-frequency requirements 
· Option 1: The inter-frequency measurement requirements for inactive state Redcap UE are the same as these of intra-frequency measurement requirements (vivo) 
Agreement: option 1




If T is used for intra-frequency measurement, then inter-frequency measurement would follow the same way. However in inter-f measurement, UE can not perform measurement simultaneously with paging reception. Therefore using T for defining inter-frequency requirement is not feasible and meaningless.
4. In LTE eMTC, inactive DRX can reach to 10.24s (In LTE, there is no definition of inactive eDRX). The measurement requirements for inactive UE are defined based on inactive DRX. the same principle can be applied for RedCap inactive state.
Therefore we propose UE performs measurement based on inactive eDRX/DRX cycle. Moreover using inactive eDRX/DRX cycle would bring power saving gain compared with using T. 
[bookmark: _GoBack]Proposal 1: Measurement requirements (serving cell, intra-frequency and inter-frequency) for inactive RedCap UE are supposed to be defined based on inactive eDRX/DRX cycle.
Based on the above analysis, the measurement requirements for inactive Redcap UE can be specified in the below Table 1, Table 2 and Table 3.
Table1: Nserv for inactive Redcap UE configured with eDRX_IDLE cycle (Frequency range FR1)
	eDRX_IDLE cycle length [s]
	DRX or eDRX INACTIVE cycle length[s]
	Nserv [number of DRX or eDRX cycles]

	2.56 ≤eDRX_IDLE cycle length ≤10485.76
	0.32
	4

	
	0.64
	4

	
	1.28
	2

	
	2.56
	2

	
	5.12
	2

	
	10.24 
	2



Table 2: Nserv for inactive Redcap UE configured with eDRX_IDLE cycle (Frequency range FR2)
	eDRX_IDLE cycle length [s]
	DRX or eDRX INACTIVE cycle length[s]
	Scaling Factor (N1)
	Nserv [number of DRX or eDRX cycles]

	2.56 ≤eDRX_IDLE cycle length ≤10485.76
	0.32
	8
	4* N1

	
	0.64
	5
	4* N1

	
	1.28
	4
	2* N1

	
	2.56
	3
	2* N1

	
	5.12
	3
	2* N1

	
	10.24 
	3
	2* N1



Table 3: Tdetect, Tmeas and Tevaluate for inactive Redcap UE configured with eDRX_IDLE cycle
	eDRX_IDLE cycle length [s]
	DRX or eDRX INACTIVE cycle length Note1 [s]
	Scaling Factor (N1)
	Tdetect,NR_Inter [s] (number of DRX or eDRX cycles)
	Tmeasure,NR_Inter [s] (number of DRX or eDRX cycles)
	Tevaluate,NR_Inter [s] (number of DRX or eDRX cycles)

	
	
	FR1
	FR2Note1
	
	
	

	2.56 ≤eDRX_IDLE cycle length ≤ 10485.76

	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)

	
	5.12
	
	3
	117.76 x N1 (23 x N1)
	5.12 x N1 (1 x N1)
	15.36 x N1 (3 x N1)

	
	10.24
	
	3
	235.52 x N1 (23 x N1)
	10.24 x N1 (1 x N1)
	30.72 x N1 (3 x N1)



Proposal 2: For RRC_Inactive RedCap UE, Nserv when eDRX_IDLE cycle is configured can be specified in Table 1 and Table 2.
Proposal 3: For RRC_Inactive RedCap UE, Tdetect, Tmeas and Tevaluate when Edrx_Idle is configured can be specified in Table 3.
Conclusions
This contribution provides analysis on the measurement requirements for RedCap UE in active mode when eDRX is configured. According to the analysis, we propose the following proposals.
Proposal 1: Measurement requirements (serving cell, intra-frequency and inter-frequency) for inactive RedCap UE  are supposed to be defined based on inactive eDRX/DRX cycle.
Proposal 2: For RRC_Inactive RedCap UE, Nserv when eDRX_IDLE cycle is configured can be specified in Table 1 and Table 2.
Table1: Nserv for inactive Redcap UE configured with eDRX_IDLE cycle (Frequency range FR1)
	eDRX_IDLE cycle length [s]
	DRX or eDRX INACTIVE cycle length[s]
	Nserv [number of DRX or eDRX cycles]

	2.56 ≤eDRX_IDLE cycle length ≤10485.76
	0.32
	4

	
	0.64
	4

	
	1.28
	2

	
	2.56
	2

	
	5.12
	2

	
	10.24 
	2



Table 2: Nserv for inactive Redcap UE configured with eDRX_IDLE cycle (Frequency range FR2)
	eDRX_IDLE cycle length [s]
	DRX or eDRX INACTIVE cycle length[s]
	Scaling Factor (N1)
	Nserv [number of DRX or eDRX cycles]

	2.56 ≤eDRX_IDLE cycle length ≤10485.76
	0.32
	8
	4* N1

	
	0.64
	5
	4* N1

	
	1.28
	4
	2* N1

	
	2.56
	3
	2* N1

	
	5.12
	3
	2* N1

	
	10.24 
	3
	2* N1



Proposal 3: For RRC_Inactive RedCap UE, Tdetect, Tmeas and Tevaluate when Edrx_Idle is configured can be specified in Table 3.
Table 3: Tdetect, Tmeas and Tevaluate for inactive Redcap UE configured with eDRX_IDLE cycle
	eDRX_IDLE cycle length [s]
	DRX or eDRX INACTIVE cycle length Note1 [s]
	Scaling Factor (N1)
	Tdetect,NR_Inter [s] (number of DRX or eDRX cycles)
	Tmeasure,NR_Inter [s] (number of DRX or eDRX cycles)
	Tevaluate,NR_Inter [s] (number of DRX or eDRX cycles)

	
	
	FR1
	FR2Note1
	
	
	

	2.56 ≤eDRX_IDLE cycle length ≤ 10485.76

	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)

	
	5.12
	
	3
	117.76 x N1 (23 x N1)
	5.12 x N1 (1 x N1)
	15.36 x N1 (3 x N1)

	
	10.24
	
	3
	235.52 x N1 (23 x N1)
	10.24 x N1 (1 x N1)
	30.72 x N1 (3 x N1)
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