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Introduction
[bookmark: _Hlk68542266]In RAN1#107-e, the principal design of resource allocation for power saving has been discussed and agreed [1]. In RAN Plenary #94, the following remaining opening issues of sidelink resource allocation for power saving have been confirmed as starting point to finalize the Rel-17 eSL [2]:
	· Finalization of pre-emption/re-evaluation checking for aperiodic transmission
· Finalization of selection/report of candidate resources in which at least its subset is within RX UE's active time
· Finalization of SL CBR measurement in partial sensing
· CPS monitoring window for aperiodic transmission when UE performs at least CPS in a Tx pool
· T1 of RSW when UE performs only CPS in a Tx pool with periodic reservation for another TB disabled
· Sensing and SL CBR measurement during its SL DRX inactive time
· Re-evaluation and pre-emption checking after random selection
· Resource pool segregation for periodically occurring resources
· Random resource selection in pools with mixed RA schemes
· Conditions in which CPS can be disabled in resource (re)selection



In this contribution, we further discuss on the remaining details of sidelink resource allocation for power saving with focus on the issues listed in the SL WI status report [2].
Remaining open issues
Resource allocation for transmission to Rx UE in SL DRX
In RAN1 #106bis, it has been confirmed that the PHY layer needs to apply a restriction on selecting candidate resources to ensure that at least a subset of candidate resources reported to MAC layer is located within an indicated active time of the RX UE and three options to enable the restriction based on indicated active time of the RX UE has been agreed as working assumption [3].  
	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


Further progress has been made on the options for potential PHY layer restriction, a down-selection for Option 2 was decided and captured in a RAN1 agreement below in RAN1 #107-e [1]. 
	Agreement
When SL DRX active time of Rx-UE is provided by the higher layer for candidate resource selection (including resource (re)selection and re-evaluation/pre-emption checking), the following is agreed:

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. 
· 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
· FFS: Details on when the number of subsets of candidate resource is less than the threshold
· FFS: The subset of candidate resource outside of the active time should consider each inactive time period
· FFS: UE selection of resource selection window to overlap with indicated RX UE active time
· FFS: Whether it is up to UE implementation to report candidate resources only within the indicated active time of the RX UE



In our view, when the PHY layer is triggered, e.g., in slot n, to perform resource selection, the active time indicated by MAC layer can be based on the current active time (e.g., DRX ON duration) or based on the potential future active time (e.g., the future active time as a result of a running inactivity timer at RX UE when the RX UE receives the initial transmission). When the remaining PDB is larger than the indicated active time from the MAC layer, the PHY layer can also provide available resources for re-transmission resource potentially to be selected by MAC layer in another period between the end of the indicated active time and slot n+T2 where T2 is determined based on remaining PDB.
Proposal 1: PHY layer provides an additional subset of candidate resources in a period determined based on the indicated active time and remaining PDB. 
PHY layer can thus perform sensing within a resource selection window (RSW) including two consecutive periods. The 1st period is the indicated active time and the 2nd period is the duration between the end of the indicated active time and slot n+T2. Accordingly, PHY layer can provide one candidate set including one subset of candidate resources for each period within the RSW.
Proposal 2: PHY layer determines a resource selection window including a period of indicated active time followed by a period of potential future active time. 
Given these two periods within the RSW, it is important that PHY layer does not compute X% candidate resources based on the entire resource selection window, as the available candidate resources may not be distributed uniformly between the 1st and 2nd period. For example, when available candidate resources are disproportionately located in the 2nd period, the number of candidate resources available for initial transmission in the 1st period can be insufficient and as a result, the resource selection may be sub-optimal. 
Therefore, one potential PHY layer restriction is to apply X% separately for each period so sufficient number of available candidate resources are ensured for each time periods. We think such PHY layer restriction for sensing in SL DRX should be specified so that the resource selection is performed by all UEs in a consistent manner to reduce collisions in the active time.  
Proposal 3: PHY layers provides set A, in which X% of candidate resources is selected from each period of indicated active time and potential future active time.
Contiguous partial sensing (CPS)
In this section, we discuss on the following remaining issues regarding continuous partial sensing (CPS) in the SL WI status report:
	· CPS monitoring window for aperiodic transmission when UE performs at least CPS in a Tx pool
· T1 of RSW when UE performs only CPS in a Tx pool with periodic reservation for another TB disabled
· Conditions in which CPS can be disabled in resource (re)selection



