[bookmark: _Hlk71381241]3GPP TSG RAN WG1 Meeting #106-e						        R1- 2110116
e-Meeting, October 11th – 19th, 2021

Agenda Item:	8.11.1.1
Title:	Discussion on NR Resource Allocation for Power Saving
Source:	Convida Wireless
Document for:	Discussion 

Introduction
In RAN1 #106e e-meeting [6], the following were agreed:

Agreement
In periodic-based partial sensing, UE monitoring of periodic sensing occasions between triggering slot n and the first slot of the selected Y candidate slots subject to processing time restriction is performed as part of resource (re)selection.
Agreement
Conditions in which contiguous partial sensing is performed by UE, when at least all of the followings are met:
· L1 [is expected to be or] is triggered by higher layer to report resources for resource (re-)selection in a mode 2 Tx pool
· FFS: When the trigger will be received by L1
· The resource pool is (pre-)configured to enable partial sensing
· Partial sensing is configured by higher layer in the UE
Agreement
For a resource pool (pre-)configured with at least partial sensing and UE is configured by its higher layer for partial sensing, 
· Periodic-based partial sensing and contiguous partial sensing schemes are supported for resource re-evaluation and pre-emption checking
· FFS details of partial sensing for re-evaluation and pre-emption checking, including any restrictions / conditions on performing PBPS and CPS, subset of resources, timing, candidate resource set (SA) and etc
· Same as in Rel-16, the higher layer indicates a set of resources and/or a set of resources  for re-evaluation and/or pre-emption checking, respectively
· Pre-emption checking is enabled according to the Release-16 interpretation of sl-PreemptionEnable.
· FFS: If additional enhancements are needed for enabling/disabling
· The triggering of re-evaluation and pre-emption checking is as in R16. 
Agreement
When UE performs only contiguous partial sensing (CPS) in a mode 2 Tx pool with periodic reservation for another TB (sl-MultiReserveResource) disabled, and a resource (re)selection is triggered in slot n,
· The resource selection window (RSW) is [n+T1, n+T2] where T2 is defined based on step 1) of Rel-16 TS 38.214 Sec. 8.1.4
· 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
· On the sensing window [n+TA, n+TB] for CPS,
· Details of TA and TB values based on the agreements from previous RAN1 meetings
· FFS whether and how to define a minimum CPS window size, including (pre-)configurability and the case when TB - TA is smaller than the minimum CPS window size
· FFS whether and how to define a maximum value / upper bound for TB with respect at least to the minimum RSW size and the remaining PDB, including (pre-)configurability
· FFS how a set of candidate resource (SA) is initialized considering candidate single-slot resources, including
· Whether and how to define a minimum size for the RSW (e.g., Rel-16 T2min), including (pre-)configurability
· Whether the set SA is confined within a set of Y candidate slots within the RSW
· UE performs resource exclusion from the set SA based on at least all available sensing results and based on step 6) and 7) of Rel-16 TS 38.214 Sec. 8.1.4
· Note, re-evaluation and pre-emption checking in a resource pool with periodic reservation for another TB (sl-MultiReserveResource) disabled is considered separately.
· FFS: Details on T1 
Agreement
For random resource selection in a resource pool (pre-)configured with full/partial sensing and random resource selection, down-select to one of the followings in RAN1#106bis-e
· Option 1: A priority threshold value or a range of priority levels is (pre-)configured for the resource pool, below or within which random resource selection is allowed
· Note, lower value means higher priority
· FFS whether resource pool partitioning can be additionally applied
· Option 2: Increase the priority for the transmission based on random selection and indicate the new priority value in the priority field in the 1st-stage SCI
· FFS: An extra field is added in SCI for indicating the original priority value associated with QoS requirement,
· FFS: A 1-bit field in the SCI indicates that the UE is performing random resource selection, or
· FFS: An extra field is added in SCI for indicating the mapping to the original priority value associated with QoS requirement.
· Option 7: Exclude resources reserved by UE performing random selection without re-evaluation / pre-emption checking, regardless of their priorities. E.g. a 1-bit field in the SCI indicates that the UE is performing random resource selection and not performing re-evaluation and pre-emption checking
· Option 12: No special consideration
Agreement
When UE performs periodic-based and contiguous partial sensing schemes in a mode 2 Tx pool with periodic reservation for another TB (sl-MultiReserveResource) enabled,
· For a resource (re)selection procedure triggered by aperiodic transmission (Prsvp_TX=0) in slot n,
· The resource selection window (RSW) is [n+T1, n+T2], and T1 and T2 are defined in the same way according to step 1) of Rel-16 TS 38.214 Sec. 8.1.4
· FFS whether UE determines a new set of Y candidate slots within the RSW and monitors corresponding periodic sensing occasions between slot n and the first slot of the new Y candidate slots subject to processing constraints
· FFS how to initialize a set of candidate resource (SA) for the triggered resource (re)selection procedure and which partial sensing scheme(s) and results can be used for resource exclusion in the resource (re)selection procedure
· 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, re-evaluation and pre-emption checking based on periodic-based and contiguous partial sensing schemes is considered separately
[bookmark: _Hlk80955648]Agreement
When UE performs periodic-based and contiguous partial sensing schemes in a mode 2 Tx pool with periodic reservation for another TB (sl-MultiReserveResource) enabled,
· For a resource (re)selection procedure triggered by periodic transmission (Prsvp_TX≠0) in slot n
· A set of candidate resource (SA) is initialized to the set of selected Y candidate slots of PBPS
· UE performs contiguous partial sensing in [n+TA, n+TB] for resource exclusion from the initialized candidate resource set (SA)
· FFS details of TA and TB based on the agreement(s) from previous RAN1 meetings
· Note, re-evaluation and pre-emption checking based on periodic-based and contiguous partial sensing schemes is considered separately
FFS: The condition under which UE performs periodic-based and contiguous partial sensing schemes in a mode 2 Tx pool with periodic reservation for another TB (sl-MultiReserveResource) enabled
Agreement
A UE can perform SL reception of PSCCH and RSRP measurement for sensing during its SL DRX inactive time.
· FFS: When such reception and measurement is performed, whether it is subject to specification, or is up to UE implementation
· FFS: Other details

