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1. Introduction
At the RAN1#103-e meeting [1], there were discussions on resource allocation for power saving and the following agreements were reached. In this contribution, we share our views on resource allocation enhancement for power saving.
	RAN1#103-e
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



2. Discussions
2.1. UE type
At the last meeting, two UE types were identified for evaluation and designing of SL power saving feature. The first type, type A, is not capable of performing reception of SL signals and channels basically. The second type, type D, is capable of the reception. The following two questions are remaining.
· Whether type A can receive PSFCH/S-SSB or not, which resource allocation mechanisms are supported
Type A is mainly intended as P-UE in e.g. pedestrian road safety of P2V use case [2]. P-UE does not need to perform data reception and does resource allocation by random selection; hence, at least PSCCH/PSSCH is not received. Meanwhile, capable of PSFCH/S-SSB receptions should be analyzed further and it was labelled as an FFS at the last meeting.
For PSFCH, we believe that PSFCH reception is not required for the P-UE. In the use case, P-UE does broadcast transmission only. In Rel-16, SL HARQ feedback corresponding to broadcast is not supported. PSFCH reception does not occur at the P-UE at all. In that sense, type A should not be capable of PSFCH reception.
For S-SSB, our view is that S-SSB reception is required for the P-UE. In the use case, P-UE broadcasts its location. The location would be obtained from GNSS signal. Based on this assumption, P-UE needs to be at GNSS coverage, and hence can do SL synchronization based on GNSS. However, NR-SL supports eNB/gNB as synchronization source, which can be prioritized over GNSS. In this case, S-SSB from UE synchronized to eNB/gNB is prioritized source over GNSS as well, and P-UE should be receive the S-SSB.
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Fig. 1: Use case assumed at type A
Observation 1:
· In the use case of UE type A,
· UE type A does broadcast transmission only, which is not supported with SL HARQ feedback.
· UE type A broadcasts its location, which is obtained from GNSS signal.
· S-SSB from UE synchronized to eNB/gNB is prioritized over GNSS if eNB/gNB-based synchronization is (pre-)configured.
Proposal 1:
· UE type A is not capable of performing reception of any SL signals and channels including PSFCH, except for S-SSB.
· UE type A does random selection.

· Whether UE type D does data reception or not, which resource allocation mechanisms are supported
UE can receive any SL channel/signal, but capability of data reception has not been decided. Let us discuss from use case perspective. 
As abovementioned, Rel-17 SL includes P2V use case as one of the target use cases. The P-UE does not perform any data reception, and it is covered by type A. However, in LTE-SL, the P-UE is capable of performing partial sensing. NR-SL should follow this, thereby, it is necessary to define a UE type capable of reception for sensing but incapable of data reception (here, called as type D-1). For this situation, only PSCCH and S-SSB receptions are necessary, and other channel/signal receptions are not supported. 
Regarding resource allocation mechanism, at least partial sensing is assumed as in LTE-SL. Furthermore, our view is that type D-1 can support random selection with re-evaluation/pre-emption check by some sensing. The reason is that type D-1 performing random sensing with re-evaluation can be the middle class of power saving performance. Type A achieves the highest power saving performance due to no sensing as it leads to more resource collisions. Type D-1 performing partial sensing enables only lower power saving performance while it can provide better reliability.
In addition, Rel-17 NR-SL enhancement focuses on other use cases as well as the P2V communication; V2P, public safety and commercial use case. In these use cases, it is assumed that UEs with power saving feature would receive other UEs’ data transmissions. Therefore, another type D should be UE performing data reception (here, called as type D-2). This type can support both partial sensing and random selection to select resources. It seems there is no reason to prohibit either. Regarding whether UE type D with data reception, i.e. type D-2, supports random selection with re-evaluation/pre-emption check by some sensing, this discussion will be similar to that for type D-1; Type D-2 can support this feature so that better power saving performance is obtained as mitigating degradation of communication performance.
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Fig. 2: Mapping on chart of communication performance vs power saving performance
Observation 2:
· In LTE-SL, P-UE not performing data reception can support partial sensing.
· UE with power saving feature needs to be capable of data reception for many use cases assumed in Rel-17 NR-SL.
· For type D, random selection with re-evaluation/pre-emption check can provide flexibility between communication performance and power saving performance.
Proposal 2:
· UE type D includes the following two:
· Type D-1: UE is incapable of performing data reception, and capable of performing receptions of PSCCH and S-SSB only
· Type D-1 does partial sensing or random selection with re-evaluation/pre-emption check.
· Type D-2: UE is capable of performing data reception, and capable of performing reception of all SL signals and channels defined in Rel-16
· Type D-2 does partial sensing or random selection with re-evaluation/pre-emption check.

