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1. Introduction
The following agreements on resource allocation for power saving were made in RAN1 #106bis-e meeting.
	Agreement
In the agreement from RAN1#105-e, the working assumption is confirmed and the FFS bullet (in RED) is closed without any agreement.
	Agreement from RAN1#105-e:
· For the k value in periodic-based partial sensing for resource (re)selection,
· By default, the UE monitors the most recent sensing occasion for a given reservation periodicity before the resource (re)selection trigger slot n or the first slot of the set of Y candidate slots subject to processing time restriction.
· If (pre-)configured, UE additionally monitors periodic sensing occasions that correspond to a set of values which can be (pre-)configured with at least one value
· (Working assumption) Possible values correspond to the most recent sensing occasion for a given reservation periodicity before the resource (re)selection trigger slot n or the first slot of the set of Y candidate slots, and the last periodic sensing occasion prior to the most recent one for the given reservation periodicity are included.
· FFS: whether a value denotes a specific occasion to monitor or the earliest occasion to start the monitoring.
· FFS relationship between periodic-based partial sensing occasions and SL-DRX
· Note:
· This is for the case when the resource (re)selection triggering slot n is expected by UE



Agreement
When UE performs periodic-based and contiguous partial sensing schemes in a mode 2 Tx pool with periodic reservation for another TB (sl-MultiReserveResource) enabled, 
· For a resource (re)selection procedure triggered by periodic transmission () in slot n, TA and TB for the CPS monitoring window is defined according to one of the followings:
· [bookmark: _Hlk85108137]n+TA is M logical slots earlier than slot , and n+TB is  slots earlier than , where  is the first slot of the selected Y candidate slots of PBPS, and ,  are in units of physical time/slots.
· By default, M is 31 unless (pre-)configured with another value.

Agreement
For the periodic sensing occasion(s) (PSO(s)) that a UE needs to additionally monitored in PBPS, it shall be (pre-)configured jointly for all Preserve values.
· The UE is not required to monitor PSOs earlier than n–T0 if the UE is triggered to do resource (re)selection in slot n, where T0 is (pre-)configured 

Working assumption:
In a resource pool (pre-)configured to enable partial sensing, when UE is configured with partial sensing by its higher layer, the resources for which the UE performs re-evaluation and/or pre-emption checking are for the initial transmission and retransmissions of every TB according to Rel-16 specification based on partial sensing results.
· Same as in Rel-16, for periodic transmission, re-evaluation check is not applied to the resources that have been signalled in current period or previous periods, except that it is up to UE implementation whether to apply re-evaluation check to the resources in non-initial reservation period that have been signalled neither in the immediate last nor in the current period.
· The resource in the main bullet is the set of resources (r0, r1, r2, …) and/or the set of resources (r0', r1', r2', …) for re-evaluation and/or pre-emption checking, respectively, which has been agreed in RAN1 #106-e.

Agreement
When UE performs at least contiguous partial sensing in a mode 2 Tx pool for a resource (re)selection procedure triggered by aperiodic transmission (Prsvp_TX=0) in slot n, TA and TB for CPS monitoring window and a candidate resource set (SA) is initialized according to potentially one of the following approaches (final decision in RAN1#107-e). Other approaches are not precluded and the details in each approach can still be updated.
· Approach 1: (SA is initialized based on at least slots with PBPS and/or CPS results and guarantee a minimum of M slots for CPS)
· The UE selects a set of Y’ candidate slots with corresponding PBPS and/or CPS results (if available) within the RSW.
· FFS how to handle the case if the total number of Y’ candidate slots is less than a (pre-)configured threshold Y’min without dropping the aperiodic transmission
· FFS whether the Y’ candidate slots for aperiodic transmission is the same as the Y candidate slots in PBPS for periodic transmission of another TB(s)
· FFS whether/how to prioritize/select resources based on partial sensing results.
· FFS: How to select Y’ in case of CPS only
· Candidate resource set (SA) is initialized to the set of all single-slot candidate resources in the selected Y’ candidate slots.
· For the CPS monitoring window [n+TA, n+TB]:
· TA and TB are both selected such that UE has sensing results for a minimum of M consecutive logical slots before ty0, where ty0 is the first slot of the selected Y’ candidate slots.
· FFS: By default, M is 31 unless (pre-)configured with another value, or M is (pre-)configured based on transmission priority
· FFS the range of (pre-) configurated M from a TBD lowest value up to 30
· FFS: how to handle the case when the minimum M slots for CPS cannot be guaranteed
· FFS: RSW in case of CPS only
· Approach 2: (SA is initialized based on a all candidate single-slot resources and guarantee a minimum of M slots for CPS)
· Candidate resource set (SA) is initialized to the set of all candidate single-slot resources in [n+TB+Tproc,0+Tproc,1, n+T2], where TB is selected by the UE such that length of [n+TB+Tproc,0+Tproc,1, n+T2] ≥ T2min.
· Tproc,0, Tproc,1 are in units of physical time/slots
· FFS whether/how to prioritize/select resources based on partial sensing results (if PBPS is performed).
· For the CPS monitoring window [n+TA, n+TB]:
· TA = X
· FFS value X for TA including X=1 and negative value
· TB is selected such that UE has sensing results for a minimum of M consecutive logical slots before the start of (n+TB+Tproc,0+Tproc,1).
· FFS: By default, M is 31 unless (pre-)configured with another value, or M is (pre-)configured based on transmission priority
· FFS the range of (pre-) configurated M from a TBD lowest value up to 30
· FFS: how to handle the case when the minimum M slots for CPS cannot be guaranteed
· Approach 3: (independent approach for different case)
· When UE additionally performs periodic-based partial sensing in the resource pool, the above Approach 1 applies.
· When UE does not perform periodic-based partial sensing in a resource pool that does not allow resource reservation for another TB, the above Approach 2 applies.



