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UE-to-UE direct communication is one important scenario developed by 3GPP with a series of techniques including LTE D2D, LTE V2X and NR sidelink. The first standard of NR sidelink was completed in Rel-16 Work Item “5G V2X with NR sidelink”, in which the sidelink technique focusing on vehicle-to-everything (V2X) was specified. In Rel-17, a wider scope of sidelink applications is expected, and a new Rel-17 Work Item on “NR sidelink enhancement” was approved in RAN#86 [1] to support various use cases in both public safety and commercial scenarios. The WID was further updated in RAN#90-e [2] to include potential impact of sidelink DRX in power saving scope.
Rel-16 NR sidelink mainly focus on vehicle UEs which have sufficient battery supply. In Rel-17, power sensitive UEs such as pedestrian UE and UE in public safety and commercial use cases are involved in the typical use cases. Therefore, power saving for NR sidelink was introduced in Rel-17 WI to allow SL UE operates in a power efficient manner with the following objective:
	· Specify resource allocation to reduce power consumption of the UEs [RAN1, RAN2]
· Baseline is to introduce the principle of Rel-14 LTE sidelink random resource selection and partial sensing to Rel-16 NR sidelink resource allocation mode 2.
· Note: Taking Rel-14 as the baseline does not preclude introducing a new solution to reduce power consumption for the cases where the baseline cannot work properly.
· This work should consider the impact of sidelink DRX, if any.



In this contribution, possible solutions for NR sidelink power saving, including how to reuse LTE technique and necessary enhancements are provided.

Resource allocation schemes
In Rel-16 NR sidelink mode 2 operation, long term sensing window was specified to detect resource reservations and avoid collision as much as possible. However, the sensing procedure can hardly be supported by power sensitive UEs with limited battery capacity. Random selection and partial sensing were agreed as NR SL power saving schemes to achieve a trade-off between power consumption and reliability.

Random selection
The following agreements regarding random selection was made in RAN1#104-e meeting [3]:
	Agreements:
· Random resource selection is applicable to both periodic and aperiodic transmissions
· FFS conditions for random resource selection


Random selection significantly reduces power consumption by skipping sensing procedure, but cannot avoid collision by selecting resource randomly, thus leading to a degradation in PRR performance of legacy sidelink UEs. In addition, the collision between Rel-17 UEs using random selection may become non-negligible as the density of UEs using random selection increases. Therefore, some evaluation on the performance of random selection is necessary to estimate the feasibility of random selection and suitable scenarios.
In LTE V2X, the principle of random selection is that a UE determines all resources within a resource selection window as a candidate resource set, and randomly select among resources within the candidate resource set unless the resource are unavailable e.g. restricted by half-duplex or simultaneous transmission. Enhancements on LTE random selection should also be considered in Rel-17 to improve the PRR performance of random selection and reduce its impact on sidelink UEs using full/partial sensing.
Resource partitioning can be introduced to improve reliability. For example, the partitioning can be based on UE ID, UE service class, priority of SL data, or some other characteristic of the UE or SL data. The partitioning of resources can be done in such a way so as to minimize the probability of collision and make the probability of collision related to the priority of SL data, higher priority SL data having lower probability of collision and vice versa.
Figure 1 (a) shows the impact of increasing the number of user groups on PRR. As the number of groups that users are partitioned into increases, the randomness within each group is reduced leading to less collision and higher PRR. Another benefit of partitioning users into groups is to control the collision probability as a function of the traffic priority. The simulation results in Figure 1 (b), show the benefit of improving the PRR of high priority traffic, albeit at the expense of a lower PRR for low priority traffic, by allocating more resources to the high priority traffic. In this simulation it is assumed that half the users have low priority traffic and half the users have high priority traffic. Figure 1 (b) shows three different scenarios:
· The 3 bars on the left show the PRR when all users share the same resources. The bar on the left of the group is the PRR for low priority users. The two bars on the right of the group is the PRR for high priority users. As expected, the PRR is the same in all cases (within the tolerance of the simulation).
· The 3 bars in the middle show the PRR when the resources are partitioned into three groups. The low priority users (half of the total users) are allocated one group, while the high priority users (the other half of the total users) are allocated two groups. The bar on the left of the group is the PRR for low priority users. The bar in the middle of the group is the PRR for the high priority users when the high priority users share the resources of the two allocated groups. The bar on the right of the group is the PRR for high priority users, when the high priority users are further partitioned between the two groups allocated to high priority users. As expected, the PRR of the low priority users goes down, while the PRR of the high priority users improves. Furthermore, by partitioning the high priority users between the high priority groups, there is a further slight improvement in the PRR.
· The 3 bars on the right show the PRR when the resources are partitioned into four groups. The low priority users (half of the total users) are allocated one group, while the high priority users (the other half of the total users) are allocated three groups. The bar on the left of the group is the PRR for low priority users. The bar in the middle of the group is the PRR for the high priority users when the high priority users share the resources of the three allocated groups. The bar on the right of the group is the PRR for high priority users, when the high priority users are further partitioned between the three groups allocated to high priority users. As expected, the PRR of the low priority users goes down, while the PRR of the high priority users improves. Furthermore, by partitioning the high priority users between the high priority groups, there is a further slight improvement in the PRR.
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[bookmark: _Ref68615729]Figure 1. Impact of user grouping on PRR for random resource selection.

