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[bookmark: _Hlk68542266]In RAN1 #104b-e, the following conclusion and agreements were made [1]:
Conclusion:
· In periodic-based partial sensing,
· It is not necessary to further discuss whether or not to introduce a threshold to re-define T1 and T2.
Agreements:
· In periodic-based partial sensing,
1. For the set of Preserve values, down-select to one of the following in RAN1#105-e
· Alt.1: Preserve corresponds to all values from the configured set sl-ResourceReservePeriodList
· Alt.2: A set of Preserve values is (pre-)configured and includes up to the full set of values from the configured set sl-ResourceReservePeriodList
· FFS if support multiple sets of Preserve values based on one or more metrics 
· FFS whether/how to restrict the set of values
1. For the k value, down-selection to one of the following in RAN1#105-e (further refinement of each of the alternatives is possible)
· Alt 1: Option 1 as in RAN1#104-e
· Alt 2: A modified Option 5 as in RAN1#104-e, where the modification is such that it also includes option 1
· FFS how to (pre-)configure (e.g. including bitmap), whether a maximum number of k values is needed, and whether it can be up to UE implementation to select a k value based on the (pre-)configuration
· FFS details, e.g., sensing before the resource (re)selection trigger or the first slot of the set of Y candidate slots subject to processing time restriction, etc.
· Note: companies are encouraged to provide more evaluations 

Agreement:
· When periodic-based partial sensing is potentially performed by UE in a mode 2 Tx resource pool provided by higher layer, at least all of the followings are met:
· Periodic reservation for another TB (sl-MultiReserveResource) is enabled for the resource pool
· The resource pool is (pre-)configured to enable partial sensing
· Partial sensing configured by higher layer in the UE.

In this contribution, we discuss on the aspects to enhance resource allocation for power saving.
Resource allocation enhancement
Resource pool configuration
It was agreed that different types of resource selection mechanism (e.g., random resource selection and sensing-based resource selection) can be configured to use in a same resource pool. Since sidelink resources are randomly selected without sensing for the random resource selection, a SL transmission with a sensing-based resource allocation will experience negative performance impact if there is no restriction/limit for random resource selection. Therefore, a mechanism to protect a SL transmission with a sensing-base resource allocation is desired, e.g., allowing the use of random selection for high-priority SL transmission only. 
Proposal 1: A UE can be configured to perform random selection in a resource pool based on the priority of the TB.