In this contribution, we discuss the resource allocation schemes for UE power saving, including the possible impact of sidelink DRX on the resource allocation. According to the last RAN plenary meeting guide, the completion of this WI is confirmed as the end of this year. So we’d better focus on the essential issues for working solution first, and discuss the further enhancement next if necessary. For this purpose, this contribution is composed as follows. In Section 2, the remaining essential issues are identified and in Section 3 the proposed solutions for the essential issues are discussed. Finally the issues corresponding further enhancements are discussed in Section 4, and the conclusion is provided in Section 5.
2. Identification of the essential issues
In the last RAN plenary meeting, it was confirmed that Rel.17 SL enhancement WI needs to be completed by the end of this year. To meet this goal, making a complete working solution of the resource allocation for power saving is most urgent task. So we propose first to complete the essential issues, and next to discuss any further enhancement topics if necessary during the remaining schedule.
Proposal 1: To complete Rel. 17 SL enhancement WI in schedule, first complete the remaining essential issues and next discuss any further enhancement topics if necessary during the schedule.
The essential issues are the very basic operations necessary for resource allocation for power saving. From this point, the remaining essential issues include:
· T1, T2 value of the resource selection window [T1, T2]
· Determination of Ymin
· TA, TB value of the CPS window [n+TA, n+TB]
The above issues need to be discussed for periodic/aperiodic transmission case, and partial sensing based resource selection under SL-DRX. For random resource selection, the first two bullets are only needed. For resource re-evaluation and pre-emption checking, the same rule can be reused with necessary timing modification.
As we have already agreed to reuse Rel.16 NR-V2X rule for the resource exclusion and selection procedure for aperiodic transmission case, the same rule can also be reused for other cases above. Another essential issue is the method of CBR measurement. It can be discussed for partial sensing case with and without SL-DRX operation.
· CBR measurement
The last essential issue is the resource allocation scheme under SL DRX operation. The issues include whether the partial sensing is mandated to be performed in the inactive time of SL DRX, and the candidate resource selection method when RX UE performs SL DRX operation.
· Sensing and resource allocation under SL DRX operation
Except the above issues, the conditions for performing partial sensing based or random resource selection, or the optimization methods to achieve minor performance improvement can be discussed as open issues for future discussion.
Proposal 2: Prioritize the following essential issues for discussion and agreement in the next RAN1 meeting.
· T1, T2 value of the resource selection window [T1, T2]
· Determination of Ymin
· TA, TB value of the CPS window [n+TA, n+TB]
· CBR measurement
· Sensing and resource allocation under SL DRX operation
3. Proposals for the essential issues
3.1 Partial sensing based resource selection for periodic transmission
One of the remaining essential issues to be resolved is the UE operation when the minimum number of candidate slots cannot be satisfied. In LTE-V2X, if the number of available resources is less than the (pre-)configured threshold, UE performs random resource selection with the resources of the (pre-)configured exceptional resource pool. Different from LTE-V2X, a resource pool can be (pre-)configured to allow both partial sensing and random resource selection in NR V2X. 
In periodic transmission case, UE performs both periodic-based partial sensing and contiguous partial sensing over the selected candidate slots. When the periodic-based partial sensing results are not sufficient with respect to the required condition, UE can perform either random resource selection or resource selection based on the contiguous partial sensing results only. Depending on whether the random resource selection is allowed in a resource pool or not, the random resource selection can be performed in a normal resource pool or in an exceptional pool.
Proposal 3: In periodic transmission, when the number of candidate slots having the periodic-based partial sensing results is less than the (pre-)configured minimum number of candidate slots, down select one of the followings for resource selection.
Opt 1. Random resource selection in an exceptional pool if random resource selection is not configured in a resource pool
	Opt 2. Random resource selection in a resource pool if random resource selection is configured in the resource pool
	Opt 3. Resource selection only based on contiguous partial sensing
Similar to the periodic transmission case, in aperiodic transmission case, if the contiguous partial sensing results are not sufficient, UE can perform random resource selection either in the (pre-)configured exceptional resource pool as in LTE-V2X, or in a normal resource pool that is (pre-)configured to allow random resource selection. 
Proposal 4: In aperiodic transmission, when the number of candidate slots having the contiguous partial sensing results is less than the (pre-)configured minimum number of candidate slots, down select one of the followings for resource selection.
Opt 1. Random resource selection in an exceptional pool if random resource selection is not configured in a resource pool
	Opt 2. Random resource selection in a resource pool if random resource selection is configured in the resource pool
In Rel.16 NR-V2X, if Prsvp_RX signaled in the monitored SCI is less than the resource selection window size TSCAL, the candidate resources corresponding to the k multiples of Prsvp_RX are excluded (k=1, 2, …, ). The same concept is applied to partial sensing, so that if Prsvp_RX signaled in the monitored SCI is less than a threshold, the candidate slots corresponding to the multiples of Prsvp_RX are excluded. Considering that only the candidate slots are involved in the resource allocation procedure in partial sensing, the threshold used for calculating the multiples of Prsvp_RX can be the range of candidate slots (range from the first and the last candidate slots) or the selected resource selection window size.
Proposal 5: For periodic transmission, UE performs resource exclusion from the set SA based on all available sensing results, following the step 6) and 7) of Rel-16 TS 38.214 Sec. 8.1.4
3.2 Partial sensing based resource selection for aperiodic transmission
The partial sensing scheme needs to be unified for both periodic and aperiodic transmission. It helps to simplify the operation and reduces the specification effort. In this sense, the resource selection window for aperiodic transmission can be determined in the same way as in periodic transmission. There were discussions whether or not to determine the resource selection window so as to depend on the available resources in aperiodic transmission, or on the active time of SL-DRX configuration. However, adjusting the resource selection window like this just complicates the rule without any benefit. We propose to reuse the Rel.16 NR V2X rule of the resource selection window also for the aperiodic transmission case.
Proposal 6: For aperiodic transmission, the resource selection window [T1, T2] is determined in the same way as in R16 NR-V2X according to step 1 [TS 38.214 Sec. 8.1.4].
With the resource selection window determined in the same way as in the periodic transmission, the candidate slots can also be selected by UE implementation in the aperiodic transmission, as same as in the periodic transmission. It not only provides a full flexibility for UE to select the candidate slots within the resource selection window for aperiodic transmission, but also makes it possible to specify a unified rule for both periodic and aperiodic transmission. The candidate slots can be selected after the contiguous partial sensing window by UE implementation. Similar to the periodic transmission case, the minimum number of candidate slots is (pre-)configured, and its value can be same as Ymin used for periodic transmission.
There was discussion whether determining the candidate resource set for aperiodic transmission is affected by, if any, the Y candidate slots for periodic transmission. The simplest way is to define the candidate slots or resources for periodic and aperiodic transmission independently. It is not guaranteed that the timing, PDB and other QoS requirements for periodic and aperiodic transmission are always aligned. When those requirements are aligned in some degree, the candidate resource selection for aperiodic transmission considering the candidate slots for periodic transmission can be up to UE implementation. No further optimization or specification effort is needed.
