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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
During RAN1#106bis-e, following agreements and working assumption were archived:
	
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.
· 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
· 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.

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.




In this contribution, we provide our views on the sidelink resource allocation procedure for power saving for vulnerable road user and commercial D2D. 

Discussion

Partial sensing
	
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.
· 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 previous meeting, a merged agreement was achieved on contiguous partial sensing (CPS)+periodic-based partial sensing (PBPS) or contiguous partial sensing (CPS) for aperiodic transmission. One of three approaches about a candidate resource set (SA) initialization will be decided in RAN1#107-e.
For approach 1, it tries to utilize existing PBPS result to avoid potential period traffic collision within resource selection window for aperiodic transmission. For approach 2, it may consider that PBPS was not performed or obtaining PBPS result is uncertain. In both approaches, a minimum of M slots for CPS should be guaranteed. If approach 2 can be worked well in the case of no PBPS result, there is no need to consider complicated behaviors and amount of FFS for selecting a set of Y’ candidate slots with corresponding PBPS and CPS results. Approach 2 is easier, and it also can take a consideration on PBPS result (if available), for example, up to UE implementation. So, approach 2 is our preference. In additional, we don’t support approach 3 with considering maximum workload.
Proposal 1: Support approach 2 in above agreement.
Proposal 2: Whether/how to prioritize/select resources based on partial sensing results (if PBPS is performed) can be up to UE implementation.

Re-evaluation and/or pre-emption checking
	
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.





Proposal 3: Confirm above working assumption on re-evaluation and/or pre-emption checking 

The relationship between periodic-based partial sensing occasions and SL-DRX

During RAN1#106b-e, following agreement was archived:
	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)
· 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




DRX is a mechanism in which UE gets into sleep mode for a certain period of time (i.e. DRX OFF duration) and wakes up for another period of time (i.e. DRX ON duration). In case of partial sensing, UE performs sensing within time duration defined by partial sensing window. Misaligned DRX ON duration and partial sensing occasions will extend sensing duration to UE resulting in increases power consumption, which minimizes the power saving gains. To this end, a coordination is needed in order to achieve the tradeoff between power saving gains and system performance.
Proposal 4: Partial sensing occasions and DRX on-duration for a Tx UE must be aligned as much as possible to achieve the tradeoff between power saving gains and system performance.


SL DRX and Resource selection 
During RAN1 #106bis following working assumption was made in a LS sent to RAN2 
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
Reply LS to RAN2 is endorsed in R1-2110662.



Figure 1: Illustrating the MAC DRX timers 


Figure 2: Illustrating the candidate resource selection within the DRX on-duration period

As part of the candidate resource selection the higher layer provides the active time which includes DRX-on-duration period and it is periodic as shown in the figure 2. Active time is extended when and if the inactivity timer starts at MAC, which happens when a new TB is transmitted. At the point A and until the point B of figure 1, this will remain uncertain if a new TB can be transmitted. Hence, the input to the PHY/candidate resource selection should be only from A to C as shown in the Figure 1 and cannot be from A to D. D is not known at MAC at the start of the candidate resource selection and D is also not constant since the inactivity timer can get extended more than once and in that sense point B and D are practically “floating”.
Within the PDB there can be more than one on-duration periods as shown in the Figure 2 and PHY can report candidate resources considering more than one on-duration period until PDB and finally MAC decides where to transmit the data within one of the on-duration periods. 

Proposal 5: Consider DRX-On duration period and slot offset as input to the candidate resource selection procedure where candidate resources can be reported from more than one on-duration period until PDB.

There are pros and cons for each of the options indicated in the RAN1 LS to restrict candidate resources by taking into account the indicated active time from MAC layer. 
In the first option, the candidate resources are selected and reported only from the active time of the Rx UE and the candidate resources are reported from more than one on-duration period. Whenever an inactivity timer starts, an additional resource selection trigger is needed to account for the extended active time; this would create new opportunities for further transmission to a corresponding destination. This incurs processing delay to select the candidate resource for the extended active time.  
In the second option, only a subset of the candidate resources is within the indicated active time of the RX UE, which means or assumes that there is no need of any additional resource trigger whenever an inactivity timer starts. There are some problems associated with this option such as the start of the inactivity timer and then number of times MAC starts/restarts inactivity timer i.e., inactive time duration cannot be known during the initial resource selection, hence even when the candidate resources are reported outside the active time, it cannot be made sure that candidate resources are reported from each inactive time. Failing to transmit within the first inactive time might result in Rx UE not extending its inactivity timer. Also, the number of the candidate resources reported within one or more on-duration period might not be sufficient since the resources are also reported from outside active time period.
In the third option, an additional candidate resource set is reported within the indicated active time of the RX UE which means there are two candidate resource set where one set contains resources within the on-duration period and another set provides part of the candidate resource outside the active time. This option increases the processing time as two candidate resource set needs to be determined and second problem is same as that of the second option where candidate resource needs to be reported from each inactive time window.   
Therefore, when candidate resources get reported from outside the active time as part of the initial resource selection procedure using option 2 and option 3:
· start of the inactivity timer and then number of times MAC starts/restarts inactivity timer i.e., inactive time duration is not known during the initial resource selection procedure
· candidate resources need to be reported from each of the inactive time window, failing to transmit within the first inactive time window might result in Rx UE not extending the rest of the inactivity timer
· On the basis of above argument, we propose RAN1 to stop working on option 2 and option 3



