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1. Introduction
This contribution provides further consideration on eDRX for RedCap UE bases on the updated eDRX objects agreed in RAN#91e[3]:
	· 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.


2. Discussion
According to updated WID, eDRX cycle for RRC inactive and Idle can be up to 10485.76s. The details of mechanism and feasibility regarding maximum length of eDRX cycle for RRC inactive and idle need to be checked by SA2, CT1 and/or RAN4. As discussed in SI phase, the upper value of eDRX cycle for RRC inactive is limited by NAS transmission timer. Per our understanding, either NAS retransmission timer needs to be extended or CN has to buffer DL data for UE in RRC inactive. However, this should be checked by SA2/CT1.
Proposal 1: Send LS to SA2/CT1 to check the mechanism and feasibility to support eDRX cycle up to 10485.76s for RRC inactive and RRC idle.
UE in RRC idle has more restrict power saving requirement than in RRC inactive. There is no reason to configure eDRX for RRC inactive but not configure eDRX for RRC idle. Similarly, there is no reason to configure a longer eDRX cycle for RRC inactive than for RRC idle. Thus we prefer to define some limitation to the eDRX configuration.
Proposal 2: The eDRX for RRC inactive can be configured only when eDRX for RRC idle is configured. If configured, the eDRX cycle for RRC inactive is no longer than eDRX cycle for RRC idle.
According to updated RedCap WID, eDRX for RRC Inactive and Idle with eDRX cycles can be configured up to 10.24s without using PTW and PH, and with common design (e.g. common set of eDRX values) between RRC Inactive and Idle. However, it is unclear whether UE in RRC inactive can be configured with eDRX for RRC idle only but no eDRX for RRC inactive. Per our understanding, this kind of configuration provides some flexibility, i.e. UE monitor RAN paging according to RAN paging cycle but not eDRX cycle. And it is allowed in LTE-M and NB-IoT.
Proposal 3: UE in RRC inactive can be configured with eDRX for RRC idle but without eDRX for RRC inactive.
For the case that both eDRX for RRC idle and RRC inactive are larger than 10.24s, several options regarding two PTW issue are captured in RedCap TR [2]:
	The following solutions can be considered for PTW and eDRX cycle configuration for RRC_IDLE and RRC_INACTIVE:
-	A common PTW and eDRX cycle.
-	A common PTW but with different eDRX cycle.
-	A common eDRX cycle but with different PTW length.
-	Different eDRX cycle and different PTW length.


Per our understanding, it is more flexible to have different eDRX cycles for RRC idle and RRC inactive. The eDRX for RRC inactive can take DL traffic pattern into consideration, e.g. to configure short eDRX cycle for RRC inactive. At the same time, eDRX cycle for RRC idle can still be a very large one to achieve extreme UE power saving.
If the two different eDRX cycles are configured, the idle PTW can be overlapped with inactive PTW if eDRX cycle for RRC idle is configured as a multiple of eDRX cycle for RRC inactive. In this way, unnecessary paging monitoring can be avoid. 
As to the PTW length, its intention is to provide multiple chances for paging to improve robustness. We see no reason to have different PTW length for RRC idle and RRC inactive. 
Following figure shows an example of common PTW with different eDRX cycle for RRC inactive and RRC idle.