In RAN1 #105e e-meeting [1], the following were agreed:
Agreement:
· For the set of Preserve values in periodic-based partial sensing, 
· If no (pre-)configuration (i.e., by default), Preserve corresponds to all values from the (pre-)configured set sl-ResourceReservePeriodList.
· Otherwise, a single set of Preserve values can be (pre-)configured, where the set of Preserve values are restricted to a subset of the (pre-)configured set sl-ResourceReservePeriodList
· This is per mode 2 Tx resource pool (pre-)configuration
· A UE by implementation may also monitor other sl-ResourceReservePeriodList values not part of the restricted subset 
· In particular, the UE may additionally monitor occasions corresponding to P_RSVP_Tx
· FFS whether the monitoring can be mandatory
Agreement:
  ·  In periodic-based partial sensing for resource (re)selection, the UE at least monitors in periodic sensing occasion(s) for a given reservation periodicity before the first slot of the selected Y candidate slots subject to processing time restriction for the identification of candidate resources.
  o   The processing time restriction includes Tproc,0SL  and Tproc,1SL.
  o   Aspects relating to sensing during SL DRX are to be discussed separately
· Relationship to re-evaluation and pre-emption operation for periodic-based partial sensing to be discussed separately
· FFS details including whether monitoring of periodic sensing occasions between triggering slot n and the first slot of the selected Y candidate slots subject to processing time restriction is performed as part of resource (re)selection or re-evaluation and pre-emption checking
Agreement:
· For the k value in periodic-based partial sensing for resource (re)selection,
· By default, the UE monitors the most recent sensing occasion for a given reservation periodicity before the resource (re)selection trigger slot n or the first slot of the set of Y candidate slots subject to processing time restriction.
· If (pre-)configured, UE additionally monitors periodic sensing occasions that correspond to a set of values which can be (pre-)configured with at least one value
· (Working assumption) Possible values correspond to the most recent sensing occasion for a given reservation periodicity before the resource (re)selection trigger slot n or the first slot of the set of Y candidate slots, and the last periodic sensing occasion prior to the most recent one for the given reservation periodicity are included.
· FFS: whether/which other values and details of the (pre-)configuration (e.g. max number of values or sensing occasions)
· FFS: whether a value denotes a specific occasion to monitor or the earliest occasion to start the monitoring.
· FFS relationship between periodic-based partial sensing occasions and SL-DRX
· Note:
· This is for the case when the resource (re)selection triggering slot n is expected by UE
Agreement:
· For random resource selection,
· Reuse the maximum distance separation of 32 logical slots for a HARQ retransmission resource reserved by a prior SCI for the same TB, which was defined in R16 for full sensing operation.
· SL HARQ feedback enabled transmission is supported (FFS applicable conditions if any)
· The minimum HARQ feedback time gap (Z) shall be respected between any two selected resources of a TB where a HARQ feedback for the first of these resources is expected.
· FFS the impact of resource collision when random resource selection is performed by a UE which does not perform sensing / re-evaluation and pre-emption checking in a resource pool with mixed RA schemes (e.g. for low priority or any priority transmissions).
· Including study potential solution(s) if the impact is not negligible (e.g. threshold based, raising priority, minimum time gap, pattern based, a priori SCI reserving initial transmissions, resource pool partitioning, and etc.).
Agreement: In contiguous partial sensing for resource (re)selection, TA and TB values can be zero, positive or negative 
· TA and TB values or range depend on different operating scenarios or conditions (e.g., periodic/aperiodic traffic, predictability of triggering slot n, remaining PDB, re-evaluation/pre-emption checking, HARQ feedback, CBR/CR parameter, power saving, etc)
· FFS details
· FFS: details of how periodic-based partial sensing and contiguous partial sensing are used for re-evaluation and pre-emption checking. Including how to reduce UE’s power consumption (caused by additional sensing operation of re-evaluation/pre-emption) after its resource selection, with the considerations of different operating scenarios or conditions (e.g., pre-emption enabled/disabled, HARQ-ACK enabled/disabled, etc).