Proposal 1: For NR SL random resource selection, consider partitioning of candidate SL resources within a resource pool to reduce collision probability and improve PRR of high priority traffic.

Periodic-based partial sensing
The following agreement regarding periodic-based partial sensing was made in RAN1#104bis-e meeting [4]:
	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




Periodic-based partial sensing and contiguous partial sensing have different definition of sensing window corresponding to different types of potential collision. Periodic-based partial sensing is designed mainly to monitor periodic transmissions within resource pool. Aperiodic traffic, which can be detected by resource reservation indicated in SCI spanning up to 32ms, is expected to be monitored within contiguous partial sensing window. Therefore, it should be supported that both periodic-based partial sensing and contiguous partial sensing are enabled within same resource pool.
Proposal 2: In a given resource pool, support enabling both periodic-based partial sensing and contiguous partial sensing.
· Further study conditions when periodic-based partial sensing and contiguous partial sensing can be both enabled from UE perspective, e.g. for a given transmission or a given TB.

Since periodic-based sensing corresponds to sensing window before slot n, on which UE is triggered to perform resource selection, it is sensing in advance of the trigger, thus the UE should be able to expect the timing point of being triggered to select PSSCH resource in advance of the start of periodic-partial sensing. Correspondingly, the condition for which periodic-based partial sensing is performed by UE should at least include that UE is able to expect a subsequent resource selection trigger in advance of the start of periodic-partial sensing. One typical condition is that if a non-zero resource reservation period TRSVP is provided by higher layer in previous period, UE is able to expect the subsequent resource selection trigger slot as n+TRSVP. In addition to TRSVP, other possible conditions can be further discussed.
Proposal 3: Periodic-based partial sensing can be performed by TX UE at least when the following condition is satisfied in addition to the conditions agreed in RAN1#104b-e.
· TRSVP is provided and not equaling to zero

Contiguous partial sensing
The following agreement regarding contiguous partial sensing was made in RAN1#105-e meeting [5]:
	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).




