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1. Introduction
[bookmark: Proposal_Pattern_Length]This document discusses additional RAN2 impacts to support extended DRX (eDRX) in RRC_INACTIVE above 10.24 sec considering latest RAN2#121bis-e agreements and open topics left.
1. Discussion
SDT and eDRX
SA2 replied on the usage of INACTIVE eDRX above 10.24sec and SDT in LS [1] with the following information:
SA2 would like to inform RAN2, and RAN3 that they have agreed the attached CRs (23502CR3944, 23502CR4007, 23501CR4218) which include the following:
· Call flows in TS 23.502 have been adjusted so that NG-RAN decides if the UE remains in RRC_INACTIVE or can be transitioned to RRC_CONNECTED during resume procedure.
· The N2 message sent by the AMF requesting connection resume (step 2 in 23.502 Figure 4.8.2.2b-1) includes the QFI, 5QI, PPI and ARP of the QoS Flow that triggered the connection resume.
· The N2 message sent by NG-RAN requesting connection resume (step 4b.1 in Figure 4.8.2.2-1) has been extended to include an indication that the UE is now reachable for downlink data and/or signalling, to allow for the case of small data transmission where the UE is kept in RRC inactive state.
SA2 asked in LS [1] for RAN2 and RAN3 to confirm whether the information being provided from core network is the right information i.e. whether it is all required or not. The following points analyse how SDT and eDRX above 10.24sec would work together:
(A) DL SDT data - gNB knowledge of whether DL data available in CN belongs to a RB configured with SDT? 
(B) Large amount of DL SDT data - Whether gNB needs to know about the amount of DL SDT data available in CN in order to trigger normal paging vs MT-SDT paging (i.e., for UE to initiate legacy resume vs SDT due to MT-SDT)? 
(C) DL non-SDT data - Whether gNB needs to know when non-SDT data is available in CN in order to trigger normal paging vs MT-SDT paging (i.e., for UE to initiate legacy resume vs SDT due to MT-SDT)?
For point (A), AMF will provide to RAN information of “QFI, 5QI, PPI and ARP of the QoS Flow” when DL data is available in CN for a UE in INACTIVE eDRX ? 10.24 sec. From RAN point of view, it seems sufficient to only get SDT the QFI of a QoS Flow in order to determine whether it is mapped to a RB configured or not for SDT.
[bookmark: _Toc134391058][bookmark: _Toc134734461][bookmark: _Toc134734939]AMF provides RAN QFI, 5QI, PPI and ARP of the QoS Flow when requesting to resume the connection due to DL data during INACTIVE eDRX > 10.24 sec.
Proposal 1. [bookmark: _Toc134391060][bookmark: _Toc134391081][bookmark: _Toc134734463][bookmark: _Toc134734941]RAN2 responds to SA2 that the QFI of the QoS Flow provided from CN to RAN when requesting connection resume via an N2 message is sufficient for RAN to determine whether the DL data available in CN belongs or not to a RB configured for SDT.
For points (B) and (C), based on current SA2 agreed CRs, gNB would not know about the amount of DL data available or whether there is also non-SDT data available until the resumption is initiated and the DL data is passed to the gNB, i.e. gNB cannot know about this before triggering paging. There are two options:
option 1) Not to ask/inform SA2. For this option, gNB would always initiate MT-SDT paging when CN request to initiate resume for a QoS flow that is mapped to a RB configured for SDT. I.e., gNB would not be able to check points (B) and (C). Therefore after initiating SDT procedure, it would be up to gNB to determine whether the transition to RRC_CONNECTED is required (or not). The disadvantages of this option 1) are that MT-SDT paging indication might be sent unnecessarily, and additional signaling to move the UE from SDT procedure into RRC_CONNECTED.
option 2) Ask SA2 whether AMF could inform about the amount of DL SDT data available or when the amount of DL data is above certain threshold (point (B)), and potentially also when DL data belonging to other QoS flows becomes available in CN.
Proposal 2. [bookmark: _Toc134391061][bookmark: _Toc134391082][bookmark: _Toc134734464][bookmark: _Toc134734942]To discuss whether CN should inform to RAN about the amount of DL SDT data available in CN or whether there is also non-SDT data available in CN when requesting to resume the connection.

Dependency of eDRXs in RRC_INACTIVE
RAN2#121bis-e agreements on dependencies between Rel-18 and Rel-17 eDRX are as follows:
UE can support Rel-18 enhanced eDRX, only if it supports Rel-17 RRC_IDLE eDRX. TBD if it must also support Rel-17 RRC_INACTIVE eDRX.
A cell can allow Rel-18 INACTIVE eDRX, only if eDRX-AllowedIdle is configured. TBD if it must also configure Rel-17 RRC_INACTIVE eDRX.
RAN2 left an FFS on whether there is any dependency required with Rel-17 INACTIVE eDRX above and below 10.24sec. From UE power saving point of view, it could be beneficial if UE supports both assuming that RAN2 confirms the working assumption that a UE configured with Rel-18 INACTIVE eDRX is allowed to fallback to Rel-17 INACTIVE eDRX when Rel-18 one is not allowed/supported by the cell. On other hand, from paging functionality point of view, there is no technical requirement to mandate UE support of both features. 
