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Introduction
As mentioned in SA2 LS R2-2211136 (S2-2209958) [1], SA2 has supported CN based MT communication handling for UE in RRC_INACTIVE with eDRX cycle beyond 10.24s as below.
	Based on the answer provided by RAN3 and RAN2, SA2 has concluded to support the CN based MT communication handling for UE in RRC_INACTIVE with eDRX (>10.24s) as following.
-	It is agreed to support MT data and signalling handling within the CN when the UE is unreachable due to long extended DRX in RRC inactive.
-	The gNB sends an indication to the CN to handle MT communication while the UE is in RRC_INACTIVE state and provides unreachability information (e.g., eDRX values negotiated between UE and gNB for RRC_INACTIVE state). This allows the CN to apply the HLcom functionality (e.g. data buffering, notifications to other network and application functions etc) based on the unreachability information the gNB provided (as described in CR3705 and CR3555).
-	If the gNB has indicated the UE has entered RRC_INACTIVE to the CN, the gNB also notifies the CN about the RRC State transition back to RRC_CONNECTED (as described in CR3555). 
NOTE 1:	If the indication of UE transition to RRC_INACTIVE is not sent (or sent after UE has entered RRC_INACTIVE) by the gNB then until CN receives it the CN cannot apply HLcom functionality and other NFs will not be aware of the UE reachability, and certain HLcom related services provided to the AF via NEF would not be available. Downlink data transmitted from the UPF to RAN might be discarded and not delivered to the UE.


In RAN2 #120 [2], based on the discussion for the above LS, the following agreement was reached.
	R2 assumes that R3 will provide reply to SA2 question as it is not in R2 domain. No reply from R2 is needed. Any additional impacts to signalling, e.g. negotiation of PTW, can be discussed later (when R2 Redcap WI starts). 


In RAN2 #121 [3], the following agreements were reached.
	The formula of PH/PTW for IDLE eDRX can be reused for enhanced INACTIVE eDRX, for eDRX cycles longer than 10.24s.
RAN2 confirms the R17 agreements made at RAN2#114 for enhanced INACTIVE eDRX: 
· 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.
· When RAN and CN paging coincide in the same PH, the actually used PTW starting location is the same for RAN and CN paging. FFS how to calculate the PTW starting location so that it is the same for RAN and CN PTW.
PTW length value range of enhanced INACTIVE eDRX is same as IDLE eDRX, i.e. from 1.28s to 40.96s in the step of 1.28s.
Long eDRX cycle (>10.24 s) value range of enhanced INACTIVE eDRX is same as IDLE eDRX from 20.48s to 10485.76s, i.e. hf2, hf4, hf8, hf16, hf32, hf64, hf128, hf256, hf512, hf1024
Add the configuration of eDRX cycle (>10.24 s) and PTW length for enhanced INACTIVE eDRX in the RRCRelease message 
Introduce 1 bit indication in SIB1 whether UEs are allowed to use the enhanced INACTIVE eDRX cycle.
FFS if/how to fallback for a UE which is configured with R18 eDRX but the gNB doesn’t indicate support for this.
RAN2 confirms the enhanced INACTIVE eDRX can be applied to all R18 UEs. FFS if it can only be supported by UEs which support R17 eDRX.



In this contribution, we will further discuss the issues related to long eDRX in RRC_INACTIVE state and give our views.
Discussions
 Configuration scenario for Rel-18 RedCap UEs
In Rel-17 RedCap, two restrictions are applied for eDRX function:
· Restriction 1: INACTIVE eDRX cycle can be configured only when IDLE eDRX cycle is configured considering CN paging can also be monitored in RRC_INACITVE state. 
· Restriction 2: INACTIVE eDRX cycle should be no longer than IDLE eDRX cycle considering power saving requirement of RRC_IDLE state is larger than that of RRC_INACTIVE state. 
Based on these two restrictions, there are four valid configuration scenarios in Rel-17 RedCap as shown in Table 1.
Table 1 Configuration scenarios for Rel-17 RedCap
	Cases
	Configuration For RRC idle
	Configuration For RRC inactive