2.2. Random selection
2.2.1. Random selection for UE type A
As abovementioned, type A does not support PSCCH/PSSCH receptions; thereby, it was agreed that re-evaluation/pre-emption check are not supported. PSFCH reception is not supported as well, which is proposed at the previous section. Under this assumption, random selection behavior is one of FFS points.
We believe that at least in a transmission resource pool configured with UE type A only, LTE random selection can be applied. After packet arrival, UE decides resource selection window. All resources within the window is set as selection candidates, without any exclusion. The UE selects randomly one or more resources from the candidates and transmits on the resources. UE type A does not receive any signal/channel, so enhancement to avoid resource collision would be quite difficult. In that sense, reusing LTE seems to be the best approach.
Meanwhile, in a transmission resource pool configured with UE type A and UE type D, it is expected to happen many resource collisions between UE type A and UE type D. Communication performance in the resource pool will be quite low level. Whether/how to support enhancement to avoid the resource collisions should be discussed for better communication performance. Our view is that, some enhancement should be supported since performance requirement of UE type D is not so low, at least higher than that of type A. Enhancement is desirable so that type D does communications with severe requirement on the resource pool.
As enhancement mechanism, the following options would be possible solutions:
· Option 1: Restrict priority level for transmissions from UE type A and UE type D
For example, in the transmission resource pool, this rule is that type A shall set higher priority to its transmission while type D shall set lower priority to its transmission. By applying this restriction, type D can avoid resource collision with type A’s transmission based on re-evaluation/pre-emption check. The priority restriction will be (pre-)configured with the resource pool.
· Option 2: UE type D excludes type A’s reserving resource regardless of their priorities
For example, UE type D excludes a resource R_x,y in its resource identification if the UE detects that type A reserved the resource R_x,y, regardless of their priorities. Even when type D’s transmission has higher priority than that of type A’s transmission, the UE type A is not capable of pre-emption check based on type D’s reservation. This means that type D needs to try not to use resource reserved by type A. For this mechanism, UE type A is required to indicate in SCI that the SCI is transmitted from type A.
· Option 3: UE Type A applies random selection based on resource pattern
For example, UE type A selects resources based on (pre-)configured resource pattern. The resource pattern is defined as e.g. slot n, n+4, n+8 if the selected first resource is at slot n. Type D knows the resource pattern and the UE can select resources as avoiding successive collisions based on the (pre-)configured pattern.
The above options would be able to improve communication performance, while one concern might be backward compatibility. The above options are basically assumed that UE type D does collision avoidance against type A. However, Rel-16 UE does not support such a mechanism. If the transmission resource pool is configured with Rel-16 UE and Rel-17 UE type A/type D, the described options (at least option 2/3) are not perfect mechanism for Rel-16 UE. Discussions on backward compatibility would be necessary for this topic.
Observation 3:
· For transmission resource pool (pre-)configured with type A only, enhancement to avoid resource collision is quite difficult since any UEs do not receive any channel/signal.
· For transmission resource pool (pre-)configured with type A and type D, achievable communication performance is quite low due to many resource collisions between type A and type D. Some performance requirements of type D are higher than that of type A. 
Proposal 3:
· For transmission resource pool (pre-)configured with type A only, reuse random selection of LTE-SL.
· For transmission resource pool (pre-)configured with type A and type D, support enhanced resource allocation involved with random selection. The following options considered as the enhancement:
· Option 1: Restrict priority level for transmissions from UE type A and UE type D
· Option 2: UE type D excludes type A’s reserving resource regardless of their priorities
· Option 3: UE Type A applies random selection based on resource pattern