Proposal 7: For aperiodic transmission, UE selects the candidate slots more than (pre-)configured Ymin within the resource selection window.
For aperiodic transmission, the transmission timing cannot be known in advance, so the contiguous partial sensing can only be performed after the resource selection triggering slot n. The end of the contiguous partial sensing is same as in periodic-based partial sensing – before the first candidate slot subject to UE processing time. At the same time, the contiguous partial sensing window size that satisfies two conditions above should not be smaller than the minimum CPS window size.
Proposal 8: For aperiodic transmission, when the resource (re)selection is triggered at slot n, the contiguous partial sensing on [n+TA, n+TB] is determined as follows.
· 
· 
where  is the timing of the first candidate slot, WCPS is not smaller than a (pre-)configured WCPSmin, and  and  are the required UE processing times.
For aperiodic transmission, if there is a period for contiguous partial sensing except the resource selection window within PDB after triggering slot n, the resources are selected based on the contiguous partial sensing results. This normal condition can be described as PDB ≥ WCPSmin + WSELmin, where WCPSmin and WSELmin are the (pre-)configured minimum contiguous partial sensing window size and the minimum resource selection window size that is determined by T2min, expectedly.
If there is no period larger than WCPSmin within PDB, UE cannot get reliable sensing results for resource selection. In this case, UE performs random resource selection as a natural consequence. The issue is which resource pool UE uses for random resource selection. If a resource pool is configured with the random resource selection together with partial sensing, the random resource selection is performed in the resource pool. If the resource pool is not configured with the random resource selection, UE can perform the random resource selection in an exceptional pool, as in LTE-V2X.
Proposal 9: For aperiodic transmission, when the resource (re)selection is triggered at slot n, if a (pre-)configured minimum CPS window size (WCPSmin) cannot be guaranteed before the first candidate slot, the random resource selection is performed as follows.
If a resource pool is configured with the random resource selection
    Random resource selection is performed in a resource pool
Else
Random resource selection is performed in an exceptional pool 
3.3 Random resource selection
The resource selection window for random resource selection is determined in the same way as in the periodic and aperiodic transmission case. This is aligned with the unified rule approach, and there is no reason not to follow the same rule.
Proposal 10: For random resource selection, the resource selection window [T1, T2] is determined in the same way as in R16 NR-V2X according to step 1 [TS 38.214 Sec. 8.1.4].
Similar to the resource selection window, the candidate resource set to be reported to MAC layer for random resource selection is determined in the same way as in LTE-V2X random resource selection. That is, the candidate resource set consists of all the single-slot resources within the resource selection window.
Proposal 11: For random resource selection, the candidate resource set  is the set of all the single-slot-resources in the resource selection window.
In Rel. 15 LTE-V2X, when SL resource pool is configured to allow both partial sensing base and random resource selection, and once a resource is randomly selected for periodic transmission, the random selected resource is periodically re-used according to the semi-persistent resource reservation procedure. This is to avoid unnecessary random resource selection for each TB transmission, and to allow a full-sensing UE to avoid the P-UE’s randomly selected resources. The same principle is reused for NR-V2X random resource selection procedure.
Proposal 12: When UE randomly selected a resource for periodic transmission, the resource is reselected based on the NR-V2X SPS resource reservation procedure for the following periodic transmissions, similar to LTE-V2X operation, within the number of periods (Cresel).
3.4 Resource re-evaluation and pre-emption checking
In periodic transmission, different from the contiguous partial sensing for initial resource (re)selection, where the contiguous partial sensing is performed prior to the resource selection window or the first candidate slot among the min. Y candidate slots, UE performs contiguous partial sensing prior to every selected resources (or before the min. required UE processing time) to avoid resource conflict due to other UE’s aperiodic transmission for resource re-evaluation or pre-emption checking, as shown in Figure 1. The contiguous partial sensing window length for resource re-evaluation or pre-emption checking can be commonly or separately configured from the contiguous partial sensing window length for resource (re)selection.
One issue is the UE operation when the resource re-evaluation or pre-emption checking is performed over the resource that is located within M (the (pre-)configured minimum number of slots to be monitored) from the resource selection timing in MAC layer or the candidate resource set reporting timing in PHY layer. In this case, the UE processing time before the first candidate slot when UE does not perform contiguous partial sensing can be problematic. For re-revaluation or pre-emption checking over the resource mentioned above, the slots during the UE processing time needs to be monitored. However, UE cannot know whether or not the monitoring on the UE processing time is necessary until the final resources are selected. Considering the UE processing time is quite short so the power consumption is negligible, UE can simply monitors the slots during the UE processing time if the resource re-evaluation or the pre-emption checking is (pre-)configured in a resource pool.
[image: ]
[bookmark: _Ref71709595]Figure 1 Contiguous partial sensing for resource re-evaluation or pre-emption checking
Proposal 13: In periodic transmission, for resource re-evaluation or pre-emption checking in a resource pool where partial sensing is configured, UE performs contiguous partial sensing over the window [, ], where  is the timing of the i-th selected resource, and
·  and 
where WCPS (≥WCPSmin) is the length of contiguous partial sensing window and the slot n is the resource (re)selection triggering time.
· For resource re-evaluation or pre-emption checking, UE continues the contiguous partial sensing over the UE processing time (Tproc,0+Tproc,1) before the first candidate slot.
In aperiodic transmission, similar to the periodic transmission case, UE performs contiguous partial sensing prior to every selected resources (or before the min. required UE processing time) to avoid resource conflict due to other UE’s aperiodic transmission for resource re-evaluation or pre-emption checking. One difference is that UE cannot monitor the slots before the triggering slot n in aperiodic transmission as the triggering time cannot be known in advance. This imposes a condition to the start of the CPS window.
Proposal 14: In aperiodic transmission, for resource re-evaluation or pre-emption checking in a resource pool where partial sensing is configured, UE performs contiguous partial sensing over the window [, ], where  is the timing of the i-th selected resource, and
·  and 
where WCPS (≥WCPSmin) is the length of contiguous partial sensing window and the slot n is the resource (re)selection triggering time.
· For resource re-evaluation or pre-emption checking, UE continues the contiguous partial sensing over the UE processing time (Tproc,0+Tproc,1) before the first candidate slot.
For periodic-based partial sensing with re-evaluation and pre-emption checking purpose, the sensing occasion is determined following the same rule as in resource (re)selection procedure. That is, the most recent sensing occasion with reference to the selected resource is monitored by default, where the same periodicities used for periodic-based partial sensing in resource (re)selection are used. Additional sensing occasions can be discussed as a further enhancement issue.
Proposal 15: For periodic transmission, when resource re-evaluation or pre-emption is triggered, UE performs periodic-based partial sensing with periodicities for periodic based partial sensing in resource (re)selection, before the selected resources by monitoring the most recent sensing occasion (k=1).

