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1. Introduction
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At RAN Meeting #86, “New WID on NR sidelink enhancement” was approved to enhance sidelink communications with the following objective [1].
3. Sidelink DRX for broadcast, groupcast, and unicast [RAN2]

· Define on- and off-durations in sidelink and specify the corresponding UE procedure

· Specify mechanism aiming to align sidelink DRX wake-up time among the UEs communicating with each other
· Specify mechanism aiming to align sidelink DRX wake-up time with Uu DRX wake-up time in an in-coverage UE

In this contribution, we discuss high-level design considerations to sidelink DRX.
2. Discussion  
As outlined in the objective of WI on sidelink enhancement, DRX On and Off durations may be formed on sidelink so that an Rx UE may wake up during a sidelink DRX On duration for monitoring and conducting sidelink communications with other UEs and then enter a low power mode after the On duration expires to save power. 
We discuss sidelink DRX formation and high-level design considerations in the following sub-sections.
2.1 Sidelink DRX for broadcast, groupcast and unicast
Comparing with unicast communication between a UE and the gNB on the Uu interface, sidelink communications among different UEs are much more diverse. For example, as shown in Figure 1, different UEs may engage in different V2X services with different QoS requirements (e.g., reliability, latency, etc.) and different communication types (e.g., broadcast for Service A, groupcast for Group 1 and Group 2 and unicasts between different UEs). Therefore, sidelink DRX needs to support operations of all communications.   
Proposal 1: Sidelink DRX needs to support all communications on sidelink.
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Figure 1. Different UEs Participating in Different Communications on Sidelink

Many public safety services and V2P services are needed not only in the network’s coverage but also out of the network’s coverage and these UEs are mostly battery power constrained. Therefore, sidelink DRX design needs to support both in and out of network’s coverage scenarios for V2P and Public Safety use cases.
Proposal 2: Sidelink DRX needs to support sidelink communications for both in and out of network’s coverage scenarios.
At Uu interface, all communications are centralized with unicast between a UE and the gNB. Therefore, gNB can configure a single DRX for each UE, i.e. UE specific DRX as shown in Figure 2(a), to balance the traffic load at Uu interface.
At PC5 interface, sidelink communications are mostly distributed among all the UEs in a proximity. Differently from Uu traffic, sidelink DRX for Rx UEs in a service is also sidelink DTX for Tx UEs in the same service, i.e. no reception for Rx UEs and no transmission for Tx UEs for a service. Hence, sidelink DRX also forms sidelink traffic and both DRX and DTX need to be considered together for sidelink resource allocation and utilization. 
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Figure 2. Uu DRX and Sidelink DRX Comparison
Observation 1: Sidelink DRX is also sidelink DTX for a service and therefore sidelink DRX forms sidelink traffic for a service.
As illustrated in Figure 2(b), if a UE is configured with one sidelink DRX like Uu DRX, then all UEs must have the same sidelink DRX configuration in order to support a broadcast communication on sidelink, which may result in very long sidelink DRX On duration to accommodate all sidelink communications with much less Off duration for power saving or may result in very congested sidelink traffics in a short sidelink DRX On duration for power saving with the cost of degraded performance and reduced resource utilization on sdielink. Therefore, a one-size-fits-all SL DRX design does not serve both power saving and diverse QoS requirements.  
Observation 2: One-size-fits-all sidelink DRX design cannot meet both power saving and diverse QoS requirements.
For a UE engaging in different V2X or public safety services with different QoS requirements (e.g., reliability, latency, etc.) and different communication types (e.g., broadcast, groupcast and unicast), supporting more than one sidelink DRX configurations, as shown in Figure 3, may be required to meet both power saving and QoS requirements. Therefore, sidelink DRX formation needs to be coordinated to accommodate all. 
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Figure 3. Multiple Sidelink DRX Configurations
Proposal 3: To support different services and communications, more than one sidelink DRX configurations should be supported for trade off among power saving, QoS, and sidelink resource utilization.
2.2 Sidelink DRX alignment
If different sidelink DRXs are formed for different services or communications so as to group Rx UEs accordingly, such as a communication among all UEs with an application or service using broadcast, a communication among UEs within a group using groupcast, or a communication between a UE pair using unicast, a UE participating in different sidelink communications may have multiple sidelink DRX configurations for different applications or services, different groups, or different UE pairs. Therefore, sidelink DRX management is very important to support efficient sidelink DRX operations for both power saving and QoS requirements, including out of network’s coverage scenario.
Sidelink DRX requirements should be per service, which can be configured on the UE, e.g., by higher layer. A UE having multiple services need coordination among different DRX requirements from different services. Coordination and assistance from V2X service layer (as defined in SA2) may be the starting point, at least for sidelink broadcast while out of network’s coverage.

