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Introduction
This contribution discusses power saving considerations for sidelink resource allocation on following aspects: 
· Optional Features
· Resource Sensing and Selection 
· DRX 
· Collision Avoidance & Traffic Reduction

Discussion
[bookmark: _Hlk37170261]As describe in WID justification, “Solutions for power saving in Rel-17 are required for vulnerable road users (VRUs) in V2X use cases and for UEs in public safety and commercial use cases where power consumption in the UEs needs to be minimized.”,  the VRU-UEs are mostly handset UEs powered by limited battery thus power consumption reduction would be a critical issue.
The procedure for sidelink UEs with limited power (e.g., VRU-UEs) and sidelink UEs without power restriction (e.g., V-UEs which are usually powered by engine or large battery) could have difference in various aspects (sensing, selection, resource pool, etc.).  Therefore, it would be beneficial to separate the operating mode for rel.17 sidelink UEs, especially the VRU-UEs. The sidelink UEs could be configured with two modes, power-saving mode with reduced capability/features and full mode which will behave same as normal rel.16 V2X UEs.  The mode can be switched by (pre-)configuration, Uu signalling, or event triggering. 
[bookmark: _Toc54093227]Proposal 1: The rel.17 sidelink UEs could be configured with two modes, power-saving mode with reduced capability/features and full mode which will behave same as normal rel.16 V2X UEs


Optional Features
For power saving consideration of the VRU-UEs, some features supported for rel.16 V2X should be reduced or modified in power-saving mode.
Comparing among the V2V/V2P/P2V use cases and considering the speed difference between vehicles and pedestrians, the pedestrians would have difficulty to take actions according to vehicle movement information. Therefore, one of the important scenarios would be the pedestrian UEs would just to transmit sidelink information without SL-Rx function. this can reduce the cost of SL terminals. In addition, to reduce transmission is also important to reduce the power consumption. For these UEs without SL-Rx function, the feedback mechanism and synchronization based on sidelink are not supported.  
The functionality of resource reservation, re-evaluation, and pre-emption should  be removed for UEs without SL-Rx function. There can be some handset VRU-UEs with SL-Rx function especially for public safety use case, but resource reservation, re-evaluation, and pre-emption require UEs to have comprehensive sensing and also longer wake-up durations. Therefore, it would be not desirable for these UEs to have the power consuming features. 
[bookmark: _Toc54093228]Proposal 2: The features to be reduced from rel.16 V2X UEs should be discussed for rel.17 sidelink UEs in power saving mode
[bookmark: _Toc54093229]Proposal 3: The UEs without SL-Rx function should be supported and these UEs is not required to have feedback mechanism, synchronization based on sidelink,  resource reservation, re-evaluation, and pre-emption.
[bookmark: _Toc54093230]Proposal 4: The handset UEs with SL-Rx function should be removed or reduced function of feedback mechanism, synchronization based on sidelink,  resource reservation, re-evaluation, and pre-emption for power saving.



Resource Sensing and Selection 
The VRU-UEs, as powered by limited battery, may not perform constantly monitoring and sensing on the SL bands as the V-UEs. The partial sensing introduced in LTE V2X can be starting point of rel.17 sidelink UEs in power saving mode.  
In LTE V2X, the selection window for full sensing is [n+T1, n+T2], and a subset of Y subframes for partial sensing. The partial sensing window further determined by the Y subframes.  As both the selection window and the subset are up to implementation, it might be beneficial to reduce complexity to specify the subset of sensing/selection window for partial sensing.
[bookmark: _Toc54093231]Proposal 5: The partial sensing feature should be adopted for rel.17 sidelink UEs in power saving mode, with further discussion on how to determine the sensing/selection window

Furthermore, if a VRU-UE is not equipped with SL-Rx module or it could not react fast enough from wake-up, the VRU-UE may adopt a “no sensing” feature and purely random select resource from (pre-)configured selection window.
[bookmark: _Toc54093232]Proposal 6: The no sensing feature could be adopted for rel.17 sidelink UEs in power saving mode


