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Introduction

In RAN#86 meeting, the WI of “NR Sidelink enhancements” was agreed [1]. The Sidelink DRX is one of the main objectives and is listed as below:
	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 will discuss SL DRX related issues such as the definition of SL DRX, SL DRX configuration and negotiation  schemes,whether align sidelink DRX wake-up time with Uu DRX, and Potential impact on RAN1.
Discussion
A UE might have a lower battery capacity and limited radio capability, and therefore it may have to work in a low power consumption mode. The work item on NR Sidelink enhancement includes the objective to support Sidelink DRX for broadcast, groupcast, and unicast for UEs in V2X use cases and for UEs in public safety and commercial use cases. 
Definition of SL DRX

As we know, according to TS38.300, when Uu DRX is configured, the UE does not have to continuously monitor PDCCH. When it comes to Sidelink, the similar mechanism can be used. For example, when sidelink DRX is configured, the UE does not have to continuously monitor PSCCH.

When sidelink DRX is configured, the UE does not have to continuously monitor PSCCH.
SL DRX configuration  and negotiation scheme

According to our understanding, the Tx UE knows the traffic QoS requirement and the traffic pattern which may have impacts on DRX cycle and offset of the Rx UE. And the Rx UE knows its power saving requirement and can coordinate all the traffic QoS requirement from different peer UE. Therefore,  both the peer UE and the Rx UE can be involved in determining the SL DRX configuration for a Rx UE. Moreover, if the UE is in RRC connected, the serving cell also can be  involved in determining the SL DRX configuration for a Rx UE.
Both the peer UE and the Rx UE can be involved in determining the SL DRX configuration for a Rx UE. Moreover, if the UE is RRC connected, the serving cell also can be involved in determining the SL DRX configuration for a Rx UE.

In addition, according to [2], SA has proposed seven solutions for the key issue of  ‘Support of QoS aware NR PC5 power efficiency for pedestrian UEs’, and provided several solutions about who decides DRX configuration. For example, in Solution 1, the V2X layer sets the AS layer DRX schedule and  provides it to AS layer. AS layer negotiates and confirms the DRX schedule with the peer UE for unicast communication. In Solution 3, the V2X layer acquires and provides QoS Flow parameters to AS layer, and the AS layer decide SL DRX configuration. The AS layer performs the SL DRX negotiation with peer UE for each unicast link by SL RRC signalling.  
Observation 1: According to SA solution [2], AS layer may perform the SL DRX negotiation with peer UE for each unicast link by PC5 RRC signalling.
Considering the UE may be involved in multiple unicast link, groupcast and broadcast, the DRX configuration scheme shall be discussed. In order to meet different QoS requirements for different V2X service, the UE can be configured with multiple different SL DRX configuration[2, solution3]. However, if each of V2X service has its own DRX cycle, it may lead the UE to be awake on most occasions, which is not desirable in terms of power saving. Therefore, SA[2] also proposes to define one SL DRX cycle per NR PC5 RAT (not per V2X service type). NG-RAN takes SL QoS parameters into account when the NG-RAN determines and configures the UE with the UE specific SL DRX cycle for NR PC5 RAT. 
Observation 2: According to SA solutions, following two SL DRX configuration schemes have been proposed: 1) configure multiple SL DRX configuration for different V2X service with different QoS requirements; 2)  define one SL DRX cycle per NR PC5 RAT (not per V2X service type).

However, from the power saving perspective, defining one SL DRX cycle per NR PC5 RAT seems more reasonable. To be specific, the UE can acquire the suggested DRX configuration information from the peer UE for unicast or from the serving cell for groupcast/broadcast, then decide a set of SL DRX cycle. 

The UE can acquire the DRX configuration assistant information from the peer UE for unicast or from the serving cell for groupcast/broadcast, then consider all the requirements and decide a set of SL DRX cycle of its own.
If the Rx UE is configured with SL DRX and decide a set of SL DRX cycle, in order to avoid that the Tx UE sends the data during the inactive time of the Rx UE, it is necessary for the Tx UE to acquire the SL DRX configuration of the Rx UE. 

If the Rx UE is configured with SL DRX,  it is necessary for the Tx UE to acquire the SL DRX configuration of the Rx UE. 

For the unicast communication, the PC5-S or PC5-RRC signalling can be used for the DRX negotiation between peer UEs after establishment of the L2 link. 

For the SL unicast communication, the PC5-S or PC5-RRC signalling can be used for the DRX negotiation between peer UEs after establishment of the L2 link. 

For groupcast and broadcast, since there is no PC5-RRC signalling between Tx UE and Rx UE, it is difficult for the Tx UE to acquire the SL DRX configuration from the Rx UE directly. In our opinion, UE can consider to acquire the SL DRX configuration for SL groupcast and broadcast via from serving cell or preconfiguration. 

UE is suggested to consider to acquire the SL DRX configuration via serving cell or preconfiguration for SL DRX configuration of groupcast and broadcast.
Whether align sidelink DRX wake-up time with Uu DRX

For TDD scenario, it is impossible to align sidelink DRX with Uu DRX due to the different time-domain positions of uplink/sidelink and downlink slots.

Observation 3：For TDD scenario, it is impossible to align sidelink DRX with Uu DRX due to the different time-domain positions of uplink/sidelink and downlink slots. 
For FDD scenario, if sidelink works on the different carrier with the uplink, UE may have no capability to monitor downlink and sidelink channels simultaneously. If the UE cannot perform downlink and sidelink reception simultaneously, it is not reasonable to align sidelink DRX with Uu DRX. On the contrary, the active time of sidelink DRX and downlink DRX shall be different since it is impossible for the UE to monitor both of them simultaneously. However, if sidelink works on the same carrier with the uplink, UE can monitor downlink and sidelink channels simultaneously.
Observation 4：For FDD scenario, if the UE cannot perform downlink and sidelink reception simultaneously, it is not reasonable to align sidelink DRX with Uu DRX. 