Proposal 4: Coordination and assistance from higher layer may be the starting point for sidelink DRX management, at least for sidelink broadcast while out of network’s coverage.

2.3 Sidelink DRX and Uu DRX alignment
For in network’s coverage, a UE operating on sidelink may be at RRC Connected state or RRC Inactive/Idle state.

When at RRC Connected state, both Uu and sidelink traffics are under gNB’s control and gNB may manage the alignment between Uu DRX and sidelink DRX properly, especially for resource allocation mode 1 operations. 
In some cases, Uu DRX On and sdielink DRX On may be allocated with overlapping if the UE supports both Uu and PC5 operations simultaneously; in other cases, Uu DRX On and sidelink DRX On may be allocated without overlapping if the UE does not support both Uu and PC5 operations simultaneously. So, it can be handled case by case. 
Proposal 5: At RRC Connected state, gNB may manage the alignment between Uu DRX and sidelink DRX properly, especially for resource allocation mode 1 operations. 
An important use case is Relay UE relaying a remote UE to the network. The alignment between Uu DRX for the Uu communications (i.e. between gNB and Relay UE) and sidelink DRX for the PC5 communications (i.e. between Relay UE and remote UE) need to be managed properly to meet certain timeline relationship for the overall latency requirement.
Proposal 6: Sidelink DRX design needs to support the Relay UE use case for aligning the Uu DRX and sidelink DRX.
When at RRC Idle state, a UE operating on sidelink with sidelink DRX may also need to check paging indications at its paging occasions. Thus, the sidelink DRX On and paging occasion need to be managed properly, for example, to avoid the overlapping between sidelink DRX On and paging occasion if the UE cannot support simultaneous Uu and PC5 communications.
Proposal 7: At RRC Idle state, sidelink DRX On and paging occasion need to be managed properly to avoid possible overlapping for UEs not supporting simultaneous Uu and PC5 communications.
2.4 Wake-up indication for sidelink DRX On

If different sidelink DRXs are formed for different services or communications with different QoS and power saving requirements, a UE participating in different sidelink services or communications may need to wake up to monitor scheduling SCIs for each sidelink DRX On phase regardless of whether there is any packet scheduled for transmission on sidelink, which may cause unnecessary power consumption when there is no Tx UE or no traffic within a sidelink DRX On phase, especially for battery constrained UEs. For further power saving, especially for power limited UEs such as pedestrian UEs, wake-up indication may be supported to avoid unnecessary wake-ups. 
As illustrated in Figure 4, a Tx UE may signal or indicate to an Rx UE for unicast or Rx UEs for broadcast or groupcast to wake up to monitor for the Tx UE’s scheduling SCI(s) within an oncoming sidelink DRX On phase; otherwise, the Rx UE(s) may stay low power mode for reducing power consumption if there is no Tx UE’s wake-up indication.
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Figure 4. Wake-up Indication for Sdielink DRX On Duration 

Proposal 8: Wake-up indication should be supported to avoid unnecessary wake-ups.
3. Conclusion
In this contribution, we share our views on enhancements to reliability and latency performance with the follows.

Sidelink DRX for broadcast, groupcast and unicast
Proposal 1: Sidelink DRX needs to support all communications on sidelink.
Proposal 2: Sidelink DRX needs to support sidelink communications for both in and out of network’s coverage scenarios.
Observation 1: Sidelink DRX is also sidelink DTX for a service and therefore sidelink DRX forms sidelink traffic for a service.

Observation 2: One-size-fits-all sidelink DRX design cannot meet both power saving and diverse QoS requirements.

Proposal 3: To support different services and communications, more than one sidelink DRX configurations should be supported for trade off among power saving, QoS, and sidelink resource utilization.
Sidelink DRX alignment
Proposal 4: Coordination and assistance from higher layer may be the starting point for sidelink DRX management, at least for sidelink broadcast while out of network’s coverage.
Sidelink DRX and Uu DRX alignment
Proposal 5: At RRC Connected state, gNB may manage the alignment between Uu DRX and sidelink DRX properly, especially for resource allocation mode 1 operations. 

Proposal 6: Sidelink DRX design needs to support the Relay UE use case for aligning the Uu DRX and sidelink DRX.
Proposal 7: At RRC Idle state, sidelink DRX On and paging occasion need to be managed properly to avoid possible overlapping for UEs not supporting simultaneous Uu and PC5 communications.

Wake-up indication for sidelink DRX On
Proposal 8: Wake-up indication should be supported to avoid unnecessary wakeups.
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