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The Release-17 NR sidelink enhancement work item description (WID) was updated in [1]. In the last RAN1 meeting [2], [3], the resource allocation for power saving was discussed and the following agreements have been made.

Agreement
When UE is configured to perform partial sensing by a UE higher layer (including when SL DRX is configured), SL RSSI is measured in slots where the UE performs partial sensing and PSCCH/PSSCH reception over the 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, a (pre-)configured SL CBR value is used.

Agreement
When UE is triggered to perform re-evaluation and pre-emption checking for aperiodic transmission (Prsvp_TX=0) in slot n,
· The candidate resource set (SA) is initialized to the remaining Y’ candidate slots that starts from slot  and ends at the last slot of the Y’ candidate slots.
·  is the first candidate slot after slot n+T3.
· UE may perform PBPS for periodic sensing occasions after the resource (re)selection when sl-MultiReserveResource is enabled for the mode 2 Tx resource pool
· It is up to UE implementation
· UE performs CPS starting from at least M consecutive logical slots earlier than  to  slots earlier than .
· FFS: When the minimum M slots for CPS cannot be guaranteed,
· All available sensing results not earlier than n–T0 for the resource pool indicated by higher layer are applied for re-evaluation and pre-emption checking procedures

Agreement
When UE performs at least contiguous partial sensing in a mode 2 Tx pool for a resource (re)selection procedure and re-evaluation/pre-emption checking triggered by aperiodic transmission (Prsvp_TX=0) in slot n,
· For minimum size M of the CPS monitoring window [n+TA, n+TB]:
· By default, M is 31 unless (pre-)configured with another value
· The range of (pre-)configured M is from 0 (working assumption) to 30

Agreement
When UE performs only contiguous partial sensing (CPS) in a mode 2 Tx pool with periodic reservation for another TB (sl-MultiReserveResource) disabled, and a resource (re)selection is triggered in slot n,
· T1 is defined based on step 1) of Rel-16 TS 38.214 Sec. 8.1.4.
· No update to specification is necessary due to this agreement
· Note: The selected Y’ slots do not overlap with the sensing window

Agreement
Whether UE performs SL reception of PSCCH and RSRP measurement for partial sensing on slots in SL DRX inactive time is enabled/disabled by (pre-)configuration per resource pool when partial sensing is configured in the UE by a higher layer.
· When it is enabled,
· When UE performs periodic-based partial sensing for a given Preserve, UE monitors only the default periodic sensing occasion.
· When UE performs contiguous partial sensing, UE monitors a minimum of M slots for CPS.
· Note, when it is disabled, the UE is not required to perform SL reception of PSCCH and RSRP measurement in SL DRX inactive time.
· Note: no further optimization on the resource (re)selection procedure with regard to SL DRX operation is specified in Rel.17.
· FFS the case when full sensing is configured in the UE by a higher layer

It was concluded [4], [5] that release 17 sidelink enhancement RAN1 work has not been finished and will be extended to the first quarter of 2022. 

Agreement
RAN1 is tasked to complete the remaining normative work for Rel-17 NR sidelink enhancement by Q1 of 2022
· All RAN1 decisions that impact other WGs should be finalized in RAN1#107bis-e

Agreement
Use the list of open issues provided RP-212880 (status report of WI: NR sidelink enhancement) as a starting point for technical discussions in RAN1. 
· This does not mean that all the issues included in the list are considered essential or the list is complete
· RAN1 should not spend additional effort to further refine the list

The list of open issues in [6] for physical layer aspects on resource allocation to reduce UE’s power consumption includes
· 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 discuss the remaining open issues of resource allocation for power saving. 
Discussion
Re-evaluation/pre-emption checking for aperiodic transmission
Resource re-evaluation and pre-emption checking are introduced in NR sidelink to reduce the resource collision probability. It was agreed that periodic-based partial sensing (PBPS) and contiguous partial sensing (CPS) schemes are supported for resource re-evaluation and pre-emption checking. 

It was agreed that when UE performs resource re-evaluation and pre-emption checking for aperiodic transmission in slot n, UE performs CPS starting from at least M consecutive logical slots earlier than  to  slots earlier than , where  is the first candidate slot after slot . It is open when the minimum M slots for CPS cannot be guaranteed. 

In resource selection procedure for aperiodic transmission, it is possible that the minimum M slots for CPS cannot be guaranteed, where UE either performs random resource selection or ensures the  criterion is fulfilled. Similarly, in resource re-evaluation and pre-emption checking procedure for aperiodic transmission, it is possible that the minimum M slots for CPS cannot be guaranteed. 

