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Introduction

At RAN1#105-e, RAN1 made the following conclusions and agreements [1].

	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 discuss our views on resource allocation to reduce power consumption of UEs.


Discussion
Enhancement for partial sensing based RA
Periodic-based partial sensing

At RAN1#103e, a leftover FFS is whether a power saving UE monitoring occasions corresponding to P_RSVP_Tx is mandatory in periodic-based partial sensing when the set of Preserve values doesn’t include P_RSVP_Tx. If monitoring occasions corresponding to P_RSVP_Tx is not mandatory, a possible situation is that a power saving UE may occupy a periodic resource (the period is P_RSVP_Tx), which has already been occupied by another UE with the same period. In this situation, persistent collision may happen. Therefore, we think this functionality should be mandatory.
[bookmark: _Ref79154538]Proposal 1: When performing periodic-based partial sensing for periodic transmission, UE should monitor occasions corresponding to P_RSVP_Tx when the set of Preserve values don’t include P_RSVP_Tx.

In LTE V2X, HARQ without feedback is enabled, and a power saving UE needs to decide candidate slots and associated partial sensing slots for the initial transmission and retransmissions of a specific TB. The maximum number of HARQ (re)transmissions in LTE V2X can be (pre-)configured up to 2. However, in Rel-16 V2X, this maximum number has been extended up to 32. In order to accommodate the variation in the maximum number of HARQ (re)transmissions, at least in periodic-based partial sensing, PHY should provide some flexibility in the numbers of candidate slots and corresponding partial sensing slots. In the current spec, the maximum number of HARQ (re)transmissions, which is highly related to priority and CBR, is not indicated to PHY explicitly. Therefore, the UE may associate the number of candidate slots to priority and/or CBR, so that maximum number of HARQ (re)transmissions can be satisfied.
[bookmark: _Ref79154599]Proposal 2: When performing periodic-based partial sensing, UE should determine the minimum number of candidate slots based on the priority and/or CBR value.

Another problem discussed in the RAN1#105e meeting is whether periodic-based partial sensing and contiguous partial sensing use the same selection window and candidate slots, at least for periodic transmission when a resource (re)selection procedure is triggered. We think it is not necessary to preclude that periodic-based partial sensing and contiguous partial sensing use different selection windows and/or candidate slots at the current stage. Therefore, we have following proposals.
[bookmark: _Ref79154613]Proposal 3: When a resource (re)selection procedure is triggered for periodic transmission, available resources set SA can be initialized from Y candidate slots defined by periodic-based partial sensing. If contiguous partial sensing results are available in resource (re)selection procedure, they can be applied in resource exclusion procedure.  

Similarly, we can also have a mirror proposal, which relates to aperiodic transmission. 
[bookmark: _Ref79154617]Proposal 4: When a resource (re)selection procedure is triggered for aperiodic transmission, available resources set SA can be initialized from candidate slots defined by contiguous partial sensing. If periodic-based partial sensing results are available in resource (re)selection procedure, they can be applied in resource exclusion procedure.  

Pre-emption and re-evaluation with partial sensing
Pre-emption and re-evaluation in NR Rel-16

At RAN1#103e, it was agreed that re-evaluation and pre-emption checking are supported by a UE that performs sensing. When a UE conducts periodic transmission and related periodic-based partial sensing, we are afraid that the number of candidate slots of periodic-based partial sensing in the selection window may be not enough (or, in other words, the number of candidate slots with channel state information gathered from periodic-based partial sensing, is not enough).  



[bookmark: _Ref79061780]Figure 1: the demo of candidate slots in periodic-based partial sensing
As demonstrated in Figure 1, pre-emption of a resource is indicated from physical layer at m-T3, and UE needs to reselect a new resource from SA reported by physical layer. However, it is clear that the number of candidate slots in the reselection window is reduced, even Y<min Y may happen. 
[bookmark: _Ref79154626]Proposal 5: When a power saving UE conducts periodic-based partial sensing, insufficient candidate slots (Y < min Y) due to re-evaluation/pre-emption checking should be addressed.

