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1. Introduction
In RAN#86 meetings, a new Rel-17 WI for sidelink enhancements was approved with two main motivations, power saving and enhanced reliability/reduced latency. The objectives related to power saving of this WID were further adapted in RAN#88e in order to meet the shifted timeline due to current pandemic, where the following is stated:
In Rel-17 WI sidelink enhancements, the following objectives are approved [1]:

2. Resource allocation enhancement:
· 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.









This contribution provides high-level discussions and motivation for resource allocation enhancement considering power saving for sidelink. More specifically, we are considering the automotive community concerns regarding sidelink power saving enhancements that can be achieved in Rel-17.

2. Resource allocation enhancement
In NR-V2X Rel-16, several enhancements are introduced including advanced control channel design, physical layer structure, physical layer procedure including HARQ/CSI feedbacks, and multiple resource allocation enhancements for both periodic and aperiodic traffic. However, Rel-16 has been developed without power saving in mind as V2X is the main focus of this release. This also means that some use cases that requires power saving or operation of battery limited UEs may not efficiently perform with Rel-16. Therefore, power saving solutions for sidelink, including resource allocation enhancements (RAN1 and RAN2) and DRX (RAN2), are in the focus of Rel-17. In the following sub-sections we will discuss some potential issues that need to be considered in this WI. Figure 1 shows our interest for power saving, where we can always assume a mixture of different UE power consumption capabilities, e.g., a vehicle that communicates with two vulnerable road users with different power constraints, i.e., an e-Bike may have more battery margin than a user with a handheld.


Figure 1: Possible sidelink operation with power constraint
Power saving using limited sensing
The first objective in in Rel-17 sidelink enhancements WID opts for specifying solutions to enable battery-driven UEs to perform sidelink operations with a reduced power consumption. The solutions fit many use cases including battery driven V2X use cases (e.g., parking vehicles and vulnerable road user (VRU) like pedestrian UEs, e-Bikes, etc.), commercial use cases, and public safety. In LTE and NR sidelink communication, long term sensing may be a main reason to drain UEs batteries. Therefore, our main focus here is to limit sensing capabilities in these cases.
Transmission using Random selection
In this WID, it is also approved to consider LTE Rel-14 sidelink random selection and partial sensing solution as baseline for power saving; however, without precluding introducing new solutions to reduce power consumption for sensing.  In LTE Rel-14, both random selection and partial sensing are configurable, for the same or different resource pool. For random selection to reduce interference, a UE can be requested to perform periodic transmission for the randomly selected resources. In this case, this can be easily detected by the partially/long-term sensing nearby UEs, i.e., reducing interference. Therefore, if the number of pedestrian UEs are limited and their traffic patterns are rather periodic, the performance can be acceptable. 
However, if the number of pedestrian UEs, performing random selection, increases, interference among the vulnerable users cannot be easily mitigated, which degrades the performance. Additionally, aperiodic traffic is also encouraged in NR sidelink, which may limit the randomly selecting UEs if they are not able to decode HARQ feedback or SCI reservations, i.e., to perform re-evaluation and pre-emption.
Observation 1: For LTE sidelink random selection: 
· the traffic is assumed to be mainly periodic 
· UEs are assumed to be only capable of transmission on sidelink resources.
Proposal 1: Enhance LTE random selection to allow aperiodic and periodic traffic transmission from power limited UEs
Partial sensing
In LTE sidelink, partial sensing was introduced to allow UEs to sense only limited number of subframes within the sensing window. It assumed that the UEs are only performing sensing periodically on this sub-sensing window. Since the traffic assumption in LTE was assumed to be mainly periodic and sensing window has one limited size, this assumption used to work. However, in NR-V2X, two different window sizes are configured, a short one of 100ms, e.g., for aperiodic traffic, and a long one of 1000+100ms, e.g., for periodic traffics. Therefore, partial sensing need to be adapted in this case, allowing also for aperiodic transmission or mixed (aperiodic and periodic) transmissions. 
Observation 2: In LTE UEs performing sidelink partial sensing, it is assumed that the UEs have a periodic traffic and are mainly able to transmit and not receiving
Additionally, LTE sidelink partial sensing was designed mainly for TX capable UEs only, which has a huge drawback utilizing NR sidelink enhancements (even presented in Rel-16) like exploiting HARQ feedback, CSI feedback, CSI reservation, re-evaluation, and pre-emption. This will also allow battery-driven UEs to perform better in case of congested channels.  
Proposal 2: Enhance LTE partial selection to allow aperiodic and periodic traffic and utilize Rel-16 enhancements, i.e., including feedback decoding, re-evaluation, and pre-emption

Co-existence with Rel-16 UEs
In this WI, it is assumed that Rel-16 and Rel-17 UEs can coexist in the same resource pool. Additionally, it was agreed to minimize physical layer impacts to allow both forward and backward compatibility. Therefore, it is important to agree that Rel-17 power saving enhancements can preserve this need. Moreover, in automotive requirements, a Rel-17 VRU needs to decode messages (e.g., at least basic safety messages (from Rel-16 UEs, e.g., vehicles). Therefore, in our power saving design may need to minimize physical layer impacts to easily achieve such a goal for Rel-16 and Rel-17 co-existence. 
Proposal 3: Enhanced sidelink power saving design needs to minimize physical layer impacts to allow better coexistence between Rel-17 and Rel-16 UEs
Considering Rel-17 Enhancements
Rel-17 Enhancements requires additionally DRX adaptation and aligning wake-up time among communicating, but power saving, UEs. Even though DRX should be handled in RAN2, in our view it is also important to design sidelink limited sensing capability in conjunction with DRX capability.
Additionally, in other agenda item, resource allocation enhancements exploiting inter-UE coordination is studied. However, in our view, if it will be agreeable to specify inter-UE coordination, it is important to consider a design that utilize such a coordination to allow better power saving for sidelink resource allocation.  
Proposal 4: Enhanced sidelink power saving utilizing other Rel-17 sidelink features, e.g., inter-UE coordination and DRX alignments
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In this contribution the following proposals have been made:
Proposal 1: Enhance LTE random selection to allow aperiodic and periodic traffic transmission from power limited UEs
Proposal 2: Enhance LTE partial selection to allow aperiodic and periodic traffic and utilize Rel-16 enhancements, i.e., including feedback decoding, re-evaluation, and pre-emption
Proposal 3: Enhanced sidelink power saving design needs to minimize physical layer impacts to allow better coexistence between Rel-17 and Rel-16 UEs
Proposal 4: Enhanced sidelink power saving utilizing other Rel-17 sidelink features, e.g., inter-UE coordination and DRX alignments
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