In our view, UE should try its best efforts by performing sensing as much as possible in order to support resource re-evaluation and pre-emption checking. Specifically, UE should perform sensing starting from the resource selection time to  slots earlier than . This is illustrated in Figure 1.
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[bookmark: _Ref90894882]Figure 1: Partial sensing for resource re-evaluation and pre-emption checking for aperiodic transmission
Proposal 1: When UE is triggered to perform re-evaluation and pre-emption checking for aperiodic transmission (Prsvp_TX=0) in slot n, UE performs CPS starting from at least M consecutive logical slots earlier than to  slots earlier than , where  is the first candidate slot after slot .
· If the minimum M slots for CPS cannot be guaranteed, then UE performs sensing starting from the resource selection time to  slots earlier than . 

Selection of candidate resources considering RX UE's active time
A Tx UE’s resource selection procedure should consider Rx UE’s sidelink DRX configuration. Specifically, the physical layer of the Tx UE selects and reports candidate resources in which at least a subset of the candidate resources is within the indicated active time of Rx UE. The details of the Tx UE’s resource selection procedure are open. 

It was extensively discussed on the Tx UE’s resource selection procedure in the last RAN1 meeting. In our view, to ensure that at least a subset of the candidate resources is within the indicated active time of Rx UE, the legacy resource selection procedure has to be modified.

The first necessary modification is on the determination of the candidate slots in case Tx UE performs partial sensing. If the candidate slots are selected to have no overlap with Rx UE’s active time, then there is no way that a subset of the reported candidate resources is within the indicated active time of Rx UE. Hence, Tx UE needs to ensure at least some of Y candidate slots are selected within the provided sidelink DRX active time. Since all RAN1 decisions impacting other WGs are not considered after RAN1 #107bis-e meeting, we propose that at least a pre-defined number N slots of Y candidate slots are selected within the provided sidelink DRX active time.

The similar modification is needed on the determination of the resource selection window in case Tx UE performs full sensing. If the resource selection window is selected to have no overlap with Rx UE’s active time, then there is no way that a subset of the reported candidate resources is within the indicated active time of Rx UE. Hence, Tx UE needs to ensure at least some slots of the resource selection window are within the provided sidelink DRX active time. Again, we propose that at least a pre-defined number N slots of resource selection window are within the provided sidelink DRX active time. To limit the specification and implementation efforts, the starting time  of the resource selection window may not be impacted here. Tx UE may only adjust the ending time  of the resource selection window to ensure the overlap. 

The second necessary modification is on the last step (i.e., step 7) of the resource selection procedure. In legacy resource selection procedure, the number of reported candidate resources has to be larger than or equal to . To ensure at least a subset of the reported candidate resources is within the indicated active time of Rx UE, we need an additional criterion in step 7 that the number of the number of candidate resources in  which are also in the indicated active time of Rx UE is larger than or equal to , where  is the total number of candidate resources in the provided sidelink DRX active time. Specifically, in step 7) of resource selection procedure, Tx UE applies the criteria that the number of candidate resources remaining in  is smaller than  or the number of candidate resources remaining in  which are also in the indicated active time of Rx UE is smaller than  to trigger another round of resource exclusion, where  is the total number of candidate resources in the provided sidelink DRX active time. 

Proposal 2: When sidelink DRX active time of Rx UE is provided by the higher layer for candidate resource selection, 
· at least a pre-defined number N of slots of Y candidate slots are to be selected within the provided sidelink DRX active time when partial sensing is configured in the UE by higher layer
· at least a pre-defined number N of slots of resource selection window are within the provided sidelink DRX active time when full sensing is configured in the UE by higher layer
·  of resource selection window is not impacted
· in step 7) of resource selection procedure, apply the criteria that the number of candidate resources remaining in  is smaller than  or the number of candidate resources remaining in  which are in the indicated active time of Rx UE is smaller than  to trigger another round of resource exclusion, where  is the total number of candidate resources in the provided sidelink DRX active time. 

Sensing during sidelink DRX inactive time
It was agreed that a UE performing sidelink reception of PSCCH and RSRP measurement for partial sensing during its sidelink DRX inactive time is enabled/disabled by resource pool (pre)configuration. If enabled, UE is required to only monitor the default periodic sensing occasion for PBPS and monitor a minimum of M slots for CPS.

It should be noted that for periodic transmission, a UE performs CPS for resource selection from M logical slots earlier than slot  till  slots earlier than , where  is the first slot of the selected Y candidate slots of PBPS. In other words, the total number of logical slots that UE performs sensing is less than M. The similar conclusion applies for UE performing CPS for resource re-evaluation and pre-emption checking. 

For aperiodic transmission, the CPS monitoring window starts at least M logical slots before  till  slots earlier than . In other words, the minimum number of logical slots that UE performs sensing can be less than M. 