where  is the timing of the i-th selected resource,  is the periodicities for periodic-based partial sensing in resource (re)selection.
3.5 CBR measurement
If UE performs random resource selection, UE has no sensing results, so it’s reasonable to assume that UE has no CBR measurement results either. The simplest way of CBR measurement when UE performs random resource selection is to reuse the same rule in LTE-V2X. That is, the (pre-)configured CBR value is used by random selection UE.
Proposal 16: Regardless of PSCCH/PSSCH reception capability, a (pre-)configured CBR value is used for PHY parameter selection, as in LTE-V2X operation.
3.6 Partial sensing under SL-DRX
Similar to the case of the aperiodic transmission, instead of determining the resource selection window so as to fit each active duration of the SL-DRX cycle, the resource selection window is just determined in the same way as in the Rel.16 NR V2X or the periodic transmission case. Following the same philosophy of a unified rule, the candidate slots are selected by UE implementation under condition that the minimum number of the candidate slots is (pre-)configured. UE can select the candidate slots within ON duration or the active time of the SL-DRX cycle, depending on the RAN2 decision.
Proposal 17: In partial sensing based or random selection under SL-DRX operation, the resource selection window [T1, T2] is determined in the same way as in R16 NR-V2X according to step 1 [TS 38.214 Sec. 8.1.4].
Proposal 18: In partial sensing based selection under SL-DRX operation, UE selects the candidate slots more than (pre-)configured Ymin within the resource selection window.
In the LS sent from RAN2 on SL DRX operation, there are three options for candidate resource selection method under SL DRX operation:
· Option 1: PHY layer selects and reports candidate resources only within the indicated active time of the RX UE
· Option 2: PHY layer selects and reports candidate resources in which at least a subset of the candidate resources is within the indicated active time of the RX UE
· Option 3: PHY layer selects and reports an additional candidate resource set of candidate resources within the indicated active time of the RX UE
In option 1, there will be a high congestion issue as all the resources are selected within the limited active time of SL DRX. This is not desirable especially considering that it causes frequent resource collision and more power consumption for retransmission by P-UE. Option 3 requires more signaling overhead by indicating duplicated resources within the active time. Therefore option 2 is most reasonable in terms of performance and signaling overhead aspects among the options.
Proposal 19: If RX UE performs SL DRX operation, at least a (pre-)configured number of the candidate resources are selected in the active time of RX UE. Send reply LS to RAN2 that Option 2 is RAN1’s understanding.
As one of the solutions to achieve the goal of guaranteeing the (pre-)configured number of candidate resources within the active time of SL DRX, the resource allocation parameters can be separately configured for the active and inactive time of SL DRX. For example, the target resource ratio, RSRP threshold, RSRP threshold increment (i.e. 3dB in full sensing case), and can be separately (pre-)configured. By adjusting these parameters, the required number of candidate resources can be efficiently selected within the active time.
Proposal 20: The resource selection parameters such as RSRP threshold, RSRP threshold increment, and target resource ratio are separately (pre-)configured between the active and the inactive time of RX UE.
Mode-2 operation can also be affected by the SL DRX operation. First of all, RAN1 needs to clarify what time duration can be used for the channel sensing for mode-2 resource allocation. There are two possible options about the channel sensing duration. The first option is to allow the channel sensing only during the SL DRX active time. The benefit of this option is the maximum power reduction of the SL DRX UE because the DRX UE needs to wake up only during the active time. However, this option may significantly degrade the channel sensing performance because the sensing window is configured only within the active time, which may be far past from the resource selection window depending on the SL DRX cycle period.
More reasonable option may be to allow the channel sensing during the inactive time as well as the active time. Though it requires more power consumption of the UE, the reliability of the channel sensing results will be significantly enhanced. For example, if SL DRX UE is to transmit a packet during the ON duration, and the channel sensing is allowed only during the active time, there is no way of getting the sensing results based on the recent channel status. In this case, a certain time duration prior to the ON duration on the inactive time can be used for channel sensing, and the UE will get more reliable sensing results.
Proposal 21: Partial sensing is performed in the same way as in non-SL-DRX operation, regardless of SL DRX ON and OFF duration.
4. Proposals for the further enhancements
4.1 Partial sensing based resource selection
In a resource pool where at least partial sensing is allowed, UE can perform periodic-based partial sensing, contiguous partial sensing or both, depending on the resource pool configuration and the transmission-related status of a UE. As a general principle, UE can perform periodic-based partial sensing for periodic transmission when more careful (re)selection of resources are required in transmission of a TB to ensure a successful transmission by avoiding a collision with other UE’s traffic. A priority value of a packet, a congestion/interference level in a resource pool, a required reliability of a packet transmission, transmission failure of a packet, and the number of total retransmissions of a packet can affect to trigger the periodic-based sensing of a UE.
On the other hand, in a resource pool where at least the partial sensing and the random resource selection are configured, UE can choose whether to perform the partial sensing or the random resource selection, based on the remaining battery status of UE. For example, if UE has no sufficient power remained for partial sensing, then UE can randomly select transmission resources or even drop the transmission.
Proposal 22: In a resource pool where at least the partial sensing and the random resource selection are configured, it’s up to UE implementation whether to perform partial sensing, which depends on the UE battery/power status.
For resource re-evaluation or pre-emption checking by P-UE, contiguous partial sensing can be done prior to each selected resource with a sensing window length of e.g. 31 slots, to protect possible collision with an aperiodic transmission. If the selected resources are distantly apart from each other so that the overall time span of the resources is large, the UE should perform contiguous partial sensing for long duration, which causes severe power consumption of a P-UE, as shown in Figure 2. Whereas, if the selected resources are as adjacent each other as possible, the overall contiguous partial sensing duration will be reduced, which in turn reduces UE power consumption. So, the selection of ‘adjacent’ resources is quite helpful for UE power saving, as shown in Figure 3.
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[bookmark: _Ref68268222]Figure 2 Contiguous partial sensing over distributed resources for resource re-evaluation or pre-emption checking
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[bookmark: _Ref71709209]Figure 3 Contiguous partial sensing over adjacent resources for resource re-evaluation or pre-emption checking
The selection of such adjacent resources can be achieved in the following way. Following the recent RAN1 agreement, UE selects a resource selection window and min. Y candidate slots by its implementation, as in Rel.16 NR-V2X. The selection of the adjacent resources is done in the final selection of the resources among the identified idle resources, which may span the overall resource selection window in time, as shown in Figure 4. For selection of the adjacent resources, if a resource is selected by a UE, then the next resource is selected so that the interval between the previously selected resource and the newly selected resource is smaller than a (pre-)configured threshold. Or, any resource within a (pre-)configured range from the first chosen resource can be chosen by UE implementation.
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[bookmark: _Ref71709248]Figure 4 Selection of the adjacent resources within a range
The required power consumption of contiguous partial sensing for resource re-evaluation or pre-emption checking is provided in Figure 4. Contiguous partial sensing window length is 31 slots, and the power consumption ratio was normalized to the max. power consumption in each case, where the interval between any two resources is not smaller than the max interval. For the first selected resource, the number of monitored slots is 31. For other selected resources, the number of monitored slots depends on the interval between resources. The power consumption was analyzed when the total number of total retransmissions per TB is set to 32, 16, 8, and 4. In Rel.16 NR-V2X, UE randomly selects resources among the resources in the range of 32 slots, so the average distance between resources is expected to be 16 slots. The same approximation was applied for each case of different max. interval in analysis.
As shown in Figure 5, compared to the maximum power consumption case where the max. interval is 31 slots, if the max interval is reduced to 15 slots, the power consumption of contiguous partial sensing for resource re-evaluation or pre-emption checking is reduced to from 53% to 70% according to the number of total retransmissions. The power saving gain increases as the max. interval is reduced. The maximum power saving gain is achieved when the max. interval is set to 1, that is, all the resources are selected as successive ones. In this case, the power consumption of contiguous partial sensing for resource re-evaluation or pre-emption checking is reduced to from 12% to 43% according to the number of total retransmissions.
From the analysis, the maximum achievable power saving gain for contiguous partial sensing for resource re-evaluation or pre-emption checking is around 88% if all the resources are successive in SL logical slot domain. Therefore the power saving gain via adjacent resource selection is significant and should be supported for power saving UE that performs resource re-evaluation or pre-emption checking.
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[bookmark: _Ref71709456]Figure 5 Power saving by adjacent resource selection
Observation 1: If UE performs contiguous partial sensing for resource re-evaluation or pre-emption checking, a larger distance between selected resources causes a higher power consumption for contiguous partial sensing.
We performed simulation to see whether the shorter max. distance between resources signaled by a single SCI causes any performance effect compared to Rel.16 max. distance between resources (i.e. 31 slots). The simulation was done over Urban scenario Option A and vehicle speed of 60km/h, and the detailed simulation parameters can be found in Table 2 of Annex. The PRR performance between two max. distance case, 31 slots and 15 slots, is depicted in Figure 6. We can see that there is no meaningful performance difference between two cases. Therefore, using a shorter max. distance between resources to save power for sensing in resource re-evaluation or pre-emption checking provides significant power saving gain with marginal performance difference.
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[bookmark: _Ref72496896]Figure 6 PRR performance with shorter maximum distance between two resources signalled by a single SCI
Proposal 23: Maximum distance shorter than 32 slots between any two resources indicated by a single SCI is supported for power reduction in resource re-evaluation or pre-emption checking. Details of parameters are FFS.
In a resource pool where the partial sensing is configured, if only aperiodic transmission is allowed in a resource pool, UE performs the contiguous partial sensing. When both aperiodic and periodic transmission are allowed in a resource pool, at least for periodic transmission, UE performs the periodic-based partial sensing in addition to the contiguous partial sensing. Contiguous partial sensing is necessary as other UEs can transmit aperiodic traffic. If UE performs aperiodic transmission, UE performs at least the contiguous partial sensing. Whether or not to perform the periodic-based partial sensing in this case needs further discussion. In any case, performing only the periodic-based partial sensing does not make any sense.
Proposal 24: In a resource pool where at least the partial sensing is configured, only the following options are supported with regard to contiguous partial sensing. Periodic-based partial sensing alone is not supported.