Proposal 3. [bookmark: _Toc134305062][bookmark: _Toc131025438][bookmark: _Toc131712563][bookmark: _Toc131712576][bookmark: _Toc134305067][bookmark: _Toc134391062][bookmark: _Toc134391083][bookmark: _Toc134734465][bookmark: _Toc134734943][bookmark: _Toc131025424][bookmark: _Toc131685976][bookmark: _Ref131712239][bookmark: _Toc131712548][bookmark: _Toc131712579][bookmark: _Toc134305063]No dependency for support is defined between Rel-17 INACTIVE eDRX and Rel-18 INACTIVE eDRX features (i.e., decision is left up to UE implementation).
RAN2#121bis-e progress on whether UE is or not allowed to fallback between Rel-18 and Rel-17 eDRX is as follows:
Working assumption (pending specification complexity and NW complexity evaluation): UEs configured with Rel-18 enhanced INACTIVE eDRX should fall back to use Rel-17 INACTIVE eDRX (if capable and configured with Rel-17 INACTIVE eDRX) if the Rel-18 enhanced INACTIVE eDRX is not allowed but the Rel-17 INACTIVE eDRX is allowed by the current cell. gNB has the possibility to configure both Rel-17 INACTIVE eDRX and Rel-18 INACTIVE eDRX, allowing the UE to fall back to use Rel-17 INACTIVE eDRX.
To understand the potential complexity or implications, we suggest to discuss how paging would work on this fallback scenario:
1) gNB_1 moves UE to RRC_INACTIVE including configurations for Rel-18 INACTIVE eDRX (> 10.24sec) and for Rel-17 INACTIVE eDRX (≤ 10.24sec).
2) When gNB_1 has to initiate RAN paging over the radio interface for this UE:
a. If Rel-18 INACTIVE eDRX (> 10.24sec) is allowed by the network, RAN paging is performed considering that UE is using Rel-18 INACTIVE eDRX (> 10.24sec), if configured.
b. If Rel-18 INACTIVE eDRX (> 10.24sec) is not allowed while Rel-17 INACTIVE eDRX (≤ 10.24sec) is allowed by the network, RAN paging is performed considering that UE is using Rel-17 INACTIVE eDRX (≤ 10.24sec), if configured.
c. If Rel-18 INACTIVE eDRX (> 10.24sec) and Rel-17 INACTIVE eDRX (≤ 10.24sec) are not allowed by the network, RAN paging is performed considering that UE is using legacy INACTIVE DRX.
3) When gNB_1 informs other gNB_x belonging to UE’s configured RNA, gNB_1 would need to provide UE’s configured DRX cycles, including both for Rel-18 INACTIVE eDRX (> 10.24sec) and for Rel-17 INACTIVE eDRX (≤ 10.24sec). Later gNB_x behaves as explained in previous step (2).
We do not see any major concern apart that Xn signaling needs to include both INACTIVE eDRX configurations and TS 38.304 would have to explain which DRX cycle is actually monitored. On summary, we understand that the related working assumption could be confirmed, i.e., the fallback scenario is allowed (assuming that Rel-17 INACTIVE eDRX is supported by UE and its usage is allowed by the network). 
Proposal 4. [bookmark: _Toc134305064][bookmark: _Toc134305068][bookmark: _Toc134391063][bookmark: _Toc134391084][bookmark: _Toc134734466][bookmark: _Toc134734944]RAN2 confirms the following working assumption “UEs configured with Rel-18 enhanced INACTIVE eDRX should fall back to use Rel-17 INACTIVE eDRX (if capable and configured with Rel-17 INACTIVE eDRX) if the Rel-18 enhanced INACTIVE eDRX is not allowed but the Rel-17 INACTIVE eDRX is allowed by the current cell. gNB has the possibility to configure both Rel-17 INACTIVE eDRX and Rel-18 INACTIVE eDRX, allowing the UE to fall back to use Rel-17 INACTIVE eDRX”.
Proposal 4.1. [bookmark: _Toc134305065][bookmark: _Toc134305069][bookmark: _Toc134391064][bookmark: _Toc134391085][bookmark: _Toc134734467][bookmark: _Toc134734945]Inform RAN3 of this fallback scenario in case anything needs to be updated on Xn related signaling/operation.

[bookmark: _Toc131685977][bookmark: _Toc131685978]Paging for UE in RRC_INACTIVE with eDRX > 10.24sec 
RAN2 confirmed that the following Rel-17 eDRX invalid cases are also applicable now:
UE is configured with a Rel-18 enhanced INACTIVE eDRX cycle but not configured with the IDLE eDRX cycle.
UE is configured with a Rel-18 enhanced INACTIVE eDRX cycle longer than the IDLE eDRX cycle.
RAN2 paging related agreements for UE configured with INACTIVE eDRX > 10.24sec are summarized as follows:
· PTW length value range for Rel-18 INACTIVE eDRX is the same as Rel-17 IDLE eDRX (i.e. from 1.28s to 40.96s in the step of 1.28s).