According to the value of TA, TB, the contiguous sensing can be before slot n with negative TA, TB, which allows UE to perform sensing before resource selection trigger, thus selects PSSCH transmission resource as quickly as possible to reduce latency; or after slot n with positive TA, TB, which allows UE to perform sensing-based resource selection even if UE collects no existing sensing result when being triggered; or straddling slot n with a negative TA and a positive TB. In addition, specific entry e.g. TA=TB =0 can also be considered to allow UE skipping sensing procedure e.g. using periodic-based partial sensing if configured, or using random selection instead. Each possibility should be supported in Rel-17 NR SL to support various characteristics of NR SL traffic.
For the purpose of reducing latency during sensing procedure, contiguous partial sensing before slot n with negative TA, TB values can be adopted if UE is able to expect the timing point of being triggered to select PSSCH resource in the future. A similar condition of periodic-based partial sensing, e.g. a non-zero resource reservation period TRSVP is provided by higher layer in previous period, can be reused for contiguous partial sensing before slot n with negative TA, TB values.
The contiguous sensing window can be designed to cover up to 31 slots before each candidate resource to detect potential resource intra-period reservation indicated in SCI, therefore the starting point of sensing window n+TA should be no later than slot -31. Considering the processing time restriction, both starting and ending point of the sensing window should also be no later than slot n-Tproc,0. Therefore, assuming that  is the first slot in the set of Y candidate slots, a sensing window of [min(n-Tproc,0, -31), n-Tproc,0) can be used for periodic transmissions.
Considering the possibility that  might be later than slot n+31 if remaining PDB is large enough, for the corresponding contiguous partial sensing window n-Tproc,0<-31 thus TA = TB =-Tproc,0. In this case no contiguous partial sensing before slot n is needed since the pre-sensing window cannot cover resource reservation corresponding to selected candidate resources. 
One possible solution is to skip contiguous partial sensing, e.g. partial sensing result is only based on periodic-based partial sensing if configured. Another possible option is that even for periodic transmission, contiguous partial sensing can start/finish after trigger slot n, e.g. [n+TA, n+TB) = [-31, -Tproc,0). It can guarantee sufficient sensing result for periodic transmissions regardless of position of selected candidate resources, thus is also an acceptable solution. However, it introduces ambiguous between sensing window for initial resource selection and sensing window for pre-emption and re-evaluation. Considering that how to handle pre-emption and re-evaluation for sidelink power saving is not determined so far, such ambiguous should be avoided thus the second solution needs further study.
Proposal 4: For periodic transmission (TRSVP0) at TX UE side, the sensing window is [n+TA, n+TB), wherein n+TA=min(n-Tproc,0, -31), and TB= -Tproc,0.
· If TA=TB, no contiguous partial sensing is performed. 
·  is the first logical slot containing selected candidate resource.

The resource selection window of periodic-based partial sensing was agreed in last meeting, but the resource selection window of contiguous partial sensing was not discussed. For contiguous partial sensing before slot n, in which UE is triggered to select transmission resource, the situation is similar to periodic-based partial sensing that UE can collect sufficient sensing result at slot n by sensing in advance, thus the rule of periodic-based partial sensing can be reused, i.e. reusing the mechanism in Rel-16 NR V2X according to step 1 in TS 38.214. Similarly, no further enhancement is needed on top of the legacy procedure.
Proposal 5: If UE performs contiguous partial sensing and resource (re)selection is triggered at slot n, for periodic transmission (TRSVP0) at TX UE side, the resource selection window [n+T1, n+T2] is determined by reusing legacy Rel-16 NR V2X procedure without any further enhancement. 
· FFS: if both periodic-based partial sensing and contiguous partial sensing for a given transmission are supported, resource selection windows corresponding to the two sensing schemes are the same.
· Further discuss resource selection for aperiodic transmission (TRSVP=0 or not provided) after corresponding sensing window being determined.

Compared with contiguous partial sensing before slot n, contiguous partial sensing after slot n has no restriction on whether UE should expect future timing of being triggered resource selection. However, contiguous partial sensing after slot n increases transmission delay thus its condition should be carefully considered. Latency should also be considered as necessary condition, e.g. if remaining PDB corresponding to one transmission is larger than threshold, contiguous partial sensing after slot n can be enabled. Other possible metric is traffic priority, e.g. only high-priority and latency-tolerant traffic could use contiguous partial sensing after slot n to ensure reliability one-shot transmission, and reduce the possibility of HARQ-based retransmissions.
Proposal 6: Contiguous partial sensing after slot n can be performed by UE if UE is triggered in slot n to perform resource selection and the following conditions are met:
· Remaining PDB > threshold
· FFS other conditions (e.g. priority)