In addition, in our opinion, the power saving requirement of the UE shall also be considered when deciding whether align sidelink DRX wake-up time with Uu DRX.
Based on above analysis, whether SL DRX and Uu DRX needs alignment depends on 1) serving cell TDD configuration; 2) UE capability; 3) the power saving requirement of the UE
Whether SL DRX and Uu DRX needs alignment depends on: 1) serving cell TDD configuration; 2) UE capability; 3) the power saving requirement of the UE.
Potential impact on RAN1

The purpose of SL DRX configuration is to reduce UE’s reception duration for  power saving. However, according to UE’s traditional sensing procedure, if UE is configured with mode 2 resource allocation scheme, UE should keep monitoring sidelink slot within the sensing window in order to select appropriate candidate resources. If SL DRX is configured, the UE may fail to perform sensing during the SL DRX inactive time. 

Observation 5: If the sensing window is overlapped with the SL DRX inactive time duration, the UE may fail to perform sensing at that time.
In addition, according to RAN1’s Rel-16 design, UE should check whether its reserved resource is pre-emptted by other UEs if its traffic priority is lower than other UE’s traffic. In that case, UE should be able to keep monitoring those resources which have already been reserved. However, if UE is not aware of its reserved resources being pre-emptted due to it getting into DRX inactive duration, it may still use those reserved resources, where the transmission collision possibility might increase. As shown in the below figure, UE-A perform transmission and reserve three more transmission opportunity for next TBs. Then between two transmission opportunity, UE-A falls into DRX off, but one UE-B perform transmission which has higher priority compared with UE-A’s transmission and then pre-empt UE-A’s resource reservation for another transmission opportunity. But UE-A is not able to be aware of its resource being pre-emptted. In that case, UE-A and UE-B will transmit on the same resource and cause transmission resource collision.
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Figure Sidelink DRX impact on resource pre-emption
Observation 6:  if UE is not aware of its reserved resources being pre-emptted due to it getting into DRX inactive duration, it may still use those reserved resources, where the transmission collision possibility might increase.
As above two observations, SL DRX configuration may have impacts on RAN1’s design. However, according to the WID, DRX discussion is only within RAN2’s working scope. Therefore it is suggested to send the LS to RAN1 to check their views on the above mentioned issues.

In addition, based on current specification, wake up signal is introduce as the enhancement for DL DRX. To be specific,  the UE may be indicated whether it is required to monitor or not the PDCCH during the next occurrence of the on-duration by a wake up signal. If the UE does not detect a wake up signal, it does not monitor the PDCCH during the next occurrence of the on-duration, unless it is explicitly configured to do so in that case. If no wake up signal is configured, UE follows normal DRX operation.

When it comes to SL DRX, similar mechanism can be considered. Introducing a SL wake up signal may further decrease the monitoring time occasion. However, the design of  SL wake up signal is RAN1’s business. It is suggested to send a LS to RAN1 to consider whether introducing a SL wake up signal.
RAN2 is suggested to send a LS to RAN1 to 1) check their views on the sensing issues caused by SL DRX configuration; 2) consider whether introducing a SL wake up signal.
Conclusion

Based on the analysis provided above, we have the following observation and proposals:

Observation 1: According to SA solution [2], AS layer may perform the SL DRX negotiation with peer UE for each unicast link by PC5 RRC signalling.
Observation 2: According to SA solutions, following two SL DRX configuration schemes have been proposed: 1) configure multiple SL DRX configuration for different V2X service with different QoS requirements; 2)  define one SL DRX cycle per NR PC5 RAT (not per V2X service type).

Observation 3：For TDD scenario, it is impossible to align sidelink DRX with Uu DRX due to the different time-domain positions of uplink/sidelink and downlink slots. 
Observation 4：For FDD scenario, if the UE cannot perform downlink and sidelink reception simultaneously, it is not reasonable to align sidelink DRX with Uu DRX. 

Observation 5: If the sensing window is overlapped with the SL DRX inactive time duration, the UE may fail to perform sensing at that time.
Observation 6:  if UE is not aware of its reserved resources being pre-emptted due to it getting into DRX inactive duration, it may still use those reserved resources, where the transmission collision possibility might increase.
When sidelink DRX is configured, the UE does not have to continuously monitor PSCCH.
Both the peer UE and the Rx UE can be involved in determining the SL DRX configuration for a Rx UE. Moreover, if the UE is RRC connected, the serving cell also can be involved in determining the SL DRX configuration for a Rx UE.

The UE can acquire the DRX configuration assistant information from the peer UE for unicast or from the serving cell for groupcast/broadcast, then consider all the requirements and decide a set of SL DRX cycle of its own.
If the Rx UE is configured with SL DRX,  it is necessary for the Tx UE to acquire the SL DRX configuration of the Rx UE. 

For the SL unicast communication, the PC5-S or PC5-RRC signalling can be used for the DRX negotiation between peer UEs after establishment of the L2 link. 

UE is suggested to consider to acquire the SL DRX configuration via serving cell or preconfiguration for SL DRX configuration of groupcast and broadcast.
Whether SL DRX and Uu DRX needs alignment depends on: 1) serving cell TDD configuration; 2) UE capability; 3) the power saving requirement of the UE.
RAN2 is suggested to send a LS to RAN1 to 1) check their views on the sensing issues caused by SL DRX configuration; 2) consider whether introducing a SL wake up signal.
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