In Rel-14 V2X, UE performing periodic transmissions will use periodic resources for several times (a random value between [5, 15]) without re-evaluation or pre-emption checking. When re-evaluation or pre-emption checking is enabled for Rel-17 power saving UE, conducting re-evaluation or pre-emption checking in the initial selection of resources helps exclude resource reserved by other UEs, especially UEs with aperiodic traffic. As for subsequent periods after initial resource (re)selection, re-evaluation or pre-emption checking should be conducted for the same purpose. In contrast, another option is when a power saving UE uses periodic resources for periodic transmissions, the power saving UE can skip some re-evaluation/pre-emption checking of some TBs. By this method, power consumption can further be reduced. This method may not significantly influence reliability when CBR is low. 
[bookmark: _Ref79154633]Proposal 6: When power saving UE uses periodic resources for periodic transmissions, re-evaluation/pre-emption checking of some TBs can be skipped, FFS details.

However, if this option is adopted, a power saving UE becomes a non-sensing UE to some degree when skipping re-evaluation/pre-emption checking of some TBs. As RAN1 discussed in previous meetings, non-sensing UEs and sensing UEs may have collisions in mixed RA scenarios. Similar collisions may happen when skipping of re-evaluation/pre-emption checking is enabled. If this option is supported, this problem should be treated similarly as “Low priority randomly selected transmission colliding with high priority transmitted from full/partial sensing UE”.
Observation: When power saving UE uses periodic resources for periodic transmissions, if re-evaluation/pre-emption checking of some TBs are skipped, collisions may happen between it and other sensing UEs.

Another problem during those subsequent periods after initial resource (re)selection, is whether periodic-based partial sensing should be conducted, so that a re-evaluation/pre-emption checking procedure in subsequent periods can utilize the sensing results from periodic-based partial sensing. As far as we are concerned, supporting this feature can improve the communication reliability with the sacrifice of UE power consumption, as it can reduce collision probability caused by periodic reservation from other UEs. As demonstrated in Fig. 2, before power saving UE reuse selected periodic resources, it conducts re-evaluation/pre-emption checking. Different from conventional re-evaluation/pre-emption checking based on contiguous sensing, periodic-based partial sensing are extra conducted, and the sensing results from periodic-based partial sensing can be used in re-evaluation/pre-emption checking. It is worth noting that if this feature is supported, RAN1 needs to discuss how UEs decide periodic-based partial sensing slots for re-evaluation/pre-emption checking, and what is the UE’s behavior if re-evaluation/pre-emption is indicated from the physical layer.  
[bookmark: _Ref79154637]Proposal 7: When power saving UE performs periodic transmission and re-evaluation/pre-emption checking, at least support periodic-based partial sensing for re-evaluation/pre-emption checking.  



Figure 2: power saving UE with periodic-based partial sensing uses selected periodic resources for periodic transmissions


Coexistence of different RA schemes in a resource pool
At RAN1#103e, it was agreed that an 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. One of the discussion points on this topic would be how to manage collisions when the same resource pool is shared among UEs applying different RA schemes. In LTE SL, specific schemes to manage such collisions have not been supported although LTE SL has also supported shared resource pools among UEs based on different RA schemes. Therefore, it has not been easy to share the same resource pool due to the collisions. We think that resource pool sharing is important in terms of effective resource utilization and a solution for the issue is necessary to facilitate the sharing. We propose to introduce a set of resources not to be used for SL transmission within a resource pool for a UE. Furthermore, whether the resource can be used or not can depend on a priority of the SL transmission. For example, a non-sensing or partial sensing UE can be configured with a set of resources not to be used for low priority SL transmission, but the configured resources could be used for high priority SL transmission.
[bookmark: _Ref79154642]Proposal 8: A UE is configured with a set of resources not to be used for SL transmission within a resource pool.

When a sensing UE and non-sensing UE coexist in the same resource pool, RAN1 should consider pre-emption operation. If a sensing UE with higher priority pre-empts the resources reserved by non-sensing UEs (non-sensing UEs may perform random resource selection), non-sensing UEs cannot detect the pre-emption, and collisions may happen. Therefore, as a solution to this problem, pre-emption for resources reserved by non-sensing UE should be restricted in the case of the coexistence of sensing UEs and non-sensing UEs in the same resource pool. For example, an indicator can be signaled in the SCI to indicate that the resource is reserved by non-sensing UEs.
[bookmark: _Ref79154646]Proposal 9: A pre-emption for resource reserved by non-sensing UEs is restricted in the case of coexistence of sensing UEs and non-sensing UEs in the same resource pool.


