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Introduction
In RAN#90-e meeting, the revised work item of NR sidelink enhancements was approved [1], in which objectives on resource allocation for power saving was updated as follows:
	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 work should consider the impact of sidelink DRX, if any.


In RAN1#105-e meeting, progress was made on the partial sensing, including the periodic-based and contiguous partial sensing, and the random resource selection. In this contribution, we continually discuss the remaining open issues on the partial sensing and random resource selection mechanisms.
Partial sensing
Periodic-based partial sensing
Remaining issues on Preserve and k values
In RAN1#105-e meeting, large progress was made on the determination of Preserve and k values, and the agreements / working assumption were listed as follows:
	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


In the following, we further discuss the remaining open issues:
· On Preserve
For the set of Preserve values in periodic-based partial sensing, it was agreed that when a subset set of Preserve values is (pre-)configured, the UE may additionally monitor occasions corresponding to Prsvp_tx, and there was one issue left for further discussion that whether the monitoring can be mandatory. During the email discussion, some companies raised the point that by enabling a subset of Preserve values, the UE may not be required to monitor Prsvp_tx, which during Rel-16 discussions in the context of unmonitored slots, was the most important value to monitor in terms of performance. 
In LTE-V partial sensing resource exclusion procedure, the steps regarding unmonitored slots (i.e., step 5 when partial sensing is not configured) are not defined. In our understanding, the reason is that when the UE selects the Y candidate subframes up to its implementation, the corresponding subframes that has its own transmission will be excluded from the Y subframes in the first place. However, unlike LTE-V which only enables periodic traffic, NR-V supports aperiodic transmission and also enables re-evaluation and pre-emption, it may not be possible for the UE to exclude all unmonitored slots when determining the Y candidate slots. In this case, the UE’s behavior for unmonitored slots should be defined in NR-V partial sensing. As pointed out by some companies, we think that even when a subset is (pre-)configured, the UE should mandatorily monitor Preserve corresponds to all values from the (pre-)configured set sl-ResourceReservePeriodList in case of unmonitored slots.
Proposal 1: When a single set of Preserve values is (pre-)configured, the UE mandatorily monitors Preserve corresponds to all values from the (pre-)configured set sl-ResourceReservePeriodList in case of unmonitored slots.
· On sensing before first slot of Y
In previous meetings, companies shared diverse views on the issue whether the sensing occasion to be monitored by the UE should be before the resource (re)selection triggering slot n, or before the first slot of the set of Y candidate slots. In the last meeting, it was agreed that 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; however, whether the monitoring occasions between the triggering slot n and the first slot of the Y candidate slots are performed as part of resource (re)selection or re-evaluation/pre-emption checking is left for further study. 

In our views, for the periodic-based partial sensing, the reference timing of the resource (re)selection can be extended to be the first slot of the Y candidate slot. During the discussion of the last meeting, the main reason of supporting sensing occasions before the triggering slot n is that it aligns with the design in LTE-V and Rel-16 NR-V. In partial sensing mechanism in LTE-V, the UE determines the Y candidate subframe up to its implementation and shall monitor any subframe  if k-th bit of the high layer parameter gapCandidateSensing is set to 1. Note that in LTE-V, the reservation periodicities of the traffic model are multiple integer of 100ms with a typical remaining PDB of 100ms (i.e., the size of the resource selection window is bounded by 100ms), which indicates that the location of the selected Y subframe is bounded by the triggering slot n + 100ms; meanwhile, with the value of Pstep as 100ms, all sensing occasions in LTE-V are before the triggering slot n. In NR-V, however, extra traffic models including the short reservation period traffic with reservation period of 1~99ms, and aperiodic transmissions, are supported. In such cases, it cannot ensure that the most recent sensing occasions are always before the triggering slot n. 
Furthermore, some companies argued that the sensing occasions between the triggering slot n and the first slot of Y candidate slots can be as part of the re-evaluation/pre-emption checking, in this case, as long as the distance between the triggering slot n and the first slot of the selected Y slots is large enough (e.g., larger than 32 slots), the reservations that fall into this range can only be detected by re-evaluation and/or pre-emption checking, and may lead to further resource re-selection and resource waste. In our view, it is not a smart design from the system performance point of view. 
Proposal 2: For periodic-based partial sensing, the monitoring 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.
· On SL-DRX
During the discussions in previous meetings, the relationship of SL DRX with the sensing occasions was left for further study, which is highly related to the issue of SL DRX impact on sensing and resource allocation, and it was under the discussion of the LS to RAN2.
According to the discussion under LS to RAN2, there are two understandings:
· A UE is not required to perform sensing out of the DRX active time;
· A UE can perform SL reception of PSCCH and RSRP measurement for sensing during its SL DRX inactive time.