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

	Case 2
	eDRX cycle < = 10.24s
	eDRX cycle is not configured

	Case 3
	eDRX cycle > 10.24s
	eDRX cycle <= 10.24s

	Case 4
	eDRX cycle > 10.24s
	eDRX cycle is not configured



Similarly, for Rel-18 eRedCap, we think the above two restrictions can also be applied.
Proposal 1: The configuration restrictions and corresponding configuration scenarios for Rel-17 RedCap UE can be reused for Rel-18 eRedCap UE.
With reference to the configuration restrictions, for Rel-18 eRedCap UE, one more valid configuration scenario is identified for UE in RRC_INACTIVE with long eDRX (>10.24s). That is, both eDRX cycle of RRC_IDLE and eDRX cycle of RRC_INACTIVE are configured and eDRX cycle of RRC_INACTIVE state is no longer than that of RRC_IDLE state, as shown in Table 2.
Table 2 New configuration scenario for Rel-18 eRedCap UE
	Cases
	Configuration For RRC idle
	Configuration For RRC inactive

	Case 5
	eDRX cycle > 10.24s
	eDRX cycle > 10.24s and be shorter or equal to eDRX cycle of RRC_IDLE state


Proposal 2: A new configuration scenario where IDLE eDRX cycle is larger than 10.24s and INACTIVE eDRX cycle is also larger than 10.24s but shorter or equal to IDLE eDRX cycle can be considered for Rel-18 eRedCap UE.
 eDRX configuration and T termination for RRC_INACTIVE
In the section 7.4 of TS 38.304, the calculation formulas for PH, PTW_start and PTW_end for IDLE eDRX cycle beyond 10.24s is as below:
	The PH for CN is the H-SFN satisfying the following equations:
H-SFN mod TeDRX_CN= (UE_ID_H mod TeDRX_CN), where
-	UE_ID_H: 13 most significant bits of the Hashed ID.
-	TeDRX_CN: UE-specific eDRX cycle in Hyper-frames, (TeDRX_CN = 2, …, 1024 Hyper-frames) configured by upper layers.
PTW_start denotes the first radio frame of the PH that is part of the PTW and has SFN satisfying the following equation:
SFN = 128 * ieDRX_CN, where
-	ieDRX_CN = floor(UE_ID_H /TeDRX_CN) mod 8
PTW_end is the last radio frame of the PTW and has SFN satisfying the following equation:
SFN = (PTW_start + L*100 - 1) mod 1024, where
-	L = Paging Time Window (PTW) length (in seconds) configured by upper layers


RAN2 has agreed that the formula of PH/PTW for IDLE eDRX can be reused for enhanced INACTIVE eDRX, for eDRX cycles longer than 10.24s. Therefore the above formulas would be reused for RAN PTW calculation. The main change would be to update the subscript in the above formulas to eDRX_RAN for RAN paging accordingly.
Moreover, RAN2 also agreed that, when RAN and CN paging coincide in the same PH, the actually used PTW starting location is the same for RAN and CN paging. It’s easy to understand that, to align the start of RAN PTW and CN PTW can make the overlapping between RAN PTW and CN PTW as much as possible. Furthermore, the paging occasions which need to be monitored can be reduced. In order to achieve such PTW starting location alignment, the formula and parameters for CN PTW start calculation is used for RAN PTW start calculation.
Proposal 3: The formula and parameters for CN PTW start calculation is used for RAN PTW start calculation.

In RAN2#121 meeting, RAN2 has also agreed that 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. Then several possible cases can be found as below. 
Figure 1 shows the case that the RAN PTW is longer than the CN PTW. In which, UE should monitor CN paging and RAN paging during both the CN configured PTW and RAN configured PTW (e.g. the overlapping PTW part), and UE should only monitor RAN paging during the RAN PTW but outside the CN PTW. 
[image: RAN PTW is longer]
Figure 1. The RAN PTW is longer than the CN PTW
Observation 1: when the RAN PTW is longer than the CN PTW, the following cases exist:
· UE should monitor both CN paging and RAN paging during both CN PTW and RAN PTW (e.g. during the overlapping PTW part)
· UE should only monitor RAN paging during the RAN PTW but outside the CN PTW.
 
Figure 2 shows the case that the RAN PTW is shorter than the CN PTW. In which, UE should monitor CN paging and RAN paging during both the CN configured PTW and RAN configured PTW(e.g. the overlapping PTW part), UE should only monitor RAN paging during the RAN PTW but outside the CN PTW (e.g. the RAN PTW number is more than the CN PTW, because the RAN eDRX cycle is shorter than the CN eDRX cycle); and UE should only monitor CN paging during the CN PTW but outside the RAN PTW (e.g. the CN PTW is longer than the RAN).
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Figure 2. The RAN PTW is shorter than the CN PTW
Observation 2: when the RAN PTW is shorter than the CN PTW, the following cases exist:
· UE should monitor both CN paging and RAN paging during both CN PTW and RAN PTW (e.g. during the overlapping PTW part).
· UE should only monitor RAN paging during the RAN PTW but outside the CN PTW.
· UE should only monitor CN paging during the CN PTW but outside the RAN PTW.