· Both periodic-based partial sensing and contiguous partial sensing
· Contiguous partial sensing only
As enhancement to mitigate an interference level to other SL transmission, the minimum number of candidate slots Ymin can be further optimized. If a TB to be transmitted has relatively high priority or a congestion level is low or HARQ feedback is disabled or the resource re-evaluation/pre-emption checking is disabled, a large number of candidate slots Y can be configured to ensure reliable transmission of the TB with multiple retransmissions. If a TB to be transmitted has relatively low priority or a congestion level is high or HARQ feedback is enabled or the resource re-evaluation/pre-emption checking is enabled, the number of the partial sensing slots may be configured to be large so as not to cause SL resource conflicts with other UE’s transmission that may have a higher priority.
Proposal 25: In periodic-based partial sensing, the minimum number of candidate slots Ymin is determined based on the transmission packet priority, QoS requirement, congestion/interference level, HARQ feedback enabled/disabled, remaining PDB, or resource re-evaluation or pre-emption checking enabled/disabled.
It was discussed in RAN1#105 meeting that TX UE’s transmission periodicity can be included in the periodicities for periodic-based partial sensing. It could be beneficial for avoiding resource collision, but it also requires additional power consumption for the additional partial sensing. For this reason, rather than mandating to always include TX UE’s transmission periodicity, it could be performed based on certain conditions. For example, only if the transmission packet priority value is lower than a threshold, or the channel congestion level is higher than a threshold, TX UE’s transmission periodicity can be included in the periodicities for periodic-based partial sensing. It is one of the compromised way between partial sensing performance and power saving
In periodic transmission based on periodic-based partial sensing, it is assumed that the transmission timing is predicted so that the required partial sensing is performed in advance to the transmission instant. In this sense, UE can perform partial sensing required for each transmission of total Cresel transmissions. Before the first candidate slot timing, if a collision is detected on the sensing occasion related to the idle slot corresponding to any one of Cresel transmissions, the corresponding idle slot is excluded from the idle resource set reported to MAC layer.
Proposal 26: In periodic-based partial sensing, a candidate resource is excluded from the idle resource set if a collision is detected over any of the Cresel TB transmissions based on the periodicities and the sensing occasions (pre-)configured.
In the resource (re)selection procedure, the sensing provides the resources whose RSRP is lower than the (pre-)configured RSRP threshold, and the ratio of such resources to the whole available resources are compared to the (pre-)configured target resource ratio (e.g. 20%). If the resources based on sensing does not fulfill the target resource ratio, the target resource ratio is increased by (pre-)configured RSRP threshold increment, e.g. 3dB in NR-V2X.
As P-UE has less degree of freedom in resource (re)selection procedure due to insufficient partial sensing, such parameters for resource (re)selection procedure may be separately configured from those for vehicle UE. For example, considering there are less candidate resources for P-UE, the RSRP threshold can be set higher, the target resource ratio can be set lower, and the RSRP threshold increment can be set larger than those for vehicle UE.
Another way of handling the P-UE’s resource (re)selection is that P-UE consider its transmission priority value lower than that delivered by a higher layer, by an amount of a (pre-)configured value. With this, the RSRP threshold can be regarded as higher for P-UE, which may result in more availability of resources for selection by P-UE.
Proposal 27: A target resource ratio, RSRP threshold, and RSRP threshold increment for P-UE in resource (re)selection procedure are separately (pre-)configured from those for vehicle UE.
In a resource pool where PSFCH resource is configured, when UE transmits a HARQ feedback enabled TB, the resources should be selected while guaranteeing the HARQ RTT gap between the adjacent resources. However, it could be problematic if the available idle resources after partials sensing that satisfies the HARQ RTT requirement are less than the target number of resources for the TB transmission. The lack of resources may be caused by the HARQ RTT gap restriction within a limited resource selection window, which can be relatively small in low latency service or SL DRX operation, etc. To solve this issue, at least when the number of resources identified as idle for transmission is less than the target number of resources especially in HARQ feedback enabled case, both blind retransmission and HARQ feedback based retransmission can be enabled for transmission of a TB. With this, the HARQ RTT gap restriction can be relaxed and the resources having smaller gap in-between can be chosen to meet the requirement of the target number of resources.
In the resource selection procedure described above, both power saving and latency reduction can be achieved if the blind retransmission resources are selected as the ‘burst’ type in the early part of the resource selection window. After resource (re)selection triggering, the initial and some blind retransmissions are performed through the burst resources as soon as possible. If this initial burst transmissions fail, after HARQ RTT gap, the next burst transmission occurs through another burst resources. In this way, the burst transmission provides more reliable transmission than a single transmission, which can save the latency caused by HARQ RTT gap and save the power for related partial sensing. The latency reduction can be maximum if the initial burst resources are selected at the early part of the selection window.
Observation 2: The resource selection based on the mixture of blind and HARQ feedback-based retransmissions is helpful to reduce the power consumption for partial sensing in TX UE’s resource re-evaluation/pre-emption checking and for PSFCH transmission of RX UE.
Proposal 28: When HARQ feedback is enabled for a TB, the resource selection based on the mixture of blind and HARQ feedback-based retransmissions of the TB is supported.
4.2 Random resource selection
Similar to the discussion on the partial sensing case, in a resource pool where both partial sensing and the random resource selection are configured, whether to perform random resource selection can be chosen by UE depending on the remaining power status of UE.
Proposal 29: In a resource pool where at least the partial sensing and the random resource selection are configured, it’s up to UE implementation whether to perform random resource selection, which depends on the UE battery/power status.
In RAN1#105-e meeting, it was agreed that If UE performs random resource selection, HARQ feedback enabled transmission is supported. The conditions for UE to enable HARQ feedback are as follows. If the priority value of the transmission packet is lower than a threshold, HARQ feedback can be enabled to ensure the reliable transmission. If the latency requirement for the transmission packet is so tight, there could be no sufficient sensing duration for resource allocation. In this case, the random resource selection is first tried, and the possible transmission fail due to resource collision can be compensated by the use of HARQ feedback. The last case of using HARQ feedback for random resource selection is when the randomly selected resource is periodically reused for periodic transmission. In this case, the periodic transmission resource and the associated PSFCH resources can be derived from the partial sensing UE, so that they can avoid resource collision on the PSFCH resources.
Proposal 30: In random resource selection, HARQ feedback can be enabled under the following conditions:
· When the priority value of a packet is below a threshold (e.g. pre-emption priority value)
· When PDB is smaller than a (pre-)configured threshold if periodic transmission is not allowed in a resource pool
· When the randomly selected resource is reused for periodic transmission
In a resource pool where the periodic transmission is enabled, if UE selects a resource based on random selection, the randomly selected resource can be reused for the periodic transmission. However, if there is a collision with other UE from some instant, UE will suffer continual collision on the same resources. To avoid this continual collision, the selection of random resources are reset at every new periodic transmission. That is, if the last transmission of total Cresel periodic transmissions are completed, the first transmission resource for the next Cresel periodic transmissions are randomly selected in a resource pool, except the randomly chosen resource used for the previous Cresel transmissions.
Proposal 31: After the final periodic transmission among Cresel periodic transmissions based on the randomly selected resource, the first transmission resource of the next set of periodic transmissions is randomly selected in a resource selection window, except the previous selected resource.
4.3 Resource re-evaluation and pre-emption checking
Similar to the partial sensing case, the conditions where UE can perform resource re-evaluation and/or pre-emption checking is basically when more careful (re)selection of resources are required in transmission of a TB to ensure a successful transmission by avoiding a collision with other UE’s traffic. In addition to the conditions above, after random resource selection is performed by UE that is capable of sensing because partial sensing results are not available at the time of initial resource selection e.g. such as in the early part of SL DRX ON duration, resource re-evaluation and/or pre-emption checking can be done to minimize resource conflicts. If there are any sensing results available at the time of resource re-evaluation and/or pre-emption checking, those results can be considered together.
When the resources were initially selected based on partial sensing, resource re-evaluation and/or pre-emption checking if the number of partial sensing slots is not sufficient, or only contiguous partial sensing is performed for aperiodic transmission in a resource pool where periodic transmission is enabled. In addition, the following case can be considered for resource re-evaluation and/or pre-emption checking condition. The purpose of contiguous partial sensing before the resource selection window or the first candidate slot is to ensure to avoid any conflict due to reserved aperiodic transmission indicated by the SCIs within e.g. 31 slots before. With this contiguous partial sensing, the first resource among the resource selection window or the first candidate slot is perfectly checked with respect to the possible aperiodic transmission. However, as the gap of the selected resource from the start of the resource selection window or the first candidate slot goes larger (i.e. the latter part of the resources), only limited number of SCIs monitored in the contiguous partial sensing window contributes the detection of collision with the resources of interest, as shown in Figure 7. Resource re-evaluation and/or pre-emption checking are necessary especially for those resources.
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[bookmark: _Ref71709566]Figure 7 Contiguous partial sensing for resource (re)selection
Proposal 32: Resource re-evaluation or pre-emption checking after resource (re)selection can be performed in the following cases:
· When random resource selection is performed by a UE that is capable of sensing,
· if there is a period for additional sensing within the remaining PDB
· if any sensing results for transmission of other packets are available
· When the number of the periodic-based partial sensing slots for resource (re)selection is below a threshold
· When only the contiguous partial sensing is performed for resource (re)selection in a resource pool where the periodic transmission is enabled
· When the priority value of a packet is above a threshold (e.g. pre-emption priority value)
· When the congestion/interference level in a resource pool is above a threshold
· When the required reliability level is above a threshold
· When the number of retransmissions is below a threshold
· For the selected resources whose collision with other UE’s transmission resources cannot be detected by contiguous partial sensing (e.g. the resources selected in the latter part of a selection window) 
In periodic transmission, after the most recent sensing occasion in the periodic-based partial sensing for resource (re)selection, the integer multiples of the periodicities before the selected resource are monitored for resource re-evaluation or pre-emption checking purpose. UE monitors the slots of the timing below:

where  is the i-th selected resource, and k is an integer greater than zero. This corresponds to continuing the periodic-based partial sensing after resource selection for resource re-evaluation or pre-emption checking, which is the same principle as in Rel.16 NR-V2X.
Proposal 33: In periodic transmission, for resource re-evaluation or pre-emption checking in a resource pool where partial sensing is configured, UE performs periodic-based partial sensing before the selected resources for each one of Cresel transmissions by monitoring the slots of the timing below:

where  is the timing of the i-th selected resource,  are the periodicities for periodic-based partial sensing, and k(>0) is the (pre-)configured integer values.
For resource re-evaluation and pre-emption checking, in addition to the periodic-based partial sensing with reference to the selected resources in previous discussion, the additional periodic-based partial sensing is performed with reference to the candidate slots after resource (re)selection. The following sensing occasions are monitored as a result.

where is the i-th candidate slot, and m is an integer greater than zero. If the new candidate resources are selected different from the initially selected candidate resources, due to re-evaluation or pre-emption checking, the new candidate resources are selected based on this additional periodic-based partial sensing to avoid the collision with other UE’s periodic transmission.
Proposal 34: In periodic transmission, for resource re-evaluation or pre-emption checking in a resource pool where partial sensing is configured, UE continues periodic-based partial sensing after the resource selection by monitoring the slots of the timing below within PDB:

where  is the timing of the i-th candidate slot,  are the periodicities for periodic-based partial sensing, and m is an integer greater than zero within PDB.
When a resource pool is configured with periodic-based partial sensing and pre-emption checking, both periodic-based and contiguous partial sensing are used for resource re-evaluation and pre-emption checking, as discussed above. If the Y candidate slots are determined for periodic-based partial sensing when resource selection for periodic transmission is triggered, those Y candidate slots are only slots of which the conflict with other UE’s periodic transmission resource is detected based on periodic-based partial sensing. In this sense, those Y candidate slots are more reliable than other resources with the resource selection window in terms of conflict avoidance. Among the Y candidate slots, the slots within the range (RCPS, e.g. 31 slots in advance to a candidate slot), where the conflict with other UE’s transmission resource can be detected by contiguous partial sensing, are most reliable in that they are protected by both periodic-based and contiguous partial sensing from resource collision. 
Except the Y candidates slots within the resource selection window, the slots within the range RCPS are more reliable than the resources outside the range RCPS. The resources outside the range RCPS are equivalent to random resource selection as they are covered by neither periodic-based nor contiguous partial sensing. This difference in reliability in terms of resource collision is taken into account for resource reselection procedure. For example, the reliability can be considered in determining candidate slots or idle resources by UE’s physical layer, or in final SL resource selection by UE’s MAC layer. As one of the approaches, the resources within the resource selection window are prioritized for resource reselection according to the reliability level discussed above. An example is shown in Figure 8, where the priority order is as follows: red slots > reddish slots > yellow slots > white slots.
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[bookmark: _Ref71709623]Figure 8 Resources of different reliability. Red resources are most reliable and white resources are most unreliable.
Another simplest approach is to differentiate the candidate resources with respect to the existence of the partial sensing results. There are, roughly said, two kinds of candidate resources. One is the candidate resource that has either the periodic-based partial sensing results or the contiguous partial sensing results, which corresponds to the candiate resource of red, yellow and reddish color in the above figure. The other is the candidate resource that has no partial sensing results, which corresponds to the candidate resource of white color. Considering the resource collision possibility, the candidate resources having the partial sensing results are prioritized over the candidate resources having no partial sensing results.
Proposal 35: In determining the candidate resource set (SA), the candidate resources having partial sensing results are prioritized to the candidate resources having no partial sensing results.
P-UE may have less transmission opportunity due to the small number of candidate slots. To compensate this disadvantage in P-UE’s transmission opportunity, the pre-emption priority used by P-UE can be (pre-)configured separately from that used by vehicle UE. If P-UE’s pre-emption priority value is (pre-)configured as relatively higher, P-UE’s transmission will be more protected from pre-emption checking, and P-UE will have more chance for transmission.
Proposal 36: The pre-emption priority for power saving UE is separately (pre-)configured from that for a vehicle UE.
There was a proposal regarding a min. distance between any two resources signaled by a single SCI transmitted by a random resource selection UE. But this is not only an issue for random resource selection case, but a more general issue related to packet priority. For example, when UE-A detects resource collision with UE-B’s transmission after UE-A sent a SCI, UE-A’s resource is pre-empted by UE-B’s resource if the priority of UE-B’s packet is higher than that of UE-A’s packet and a (pre-)configured priority. In this case, if the distance between two resources for UE-B’s transmission is too short for UE-A to decode the SCI related to UE-B’s first resource and to detect a collision with UE-B’s reserved second resource, there is no way for UE-A to avoid collision with UE-B’s second resource. To solve this issue, if UE transmits a TB based on multiple blind retransmission, and the priority value of the TB is above a (pre-)configured threshold (e.g. pre-emption priority configured in a resource pool), the min. distance between any two resources signaled by a single SCI is not larger than a (pre-)configured threshold.
Proposal 37: Min. distance between any two resources signaled by a single SCI is (pre-)configured for transmission of a TB having a priority value lower than a (pre-)configured threshold.
P-UE’s transmission is based on partial sensing or random resource selection, so the probability of resource conflict caused by P-UE is relatively higher than that by vehicle UE. One solution to protect P-UE’s transmission based on such insufficient or no sensing is to make vehicle UE aware of whether a transmission is made by P-UE or not. It could be done by 1-bit signaling field in SCI to indicate whether PSCCH/PSSCH is sent by P-UE or vehicle UE. Among P-UE’s transmissions, transmission based on random resource selection would cause significantly higher resource conflict probability, compared to that based on partial sensing. A similar method using SCI field may improve the situation – whether partial sensing or random resource selection is used can be signaled by 1-bit SCI field.
Upon receiving P-UE’s packet with SCI indication, RX UE can handle the P-UE’s packets separately from vehicle UE’s packets. For example, RX UE can consider P-UE packet’s priority higher than that indicated by SCI, which will have impact on e.g. pre-emption checking.
Proposal 38: SCI indicates at least one of the following information using the reserved bits.
· Type of UE: power-saving UE or vehicle UE
· Type of RA scheme: partial sensing based or the random resource selection
4.4 CBR measurement
CBR measurement can be improved for SL DRX operation. From congestion control point of view, CBR measurement needs to be done over RX UE’s SL DRX ON duration or active time because TX UE will send a packet within the RX UE’s SL DRX ON duration or active time. However, if SL DRX ON duration or active time of TX UE does not overlap with that of RX UE, power consumption of TX UE for CBR measurement will be quite high. 
As an alternative, from power saving point of view, CBR can be measured over TX UE’s SL DRX ON duration or active time, and the measured CBR can be used for determining the transmission parameters. It’s not optimal in congestion control performance, but beneficial for TX UE’s power saving. As a compromise, CBR can be measured over the overlapping region between TX UE’s and RX UE’s SL DRX ON duration or active time.
Another solution could be based on sharing CBR measurement. In this scheme, a UE measures CBR over the UE’s own SL-DRX active time and shares the measured CBR with other UEs. If a UE tries to measure CBR but there are not sufficient CBR measurement results, the UE can calculate the CBR considering the CBR measurements shared by other UEs.
Observation 3: Taking either TX UE’s or RX UE’s SL DRX ON duration/active time as a CBR measurement window is beneficial for more accurate congestion control. 
If P-UE performs partial sensing or additional sensing for resource re-evaluation or pre-emption checking, there sensing results for P-UE to measure the channel congestion status. However, if the measurement duration is not sufficient for reliable estimation of the channel congestion level, it may not be helpful for P-UE to decide the related PHY parameters. Therefore, it’s desirable to use the estimated CBR value only if the measurement duration is long enough for reliable CBR measure.
Proposal 39: If P-UE has PSCCH/PSSCH reception capability, the following CBR value is used for PHY parameter selection:
· CBR measured in the partial sensing slots if the number of the monitored PSCCH/PSSCH slots is above a threshold
· a (pre-)configured CBR value, otherwise
CBR is calculated as the ratio of the number of sub-channels of which the RSSI exceed a (pre-configured)threshold, to the number of all available sub-channels in a measurement window. If P-UE performs partial sensing, the number of sub-channels of the partial sensing slots within the measurement window is used instead of the number of all available sub-channels.
Proposal 40: Measured CBR in slot n is the ratio of sub-channels whose SL RSSI exceeds a (pre-)configured threshold to all the sub-channels in the partial sensing slots within a window [n-a, n-1], where a is (pre-)configured.
4.5 Impact of SL DRX
P-UE should monitor a PSCCH and decode the associated PSSCH if the PSCCH is of interest in SL DRX operation. Compared to SL DRX, P-UE decodes only PSCCH for partial sensing in resource (re)selection process, which consumes much less UE processing power. In addition, there are P-UEs that require only one of the operations. For example, only sensing operation is done by VRU that has no reception capability, while only SL DRX operation is done by remote UE in SL relaying scenario. 
From the power consumption point of view, the channel sensing and the DRX operation in the active time need to be distinguished. For DRX operation in the active time, UE is expected to monitor PSCCH of interest, and if the PSCCH of interest is detected, it should decode PSSCH for data reception. Different from the DRX operation above, for channel sensing, UE only needs to decode PSCCH to get the resource reservation information of other UEs. In this sense, only the 1st SCI carried by PSCCH needs to be decoded. 
Based on the agreements made in RAN1#102-e and RAN1#103-e meetings, the power consumption required for SL DRX operation and channel sensing for evaluation purpose can derived from the relevant analysis done for Uu link. The resultant power consumption level for some kind of operations are summarized in Table 1. From the analysis, the power consumption of the channel sensing (1st SCI-only RX) is less than a half (PSCCH/PSSCH RX in no PSFCH slot) of that of the DRX operation in the active time. Therefore, the sensing requires much less power than the SL DRX operation.
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	Power State
	Characteristics
	Relative Power 