Partial sensing-based resource allocation 
Periodic based partial sensing
In the last RAN1 meeting, it was agreed that a minimum value for the set of candidate slots (i.e., Ymin) is (pre-)configured from the range of values. In LTE, Ymin is (pre-)configured in a resource pool regardless of the QoS of the TB since each TB can have only one or two transmissions. However, in NR, the number of retransmissions for one TB can vary significantly. Specifically, the (pre-)configuration allows one TB to have from zero to 32 retransmissions based on the priority of the TB. A higher number of retransmissions may require more candidate slots Y to reduce collision for each transmission. Hence, Ymin should be (pre-)configured per priority per resource pool.
Proposal 2: A minimum value for Y is (pre-)configured per priority.
One remaining issue is whether to have any restriction to determine Y candidate slots including its relationship with SL-DRX. In the DRX operation, if the active period of the Rx UE is fixed, all transmissions of a TB should be within the active time of the Rx UE. Alternatively, if the active period of the Rx UE(s) is extendable by one transmission of the TB (e.g., by an initial transmission or retransmission), at least the initial transmission of the TB should be within the active time of the Rx UE(s). Since the Rx UE may not receive within the active time due to half-duplex operation on sidelink, it may further be required to include more than just the initial transmission in some cases. These transmission resources should be selected from the active time of the Rx UE(s) and the set of Y candidate slots. Therefore, to guarantee that the Tx UE can select transmission resources, at least a certain number of first N candidate slots out of Y candidate slots should be within the active time of the Rx UE(s). The UE may need a large N for high reliability transmission or if it selects more transmission resources within the active time of the Rx UE(s). Alternatively, a small N may be needed if the UE selects fewer transmission resources with low required reliability (e.g., only for the initial transmission). 
Proposal 3: At least first N slots in the set of Y candidate slots should be within the active time of the Rx UE(s). FFS for N.
Periodic-based partial sensing targets to detect the resource reservation for another TB in the SCI of a TB (i.e., semi-persistent reservations for periodic traffic from other UEs). Therefore, it is beneficial to reduce the transmission collision of any TB regardless of traffic type. In particular, periodic-based partial sensing is useful for both periodic and aperiodic traffic and should be supported for both traffic types.
Proposal 4: Support periodic-based partial sensing for both periodic and aperiodic traffic.
Regarding periodic-based partial sensing, two alternatives to determine the set of reservation periods to monitor, i.e., Preserve, are listed for down selection. In our view, Alt. 2, in which Preserve corresponds to a subset of values from the configured set sl-ResourceReservePeriodList, should be selected. Alt. 1, in which the subset of values corresponds to all the values from the set sl-ResourceReservePeriodList, is a special case of Alt. 2. Moreover, Alt. 1 may lead to inefficient power saving in case small reservation intervals are configured in the resource pool. In an extreme scenario, when 1ms reservation interval is configured, no power saving can be achieved. 
Proposal 5: For periodic-based partial sensing, support Alt. 2 for determination of Preserve, i.e., Preserve corresponds to a subset of values from the configured set sl-ResourceReservePeriodList.
One remaining FFS for Alt. 2 is whether to support multiple sets of Preserve. In our view, a UE can perform sensing before or after packet arrival based on whether it can predict the resource (re)selection trigger time (i.e., slot n). If the resource selection time can be predicted, the UE can perform sensing before the packet arrival time. Alternatively, if the resource selection trigger time cannot be predicted, the UE should perform sensing after packet arrival. In this case, the sensing duration of the UE depends on the PDB of the packet. Specifically, for long PDB, the UE may sense more reservation intervals. However, for short PDB, a limited set of reservation intervals can be sensed. Therefore, multiple sets of Preserve can be (pre-)configured in the resource pool to support different scenarios. 
Proposal 6: Support multiple sets of Preserve values. 
For periodic traffic, the UE can predict the arrival time of the data at the UE buffers. Therefore, the UE can predetermine the resource allocation triggering time n and the set of Y candidate slots in the resource selection window [n+T1, n+T2]. Therefore, the UE can perform sensing in the required sensing slots for the set of Y candidate slots before the arrival of the periodic traffic. The subset of periodicity values should be (pre-)configured for periodic traffic regardless of the QoS of the TB.
Proposal 7: For periodic traffic, the subset of periodicity values is (pre-)configured. 
The arrival time of aperiodic traffic is random. Hence, for power saving purposes, the UE should perform periodic-based partial sensing for aperiodic traffic after the arrival of the real data. However, TB associated with aperiodic traffic has its own PDB. For periodic-based partial sensing, the UE cannot monitor the periodicity values exceeding the PDB of the TB. Therefore, the subset of periodicity values the UE can monitor depends on the PDB of the TB. Hence, the subset of periodicity values should be (pre-)configured per priority.
Proposal 8: For aperiodic traffic, the subset of periodicity values is (pre-)configured per priority. 
Regarding the determination of k, several Options are listed for down selection. In our view, Option 1, in which the UE performs sensing in the most recent sensing occasion for a given periodicity value before the set of Y candidate slots, is preferable. It is because Option 1 reuses LTE as the baseline. On the other hand, miss detection of the first SCI is quite low; therefore, it is not necessary to monitor multiple SCIs for one reservation period. Moreover, requiring the UE to sense over multiple slots for one reservation period significantly increase the sensing power.
Proposal 9: For periodic-based partial sensing, support Option 1 for determination of k, i.e., k is the most recent sensing occasion for a given reservation periodicity before the resource (re)selection trigger or the set of Y candidate slots subject to processing time restriction.
One remaining issue for periodic-based partial sensing is whether to allow the UE to perform sensing after resource (re)selection trigger. In our view, periodic-based partial sensing is used to detect semi-persistent reservation, which can happen after the resource (re)selection trigger and before the first slot of the set of Y candidate slots. Therefore, to avoid collision of such reservations, the UE need to additionally perform sensing after the resource (re)selection trigger and before the set of Y candidate slots. 
Proposal 10: Support sensing after resource (re)selection trigger and before the set of Y candidate slots subject to processing time restriction.

