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1 Introduction

In RAN#91e meeting, a revised WID on support of RedCap UEs [1] has been approved. In the WID, one of the objectives is to support eDRX 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
· 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.
In this contribution, we mainly discuss eDRX for RedCap UEs.
2 Discussion

In LTE Rel-13, eDRX was introduced for the purpose of UE power saving. In RRC_IDLE, the maximum value of eDRX cycle is 2621.44 seconds (43.69 minutes). For NB-IoT, the maximum value of eDRX cycle is 10485.76 seconds (2.91 hours). In LTE Rel-16, for LTE-M connected to 5GC, eDRX in RRC INACTIVE has been introduced, and the maximum value of eDRX cycle value in RRC INACTIVE is 10.24s. 

In order to save UE power consumption, especially for some RedCap use cases we aim to support years long battery life, one objective is to support eDRX for RedCap UEs. 
Based on the revised WID approved in RAN#91e meeting，one objective is to support eDRX cycle up to 10485.76 s for both RRC IDLE and RRC INACTIVE, and the feasibility for the maximum eDRX cycle value for RRC IDLE and RRC INACTIVE need to be checked by SA2, CT1 and/or RAN4.
In our view, there is no issue to support eDRX cycle up to 10485.76 s for RRC IDLE from CN side since eDRX has been supported for LTE-M connected to 5GC. But there is NAS retransmission issue to support eDRX cycle beyond 10.24s for RRC INACTIVE, which is also the one reason why eDRX cycle beyond 10.24s in RRC INACTIVE is not supported for LTE-M connected to 5GC. So for NAS retransmission issue, we can send a LS to CT1/SA2 to inform them about RAN2’s preference and ask for feasibility check.
Proposal 1 Send a LS to inform CT1/SA2 about RAN2’s preference and ask for feasibility check.
Since we intend to support eDRX cycle up to 10485.76 s for both RRC IDLE and RRC INACTIVE, the first question is which node is responsible for the eDRX configuration.

In LTE, UE may negotiate eDRX parameters including eDRX cycle and PTW with CN. When the UE is released to RRC IDLE, the UE monitors for CN paging based on the eDRX parameters configured by CN. When the UE is released to RRC INACTIVE, the UE could be configured by RAN with a separate RAN eDRX cycle, and the eDRX cycle value configured by RAN should be up to the eDRX cycle configured by CN. The UE in RRC INACTIVE monitors for both CN paging and RAN paging based on both CN eDRX configuration and RAN eDRX cycle. 
In general, for RedCap, eDRX could be configured in the same manner as that for LTE-M. That is, eDRX parameters including eDRX cycle and PTW for CN paging should be configured by CN, and for UEs in RRC INACTIVE, RAN could configure a different eDRX cycle for RAN paging. The RAN eDRX cycle value should be up to CN eDRX cycle value. The main difference for eDRX between LTE-M and RedCap is that for LTE-M connected to 5GC, the maximum RAN eDRX cycle is 10.24s, so PTW is not used for RAN paging. But for RedCap, eDRX cycle up to 10485.76 s is to be supported for both RRC IDLE and RRC INACTIVE, since for eDRX cycle above 10.24s, PTW is used for paging monitoring, the next question is if the UE is configured with a CN eDRX cycle value above 10.24s, could RAN configure the UE with another RAN eDRX cycle value above 10.24s? If the answer is yes, how to handle the two eDRX configurations?
If RAN is not allowed to configure the UE with a different eDRX cycle, RAN could only page the UE based on eDRX configured by CN, but has no ways to page the UE with a shorter latency. In our view, RAN should be allowed to configure a different eDRX cycle for RAN paging, which could provide more flexible configuration compared with a common eDRX cycle configuration. 
Regarding PTW, from UE power saving point of view, the PTWs for CN paging and RAN paging should be overlapped as much as possible, so a common PTW length and the PTW starting point can be used for both CN paging and RAN paging.
Proposal 2 RAN is allowed to configured a separate RAN eDRX cycle for RAN paging, and a common PTW length and the PTW starting point are used for both CN paging and RAN paging.
Therefore, for a UE in RRC INACTIVE, based on separate eDRX configurations, there may be the following cases:

