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Introduction
In this contribution we discuss power saving techniques for NR sidelink. We talk about random resource selection and partial sensing methods, and discuss sidelink DRX and sidelink wake-up signal.
Power saving techniques in LTE V2X
Partial sensing in LTE V2X is based on determining a subset of subframes in [n+T1, n+T2], wherein the minimum number of determined subframes is configured by minNumCandidateSF while the determination of the subframes is up to UE implementation. Then, partial sensing is performed on subframes according to the determined subframes and the sequence of bits indicated in the higher layer parameter gapCandidateSensing. 
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[bookmark: _GoBack]Figure 1: LTE partial sensing monitors a subset of subframes for sensing
Similar partial sensing design should be introduced in Rel-17 sidelink. As in LTE V2X, the determination of slots in selection window should be based on UE implementation, and the monitored subset of slots for sensing can be determined based on a higher layer configuration. As NR V2X supports advanced use cases, further enhancements to LTE partial sensing mechanism can be considered to improve reliability during packet transmission with partial sensing. In addition to partial sensing, another LTE power saving technique, random selection, should also be adopted in NR sidelink. We propose the following: 
Proposal 1: Partial sensing and random selection should be adopted in Rel-17 NR sidelink by following LTE V2X approach. Further enhancements can be considered to maintain high reliability.

Sidelink DRX
Rel-17 Sidelink WID [1] defines SL DRX as an objective of this work item. Since it implies discontinuous reception, the SL-DRX configuration will have impact on UE’s sensing operation due to discontinuous monitoring. 
In SL DRX, for power saving, a UE should perform transmission and/or reception only in specific timing, rather than continuously as in Rel-16. Unlike NR-Uu DRX, a UE configured with SL-DRX should apply separate time-domain resources for transmission and reception for two reasons. Firstly, UE needs to perform sensing operation before selecting resources for transmission; however UE may not need to perform sensing prior to a packet reception in sidelink. Secondly, there may be asymmetric traffic patterns between two UEs. For example, the traffic from one UE-A to another UE-B can be quite different from the traffic pattern from UE-B to UE-A. Based on these two reasons, a more suitable design is that UE applies separate time-frequency patterns for transmission and reception. 
If such approach is adopted, basically two principles may need to be addressed. Firstly, a UE may need to exchange its SL-DRX configuration or behavior with peer-UE. By that way, we can ensure that both UEs know each other’s sleep/awake pattern, and hence can monitor the transmission pattern of its peer UE for possible data reception. Secondly, given the transmission pattern, a UE should perform partial sensing in the time before the selected transmission pattern to ensure that UE has sufficient sensing result upon the start of the transmission pattern. In a way, RAN1 should consider how to incorporate with the SL DRX model decided by RAN2 when designing partial sensing in Rel-17 sidelink. 
Proposal 2: SL-DRX configuration, UE’s transmission pattern, and sensing operations all have impact on each other. Rel-17 sidelink power saving techniques should take into account their relationships.
Another important aspect of sidelink power saving solutions is that the trade-off between power consumption reduction and system reliability needs to be studied. Meaningful gains in power saving can be achieved; however its impact on reliability should be minimized. Such trade-off depends on various conditions, such as the type of sidelink service with which the UE is configured, or the use case or device type. A VRU UE equipped with a small battery should target greater power saving gains with less impact on reliability performance, assuming that the VRU message latency requirements are not as stringent as some advanced V2X use cases. On the contrary, if another UE that supports a high-reliability/low-latency service is configured with SL-DRX, the UE needs to exit its sleep state quickly and wake up while a peer UE is preparing to transmit a packet in sidelink. 
For such use cases, power saving gain can be further improved by using some exchange of signalling between UEs to wake up other UEs. When one UE has a high-reliability packet, the other UE needs to be awake to receive it. If the RX UE in this scenario is configured with a long SL-DRX-OnDuration, potential power saving gain will be limited. However, if the TX UE can send a wake up signal prior to its packet transmission, the RX UE can render significant power saving gains over a long time period. If no packet is being prepared by the TX UE, the RX UE no longer needs to stay active during the entire SL-DRX-OnDuration window. RX UE can simply receive the wake up signal from the TX UE, and transition back to sleep state if no high-priority packet is expected.
Observation 1: High-priority/low-latency sidelink traffic requires a long SL-DRX-OnDuration window which hinders power saving gain. 
Observation 2: Some exchange of signaling between UEs can periodically inform whether high-priority packet is expected. 
Proposal 3: Wake up signaling exchange is supported between UEs in Rel-17 sidelink.

Conclusions
We have the following observations:
Observation 1: High-priority/low-latency sidelink traffic requires a long SL-DRX-OnDuration window which hinders power saving gain. 
Observation 2: Some exchange of signaling between UEs can periodically inform whether high-priority packet is expected. 
We have the following proposals:

Proposal 1: Partial sensing and random selection should be adopted in Rel-17 NR sidelink by following LTE V2X approach. Further enhancements can be considered to maintain high reliability.
Proposal 2: SL-DRX configuration, UE’s transmission pattern, and sensing operations all have impact on each other. Rel-17 sidelink power saving techniques should take into account their relationships.
Proposal 3: Wake up signaling exchange is supported between UEs in Rel-17 sidelink.
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