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Introduction
In the last meeting, the following conclusion and agreements have been made for resource allocation for power saving [1]:
	Agreement:
· For the set of Preserve values in periodic-based partial sensing, 
· If no (pre-)configuration (i.e., by default), Preserve corresponds to all values from the (pre-)configured set sl-ResourceReservePeriodList.
· Otherwise, a single set of Preserve values can be (pre-)configured, where the set of Preserve values are restricted to a subset of the (pre-)configured set sl-ResourceReservePeriodList
· This is per mode 2 Tx resource pool (pre-)configuration
· A UE by implementation may also monitor other sl-ResourceReservePeriodList values not part of the restricted subset 
· [bookmark: _Hlk75511616]In particular, the UE may additionally monitor occasions corresponding to P_RSVP_Tx
· FFS whether the monitoring can be mandatory

Agreement:
·  In periodic-based partial sensing for resource (re)selection, the UE at least monitors in periodic sensing occasion(s) for a given reservation periodicity before the first slot of the selected Y candidate slots subject to processing time restriction for the identification of candidate resources.
  o   The processing time restriction includes Tproc,0SL  and Tproc,1SL.
  o   Aspects relating to sensing during SL DRX are to be discussed separately
· Relationship to re-evaluation and pre-emption operation for periodic-based partial sensing to be discussed separately
· FFS details including whether monitoring of periodic sensing occasions between triggering slot n and the first slot of the selected Y candidate slots subject to processing time restriction is performed as part of resource (re)selection or re-evaluation and pre-emption checking

Agreement:
· 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

Agreement:
· For random resource selection,
· Reuse the maximum distance separation of 32 logical slots for a HARQ retransmission resource reserved by a prior SCI for the same TB, which was defined in R16 for full sensing operation.
· SL HARQ feedback enabled transmission is supported (FFS applicable conditions if any)
· The minimum HARQ feedback time gap (Z) shall be respected between any two selected resources of a TB where a HARQ feedback for the first of these resources is expected.
· FFS the impact of resource collision when random resource selection is performed by a UE which does not perform sensing / re-evaluation and pre-emption checking in a resource pool with mixed RA schemes (e.g. for low priority or any priority transmissions).
· Including study potential solution(s) if the impact is not negligible (e.g. threshold based, raising priority, minimum time gap, pattern based, a priori SCI reserving initial transmissions, resource pool partitioning, and etc.).

Agreement:
In contiguous partial sensing for resource (re)selection, TA and TB values can be zero, positive or negative 
· TA and TB values or range depend on different operating scenarios or conditions (e.g., periodic/aperiodic traffic, predictability of triggering slot n, remaining PDB, re-evaluation/pre-emption checking, HARQ feedback, CBR/CR parameter, power saving, etc)
· FFS details
· FFS: details of how periodic-based partial sensing and contiguous partial sensing are used for re-evaluation and pre-emption checking. Including how to reduce UE’s power consumption (caused by additional sensing operation of re-evaluation/pre-emption) after its resource selection, with the considerations of different operating scenarios or conditions (e.g., pre-emption enabled/disabled, HARQ-ACK enabled/disabled, etc).



Based on the above agreements, we introduce our views on resource allocation for power saving in this contribution.
Sidelink power saving
Periodic-based partial sensing
It has been agreed that a single set of Preserve can be (pre-)configured and a UE may also monitor other Preserve values not part of the configured subset by implementation. It is FFS whether the UE mandatorily monitors the occasions corresponding to Prsvp_TX or not. In order to avoid consecutive resource collision, it would be much safer for the UE to additionally monitor the occasions corresponding to Prsvp_TX when Prsvp_TX is not in the restricted subset. However, if this UE behavior is mandated, UE power consumption will be increased more than expected. As long as whether to monitor the occasions corresponding Prsvp_TX can be fully handled by the proper subset (pre-)configuration, it should be left up to UE implementation rather than mandate it. 

Proposal 1:  It is up to UE implementation to additionally monitor occasions corresponding to Prsvp_TX.

Based on the agreement made in RAN1#105-e, the UE performs periodic-based partial sensing for the slots corresponding to Preserve values before the first slot of the set of Y candidate slots (i.e., ), for the initial resource selection. Therefore, it is understood that the UE will also monitor the sensing occasions between triggering slot n and the first slot of the Y candidate slots as long as the processing time restriction is met. In addition, if  is selected, there is no more periodic sensing occasion between  and  to be monitored by UE for the re-evaluation/pre-emption checking. As a result, it is naturally not possible to use periodic-based sensing for the re-evaluation/pre-emption checking purpose. Sine periodic-based partial sensing is basically targeted for handling periodic traffic from other UEs, it is sufficient to monitor sensing occasions corresponding to Preserve values if only periodic traffic exists in the network. In order to handle the potential resource collision caused by aperiodic traffic from other UEs, contiguous sensing is fundamentally necessary. Therefore, it is more desirable to specify additional sensing mechanism for re-evaluation/pre-emption checking when periodic-based partial sensing is used. To avoid potential duplicated sensing functionality, we can consider contiguous partial sensing for re-evaluation/pre-emption checking. More details will be discussed in Section 2.2. 

