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Introduction
UE-to-UE direct communication is one important scenario developed by 3GPP with a series of techniques including LTE D2D, LTE V2X and NR sidelink. The first standard of NR sidelink was completed in Rel-16 Work Item “5G V2X with NR sidelink”, in which the sidelink technique focusing on vehicle-to-everything (V2X) was specified. In Rel-17, a wider scope of sidelink applications is expected, and a new Rel-17 Work Item on “NR sidelink enhancement” was approved in RAN#86 [1] to support various use cases in both public safety and commercial scenarios. The WID was further updated in RAN#90-e [2] to include potential impact of sidelink DRX in power saving scope.
Rel-16 NR sidelink mainly focus on vehicle UEs which have sufficient battery supply. In Rel-17, power sensitive UEs such as pedestrian UE and UE in public safety and commercial use cases are involved in the typical use cases. Therefore, power saving for NR sidelink was introduced in Rel-17 WI to allow SL UE operates in a power efficient manner with the following objective:
	· Specify resource allocation to reduce power consumption of the UEs [RAN1, RAN2]
· Baseline is to introduce the principle of Rel-14 LTE sidelink random resource selection and partial sensing to Rel-16 NR sidelink resource allocation mode 2.
· Note: Taking Rel-14 as the baseline does not preclude introducing a new solution to reduce power consumption for the cases where the baseline cannot work properly.



The following conclusion and agreements regarding sidelink power saving was made in RAN1#103-e meeting [3]:
	Conclusion
· SL reception Type A and Type D should be used as the reference for evaluation and designing of SL power saving features in R17. 
· Type A: UE is not capable of performing reception of any SL signals and channels, FFS with exception of performing PSFCH and S-SSB reception (aim to conclude in RAN1#104-e)
· Type D: UE is capable of performing reception of all SL signals and channels defined in R16. It does not preclude UE to perform reception of a subset of SL signals/channels
· If there are evaluations with assumptions other than the above reference, the detailed assumptions need to be reported
· Note: the types and the associated capability defined here are not intended to be defined as Rel-17 UE features as is. 
Agreements:
· Partial sensing based RA is supported as a power saving RA scheme
· FFS details
· Random resource selection is supported as a power saving RA scheme
· FFS any changes or enhancement
· FFS on conditions to apply random resource selection
Agreements:
· 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.
Agreements:
· Re-evaluation and pre-emption checking are not supported by UEs that do not perform any sensing (i.e. PSCCH reception)
· Re-evaluation and pre-emption checking are supported by UEs that perform sensing
· FFS details and any conditions(s) in which re-evaluation and pre-emption can be performed
· FFS whether/how re-evaluation and pre-emption can be supported by UEs performing random resource selection that do perform sensing
· Note: details about sensing in this context, including when it is performed, are not decided yet.
Agreements:
· Further study congestion control based on CBR and CR for power saving RA schemes
· Identify necessary changes from R16 CBR/CR (if any), including transmission resource selection and transmission parameters that can be adjusted and applicable to power savings RA schemes
· Note: this is not intended to require all UEs to perform sensing for the purpose of CBR measurement



In this contribution, a preliminary consideration on possible solutions for NR sidelink power saving and potential issues of reusing LTE technique are provided.

Discussion
In Rel-16 NR sidelink mode 2 operation, long term sensing window is specified to detect resource reservations and avoid collision as much as possible. However, the sensing procedure can hardly be supported by power sensitive UEs with limited battery capacity. LTE Rel-14 V2X introduced random selection and partial sensing as a trade-off between power consumption and reliability. The basic rule of random selection and partial sensing can be reused in NR sidelink with essential enhancements.

Resource allocation schemes
Random selection significantly reduces power consumption by skipping sensing procedure, but cannot avoid collision by selecting resource randomly, thus leading to a degradation in PRR performance of legacy sidelink UEs. In addition, the collision between Rel-17 UEs using random selection may become non-negligible as the density of UEs using random selection increases. Therefore, some evaluation on the performance of random selection is necessary to estimate the feasibility of random selection and suitable scenarios.
In LTE V2X, the principle of random selection is that a UE determines all resources within a resource selection window as a candidate resource set, and randomly select among resources within the candidate resource set unless the resource are unavailable e.g. restricted by half-duplex or simultaneous transmission. Enhancements on LTE random selection should also be considered in Rel-17 to improve the PRR performance of random selection and reduce its impact on sidelink UEs using full/partial sensing.
Resource partitioning can be introduced to improve reliability. For example, the partitioning can be based on UE ID, UE service class, priority of SL data, or some other characteristic of the UE or SL data. The partitioning of resources can be done in such a way so as to minimize the probability of collision and make the probability of collision related to the priority of SL data, higher priority SL data having lower probability of collision of and vice versa.
Proposal 1: For NR SL random resource selection, consider partitioning of candidate SL resources to reduce collision probability.