Contiguous partial sensing window after slot n can be designed to cover intra-period resource reservation, thus a 31-slot window length with processing time restriction is similarly defined. The starting point of sensing window should be no earlier than slot n to ensure the feasibility of contiguous partial sensing for aperiodic transmission with no predictability of trigger slot, therefore n+TA equals max (n+1, n+T1'-31) and n+TB equals n+T1'-Tproc,0, where n+T1' is the slot index of earliest candidate resource.
In addition, the reference time point of 31-slot sensing window in this case can be modified as the starting position of resource selection window, rather than  in contiguous partial sensing before slot n. The motivation is that, unlike in periodic-based partial sensing, further reducing number of candidate resources within resource selection window is unnecessary. In periodic-based partial sensing, UE determining a candidate resource set within the resource selection window mainly for power reduction, since the sensing slots corresponds to each candidate resource are distributed, and the final sensing window is a sum of distributed sensing slots thus a large number of candidate resources will increase the size of final sensing window. However, in contiguous partial sensing, the sensing window can be determined by the position of first candidate resource, thus the overall resource selection window can be used as candidate resources with no increase of power consumption.
Considering that even for aperiodic transmissions, the packet might arrive as a burst, e.g. similarly as event-triggered packets in LTE V2X, it may be possible to have some predictability for aperiodic transmissions. The scenario can be further studied and if possible, contiguous partial sensing window before slot n can also be adopted for aperiodic transmissions.
Proposal 7: For aperiodic transmission (TRSVP=0 or not provided) at TX UE side, the sensing window is [n+TA, n+TB), wherein n+TA=max (n+1, n+T1'-31), and n+TB= n+T1'-Tproc,0. 
· n+T1' is the first logical slot in the resource selection window.
· FFS whether sensing window before slot n for aperiodic transmission is supported, e.g. whether additional sensing window is introduced if trigger slot n can be expected.

Re-evaluation & pre-emption
Pre-emption check and re-evaluation was introduced in Rel-16 NR SL to allow the UE to re-select SL resources if potential collision with higher priority is detected on selected/reserved resources. Considering it was agreed to support the combination of partial sensing, random selection and full sensing within same resource pool, SL collision may occur more frequently e.g. caused by UEs using random selection, it is also beneficial to support re-evaluation check and pre-emption check procedures in Rel-17 partial sensing. 
In addition, introducing NR SL enhancements developed in Rel-16 to random selection such as re-evaluation and pre-emption check is also beneficial to improve the PRR performance of random resource selection. In our companion Tdoc [8], we present preliminary simulation results and power consumption analysis on the benefit of introducing re-evaluation and pre-emption check to both random resource selection and partial sensing.
On the contrary, power consumption of pre-emption check and re-evaluation check in SL power saving mode should be carefully evaluated. Similar to partial sensing, pre-emption check and re-evaluation check could improve the HARQ performance of a single-shot transmission and reduce number of potential retransmissions at the expense of increased power for resource monitoring. Therefore, it is preferred to enable or disable pre-emption check and re-evaluation check by higher layer configuration e.g. in resource pool configuration.
Proposal 8: Both re-evaluation and pre-emption with power saving mode(s) can be enabled/disabled by resource pool (pre-) configuration.

Since pre-emption check and re-evaluation check are relatively independent with resource allocation schemes, the legacy procedure can be reused for Rel-17 power saving mode as a baseline. For the purpose of reducing power consumption used by pre-emption check and re-evaluation check, the corresponding sensing window could be modified with a fixed size W, e.g. up to 31 slots, to efficiently detect potential collisions and keep consistency with the principle of contiguous partial sensing.
Proposal 9: The procedure of pre-emption check and re-evaluation check in Rel-16 NR V2X is reused for Rel-17 power saving mode with a fixed window size of 31 slots.

For a sidelink transmission in slot , the UE can perform a re-evaluation check or a pre-emption check in slot. The end of the sensing window for a pre-emption check or a re-evaluation check in slot  is . The start of the sensing window should be  slots prior to slot , where  is the furthest slot that can be reserved by SCI, i.e. 31 slots in Rel-16. Therefore, the sensing window is: .
Proposal 10: For a UE configured with enabled pre-emption check or enabled re-evaluation check, if UE reserves a sidelink transmission in slot m, the UE monitors slots between [m-31, m-T3-Tproc,0), where
· T3 and Tproc,0 are defined as the same value in Rel-16 NR V2X
· FFS what if m-31 is before the time of transmission resource being selected