2.2.2. Random selection for UE type D with/without data reception
As abovementioned, we believe that re-evaluation/pre-emption check should be supported at type D performing random selection. For random selection at type D, the following two aspects need to be discussed. Note that the discussions considers both type D-1 and type D-2, and common solution will be applied.
· Whether or not random selection should be updated for type D
As discussed above, our preference is to support re-evaluation/pre-emption check at type D performing random selection. If this is agreed, occasions of resource collisions would sufficiently be reduced by re-evaluation/pre-emption check. Another enhancement will lead to long discussions while performance gain is questionable, hence, no update for type D from random selection for type A should be agreed.
· How re-evaluation/pre-emption check is applied at type D performing random selection
Basically, type D performing random selection does not always do sensing; otherwise, low power saving performance is expected – motivation of random selection is lost. To keep the performance as much as possible, sensing only in quite limited time-duration should be performed instead of all or many resources corresponding to resources within the selection window.
One possible way is that sensing is started from time just before or after packet arrival. For example, let us assume that a packet is arrived at slot n0 and the corresponding resource selection is performed at slot n1. When setting the resource selection window as [n2, n3], the UE starts sensing from slot n2-31 so that the re-evaluation/pre-emption check can use full information from aperiodic reservations. In this case, resource collisions with aperiodic traffic will be avoided as in Rel-16 UE while most periodic traffic cannot be considered. Sensing for periodic reservation results in low performance of power saving since there would be many resources which resources within the selection window can be indicated by SCI from. This is not the case with aperiodic reservations.
It is noted that, n0 could be later than n2-31. In this case, UE needs to start sensing before packet arrival. It may lead to more power consumption due to frequent sensing, but may not since candidate timings of packet arrival is dependent on UE implementation. For some UEs assuming only long-periodic traffic, it is not the issue. Meanwhile, for some UEs assuming short-periodic traffic or aperiodic traffic, sensing start not from n2-31 but from n0 would be better behavior from power saving perspective. 
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Fig. 3: Sensing for re-evaluation/pre-emption check at UE performing random selection
Observation 4:
· For random selection, re-evaluation/pre-emption check, if supported, can avoid many resource collisions.
· For re-evaluation/pre-emption check at UE performing random selection, sensing only in quite limited time-duration is expected in order to keep power saving performance as much as possible. 
Proposal 4:
· For random selection, same mechanism as for type A can be applied for type D, if re-evaluation/pre-emption check is supported.
· For re-evaluation/pre-emption check at UE performing random selection, sensing is started from slot in which resources within the selection window can be reserved by time resource assignment field.
· FFS: whether sensing before packet arrival is necessary or not
· FFS: how to do re-evaluation/pre-emption based on the sensing information

2.3. Partial sensing
2.3.0. Reconfirmation of LTE partial sensing
Here, mechanism of LTE partial sensing is reconfirmed. LTE-SL assumes periodic traffic and thereby periodic reservation is supported. Rel-14 LTE-SL partial sensing is specified under this periodic resource reservation, where by UE implementation, resource candidates are set with Y sub-frames within window [n+T1, n+T2]. Sensing target is determined from the Y sub-frames; UE monitors a set of sub-frame , where sub-frame  is included in the Y sub-frames and k-th bit of higher layer parameter gapCandidateSensing is 1. This can be illustrated as follows. Note that Y sub-frames are contiguous in this figure for easy explanation.
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Fig. 4: Example of LTE-SL partial sensing.