Figure 3 shows a special case of figure 2, e.g. one CN PTW includes two RAN PTW. In which, UE should monitor CN paging and RAN paging during both the CN PTW and RAN PTW(e.g. the overlapping PTW part), UE should only monitor RAN paging during the RAN PTW but outside the CN PTW (e.g. the RAN PTW number is more than the CN PTW, because the RAN eDRX cycle is shorter than the CN eDRX cycle); and UE should only monitor CN paging during the CN PTW but outside the RAN PTW (e.g. the CN PTW is longer than the RAN).
[image: CN PTW includes RAN eDRX]
Figure 3. One CN PTW includes two RAN PTW
Observation 3: when one CN PTW includes two RAN PTW, the following cases exist:
· UE should monitor both CN paging and RAN paging during both the CN PTW and RAN PTW (e.g. during the overlapping PTW part).
· UE should only monitor RAN paging during the RAN PTW but outside the CN PTW.
· UE should only monitor CN paging during the CN PTW but outside the RAN PTW.

Since it has been agreed that the RAN eDRX cycle is less than or equal to the CN eDRX cycle, and RAN PTW length can be different from the CN PTW length, all these three cases cannot be excluded. Finally all the related UE behaviors need to be specified.
Proposal 4a: The following UE behaviors need to be specified:
· UE should monitor CN paging and RAN paging during both the CN PTW and RAN PTW (e.g. during the overlapping PTW part).
· UE should only monitor RAN paging during the RAN PTW but outside the CN PTW.
· UE should only monitor CN paging during the CN PTW but outside the RAN PTW.

Generally, when UE monitors both CN paging and RAN paging, T is determined by the shortest of the UE specific DRX value (s), if configured by RRC and/or upper layers, and a default DRX value broadcast in system information; When UE monitors CN paging only, T is determined by the shortest of the UE specific DRX value , if configured by upper layers, and a default DRX value broadcast in system information; when UE monitors RAN paging only, T is determined by the UE specific DRX value configured by RRC. 
Proposal 4b: T is determined as following:
· During both CN PTW and RAN PTW (e.g. during the overlapping PTW part), T is determined by the shortest of RAN paging cycle, UE specific DRX cycle, if configured by upper layers, and the default DRX cycle broadcast in system information.
· During CN PTW but outside RAN PTW (e.g. in the PHs with only CN paging), T is determined by the shortest of the UE specific DRX cycle, if configured by upper layers, and the default DRX cycle broadcast in system information.
· Outside CN PTW but during RAN PTW (e.g. in the PHs with only RAN paging), T is determined by RAN paging cycle.

Fallback case
In last RAN2 meeting, it has been agreed to introduce 1 bit indication in SIB1 to indicate whether UEs are allowed to use the enhanced INACTIVE eDRX cycle (e.g. long-eDRX-AllowedInactive).
Since different type of gNBs (e.g. pre-Rel-17 gNB, Rel-17 gNB, and Rel-18 and afterwards gNB) may exist in the network, different type of gNBs can configure different RAN DRX Cycle(s) to the UE (if the UE is capable), and different type of gNBs can provide different eDRX allowed indication in SIB, as shown in Table 3. 
Table 3 RAN Paging cycle configuration and eDRX allowed indication
	gNB Type
	RAN DRX Cycle Configuration
	eDRX Allowed

	Does not support RAN eDRX
	ran-PagingCycle: Mandatory
	N/A

	Support short RAN eDRX(Lengh <=10.24s) 
	ran-PagingCycle: Mandatory
ran-ExtendedPagingCycle-r17: Optional
	eDRX-AllowedIdle: Optional
eDRX-AllowedInactive:Optional

	Support long RAN eDRX(Lengh >10.24s) 
	ran-PagingCycle: Mandatory
ran-ExtendedPagingCycle-r17: Optional
ran-ExtendedLongPagingCycle-r18: Optional
	eDRX-AllowedIdle: Optional
eDRX-AllowedInactive: Optional
long-eDRX-AllowedInactive: Optional


