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Introduction
[bookmark: _Hlk68542266]In RAN1 #106b-e, the principal design of resource allocation for power saving has been discussed and agreed [1]. In this contribution, we discuss the remaining aspects of partial sensing, random resource allocation, resource re-evaluation/pre-emption, and sensing and resource allocation for SL DRX. 
Resource allocation enhancement
0. Contiguous partial sensing (CPS)
In the last RAN1 meeting, the following agreement was made regarding contiguous partial sensing (CPS):
	Agreement
When UE performs at least contiguous partial sensing in a mode 2 Tx pool for a resource (re)selection procedure triggered by aperiodic transmission (Prsvp_TX=0) in slot n, TA and TB for CPS monitoring window and a candidate resource set (SA) is initialized according to potentially one of the following approaches (final decision in RAN1#107-e). Other approaches are not precluded and the details in each approach can still be updated.
· Approach 1: (SA is initialized based on at least slots with PBPS and/or CPS results and guarantee a minimum of M slots for CPS)
· The UE selects a set of Y’ candidate slots with corresponding PBPS and/or CPS results (if available) within the RSW.
· [bookmark: _Hlk86747460][bookmark: _Hlk86747468]FFS how to handle the case if the total number of Y’ candidate slots is less than a (pre-)configured threshold Y’min without dropping the aperiodic transmission
· FFS whether the Y’ candidate slots for aperiodic transmission is the same as the Y candidate slots in PBPS for periodic transmission of another TB(s)
· FFS whether/how to prioritize/select resources based on partial sensing results.
· FFS: How to select Y’ in case of CPS only
· Candidate resource set (SA) is initialized to the set of all single-slot candidate resources in the selected Y’ candidate slots. 
· For the CPS monitoring window [n+TA, n+TB]:
· TA and TB are both selected such that UE has sensing results for a minimum of M consecutive logical slots before ty0, where ty0 is the first slot of the selected Y’ candidate slots.
· FFS: By default, M is 31 unless (pre-)configured with another value, or M is (pre-)configured based on transmission priority
· FFS the range of (pre-)configured M from a TBD lowest value up to 30
· FFS: how to handle the case when the minimum M slots for CPS cannot be guaranteed
· FFS: RSW in case of CPS only
· Approach 2: (SA is initialized based on all candidate single-slot resources and guarantee a minimum of M slots for CPS)
· Candidate resource set (SA) is initialized to the set of all candidate single-slot resources in [n+TB+Tproc,0+Tproc,1, n+T2], where TB is selected by the UE such that length of [n+TB+Tproc,0+Tproc,1, n+T2] ≥ T2min.
· Tproc,0, Tproc,1 are in units of physical time/slots
· FFS whether/how to prioritize/select resources based on partial sensing results (if PBPS is performed).
· For the CPS monitoring window [n+TA, n+TB]:
· TA = X
· FFS value X for TA including X=1 and negative value
· TB is selected such that UE has sensing results for a minimum of M consecutive logical slots before the start of (n+TB+Tproc,0+Tproc,1).
· FFS: By default, M is 31 unless (pre-)configured with another value, or M is (pre-)configured based on transmission priority
· FFS the range of (pre-) configured M from a TBD lowest value up to 30
· FFS: how to handle the case when the minimum M slots for CPS cannot be guaranteed
· Approach 3: (independent approach for different case)
· When UE additionally performs periodic-based partial sensing in the resource pool, the above Approach 1 applies.
· When UE does not perform periodic-based partial sensing in a resource pool that does not allow resource reservation for another TB, the above Approach 2 applies.