2.3.1. Partial sensing - Shorter periodicity
Note that this section considers both UE incapable of performing data reception (i.e. type D-1) and UE capable of performing data reception (i.e. type D-2).
For periodic reservation, the reservation mechanism in NR-SL is based on LTE-SL. In that sense, the LTE-SL partial sensing mechanism can be reused for the NR periodic reservation as much as possible; i.e. reservation by using resource reservation period field in 1st SCI. Y slots are determined, and the corresponding slots determined based on higher layer parameter are monitored.
However, there is one issue that NR-SL supports much shorter periodicities. In LTE, UE monitors a set of sub-frame  as abovementioned.  is basically 100 ms since possible periodicities for reservation are multiples of 100 ms.  can cover any periodicity. Meanwhile, NR-SL Rel-16 supports shorter periodicity than 100 ms; i.e. 1, 2, ..., 99 ms. The same mechanism by using  with  cannot be reused as it is. Some update from LTE-SL would be necessary. We believe that one of the following enhancements should be supported:
· Option 1: Restrict available periodicities in the resource pool configured with partial sensing
For example,  is set as 10 ms, and available periodicities are only multiples of 10 ms. In this case, LTE-SL partial sensing can be reused without any other update. However, this option sacrifices flexibility of periodicity for periodic reservation and possibility of reservation with shorter periodicity.
· Option 2:  is determined based on periodicities configured in the resource pool
For example, when configured periodicity set is {15, 100, 500},  is set as 5 ms to cover all candidates; i.e. the greatest common divisor. Also this option can reuse LTE-SL partial sensing without any other update, while  might be very small (e.g. 1 ms), which leads to many bits for bitmap k.
· Option 3: Sensing target is the last N periods per periodicity
For example with N = 1, sensing target is a set of slot , where  is i-th periodicity configured with the resource pool. This option is easy from specification perspective, while amount of sensing targets might not be sufficient if N is small and power saving performance would not be good if N is large.
Note that Y slots are contiguous and aperiodic reservation is not considered in this figure for easy explanation.
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Fig. 5: Option 3 with N = 1.
Observation 5:
· Sensing target determination in LTE partial sensing (i.e. by using ) cannot be reused for NR-SL as it is due to support of much shorter periodicities.
Proposal 5:
· For periodic reservation, LTE partial sensing is enhanced to consider shorter periodicities.
· Sensing target is determined based on one of the following options:
· Option 1: Restrict available periodicities in the resource pool configured with partial sensing
· Option 2:  is determined based on periodicities configured in the resource pool
· Option 3: Sensing target is the last N periods per periodicity

2.3.2. Partial sensing - Aperiodic reservation
Note that this section considers both UE incapable of performing data reception (i.e. type D-1) and UE capable of performing data reception (i.e. type D-2).
NR-SL assumes both periodic and aperiodic traffic. Time resource assignment field in SCI can reserve one or two future resources within 31 slots for aperiodic data transmissions. Therefore, to introduce partial sensing to NR-SL resource allocation mode 2, the reservation mechanism for aperiodic transmissions should be considered sufficiently. Without the consideration, system performance will degrade significantly.
Regarding how to consider the aperiodic reservation mechanism, one possible solution would be that periodic reservation and aperiodic reservation are separately considered in partial sensing operation. 
· For periodic reservation, the mechanism described in the last section is applied.
· For aperiodic reservation, all resources within [y1-31, n-Tproc,0) should be monitored since SCI in the window can indicate the candidate resources, where y1 is the first slot index within Y slots. Otherwise, resource collisions with aperiodic traffic from other UE would occur frequently.
The above solution can be illustrated as the following figure. Note that the following illustration uses option 3 for periodic reservation in the last section just as an example. 
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Fig. 6: Enhancement for aperiodic reservation.
Observation 6:
· To introduce partial sensing to NR-SL, aperiodic reservation needs to be considered as well as periodic reservation; otherwise, many resource collisions are expected.
Proposal 6:
· For partial sensing, sensing target of aperiodic reservation is determined separately from that of periodic reservation.
· For aperiodic reservation, resources within [y1-31, n-Tproc,0) is monitored, where y1 is the first slot index within Y slots of selection candidates in partial sensing.

