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Abstract: This document discusses the potential architecture impact to support eDRX for RedCap UEs in 5GC.
1. Introduction
RAN2 has started work on the support of reduced capability (RedCap) NR devices according to WID in RP-210918. The LS (S2-2103769/R2-2104374) from RAN2 indicates the following objectives, introducing extended DRX for RedCap UEs:
	· 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
· [bookmark: OLE_LINK6][bookmark: OLE_LINK7]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.



The LS also indicates the following agreements on extended DRX for RedCap UEs and request SA2/CT1 for feedback:
	· 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 would like to ask whether it is feasible from SA2 and CT1 perspective to introduce extended DRX up to 10485.76 s in RRC_IDLE and RRC_INACTIVE and if feasible, to specify the necessary support. 
RAN2 would like SA2 and CT1 to take the above aspects into consideration in their work and further consult with RAN2 if needed.
This paper discussed the potential architecture impact to support eDRX for RedCap UEs in 5GC according to the standard progress in RAN WG.
2. Discussion
2.1 Discussion on feasibility of eDRX cycles up to 10485.76s
Regarding to eDRX for RRC Idle, the scheme of eDRX for CM-ILDE for NB-IoT/eMTC access (specified in clause 5.31.7.2 of TS 23.501 and clause 10.2 of TS 24.501) can be reused for RedCap UEs, e.g. the paging timer T3513 shall be calculated considering the eDRX of RedCap UEs.
Observation 1: it is feasible for eDRX for RRC Idle with eDRX cycle up to 10485.76s for RedCap UEs with minor architecture impact.
While regarding to eDRX for RRC Inactive, the following technical issues need to be considered if the eDRX cycle > 10.24s:
· Issue 1: NAS re-transmission timer issues
The typical NAS re-transmission timer value is about 10 s. To avoid the impact on NAS re-transmission, the similar issue has been discussed in former release, e.g. the discussion on the maximum length of extended C-DRX in Release 13, as well as the maximum length of eDRX cycle for CM-CONNECTED for RRC Inactive for eMTC in Release 16. The agreement is to limit the eDRX cycle for RRC Inactive <=10.24s.
To support the eDRX cycle > 10.24s for RRC Inactive, the 5GC needs to be aware of RRC inactive state of the UE. The potential architecture enhancement maybe include:
· The RAN node need to indicate the eDRX cycle for RRC Inactive to 5GC, and the 5GC set the NAS re-transmission timer value accordingly.
· The RAN node need to indicate the RRC state change to 5GC, and the 5GC adjust the NAS re-transmission timer to normal value or longer value.
Observation 2: eDRX for RRC Inactive with eDRX cycle > 10.24s causes NAS re-transmission timer issues and architecture enhancement, e.g. awareness of RRC inactive state of UE in 5GC.
· Issue 2: DL data buffering issues
For DL data handling for eDRX for RRC Inactive, the current scheme for eMTC access (specified in clause 5.31.7.2 of TS 23.501) is that the RAN buffers DL packets up to the duration of the eDRX cycle chosen by NG-RAN.
If the eDRX cycle for RRC Inactive is extended longer value, e.g. up to 10485.76s, it is a big challenge and maybe impossible for RAN to buffer the DL data within such long time. 
And another issue described in R2-2102965 is related to the UE mobility. If a last serving gNB buffers DL data and the device moves to a different RNA, there is no mechanism in Rel-15/16 to deliver the data buffered at the last serving gNB to the receiving gNB. According to the current specifications, if the path switch between the CN and the receiving gNB fails, the buffered data would be discarded and lost. The lack of support for inter-RNA handover and data forwarding could be a limitation with a longer sleep cycle in RRC_INACTIVE.
Potential option is DL data buffering in CN for eDRX for RRC Inactive with the following architecture enhancement:
· The RAN node needs to indicate 5GC to buffer the DL data of a UE, e.g. when the eDRX cycle for RRC Inactive is beyond a redefined threshold value.
· The AMF/SMF needs to indicate the UPF to buffer the DL data.
