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Introduction
At RAN-86, a new work item on NR sidelink enhancement was approved. At RAN-89e, the revised WID for NR sidelink enhancement was approved [1]. The objectives of the WI include:

In RAN1 #103 e-meeting [2], the following were agreed: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 work should consider the impact of sidelink DRX, if any
· Study the feasibility and benefit of solution(s) on enhancement(s) in mode 2 for enhanced reliability and reduced latency in consideration of both PRR and PIR defined in TR37.885 (by RAN#91), and specify the identified solution if deemed feasible and beneficial [RAN1, RAN2]
· Inter-UE coordination with the following until RAN#90.
· A set of resources is determined at UE-A. This set is sent to UE-B in mode 2, and UE-B takes this into account in the resource selection for its own transmission.
· Note: The study scope after RAN#90 is to be decided in RAN#90.
· Note: The solution should be able to operate in-coverage, partial coverage, and out-of-coverage and to address consecutive packet loss in all coverage scenarios.


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
Agreements:
· Random resource selection is applicable to both periodic and aperiodic transmissions
· FFS conditions for random resource selection

In RAN1 #104 e-meeting [3], the following were agreed
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.
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, the UE monitors slots of at least one a set of periodic sensing occasions, where a periodic sensing occasion is a set of slots according to
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if tvSL is included in the set of Y candidate slots.
· Preserve is a periodicity value from the configured set of possible resource reservation periods allowed in the resource pool (sl-ResourceReservePeriodList). Down select to one:
· Option 1: Preserve corresponds to all values from the configured set sl-ResourceReservePeriodList
· Option 2: Preserve corresponds to a subset of values from the configured set sl-ResourceReservePeriodList
· FFS how to determine the subset (e.g., by (pre-)configuration, UE determination)
· Option 3: Preserve is a common divisor among values in the configured set sl-ResourceReservePeriodList
· Option 4: FFS others
· k equals tois selected according to (down select to one)
· Option 1: Only the most recent sensing occasion within sensing window for a given reservation periodicity before the resource (re)selection trigger or the set of Y candidate slots subject to processing time restriction
· Option 2: The two most recent sensing occasions within sensing window for a given reservation periodicity before the resource (re)selection trigger or the set of Y candidate slots subject to processing time restriction
· Option 3: All possible sensing occasions after 
· Option 4: Only one periodic sensing occasion for one reservation period. The k value is up to UE implementation. Max value for k is (pre-)configured.
· Option 5: k is (pre-)configured, including multiple values
· Option 6: (pre-)configuration of a bitmap, same as in LTE-V
· Option 7: FFS others
· FFS relationship between periodic sensing occasions and SL-DRX
· FFS condition(s) and timing(s) for which periodic-based partial sensing is performed by UE
· Note: companies are encouraged to show performance data for the down selections
Agreements:
· In a resource pool (pre-)configured with at least partial sensing, if UE performs contiguous partial sensing and resource (re-)selection is triggered in slot n, support the following option:
· Option 1: For the purpose of resource (re-)selection, the UE monitors slots between [n+TA, n+TB] and performs identification of candidate resources, in or after slot n+TB, based on all available sensing results, including periodic-based partial sensing results (if applicable).
· FFS TA, TB (including the possibility of equal to zero, positive or negative) and remaining details (in particular, whether there should be exclusion of slots, changes in TA/TB values for different purposes, etc.)
· FFS whether n can be replaced by e.g., index of some of Y candidate slots
· FFS condition(s) in which contiguous partial sensing is performed by UE
· FFS interaction with SL-DRX, if any
· FFS interaction with periodic-based partial sensing, if any
· Other options are not precluded 
· Note: This option is not to replace random resource selection only without sensing or re-evaluation and pre-emption checking

In this contribution, we consider and discuss the aspects of resource allocation for NR sidelink enhancement. Particularly, we consider the aspects of power saving for resource allocation mode 2 enhancement.
Consideration on Power Saving for Resource Allocation Mode 2    
[bookmark: _Ref521073172][bookmark: _Toc521074174]In Rel-16, NR sidelink resource allocation mode 2 performs autonomous resource selection. Such autonomous resource selection is based on resource sensing procedure. The resources that are sensed not to be available (e.g., the sensed resources that have higher SL-RSRP and higher priority) could be excluded from the resource selection during resource selection procedure. The sensed resources that have lower SL-RSRP and lower priority could be included in resource selection during resource selection procedure for the Tx UE. The performance of resource allocation mode 2 is also determined by the performance of resource sensing. If resource sensing performance is not reliable enough or incur latency, the total reliability and/or latency of resource allocation mode 2 could be affected. In addition, if resource sensing procedure is of high complex, the power consumption of resource allocation mode 2 could be affected and potentially increases. Power consumption reduction should be considered for different cast types such as unicast, groupcast, etc. Enhancement for resource allocation mode 2 for power saving should be considered. 
Proposal 1: Power saving enhancement for NR sidelink resource allocation mode 2 is considered.