2.3.3. Partial sensing - Re-evaluation/Pre-emption check
Note that this section considers both UE incapable of performing data reception (i.e. type D-1) and UE capable of performing data reception (i.e. type D-2).
In NR Rel-16, re-evaluation and pre-emption are introduced to avoid resource collision and prioritize data transmission with higher priority. Re-evaluation and pre-emption check are performed at the time before T3 from the first selected resource, and pre-emption check is performed at the time before T3 from the already reserved resource in addition. They use sensing information within window [m-T0, m-Tproc,0) to reserve resources within window [m+T1, m+T2], where m is the slot index to do re-evaluation and pre-emption check. UE monitors any resources basically; thereby, additional sensing only for re-evaluation and pre-emption check is unnecessary.
However, in partial sensing, UE monitors only a required part of window [n-T0, n-Tproc,0) where n is the slot index to do resource selection and n<m. The sensed slots for resource selection at slot n would be different from required slots for re-evaluation and pre-emption check at slot m. In addition, slot m is determined by resource selection procedure. The timing is unknown before slot n; therefore, the UE shall monitor many slots to apply Rel-16 re-evaluation and pre-emption check as it is. Non-sleep duration will increase and power saving performance is degraded significantly. Some update should be discussed and introduced so that power saving performance is maintained as much as possible.
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Fig. 7: Issue on Rel-16 re-evaluation/pre-emption check with partial sensing.
One possible solution will be that identification target for re-evaluation/pre-emption check is set to same slots as selection target used for the corresponding resource selection in the past. This mechanism is illustrated in the figure below. Here, identification target Y slots are same between in resource selection and in re-evaluation. In this way, sensing target for periodic reservation can be kept; thus, there is no additional sensing target corresponding to resource reservation period field. Regarding aperiodic reservation, in re-evaluation/pre-emption check behavior, resources from slot n - Tproc,0 should additionally be detected to consider resource reservations that were not used in the resource selection. Otherwise, there would be no gain obtained from re-evaluation/pre-emption check since sensing target becomes completely same as that in the resource selection. In other words, re-evaluation/pre-emption check is applied so that the UE can avoid resource collision with the latest reservations that were not used in the resource selection.
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Fig. 8: Enhanced re-evaluation/pre-emption check with partial sensing.
Observation 7:
· If Rel-16 re-evaluation and pre-emption without any update are supported with partial sensing, UE shall need to monitor much more slots.
Proposal 7:
· NR re-evaluation and pre-emption are enhanced for less monitoring slots at partial sensing UE.
· Identification target for re-evaluation/pre-emption check at partial sensing UE is set to the same slots as selection target used for the corresponding resource selection.
· Sensing target for periodic reservation is the same.
· Sensing target for aperiodic reservation includes slots of [n – Tproc,0, m – Tproc,0) additionally, where m is a slot index triggering re-evaluation/pre-emption check.

2.3.4. DRX
One issue in partial sensing is how to handle DRX sleep duration against sensing, i.e. PSCCH reception. Note that in RAN2, the following agreements were reached
	· Agreements on sidelink DRX
· Sidelink DRX needs to support sidelink communications for both in and out of network’s coverage scenarios.
· RAN2 will prioritize normal use case without consideration of relay UE use case in Rel-17.
· Support SL DRX for all casting types.
· If a UE is in SL active time, UE should monitor PSCCH. FFS on PSSCH. FFS for sensing impacts.
· RAN2 is not going to introduce SL paging and SL PO for SL DRX.
· 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.
· Working assumption: SL DRX should take PSCCH monitoring also for sensing (in addition to data reception) into account if SL DRX is used.
· Support of long DRX cycle for SL unicast should be assumed as a baseline. FFS on the need of short DRX cycle.
· Deprioritize SL WUS from RAN2 point of view in Rel-17.


RAN2 assumes that DRX takes sensing into account. In that sense, discussions on DRX with partial sensing should cover both UE incapable of performing data reception (i.e. type D-1) and UE capable of performing data reception (i.e. type D-2). In our view, sensing slots discussed above should be within DRX on-duration. In other words, sensing slots corresponding to selection target are always monitored. Otherwise, many resource collisions are expected and desirable communication performance cannot be achieved. Power saving feature should aim to mitigate degradation of communication performance.
One possible way to realize better power saving performance would be that, selection target corresponding to sensing slot that is not monitored due to DRX is excluded from identified resource set in resource allocation behavior. This is the same as mechanism to consider half-duplex in Rel-16 resource allocation. Increasing resource collisions due to skipping sensing can be avoided and further power saving gain is expected. 
Observation 8:
· Skipping sensing at some slots corresponding to selection target results in many resource collisions.
Proposal 8:
· Sensing slots corresponding to selection target shall be included in DRX on-duration of the TX-UE.
· If a sensing slot is not included in DRX on-duration, the corresponding selection target is excluded from identified resource set of the resource allocation.
· Send an LS to inform RAN2 of this RAN1’s decision related to DRX.