If the UE is configured with long RAN eDRX, but long RAN eDRX is not allowed in the cell for UEs in RRC_INACTIVE(e.g. long-eDRX-AllowedInactive is absent in the SIB), there are the following cases for the UE to monitoring RAN paging:
· Case 1: if the UE is configured with short RAN eDRX, and the cell allows the short RAN eDRX, then the UE can use the short RAN eDRX (e.g. ran-ExtendedPagingCycle-r17) for RAN paging monitoring.
· Case 2: if the UE is configured with short RAN eDRX, and the cell does not allow the short RAN eDRX, then the UE can use the RAN DRX cycle (e.g. ran-PagingCycle) for RAN paging monitoring.
· Case 3: if the UE is not configured with short RAN eDRX, then the UE can only use the RAN DRX cycle (e.g. ran-PagingCycle) for RAN paging monitoring.
Observation 4: if the UE is configured with long RAN eDRX, but the long RAN eDRX is not allowed in the paging cell, there are three cases for UE to decide the RAN paging cycle, which is complicated for the UE. 
Considering that the gNBs in one area are usually upgraded simultaneously, the case that there are different type of gNBs in an area is a corner case. Therefore, in order to avoid the UE complexity for RAN paging cycle decision in the case that the UE is configured with long RAN eDRX, but the long RAN eDRX is not allowed in the cell, we suggest that either long RAN eDRX (e.g. ran-ExtendedLongPagingCycle-r18) or short RAN eDRX(e.g. ran-ExtendedPagingCycle-r17) can be configured to the UE, but not the both. 
Observation 5: The case that there are different type of gNBs in a RAN area is a corner case. If the UE is configured with long RAN eDRX, but is not the UE is configured with short RAN eDRX, there is only one case for UE to decide the RAN paging cycle, which is simple for UE. 
So the following proposals are given:
Proposal 5a: If long RAN eDRX is configured (e.g. ran-ExtendedLongPagingCycle-r18) to UE, the short RAN eDRX (e.g. ran-ExtendedPagingCycle-r17) shall not be configured to UE.
Proposal 5b: If long RAN eDRX is configured (e.g. ran-ExtendedLongPagingCycle-r18) to UE, and the long RAN eDRX is not allowed in the cell (e.g. long-eDRX-AllowedInactive is absent in the SIB), the ran-PagingCycle is used for RAN paging.
Conclusions
This contribution presents some of our views on eDRX enhancements for Rel-18 eRedCap. We have the following proposals and observations:
Proposal 1: The configuration restrictions and corresponding configuration scenarios for Rel-17 RedCap UE can be reused for Rel-18 eRedCap UE.
Proposal 2: A new configuration scenario where IDLE eDRX cycle is larger than 10.24s and INACTIVE eDRX cycle is also larger than 10.24s but shorter or equal to IDLE eDRX cycle can be considered for Rel-18 eRedCap UE.

Proposal 3: The formula and parameters for CN PTW start calculation is used for RAN PTW start calculation.

Proposal 4a: The following UE behaviors need to be specified:
· UE should monitor CN paging and RAN paging during both the CN PTW and RAN PTW (e.g. during the overlapping PTW part).
· UE should only monitor RAN paging during the RAN PTW but outside the CN PTW.
· UE should only monitor CN paging during the CN PTW but outside the RAN PTW.

Proposal 4b: T is determined as following:
· During both CN PTW and RAN PTW (e.g. during the overlapping PTW part), T is determined by the shortest of RAN paging cycle, UE specific DRX cycle, if configured by upper layers, and the default DRX cycle broadcast in system information.
· During CN PTW but outside RAN PTW (e.g. in the PHs with only CN paging), T is determined by the shortest of the UE specific DRX cycle, if configured by upper layers, and the default DRX cycle broadcast in system information.
· Outside CN PTW but during RAN PTW (e.g. in the PHs with only RAN paging), T is determined by RAN paging cycle.

Proposal 5a: If long RAN eDRX is configured (e.g. ran-ExtendedLongPagingCycle-r18) to UE, the short RAN eDRX (e.g. ran-ExtendedPagingCycle-r17) shall not be configured to UE.
[bookmark: _GoBack]Proposal 5b: If long RAN eDRX is configured (e.g. ran-ExtendedLongPagingCycle-r18) to UE, and the long RAN eDRX is not allowed in the cell (e.g. long-eDRX-AllowedInactive is absent in the SIB), the ran-PagingCycle is used for RAN paging.
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