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Introduction
This contribution discusses power saving considerations for sidelink resource allocation on following aspects: 
· UE Power Consumption Model 
· Resource Sensing and Selection 
· DRX Aspects
· Collision Avoidance & Traffic Reduction

Discussion
[bookmark: _Hlk37170261]UE Power Consumption Model 
For the UE capable of partial sensing based RA, the sensing for PSCCHs is needed for resource selection, but not necessary to receive and store decode the corresponding PSSCHs. Therefore, such UE could be in a state of 1st SCI only reception where no PSSCH reception but only PSSCH transmission for power saving. 
The model was agreed in RAN1#103-e as following and there seems no case agreed for 1st SCI only. As the symbols to be received is reduced to 3 symbols, we think a smaller coefficient (e.g., 0.6) could be applied for power consumption level of PSCCH/PSSCH RX for 1st SCI only reception.
	Agreements:
Remove the square brackets in the following agreements with red-colored clarification. 
· Agreements made in RAN1#102-e meeting:
· For power consumption level of “1st SCI/2nd SCI RX”, 
· the power consumption level is [0.7]* power consumption level of “PSCCH/PSSCH RX”
… 


[bookmark: _Toc68602735]Proposal 1: To allow 1st SCI only reception in rel.17, and its power modelling of 1st SCI only reception is [0.6]* power consumption level of “PSCCH/PSSCH RX”



Resource Sensing and Selection 
Partial Sensing 
The following was agreed in RAN1#104-e meeting.
	Agreements: 
In a resource pool (pre-)configured with at least partial sensing, if UE performs periodic-based partial sensing, at least when the reservation for another TB (when carried in SCI) is enabled for the resource pool and resource selection/reselection is triggered at slot n, it is up to UE implementation to determine a set of Y candidate slots within a resource selection window, where
· FFS condition(s) and timing(s) for which periodic-based partial sensing is performed by UE
· The resource selection window is [n+T1, n+T2]
· As a baseline, T1 and T2 are defined in the same way as in R16 NR-V2X according to step 1 [TS 38.214 Sec. 8.1.4]
· Further discuss whether or not to introduce a threshold to re-define T1 and T2 such that 
· T1 ≥ 0 (subject to processing time constraint Tproc, 1), and T2 ≤ remaining PDB
· T2-T1 ≤ (pre-)configured threshold
· A minimum value for Y is (pre-)configured from a range of values, FFS details
· FFS any restriction to determine Y candidate slots (including its relationship with SL-DRX)
· FFS whether the resource selection window [n+T1, n+T2] should be confined within a set of periodic set of resources and its relationship with SL-DRX
· Note: The terminology “periodic-based partial sensing” is based on the “partial sensing” used in LTE-V and it is intended to be used for the design and discussion of partial sensing in Rel-17.



In LTE V2X partial sensing, the determination of the Y subframes within the selection window of [n+T1, n+T2] is up to implementation. In our understanding, for rel.17 NR SL, it would beneficial to reduce complexity to specify the subset of Y slots sensing/selection window as pre-defined patterns (e.g., formula, bitmap, or other rules) for partial sensing. 
The pattern could be with timing reference to the timing of grant (t=n) or the system timing (absolute slot number). Moreover, UEs under same cell (or country/region) should try to use same pattern rules for better coordination and to avoid in-air collisions.
[bookmark: _Toc68602736]Proposal 2: The determination of the Y slots should be pre-defined patterns instead of up to UE implementation.  The pattern timing could be with reference to t=n or absolute slot number

The purpose of partial sensing is indeed a short term sensing for power saving consideration. Therefore, a shortened sensing window and/or selection window is beneficial for the UE to reduce the complexity. Compared with the selection window of [n+T1, n+T2] for full sensing, the Y slots can be determined from a fraction from the corresponding selection windowing by applying a coefficient smaller than 1, i.e., from [n+T1, n+j*T2] where 0<j≤1.
[bookmark: _Toc68602737]Proposal 3: The determination of the Y slots can be from a fraction of the selection window, i.e., from [n+T1, n+j*T2] where 0<j≤1



Random Selection
To re-use the steps specified for LTE random selection would be straightforward for designing the procedures for random selection for rel.17 NR SL UEs. 
[bookmark: _Toc68602738]Proposal 4: For random selection, to re-use the steps specified for LTE as baseline


Resource Pool Aspects
The following was agreed in RAN1#103-e meeting. 
	Agreements: 
· [bookmark: _Hlk56787329]In R17, a SL Mode 2 Tx resource pool can be (pre-)configured to enable full sensing only, partial sensing only, random resource selection only, or any combination(s) thereof
· FFS details, including usage, potential restrictions, whether/how any enhancement or condition is needed for the coexistence of full sensing and power saving RA scheme(s) in a same resource pool, etc.