· Case 1: both CN eDRX cycle and RAN eDRX cycle do not exceed 10.24s

· Case 2: CN eDRX cycle is above 10.24s, and RAN eDRX cycle do not exceed 10.24s

· Case 3: both CN eDRX cycle and RAN eDRX cycle are above 10.24s

For case 1, the UE monitors PO with eDRX cycle T, where T is determined by the shortest of CN eDRX cycle and RAN eDRX cycle.

For case 2, the same PO monitoring mechanism as LTE can be used. i.e., the UE monitors PO with T, and T is determined by the shortest of the RAN paging cycle, the UE specific paging cycle, and the default paging cycle during the PTW, and by the RAN paging cycle outside the PTW. 
For case 3, there may be three kinds of PTW:

· CN PTW, deriving from CN eDRX cycle and does not overlap with RAN PTW;

· RAN PTW, deriving from RAN eDRX cycle and does not overlap with CN PTW;

· common PTW, i,e. overlapping PTW between CN PTW and RAN PTW

The UE monitors PO with DRX cycle T during PTWs, where T is determined as follows:
· For CN PTW, T is determined by the shortest of CN configured DRX cycle, and default DRX cycle and RAN paging cycle.
· For RAN PTW, T is RAN paging cycle.

· For common PTW, T is determined by the shortest of CN configured DRX cycle, default DRX cycle and RAN paging cycle.

Based on above, we propose the following:

Proposal 3 For a UE in RRC INACTIVE, if both CN eDRX cycle and RAN eDRX cycle do not exceed 10.24s, the UE monitors PO with eDRX cycle T, where T is determined by the shortest of CN eDRX cycle and RAN eDRX cycle.

Proposal 4 For a UE in RRC INACTIVE, CN eDRX cycle is above 10.24s, and RAN eDRX cycle do not exceed 10.24s, reuse the PO monitoring mechanism as LTE.
Proposal 5 For a UE in RRC INACTIVE, if both CN eDRX cycle and RAN eDRX cycle are above 10.24s, the UE monitors PO with T during PTW, where T is determined as follows:

· For CN PTW, T is determined by the shortest of CN configured DRX cycle, and default DRX cycle and RAN paging cycle.

· For RAN PTW, T is RAN paging cycle.

· For common PTW, T is determined by the shortest of CN configured DRX value, default DRX cycle and RAN paging cycle.

3 Conclusion

Based on the discussion above, we propose the following: 
Proposal 6 Send a LS to inform CT1/SA2 about RAN2’s preference and ask for feasibility check.
Proposal 7 RAN is allowed to configured a separate RAN eDRX cycle for RAN paging, and a common PTW length and the PTW starting point is used for both CN paging and RAN paging.
Proposal 8 
 For a UE in RRC INACTIVE, if both CN eDRX cycle and RAN eDRX cycle do not exceed 10.24s, the UE monitors PO with eDRX cycle T, where T is determined by the shortest of CN eDRX cycle and RAN eDRX cycle.

Proposal 9 For a UE in RRC INACTIVE, CN eDRX cycle is above 10.24s, and RAN eDRX cycle do not exceed 10.24s, reuse the PO monitoring mechanism as LTE.
Proposal 10 For a UE in RRC INACTIVE, if both CN eDRX cycle and RAN eDRX cycle are above 10.24s, the UE monitors PO with T during PTW, where T is determined as follows:

· For CN PTW, T is determined by the shortest of CN configured DRX cycle, and default DRX cycle and RAN paging cycle.

· For RAN PTW, T is RAN paging cycle.

· For common PTW, T is determined by the shortest of CN configured DRX value, default DRX cycle and RAN paging cycle.

4 Reference

[1] RP-210918, Revised WID on support of reduced capability NR devices

3/3