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.
Resource Allocation Mode 2 for Power Saving   
[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. 
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.
A mixed resource allocation schemes could be used in the same resource pool. Random resource selection could be used with other resource allocation schems in mixed resource allocation scenario. If a UE does not perform sensing or re-evaluation and pre-emption checking, there could be impact on the performance. If the impact is not negligible, some methods are needed to avoid performance degradation. 
For random resource selection in a resource pool (pre-)configured with full/partial sensing and random resource selection, it was agreed to down-select to one of the followings in RAN1#106bis-e. Option 1 is that a priority threshold value or a range of priority levels is (pre-)configured for the resource pool, below or within which random resource selection is allowed. Lower value means higher priority. Whether resource pool partitioning can be additionally applied can be further studied. Option 2 is to increase the priority for the transmission based on random selection and indicate the new priority value in the priority field in the 1st-stage SCI. Option 7 is to exclude resources reserved by UE performing random selection without re-evaluation or pre-emption checking regardless of their priorities. Option 12 is no special consideration.
Our preference is option 1 in which priority threshold value or a range of priority levels is (pre-)configured for the resource pool, below or within which random resource selection is allowed.
Proposal 1: Enhancement of partial sensing considers power saving while reliability and latency are maintained for NR sidelink. 
Proposal 2: Switching between different resource sensing/resource allocation schemes is considered for NR sidelink. 
Proposal 3: Methods could be considered to reduce performance impact when mixed resource allocation schemes are used in the same resource pool. 
Proposal 4: For random resource selection in a resource pool (pre-)configured with full/partial sensing and random resource selection, option 1 in which priority threshold value or a range of priority levels is (pre-)configured for the resource pool, below or within which random resource selection is allowed should be supported. 

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.
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. 
In Rel-16, BWP has been supported for Uu interface to enable power saving, link adaptation as well as to support UEs with different bandwidths. Basic BWP operation for NR sidelink communications have also been supported in which only one BWP can be configured and active for SL. To benefit from power saving due to bandwidth adaptation for SL, advanced BWP operations should be considered in NR SL. Efficient BWP operation and adaptation for power saving in SL are desirable.
Proposal 5: Inter-UE coordination with assistance information is considered for power saving enhancement in addition to enhancement of reliability and latency. 
Proposal 6: Partial sensing could be used for random resource selection with some possible limitation or restriction. 
Proposal 7: Pre-emption or re-evaluation could be used for random resource selection UE performing sensing. 
Proposal 8: BWP adaptation could be considered as one of enhancements for power saving in NR SL. 

Conclusions
In this contribution, we have the following proposals:
Proposal 1: Enhancement of partial sensing considers power saving while reliability and latency are maintained for NR sidelink. 
Proposal 2: Switching between different resource sensing/resource allocation schemes is considered for NR sidelink. 
Proposal 3: Methods could be considered to reduce performance impact when mixed resource allocation schemes are used in the same resource pool. 
Proposal 4: For random resource selection in a resource pool (pre-)configured with full/partial sensing and random resource selection, option 1 in which priority threshold value or a range of priority levels is (pre-)configured for the resource pool, below or within which random resource selection is allowed should be supported. 
Proposal 5: Inter-UE coordination with assistance information is considered for power saving enhancement in addition to enhancement of reliability and latency. 
Proposal 6: Partial sensing could be used for random resource selection with some possible limitation or restriction. 
Proposal 7: Pre-emption or re-evaluation could be used for random resource selection UE performing sensing. 
Proposal 8: BWP adaptation could be considered as one of enhancements for power saving in NR SL. 

References
[1] [bookmark: _Ref71493426][bookmark: _Ref47528408][bookmark: _Ref68519468]“RAN1 Chairman’s Notes”, RAN1 #105-e, May 10th – May 27th, 2021
[2] [bookmark: _Ref79055431]“RAN1 Chairman’s Notes”, RAN1 #104bis-e, April 12th – April 20th, 2021
[3] [bookmark: _Ref71493482]“RAN1 Chairman’s Notes”, RAN1 #104-e, January 25th – February 5th, 2021
[4] [bookmark: _Ref53741658]“RAN1 Chairman’s Notes”, RAN1#103-e.
[5] [bookmark: _Ref61866784]RP-202846, WID revision: NR sidelink enhancement
[6] [bookmark: _Ref83586689]“RAN1 Chairman’s Notes”, RAN1 #106-e



	1/1	