To our understanding, partial sensing and random selection are power saving RA mechanisms for resource selection based on full sensing; meanwhile, SL DRX, based on the definition given by RAN2, is another power saving mechanism, used for data reception from a Rx UE point of view. If, according to understanding 1, partial sensing is only performed within the SL DRX active time, note that since SL DRX is semi-static configured while the sensing pattern is highly related to the arriving of the data packet, it could be difficult to match these two patterns; therefore, the available sensing occasions may not enough to acquire accurate sensing results.
Observation 1: If partial sensing is only performed within SL DRX active time, the available sensing occasions may not enough to acquire accurate sensing results
For the Tx UE, it should be enough to adopt one power saving mechanism for resource selection, and SL DRX is used for data reception for Rx. To ensure enough sensing samples to obtain reliable sensing results, the SL reception for sensing should be independent of the SL DRX active time.
Proposal 3: A UE performs SL reception of PSCCH and RSRP measurement for sensing during its SL DRX inactive time.
Conditions/cases to perform periodic-based partial sensing
During the RAN1#104b-e meeting, a set of conditions was defined for the periodic-based partial sensing. However, there was no common understanding on the following issues:
· Whether the periodic-based partial sensing is only performed when the UE has periodic transmissions;
· Whether the periodic-based partial sensing is only performed when there is actual packet to be sent;
· How to deal with the case when there have no sufficient sensing results;
First, in our view, the condition of UE performing periodic-based partial sensing is irrelevant to its traffic type. In other words, the periodic-based partial sensing is to exclude the periodic reservations from other UEs in a resource pool. If the resource pool allows both periodic and aperiodic transmissions, the Tx UE can still perform periodic-based partial sensing when it has aperiodic transmissions. 
Conclusion 1: The periodic-based partial sensing is performed by the Tx UE to exclude the periodic reservations from other UEs in a resource pool, and is irrelevant to the traffic type of the Tx UE.
One argument would be that the arrival time of the packet, particularly the aperiodic traffic, is unpredictable; therefore, the UE has no idea how to determine the Y candidate slots to obtain appropriate sensing results. We think that the higher layer in the UE is able to determine the timing (i.e., slot n) to trigger the lower layer to do the resource (re)selection in advance according to the assistance/prediction information of the traffic model, based on which the Tx UE can determine the Y candidate slots to perform periodic-based partial sensing. When the actual aperiodic packet arrives in slot n’, if the selected Y candidate slots can meet the remaining PDB of the packet, then the periodic-based sensing results can be used for the aperiodic transmissions; otherwise, it leads to another issue, which is how to deal with the case when there have no sufficient results. In our view, it can be up to UE implementation to handle this issue. If the remaining PDB of the packet is not urgent, the Tx UE can to perform contiguous partial sensing; if the priority level of the packet is high, the Tx UE can use random resource selection, which is able to pre-emp the reserved resources of other sensing-based UEs. 
Proposal 4: It is up to UE implementation to handle the case where the UE has insufficient sensing results.
Other potential enhancements
· Minimum value of Y 
In RAN1#104-e meeting, the determination of Y candidate slots in LTE-V was discussed and whether to support a minimum value of Y is still left for further study. 
[bookmark: _Hlk53239683]In LTE-V partial sensing, a UE determines by its implementation of Y candidate subframes, and Y shall be greater than or equal to the high layer parameter minNumCandidateSF. However, it is possible that the determined set of slots may not meet the requirement of remaining PDB, or the number of determined set of slots that satisfy the PDB may be limited. In such a case, the data transmission is highly probable to be interfered and jammed, and the transmission reliability is decreased. Moreover, in LTE-V, the high layer parameter minNumCandidateSF is fixed regardless of the data priority and which resource pool the transmission would take place. Note that since the (pre-)configured parameter minNumCandidateSF represents the level of power consumption and number of retransmissions; therefore, it can be considered that the parameter minNumCandidateSF is (pre-)configured parameter for each priority value and per resource pool.
Proposal 5: In NR sidelink partial sensing, UE shall determine by its implementation a set of slots which consists at least Y slots within selection window and Y shall be greater than or equal to a higher layer parameter minMumCandidateSF, where minMumCandidateSF is (pre-)configured for each priority value and per resource pool.