	Deep Sleep
	Time interval for the sleep should be larger than the total transition time entering and leaving this state. Accurate timing may not be maintained.
	1 
(Optional: 0.5)

	Light Sleep
	Time interval for the sleep should be larger than the total transition time entering and leaving this state. 
	20

	Micro sleep
	Immediate transition is assumed for power saving study purpose from or to a non-sleep state
	45

	PSCCH/PSSCH RX in non-PSFCH slot
	Same as PDCCH + PDSCH reception case.
	115.5

	PSFCH RX
	Same as PDCCH-only for cross-slot scheduling case
	50

	1st/2nd SCI RX
	0.7* power consumption level of “PSCCH/PSSCH RX”
	80.85

	1st SCI-only RX
	Same as PDCCH-only for cross-slot scheduling case, as proposed in [1]
	50



If SL DRX is used, the result of PSCCH monitoring obtained in the data reception duration needs to be used for the sensing purpose when the UE operates sensing for transmission in parallel with data reception. PSCCH monitoring for sensing cannot be limited to the data reception duration defined by SL DRX. This is because in each slot the power consumed for sensing only is less than the power required for data reception. In some cases, for example, when the UE has no interest in receiving data from any other UEs (like the pedestrian UEs transmitting only) or when a packet with a short latency requirement arrives outside the time the UE is supposed to receive data, the UE needs to do sensing in a duration without any intention to receive data, and the effect of power saving will decrease if a UE is enforced to do data reception in these situations. The difference in the power consumption comes from the fact that only PSCCH reception is required for sensing as PSCCH delivers all the information related to the sensing operation, but for data reception a UE needs to receive not only PSCCH but also PSSCH which includes 2nd stage SCI containing the L1 source and destination IDs.
Observation 4: Resource selection procedure based on partial sensing uses a separate procedure from that for SL DRX operation. As a result, partial sensing and SL DRX operation are specified separately in Rel.17.
Proposal 41: For partial sensing UE, the sensing results obtained by SL DRX operation in active time are used for resource (re)selection and resource re-evaluation/pre-emption checking, in addition to the partial sensing results.
If RX UE performs SL DRX operation and TX UE detects a DTX of a certain transmission from receiving neither HARQ ACK nor NACK in e.g unicast transmission, RX UE cannot extend its Active time due to the DTX, which makes RX UE unable to receive the next associated retransmission. If the next retransmission resource after the DTX is not included in the RX UE’s Active time, TX UE cannot perform the next retransmission as RX UE will not be in wake-up state for that period. The solution to enable the next retransmission is to trigger the resource re-selection on the next retransmission resource and reselect the resource inside the RX UE’s Active time. With this resource reselection, the next retransmission will be received by RX UE during the Active time.
Proposal 42: When RX UE performs SL DRX operation, if TX UE detects DTX of a certain transmission and the next retransmission is expected outside the RX UE’s SL DRX active time, TX UE triggers resource reselection for the next transmission resource so that the reselected resource is within the active time. 
4.6 RRC parameters for partial sensing
There was an agreement in RAN1#106bis-e meeting that only the most recent and the second most recent sensing occasion can be (pre-)configured for periodic-based partial sensing. The only remaining issue is the RRC parameter on how to signal the required sensing occasions. Considering the signaling overhead, instead of indicating the absolute k values or indicating separately between one and two sensing occasions, using just a single bit flag to indicate the presence of the additional second most recent sensing occasion is the simplest approach. If the flag is disabled, UE monitors only the most recent sensing occasion, and if the flag is enabled, UE additionally monitors the second most recent one.
Proposal 43: A 1-bit RRC parameter ‘additionalPeriodicSensingOccasion’ indicates whether the second most recent sensing occasion is monitored in addition to the most recent sensing occasion.
5. Conclusion
In this contribution, the remaining essential issues were identified, and the solution for the essential issues and further enhancements of the resource allocation schemes for UE power saving were proposed. The following proposals were made as a conclusion.
Proposal 1: To complete Rel. 17 SL enhancement WI in schedule, first complete the remaining essential issues and next discuss any further enhancement topics if necessary during the schedule.
Proposal 2: Prioritize the following essential issues for discussion and agreement in the next RAN1 meeting.
· T1, T2 value of the resource selection window [T1, T2]
· Determination of Ymin
· TA, TB value of the CPS window [n+TA, n+TB]
· CBR measurement
· Sensing and resource allocation under SL DRX operation
Proposal 3: In periodic transmission, when the number of candidate slots having the periodic-based partial sensing results is less than the (pre-)configured minimum number of candidate slots, down select one of the followings for resource selection.
Opt 1. Random resource selection in an exceptional pool if random resource selection is not configured in a resource pool
	Opt 2. Random resource selection in a resource pool if random resource selection is configured in the resource pool
	Opt 3. Resource selection only based on contiguous partial sensing
Proposal 4: In aperiodic transmission, when the number of candidate slots having the contiguous partial sensing results is less than the (pre-)configured minimum number of candidate slots, down select one of the followings for resource selection.
Opt 1. Random resource selection in an exceptional pool if random resource selection is not configured in a resource pool
	Opt 2. Random resource selection in a resource pool if random resource selection is configured in the resource pool
Proposal 5: For periodic transmission, UE performs resource exclusion from the set SA based on all available sensing results, following the step 6) and 7) of Rel-16 TS 38.214 Sec. 8.1.4
Proposal 6: For aperiodic transmission, the resource selection window [T1, T2] is determined in the same way as in R16 NR-V2X according to step 1 [TS 38.214 Sec. 8.1.4].
Proposal 7: For aperiodic transmission, UE selects the candidate slots more than (pre-)configured Ymin within the resource selection window.
Proposal 8: For aperiodic transmission, when the resource (re)selection is triggered at slot n, the contiguous partial sensing on [n+TA, n+TB] is determined as follows.
· 
· 
where  is the timing of the first candidate slot, WCPS is not smaller than a (pre-)configured WCPSmin, and  and  are the required UE processing times.
Proposal 9: For aperiodic transmission, when the resource (re)selection is triggered at slot n, if a (pre-)configured minimum CPS window size (WCPSmin) cannot be guaranteed before the first candidate slot, the random resource selection is performed as follows.
If a resource pool is configured with the random resource selection
    Random resource selection is performed in a resource pool
Else
Random resource selection is performed in an exceptional pool 
Proposal 10: For random resource selection, the resource selection window [T1, T2] is determined in the same way as in R16 NR-V2X according to step 1 [TS 38.214 Sec. 8.1.4].
Proposal 11: For random resource selection, the candidate resource set  is the set of all the single-slot-resources in the resource selection window.
Proposal 12: When UE randomly selected a resource for periodic transmission, the resource is reselected based on the NR-V2X SPS resource reservation procedure for the following periodic transmissions, similar to LTE-V2X operation, within the number of periods (Cresel).
Proposal 13: In periodic transmission, for resource re-evaluation or pre-emption checking in a resource pool where partial sensing is configured, UE performs contiguous partial sensing over the window [, ], where  is the timing of the i-th selected resource, and
·  and 
where WCPS (≥WCPSmin) is the length of contiguous partial sensing window and the slot n is the resource (re)selection triggering time.
· For resource re-evaluation or pre-emption checking, UE continues the contiguous partial sensing over the UE processing time (Tproc,0+Tproc,1) before the first candidate slot.
Proposal 14: In aperiodic transmission, for resource re-evaluation or pre-emption checking in a resource pool where partial sensing is configured, UE performs contiguous partial sensing over the window [, ], where  is the timing of the i-th selected resource, and
·  and 
where WCPS (≥WCPSmin) is the length of contiguous partial sensing window and the slot n is the resource (re)selection triggering time.
· For resource re-evaluation or pre-emption checking, UE continues the contiguous partial sensing over the UE processing time (Tproc,0+Tproc,1) before the first candidate slot.
Proposal 15: For periodic transmission, when resource re-evaluation or pre-emption is triggered, UE performs periodic-based partial sensing with periodicities for periodic based partial sensing in resource (re)selection, before the selected resources by monitoring the most recent sensing occasion (k=1).

