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Introduction
In last RAN1#106bis-e meeting [1], following agreements/working assumptions were made regarding partial sensing and random resource selection for power saving agenda item.
	Agreement
In the agreement from RAN1#105-e, the working assumption is confirmed and the FFS bullet (in RED) is closed without any agreement.
	Agreement from RAN1#105-e:
· 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)
· [bookmark: OLE_LINK29][bookmark: OLE_LINK30]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
When UE performs periodic-based and contiguous partial sensing schemes in a mode 2 Tx pool with periodic reservation for another TB (sl-MultiReserveResource) enabled, 
· For a resource (re)selection procedure triggered by periodic transmission () in slot n, TA and TB for the CPS monitoring window is defined according to one of the followings:
· [bookmark: _Hlk85108137]n+TA is M logical slots earlier than slot , and n+TB is  slots earlier than , where  is the first slot of the selected Y candidate slots of PBPS, and ,  are in units of physical time/slots.
· By default, M is 31 unless (pre-)configured with another value.
Agreement
For the periodic sensing occasion(s) (PSO(s)) that a UE needs to additionally monitored in PBPS, it shall be (pre-)configured jointly for all Preserve values.
· The UE is not required to monitor PSOs earlier than n–T0 if the UE is triggered to do resource (re)selection in slot n, where T0 is (pre-)configured 
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.
· [bookmark: OLE_LINK9][bookmark: OLE_LINK10]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: OLE_LINK3][bookmark: OLE_LINK8][bookmark: OLE_LINK25][bookmark: OLE_LINK26]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. 
· [bookmark: OLE_LINK21][bookmark: OLE_LINK22]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
· [bookmark: OLE_LINK11][bookmark: OLE_LINK12]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
· [bookmark: OLE_LINK17][bookmark: OLE_LINK18]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.
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.


Additionally, one working assumption regarding how to handle DRX impact for resource selection was achieved as:
	Working Assumption
[bookmark: OLE_LINK31][bookmark: OLE_LINK32]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:
· [bookmark: OLE_LINK33][bookmark: OLE_LINK34]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
Reply LS to RAN2 is endorsed in R1-2110662.


In this contribution, we showed our views on partial sensing and random resource selection as well as other issues, e.g., DRX impacts.
Discussion
Partial sensing
0. Sensing occasions
An open issue for determining sensing occasions in PBPS is how to configure the additional sensing occasions besides the most recent one by default before the first slot of the Y candidate slots. More specially, whether a value denotes a specific occasion to monitor or the earliest occasion to start the monitoring.
In our view, the default sensing occasion is the most recent one only as we already agreed, what we need to further discuss and configure for the UE is the additional one sensing occasion which could absolutely be specifically configured.
[bookmark: OLE_LINK35][bookmark: OLE_LINK36]Proposal 1: The configured value denotes a specific occasion to monitor.
0. Re-evaluation and pre-emption
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]In RAN1#106-e meeting, we agreed that periodic-based partial sensing and contiguous partial sensing schemes are supported for resource re-evaluation and pre-emption checking and details are FFS including any restrictions / conditions on performing PBPS and CPS, subset of resources, timing, candidate resource set (SA) and etc. We also agreed that the higher layer indicates a set of resources and/or a set of resources  for re-evaluation and/or pre-emption checking, respectively. Furthermore, in RAN1#106bis meeting, further clarifications were agreed on the timeline for revaluation, i.e., follow release 16 principle.
[bookmark: OLE_LINK19][bookmark: OLE_LINK20][bookmark: OLE_LINK15][bookmark: OLE_LINK16]However, not like release 16 full sensing, only part of the resources in resource selection window will be initialized as the candidate resource set  in partial sensing procedure. A resource not initially contained in the Y candidate resource slots for re-evaluation purpose certainly will not belong to the final available candidate resource set. Then a resource reselection will be trigged anyhow. Hence, for re-evaluation and pre-emption in partial sensing, Y candidate resource slots should at least contain and/or  for re-evaluation and/or pre-emption checking, respectively.
[bookmark: OLE_LINK55][bookmark: OLE_LINK56][bookmark: OLE_LINK57][bookmark: OLE_LINK37][bookmark: OLE_LINK38]Proposal 2: For re-evaluation and pre-emption purpose, Y candidate resource slots should at least contain and/or  respectively.