Figure 1: example of “common PTW with different eDRX cycle”
Proposal 4: To support “common PTW with different eDRX cycle” in the case eDRX cycle for both RRC idle and RRC inactive are larger than 10.24s.
According to updated WID and RedCap TR, eDRX can be configured for UR in RRC idle and RRC inactive state. For UE in RRC inactive state operating in eDRX, it should monitor both CN paging and RAN paging in case RRC state mismatch between UE and network. In different combination of the two eDRX cycle length, UE behavior in monitoring CN paging and RAN paging may differ.
In case eDRX cycle is no larger than 10.24s, eDRX cycle for RRC inactive and RRC idle support common value. In LTE-M/NB-IoT, in the case the eDRX cycle is shorter 10.24s, i.e. 5.12s, take T=5.12 in the PF/PO formula. For RedCap, it is reasonable to take this common eDRX cycle as the T for PF/PO calculation. UE monitor CN and RAN paging on the same PF/PO.
Proposal 5: In case eDRX cycle for RRC idle and RRC inactive are no longer than 10.24s, set the common eDRX cycle as T in PF/PO determination.
In RedCap SI phase, it is agreed if eDRX cycle beyond 10.24s, a mechanism similar to what is specified for LTE is reused. This mechanism includes the use of H-SFN, PH and PTW. In LTE-M and NB-IoT, the H-SFN of PH, 
In LTE-M/NB-IoT, in case the eDRX cycle equal to or larger than 10.24s, PTW is applied for CN paging monitoring. UE monitor CN and RAN paging according to following rule: UE monitor paging based on the shortest of RAN paging cycle, the UE specific paging cycle if configured, and default paging cycle during PTW which is determined by eDRX cycle for RRC idle. UE monitor paging based on RAN paging cycle outside the PTW.
For RedCap, this rule can be reused in the case that eDRX cycle is larger than 10.24s while eDRX cycle for RRC inactive is shorter or equals to 10.24s.
Proposal 6: In the case eDRX cycle for RRC idle is longer than 10.24s and eDRX cycle for RRC inactive is shorter than or equals to 10.24s, following rule is used: 
- During the PTW according to eDRX for RRC idle, UE monitor paging based on the shortest of RAN paging cycle, the UE specific paging cycle if configured, and default paging cycle. 
- Outside the PTW according to eDRX for RRC idle, UE monitor paging based on RAN paging cycle.
In the case eDRX cycle for both RRC idle and RRC inactive are larger than 10.24s, there will be two kind of PTWs which are based on the two eDRX cycles respectively. In the PTW according to eDRX cycle for RRC idle, UE should monitor paging according to CN paging rule, i.e. set T as the shortest of UE specific paging cycle if configured, default paging cycle and RAN paging cycle. In the PTW according to eDRX cycle for RRC inactive, UE should monitor paging according to RAN paging rule, i.e. set T as RAN paging cycle.
As proposed above, “common PTW with same PTW length” means the PTW based on eDRX cycle for RRC idle always overlaps a PTW based on eDRX cycle for RRC inactive. In the overlapped PTW, UE applies rule for CN paging monitoring which covers the RAN paging monitoring.
Proposal 7: If eDRX cycle for RRC idle and RRC inactive are longer than 10.24s, UE applies following rule:
- During the common PTW, UE monitor paging based on the shortest of UE specific paging cycle, default paging cycle and RAN paging cycle.
- During PTW for RRC inactive only, UE monitor paging based on RAN paging cycle.
Following table summarized the cases:
	Cases
	Configuration For RRC idle
	Configuration For RRC inactive
	Paging monitor rule

	Case 1
	eDRX cycle < = 10.24s
	eDRX cycle < = 10.24s
	T= common eDRX cycle 

	Case 2

	eDRX cycle > 10.24s
	eDRX cycle <= 10.24s
	During idle PTW: T=shortest of UE specific paging cycle, default paging cycle, RAN paging cycle
Out of idle PTW: T= eDRX cycle inactive

	Case 3
	eDRX cycle > 10.24s
	eDRX cycle > 10.24s
	During common PTW: T=shortest of UE specific paging cycle, default paging cycle, RAN paging cycle 
During inactive PTW: T= RAN paging cycle



Another issue is related to system information change notification and acquisition. UE operating in eDRX UE may miss system information change notification is eDRX cycle is longer than SI modification period. In LTE-M/NB-IoT, an eDRX acquisition period mechanism is defined to address this issue. An SI change indicator specific for eDRX UE is defined in short message/paging message. Upon receiving this indicator, UE operating in eDRX acquires system information immediately from the start of the next eDRX acquisition period. The length of eDRX acquisition period depends on the upper bound of eDRX cycle. The NW should ensure eDRX UE can receive paging message during the eDRX acquisition period, i.e. keep the SI related to paging reception unchanged during acquisition period. This mechanism can be reused for NR redcap.
Proposal 8: To introduce eDRX UE specific SI change indicator in NR paging message/short message. Upon receiving this indicator, UE operating in eDRX acquires updated system information at the beginning of next eDRX acquisition period.
If the system information is already updated before the next eDRX acquisition period. UE operating in eDRX should update SI before initiate RRC setup or RRC resume. In LTE-M/NB-IoT, it is up to the UE to check whether its local stored SI message is still valid. LTE-M and NB-IoT provides mechanism for fast validation, i.e. SI value tag in NB-IoT MIB, and system information unchanged indicator in LTE-M MIB.
This mechanism can also be reused for NR redcap, i.e. it is up to UE to validate its local stored SI before initiate RACH, e.g. for periodic RNAU or small data transmission.
Proposal 9: UE operating in eDRX validate its stored SI before initiate RRC setup or RRC resume.
In SI phase, two options are captured in TR regarding which node configure eDRX for RRC inactive. 
	Two options should be considered for the deciding node for the eDRX configuration for RRC_INACTIVE:
Option 1: CN decides the eDRX parameters for RRC_INACTIVE.
-	CN has better insight on the UE traffic profile.
-	Better for addressing potential core network impacts.
-	CN is responsible for eDRX in RRC_IDLE (and UE needs to monitor for CN paging also in RRC_INACTIVE).
-	If RAN2 agrees to consider a common PTW and eDRX cycle configuration, CN based eDRX configuration can be supported with minimum impact to specifications where RAN follows the CN configured cycle. This common configuration can additionally be justified by its simplicity and less expected impacts to other WGs.
Option 2: RAN decides the eDRX parameters for RRC_INACTIVE
-	It provides more flexibility to the RAN node in the configuration of the eDRX parameters.
-	It allows RAN to configure different eDRX cycle for RRC INACTIVE.
-	In R16 LTE-M connected to 5GC, NR-RAN chooses and configures the final eDRX cycle for RRC_INACTIVE (configuration is possible up to 10.24 seconds), based on idle mode eDRX cycle as provided by the AMF.


