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Introduction
In RAN1 #103-e, the following conclusion and agreements were made [1]:
Conclusion
· SL reception Type A and Type D should be used as the reference for evaluation and designing of SL power saving features in R17. 
· Type A: UE is not capable of performing reception of any SL signals and channels, FFS with exception of performing PSFCH and S-SSB reception (aim to conclude in RAN1#104-e)
· Type D: UE is capable of performing reception of all SL signals and channels defined in R16. It does not preclude UE to perform reception of a subset of SL signals/channels
· If there are evaluations with assumptions other than the above reference, the detailed assumptions need to be reported
· Note: the types and the associated capability defined here are not intended to be defined as Rel-17 UE features as is. 
Agreements:
· Partial sensing based RA is supported as a power saving RA scheme
· FFS details
· Random resource selection is supported as a power saving RA scheme
· FFS any changes or enhancement
· FFS on conditions to apply random resource selection
Agreements:
· In R17, a SL Mode 2 Tx resource pool can be (pre-)configured to enable full sensing only, partial sensing only, random resource selection only, or any combination(s) thereof
· FFS details, including usage, potential restrictions, whether/how any enhancement or condition is needed for the coexistence of full sensing and power saving RA scheme(s) in a same resource pool, etc.
Agreements:
· Re-evaluation and pre-emption checking are not supported by UEs that do not perform any sensing (i.e. PSCCH reception)
· Re-evaluation and pre-emption checking are supported by UEs that perform sensing
· FFS details and any conditions(s) in which re-evaluation and pre-emption can be performed
· FFS whether/how re-evaluation and pre-emption can be supported by UEs performing random resource selection that do perform sensing
· Note: details about sensing in this context, including when it is performed, are not decided yet.

Agreements:
· Further study congestion control based on CBR and CR for power saving RA schemes
· Identify necessary changes from R16 CBR/CR (if any), including transmission resource selection and transmission parameters that can be adjusted and applicable to power savings RA schemes
· Note: this is not intended to require all UEs to perform sensing for the purpose of CBR measurement

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. Due to the fact that 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 
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 2: Support power saving mechanism with reduced PSCCH and PSSCH decoding for PUE.
In R16 NR V2X, VUE is required to perform contiguous sensing. However, it should not be required for PUE since contiguous sensing is not a power efficient feature. In LTE V2X, slot-based partial sensing, in which the PUE performs sensing in a subset of slots is supported. This feature can help to improve the power efficiency of the sensing procedure and can be supported in NR. 
Proposal 3: Support slot-based partial sensing.  
NR and LTE V2X support two types of resource reservation, which are periodic and aperiodic reservations. Long-term partial sensing, in which the UE selectively performs sensing in a (pre-)configured set of slots, can be used to detect periodic reservation. In long-term partial sensing, potential collision with periodic reservations can be detected by sensing in the slots having a (pre-)configured time gap with the potential transmission slots. The (pre-)configured time gap can be any of the allowed reservation periods in the resource pool.
Short-term partial sensing, in which the UE performs sensing to detect potential collision before a potential transmission resource, can be used to detect aperiodic reservation. The short-term partial sensing window should be smaller than the maximum dynamic resource reservation of SCI (i.e., 32 slots). 
Both long-term and short-term partial sensing are necessary to reduce the potential collision of the selected resources. Therefore, both types of sensing should be supported.
Proposal 4: Slot-based partial sensing should support detection of periodic and aperiodic reservations.
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 5: Support partial sensing and resource selection based on subset(s) of frequency resources. 
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 6: 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 7: 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 8: For semi-persistent reservation, the UE can skip pre-emption for certain reservation periods. The number of skip periods is (pre-)configured per priority.
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 9: Support the differentiation of the resource reserved by PUE or VUE using SCI.
Proposal 10: 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 11: 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 is 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 12: 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 13: The UE in SL DRX can perform either sensing-based resource selection or random resource selection.
The Rx UE in SL DRX can receive a packet intended for itself in its active time only. Therefore, when Tx UE communicates to the Rx UE in SL DRX, the active time of the Rx UE should be considered. Specifically, candidate resources for resource selection should be within the active time of the Rx UE in SL DRX. This restriction can guarantee that the Rx UE is on to receive transmissions targeted to itself. 
Proposal 14: The set of candidate resources for resource selection for both partial sensing and random selection shall be within the reception UE’s SL DRX active time. 
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 15: 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 16: 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 17: In the slots outside of DRX active time where the UE performs sensing, the UE decodes the first SCI only.

Conclusion
In this contribution, the following conclusions were made for resource allocation for power saving:
Proposal 1: A UE can be configured whether it can perform random selection in a resource pool based on the priority of the TB.
Proposal 2: Support power saving mechanism with reduced PSCCH and PSSCH decoding for PUE.
Proposal 3: Support slot-based partial sensing.  
Proposal 4: Slot-based partial sensing should support detection of periodic and aperiodic reservations.
Proposal 5: Support partial sensing and resource selection based on subset(s) of frequency resources. 
Proposal 6: Support partial sensing-based resource re-evaluation and pre-emption.
Proposal 7: A UE is configured whether to perform re-evaluation based on the priority of the TB.
Proposal 8: 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 9: Support the differentiation of the resource reserved by PUE or VUE using SCI.
Proposal 10: Support different initial RSRP thresholds for resources reserved by PUE.
Proposal 11: For random resource selection, a UE can be configured a minimum time gap between initial transmission and retransmission(s).
Proposal 12: For the UE performing sensing, support re-evaluation for random selection resources.
Proposal 13: The UE in SL DRX can perform either sensing-based resource selection or random resource selection.
Proposal 14: The set of candidate resources for resource selection for both partial sensing and random selection shall be within the reception UE’s SL DRX active time. 
Proposal 15: The Rx UE in its SL DRX active time shall decode both the first and second SCI.
Proposal 16: For partial sensing purposes, monitoring PSCCH is not affected by SL DRX configuration.
Proposal 17: In the slots outside of DRX active time where the UE performs sensing, the UE decodes the first SCI only.
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Appendix- RAN2 agreements on SL DRX
In the #112e meeting, RAN2 has made the following agreements on SL DRX [3]:

	Agreements on SL DRX: 

1: 	Sidelink DRX needs to support sidelink communications for both in and out of network’s coverage scenarios.
2:	RAN2 will prioritize normal use case without consideration of relay UE use case in Rel-17.
3:	Support SL DRX for all casting types.
4:	If a UE is in SL active time, UE should monitor PSCCH. FFS on PSSCH. FFS for sensing impacts.
5:	RAN2 is not going to introduce SL paging and SL PO for SL DRX.
6:	As baseline, for Sidelink DRX for SL unicast, it is proposed to inherit and use timers similar to what are used in Uu DRX. FFS for SL broadcast/groupcast. FFS on detailed timers.
7:	Working assumption: SL DRX should take PSCCH monitoring also for sensing (in addition to data reception) into account if SL DRX is used.
8:	Support of long DRX cycle for SL unicast should be assumed as a baseline. FFS on the need of short DRX cycle.
9:	Deprioritize SL WUS from RAN2 point of view in Rel-17.