0. Details of CPS
No matter UE performs CPS only or perform both PBPS and CPS in a mode 2 TX pool. Two essential issues are how to design the window for CPS and how to initialize the set of candidate single slot resource set . In last RAN1#106bis-e meeting, for case where at least CPS are performed, three approaches were on the table for further down selection. 
· 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)
· Approach 2: (SA is initialized based on all candidate single-slot resources and guarantee a minimum of M slots for CPS)
· 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.
At this late stage and considering less standardization work, uniform scheme is preferred, so we think approach 1 is the best choice. In approach 1, Y candidate slots will be determined which is aligned with legacy partial sensing procedure and also the PBPS results could be took into account which is benefit for CPS sensing.
[bookmark: OLE_LINK39][bookmark: OLE_LINK40]Proposal 3: Adopt approach 1 agreed in RAN1#106bis-e meeting as the final approach. 
In approach 1, the first FFS point is how to handle the case if the total number of Y’ candidate slots is less than a (pre-) configured threshold Ymin without dropping the aperiodic transmission. From our perspective, the slots with PBPS result are determined as Y’ because better than none, so UE could prefer determine Ymin to contain these slots and additionally determinate other slots as candidate slots if necessary.
[bookmark: OLE_LINK41][bookmark: OLE_LINK42]Proposal 4: UE determines Y’ candidate slot resources such that Y’ slots contain at least the same set or a subset of the slots with PBPS results.
Furthermore, there will be a case that all the slots number within the resource selection window is less than the min Y value configured by higher layer. 
One possible approach is to allow UE to regard all the resource within RSW as candidate resource and report it to higher layer (similar with random resource selection), then UE performs re-evaluation for the selected resources provided by higher layer.
[bookmark: OLE_LINK43][bookmark: OLE_LINK44]Proposal 5: If the total number of candidate slots within RSW is less than a (pre-) configured threshold, UE performs random resource selection followed by re-evaluation.  
A second possible option is depend on proper configuration. In the discussion of partial sensing for P-UE in LTE sidelink. The following agreements were made:
	Agreements of RAN1#87
· When P-UE makes resource selection/reselection decision at TTI m, the possible candidates resources, i.e., Y subframes, are selected in [m+T1, m+T2]
· The minimum allowed value of Y is (pre)configured. Selection of Y subframes is up to P-UE implementation.


[bookmark: OLE_LINK4][bookmark: OLE_LINK5]The minimum allowed value of Y is configured by high layer parameter minNumCandidateSF which takes an integer value from 1 to 13. The value range [1, 13] was determined in the email discussion '[87-15] LS of V2X (RRC parameter list)'. In the stage of Rel.14 sidelink, the minimum selection window is [n+4, n+20] which includes 17 subframes, considering some subframes which the UE cannot monitor, it's feasible and reasonable to set minNumCandidateSF as [1, 13] because even the largest candidate value 13 is less than the minimum resource selection window 17.
[bookmark: OLE_LINK2]In NR sidelink, the resource selection window size depends on subcarrier spacing configuration μ, RRC parameter T2_min, remaining PDB and UE implementation. The minimum window size is no longer a fixed value as LTE sidelink. For example, the minimum resource section window may be 1 slots, 2 slots, 3 slots, 8 slots in some cases and any other possible values that determined by subcarrier spacing configuration μ, RRC parameter T2_min, remaining PDB and UE implementation. Only one set of minimum allowed value of Y as LTE cannot work properly for NR sidelink. We think for the value of Y, there could be multiple range sets. For example, each range for different priority, SCS…
[bookmark: OLE_LINK49][bookmark: OLE_LINK50][bookmark: OLE_LINK45][bookmark: OLE_LINK46]Proposal 6: Support multiple range sets of Y values in high layer. E.g., each set per priority/SCS and a minimum value for Y is (pre-) configured from a proper set.
In LTE and NR sensing procedure, the UE shall monitor all the subframes/slots within the sensing window except for those in which its transmissions occurred. In the illustration below, assuming UE had transmissions in the green slot, then the UE cannot detect SCIs from other UEs, the associated reserved resources within the resource selection window becomes 'unknown' slots from the UE's perspective. The specified way in LTE is to exclude all the possible reserved resources with allowed reservation periods of the resource pool.