where  is the timing of the i-th selected resource,  is the periodicities for periodic-based partial sensing in resource (re)selection.
Proposal 16: Regardless of PSCCH/PSSCH reception capability, a (pre-)configured CBR value is used for PHY parameter selection, as in LTE-V2X operation.
Proposal 17: In partial sensing based or random selection under SL-DRX operation, the resource selection window [T1, T2] is determined in the same way as in R16 NR-V2X according to step 1 [TS 38.214 Sec. 8.1.4].
Proposal 18: In partial sensing based selection under SL-DRX operation, UE selects the candidate slots more than (pre-)configured Ymin within the resource selection window.
Proposal 19: If RX UE performs SL DRX operation, at least a (pre-)configured number of the candidate resources are selected in the active time of RX UE. Send reply LS to RAN2 that Option 2 is RAN1’s understanding.
Proposal 20: The resource selection parameters such as RSRP threshold, RSRP threshold increment, and target resource ratio are separately (pre-)configured between the active and the inactive time of RX UE.
Proposal 21: Partial sensing is performed in the same way as in non-SL-DRX operation, regardless of SL DRX ON and OFF duration.
Proposal 22: In a resource pool where at least the partial sensing and the random resource selection are configured, it’s up to UE implementation whether to perform partial sensing, which depends on the UE battery/power status.
Observation 1: If UE performs contiguous partial sensing for resource re-evaluation or pre-emption checking, a larger distance between selected resources causes a higher power consumption for contiguous partial sensing.
Proposal 23: Maximum distance shorter than 32 slots between any two resources indicated by a single SCI is supported for power reduction in resource re-evaluation or pre-emption checking. Details of parameters are FFS.
Proposal 24: In a resource pool where at least the partial sensing is configured, only the following options are supported with regard to contiguous partial sensing. Periodic-based partial sensing alone is not supported.
· Both periodic-based partial sensing and contiguous partial sensing
· Contiguous partial sensing only
Proposal 25: In periodic-based partial sensing, the minimum number of candidate slots Ymin is determined based on the transmission packet priority, QoS requirement, congestion/interference level, HARQ feedback enabled/disabled, remaining PDB, or resource re-evaluation or pre-emption checking enabled/disabled.
Proposal 26: In periodic-based partial sensing, a candidate resource is excluded from the idle resource set if a collision is detected over any of the Cresel TB transmissions based on the periodicities and the sensing occasions (pre-)configured.
Proposal 27: A target resource ratio, RSRP threshold, and RSRP threshold increment for P-UE in resource (re)selection procedure are separately (pre-)configured from those for vehicle UE.
Observation 2: The resource selection based on the mixture of blind and HARQ feedback-based retransmissions is helpful to reduce the power consumption for partial sensing in TX UE’s resource re-evaluation/pre-emption checking and for PSFCH transmission of RX UE.
Proposal 28: When HARQ feedback is enabled for a TB, the resource selection based on the mixture of blind and HARQ feedback-based retransmissions of the TB is supported.
Proposal 29: In a resource pool where at least the partial sensing and the random resource selection are configured, it’s up to UE implementation whether to perform random resource selection, which depends on the UE battery/power status.
Proposal 30: In random resource selection, HARQ feedback can be enabled under the following conditions:
· When the priority value of a packet is below a threshold (e.g. pre-emption priority value)
· When PDB is smaller than a (pre-)configured threshold if periodic transmission is not allowed in a resource pool
· When the randomly selected resource is reused for periodic transmission
Proposal 31: After the final periodic transmission among Cresel periodic transmissions based on the randomly selected resource, the first transmission resource of the next set of periodic transmissions is randomly selected in a resource selection window, except the previous selected resource.
Proposal 32: Resource re-evaluation or pre-emption checking after resource (re)selection can be performed in the following cases:
· When random resource selection is performed by a UE that is capable of sensing,
· if there is a period for additional sensing within the remaining PDB
· if any sensing results for transmission of other packets are available
· When the number of the periodic-based partial sensing slots for resource (re)selection is below a threshold
· When only the contiguous partial sensing is performed for resource (re)selection in a resource pool where the periodic transmission is enabled
· When the priority value of a packet is above a threshold (e.g. pre-emption priority value)
· When the congestion/interference level in a resource pool is above a threshold
· When the required reliability level is above a threshold
· When the number of retransmissions is below a threshold
· For the selected resources whose collision with other UE’s transmission resources cannot be detected by contiguous partial sensing (e.g. the resources selected in the latter part of a selection window) 
Proposal 33: In periodic transmission, for resource re-evaluation or pre-emption checking in a resource pool where partial sensing is configured, UE performs periodic-based partial sensing before the selected resources for each one of Cresel transmissions by monitoring the slots of the timing below:

where  is the timing of the i-th selected resource,  are the periodicities for periodic-based partial sensing, and k(>0) is the (pre-)configured integer values.
Proposal 34: In periodic transmission, for resource re-evaluation or pre-emption checking in a resource pool where partial sensing is configured, UE continues periodic-based partial sensing after the resource selection by monitoring the slots of the timing below within PDB:

where  is the timing of the i-th candidate slot,  are the periodicities for periodic-based partial sensing, and m is an integer greater than zero within PDB.
Proposal 35: In determining the candidate resource set (SA), the candidate resources having partial sensing results are prioritized to the candidate resources having no partial sensing results.
Proposal 36: The pre-emption priority for power saving UE is separately (pre-)configured from that for a vehicle UE.
Proposal 37: Min. distance between any two resources signaled by a single SCI is (pre-)configured for transmission of a TB having a priority value lower than a (pre-)configured threshold.
Proposal 38: SCI indicates at least one of the following information using the reserved bits.
· Type of UE: power-saving UE or vehicle UE
· Type of RA scheme: partial sensing based or the random resource selection
Observation 3: Taking either TX UE’s or RX UE’s SL DRX ON duration/active time as a CBR measurement window is beneficial for more accurate congestion control. 
Proposal 39: If P-UE has PSCCH/PSSCH reception capability, the following CBR value is used for PHY parameter selection:
· CBR measured in the partial sensing slots if the number of the monitored PSCCH/PSSCH slots is above a threshold
· a (pre-)configured CBR value, otherwise
Proposal 40: Measured CBR in slot n is the ratio of sub-channels whose SL RSSI exceeds a (pre-)configured threshold to all the sub-channels in the partial sensing slots within a window [n-a, n-1], where a is (pre-)configured.
Observation 4: Resource selection procedure based on partial sensing uses a separate procedure from that for SL DRX operation. As a result, partial sensing and SL DRX operation are specified separately in Rel.17.
Proposal 41: For partial sensing UE, the sensing results obtained by SL DRX operation in active time are used for resource (re)selection and resource re-evaluation/pre-emption checking, in addition to the partial sensing results.
Proposal 42: When RX UE performs SL DRX operation, if TX UE detects DTX of a certain transmission and the next retransmission is expected outside the RX UE’s SL DRX active time, TX UE triggers resource reselection for the next transmission resource so that the reselected resource is within the active time. 
Proposal 43: A 1-bit RRC parameter ‘additionalPeriodicSensingOccasion’ indicates whether the second most recent sensing occasion is monitored in addition to the most recent sensing occasion.
6. Reference
[1] R1-2100519, “Discussion on remaining aspects of sidelink evaluation methodology update for power saving,” LG Electronics.
Annex
Regarding the use of a shorter maximum distance between any two resources that can be signaled by a single SCI, a system-level simulation was performed to see if there is any performance impact on PRR compared to the maximum distance rule (31 slots) defined in Rel.16 NR-V2X. The simulation parameters are listed in Table 2, and the PRR performance results are provided in Clause 2.1. 

[bookmark: _Ref72499269]Table 2 System-level simulation parameters for max. distance between resources vs. PRR performance
	Parameters
	Values

	Cast type
	Broadcast

	Sidelink Frequency
	6GHz

	Traffic models
	Periodic traffic: Medium Intensity

	Simulation Environment
	Urban Option A (60kmph)

	Number of Tx/Rx Antenna elements
	1Tx/2Rx

	Antenna Models
	Option 1

	SL Simulation BW
	40MHz

	SCS
	30 kHz
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