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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#88-e [2] with modification on timeline.
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.



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.

Random selection
Random selection significantly reduces power consumption by skipping sensing procedure, but cannot avoid collision by selecting resource randomly, thus introduce a degradation on PRR performance of legacy sidelink UE. In addition, the collision between Rel-17 UEs using random selection may become non-negligible when the density of UE 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 UE determines resource selection window as a candidate resource set, and randomly select among all resources within 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. Considering the PRR performance of random selection in different scenarios will change, the conditions of using random selection for a given transmission can be further discussed to refine the scenarios appropriate for random selection. The generation of candidate resource set during random selection can also be improved according to L1 priority or sidelink service type to satisfy the various requirement of different sidelink service types. 
Proposal 1: Enhancement of random resource selection is studied to reduce collision probability among UEs.
Partial sensing



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 by other UE can be reflected by received 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 corresponds to a set of sensing slots that may reserve resources on slot  for aperiodic traffic, and the set of sensing slots can be determined by the range of SCI reservation, such as up to 31 slots before slot . 


Cross-period resource reservation is also supported by Rel-16 sidelink. 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 monitor sensing slot corresponding to  in previous period with the configured set of reservation periods.
In addition, it can be considered to introduce re-evaluation check and pre-emption check procedure in NR partial sensing to avoid collision on the SL and improve PRR. 
[bookmark: _GoBack]Sidelink power saving will benefit from collision avoidance methods since HARQ retransmission since 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. 
Proposal 3: Further study the following methods for NR sidelink partial sensing:
· Partial sensing for intra-period resource reservation
· Partial sensing for inter-period resource reservation
· Re-evaluation and pre-emption

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 4: 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: Enhancement of random resource selection is studied to reduce collision probability among UEs.
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: Further study the following methods for NR sidelink partial sensing:
· Partial sensing for intra-period resource reservation
· Partial sensing for inter-period resource reservation
· Re-evaluation and pre-emption
Proposal 4: 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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