· Increasing of RSRP threshold
In NR sidelink mode-2, if the number of candidate single-slot resources remaining in the set SA after resource exclusion procedure is smaller than X% of the total number of candidate resources, the RSRP threshold will be repeatedly increased with step of 3dB until X% of single-slot resources remain. If partial sensing mechanism is configured, since the determined set of slots is only a subset of the resource selection window and the determination is totally by UE implementation, the determined set of slots may be not enough or suitable to meet the requirement of reliability. To be specific, when the determined set of slots is slightly greater than the higher layer parameter minNumCandidateSF or if the selected Y subframes are just right highly occupied and interfered by other UEs, the less and unsuitable candidate single-slot resources may result in unlimited increase of RSRP threshold, which leads to severe transmission interference and further impact the transmission reliability.
Proposal 6: Periodic-based partial sensing mechanism needs to take into account the unlimited increasing of RSRP threshold.
[bookmark: _Hlk53246264][bookmark: _Hlk53246296]One possible solution is to set an upper limit of the number of RSRP threshold increments or the maximum value of increased RSRP threshold. When the upper limit or the maximum value is reached, instead of continue increasing RSRP threshold, UE can increase the number of determined set of slots resulting in more candidate single-slot resources. With more candidate resources, the interference can be decreased and reliability is increased.
Proposal 7: In periodic-based partial sensing, an upper limit of the number of RSRP threshold increments or the maximum value of increased RSRP threshold can be configured. When the upper limit or the maximum value is reached, UE increases the number of determined set of slots.
Contiguous partial sensing
In RAN1#105-e meeting, the following agreement was reached regarding the contiguous partial sensing:
	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 the following, we further discuss the details of the TA and TB values and the relationship with different operating scenarios or conditions.
· In case that a resource pool enables the periodic reservation for another TB, the contiguous partial sensing can be performed to further take into consideration of resource reservations by aperiodic traffic. For periodic-based partial sensing, the UE determines by its implementation a set of slots which consists of at least Y slots within the selection window. On top of the selected Y candidate slots, the UE can open an additional contiguous partial sensing window before the first slot of the selected Y slots, ty0. In such a case, the contiguous partial sensing operation can be further divided into the following two cases:
· 
When the packet arrival time is predictable or the selected Y slots can satisfy the remaining PDB of the packet, the contiguous partial sensing can be performed before the triggering slot n, and the TA and TB  values are negative. Note that the intention of contiguous partial sensing is to avoid the dynamic reservations, which is within 31 slots; therefore, the range of the contiguous partial sensing window [n + TA, n + TB] should be [ty0 - 31, ty0 – Tproc,0 – Tproc,1]. In this case, the UE performs identification of candidate resources based on all available sensing results, including the contiguous partial sensing results in [ty0 - 31, ty0 – Tproc,0 – Tproc,1], and periodic-based partial sensing results by monitoring slots , and only one candidate resource set (SA) is to be initialized based on the Y candidate slots from the periodic-based partial sensing.
· [bookmark: _GoBack]When the selected Y slots cannot satisfy the remaining PDB of the packet, the contiguous partial sensing can only be performed after the actual triggering slot n, and the TA and TB  values are positive or zero. The range of the contiguous partial sensing window [n + TA, n + TB] should be [n+1, min{Tc, PDB}], where Tc is a (pre-)configured value of the contiguous partial sensing window size, and should be equal to and larger than 31. When TA = TB, the random resource selection is performed by the UE.
· In case that periodic reservations are disabled in a resource pool, the contiguous partial sensing is performed to avoid the dynamic reservations, which can be indicated by the SCI within 31 slots. In such a case, the value of TA and TB can be zero and positive. The range of the contiguous partial sensing window [n + TA, n + TB] should be [n+1, min{31, PDB}]. When TA = TB, the random resource selection is performed by the UE.
Proposal 8: In case that periodic reservation of another TB is enable by a resource pool, when the selected Y slots can satisfy the remaining PDB of the packet, or the packet arrival time is predictable, for the purpose of resource (re-)selection:
· the TA and TB values are negative;
· the range of the contiguous partial sensing window [n + TA, n + TB] should be [ty0 - 31, ty0 – Tproc,0 – T1].
Proposal 9: In case that periodic reservation of another TB is enable by a resource pool, when the selected Y slots cannot satisfy the remaining PDB of the packet, for the purpose of resource (re-)selection:
· the TA and TB values are positive or zero;
· the range of the contiguous partial sensing window [n + TA, n + TB] should be [n+1, min{Tc, PDB}], where Tc is a (pre-)configured value of the contiguous partial sensing window size.
Proposal 10: In case that periodic reservations are disabled in a resource pool, for the purpose of resource (re-)selection:
· the TA and TB values are positive or zero;
· the range of the contiguous partial sensing window [n + TA, n + TB] should be [n+1, min{31, PDB}].
Proposal 11: When TA = TB, the random resource selection is performed by the UE.