In Rel-14 LTE V2X, partial sensing is an effective way to balance power consumption and collision avoidance for pedestrian UEs. The principle of partial sensing is that a UE determines a set of subframes which consists of at least Y subframe in resource selection window as a candidate resource set, then for each subframe  within the candidate resource set, UE senses on a subset of previous subframes , on which other sidelink UEs may reserve resource on subframe  for periodical traffic. Then UE performs RSRP-based resource exclusion and RSSI-based ranking within the candidate resource set according to sensing result. 


With limited sensing window length by monitoring periodical subframes corresponding resource selection window, LTE pedestrian UEs can detect potential collisions and estimate the quality of each resource within resource selection window. The principle can be similarly reused in Rel-17 NR sidelink. NR sidelink UE can generate the candidate resource set, then for each slot  within the candidate resource set, NR sidelink UE further determines a set of previous slots on which other sidelink UEs may reserve resource on slot . UE perform sensing on each set and then exclude candidate resources according to the SCI decoded in the sensing slot sets.
The feasibility of full or partial sensing procedure of LTE V2X is based on a precondition that the most traffic in LTE sidelink are periodical, and the impact of event-triggered traffic was evaluated as acceptable. UE could predict when the packet arrives from higher layer to be transmitted, and after receiving one transmission from another sidelink UE, UE could also predict its following transmissions in subsequent periods. Therefore, a simple back tracking solution with periodicity configured by higher layer is good enough to protect the PRR performance in Mode 2. 
However, NR sidelink considers scenarios of aperiodic transmission importantly and sensing mechanism is targeting both periodic and aperiodic traffic types. Therefore, the performance of LTE-like partial sensing needs further evaluation and may not satisfy reliability requirement of some NR traffics. 
Proposal 2: Reusing the principle of partial sensing in LTE sidelink, and consider the feasibility for partial sensing corresponding to both aperiodic and periodic traffics.



Figure 1. Partial sensing for intra- and cross-period reservations



In NR sidelink system, potential future transmissions from other SL UE, such as retransmission of periodic traffic, can be reflected by detected resource reservation indicated in SCI. As shown in Figure 1, single SCI format may reserve up to 2 additional sidelink resources within a 32ms time window. Therefore, per slot  within candidate resource set corresponds to a set of sensing slots in which resource reservation on slot  may be detected, and the location of sensing slots can be determined by the range of SCI reservation, such as up to 31 slots before slot . Correspondingly, in Rel-17 partial sensing scheme, a short sensing window with up to 31 slots before any candidate resources in the selection window could be introduced to avoid collision with intra-period reserved transmission of other UEs. 
Proposal 3: Introduce a sensing window with up to 31 slots before resource selection window for NR SL partial sensing in order to avoid collision with intra-period reservation of other UEs.




Cross-period resource reservation is also supported by Rel-16 sidelink, which is mainly used to reserve resource for periodic traffic. A period of {0, 100, 200, 300, 400, 500, 600, 700, 800, 900, 1000} may be signaled in SCI to reserve resource in the subsequent period. Similarly as in LTE P2V use case, for each slot  within candidate resource of NR partial sensing, UE should sense on slot - W to detect if any received SCI reserve resources on slot  where W is corresponding to the configured set of reservation periods.


Proposal 4: Introduce a sensing window on slot - W corresponds to any candidate resource on slot  within selection window for NR SL partial sensing in order to avoid collision with inter-period reservation of other UEs.

Pre-emption check and re-evaluation was introduced in Rel-16 NR SL to allow UE change selected/reserved SL resources if potential collision with higher priority is detected. Considering it was agreed to support the combination of partial sensing, random selection and full sensing within same resource pool, SL collision may occur more frequently e.g. caused by UEs using random selection, it is also beneficial to support re-evaluation check and pre-emption check procedures in Rel-17 partial sensing. 
In addition, introducing NR SL enhancements developed in Rel-16 to random selection such as re-evaluation and pre-emption check is also beneficial to improve the PRR performance of random resource selection. In our companion Tdoc [6], we present preliminary simulation results and power consumption analysis on the benefit of introducing re-evaluation and pre-emption check to both random resource selection and partial sensing.
Proposal 5: Support pre-emption/re-evaluation check in resource allocation schemes for NR SL power saving.

Sidelink power saving will benefit from collision avoidance methods since HARQ retransmission due to interference can be minimized. Therefore, UE could try to acquire resource reservation information from neighbour UEs as much as possible by using all methods above. However, the methods corresponds to different sensing windows and will increase power consumption during partial sensing procedure. Therefore, the trade-off between performance gain and power consumption should be carefully analyzed for partial sensing enhancement in NR sidelink. Evaluation result in our companion tdoc [6] is provided to illustrate the gain of partial sensing and random selection.