Random resource selection could reduce the power consumption since it does not require resource sensing. However when used in NR V2X, random resource selection could result in additional resource collision. Due to aperiodic traffic pattern, such collision could increase as compared to LTE V2X. 
Partial sensing could also be used to reduce the power consumption for resource allocation mode 2 since partial sensing only performs sensing on resources for one or a few short sensing windows. Partial sensing is also supported in LTE V2X. Partial sensing is good to handle periodic traffic which is the main traffic type supported in LTE V2X. 
In NR V2X both periodic and aperiodic traffic are supported. Due to the nature of aperiodic traffic, partial sensing may not be able to completely capture aperiodic traffic since the use of short sensing window may miss the aperiodic traffic. Some consideration may be needed for how to incorporate and enhance partial sensing for power saving for NR V2X. At the same time performance such as reliability and latency could still be maintained and not be affected. Adaptation and switching between different resource sensing and/or resource allocation schemes for collision reduction and performance enhancement could be considered for NR sidelink.
Proposal 2: Enhancement of partial sensing considers power saving while SL reliability and latency are maintained for NR sidelink. 
Proposal 3: Switching between different resource sensing/resource allocation schemes could be considered for NR sidelink. 

Since NR sidelink resource allocation mode 2 needs to perform additional procedures such as resource sensing procedures for resource (re-)selection and scheduling, there could be performance impact on power, reliability and latency. Some methods may be needed to mitigate such impact on power, reliability and/or latency. Inter-UE coordination may be a way to mitigate the impact on reliability and latency. Inter-UE coordination could collaborate between UEs for resource sensing, resource selection procedure and scheduling. It could potentially reduce the resource collisions and incorrect resource selection. In one case Tx UE and Rx UE may have different interferences from other surrounding UEs or nodes, this may result in different resource sensing results. Therefore, inter-UE coordination may mitigate such interferences with the help or assistance of the other UE(s). For example, Rx UE may provide assistance information to Tx UE, or Tx UE may provide assistance information to Rx UE. By doing so, resource sensing performance may be improved and resource selection performance could be enhanced. In addition, Tx UE could schedule other UEs for transmitting or receiving. In another case, if a UE can schedule another UE(s), then there would be no collision at least between the UEs within the group. This is because UEs can be scheduled not to collide with one another within the group. In general, this could result in better reliability and lower latency for resource allocation mode 2 for NR sidelink. This could result in lower power consumption and better power saving for UEs. Therefore, inter-UE coordination should be considered for enhancement of power saving as well as reliability and/or latency.
Proposal 4: Inter-UE coordination with assistance information is considered for power saving enhancement in addition to enhancement of reliability and/or latency. 

Sensing may be introduced to random resource selection for UE. The following may be considered for sensing: PSCCH decoding, PSCCH-DMRS or PSSCH-DMRS measurements. Introducing certain level of sensing for random resource selection may be considered to improve performance of random resource selection. In order not to increase too much power consumption for random resource selection due to sensing, some limitation or restriction for sensing may be considered. In addition, limitation or restriction in functionality or feature for sensing and/or reception may also be introduced. Limited sensing or restricted sensing may be only based on SCI in which resource reservation from other UEs could be obtainable. Alternatively, limited sensing or restricted sensing may be only based on measurements in which interferences from other UEs could be detectable. By introducing limitation to sensing or imposing restriction on sensing for random resource selection, performance could be enhanced and power consumption reduction could be achievable. Pre-emption and re-evaluation may be used for random resource selection or partial sensing. Conditions such as CBR, QoS, ACK/NACK or measurements, e.g., SL-RSRP, SL-RSSI, etc may be used to trigger random resource selection or partial sensing. 
Proposal 5: Conditions such as CBR, QoS or measurements may be used to trigger random resource selection. 
Proposal 6: Conditions such as CBR, QoS or measurements may be used to trigger partial sensing, e.g. periodic-based partial sensing or contiguous partial sensing. 
Proposal 7: Sensing or partial sensing could be used for random resource selection with some possible limitation or restriction. 
Proposal 8: Pre-emption or re-evaluation could be used for random resource selection UE performing sensing. 

Conclusions
In this contribution, we have the following proposals:
Proposal 1: Power saving enhancement for NR sidelink resource allocation mode 2 is considered.
Proposal 2: Enhancement of partial sensing considers power saving while SL reliability and latency are maintained for NR sidelink. 
Proposal 3: Switching between different resource sensing/resource allocation schemes could be considered for NR sidelink. 
Proposal 4: Inter-UE coordination with assistance information is considered for power saving enhancement in addition to enhancement of reliability and/or latency. 
Proposal 5: Conditions such as CBR, QoS or measurements may be used to trigger random resource selection. 
Proposal 6: Conditions such as CBR, QoS or measurements may be used to trigger partial sensing, e.g. periodic-based partial sensing or contiguous partial sensing. 
Proposal 7: Sensing or partial sensing could be used for random resource selection with some possible limitation or restriction. 
Proposal 8: Pre-emption or re-evaluation could be used for random resource selection UE performing sensing. 

References
[bookmark: _Ref47694681]RP-201516, WID revision: NR sidelink enhancement
[bookmark: _Ref53741658]“RAN1 Chairman’s Notes”, RAN1#103-e.
[bookmark: _Ref47528408][bookmark: _Ref68511932]“RAN1 Chairman’s Notes”, RAN1 #104-e, January 25th – February 5th, 2021



	1/1	
image1.emf
𝑡 𝐲 − 𝐤 × 𝐏 𝐫𝐞𝐬𝐞𝐫𝐯𝐞 𝑆𝐿  