In the last RAN1 meeting, the following agreements were made regarding CPS [1]:
	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, the general design framework in Approach 1 from RAN1#106bis-e in below is adopted. Note that, the details can still be updated.
· [bookmark: _Hlk87119597]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.
· 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
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,
· The UE selects a set of Y’ candidate slots with corresponding PBPS and/or CPS results (if available) within the RSW.
· If the total number of Y’ candidate slots is less than a (pre-)configured threshold Y’min,
· How UE includes other candidate slots is up to UE implementation
· 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 starting at M consecutive logical slots before ty0 and ending at Tproc,0 + Tproc,1 slots earlier than ty0.
· FFS: By default, M is 31 unless (pre-)configured with another value, or where M is (pre-)configured based on transmission priority
· FFS: The range of (pre-)configured M from a TBD lowest value up to 30
· When the minimum M slots for CPS cannot be guaranteed, support both
· Option A, the UE ensures the Y’min criterion is fulfilled
· Option B: UE performs random resource selection
· When the UE performs Option A or Option B is up to UE implementation



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. Moreover, the (pre-)configuration can allow the value of M to be zero for very small PDB. In this case, the UE can disable CPS. 
Proposal 4: The minimum CPS window of M consecutive slots is (pre-)configured based on transmission priority and/or PDB.
Another remaining issue for CPS is the definition of T1 of the RSW when the UE performs only CPS in the resource pool without periodic reservation for another TB. It was discussed that T1 should be redefined since T1 should be the first slot of the RSW, and it should be after the CPS window. However, for simplicity, we don’t need to redefine T1 for different cases, and the definition in R16 (i.e., step 1) of Rel-16 TS 38.214 Sec. 8.1.4) can still be reused here. The RSW is [n+T1, n+T2], in which T1 is used to accommodate UE processing time. The CPS window can be placed inside the RSW. Regarding set A initialization, Approach 1 is already agreed, which allows the UE to select Y candidate slots after the CPS window (e.g., in the range [n+T1+M, n+T2]). 
Proposal 5: When UE performs only contiguous partial sensing in a mode 2 Tx pool without periodic reservation for another TB (sl-MultiReserveResource) enabled, T1 of the resource selection window is defined based on step 1) of Rel-16 TS 38.214 Sec. 8.1.4.

Resource re-evaluation and pre-emption
In this section, we further discuss on the remaining details regarding re-evaluation and pre-emption after random resource allocation. In the resource pool without periodic reservation for another TB, the UE is expected to perform CPS only. However, the value of M can be zero for a TB with a very small PDB. The UE may then can perform random resource selection. However, in our view, after random selection, the UE can perform sensing to determine whether its selected resource is reserved by other UE’s potential transmission. Such a feature can be supported to reduce collision for random selection. 
Proposal 6: Support the UE performs re-evaluation and pre-emption checking after random resource allocation if the random selection is performed due to short PDB.

Random resource allocation in a resource pool with mixed RA schemes
In the last RAN1 meetings, 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 can be (pre-)configured for the resource, 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 7: 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.
Congestion control for partial sensing 
In the last RAN1 meeting, the following agreements was reached [1]:
	Agreement
For SL CBR measurement in partial sensing, select one option in the following:
· Option 1,2,3: SL RSSI is measured for slots in which the UE performs partial sensing and PSCCH/PSSCH reception over a SL CBR measurement window defined in Rel-16. The calculation of SL CBR is limited within the slots for which the SL RSSI is measured.
· If the number of SL RSSI measurement slots is below a (pre-)configured threshold, FFS the following or other options.
· Option 1: a (pre-)configured SL CBR value is used.
· Option 2: the UE additionally measure a set of slots within the SL CBR measurement window to meet the threshold.
· Option 3: the UE measures an additional set of slots which can be extended outside the SL CBR measurement window to meet the threshold. 
· FFS whether the set of slots in option 2/3 are (pre-) configured or selected by UE implementation.
· Option 4: LTE principle is reused:
· The UE is not required to measure CBR. 
· When no SL CBR measurement result is available, a (pre-)configured SL CBR value is used



