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1	Introduction
 
During RAN#93, companies have proposed to study the feasibility whether cross WI features can be supported. In more details, whether SL DRX can be supported for SL relay. There was no conclusion in RAN#93. In this paper, we analyze the complexity due to enabling of cross WI features. 
 
[bookmark: _Ref178064866]2	Discussion
2.1	Impact of SL DRX on Paging  
When a remote UE connects to a relay UE, the remote UE and the relay UE can be in different RRC states. The combination of RRC states is shown in the below table

	RL UE state
	RM UE state
	Validity

	CONNECTED
	CONNECTED
	Valid

	CONNECTED
	INACTIVE
	Valid

	CONNECTED
	IDLE
	Valid

	RRC Inactive
	CONNECTED
	Invalid

	RRC Inactive
	RRC Inactive
	Valid

	RRC Inactive
	IDLE
	Valid

	IDLE
	CONNECTED
	Invalid

	IDLE
	INACTIVE
	Valid

	IDLE
	IDLE
	Valid 


The POs of a UE for CN-initiated and RAN-initiated paging are based on the same UE ID, resulting in overlapping POs for both. In this case, there is no need to distinguish paging option between CN paging and RAN paging. 
For Uu paging, a UE need not monitor paging channels continuously though; Paging DRX is defined where the UE in RRC_IDLE or RRC_INACTIVE is only required to monitor paging channels during one Paging Occasion (PO) per DRX cycle. 
For a UE in RRC_CONNECTED, POs are signalled in system information for SI change indication and PWS notification. 
In order to forward a paging message to remote UE in time, relay UE needs to consider the SL DRX configuration of the remote UE. Otherwise, a paging message may be delayed due to that remote UE is in inactive time on the SL connection. For this issue, RAN2 needs to study the solutions. This incurs additional design efforts for RAN2.
[bookmark: _Toc85718760]RAN2 needs to design solutions on how to avoid paging message is delayed due to SL DRX on the SL.

If remote UE is in RRC CONNECTED and relay UE is in RRC CONNECTED, POs are signaled in system information.  In this case, SL DRX of remote UE can be aligned with POs in the SI.
[bookmark: _Toc85718761]If remote UE is in RRC CONNECTED and relay UE is in RRC CONNECTED, POs are signaled in system information.  SL DRX of remote UE needs to be aligned with POs in the SI.

If remote UE is in RRC IDLE or RRC INACTIVE and relay UE is in RRC CONNECTED, remote UE may be configured with a UE specific Uu DRX cycle for paging. Meanwhile, remote UE may be also configured with SL DRX on the SL connection. Relay UE may be also configured with Uu DRX, i.e., connected mode DRX (C-DRX). In this case, all the three DRX configurations need to be aligned between each other. Obviously, this is a complex job for RAN2 to do given limited time left in Rel-17.
[bookmark: _Toc85718762]If remote UE is in RRC IDLE or RRC INACTIVE and relay UE is in RRC CONNECTED, the three DRX configurations including paging DRX of remote UE, SL DRX of remote UE and Uu DRX of relay UE needs to be aligned between each other.

If remote UE is in RRC IDLE or RRC INACTIVE and relay UE is also in RRC IDLE or RRC INACTIVE, relay UE monitors remote UE’s PO in addition to its own PO. In this case, paging DRX of remote UE needs to be aligned with SL DRX of remote UE.
[bookmark: _Toc85718763]If remote UE is in RRC IDLE or RRC INACTIVE and relay UE is also in RRC IDLE or RRC INACTIVE, paging DRX of remote UE needs to be aligned with SL DRX of remote UE.
As a summary, big standardization efforts are foreseen if RAN2 decides to support SL DRX for SL relay. 

[bookmark: _Toc54276565][bookmark: _Toc85718756]RAN2 needs to design options to avoid paging message of remote UE is delayed due to SL DRX if RAN2 decides to support SL DRX for SL relay.

2.2 Impact of SL DRX on SL relay communication  
There may be DRX configured on both hops i.e., PC5 hop between remote UE and relay UE and Uu hop between relay UE and gNB. For relay traffic with critical delay requirement, it is beneficial to align Uu DRX and SL DRX to ensure the relay traffic to be forwarded to the next hop without too much delay. 

[bookmark: _Toc85718764]For relay traffic with critical delay requirement, it is beneficial to align Uu DRX and SL DRX, which would incur additional design efforts for RAN2.
For the direction from gNB to remote UE via relay UE, the alignment is relatively easier to achieve since relay UE is in coverage to gNB. The gNB will be responsible for providing suitable Uu DRX configuration and SL DRX configuration to the relay UE. RAN2 can directly reuse RAN2 agreements made for alignment between Uu DRX and SL DRX in case of non-relay scenario.  

[bookmark: _Toc85718765]For the direction from gNB to remote UE via relay UE, in order to align Uu DRX and SL DRX, RAN2 can directly reuse RAN2 agreements made for alignment between Uu DRX and SL DRX in case of non-relay scenario.


For the direction from remote UE to gNB via relay UE, any control signalling between remote UE and gNB need to be relayed via relay UE. In this case, for remote UE is in RRC CONNECTED, the gNB can provide suitable SL DRX configuration to remote UE which is aligned to Uu DRX configuration of relay UE. However, for remote UE in RRC IDLE or RRC INACTIVE, it will be difficult to achieve alignment. Remote UE has to determine SL DRX configuration up to its implementation. Relay UE may need to inform remote UE of its Uu DRX for alignment purpose. This will clearly cause design efforts for RAN2. 