[image: ]
Figure 1 excluding 'unknown' slots
In Rel.14 full sensing procedure, step 5 was captured to excluding the 'unknown' slots while no solution is specified to handle the 'unknown' slots for partial sensing. In our understating, the 'unknown' slots were indeed taken into account in the email discussion '[87-15] LS of V2X (RRC parameter list)' for minNumCandidateSF value determination. However, the selection of candidate resources within the selection window is up to UE implementation in current specification. As a consequence, UE still has possibility to select 'unknown' slots as the candidate resources and cannot exclude these slots in the subsequent Rel.14 partial sensing procedures.
[bookmark: OLE_LINK47][bookmark: OLE_LINK48][bookmark: OLE_LINK51]Proposal 7: For sidelink partial sensing, make sure that the slots hypothetically reserved by non-monitored slots due to SL transmissions are excluded from Y candidate slots.
An additional outstanding issue in approach 1 above is the details of the CPS window design. As CPS window [n+TA, n+TB] is designed to obtain enough sensing results for the determined candidate slots Y in the RSW, the time range should at least cover the potential aperiodic reservations for all the Y slots. In current approach, M (=31) slots before the first Y slots are captured for CPS sensing which can detect all possible reservations for the first Y slots, while for the second slot till the last slot of the Y slot, the M sensing occasions are still not enough to cover all possible reservations. A necessary CPS window should be 31 slots before the first candidate slot till a processing time before the last candidate slot. While this is not applicable for UE to report sensing results to higher layer before the first candidate slot. Hence, we understand current CPS window is a best effort scheme to obtain sensing result for the Y candidates slots before the first one. The selected resources could further be checked by re-evaluation procedure. Hence, if the minimum M slots cannot be guaranteed, a possible way is to set CPS window as zero window and UE performs random resource selection firstly and then perform resource re-evaluation for the selected resources.
[bookmark: OLE_LINK52][bookmark: OLE_LINK53]Proposal 8: M could be applied as 0 by UE when the minimum M slots for CPS cannot be guaranteed. Re-evaluation should be performed to check the randomly selected resources.
Random resource selection
2.2.1 Resource collision
In conventional LTE random resource selection mechanism, all the candidate resources within resource selection window will be reported to higher layer for resource selection with equal possibilities. This is because traffic types supported in LTE sidelink are limited and there is not much priorities diversity between different types. In order to reduce interference and protect higher priority traffics in NR sidelink, the resource set reporting in physical layer and resource selection in higher layer could be redesigned as priority based.
[bookmark: OLE_LINK54][bookmark: OLE_LINK58]Proposal 9: Support priority based resource set report and resource selection.
In addition, in LTE random resource selection, whether random resource selection UE should reserve resources for multiple TBs is depending on whether partial sensing is allowed in the resource pool or not. NR sidelink also supports aperiodic traffic, as a consequence, there will be resource pools configured with sl-MultiReserveResource absent to support aperiodic traffic only. So the random resource reservation in LTE needs updates. For example, UE reserves resources for multiple TBs if both partial sensing and random selection are allowed in the pool and, what more, sl-MultiReserveResource is configured with {enable}.
Proposal 10: For random resource selection, UE should reserve resources for multiple TBs if partial sensing is allowed in the pool and sl-MultiReserveResource is configured with {enable}.
2.2.2 RA scheme selection
In LTE V2X, when both partial sensing and random selection are allowed in a resource pool, it's up to UE's implementation on which one is adopted. In NR V2X, UE enhancement regarding RA scheme selection are worth study for stricter requirements in our view. For example, UE could select partial sensing or random resource selection based on PDB, CBR or traffic priority.
[bookmark: OLE_LINK59][bookmark: OLE_LINK60]Proposal 11: For a resource pool allowing both partial sensing and random resource selection, UE's selection between partial sensing and random resource selection is condition based.
In addition, the conditions to apply random resource selection need further study for a power saving UE. From our understanding, at least for a resource pool configured with random resource selection only, UE should apply random resource selection. However, for a resource pool allowing random resource selection with a combination of partial sensing as discussed above, UE may apply random resource selection based on predefined conditions. One case may be that when a UE performs partial sensing and determines that there is not enough sensing results before resource (re-)selection trigger, e.g., due to a burst of aperiodic traffic's arriving. For more generality, we think a UE could apply random resource selection by resource pool configuration or determines that partial sensing is not applicable considering power limitation, sensing accuracy etc. 