The above is discussion on TX-UE configured with DRX. On the other hand, UE behavior to communicate with RX-UE configured with DRX would also be important topic. If the RX-UE is in DRX sleep mode at slot n, TX-UE’s transmission at slot n should be avoided definitely. Not just reception is failed, but also it leads to more resource collisions since retransmission will be performed. To solve this situation, it would be reasonable that resources within DRX sleep duration of RX-UE should be excluded from identified resource set in the resource allocation behavior. At least for unicast, information of DRX on-duration can be shared among UEs with PC5-RRC connection. For groupcast, further discussions of whether/how to share information of DRX on-duration or not would be necessary.
Observation 9:
· TX-UE should avoid transmission at slot in DRX sleep duration of RX-UE; otherwise, wasted transmissions cause more resource collisions.
Proposal 9:
· If a selection candidate is not included in DRX on-duration of RX-UE, the candidate is excluded from identified resource set of the resource allocation.
· Send an LS to inform RAN2 of this RAN1’s decision related to DRX.

[bookmark: _GoBack]Another issue on DRX is whether/how to modify resource allocation for PSFCH-RX in DRX sleep duration. The current resource allocation does not consider PSFCH-RX timing except for resource selection for HARQ-based retransmission. If DRX is supported, a selected resource might not be included in DRX on-duration. Reception behaviour is necessary with DRX sleep duration; hence, it is not good from power saving perspective. In our view, PSCCH/PSSCH resource should be selected so that the corresponding PSFCH-RX is included in DRX on-duration. Waking up within DRX sleep duration should be avoided as much as possible for better power saving.
Observation 10:
· UE should avoid transmission with PSFCH reception at slot in DRX sleep duration; otherwise, power saving performance achieved by DRX feature is degraded.
Proposal 10:
· If PSFCH occasion corresponding to a selection candidate is not included in DRX on-duration of PSCCH/PSSCH TX-UE, the candidate is excluded from identified resource set of the resource allocation.
· Send an LS to inform RAN2 of this RAN1’s decision related to DRX.