[bookmark: _Toc85718766]for remote UE in RRC IDLE or RRC INACTIVE, it will be difficult to achieve alignment. Remote UE has to determine SL DRX configuration up to its implementation. Relay UE may need to inform remote UE of its Uu DRX for alignment purpose.

[bookmark: _Toc85718757]For the direction from remote UE to gNB via relay UE, for remote UE in RRC IDLE or RRC INACTIVE, RAN2 needs to study options on how to achieve alignment between SL DRX and Uu DRX.

2.3	SL DRX impact on SL relay discovery 
In RAN#93, it has been agreed to extend the WID to cover the non-relay discovery (i.e. 5G ProSe Direct Discovery). 
For this extension, it is expected that no additional RAN2 efforts are needed. Both non-relay discovery and relay discovery can be carried in the SRB4. It means that they can be treated with the same priority in the AS. No differentiation is needed in AS.
RAN2 may directly reuse agreements made for SL DRX in case of GC/BC for discovery. The additional design efforts are expected to be minimal.
[bookmark: _Toc85456283][bookmark: _Toc85718758]RAN2 may directly reuse agreements made for SL DRX in case of GC/BC for discovery. The additional design efforts are expected to be minimal.
2.3 General conclusions 
Based on the analyses in the above sections, big work efforts are foreseen for RAN2 in order to support SL DRX for paging and SL communication. Although the design efforts for RAN2 to support SL DRX for discovery may be small. It would be more reasonable for RAN2 to treat SL relay discovery and SL relay communication in the same way. RAN2 is therefore recommended to not support SL DRX for SL relay rather focus on the remaining issues of SL relay to finalize the work items on time. Any discussion on how to enable cross WI features shall be down-prioritized.
 
[bookmark: _Toc83981861][bookmark: _Toc83981862][bookmark: _Toc83981863][bookmark: _Toc83981864][bookmark: _Toc83981865][bookmark: _Toc83981866][bookmark: _Toc83981867][bookmark: _Toc83981868][bookmark: _Toc83981869][bookmark: _Toc83981870][bookmark: _Toc85718767]Although the design efforts for RAN2 to support SL DRX for discovery may be small. It would be more reasonable for RAN2 to treat SL relay discovery and SL relay communication in the same way, i.e., don’t support SL DRX for SL relay.
[bookmark: _Toc70424553]
Due to large design efforts foreseen if RAN2 supports to apply SL DRX for SL relay, we therefore give the following.

[bookmark: _Toc83981875][bookmark: _Toc85718759]RAN2 to conclude to not support SL DRX for SL relay and rather focus on the remaining issues of SL relay to finalize the work items on time in Rel-17.
[bookmark: _Ref189046994]3 Conclusion
In the previous sections we made the following observations: 
Observation 1	RAN2 needs to design solutions on how to avoid paging message is delayed due to SL DRX on the SL.
Observation 2	If remote UE is in RRC CONNECTED and relay UE is in RRC CONNECTED, POs are signaled in system information.  SL DRX of remote UE needs to be aligned with POs in the SI.
Observation 3	If remote UE is in RRC IDLE or RRC INACTIVE and relay UE is in RRC CONNECTED, the three DRX configurations including paging DRX of remote UE, SL DRX of remote UE and Uu DRX of relay UE needs to be aligned between each other.
Observation 4	If remote UE is in RRC IDLE or RRC INACTIVE and relay UE is also in RRC IDLE or RRC INACTIVE, paging DRX of remote UE needs to be aligned with SL DRX of remote UE.
Observation 5	For relay traffic with critical delay requirement, it is beneficial to align Uu DRX and SL DRX, which would incur additional design efforts for RAN2.
Observation 6	For the direction from gNB to remote UE via relay UE, in order to align Uu DRX and SL DRX, RAN2 can directly reuse RAN2 agreements made for alignment between Uu DRX and SL DRX in case of non-relay scenario.
Observation 7	for remote UE in RRC IDLE or RRC INACTIVE, it will be difficult to achieve alignment. Remote UE has to determine SL DRX configuration up to its implementation. Relay UE may need to inform remote UE of its Uu DRX for alignment purpose.
Observation 8	Although the design efforts for RAN2 to support SL DRX for discovery may be small. It would be more reasonable for RAN2 to treat SL relay discovery and SL relay communication in the same way, i.e., don’t support SL DRX for SL relay.

Based on the discussion in the previous sections we propose the following:
Proposal 1	RAN2 needs to design options to avoid paging message of remote UE is delayed due to SL DRX if RAN2 decides to support SL DRX for SL relay.
Proposal 2	For the direction from remote UE to gNB via relay UE, for remote UE in RRC IDLE or RRC INACTIVE, RAN2 needs to study options on how to achieve alignment between SL DRX and Uu DRX.
Proposal 3	RAN2 may directly reuse agreements made for SL DRX in case of GC/BC for discovery. The additional design efforts are expected to be minimal.
Proposal 4	RAN2 to conclude to not support SL DRX for SL relay and rather focus on the remaining issues of SL relay to finalize the work items on time in Rel-17.
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