Hence, the agreement on “when UE performs contiguous partial sensing, UE monitors a minimum of M slots for CPS” seems not aligned with the intention of power saving. We propose that UE monitors a minimum of ) logical slots for CPS, in case sensing during SL DRX inactive time is enabled by resource pool (pre)configuration. Here,  and  are equal to  and  converted in logical slots. 

On the other hand, the value M for aperiodic transmission (“contiguousSensingWindowAperiodic”) and the value M for periodic transmission (“contiguousSensingWindowPeriodic”) are (pre)configured by resource pool separately. It is unclear which M value is referred in the agreement. It is preferred that the value M in the agreement is the minimum of the two (pre)configured M values. 

Proposal 3: Whether UE performs SL reception of PSCCH and RSRP measurement for partial sensing on slots in SL DRX inactive time is enabled/disabled by (pre-)configuration per resource pool when partial sensing is configured in the UE by a higher layer.
· When it is enabled,
· When UE performs periodic-based partial sensing for a given , UE monitors only the default periodic sensing occasion.
· When UE performs contiguous partial sensing, UE monitors a minimum of  slots for CPS, where  and  are equal to  and  converted to logical slots, and M is equal to the minimum of resource pool (pre)configured parameters “contiguousSensingWindowAperiodic” and “contiguousSensingWindowPeriodic”.
Another open issue is the behaviour of a full sensing UE configured with sidelink DRX. In our view, it is possible that a full sensing UE is configured with sidelink DRX for power saving. In this case, the full sensing UE performs full sensing in its sidelink DRX inactive time if the resource pool (pre)configuration enables it. The full sensing UE is not required to perform sidelink reception of PSCCH and RSRP measurement in SL DRX inactive time, if the resource pool (pre)configuration disables it. To avoid the RAN2 impact, the existing parameter “partialSensingInactiveTime” could be re-used to enable/disable the full sensing on slots in sidelink DRX inactive time. 

Proposal 4: Whether UE performs SL reception of PSCCH and RSRP measurement for full sensing on slots in SL DRX inactive time is enabled/disabled by (pre-)configuration per resource pool when full sensing is configured in the UE by a higher layer.
· Parameter “partialSensingInactiveTime” indicates the enabling/disabling.

Re-evaluation and pre-emption checking after random selection
It is open whether resource re-evaluation and pre-emption can be supported by a UE performing random resource selection while having sensing capability. 

In our view, a UE with sensing capability can perform sensing between the resource selection time and the resource re-evaluation/pre-emption checking time. These sensing results can be used in resource re-evaluation and pre-emption checking to reduce the resource collision chance of a randomly selected resource. Hence, resource re-evaluation and pre-emption checking should be supported for a UE performing random resource selection while having sensing capability.

Proposal 5: Resource re-evaluation and pre-emption checking are required for a UE performing random resource selection while having sensing capability, 
· the sensing is performed between resource selection time and resource re-evaluation/pre-emption checking time.

Update of resource exclusion in step 6
In resource selection procedure step 6c) of TS 38.214 Section 8.1.4,  is defined as slot n if slot n belongs to the set of logical slots (; or defined as the first slot after slot n belonging to the set of logical slots ( if slot n does not belong to the set of logical slots (, where slot n is when the resource selection procedure is triggered. 

In full sensing case, all sensing results are before the resource selection trigger, and hence before slot . However, in partial sensing, the PBPS and CPS could occur after the resource selection trigger. Hence, it is necessary to delay the reference slot . For partial sensing, the reference slot  can still be defined based on the last sensing occasion, either from PBPS or CPS. Specifically, if the slot  belongs to the set , then the reference slot  is equal to ; Otherwise, the reference slot  is the first slot after slot  belonging to the set , where  is the first candidate slot of partial sensing. 

Proposal 6: In step 6c) of TS 38.214 Section 8.1.4, for partial sensing, if slot  belongs to the set , ; Otherwise,  is the first slot after slot  belonging to the set (, where  is the first candidate slot of partial sensing.

In resource selection procedure step 6c) of TS 38.214 Section 8.1.4,  is set to selection window size  converted to units of msec. Here, the actual resource selection window size is (). Considering the small value of , the resource selection window size is approximated by . 

In partial sensing, the use of resource selection window size for  is not proper, since the span of candidate slots may be only a part of the resource selection window. The possible replacement of resource selection window size is ) converted to milliseconds, where  is the last candidate slot of partial sensing. Similar to full sensing case, we could extend  by an amount of processing time  to align with the reference slot . 

The resource selection procedure is reused for resource re-evaluation or pre-emption checking. However, for resource re-evaluation or pre-emption checking, the set of Y’ candidate slots are used to determine . 

Proposal 7: In step 6c) of TS 38.214 Section 8.1.4, for partial sensing,  is ) converted to milliseconds. 