DRX Aspects
The DRX features with LTE and NR Uu have been specified. For sidelink UEs without Uu links, it is no doubt the sidelink DRX would be (pre)configured by regulator or sidelink operators. However, for sidelink UEs with Uu connection, it is not clear whether the sidelink DRX feature should be controlled by gNB. 
If the sidelink DRX is controlled by gNB, a dummy PDCCH and/or using drx-inactivity-timer would be required on Uu links to wake-up the UE for sidelink operations. It can be very complex as the Uu scheduler at gNB needs to know SL resource pool status, and the dummy PDCCH is redundant. 
Therefore, in order to have some predictable UE behaviour, we think the sidelink DRX should be specified independently from Uu operation.  For out of coverage, the UE would follow only such (pre-)configuration for wake-ups. For UE in coverage, in addition to the (pre-)configuration, UE would further wake-up base on additional Uu DRX operation. A sidelink UE's actual "off" is when both Uu and sidelink operation is "off" period. The ideal (pre)configuration from power saving is Uu DRX operation and SL DRX operation are aligned as much as possible. 
[bookmark: _Toc54093233]Proposal 7: Uu DRX function is independent from sidelink DRX. On the other hand, a sidelink UE's actual "off" is when both Uu and sidelink operation is "off" period. 

The ideal operation from power saving is Uu DRX operation and SL DRX operation are aligned as much as possible. For Uu DRX to be aligned based on sidelink activity/configuration, some mechanism to inform it to gNB is required.  The gNB would request the sidelink UEs to SL DRX from the SL UEs to ensure certain power saving gain (could for either mode 1 or 2). Rel.16 specs (specifically,  TS38.331 section 5.7.4) already supports for the UE to inform the network of its preference on DRX parameters for power saving. The sidelink UE can take sidelink information into account for UE assistance information.
[bookmark: _Toc54093234]Proposal 8: The sidelink UE can take sidelink information into account for UE assistance information for network.


Collision Avoidance & Traffic Reduction
For power saving consideration, it would be desirable to avoid potential in-air collisions as the subsequent retransmission consumes additional power. Also, the unnecessary transmissions should be reduced as much as possible. The methodologies/functionalities to avoid in-air collisions and to reduce unnecessary traffics are beneficial on power savings.
[bookmark: _Toc54093235]Proposal 9: Methodologies/functionalities to avoid in-air collisions and unnecessary transmissions should be discussed for power saving

The VRU-UEs, should not be required to waked up always, thus it would be desirable to improve the transmission/reception successful rate during their wake-up durations.  A dedicated resource pool could be configured for VRU-UEs to at least eliminate the collision between VRU-UEs’ transmissions and V-UEs’ transmissions.  
The following characteristics are considered for the resource pool:  
· The VRU-UEs’ Tx pool should not overlap with V-UEs’ Tx pool;
· The VRU-UEs’ Tx pool should be within V-UE’s Rx pool;
· The V-UE should transmit VRU-UE targeted SL messages in VRU-UEs’ Rx pool.
[bookmark: _Toc54093236]Proposal 10: A dedicated resource pool should be allowed for VRU-UEs that the Tx pool not overlap with V-UE Tx pool and within V-UE Rx pool, while the Rx pool is known to V-UEs for VRU-UE targeted SL messages


	
Conclusion 
In this contribution, followings observation and proposals are made: 
Proposal 1: The rel.17 sidelink UEs could be configured with two modes, power-saving mode with reduced capability/features and full mode which will behave same as normal rel.16 V2X UEs
Proposal 2: The features to be reduced from rel.16 V2X UEs should be discussed for rel.17 sidelink UEs in power saving mode
Proposal 3: The UEs without SL-Rx function should be supported and these UEs is not required to have feedback mechanism, synchronization based on sidelink,  resource reservation, re-evaluation, and pre-emption.
Proposal 4: The handset UEs with SL-Rx function should be removed or reduced function of feedback mechanism, synchronization based on sidelink,  resource reservation, re-evaluation, and pre-emption for power saving.
Proposal 5: The partial sensing feature should be adopted for rel.17 sidelink UEs in power saving mode, with further discussion on how to determine the sensing/selection window
Proposal 6: The no sensing feature could be adopted for rel.17 sidelink UEs in power saving mode
Proposal 7: Uu DRX function is independent from sidelink DRX. On the other hand, a sidelink UE's actual "off" is when both Uu and sidelink operation is "off" period.
Proposal 8: The sidelink UE can take sidelink information into account for UE assistance information for network.
Proposal 9: Methodologies/functionalities to avoid in-air collisions and unnecessary transmissions should be discussed for power saving
Proposal 10: A dedicated resource pool should be allowed for VRU-UEs that the Tx pool not overlap with V-UE Tx pool and within V-UE Rx pool, while the Rx pool is known to V-UEs for VRU-UE targeted SL messages
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