Proposal 12: Conditions to apply random resource selection should include resource pool configuration, power limitation, sensing accuracy etc.
2.3 Others
2.3.1 DRX impact
Regarding the RAN2 LS in last RAN1#106bis-e meeting, RAN1 has discussed three options to restrict resources for candidate resource selection taking into account the indicated active time from MAC layer as below:
· 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
We think the down-selection should be made between option 1 and option 2 depending whether the indicated active time from MAC is current active time or also includes future active time. A common understanding from RAN1 is that the resource falling within a future active time could also be selected for UE’s future transmission. Hence, we think current options as listed above needs more clarification.
[bookmark: OLE_LINK61][bookmark: OLE_LINK62]Proposal 13: If the indicated active time is current active time, we support option 2; if the indicated active time also includes future active time, we support option 1 instead.
2.3.2 PSFCH reception
Three types (i.e., type A/B/D) of UE reception capability were defined in past meetings for evaluation and designing release 17 power saving features. HARQ feedback is an important feature to improve reliability of power saving UEs and the reception capability was defined for type B and type D UE. As for the power consumption of PSFCH reception and transmission, further enhancements could be specified, for example, longer PSFCH period or enhancement of conducting resource selection as mentioned by several companies.
Proposal 14: Longer PSFCH period or enhancement of conducting resource selection should be studied.
2.3.3 CBR and CR
Congestion control based on CBR and CR for power saving RA schemes was agreed and partial sensing and random resource selection are two RA schemes agreed for power saving. Given that power saving UEs may not monitor and decode every slot within the measurement window of CBR/CR due to random selection, partial sensing, reception types and sidelink DRX, conventional definition of CBR/CR is not applicable considering power consumption issue.
Proposal 15: 
· RSSI measurement should be adjusted based on PSCCH/PSSCH reception types.
· CBR measure occasion should be adjusted based on monitoring occasions.
· CBR/CR window should be adjusted considering DRX configuration.
3 [bookmark: OLE_LINK1]Conclusion
In this contribution, we discussed some potential issues that exist in reusing Rel.14 sidelink random resource selection and partial sensing, and proposed that:
Proposal 1: The configured value denotes a specific occasion to monitor.
[bookmark: _GoBack]Proposal 2: For re-evaluation and pre-emption purpose, Y candidate resource slots should at least contain and/or  respectively.
Proposal 3: Adopt approach 1 agreed in RAN1#106bis-e meeting as the final approach.
Proposal 4: UE determines Y' candidate slot resources such that Y' slots contain at least the same set or a subset of the slots with PBPS results.
Proposal 5: If the total number of candidate slots within RSW is less than a (pre-) configured threshold, UE performs random resource selection followed by re-evaluation. 
Proposal 6: Support multiple range sets of Y values in high layer. E.g., each set per priority/SCS and a minimum value for Y is (pre-) configured from a proper set.
Proposal 7: For sidelink partial sensing, make sure that the slots hypothetically reserved by non-monitored slots due to SL transmissions are excluded from Y candidate slots.
Proposal 8: M could be applied as 0 by UE when the minimum M slots for CPS cannot be guaranteed. Re-evaluation should be performed to check the randomly selected resources.
Proposal 9: Support priority based resource set report and resource selection.
Proposal 10: For random resource selection, UE should reserve resources for multiple TBs if partial sensing is allowed in the pool and sl-MultiReserveResource is configured with {enable}.
Proposal 11: For a resource pool allowing both partial sensing and random resource selection, UE's selection between partial sensing and random resource selection is condition based.
Proposal 12: Conditions to apply random resource selection should include resource pool configuration, power limitation, sensing accuracy etc.
Proposal 13: If the indicated active time is current active time, we support option 2; if the indicated active time also includes future active time, we support option 1 instead.
Proposal 14: Longer PSFCH period or enhancement of conducting resource selection should be studied.
Proposal 15: 
· RSSI measurement should be adjusted based on PSCCH/PSSCH reception types.
· CBR measure occasion should be adjusted based on monitoring occasions.
· CBR/CR window should be adjusted considering DRX configuration.
4 Reference
[1] Chairman's note of RAN1#106bis-e.
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