In the last meeting, it was discussed whether to support only Approach 1 or Approach 2 for CPS regardless of whether periodic reservation is configured in the resource pool. The reason to support one of the two Approaches is to have a unified design of CPS. However, the unified design may not work properly for both types of resource pools.
· In the resource pool with periodic reservation for another TB enabled: The set of Y candidate slots should be used to initialize set A and the UE should perform PBPS at least from slot n to the first slot of the set of Y candidate slots. Therefore, for this type of resource pool, Approach 1 should be followed.
· In the resource pool with periodic reservation for another TB disabled: There is no periodic reservation; therefore, set A should be initialized in the window after CPS. To avoid delay in resource selection, CPS should be started right after slot n. Therefore, for this type of resource pool, the UE should follow Approach 2.
Therefore, different approaches for different cases (i.e., Approach 3) should be supported.
Proposal 1: When UE performs at least contiguous partial sensing in a mode 2 Tx pool for a resource (re)selection procedure triggered by aperiodic transmission (Prsvp_TX=0) in slot n, TA and TB for CPS monitoring window and a candidate resource set (SA) is initialized according to Approach 3.
The contiguous partial sensing window of 31 slots may help to achieve the full potential sensing result for aperiodic reservation. However, due to limited PDB, the UE may not be able to sense up to 31 slots. For large PDB, the UE should be required to perform sensing in 31 slots; however, for low PDB, a shorter sensing window should be required. The PDB can be associated with the priority of the TB. Therefore, the minimum CPS window should be (pre-)configured per priority of the TB.
Proposal 2: In both Approach 1 and Approach 2, the minimum CPS window of M consecutive slots is (pre-)configured based on transmission priority and/or PDB.
One open issue is how to handle the case that the minimum M slots for CPS cannot be guaranteed. In our view, whenever the UE does not have enough required sensing results, the UE may need to perform random resource allocation in the resource pool (pre-)configured with random resource allocation (e.g., exceptional resource pool).
Proposal 3: In both Approach 1 and Approach 2, if minimum M slots for CPS cannot be guaranteed, the UE performs random resource allocation in the resource pool (pre-)configured with random resource allocation (e.g., exceptional resource pool).

When both CPS and PBPS are performed:
One remaining issue to discuss when the UE performs both CPS and PBPS for aperiodic traffic is the relationship between the set of Y’ candidate slots and the set of Y candidate slots in PBPS for periodic transmission of another TB(s). In our view, if there is a set of Y candidate slots having PBPS results, the UE should include these slots in the set of Y’ candidate slots. It is because the resources in these slots already have PBPS sensing results. Therefore, if the UE selects one of the resources in these slots, it may help reduce resource collision with the periodic reservation of other UEs. 
Proposal 4: When both PBPS and CPS are performed, the UE selects the set of Y’ candidate slots including all the Y candidate slots in PBPS for periodic transmission of another TB(s) in the RSW.
For aperiodic transmission, the arrival time of the data is random; therefore, it is possible that there is no Y≥ Y’min candidate slots of an existing PBPS process within the RSW for the aperiodic transmission. One remaining issue is how to select Y’≥ Y’min candidate slots to reduce resource collision. In our perspective, the UE may add additional slots within the RSW to satisfy Y’≥ Y’min. For Y candidate slots of an existing PBPS, it was agreed that the UE performs sensing from slot n to the first slot of Y candidate slots. With the additional slots outside of Y candidate slots, the UE should perform PBPS as well to reduce collision with short periodic reservations. Specifically, the UE may need to perform PBPS from slot n to the first slot of Y’ candidate slots.
Proposal 5: When both PBPS and CPS are performed, after including all candidate slots from the set of Y candidate slots in PBPS for periodic transmission of another TB(s)to the set of Y’ candidate slots, if Y’ <Y’min, the UE additionally selects other slots within the RSW until Y’ ≥Y’min.
· The UE performs PBPS from slot n to the first slot of the Y’ candidate slots.
One remaining issue is whether to prioritize selecting the resource having PBPS results. In our view, such prioritization should be supported since selecting the resources having the PBPS results may help the UE to reduce collision with periodic reservations and it also may help the UE performing periodic reservation to minimize resource reselection due to pre-emption checking. 
Proposal 6: When PBPS results is available, the UE prioritizes select the resources having PBPS results.

