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Introduction
The revised WID on support of reduced capability (RedCap) NR devices has been approved in [1]. RAN4 has started work on the support of RedCap NR devices, where the related study item has been concluded in TR 38.875. 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.


This contribution provides 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

Based on the agreements, the eDRX configurations for idle and for inactive can be different. Regarding the eDRX length for RRC_IDLE and RRC_ INACTIVE, RAN2 sent an LS to SA2 and CT1 [2] to ask whether it is feasible to specify extended DRX up to 10485.76 s. CT1 replied that extended DRX cycles of up to 10485.76 seconds in RRC_IDLE are already supported since Release 16 for NB-IoT connected to the 5GC. Therefore it is feasible to extend this support to RedCap UEs in RRC_IDLE in Release 17 [3]. However CT1 and SA2 could not reach consensus regarding the feasibility of extending extended DRX in RRC_INACTIVE up to 10485.76 seconds. 
RedCap UE in idle mode shall monitor CN paging. As UE only monitors paging in PTW, the measurement requirements for eDRX shall be defined assuming UE measures according to the DRX cycle within the eDRX PTW, while UE is not required to measure outside eDRX PTW.
In LTE TS36.133, the measurement requirements when eDRX is configured in Idle mode are specified as below (see Table 4.2.2.3-2). The cell reselection requirement are related with PTW and DRX cycles where the eDRX cycles are within range [5.12s, 2621.44s]. To guarantee the measurement is completed in one PTW, the measurement period is one DRX cycle. The evaluation period and detection time are also shorter than in normal DRX.
Table 4.2.2.3-2: Tdetect,EUTRAN_Intra, Tmeasure,EUTRAN_Intra and Tevaluate,E-UTRAN_intra for UE configured with eDRX_IDLE cycle [TS 36.133]
	eDRX_IDLE cycle length [s]
	DRX cycle length [s]
	PTW length [s] (number of 1.28s periods)
	Tdetect,EUTRAN_Intra [s] (number of DRX cycles)
	Tmeasure,EUTRAN_Intra [s] (number of DRX cycles)
	Tevaluate,E-UTRAN_intra
[s] (number of DRX cycles)

	5.12 ≤ eDRX_IDLE cycle length ≤ 2621.44
	0.32
	≥1.28 (1)
	
 (23)
	0.32 (1)
	0.64 (2)

	
	0.64
	≥1.28 (1)
	
	0.64 (1)
	1.28 (2)

	
	1.28
	≥2.56 (2)
	
	1.28 (1)
	2.56 (2)

	
	2.56
	≥5.12 (4)
	
	2.56 (1)
	5.12 (2)

	NOTE 1: The number of DRX cycles in this table is given for the DRX cycles within PTWs.
NOTE 2: The eDRX_IDLE cycle lengths are as specified in Section 10.5.5.32 of TS 24.008 [34].



In R17 NR Redcap, the cell reselection requirements based on eDRX in idle mode is supposed to be specified. At this phase we think the structure of defining cell reselection requrements under PTW configuration in LTE can used for Red Cap UE as a starting point. As both FR1 and FR2 RedCap UE are in the WI scope, the beam scaling factor shall be considered. As per RAN2 agreements, for Redcap UE the lower bound of eDRX in RRC_IDLE is 2.56s and the upper bound is 10485.76s.  Herein Table 1 provides one example of specifying cell reselection requirements for RedCap UE with eDRX cycle in idle mode (taking inter-frequency as an example).
Table 1. Cell reselection requirements for RedCap UE with eDRX cycle in idle mode (taking inter-frequency as an example)
	eDRX_IDLE cycle length [s]
	DRX cycle length [s]
	PTW length [s] (number of 1.28s periods)
	Scaling Factor (N1)
	Tdetect,NR_ [s] (number of DRX cycles)
	Tmeasure,NR [s] (number of DRX cycles)
	Tevaluate,NR [s] (number of DRX cycles)

	
	
	
	FR1
	FR2Note1
	
	
	

	5.12
	5.12
	-
	1
	8
	117.76 x N1 (23 x N1)
	5.12 x N1 (1 x N1)
	10.24 x N1 (2 x N1)

	10.24
	10.24
	-
	
	
	235.52 x N1 (23 x N1)
	10.24 x N1 (1 x N1)
	20.48 x N1 (1 x N1)

	10.24< eDRX_IDLE cycle length ≤10485.76
	0.32
	≥1.28 (1)
	
	
	

	TBD
	TBD

	
	0.64
	≥1.28 (1)
	
	5
	
	TBD
	TBD

	
	1.28
	≥2.56 (2)
	
	4
	
	TBD
	TBD

	
	2.56
	≥5.12 (4)
	