Contiguous partial sensing
Contiguous partial sensing targets to sense aperiodic resource reservation, which reserves the retransmission resources for a TB. Hence, contiguous partial sensing is necessary for both periodic and aperiodic traffic and it should be supported for both types of traffic. 
Proposal 11: Support contiguous partial sensing for both periodic and aperiodic traffic.
The sensing window for contiguous partial sensing should be limited to the maximum reservation gap for a retransmission of the same TB indicated in SCI (i.e., 32 slots). It is because, for detection of resource reservation for retransmission of a TB, only sensing information within 32 slots from the resource selection window is beneficial for resource selection. The resource reservation for retransmission beyond the 32 slots cannot make any reservation in the resource selection window.  
Proposal 12: The maximum contiguous partial sensing window is 32 slots.
The contiguous partial sensing window of 32 slots may help to achieve the full potential sensing result for aperiodic reservation. However, due to limited PDB, the UE may not be able to sense up to 32 slots. For large PDB, the UE should be required to perform sensing in 32 slots; however, for low PDB, a shorter sensing window should be required. Even in some scenarios, when the PDB is sufficiently small, the UE may be allowed not to perform sensing. The PDB can be associated with the PDB of the TB. Therefore, a sensing window value including zero should be (pre-)configured per priority of the TB. 
Proposal 13: The minimum contiguous partial sensing window is (pre-)configured per priority and can be zero.

Resource re-evaluation and pre-emption
In R16 NR V2X, re-evaluation and pre-emption are supported in the sensing and resource selection procedure. Re-evaluation can be used to determine potential collision of the selected resource (e.g., the resource that has not been reserved by SCI) and pre-emption can be used to detect potential collision of the reserved resources.
Re-evaluation and pre-emption are two essential features to reduce collision and should be supported for PUE. Since partial sensing is used for PUE, RAN1 needs to further study how to perform re-evaluation and pre-emption in a power efficient manner (e.g., partial sensing-based resource re-evaluation and pre-emption). 
Proposal 14: Support partial sensing-based resource re-evaluation and pre-emption.
Re-evaluation and pre-emption may increase sensing processing and resultant power consumption. Therefore, it is undesirable to perform them frequently. To balance between reliability and power consumption, re-evaluation should be required for high priority TB and optional for low priority TB.
Proposal 15: A UE is configured whether to perform re-evaluation based on the priority of the TB.
Pre-emption is used to evaluate the availability of reserved resources. It can be used to avoid contiguous collision of the semi-persistent reservation resources. In R16 NR V2X, the UE is required to execute pre-emption for every TB. However, perform pre-emption for every TB is not desirable since it may require too frequent sensing. To reduce the sensing, the UE may be allowed to skip certain number of pre-emption periods. To balance between reliability and sensing power consumption, the number of skipped pre-emption periods should be higher for lower priority transmissions. One possible solution to realize this behaviour is to configure the number of skipped pre-emption periods per priority. The UE may then periodically perform pre-emption after a configured number of skipped periods based on the priority of the last TB on which the UE perform pre-emption. 
Proposal 16: For semi-persistent reservation, the UE can skip pre-emption for certain reservation periods. The number of skip periods is (pre-)configured per priority.