· The AMF needs to indicate the RAN with pending DL data of a UE, and the RAN will paging the UE based on the indication.
· The RAN needs to indicate the RRC state change to AMF, then the AMF/SMF indicate the UPF to send the DL data to RAN.
Considering the typical traffic characteristic of RedCap UEs (e.g. < 2Mbps for Industrial wireless sensors, 2-4Mbps for Video Surveillance, 10-50 Mbps for Wearable), which are different use cases compared with typical CIoT with small data traffic, it is also a big challenge for UPF to buffer the DL data for RedCap UEs within such long time, e.g. up to 10485.76s. 
Observation 3: Considering DL data buffering issues and significant architecture impact, further evaluation is needed for extending too long eDRX cycle for RRC Inactive (e.g. up to 10485.76s).
2.2 Discussion on eDRX cycles up to 10.24 s without using PTW/PH
As indicated in the RAN2 LS, the eDRX for RRC Inactive and Idle with eDRX cycles up to 10.24 s, without using PTW and PH. While for eDRX cycle up to 10.24s in RRC_IDLE for WB-E-UTRAN, the eDRX paging is using PTW/PH. 
In current registration area management specified in TS 23.501, the following description is given, and it means that the registration area list of a UE access to 5GC can include both WB-E-UTRAN and NR:
“To prevent extra signalling load resulting from Mobility Registration Update occurring at every RAT change, it is preferable to avoid generating a RAT-specific TAI list for a UE supporting more than one RAT.”
If the similar concept of registration area management is applied to the RedCap UEs, then the registration area list of a UE access to 5GC which support both RedCap and WB-E-UTRAN may include both WB-E-UTRAN and RedCap. It needs to be considered how the AMF handle the eDRX paging for the UE, with using PTW/PH or without using PTW/PH?
The potential architecture enhancement maybe include:
· Option 1: the AMF avoid to allocate a registration area list including both WB-E-UTRAN and RedCap.
· Option 2: the AMF paging the UE always with using PTW/PH and send the PTW/PH parameters to RAN, and RAN decides whether to use the PTW/PH or not. 
Observation 4: the different handling of eDRX cycle up to 10.24s for RedCap (without PTW/PH) and WB-E-UTRAN (with PTW/PH) needs to be considered.
2.3 Discussion on coordination between RAN and CN for eDRX configuration
[bookmark: OLE_LINK8][bookmark: OLE_LINK9]As indicated in the RAN2 LS, 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).
Considering that the AMF has supported this assistance information, it is feasible for 5GC to provide the necessary assistance information on eDRX configuration for RRC_IDLE to RAN.
Observation 5: It is feasible that the 5GC provides the necessary assistance information to RAN for eDRX configuration.
3. Conclusion
[bookmark: OLE_LINK5][bookmark: OLE_LINK10]As the above discussion, the following architecture impact to support eDRX for RedCap UEs are observed:
Observation 1: it is feasible for eDRX for RRC Idle with eDRX cycle up to 10485.76s for RedCap UEs with minor architecture impact.
Observation 2: eDRX for RRC Inactive with eDRX cycle > 10.24s causes NAS re-transmission timer issues and architecture enhancement, e.g. awareness of RRC inactive state of UE in 5GC.
Observation 3: Considering DL data buffering issues and significant architecture impact, further evaluation is needed for extending too longe eDRX cycle for RRC Inactive (e.g. up to 10485.76s).
Observation 4: the different handling of eDRX cycle up to 10.24s for RedCap (without PTW/PH) and WB-E-UTRAN (with PTW/PH) needs to be considered.
Observation 5: It is feasible that the 5GC provides the necessary assistance information to RAN for eDRX configuration.
Based on the above observations, the following proposal is provided:
[bookmark: _GoBack][bookmark: OLE_LINK1][bookmark: OLE_LINK2]Proposal 1: it is feasible for eDRX for RRC Idle with eDRX cycle up to 10485.76s, while further evaluation is needed for extending too long eDRX cycle for RRC Inactive.
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