Proposal 6: Support option 1 where PHY layer selects and reports candidate resources considering one or more DRX on-duration period until PDB; and in addition:
· PHY receives a resource (re)selection trigger with an extended active time whenever DRX inactivity starts in MAC  


Other improvements on resource allocation

Resource selection based on partial sensing facilitates power saving for vulnerable road users (VRU) by allowing for monitoring only in a subset of resources. Since Rel-17 SL communication is additionally supposed to support reception function for VRU, it is desired for time duration of transmission/reception of the VRU to be known by other UE. From signaling overhead perspective, configuring an identical subset of resources, referred to as communication window, for both transmission and reception is needed for information sharing purpose.
Furthermore, if communication window is left for UE implementation, it would be difficult for communication windows selected by different pairs of UEs in communication to be aligned. Consequently, any two pairs of UEs would probably suffer collision of resource reserved in overlapping window from each other due to misalignment of resources for sending resource reservation. That is to say, an alignment among communication windows would achieve a good compromise between energy consumption and resource collision avoidance. To this end, a mechanism on how to define communication window for alignment purpose is provided as follows.
Define a resource pool partition, which provides information on how to partition a resource pool. From signaling overhead perspective, an efficient way is to divide a resource pool into a disjoint set of resource patterns, as illustrated by Figure 2-1. Each resource pattern, denoted by PATTi, contains components periodically allocated within the resource pool period. Each component contains a set of contiguous resources in the time domain, measured by Lengthi sidelink slots. Each resource pattern can be further configured with features about controlling selection opportunities for different type of services and thus facilitate resource collision avoidance. A communication window can be configured to comprise one or more resource patterns.


 
Figure 2-1 An example of resource pool partition

A resource pool partition can be configured per resource pool and contained in the resource pool configuration. Wherein a parameter of identity can be defined to indicate each resource pattern among multiple resource patterns within the resource pool partition.  
For a resource pool selected for use by a UE, the UE can further determine one or more resource patterns as communication window for power saving purpose. The (re-)selection of a resource pattern can be triggered by following conditions: (1) A VUR is configured to transmit and/or receive P2X related SL communication. (2) A non-power sensitive VUE is configured to transmit P2X related SL communication (3) A UE re-selects a resource pattern when the resource pattern in use cannot satisfy transmission requirements. Resource pattern (re-)selection can be based on sensing results. Detailed method on how to (re-)select resource pattern(s) is left for UE implementation.

Proposal 7: Support SL Tx/Rx performed in a power saving manner by configuring a resource pool partition for resource alignment among multiple UEs.
· A resource pool partition is configured by a set of disjoint resource patterns.
· Each resource pattern can be configured with features about controlling selection opportunities for different type of services and thus facilitating resource avoidance.
· For a resource pool selected for use, a UE can further (re-)select resource pattern(s) based on sensing results.
· Resource alignment can be performed by indicating identity of resource pattern among UEs.

Conclusion
In this contribution, we discuss the resource allocation mechanisms for power saving. We have the following proposals:
Proposal 1: Support approach 2 in above agreement.
Proposal 2: Whether/how to prioritize/select resources based on partial sensing results (if PBPS is performed) can be up to UE implementation.
Proposal 3: Confirm above working assumption on re-evaluation and/or pre-emption checking 
Proposal 4: Partial sensing occasions and DRX on-duration for a Tx UE must be aligned as much as possible to achieve the tradeoff between power saving gains and system performance.
Proposal 5: Consider DRX-On duration period and slot offset as input to the candidate resource selection procedure where candidate resources can be reported from more than one on-duration period until PDB.
Proposal 6: Support option 1 where PHY layer selects and reports candidate resources considering one or more DRX on-duration period until PDB; and in addition:
· PHY receives a resource (re)selection trigger with an extended active time whenever DRX inactivity starts in MAC  
Proposal 7: Support SL Tx/Rx performed in a power saving manner by configuring a resource pool partition for resource alignment among multiple UEs.
· A resource pool partition is configured by a set of disjoint resource patterns.
· Each resource pattern can be configured with features about controlling selection opportunities for different type of services and thus facilitating resource avoidance.
· For a resource pool selected for use, a UE can further (re-)select resource pattern(s) based on sensing results.
· Resource alignment can be performed by indicating identity of resource pattern among UEs.
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