Sidelink DRX
In RAN2#112-e meeting [4], the following agreements are made for sidelink DRX as:
· If a UE is in SL active time, UE should monitor PSCCH. FFS on PSSCH. FFS for sensing impacts.
· Working assumption: SL DRX should take PSCCH monitoring also for sensing (in addition to data reception) into account if SL DRX is used.
In addition, RAN#90e, the revised work item description was approved in [Y] and this includes RAN1 work on resource allocation for power saving considering the impact of sidelink DRX, if any. In sidelink, the sensing operation is defined as L1 SL-RSRP measurement when the corresponding PSCCH is decoded within sensing window. Therefore, if sensing window is outside or partly inside a sidelink DRX on-duration (SL active time), a UE cannot perform sensing operation at all or perform sensing only for the available sidelink DRX on-duration. As a result, if enough sensing is not ensured due to sidelink DRX, there would be performance degradation in Mode2 resource allocation procedure. In addition, resource selection may need to be performed only in DRX on-duration. For example, assuming that sidelink DRX wake-up timing is aligned between TX and RX UE(s), if the TX UE selects resource(s) but the resource(s) is in DRX off-duration, sidelink information on that resource(s) cannot be delivered to the RX UE(s). Accordingly, possible solutions need be discussed considering the impact of sidelink DRX for Mode2 sensing and resource selection procedure.
Considering sidelink DRX and Mode2 resource allocation together, the following two alternatives can be considered:
· Alt-1: Sidelink DRX on-duration (SL active time) does not changed by the sensing and resource selection window.
· Alt-2: Sidelink DRX on-duration (SL active time) includes the sensing and resource selection window. 
For Alt-1, sidelink DRX can cause problems for Mode2 procedure when enough sensing and resource selection window are not ensured by DRX off duration (SL inactive time). Therefore, if the monitoring slots for sensing is not enough, the TX UE can perform random selection or the sensing window can be extended further which is belong to DRX on-duration. In case of resource selection window, the window needs to be adjusted by considering packet delay budget. In other way, resource (re-)selection can be triggered in order that sensing and resource selection window are configured within sidelink DRX on-duration as possible. However, this can result in delay for resource selection. For Alt-2, we can avoid the impact of sidelink DRX for Mode2 procedure by including sensing and resource selection window as sidelink DRX on duration additionally. We need to consider pros and cons of above alternative and possible spec impact. In this aspect, we propose:
Proposal 6: Consider the following two alternatives when Mode2 sensing and resource selection procedure is performed with sidelink DRX operation:
· Alt-1: Sidelink DRX on-duration (SL active time) does not changed by the sensing and resource selection window.
· Alt-2: Sidelink DRX on-duration (SL active time) includes the sensing and resource selection window. 
In addition, PSCCH can be considered as one of solutions to align sidelink DRX wake-up time among the UEs communicating with each other. Of course, other mechanism without RAN1 impact can be considered to align sidelink DRX timing. However, PSCCH for alignment of sidelink DRX timing can be a promising solution since it can be applied commonly for all cast types of broadcast, groupcast, and unicast. Therefore, we propose to consider that PSCCH is used to indicate sidelink DRX activation and deactivation to align sidelink DRX timing.
Proposal 7: Consider PSCCH is used to align sidelink DRX wake-up time between TX UE and RX UE(s). 


Others
Random selection and partial sensing for NR sidelink may also needs to consider Rel-17 sidelink enhancements such as inter-UE coordination and sidelink DRX. For example, the information acquired via inter-UE coordination may be utilized in partial sensing procedure, and sidelink DRX configuration may have impact on the determination of partial sensing window and available candidate resources for random selection. Therefore, additional enhancement on random selection and partial sensing is needed to cover relevant Rel-17 sidelink features.
Proposal 8: The resource allocation for power saving considers new aspects introduced in Rel-17 NR sidelink such as inter-UE coordination, sidelink DRX and so on.

Conclusions
In this contribution, the issues in random selection and partial sensing procedures are discussed with the following proposals:
Proposal 1: For NR SL random resource selection, consider partitioning of candidate SL resources to reduce collision probability.
Proposal 2: Reusing the principle of partial sensing in LTE sidelink, and consider the feasibility for partial sensing corresponding to both aperiodic and periodic traffics.
Proposal 3: Introduce a sensing window with up to 31 slots before resource selection window for NR SL partial sensing in order to avoid collision with intra-period reservation of other UEs.


Proposal 4: Introduce a sensing window on slot - W corresponds to any candidate resource on slot  within selection window for NR SL partial sensing in order to avoid collision with inter-period reservation of other UEs.
Proposal 5: Support pre-emption/re-evaluation check in resource allocation schemes for NR SL power saving.
Proposal 6: Consider the following two alternatives when Mode2 sensing and resource selection procedure is performed with sidelink DRX operation:
· Alt-1: Sidelink DRX on-duration (SL active time) does not changed by the sensing and resource selection window.
· Alt-2: Sidelink DRX on-duration (SL active time) includes the sensing and resource selection window. 
Proposal 7: Consider PSCCH is used to align sidelink DRX wake-up time between TX UE and RX UE(s). 
Proposal 8: The resource allocation for power saving considers new aspects introduced in Rel-17 NR sidelink such as inter-UE coordination, sidelink DRX and so on.
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