A resource pool can be (pre-)configured to enables combination of full sensing, partial sensing and random resource selection. The resource usage would be inefficient if random usage is large. Other than up to the camping gNB or regulator how the random selection portion is defined, the resource pool can be pre-segregated for full sensing, partial sensing and random selection. The UE performing random selection can only select resources from the designated resources.
The segregated resource pool portion can be either passing down by upper layer to physical layer to be excluded when performing SA reporting, or it can be excluded from legacy SA when performing higher layer resource selections. Also, the portion size can be linked with transmission priorities that transmission with higher priority with more resource candidates. 
[bookmark: _Toc68602739]Proposal 5: For a resource pool enables combination of full sensing, partial sensing and random selection, it could be pre-segregated into corresponding portions for each sensing/selection scheme to achieve more efficient resource utilization.



DRX Aspects
The Uu DRX features with LTE and NR have been specified. For sidelink UEs without Uu links, there would be no other choice than 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 using Uu DRX operation, 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 especially when sidelink is operated in shared frequency without involving the operators. 
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-up. For UE in coverage or partial coverage, in addition to the (pre-)configuration, UE would further wake-up based on the additional Uu DRX operation. A sidelink UE's actual "off" is when both Uu and sidelink operations are "off" period. The ideal (pre)configuration from power saving is Uu DRX operation and SL DRX operation are aligned as much as possible. 
[bookmark: _Toc68602740]Proposal 6: Uu DRX function is independent indication from sidelink sensing/resource allocation timing. On the other hand, a sidelink UE's actual "off" is when both Uu and sidelink operation (sensing/resource allocation timing and SL transmission) are “off”

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 as gNB may not know sidelink configuration. 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, for better coordination.
[bookmark: _Toc68602741]Proposal 7: The sidelink UE can take sidelink information (including the sensing/resource allocation timing) into account for the UE assistance information for network to inform the gNB for a better coordination with Uu at the 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 necessary on power savings.
[bookmark: _Toc68602742]Proposal 8: Methodologies/functionalities to avoid in-air collisions or unnecessary transmissions should be discussed for power saving

A partial-sensing UE, (e.g., a VRU-UE), should not be required to waked up always like a full-sensing UE (e.g., a vehicular UE), 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 the partial-sensing UEs to at least eliminate the collision between partial-sensing UEs’ transmissions and full-sensing UEs’ transmissions.  
The following characteristics are considered for the resource pool:  
· The partial-sensing UEs’ Tx pool should not overlap with full-sensing UEs’ Tx pool;
· The partial-sensing UEs’ Tx pool should be within full-sensing UEs’ Rx pool;
· The full-sensing UEs should transmit partial-sensing UE targeted SL messages in the partial sensing UEs’ Rx pool.
[bookmark: _Toc68602743]Proposal 9: A dedicated resource pool should be allowed for partial sensing UEs that the Tx pool not overlap with full sensing UEs’ Tx pool and within full sensing UEs’ Rx pool; while the Rx pool is known to full-sensing UEs for partial-sensing UE targeted SL messages


	
Conclusion 
In this contribution, followings observation and proposals are made: 
Proposal 1: To allow 1st SCI only reception in rel.17, and its power modelling of 1st SCI only reception is [0.6]* power consumption level of “PSCCH/PSSCH RX”
Proposal 2: The determination of the Y slots should be pre-defined patterns instead of up to UE implementation.  The pattern timing could be with reference to t=n or absolute slot number
Proposal 3: The determination of the Y slots can be from a fraction of the selection window, i.e., from [n+T1, n+j*T2] where 0<j≤1
Proposal 4: For random selection, to re-use the steps specified for LTE as baseline
Proposal 5: For a resource pool enables combination of full sensing, partial sensing and random selection, it could be pre-segregated into corresponding portions for each sensing/selection scheme to achieve more efficient resource utilization.
Proposal 6: Uu DRX function is independent indication from sidelink sensing/resource allocation timing. On the other hand, a sidelink UE's actual "off" is when both Uu and sidelink operation (sensing/resource allocation timing and SL transmission) are “off”
Proposal 7: The sidelink UE can take sidelink information (including the sensing/resource allocation timing) into account for the UE assistance information for network to inform the gNB for a better coordination with Uu at the network.
Proposal 8: Methodologies/functionalities to avoid in-air collisions or unnecessary transmissions should be discussed for power saving
Proposal 9: A dedicated resource pool should be allowed for partial sensing UEs that the Tx pool not overlap with full sensing UEs’ Tx pool and within full sensing UEs’ Rx pool; while the Rx pool is known to full-sensing UEs for partial-sensing UE targeted SL messages
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