	3
	
	TBD
	TBD



Proposal 1: Cell reselection requirements for RedCap UE with eDRX cycle in idle mode can be specified as below,
	eDRX_IDLE cycle length [s]
	DRX cycle length [s]
	PTW length [s] (number of 1.28s periods)
	Scaling Factor (N1)
	Tdetect,NR_ [s] (number of DRX cycles)
	Tmeasure,NR [s] (number of DRX cycles)
	Tevaluate,NR [s] (number of DRX cycles)

	
	
	
	FR1
	FR2Note1
	
	
	

	5.12
	5.12
	-
	1
	8
	117.76 x N1 (23 x N1)
	5.12 x N1 (1 x N1)
	10.24 x N1 (2 x N1)

	10.24
	10.24
	-
	
	
	235.52 x N1 (23 x N1)
	10.24 x N1 (1 x N1)
	20.48 x N1 (1 x N1)

	10.24< eDRX_IDLE cycle length ≤10485.76
	0.32
	≥1.28 (1)
	
	
	

	TBD
	TBD

	
	0.64
	≥1.28 (1)
	
	5
	
	TBD
	TBD

	
	1.28
	≥2.56 (2)
	
	4
	
	TBD
	TBD

	
	2.56
	≥5.12 (4)
	
	3
	
	TBD
	TBD



RedCap UE in inactive mode shall monitor both CN paging and RAN Paging. As we discussed above, so far there is no conclusion on the upper bound in RRC_INACTIVE. 
- As per the agreements in RAN2, the parameters of PH, PTW and H-SFN are not applied for the eDRX≤ 10.24s. Therefore if the extended DRX for RRC_INACTIVE is up to 10.24s, there is no PTW for RRC_INACTIVE. This case is similar as LTE RRC_INACTIVE state requirements for eMTC. Therefore the reselection requirements for RedCap UE with both RRC_IDLE eDRX configuration and RRC_INACTIVE eDRX configuration can be defined only based on monitoring of RAN initiated POs.
-If the extended DRX for RRC_INACTIVE can be larger than 10.24s, two PTW (one for RRC-IDLE and the other for RRC_INACTIVE) with different parameters (e.g., PTW starting point, length, etc.) can be present at the same time. This scenario is complex and how to define the measurement needs further discussion.
Proposal 2: For RedCap UE in inactive mode with both RRC_IDLE eDRX configuration and RRC_INACTIVE eDRX configuration, 
· If the extended DRX for RRC-Inactive is up to 10.24s which depends on CT1/SA2 conclusion, the cell reselection requirements can be only based on monitoring of RAN initiated POs;
· If the extended DRX for RRC_INACTIVE is larger than 10.24s, two PTW can be present at the same time. How to define the measurement needs further discussion.
Conclusions
This contribution provides analysis on the measurement requirements for RedCap UE when eDRX is configured. According to the analysis, we propose the following proposals.
Proposal 1: Cell reselection requirements for RedCap UE with eDRX cycle in idle mode can be specified as below,
	eDRX_IDLE cycle length [s]
	DRX cycle length [s]
	PTW length [s] (number of 1.28s periods)
	Scaling Factor (N1)
	Tdetect,NR_ [s] (number of DRX cycles)
	Tmeasure,NR [s] (number of DRX cycles)
	Tevaluate,NR [s] (number of DRX cycles)

	
	
	
	FR1
	FR2Note1
	
	
	

	5.12
	5.12
	-
	1
	8
	117.76 x N1 (23 x N1)
	5.12 x N1 (1 x N1)
	10.24 x N1 (2 x N1)

	10.24
	10.24
	-
	
	
	235.52 x N1 (23 x N1)
	10.24 x N1 (1 x N1)
	20.48 x N1 (1 x N1)

	10.24< eDRX_IDLE cycle length ≤10485.76
	0.32
	≥1.28 (1)
	
	
	

	TBD
	TBD

	
	0.64
	≥1.28 (1)
	
	5
	
	TBD
	TBD

	
	1.28
	≥2.56 (2)
	
	4
	
	TBD
	TBD

	
	2.56
	≥5.12 (4)
	
	3
	
	TBD
	TBD


Proposal 2: For RedCap UE in inactive mode with both RRC_IDLE eDRX configuration and RRC_INACTIVE eDRX configuration, 
· If the extended DRX for RRC-Inactive is up to 10.24s which depends on CT1/SA2 conclusion, the cell reselection requirements can be only based on monitoring of RAN initiated POs;
· 
· If the extended DRX for RRC_INACTIVE is larger than 10.24s, two PTW can be present at the same time. How to define the measurement needs further discussion.
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