· RAN PTW length is mandatorily present within Rel-18 INACTIVE eDRX’s configuration.
· RAN PTW start:
· For the overlapping PH (i.e., when RAN and CN paging coincide in the same PH), RAN PTW starting location is determined based on CN eDRX cycle (i.e., the actually used PTW starting location is the same for RAN and CN paging).
· For non-overlapping PH, FFS (*1).
· For the PH calculation of RAN paging for Rel-18 INACTIVE eDRX > 10.24sec
· UE_ID_H used is the same as Rel-17 IDLE eDRX
· TeDRX_RAN is used instead of TeDRX_CN 
· T calculation:
· In an overlapped or non-overlapped PH: 
· Within RAN PTW and outside CN PTW, T = RAN configured DRX cycle
· In an overlapped PH: 
· Within CN PTW and outside RAN PTW, T = min {CN configured DRX cycle, default paging cycle broadcast in system information}. 
· FFS whether it is an allowed scenario (*2)
· Within both CN PTW and RAN PTW, T = min {CN configured DRX cycle, RAN configured DRX cycle, default paging cycle broadcast in system information}.
This behaviour is used by a UE with Rel-18 INACTIVE eDRX would be as follows considering current agreements:
The PH for CN is the H-SFN satisfying the following equations:
H-SFN mod TeDRX_RAN= (UE_ID_H mod TeDRX_RAN), where
-	UE_ID_H: 13 most significant bits of the Hashed ID.
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 [for overlapping PH]
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
The following are the open questions that RAN2 still needs to conclude:
· Whether RAN PTW start is calculated using RAN or CN eDRX cycle for the non-overlapping PH (*1). It seems simpler to always use the PTW start using always the same parameter.
· Whether RAN PTW length needs to be the same or not as CN PTW length (*2). In our understanding, it is preferable to have the same length to always guarantee that UE is always reachable by CN within CN PTW window while UE may still be in RRC_INACTIVE monitoring RAN PTW window. An alternative could be that RAN PTW is always equal or greater than CN PTW but this seems not ideal understanding that PTW should always be as small as possible to guarantee the maximum UE power saving.
Proposal 5. [bookmark: _Toc134391065][bookmark: _Toc134305066][bookmark: _Toc131025432][bookmark: _Toc131685987][bookmark: _Toc131712557][bookmark: _Toc131712588][bookmark: _Toc134305070][bookmark: _Toc134391066][bookmark: _Toc134391086][bookmark: _Toc134734468][bookmark: _Toc134734946]RAN PTW start is calculated using CN eDRX cycle for the non-overlapping PH, and RAN PTW length is the same as the CN PTW length.
[bookmark: _Toc134305016][bookmark: _Toc134305017][bookmark: _Toc134305018][bookmark: _Toc134305019][bookmark: _Toc134305020][bookmark: _Toc134305021][bookmark: _Toc134305022][bookmark: _Toc134305023][bookmark: _Toc134305024][bookmark: _Toc134305025][bookmark: _Toc134305026][bookmark: _Toc134305027][bookmark: _Toc134305028][bookmark: _Toc134305029][bookmark: _Toc134305030][bookmark: _Toc134305056][bookmark: _Toc134305057][bookmark: _Toc134305058][bookmark: _Toc134305059][bookmark: _Toc134305060]



1. [bookmark: _Toc465993148][bookmark: _Toc465993084]Conclusion
The observations captured are the following:
Observation 1.	AMF provides RAN QFI, 5QI, PPI and ARP of the QoS Flow when requesting to resume the connection due to DL data during INACTIVE eDRX > 10.24 sec.
The proposals captured are the following:
Proposal 1.	RAN2 responds to SA2 that the QFI of the QoS Flow provided from CN to RAN when requesting connection resume via an N2 message is sufficient for RAN to determine whether the DL data available in CN belongs or not to a RB configured for SDT.
Proposal 2.	To discuss whether CN should inform to RAN about the amount of DL SDT data available in CN or whether there is also non-SDT data available in CN when requesting to resume the connection.
Proposal 3.	No dependency for support is defined between Rel-17 INACTIVE eDRX and Rel-18 INACTIVE eDRX features (i.e., decision is left up to UE implementation).
Proposal 4.	RAN2 confirms the following working assumption “UEs configured with Rel-18 enhanced INACTIVE eDRX should fall back to use Rel-17 INACTIVE eDRX (if capable and configured with Rel-17 INACTIVE eDRX) if the Rel-18 enhanced INACTIVE eDRX is not allowed but the Rel-17 INACTIVE eDRX is allowed by the current cell. gNB has the possibility to configure both Rel-17 INACTIVE eDRX and Rel-18 INACTIVE eDRX, allowing the UE to fall back to use Rel-17 INACTIVE eDRX”.
Proposal 4.1.	Inform RAN3 of this fallback scenario in case anything needs to be updated on Xn related signaling/operation.
Proposal 5.	RAN PTW start is calculated using CN eDRX cycle for the non-overlapping PH, and RAN PTW length is the same as the CN PTW length.
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