Inter-UE coordination for power saving
In another AI, RAN1 will discuss the feasibility and benefit of enhancements to mode 2 using inter-UE coordination. According to the WID, inter-UE coordination has been described as “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.” If this UE-B isn’t required to perform any sensing or can reduce the sensing as compared to full sensing, UE-B can reduce its power consumption in terms of the sensing. Therefore, inter-UE coordination could reduce power consumption.
[bookmark: _Ref79154649]Proposal 10: Inter-UE coordination is supported for power consumption reduction.


SL-DRX in power saving RA schemes
In Rel-17 sidelink enhancement, a sidelink DRX has been introduced for power saving. RAN2 has specified the sidelink DRX while RAN1 has specified power saving RA schemes. The DRX operation in the sidelink could affect resource sensing and selection operations for sidelink transmission. For example, during the OFF state of the sidelink DRX, a UE will not be able to perform resource sensing for a sidelink transmission. For resource selection for sidelink transmission with a DRX-based sensing operation, the UE should exclude those resources that were not monitored during the OFF state.
[bookmark: _Ref79154653]Proposal 11: For resource selection, UE should exclude resources which it has not monitored during the OFF state of sidelink DRX operation in a resource sensing window.

For a partial sensing RA scheme, a sensing window could be determined by a UE according to UE implementation, based on RRC (pre-)configuration. To perform effective sensing operation (i.e. to avoid meaningless sensing window during DRX OFF state or meaningless DRX ON state without a sensing operation), a UE operating based on a partial sensing RA scheme should determine a partial sensing window considering an ON state of DRX operation.
[bookmark: _Ref79154656]Proposal 12: A UE based on partial sensing RA scheme should determine a partial sensing window considering an ON state of DRX operation.


Conclusion
Proposal 1: When performing periodic-based partial sensing for periodic transmission, UE should monitor occasions corresponding to P_RSVP_Tx when the set of Preserve values don’t include P_RSVP_Tx.
Proposal 2: When performing periodic-based partial sensing, UE should determine the minimum number of candidate slots based on the priority and/or CBR value.
Proposal 3: When a resource (re)selection procedure is triggered for periodic transmission, available resources set SA can be initialized from Y candidate slots defined by periodic-based partial sensing. If contiguous partial sensing results are available in resource (re)selection procedure, they can be applied in resource exclusion procedure.
Proposal 4: When a resource (re)selection procedure is triggered for aperiodic transmission, available resources set SA can be initialized from candidate slots defined by contiguous partial sensing. If periodic-based partial sensing results are available in resource (re)selection procedure, they can be applied in resource exclusion procedure.
Proposal 5: When a power saving UE conducts periodic-based partial sensing, insufficient candidate slots (Y < min Y) due to re-evaluation/pre-emption checking should be addressed.
Proposal 6: When power saving UE uses periodic resources for periodic transmissions, re-evaluation/pre-emption checking of some TBs can be skipped, FFS details.
Proposal 7: When power saving UE performs periodic transmission and re-evaluation/pre-emption checking, at least support periodic-based partial sensing for re-evaluation/pre-emption checking.  
Proposal 8: A UE is configured with a set of resources not to be used for SL transmission within a resource pool.
Proposal 9: A pre-emption for resource reserved by non-sensing UEs is restricted in the case of coexistence of sensing UEs and non-sensing UEs in the same resource pool.
Proposal 10: Inter-UE coordination is supported for power consumption reduction.
Proposal 11: For resource selection, UE should exclude resources which it has not monitored during the OFF state of sidelink DRX operation in a resource sensing window.
Proposal 12: A UE based on partial sensing RA scheme should determine a partial sensing window considering an ON state of DRX operation.

Reference
[1] Chair’s Notes RAN1#105-e.
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