Sensing enhancement for PUE
In LTE V2X, P2V scenario was only optimized in terms of power saving by allowing the PUE to perform random resource selection and/or partial sensing-based resource selection. On the other hand, V2P scenario was not considered for power consumption reduction. Therefore, if there is any packet targeted to a PUE, it shall decode all subchannels in the Rx resource pools for data reception. In NR, it is expected that the PUE receives the message from other PUE and VUE. Using LTE V2X design, the UE may need to decode all subchannels in the Rx resource pool, which may not be desirable for power consumption. Therefore, PUE reception should be optimized. Specifically, at least a mechanism to reduce SCI and/or PSSCH decoding of PUE should be supported. One possibility is to limit the time-frequency resources for PUE reception, and another possibility is to reduce second SCI decoding. 
Proposal 17: Support power saving mechanism with reduced PSCCH and PSSCH decoding for PUE.
In NR V2X, VUE can support sensing and resource selection pool of up to 27 subchannels [2]. For PUE, performing sensing and resource selection in such a large resource pool may not power efficient since the PUE needs to perform blind detection of SCI in each subchannel. Furthermore, two types of SCI shall be decoded with different associated DM-RS, which requires higher computational power at the receiver as compared with the LTE. One possibility to reduce the number of blind detections is to allow the PUE to perform sensing in a subset of the frequency resources. 
Proposal 18: Support partial sensing and resource selection based on subset(s) of frequency resources. 
When a resource pool is shared between VUE and PUE. One possibility to reduce the power consumption of PUEs is to reduce the number of retransmissions per TB and increase the transmission success rate of each transmission. Resource reservation can be used to obtain the objective. Specifically, when a resource is reserved by a PUE, other UE may avoid selecting the resource to improve the (re)transmission success rate with a lower congestion, thus reducing the number of (re)transmission for a TB. This principle can be obtained by setting a low RSRP threshold for the resource reserved by a PUE (e.g., much lower than the RSRP threshold of the resources reserved by VUEs). This can be achieved by a configuration of different initial RSRP thresholds for PUE compared to VUE. However, to achieve this goal, other UE needs to differentiate the resource reserved by PUE or VUE in the sensing procedure. Such differentiation can be achieved by an indication in the SCI.
Proposal 19: Support the differentiation of the resource reserved by PUE or VUE using SCI.
Proposal 20: Support different initial RSRP thresholds for resources reserved by PUE.

Random resource allocation
Resource reservation for retransmission(s) of a TB (e.g., by the SCI of the initial transmission) is beneficial for collision avoidance. In particular, a UE, when performing sensing and resource selection, may be able to avoid the resource reserved for retransmission, which is included in the SCI of the initial transmission. However, if the time gap between the initial transmission and the retransmission is small (e.g., smaller than T3), the Rx UE may not be able to avoid the reserved resource even it can decode the SCI of the initial transmission. One possible solution is to configure a minimum time gap between two transmissions (e.g., initial transmission and retransmission) such that whenever the UE detects the first transmission, it can avoid the reserved resource for the subsequent transmissions.
Proposal 21: For random resource selection, a UE can be configured a minimum time gap between initial transmission and retransmission(s).
The UE can perform random selection when the conditions for random selection are satisfied. However, after random selection, the UE can perform sensing to determine whether its selected resource is reserved by other UE’s potential transmission. Such a feature can be supported to reduce collision for random selection. 
Proposal 22: For the UE performing sensing, support re-evaluation for random selection resources.

Consideration of Sidelink DRX 
SL DRX is introduced to avoid continuous reception for PUE. Specifically, for SL DRX, the UE can be configured on duration periods to monitor PSCCH and PSSCH. Outside of its on duration, the UE can go to sleep to save power. In our view, a UE in SL DRX can perform either random selection or sensing-based resource allocation to transmit to other UEs. For sensing-based resource allocation, it is likely that the UE may perform partial sensing, in which the UE may monitor the first SCI perform sensing in a subset of slots in the sensing window. However, the UE also can decide to perform full sensing by monitoring the first SCI in all slots in the sensing window. 
Proposal 23: The UE in SL DRX can perform either sensing-based resource selection or random resource selection.
When configured in SL DRX, a UE is required to decode both the first and second SCI within slots associated with its SL DRX active time. Since the second SCI is multiplexed with PSSCH, then the active time corresponds to the monitoring PSCCH and decoding PSSCH channels.
Proposal 24: The Rx UE in its SL DRX active time shall decode both the first and second SCI.
For partial sensing-based resource allocation, the UE is required to perform sensing in a set of slots before selecting transmission resources. The required sensing slots are associated with the candidate slots for resource selection. It is likely that the UE may not be active in some of the required sensing slots since the active time of the UE may not be sufficient to collect the sensing results. In our view, to guarantee the performance of the partial-sensing based resource allocation scheme, the UE is required to monitor PSCCH in the required sensing slots regardless of the DRX configuration. 
Proposal 25: For partial sensing purposes, monitoring PSCCH is not affected by SL DRX configuration.
When the UE in its SL DRX active time, it should decode both the first and the second SCI since it may need to do sensing and receive data in that period. When the UE is outside of its active time, it may need to perform sensing due to sensing configuration. However, the UE should not expect to receive data. Therefore, when the UE is outside of its active time, the UE should decode the first SCI only for sensing purposes.
Proposal 26: In the slots outside of DRX active time where the UE performs sensing, the UE decodes the first SCI only.
One issue needs to be discussed is congestion control for DRX operation. When the Tx UE has data during the DRX OFF duration of the Rx UE(s), it may buffer the data and wait until the DRX ON duration of the Rx UE(s) to perform resource selection and transmission of the data. Afterward, many Tx UEs may perform resource selection at the beginning of the DRX ON duration in each cycle assuming that DRX configurations are aligned across a group of Rx UEs. As a consequence, severe collision may happen at the beginning of the DRX ON of the Rx UE(s) duration of each DRX cycle. Therefore, congestion control should be enhanced for the DRX operation.
Proposal 27: Consider congestion control enhancement for DRX operation. 