Determination of resource allocation scheme
It was agreed in RAN1#103-e meeting that a Mode 2 transmission resource pool can be configured to enable full sensing, partial sensing, random selection or any combination of them. In addition, multiple schemes related to partial sensing as well as support of pre-emption check and re-evaluation check are discussed and there is no common understanding on how to use them. The conditions/restrictions need to be carefully discussed to ensure UE could select the most appropriate scheme for a given transmission as full sensing, partial sensing or random selection.
Some straightforward criteria such as higher layer configuration, traffic priority, CBR and remaining PDB can be used to select or exclude a RA scheme. HARQ-ACK error rate, (e.g. the UE can calculate a sliding window or exponential average of the HARQ error rate) can be used to switch from one scheme with lower reliability (e.g. random selection) to another scheme with higher reliability (e.g. partial/full sensing). The availability of inter-UE coordination information is also a valid criteria, e.g. if inter-UE coordination is available and can be used for resource selection, UE could skip sensing procedure. Existing sensing result could also be used to determine resource allocation schemes, e.g. if there exists sufficient pre-sensing result at resource selection trigger time in slot n, UE could select partial sensing as resource allocation scheme, otherwise UE uses random selection or start contiguous sensing after slot n. If UE could acquire the information of battery level from application layer similarly as in NR Uu power saving mode, UE could switch its resource allocation scheme according to remaining power. 
Proposal 11: In a resource pool configured with more than one resource allocation scheme, study how UE determines resource allocation for a given transmission, according to one or more of the following criteria:
· Higher layer configuration
· Priority of traffic
· Remaining PDB
· UE implementation
· Further study other metrics, e.g. CBR, existing sensing result, DRX configuration, HARQ error rate, etc.

Sidelink DRX
The following agreements regarding sidelink DRX (SL DRX) were made in RAN2#112-e meeting [6]:
	Agreements:
· If a UE is in SL active time, UE should monitor PSCCH. FFS on PSSCH. FFS for sensing impacts.
· Working assumption: SL DRX should take PSCCH monitoring also for sensing (in addition to data reception) into account if SL DRX is used.


Based on the above decision, in RAN#90-e meeting the Rel-17 eSL Work Item description was revised to include RAN1 work on resource allocation for power saving considering the impact of SL DRX, if any [2]. Additionally, the following agreement was made in RAN2#113-e meeting [7]:
	Agreements:
· For data reception, RAN2 defines the behaviour for monitoring the SCI reception (i.e., PSCCH and 2nd SCI on PSSCH) during the SL active time for SL DRX. For data reception, the UE may skip monitoring of PSCCH and 2nd SCI on PSSCH during inactive time for SL DRX. Sensing aspect is not considered in this agreement.


Accordingly, although the working assumption above can be interpreted as that a UE cannot perform sensing in inactive time of SL DRX since sensing is defined as L1 SL-RSRP measurement when the corresponding PSCCH is decoded, there is no clear agreement about the sensing behavior during SL DRX inactive time. Therefore, the UE behavior for sensing in inactive time of SL DRX should be clarified at first based on the following two options as:
· Option 1: Sensing (PSCCH monitoring and L1 SL-RSRP measurement) is allowed in inactive time of SL DRX.
· Option 2: Sensing (PSCCH monitoring and L1 SL-RSRP measurement) is allowed only in active time of SL DRX.
Specifically, Option 1 means that regardless of whether the UE is in SL DRX mode or not, the UE may monitor PSCCH in sensing window when the UE performs sensing. With Option 1, RAN1 impact of SL DRX can be avoided at least for sensing operation. Unlike Opion 1, Option 2 means that similar to data reception, in sensing operation the UE may skip monitoring of PSCCH during inactive time of SL DRX. In aspect of power saving, Option 2 would be more desiable than Option 1. Therefore, our preference is Option 2.
If Option 2 is selected, RAN1 needs to discuss further about enhancement on sensing behavior for SL DRX. With Option 2, the sensing window can be outside or partially inside of SL DRX active time. The UE thus may not perform sensing operation at all or perform sensing only on sensing window within SL DRX active time. Therefore, the following can be considered for the possible sensing behavior with Option 2:
· Alt 1-1: Perform sensing by adjusting the sensing window to occur in the SL DRX active time in order to guarantee sensing duration.
· Alt 1-2: Perform sensing within configured sensing window only during the slot(s) within SL DRX active time (inactive time is not used for sensing)
· Alt 1-3: No sensing (random selection)
· Alt 1-4: The sensing window becomes active time for SL DRX
Alt 1-1 is to ensure the length of already configured sensing window by moving the sensing window into available SL DRX active time. If enough sensing duration is not ensured due to SL DRX, there may be performance degradation in Mode2 resource allocation. For Alt 1-2, sensing is performed if the slot is within configured sensing window and in active time of SL DRX. Therefore, if there is no overlapping between SL DRX active time and the configured sensing window as shown in Figure 3 (a) or (c), the UE may not perform sensing. In case of Alt 1-3, a UE performs random selection without sensing if the UE is in SL DRX mode. For Alt 1-4, if a UE performs sensing, the sensing window is defined as active time for SL DRX. Notice that Alt 1-4 is effectively the same as Option 1 above. In aspect of power saving, Alt 1-2 and Alt 1-3 would be more desiable solusions than others but sensing in Alt 1-2 may be infeasible if SL DRX active time is not overlapped with sensing window. Therefore, we propose the combinition of Alt 1-2 and Alt 1-3. As shown in Figure 3 (b) or (d), if there is available sensing slot(s) with SL DRX active time, Alt 1-2 can be used. If sensing slot(s) is not available due to SL DRX as shown in Figure 3 (a) or (c), Alt 1-3 can be used.
Proposal 12: For UE with enabled SL DRX, sensing window is adjusted into DRX active time with configured sensing window.
· Sensing is not performed (e.g. using random selection instead) if no sensing slot is within active time.
Besides, as depicted in Figure 3 (c) and (d), the impact of SL DRX should be considered not only for partial sensing but also for full sensing. 
Proposal 13: The same principle can be applied both for partial sensing and full sensing when SL DRX is performed. 
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(a) Case A: Partial sensing and sensing slot(s) is not available by SL DRX
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(b) Case B: Partial sensing and there is available sensing slot(s) with SL DRX

