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Introduction
At RAN1#107-e meeting, the following conclusions and agreements were made related to resource allocation for power saving in sidelink enhancements [1].
	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, the general design framework in Approach 1 from RAN1#106bis-e in below is adopted. Note that, the details can still be updated.
· [bookmark: _Hlk87119597]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-)configured 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

Agreement
When SL DRX active time of Rx-UE is provided by the higher layer for candidate resource selection (including resource (re)selection and re-evaluation/pre-emption checking), the following working assumption is confirmed with option 2 as agreement (with modification in RED)

Working Assumption (RAN1#106bis-e)
When PHY layer is indicated with an active time of RX UE from MAC layer for candidate resource selection, a restriction is applied in PHY layer so that at least a subset of candidate resources reported to MAC layer is located within the indicated active time of the RX UE. The following options will be further discussed in RAN1 to restrict resources for candidate resource selection taking into account the indicated active time from MAC layer:
· 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
· FFS: Details on when the number of subsets of candidate resource is less than the threshold
· FFS: The subset of candidate resource outside of the active time should consider each inactive time period
· FFS: UE selection of resource selection window to overlap with indicated RX UE active time
· FFS: Whether it is up to UE implementation to report candidate resources only 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

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,
· The UE selects a set of Y’ candidate slots with corresponding PBPS and/or CPS results (if available) within the RSW.
· If the total number of Y’ candidate slots is less than a (pre-)configured threshold Y’min,
· How UE includes other candidate slots is up to UE implementation
· 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 starting at M consecutive logical slots before ty0 and ending at Tproc,0 + Tproc,1 slots earlier than ty0.
· FFS: By default, M is 31 unless (pre-)configured with another value, or where M is (pre-)configured based on transmission priority
· FFS: The range of (pre-)configured M from a TBD lowest value up to 30
· When the minimum M slots for CPS cannot be guaranteed, support both
· Option A, the UE ensures the Y’min criterion is fulfilled
· Option B: UE performs random resource selection
· When the UE performs Option A or Option B is up to UE implementation

	Conclusion
No additional triggering enhancement on top of existing Rel-16 mechanism in re-evaluation and pre-emption checking for partial sensing UEs in Rel-17, including enabling / disabling re-evaluation by (pre-)configuration.


· This does not restrict the triggering of re-evaluation and pre-emption checking due to inter-UE coordination message in scheme 2 (if agreed).

Agreement
When UE is triggered to perform re-evaluation and pre-emption checking for periodic transmission (Prsvp_TX≠0) in slot n,
· During the qth reservation period (q=0,1,2,…, Cresel-1), candidate resource set (SA) is initialized to the remaining Y candidate slots starts from slot  and ends at the last slot of the Y candidate slots, where the slot indices of the remaining Y candidate slots are equal to [q x Prsvp_Tx + ], where  is a slot index of Y candidate slots used in the initial resource (re)selection.
·  is the first candidate slot after slot n+T3.
·  FFS whether/how to handle the case when number of the remaining Y candidate slots is less than Ymin.
· Scheme 1: 
· UE performs PBPS for the remaining Y candidate slots according to , where  is a slot belong to the remaining Y candidate slots, and k and Preserve are the same as resource (re)selection.  
· UE performs CPS starts from M logical slots earlier than  to  slots earlier than . 
·  By default, M is 31 unless (pre-)configured with another value.

Agreement
When UE performs random resource selection, LTE principle is reused:
· The UE is not required to measure CBR.
· When no SL CBR measurement result is available, a (pre-)configured SL CBR value is used.

Working assumption
For UE performs partial sensing or random resource selection, Rel-16 SL CR evaluation is directly reused.