2. Conclusion
In this contribution, we discussed SL resource allocation enhancement for power saving. Observations/Proposals are summarized as following: 
Observation 1:
· In the use case of UE type A,
· UE type A does broadcast transmission only, which is not supported with SL HARQ feedback.
· UE type A broadcasts its location, which is obtained from GNSS signal.
· S-SSB from UE synchronized to eNB/gNB is prioritized over GNSS if eNB/gNB-based synchronization is (pre-)configured.
Proposal 1:
· UE type A is not capable of performing reception of any SL signals and channels including PSFCH, except for S-SSB.
· UE type A does random selection.
Observation 2:
· In LTE-SL, P-UE not performing data reception can support partial sensing.
· UE with power saving feature needs to be capable of data reception for many use cases assumed in Rel-17 NR-SL.
· For type D, random selection with re-evaluation/pre-emption check can provide flexibility between communication performance and power saving performance.
Proposal 2:
· UE type D includes the following two:
· Type D-1: UE is incapable of performing data reception, and capable of performing receptions of PSCCH and S-SSB only
· Type D-1 does partial sensing or random selection with re-evaluation/pre-emption check.
· Type D-2: UE is capable of performing data reception, and capable of performing reception of all SL signals and channels defined in Rel-16
· Type D-2 does partial sensing or random selection with re-evaluation/pre-emption check.
Observation 3:
· For transmission resource pool (pre-)configured with type A only, enhancement to avoid resource collision is quite difficult since any UEs do not receive any channel/signal.
· For transmission resource pool (pre-)configured with type A and type D, achievable communication performance is quite low due to many resource collisions between type A and type D. Some performance requirements of type D are higher than that of type A. 
Proposal 3:
· For transmission resource pool (pre-)configured with type A only, reuse random selection of LTE-SL.
· For transmission resource pool (pre-)configured with type A and type D, support enhanced resource allocation involved with random selection. The following options considered as the enhancement:
· Option 1: Restrict priority level for transmissions from UE type A and UE type D
· Option 2: UE type D excludes type A’s reserving resource regardless of their priorities
· Option 3: UE Type A applies random selection based on resource pattern
Observation 4:
· For random selection, re-evaluation/pre-emption check, if supported, can avoid many resource collisions.
· For re-evaluation/pre-emption check at UE performing random selection, sensing only in quite limited time-duration is expected in order to keep power saving performance as much as possible. 
Proposal 4:
· For random selection, same mechanism as for type A can be applied for type D, if re-evaluation/pre-emption check is supported.
· For re-evaluation/pre-emption check at UE performing random selection, sensing is started from slot in which resources within the selection window can be reserved by time resource assignment field.
· FFS: whether sensing before packet arrival is necessary or not
· FFS: how to do re-evaluation/pre-emption based on the sensing information
Observation 5:
· Sensing target determination in LTE partial sensing (i.e. by using ) cannot be reused for NR-SL as it is due to support of much shorter periodicities.
Proposal 5:
· For periodic reservation, LTE partial sensing is enhanced to consider shorter periodicities.
· Sensing target is determined based on one of the following options:
· Option 1: Restrict available periodicities in the resource pool configured with partial sensing
· Option 2:  is determined based on periodicities configured in the resource pool
· Option 3: Sensing target is the last N periods per periodicity
Observation 6:
· To introduce partial sensing to NR-SL, aperiodic reservation needs to be considered as well as periodic reservation; otherwise, many resource collisions are expected.
Proposal 6:
· For partial sensing, sensing target of aperiodic reservation is determined separately from that of periodic reservation.
· For aperiodic reservation, resources within [y1-31, n-Tproc,0) is monitored, where y1 is the first slot index within Y slots of selection candidates in partial sensing.
Observation 7:
· If Rel-16 re-evaluation and pre-emption without any update are supported with partial sensing, UE shall need to monitor much more slots.
Proposal 7:
· NR re-evaluation and pre-emption are enhanced for less monitoring slots at partial sensing UE.
· Identification target for re-evaluation/pre-emption check at partial sensing UE is set to the same slots as selection target used for the corresponding resource selection.
· Sensing target for periodic reservation is the same.
· Sensing target for aperiodic reservation includes slots of [n – Tproc,0, m – Tproc,0) additionally, where m is a slot index triggering re-evaluation/pre-emption check.
Observation 8:
· Skipping sensing at some slots corresponding to selection target results in many resource collisions.
Proposal 8:
· Sensing slots corresponding to selection target shall be included in DRX on-duration of the TX-UE.
· If a sensing slot is not included in DRX on-duration, the corresponding selection target is excluded from identified resource set of the resource allocation.
· Send an LS to inform RAN2 of this RAN1’s decision related to DRX.
Observation 9:
· TX-UE should avoid transmission at slot in DRX sleep duration of RX-UE; otherwise, wasted transmissions cause more resource collisions.
Proposal 9:
· If a selection candidate is not included in DRX on-duration of RX-UE, the candidate is excluded from identified resource set of the resource allocation.
· Send an LS to inform RAN2 of this RAN1’s decision related to DRX.
Observation 10:
· UE should avoid transmission with PSFCH reception at slot in DRX sleep duration; otherwise, power saving performance achieved by DRX feature is degraded.
Proposal 10:
· If PSFCH occasion corresponding to a selection candidate is not included in DRX on-duration of PSCCH/PSSCH TX-UE, the candidate is excluded from identified resource set of the resource allocation.
· Send an LS to inform RAN2 of this RAN1’s decision related to DRX.
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