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1
Introduction

In RAN plenary #96 meeting, a revised WID [1] for NR sidelink relay enhancements was approved and the following objective was added to study the necessity of enhancement for SL DRX for remote UE in L2 U2N relay:
	4. With a low priority, study the gains and, if needed, specify signalling between gNB and relay UE in sidelink mode 2 to assist the determination of the sidelink DRX configuration used for remote UE in Layer-2 UE-to-Network sidelink relay operation [RAN2]


In this contribution, we would like to introduce the SL DRX mechanism defined in Rel-17 and check whether the existing mechanism is enough to provide appropriate SL DRX configuration from L2 U2N relay UE in mode2 to remote UE. The related observations and proposal will be provided.
2
Discussion
As stated in WID, only the L2 U2N relay UE in mode 2 is considered in Objective#4. According to existing Rel-17 NR sidelink enhancement mechanism, when UE is in mode 2, it can determine SL DRX configuration for the peer UE of its SL unicast connection. 
Observation 1: According to Rel-17 defined SL enhancement mechanism, the L2 U2N relay UE in mode 2 determines SL DRX configuration for its connected remote UE.

Since there are different communication requirements of remote UE in different RRC states, in order to facilitate the subsequent discussion these are considered in the following scenarios:
Scenario 1: the remote UE is in RRC_IDLE or RRC_INACTIVE state.
In this case, the relay UE helps the remote UE to monitor paging message. According to existing Rel-17 NR L2 U2N relay mechanism, the relay UE can be informed of the remote UE’s paging cycle and paging occasion, which is calculated according to sl-PagingIdentityRemoteUE and sl-PagingCycleRemoteUE included in sl-PagingInfo-RemoteUE. Based on these paging information, the relay UE by implementation is able to determine a SL DRX configuration matched with remote UE’s paging DRX pattern in Uu. For example, the SL DRX cycle can be same as remote UE’s paging cycle and the on duration length can be as small as possible. In addition, the start time of SL DRX on duration should be later than the PO in Uu, and the gap between the start time of SL DX on duration and the PO is called “slot gap” here. The slot gap can be calculated based on the SL DRX slot offset and the delay of processing and forwarding the paging message in relay UE. The slot gap guarantees that the relay UE can have time to process the paging message and then forward it to remote UE as soon as possible, therefore the delay of remote UE’s paging message will be minimized. Figure 1 illustrates the implementation mentioned before. It should be clarified that this logic can be applied to the cases where the relay UE is in RRC_IDLE, RRC_INACTIVE or RRC_CONNECTED.  
Observation 2: For the remote UE in RRC_IDLE or RRC_INACTIVE, the relay UE is able to determine an appropriate SL DRX configuration for remote UE by implementation, minimizing the delay of remote UE’s paging message.
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Figure 1: The SL DRX configuration determined by relay UE is matched with remote UE’s paging DRX.
Scenario 2: the remote UE is in RRC_CONNECTED state.
In this case, the relay UE should be in RRC_CONNECTED. If the relay UE is configured with Uu DRX configuration by gNB, similar to Scenario 1, the relay UE is also able to determine a SL DRX configuration matched with the Uu DRX pattern to minimize the data transmission latency between gNB and remote UE. According to the method illustrated in Scenario 1, the SL DRX cycle can be same as relay UE’s Uu DRX cycle. And the start time of SL DRX on duration should be later than the on duration in Uu DRX to ensure that the relay UE can have time to process and forward the message for remote UE as soon as possible.
Furthermore, if the relay UE is not configured with Uu DRX configuration, according to existing Rel-17 NR L2 U2N relay mechanism, the relay UE is configured by gNB with PDB per SL LCH. And the relay UE is also able to model the traffic characteristics of remote UE by implementation. Based on the SL PDB configuration from gNB and the traffic model derived by relay UE itself, the relay UE can determine a proper SL DRX configuration for remote UE, so as to satisfy the traffic QoS requirements of remote UE.
Observation 3: For the remote UE in RRC_CONNECTED, the relay UE, configured with Uu DRX or not, is able to determine a SL DRX configuration for remote UE by implementation, satisfying the traffic latency requirement of remote UE.
In addition, it should be noticed that the remote UE is allowed to provide assistance information (desired SL DRX configuration) to the relay UE. This assistance information is also helpful to optimize the SL DRX configuration.
Based on the analyses above, it can be observed that the SL DRX configuration from relay UE (through implementation) to remote UE satisfies remote UE’s traffic QoS requirements, which means L2 U2N relay UE in mode 2 is able to determine a proper SL DRX configuration for remote UE under the legacy framework. Thus, no additional signalling is needed between gNB and L2 U2N relay UE in mode 2 to assist the determination of the SL DRX configuration.
Proposal 1: No additional signalling is needed between gNB and L2 U2N relay UE in mode 2 for R18 DRX enhancement.
Though UE implementation SL DRX configuration can satisfy remote UE’s traffic QoS requirements during the transmission, and no additional signalling is needed between gNB and the L2 U2N relay UE in mode 2, in scenario where remote UE RRC state changes and there is a sudden increase of the SL communication between relay UE and the remote UE, the latency introduced by the SL DRX of remote UE and relay UE, the Uu DRX may increase the risk of the timer expiry during the communication setup/resume.  

Scenario 3: the remote UE is transferring from RRC_IDLE or RRC_INACTIVE to RRC_CONNECTED.
During the state transfer, the remote UE needs to send the request (e.g., RRC setup request/RRC resume request) to the gNB via the relay UE. Considering the impact of the Uu C-DRX and the SL DRX, access delays are introduced which could be significant, further analysis is needed for this case As shown in the Figure 2, the Uu C-DRX of the relay UE introduces the delay of the remote UE’s RRC setup message reception in relay UE. The remote UE’s SL DRX introduces the delay of the remote UE’s RRC setup message reception in remote UE. The relay UE’s SL DRX introduces the delay of the remote UE’s RRC setup complete message transmission to the relay UE. But considering the access delay is critical to the UE performance especially when there are two hops in U2N relay operation, SL DRX should be disabled during remote UE’s RRC setup/resume procedure.
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Figure 2: Impact of the Uu C-DRX and the SL DRX on access delays.
Proposal 2: To reduce the access delay caused by SL DRX, remote UE should disable SL DRX after sending the first RRC message during RRC setup/RRC resume procedure and relay UE should disable SL DRX after receiving the first message on SL-RLC0/SL-RLC1. 

3
Conclusion

In this contribution, we discussed the support of sidelink DRX for L2 U2N relay with R17 framework and made the following observations and proposal.
Observation 1: According to Rel-17 defined SL enhancement mechanism, the L2 U2N relay UE in mode 2 determines SL DRX configuration for its connected remote UE.

Observation 2: For the remote UE in RRC_IDLE or RRC_INACTIVE, the relay UE is able to determine an appropriate SL DRX configuration for remote UE by implementation, minimizing the delay of remote UE’s paging message.
Observation 3: For the remote UE in RRC_CONNECTED, the relay UE, configured with Uu DRX or not, is able to determine a SL DRX configuration for remote UE by implementation, satisfying the traffic latency requirement of remote UE.
Proposal 1: No additional signalling is needed between gNB and L2 U2N relay UE in mode 2 for R18 DRX enhancement.
Proposal 2: To reduce the access delay caused by SL DRX, remote UE should disable SL DRX after sending the first RRC message during RRC setup/RRC resume procedure and relay UE should disable SL DRX after receiving the first message on SL-RLC0/SL-RLC1. 
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