Agreement
For SL CBR measurement in partial sensing, select one option in the following:
· Option 1, 2, 3: SL RSSI is measured for slots in which the UE performs partial sensing and PSCCH/PSSCH reception over a SL CBR measurement window defined in Rel-16. The calculation of SL CBR is limited within the slots for which the SL RSSI is measured.
· If the number of SL RSSI measurement slots is below a (pre-)configured threshold, FFS the following or other options.
· Option 1: a (pre-)configured SL CBR value is used.
· Option 2: the UE additionally measure a set of slots within the SL CBR measurement window to meet the threshold.
· Option 3: the UE measures an additional set of slots which can be extended outside the SL CBR measurement window to meet the threshold. 
· FFS whether the set of slots in option 2/3 are (pre-) configured or selected by UE implementation.
· Option 4: LTE principle is reused:
· The UE is not required to measure CBR. 
· When no SL CBR measurement result is available, a (pre-)configured SL CBR value is used
 



In this contribution, the remaining issues of resource allocation mechanisms on power saving schemes and the impacts of SL DRX are discussed for sidelink enhancements.
[bookmark: _Ref36559568]Discussion on resource allocation for power saving
In the previous RAN1 meetings, periodic-based partial sensing mechanism and contiguous partial sensing mechanism were discussed, and there are several remaining issues that need further discussion as follows:
· Remaining issues of Periodic-Based Partial Sensing(PBPS) Resource Allocation(RA) scheme
· Remaining issues of PBPS and CPS combined RA scheme
· Random selection RA
· Remaining issues of partial sensing for re-evaluation/pre-emption

Remaining issues of Periodic-Based Partial Sensing (PBPS) RA scheme
In this section, remaining issues of Periodic-Based Partial Sensing (PBPS) RA scheme are discussed, including the following aspects: 
· Enhancements on SCI reservation mechanism when (pre-)configuring K
· SL CBR measurement in partial sensing
· Determination of Y candidate slots for periodic transmission

1.1.1 Enhancements on SCI reservation mechanism when K is (pre)-configured
In current resource reservation mechanism, SCI can only indicate and reserve resource(s) for the next one periodic TB. For PBPS RA scheme, sensing results are limited. If PBPS for most recent one occasion failed, collision avoidance may not be achieved. Therefore, enhancements for periodic resource reservation can be considered when additional K value(s) are (pre)-configured, i.e. when UE can monitored additional sensing occasions other than most recent one sensing occasion.
[image: ]
Figure 1: Extension of period periodic resource reservation number by (pre-)configured K value
The number of periodic resource reservation could be enlarged with the consideration of k configuration. When additional K value(s) are (pre)-configured, UE can monitor the more prior sensing occasions. In any sensing occasion, if a SCI is decoded with indicating , K value can be assumed as the extended reservation number, i.e. periodic reservation resources by a SCI indicating  received in slot m would be the associated resources in slot ,…,, as illustrated in Figure 1.
Proposal 1: In PBPS, when (pre-)configuring additional K value(s), for a decoded SCI in slot m with indicating  , UE can assume the associated resources in slot  , … , are reserved.

1.1.2 SL CBR measurement in partial sensing
Large intersections in bustling downtown areas, roads around large stadiums, in such scenarios, even if the packets sent by each P-UE are small, may cause congestion due to the large number of concurrent P-UE. Therefore, it is necessary to configure the CBR for P-UE to control channel congestion.
In R16 NR V2X, CBR measured in slot n is defined as the portion of sub-channels in the resource pool whose SL RSSI measured by the UE exceed a (pre-)configured threshold sensed over a CBR measurement window [n-a, n-1], wherein a is equal to 100 or  slots, according to higher layer parameter timeWindowSize-CBR. For R17 P-UE, the definition of CBR in R16 maybe need to be updated to adapt to the partial sensing mechanism, because partial sensing may not be able to provide enough slots for the CBR measurement window.
Higher layer will configure a two-dimensional table which is configured transmission parameters mapped by the CBR of the resource pool and the priority of transmission. Eight priorities of transmission are defined, and CBR measurements can be mapped to 16 CBR quantization intervals. When UE sends the packets, according to the priority of its own transmission and the measured CBR value, it chooses the corresponding parameters from the two-dimensional table, and achieves the purpose of congestion control.
Part of the configuration of the transmission parameters of congestion control is the control of the physical transmission parameters, including maximum transmit power, range on number of retransmissions per TB, range of PSSCH sub-channel number and range of MCS, as shown in Figure 2. The other parameter, CR_limit, is used to determine whether the current transfer resource can be sent. If the CR_limit is exceeded the threshold, the current transfer needs to be dropped.