	[image: ]
(c) Case C: Full sensing and sensing slot(s) is not available by SL DRX
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(d) Case D: Full sensing and there is available sensing slot(s) with SL DRX


Figure 3. The impact of SL DRX for partial (the sensing window is marked as blue, Periodic based partial sensing is assumed and k is the most recent sensing occasion for a given reservation periodicity) and full sensing (the sensing window is marked as yellow).
Moreover, for the impact of SL DRX with resource allocation, we need to consider resource selection behavior in addition to sensing behavior. Specifically, for the case where TX UE performs resource selection for RX UE which has SL DRX operation enabled, resource selection may need to be carried out only in active time of RX UE. For instance, assuming that SL DRX wake-up timing is aligned between TX and RX UE(s), if the TX UE selects resource(s) but the resource(s) is transmitted in SL DRX inactive time of RX UE, the transmission cannot be delivered to the RX UE(s). Accordingly, the following can be considered as the possible behavior for resource selection with SL DRX:
· Alt 2-1: The resource selection window of TX UE is adjusted (within remaining PDB) to be contained in SL DRX active time of RX UE
· Alt 2-2: The resource selection window of TX UE is configured resource selection window within SL DRX active time (inactive time is not used for slot(s) for resource selection) of RX UE
· Alt 2-3: The resource selection window becomes the active time for SL DRX
Alt 2-1 is to ensure the resource selection window by adjusting it to occur during the SL DRX active time of RX UE. However, by SL DRX and remaining PDB constraints, it may not be possible to find available slot(s) for resource selection. In this case, we can consider the use of exceptional resource pool. For Alt 2-2, a UE performs resource selection within the overlapped part of configured resource selection window and active time for SL DRX of RX UE. Therefore, if enough active time doesn’t exist within configured resource selection window, the number of candidate resource(s) for selection would be decreased and there may be performance degradation in Mode2 resource allocation. For Alt 2-3, if a UE performs resource selection, the resource selection window is defined as active time for SL DRX. Thus, Alt 2-3 is not efficient in the power saving aspect, and it requires the RX UE to align its DRX active time to the resource selection window of the Tx UE. Considering pros and cons of above alternatives, we propose Alt 2-1 as:
Proposal 14: When TX UE performs resource selection for RX UE with SL DRX enabled, the resource selection window is adjusted (within remaining PDB) according to SL-DRX active time of RX UE.
· Exceptional resource pool is used if there is no available slot for resource selection
In addition, SCI can be considered as one of solutions to align SL DRX wake-up time among the UEs communicating with each other. Other mechanism without RAN1 impact can be considered to align SL DRX timing as well. However, SCI for alignment of SL DRX timing can be a promising solution since it can be applied commonly for all cast types of broadcast, groupcast, and unicast. Therefore, we propose to consider that SCI is used to indicate SL DRX activation and deactivation to align SL DRX timing.
Proposal 15: SCI is used to align SL DRX wake-up time between TX UE and RX UE(s). 