When CPS only is performed:
For aperiodic transmission, the UE is not aware of the resource selection triggering time n. Therefore, to save power, CPS should be performed after the resource selection triggering slot n. Hence, the CPS window should be started right after slot n. In our view, one slot is enough for the UE to start sensing; hence, TA = 1 is sufficient. 
Proposal 7: When UE performs only CPS and a resource (re)selection is triggered in slot n, TA = 1, where TA is the first slot of the CPS window.
0. Periodic Based Partial Sensing (PBPS):
In the last RAN1 meeting, it was agreed that a minimum value for the set of candidate slots (i.e., Ymin) is (pre-)configured from the range of values. In LTE, Ymin is (pre-)configured in a resource pool regardless of the QoS of the TB since each TB can have only one or two transmissions. However, in NR, the number of retransmissions for one TB can vary significantly. Specifically, the (pre-)configuration allows one TB to have from zero to 32 retransmissions based on the priority of the TB. A higher number of retransmissions may require more candidate slots Y to reduce collision for each transmission. Hence, Ymin should be (pre-)configured per priority per resource pool.
Proposal 8: A minimum value for Y is (pre-)configured per priority.
Resource re-evaluation and pre-emption
In the last meeting, the following WA for resource re-evaluation and pre-emption was agreed:
	Working Assumption
In a resource pool (pre-)configured to enable partial sensing, when UE is configured with partial sensing by its higher layer, the resources for which the UE performs re-evaluation and/or pre-emption checking are for the initial transmission and retransmissions of every TB according to Rel-16 specification based on partial sensing results.
· Same as in Rel-16, for periodic transmission, re-evaluation check is not applied to the resources that have been signalled in current period or previous periods, except that it is up to UE implementation whether to apply re-evaluation check to the resources in non-initial reservation period that have been signalled neither in the immediate last nor in the current period.
· The resource in the main bullet is the set of resources (r0,r1,r2,…) and/or the set of resources (r0',r1',r2',…)  for re-evaluation and/or pre-emption checking, respectively, which has been agreed in RAN1 #106-e.



If PBPS and CPS are both required for the UE to perform resource re-evaluation/pre-emption, the UE may need to perform excessive sensing. If the has to perform CPS in each period (if we follow the same mechanism for resource allocation), which will result in contiguous sensing in every slot for periodic reservation with short intervals. Therefore, the UE may not save any power even though we use partial sensing for resource allocation. One possible solution to balance between power consumption and PRR is to configure the UE to perform less sensing for re-evaluation and/or pre-emption. Specifically, the UE may have a separate configuration for CPS and PBPS when it performs resource re-evaluation and/or pre-emption. For CPS, the UE may be (pre-)configured a minimum CPS window of M consecutive slots to be smaller than the one configured for initial resource allocation. For PBPS, the UE may be (pre-)configured a smaller set of reservation periods and smaller number of PSOs per period for resource re-evaluation and/or pre-emption compared to initial resource allocation.
Proposal 9: Support different configurations for CPS and PBPS (e.g., smaller number of required sensing slots) for resource re-evaluation and pre-emption.
Random resource allocation in a resource pool with mixed RA schemes
In the last RAN1 meeting, the following proposal regarding collision mitigation of random resource allocation in a resource pool of mixed RA schemes between random and partial/full sensing was intensively discussed.
	 Proposal 3-1 (IX): 
 For random resource selection in a resource pool (pre-)configured with full/partial sensing and random resource selection, 
  ·   Option 1: a priority threshold value is can be (pre-)configured for the resource pool or a subset of resources, at or below the threshold value which random resource selection is allowed.
·  Note, lower value means higher priority
·  FFS: Remaining details for the RRC parameter (e.g., possible priority threshold values, and whether the priority threshold values can be based on different measured CBR)
·  FFS: whether to support a priority threshold value (pre-)configured for a subset of resources in a resource pool