It was agreed that for PBPS, UE monitors the most recent sensing occasion for a given reservation periodicity before the first slot of the set of Y or Y’ candidate slots by default. If (pre)configured, UE additionally monitors the second most recent sensing occasion for a given reservation periodicity before the first slot of the set of Y or Y’ candidate slots. For the latter case, the value Q in step 6c) of TS 38.214 Section 8.1.4 should be adjusted accordingly. 

In the current specification, if  and , the value Q is equal to ; otherwise, Q=1. The condition  is to ensure the next periodic resource reserved at slot  is before the reference slot , while the condition  indicates the possibility of more than one periodic resource reserved at slot  is within the resource selection window. 

When the parameter “additionalPeriodicSensingOccasion” is (pre)configured, if  and , then the value Q is equal to +1. Here, the condition  is to ensure the second most recent sensing occasion for a given reservation periodicity is counted in the resource selection window, and the value Q is increased by 1 to compensate the additional reservation periodicity before the starting of the resource selection window. 

This is illustrated in Figure 2. Consider the example of  ms,  slots and  ms. If  is at slot 0 and  is at slot 14, then the range of  are within the resource selection window. This implies that value of Q is extended by 1.
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[bookmark: _Ref94801405]Figure 2: Illustration of the extended Q value

For the other cases, the value of Q should also be extended by 2, to capture the second most recent sensing occasion for a given reservation periodicity. This is illustrated in Figure 3.
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[bookmark: _Ref94802200]Figure 3: Illustration of the extended Q value


Proposal 8: In step 6c) of TS 38.214 Section 8.1.4, for partial sensing, when the parameter “additionalPeriodicSensingOccasion” is (pre)configured, if  and , then the value Q is equal to +1; Otherwise, Q=2. 

Conclusion
In this contribution, we provided our views on the remaining open issues of NR sidelink resource allocation for power saving. Our proposals are as follows: 

Proposal 1: When UE is triggered to perform re-evaluation and pre-emption checking for aperiodic transmission (Prsvp_TX=0) in slot n, UE performs CPS starting from at least M consecutive logical slots earlier than to  slots earlier than , where  is the first candidate slot after slot .
· If the minimum M slots for CPS cannot be guaranteed, then UE performs sensing starting from the resource selection time to  slots earlier than . 

Proposal 2: When sidelink DRX active time of Rx UE is provided by the higher layer for candidate resource selection, 
· at least a pre-defined number N of slots of Y candidate slots are to be selected within the provided sidelink DRX active time when partial sensing is configured in the UE by higher layer
· at least a pre-defined number N of slots of resource selection window are within the provided sidelink DRX active time when full sensing is configured in the UE by higher layer
·  of resource selection window is not impacted
· in step 7) of resource selection procedure, apply the criteria that the number of candidate resources remaining in  is smaller than  or the number of candidate resources remaining in  which are in the indicated active time of Rx UE is smaller than  to trigger another round of resource exclusion, where  is the total number of candidate resources in the provided sidelink DRX active time. 

Proposal 3: Whether UE performs SL reception of PSCCH and RSRP measurement for partial sensing on slots in SL DRX inactive time is enabled/disabled by (pre-)configuration per resource pool when partial sensing is configured in the UE by a higher layer.
· When it is enabled,
· When UE performs periodic-based partial sensing for a given , UE monitors only the default periodic sensing occasion.
· When UE performs contiguous partial sensing, UE monitors a minimum of  slots for CPS, where  and  are equal to  and  converted to logical slots, and M is equal to the minimum of resource pool (pre)configured parameters “contiguousSensingWindowAperiodic” and “contiguousSensingWindowPeriodic”.

Proposal 4: Whether UE performs SL reception of PSCCH and RSRP measurement for full sensing on slots in SL DRX inactive time is enabled/disabled by (pre-)configuration per resource pool when full sensing is configured in the UE by a higher layer.
· Parameter “partialSensingInactiveTime” indicates the enabling/disabling.

Proposal 5: Resource re-evaluation and pre-emption checking are required for a UE performing random resource selection while having sensing capability, 
· the sensing is performed between resource selection time and resource re-evaluation/pre-emption checking time.

Proposal 6: In step 6c) of TS 38.214 Section 8.1.4, for partial sensing, if slot  belongs to the set , ; Otherwise,  is the first slot after slot  belonging to the set (, where  is the first candidate slot of partial sensing.

Proposal 7: In step 6c) of TS 38.214 Section 8.1.4, for partial sensing,  is ) converted to milliseconds.

Proposal 8: In step 6c) of TS 38.214 Section 8.1.4, for partial sensing, when the parameter “additionalPeriodicSensingOccasion” is (pre)configured, if  and , then the value Q is equal to +1; Otherwise, Q=2. 
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