Random resource selection
In the RAN1#103-e meeting, it was agreed that a SL mode 2 Tx pool can be (pre-)configured to enable different resource selection schemes, including full sensing only, partial sensing only, random selection only, and any combinations thereof. During the last meeting, the following agreement was made on the random resource selection: 
	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.).


There was a remaining issue on how to solve the potential collision of random selected resources with low priority with partial/full sensing resources in a mix RA resource pool, and various of options were captured as examples.
[bookmark: _Hlk53396178][bookmark: _Hlk53396273]In our view, one possible way is to indicate resource selection schemes via SCI and when transmitter performs resource selection, it determines whether to exclude a candidate single-slot resource based on separately configured RSRP thresholds for different resource selection schemes. Alternatively, if random resource selection is identified via SCI decoding and overlapping is observed between the reserved resource and candidate resource, UE is expected to exclude the corresponding candidate resource without RSRP comparison. When the number of remaining candidate single-slot resources after exclusion procedure is less than X% of total number of candidate resources, the increased RSRP threshold value can be different among resource selection schemes. Moreover, when UE reporting candidate resource set to higher layer for resource selection, additional information such as whether the candidate resource overlaps with resources reserved by UE using random resource selection can be reported together, which may be beneficial for MAC layer to perform resource selection.
[bookmark: _Hlk53396223]Proposal 12: RAN 1 discusses collision control mechanism among different resource selection schemes and the following alternatives can be considered:
· Different RSRP thresholds or increased RSRP threshold value is (pre-)configured for different resource selection scheme;
· UE reports whether one candidate resource overlaps with resources reserved by random resource selection UE to higher layer for further resource selection.
[bookmark: _Ref31533076]Conclusions
In this contribution, we discuss on the resource allocation for power saving, and the following proposals are provided:
Observation 1: If partial sensing is only performed within SL DRX active time, the available sensing occasions may not enough to acquire accurate sensing results.
Proposal 1: When a single set of Preserve values is (pre-)configured, the UE mandatorily monitors Preserve corresponds to all values from the (pre-)configured set sl-ResourceReservePeriodList in case of unmonitored slots.
Proposal 2: For periodic-based partial sensing, the monitoring 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.
Proposal 3: A UE performs SL reception of PSCCH and RSRP measurement for sensing during its SL DRX inactive time.
Proposal 4: It is up to UE implementation to handle the case where the UE has insufficient sensing results.
Proposal 5: In NR sidelink partial sensing, UE shall determine by its implementation a set of slots which consists at least Y slots within selection window and Y shall be greater than or equal to a higher layer parameter minMumCandidateSF, where minMumCandidateSF is (pre-)configured for each priority value and per resource pool.
Proposal 6: Periodic-based partial sensing mechanism needs to take into account the unlimited increasing of RSRP threshold.
Proposal 7: In periodic-based partial sensing, an upper limit of the number of RSRP threshold increments or the maximum value of increased RSRP threshold can be configured. When the upper limit or the maximum value is reached, UE increases the number of determined set of slots.
Proposal 8: In case that periodic reservation of another TB is enable by a resource pool, when the selected Y slots can satisfy the remaining PDB of the packet, or the packet arrival time is predictable, for the purpose of resource (re-)selection:
· the TA and TB values are negative;
· the range of the contiguous partial sensing window [n + TA, n + TB] should be [ty0 - 31, ty0 – Tproc,0 – T1].
Proposal 9: In case that periodic reservation of another TB is enable by a resource pool, when the selected Y slots cannot satisfy the remaining PDB of the packet, for the purpose of resource (re-)selection:
· the TA and TB values are positive or zero;
· the range of the contiguous partial sensing window [n + TA, n + TB] should be [n+1, min{Tc, PDB}], where Tc is a (pre-)configured value of the contiguous partial sensing window size.
Proposal 10: In case that periodic reservations are disabled in a resource pool, for the purpose of resource (re-)selection:
· the TA and TB values are positive or zero;
· the range of the contiguous partial sensing window [n + TA, n + TB] should be [n+1, min{31, PDB}].
Proposal 11: When TA = TB, the random resource selection is performed by the UE.
Proposal 12: RAN 1 discusses collision control mechanism among different resource selection schemes and the following alternatives can be considered:
· Different RSRP thresholds or increased RSRP threshold value is (pre-)configured for different resource selection scheme;
· UE reports whether one candidate resource overlaps with resources reserved by random resource selection UE to higher layer for further resource selection.
Conclusion 1: The periodic-based partial sensing is performed by the Tx UE to exclude the periodic reservations from other UEs in a resource pool, and is irrelevant to the traffic type of the Tx UE.
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