In our view, if Option 1 is not supported, a UE can perform random selection in the resource pool for any TB. Such behavior may demotivate the UE to perform sensing since sensing may not be able to avoid collision with random resource selection. Specifically, persistent collisions may happen between reservation of low priority transmission using random selection and periodic reservation of high priority transmission using sensing-based selection. It is because when performing pre-emption checking, the UE performing sensing will not reselect the collided resources as it expects that the low priority transmission will perform the reselection. However, the low priority transmission will not reselect the resource since it does not perform pre-emption. Such collision between the transmission with low priority using random selection and transmission with high priority using sensing-based selection may happen at any transmission and any time. Such collision may degrade the performance of the system and degrade the reliability of the high priority transmissions, which is not desirable.
One remaining issue is whether to support a priority threshold value (pre-)configured for a subset of resources in a resource pool. In our view, it is not necessary since this design can be obtained in a different way. Specifically, the network can configure the UE with another resource pool containing the subset of resources in an original resource pool. The UE may then be (pre-)configured a priority threshold in the new resource pool containing the subset of the resources.
Proposal 10: For collision mitigation of random resource selection in a resource pool of mixed RA schemes between random and partial/full sensing, a priority threshold value is (pre-)configured for the resource pool, at or below the threshold value which random resource selection is allowed.

Consideration of Sidelink DRX 

Sensing in SL DRX:
In the last meeting, the following proposal was discussed:
	Proposal 5-1 (III): When SL DRX is (pre-)configured for a UE and the mode 2 Tx resource pool allows partial sensing, the UE performs PSCCH reception and RSRP measurement for sensing based on defined rules/ processes in the specification for partial sensing regardless of SL DRX active and inactive time of the UE.



If we require the UE to perform sensing regardless of SL DRX active and inactive time, we may not achieve any power saving gain for SL DRX from sensing perspective and the sensing is majority part of the power consumption at the UE. Therefore, it does not make sense to apply the same sensing configuration for the UE without SL DRX. One possible solution to balance between power saving gain and reliability is to configure a fewer number of sensing slots for the UE in SL DRX (e.g., a smaller number of sensing slots for CPS and PBPS).
Proposal 11: Support different configurations for CPS and PBPS for the UE configured with SL DRX.
When configured in SL DRX, a UE is required to decode both the first and second SCI within slots associated with its SL DRX active time. Since the second SCI is multiplexed with PSSCH, then the active time corresponds to the monitoring PSCCH and decoding PSSCH channels.
Proposal 12: The Rx UE in its SL DRX active time shall decode both the first and second SCI.
When the UE in its SL DRX active time, it should decode both the first and the second SCI since it may need to do sensing and receive data in that period. When the UE is outside of its active time, it may need to perform sensing due to sensing configuration. However, the UE should not expect to receive data. Therefore, when the UE is outside of its active time, the UE should decode the first SCI only for sensing purposes.
Proposal 13: In the slots outside of DRX active time where the UE performs sensing, the UE decodes the first SCI only.

Resource allocation for transmission to Rx UE in SL DRX:
In the last meeting, the following WA was agreed:
	Working Assumption
When PHY layer is indicated with an active time of RX UE from MAC layer for candidate resource selection, a restriction is applied in PHY layer so that at least a subset of candidate resources reported to MAC layer is located within the indicated active time of the RX UE. The following options will be further discussed in RAN1 to restrict resources for candidate resource selection taking into account the indicated active time from MAC layer:
· Option 1: PHY layer selects and reports candidate resources only within the indicated active time of the RX UE
· Option 2: PHY layer selects and reports candidate resources in which at least a subset of the candidate resources is within the indicated active time of the RX UE
· Option 3: PHY layer selects and reports an additional candidate resource set of candidate resources within the indicated active time of the RX UE