Observation 1: The UE may monitor periodic sensing occasions between triggering slot n and the first slot of the Y candidate slots if the processing time restriction is met. 

Observation 2: Outcome from periodic-based sensing operation cannot be used for re-evaluation/pre-emption checking for the initially selected slot.

Proposal 2: Periodic-based partial sensing is not used for re-evaluation/pre-emption checking.  

A remaining open issue for periodic-based partial sensing is details of the (pre-)configuration for k values. For this, there can be multiple options such as 
Option 1) one or more than one k values, k0, k1, ..., kN-1, are (pre-)configured,
Option 2) max number of k values, N, is (pre-)configured,
Option 3) max number of k value, N, is (pre-)configured and N-size bitmap additionally indicates a set of sensing occasions. 
For the simplicity, we support to introduce option 2. If the max number of k values, N, is (pre-)configured, the UE will monitor occasions corresponding to .  If N is not provided, the UE assumes N=1 as the default behavior.

Proposal 3: The maximum number of k values, N, is (pre-)configured. 

Contiguous partial sensing
Many conditions (e.g., periodic/aperiodic traffic, predictability of triggering slot n, remaining PDB, re-evaluation/pre-emption checking, HARQ feedback, CBR/CR parameter, power saving, etc) for triggering contiguous partial sensing have been discussed over the past several meetings. We do not think it is proper that L1 decides whether or not to perform contiguous partial sensing by itself based on some of the conditions or its combinations. Since the exact triggering condition can be very complicated and different depending on the scenarios, it should be left as UE implementation rather than specifying a concrete triggering condition. It is sufficient that higher layer determines whether or not to trigger the contiguous partial sensing and just informs the result to L1. Accordingly, the L1 will be provided an enabling indication for contiguous partial sensing by higher layer. When the resource (re-)selection is triggered in slot n, the contiguous partial sensing can be triggered before or in slot n depending on the TA and TB values.

Proposal 4: L1 is triggered to perform contiguous partial sensing by the higher layer before or in slot n.

Based on the agreement, TA and TB values for determining sensing window of contiguous partial sensing can be zero, positive or negative and it is been remained as FFS for the details. Similar to the triggering condition, since the optimized TA and TB values may very different depending on the various scenarios, it is more desirable that TA and TB values are determined and explicitly informed to L1 by the higher layer rather than predefined as some specific values or implicitly determined by other parameter values. Such a flexible configurability would be beneficial to minimize the power consumption due to unnecessary sensing operation.

Proposal 5: L1 is provided TA and TB values from the higher layer before or in slot n.

Depending on the TA and TB values, the sensing window of the contiguous partial sensing can be overlapped with the sensing occasions of periodic-based partial sensing. In this case, both the sensing results from contiguous partial sensing and periodic-based partial sensing can be used for resource (re-)selection. 

Observation 3: When the sensing occasions for contiguous partial sensing and periodic-based partial sensing are overlapped, the UE will take into account both sensing results for the purpose of resource (re-)selection.

For full sensing, a sensing window length is (pre-)configured and the sensing window is also used for re-evaluation/pre-emption checking. This principle can be reused for the partial sensing case as well. For contiguous partial sensing, the sensing window length is given by W=TB–TA.  For re-evaluation/pre-emption checking when partial sensing (including both periodic-based partial sensing and contiguous sensing) is performed for resource (re-)selection, the same sensing window length W can be assumed for power saving purpose. If UE is not provided TA and TB values because of not using contiguous partial sensing, then the UE can assume a default value (e.g., 32 slots) for the sensing window for re-evaluation/pre-emption checking.

Proposal 6: For the UE with resource pool configured by partial sensing, contiguous partial sensing is assumed to be used for re-evaluation/pre-emption checking. 
· The sensing window length for re-evaluation/pre-emption is provided by higher layer. 
· If the sensing window length for re-evaluation/pre-emption is not provided, a fixed 32-slot is assumed as default.

Random resource selection
The resource collision issue of random resource selection has been identified and discussed over the several meetings. Type-A/B UE can do random resource selection but cannot perform re-evaluation/pre-emption checking. As a result, when the priority of random selection UE is lower than the priority of sensing UE, the resource collision between these two UEs cannot be avoided. In order to resolve this issue, to increase the priority of random selection UE by certain level has been proposed by several companies. Basically, this solution may lead the same result of using highest priority for the random selection UE. In other words, we don’t need to increase the priority of the random selection based on pre-defined rules, but it is enough to ensure that the priority of the random selection UE has the highest level. Therefore, SCI format 1-A for the random selection UE can indicate smallest priority value. 