In Option 4, the UE is not required to measure CBR, and a (pre-)configured CBR can be used for congestion control. Without adjusting the transmission parameters based on the congestion level of the resource pool, the congestion level of the resource pool cannot be controlled. In Option 4, if the UE wants to measure the CBR, it may need to perform contiguous monitoring, which may defeat the purpose of power saving. Therefore, Option 4 is not desirable for congestion control in NR system. 
Option 1, 2, or 3 allows the UE to partially measure the congestion level of the resource pool since it allows the UE to measure in the sensing slots. Both Option 2 and Option 3 require the UE to perform more sensing by measuring more slots if the number of sensed slots is smaller than a threshold. In general, the UE only calculates CBR right before its transmission resource. Therefore, Option 2 and 3 require the UE to delay its transmission and discard the selected resource, which is not desirable. Option 1, in which the UE may use a (pre-)configured CBR in case the CBR measurement is not accurate due to the lack of the number of sensing slots, is the simplest solution and should be supported.
Proposal 8: Support Option 1 for SL CBR measurement in partial sensing.  

Sensing and SL CBR measurement during SL DRX inactive time:
In the last RAN1 meeting, the following proposal regarding sensing during SL DRX inactive time is discussed intensively; however, no agreement was made due to the lack of time.
	Proposal 1-1 (VIII): Whether UE to perform SL reception of PSCCH and RSRP measurement for partial sensing on slots in SL DRX inactive time is enabled/disabled by (pre-)configuration.
· When it is enabled,
· FFS: When UE performs periodic-based partial sensing for a given Preserve, UE monitors the (pre-)configured periodic sensing occasion(s), only the default periodic sensing occasion, or others
· FFS: When the CBR measured by UE is higher than a (pre-)configured threshold
· When UE performs contiguous partial sensing, UE monitors a minimum of M slots for CPS
· Note, when it is disabled, it is up to UE implementation to perform SL reception of PSCCH and RSRP measurement in SL DRX inactive time



In our view, allowing the network to (pre-)configure SL reception of PSCCH and RSRP measurement in SL DRX inactive time is beneficial since the network could have a flexibility to balance between power saving of the UEs and reliability of partial sensing-based resource allocation. However, when sensing during SL DRX active time is enabled, the UE is required to perform sensing as the normal UE without SL DRX configuration. In our perspective, the UE should be allowed to perform reduced sensing even when sensing during inactive time is enabled by the network. Moreover, for PBPS, for a given Preserve, the last sensing occasion (i.e., the default one) is the most important one since it contains the up-to-date PBPS sensing information. Monitoring additional periodic sensing occasion only bring incremental sensing performance. Therefore, to reduce power consumption, the UE may skip other sensing occasions.
Proposal 9: Whether UE to perform SL reception of PSCCH and RSRP measurement for partial sensing on slots in SL DRX inactive time is enabled/disabled by (pre-)configuration.
· When it is enabled:
· When UE performs periodic-based partial sensing for a given Preserve, UE monitors the default periodic sensing occasion only in SL DRX inactive time regardless of the configuration.
· When UE performs contiguous partial sensing, UE monitors a minimum of M slots for CPS.

Remaining details for PBPS
In the last RAN1 meetings, 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 10: A minimum value for Y is (pre-)configured per priority.
Conclusion
In this contribution, the following conclusions were made for resource allocation for power saving:
Proposal 1: PHY layer provides an additional subset of candidate resources in a period determined based on the indicated active time and remaining PDB. 
Proposal 2: PHY layer determines a resource selection window including a period of indicated active time followed by a period of potential future active time. 
Proposal 3: PHY layers provides set A, in which X% of candidate resources is selected from each period of indicated active time and potential future active time.
Proposal 4: The minimum CPS window of M consecutive slots is (pre-)configured based on transmission priority and/or PDB.
Proposal 5: When UE performs only contiguous partial sensing in a mode 2 Tx pool without periodic reservation for another TB (sl-MultiReserveResource) enabled, T1 of the resource selection window is defined based on step 1) of Rel-16 TS 38.214 Sec. 8.1.4.
Proposal 6: Support the UE performs re-evaluation and pre-emption checking after random resource allocation if the random selection is performed due to short PDB.
Proposal 7: 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 8: Support Option 1 for SL CBR measurement in partial sensing.  
Proposal 9: Whether UE to perform SL reception of PSCCH and RSRP measurement for partial sensing on slots in SL DRX inactive time is enabled/disabled by (pre-)configuration.
· When it is enabled:
· When UE performs periodic-based partial sensing for a given Preserve, UE monitors the default periodic sensing occasion only in SL DRX inactive time regardless of the configuration.
· When UE performs contiguous partial sensing, UE monitors a minimum of M slots for CPS.
Proposal 10: A minimum value for Y is (pre-)configured per priority.
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