In our view, Option 1 may unnecessarily restrict the resource (re)selection window for the TB. It is because one transmission (either initial or retransmission) can extend the current active time of the Rx UE(s) by causing the inactivity timer to be running. The Rx UE(s) is active when the inactivity timer is running. Hence, the future active time of the Rx UE(s) can be much longer than the current active time. Therefore, the retransmission resources can be outside of the current active time of the Rx UE(s). Option 3 requires the UE to perform two resource allocation processes and report two different set A. In addition, if the first set A already has enough candidate resources within the active time of the UE, it is not necessary for the UE to report the second set A. In our view, Option 2 is the simplest solution, which only requires the UE to guarantee a certain amount of candidate resources within the active time of the UE to report to MAC. In this option, the UE may need to perform only one resource selection process and providing one set A. Moreover, the set A may contain the resource within and outside of the active time of the Rx UE. The resources outside of the active time of the UE may be used if the active time of the UE is extended.
Proposal 14: Support PHY layer to select and report candidate resources in which at least a subset of the candidate resources is within the indicated active time of the RX UE (Option 2) to restrict resources for candidate resource selection considering the indicated active time from MAC layer.

Congestion control for SL DRX
One issue needs to be discussed is congestion control for DRX operation. When the Tx UE has data during the DRX OFF duration of the Rx UE(s), it may buffer the data and wait until the DRX ON duration of the Rx UE(s) to perform resource selection and transmission of the data. Afterward, many Tx UEs may perform resource selection at the beginning of the DRX ON duration in each cycle assuming that DRX configurations are aligned across a group of Rx UEs. As a consequence, severe collision may happen at the beginning of the DRX ON of the Rx UE(s) duration of each DRX cycle. Therefore, congestion control should be enhanced for the DRX operation.
Proposal 15: Consider congestion control enhancement for DRX operation. 
Conclusion
In this contribution, the following conclusions were made for resource allocation for power saving:
Proposal 1: When UE performs at least contiguous partial sensing in a mode 2 Tx pool for a resource (re)selection procedure triggered by aperiodic transmission (Prsvp_TX=0) in slot n, TA and TB for CPS monitoring window and a candidate resource set (SA) is initialized according to Approach 3.
Proposal 2: In both Approach 1 and Approach 2, the minimum CPS window of M consecutive slots is (pre-)configured based on transmission priority and/or PDB.
Proposal 3: In both Approach 1 and Approach 2, if minimum M slots for CPS cannot be guaranteed, the UE performs random resource allocation in the resource pool (pre-)configured with random resource allocation (e.g., exceptional resource pool).
Proposal 4: When both PBPS and CPS are performed, the UE selects the set of Y’ candidate slots including all the Y candidate slots in PBPS for periodic transmission of another TB(s) in the RSW.
Proposal 5: When both PBPS and CPS are performed, after including all candidate slots from the set of Y candidate slots in PBPS for periodic transmission of another TB(s)to the set of Y’ candidate slots, if Y’ < Y’min, the UE additional select other slots within the RSW until Y’ ≥Y’min.
· The UE performs PBPS from slot n to the first slot of the Y’ candidate slots.
Proposal 6: When PBPS results is available, the UE prioritizes select the resources having PBPS results.
Proposal 7: When UE performs only CPS and a resource (re)selection is triggered in slot n, TA = 1, where TA is the first slot of the CPS window.
Proposal 8: A minimum value for Y is (pre-)configured per priority.
Proposal 9: Support different configurations for CPS and PBPS (e.g., smaller number of required sensing slots) for resource re-evaluation and pre-emption. 
Proposal 10: For collision mitigation of random resource selection in a resource pool of mixed RA schemes between random and partial/full sensing, a priority threshold value is (pre-)configured for the resource pool, at or below the threshold value which random resource selection is allowed.
Proposal 11: Support different configurations for CPS and PBPS for the UE configured with SL DRX.
Proposal 12: The Rx UE in its SL DRX active time shall decode both the first and second SCI.
Proposal 13: In the slots outside of DRX active time where the UE performs sensing, the UE decodes the first SCI only.
Proposal 14: Support PHY layer to select and report candidate resources in which at least a subset of the candidate resources is within the indicated active time of the RX UE (Option 2) to restrict resources for candidate resource selection considering the indicated active time from MAC layer.
Proposal 15: Consider congestion control enhancement for DRX operation. 
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