Conclusion
In this contribution, the following conclusions were made for resource allocation for power saving:
Proposal 1: A UE can be configured to perform random selection in a resource pool based on the priority of the TB.
Proposal 2: A minimum value for Y is (pre-)configured per priority.
Proposal 3: At least first N slots in the set of Y candidate slots should be within the active time of the Rx UE(s). FFS for N.
Proposal 4: Support periodic-based partial sensing for both periodic and aperiodic traffic.
Proposal 5: For periodic-based partial sensing, support Alt. 2 for determination of Preserve, i.e., Preserve corresponds to a subset of values from the configured set sl-ResourceReservePeriodList.
Proposal 6: Support multiple sets of Preserve values. 
Proposal 7: For periodic traffic, the subset of periodicity values is (pre-)configured. 
Proposal 8: For aperiodic traffic, the subset of periodicity values is (pre-)configured per priority. 
Proposal 9: For periodic-based partial sensing, support Option 1 for determination of k, i.e., k is the most recent sensing occasion for a given reservation periodicity before the resource (re)selection trigger or the set of Y candidate slots subject to processing time restriction.
Proposal 10: Support sensing after resource (re)selection trigger and before the set of Y candidate slots subject to processing time restriction.
Proposal 11: Support contiguous partial sensing for both periodic and aperiodic traffic.
Proposal 12: The maximum contiguous partial sensing window is 32 slots.
Proposal 13: The minimum contiguous partial sensing window is (pre-)configured per priority and can be zero.
Proposal 14: Support partial sensing-based resource re-evaluation and pre-emption.
Proposal 15: A UE is configured whether to perform re-evaluation based on the priority of the TB.
Proposal 16: For semi-persistent reservation, the UE can skip pre-emption for certain reservation periods. The number of skip periods is (pre-)configured per priority.
Proposal 17: Support power saving mechanism with reduced PSCCH and PSSCH decoding for PUE.
Proposal 18: Support partial sensing and resource selection based on subset(s) of frequency resources. 
Proposal 19: Support the differentiation of the resource reserved by PUE or VUE using SCI.
Proposal 20: Support different initial RSRP thresholds for resources reserved by PUE.
Proposal 21: For random resource selection, a UE can be configured a minimum time gap between initial transmission and retransmission(s).
Proposal 22: For the UE performing sensing, support re-evaluation for random selection resources.
Proposal 23: The UE in SL DRX can perform either sensing-based resource selection or random resource selection.
Proposal 24: The Rx UE in its SL DRX active time shall decode both the first and second SCI.
Proposal 25: For partial sensing purposes, monitoring PSCCH is not affected by SL DRX configuration.
Proposal 26: In the slots outside of DRX active time where the UE performs sensing, the UE decodes the first SCI only.
Proposal 27: Consider congestion control enhancement for DRX operation. 
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