Proposal 7: For random selection UE, the priority field in SCI format 1-A always indicates zero.

Another issue of random resource selection is contiguous resource collision among the random selection UEs with the same periodic traffic. If the periodicities are the same or one periodicity is multiple of the other periodicity, once the same resources are selected by two different UEs, then the persistent resource collision can happen. To resolve this issue, resource randomization based on sub-channel hopping can be considered. For N reserved resources, Rx1,y, Rx2,y+P, ..., RxN,y+(N-1)*P, the subchannel indexes x1, x2, ..., xN, can be pseudo-randomly changed based on source ID. 

Proposal 8: For random resource selection, the starting subchannel indexes for the reserved resources are pseudo-randomly changed based on Source ID.

Sidelink DRX impacts
Regarding sidelink DRX, if SL DRX wake-up timing between UEs is aligned, it will be beneficial for power saving since the UEs can communicate each other during periodic wake-up time. Even though it seems to be suitable for periodic traffic, it can be extended to aperiodic traffic with additional mechanisms for aperiodic traffic (e.g., wake-up signal). In case of unicast communication, PC5-RRC connection procedure can be considered one of candidate methods to exchange the information on SL DRX configuration. However, in case of groupcast and broadcast communications, another approach/procedure for the delivery of the information on SL DRX should be studied. In addition to data transmission and reception including retransmission subject to SL DRX, it is also needed to study other aspects such as CSI reporting, PSFCH reporting, etc. For example, if a UE receives SL data in SL DRX on-duration time and the corresponding PSFCH is transmitted in SL DRX off-duration time, a proper UE’s behavior should be defined. With respect to CSI reporting, it can be expected a similar situation. Therefore, it is proposed to study potential impacts of SL DRX on power saving.

Proposal 9: Study potential impacts of SL DRX on sensing operation.

Additional enhancements
In addition to random resource selection and partial sensing, additional enhancements for power saving can be considered. First of all, the concept of partial sensing can be extended in different domain (e.g., frequency) rather than time domain. In Uu link, BWP adaptation has been used for power saving via BWP switching. Supporting narrow BWP (and/or reduced resource pool) operation with BWP switching could be one of solutions. For example, in power saving mode, a UE can operate in narrow BWP in order to reduce power consumption for monitoring. When a large amount of data transmission/reception is needed, the UE can switch its BWP into larger one. In order to support BWP switching, it may need to support configuration of multiple SL BWPs, cross-BWP switching, cross-slot switching, SCI only transmission in single subchannel and so on. SL resource pool switching can be also considered instead of SL BWP switching. Since it may cause a heavy specification workload, it should be studied carefully. Even though the main objective of inter-UE coordination is for enhanced reliability and reduced latency in resource allocation mode 2, the inter-UE coordination can be also used for power saving. For example, if a UE selects resource(s) for its own transmission within a white list which is provided as a coordination message, the power consumption for resource selection can be reduced. Other enhancements such as reduced number of blind decoding/estimations, simplified sensing with 1st stage SCI only, etc. could be also studied.

Proposal 10: Additional enhancements besides random resource selection and partial sensing for power saving should be also discussed.
Summary
In this contribution, the following proposals and observations are made for resource allocation for power saving.
Proposal 1:  It is up to UE implementation to additionally monitor occasions corresponding to Prsvp_TX.
Proposal 2: Periodic-based partial sensing is not used for re-evaluation/pre-emption checking.
Proposal 3: The maximum number of k values, N, is (pre-)configured.
Proposal 4: L1 is triggered to perform contiguous partial sensing by the higher layer before or in slot n.
Proposal 5: L1 is provided TA and TB values from the higher layer before or in slot n.
Proposal 6: For the UE with resource pool configured by partial sensing, contiguous partial sensing is assumed to be used for re-evaluation/pre-emption checking. 
· The sensing window length for re-evaluation/pre-emption is provided by higher layer. 
· If the sensing window length for re-evaluation/pre-emption is not provided, a fixed 32-slot is assumed as default.
Proposal 7: For random selection UE, the priority field in SCI format 1-A always indicates zero.
Proposal 8: For random resource selection, the starting subchannel indexes for the reserved resources are pseudo-randomly changed based on Source ID.
Proposal 9: Study potential impacts of SL DRX on sensing operation.
Proposal 10: Additional enhancements besides random resource selection and partial sensing for power saving should be also discussed.

Observation 1: The UE may monitor periodic sensing occasions between triggering slot n and the first slot of the Y candidate slots if the processing time restriction is met. 
Observation 2: Outcome from periodic-based sensing operation cannot be used for re-evaluation/pre-emption checking for the initially selected slot.
Observation 3: When the sensing occasions for contiguous partial sensing and periodic-based partial sensing are overlapped, the UE will take into account both sensing results for the purpose of resource (re-)selection.
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