Per our understanding, the main pro of option 1 is CN has better insight on UE traffic profile. Considering the main intention to have eDRX cycle larger than 10.24s for RRC inactive is to enable small data transmission, the traffic profile should be the main factor in determination of eDRX cycle length.
Further, it is more natural for CN configure common eDRX cycle between RRC idle and RRC inactive in the case eDRX cycle is no larger than 10.24s. And option 1 also allows different eDRX configuration in the case eDRX cycle is larger than 10.24s.
Considering eDRX for RRC inactive is used for RAN paging, CN should inform it before gNB transit UE to RRC inactive. CN can include eDRX cycle for RRC inactive to gNB via initial UE context setup and modification procedure, similar to that in LTE-M/NB-IoT connected to 5GC.
Proposal 10: CN decides eDRX configuration for RRC inactive. CN transmits eDRX configuration for RRC inactive to gNB via initial UE context setup and UE context modification procedures.
The eDRX configuration for RRC idle is negotiated between UE and CN in NAS layer. For eDRX for RRC inactive configuration, there are two options regarding how to configure it to UE: one option is via RRC release message, and another via NAS message as eDRX for RRC idle. Option 1 is more natural and flexible from RAN point of view. And option 1 has no impact on NAS specification. Option 2 is also feasible if CN decides eDRX for RRC inactive.
Proposal 11: RAN2 to discuss how to signal eDRX for RRC inactive to UE:
Option 1: via RRC release message.
Option 2: via NAS procedure.
3. Conclusion
Proposal 1: Send LS to SA2/CT1 to check the mechanism and feasibility to support eDRX cycle up to 10485.76s for RRC inactive and RRC idle.
Proposal 2: The eDRX for RRC inactive can be configured only when eDRX for RRC idle is configured. If configured, the eDRX cycle for RRC inactive is no longer than eDRX cycle for RRC idle.
Proposal 3: UE in RRC inactive can be configured with eDRX for RRC idle but without eDRX for RRC inactive.
Proposal 4: To support “common PTW with different eDRX cycle” in the case eDRX cycle for both RRC idle and RRC inactive are larger than 10.24s.
Proposal 5: In case eDRX cycle for RRC idle and RRC inactive are no longer than 10.24s, set the common eDRX cycle as T in PF/PO determination.
Proposal 6: In the case eDRX cycle for RRC idle is longer than 10.24s and eDRX cycle for RRC inactive is shorter than or equals to 10.24s, following rule is used: 
- During the PTW according to eDRX for RRC idle, UE monitor paging based on the shortest of RAN paging cycle, the UE specific paging cycle if configured, and default paging cycle. 
- Outside the PTW according to eDRX for RRC idle, UE monitor paging based on RAN paging cycle.
Proposal 7: If eDRX cycle for RRC idle and RRC inactive are longer than 10.24s, UE applies following rule:
- During the common PTW, UE monitor paging based on the shortest of UE specific paging cycle, default paging cycle and RAN paging cycle.
- During PTW for RRC inactive only, UE monitor paging based on RAN paging cycle.
Proposal 8: To introduce eDRX UE specific SI change indicator in NR paging message/short message. Upon receiving this indicator, UE operating in eDRX acquires updated system information at the beginning of next eDRX acquisition period.
Proposal 9: UE operating in eDRX validate its stored SI before initiate RRC setup or RRC resume.
Proposal 10: CN decides eDRX configuration for RRC inactive. CN transmits eDRX configuration for RRC inactive to gNB via initial UE context setup and UE context modification procedures.
Proposal 11: RAN2 to discuss how to signal eDRX for RRC inactive to UE:
Option 1: via RRC release message.
Option 2: via NAS procedure.
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