Conclusions
In this contribution, the issues in random selection and partial sensing procedures are discussed with the following proposals:
Proposal 1: For NR SL random resource selection, consider partitioning of candidate SL resources within a resource pool to reduce collision probability and improve PRR of high priority traffic.
Proposal 2: In a given resource pool, support enabling both periodic-based partial sensing and contiguous partial sensing.
· Further study conditions when periodic-based partial sensing and contiguous partial sensing can be both enabled from UE perspective, e.g. for a given transmission or a given TB.
Proposal 3: Periodic-based partial sensing can be performed by TX UE at least when the following condition is satisfied in addition to the conditions agreed in RAN1#104b-e.
· TRSVP is provided and not equaling to zero
Proposal 4: For periodic transmission (TRSVP0) at TX UE side, the sensing window is [n+TA, n+TB), wherein n+TA=min(n-Tproc,0, -31), and TB= -Tproc,0.
· If TA=TB, no contiguous partial sensing is performed. 
·  is the first logical slot containing selected candidate resource.
Proposal 5: If UE performs contiguous partial sensing and resource (re)selection is triggered at slot n, for periodic transmission (TRSVP0) at TX UE side, the resource selection window [n+T1, n+T2] is determined by reusing legacy Rel-16 NR V2X procedure without any further enhancement. 
· FFS: if both periodic-based partial sensing and contiguous partial sensing for a given transmission are supported, resource selection windows corresponding to the two sensing schemes are the same.
· Further discuss resource selection for aperiodic transmission (TRSVP=0 or not provided) after corresponding sensing window being determined.
Proposal 6: Contiguous partial sensing after slot n can be performed by UE if UE is triggered in slot n to perform resource selection and the following conditions are met:
· Remaining PDB > threshold
· FFS other conditions (e.g. priority)
Proposal 7: For aperiodic transmission (TRSVP=0 or not provided) at TX UE side, the sensing window is [n+TA, n+TB), wherein n+TA=max (n+1, n+T1'-31), and n+TB= n+T1'-Tproc,0. 
· n+T1' is the first logical slot in the resource selection window.
· FFS whether sensing window before slot n for aperiodic transmission is supported, e.g. whether additional sensing window is introduced if trigger slot n can be expected.
Proposal 8: Both re-evaluation and pre-emption with power saving mode(s) can be enabled/disabled by resource pool (pre-) configuration.
Proposal 9: The procedure of pre-emption check and re-evaluation check in Rel-16 NR V2X is reused for Rel-17 power saving mode with a fixed window size of 31 slots.
Proposal 10: For a UE configured with enabled pre-emption check or enabled re-evaluation check, if UE reserves a sidelink transmission in slot m, the UE monitors slots between [m-31, m-T3-Tproc,0), where
· T3 and Tproc,0 are defined as the same value in Rel-16 NR V2X
· FFS what if m-31 is before the time of transmission resource being selected
Proposal 11: In a resource pool configured with more than one resource allocation scheme, study how UE determines resource allocation for a given transmission, according to one or more of the following criteria:
· Higher layer configuration
· Priority of traffic
· Remaining PDB
· UE implementation
· Further study other metrics, e.g. CBR, existing sensing result, DRX configuration, HARQ error rate, etc.
Proposal 12: For UE with enabled SL DRX, sensing window is adjusted into DRX active time with configured sensing window.
· Sensing is not performed (e.g. using random selection instead) if no sensing slot is within active time.
Proposal 13: The same principle can be applied both for partial sensing and full sensing when SL DRX is performed. 
Proposal 14: When TX UE performs resource selection for RX UE with SL DRX enabled, the resource selection window is adjusted (within remaining PDB) according to SL-DRX active time of RX UE.
· Exceptional resource pool is used if there is no available slot for resource selection
Proposal 15: SCI is used to align SL DRX wake-up time between TX UE and RX UE(s). 
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