Figure 2: Principle of Congestion Control Mechanism

In RAN1 #107-e meeting, the following agreement was achieved [1]:
	Agreement
For SL CBR measurement in partial sensing, select one option in the following:
· Option 1, 2, 3: SL RSSI is measured for slots in which the UE performs partial sensing and PSCCH/PSSCH reception over a SL CBR measurement window defined in Rel-16. The calculation of SL CBR is limited within the slots for which the SL RSSI is measured.
· If the number of SL RSSI measurement slots is below a (pre-)configured threshold, FFS the following or other options.
· Option 1: a (pre-)configured SL CBR value is used.
· Option 2: the UE additionally measure a set of slots within the SL CBR measurement window to meet the threshold.
· Option 3: the UE measures an additional set of slots which can be extended outside the SL CBR measurement window to meet the threshold. 
· FFS whether the set of slots in option 2/3 are (pre-) configured or selected by UE implementation.
· Option 4: LTE principle is reused:
· The UE is not required to measure CBR. 
· When no SL CBR measurement result is available, a (pre-)configured SL CBR value is used




In our point of view, we prefer Option 3 in the above agreement, i.e., the UE measures an additional set of slots, which can be extended outside the SL CBR measurement window to meet the threshold. Since partial sensing may not be able to provide enough slots within the original SL CBR measurement window defined in Rel-16, therefore, it is necessary to allow UE to measure an additional set of slots which can be extended outside the SL CBR measurement window.
If a resource pool (pre-)configured with at least partial sensing, and UE performs periodic-based partial sensing, CBR in slot n can be defined as the proportion of the number of sub-channels whose SL-RSSI exceeds the (pre-)configuration threshold in the total number of sub-channels in the resource pool within a CBR measurement window. The CBR measurement window could be M partial sensing occasions before slot n, M periodic partial sensing occasions could be a subset of the configured partial sensing occasions..

[image: ]
Figure 3: SL CBR measurement in partial sensing 

Proposal 2: If UE performs periodic-based partial sensing, CBR in slot n can be measured by UE in M periodic partial sensing occasions before slot n, M periodic partial sensing occasions could be a subset of the configured partial sensing occasions.

1.1.3 Determination of Y candidate slots for periodic transmission
In RAN1 #104-e meeting, the following agreements were achieved:
	Agreements:
In a resource pool (pre-)configured with at least partial sensing, if UE performs periodic-based partial sensing, at least when the reservation for another TB (when carried in SCI) is enabled for the resource pool and resource selection/reselection is triggered at slot n, it is up to UE implementation to determine a set of Y candidate slots within a resource selection window, where
· FFS condition(s) and timing(s) for which periodic-based partial sensing is performed by UE
· The resource selection window is [n+T1, n+T2]
· As a baseline, T1 and T2 are defined in the same way as in R16 NR-V2X according to step 1 [TS 38.214 Sec. 8.1.4]
· Further discuss whether or not to introduce a threshold to re-define T1 and T2 such that 
· T1 ≥ 0 (subject to processing time constraint Tproc, 1), and T2 ≤ remaining PDB
· T2-T1 ≤ (pre-)configured threshold
· A minimum value for Y is (pre-)configured from a range of values, FFS details
· FFS any restriction to determine Y candidate slots (including its relationship with SL-DRX)
· FFS whether the resource selection window [n+T1, n+T2] should be confined within a set of periodic set of resources and its relationship with SL-DRX
· Note: The terminology “periodic-based partial sensing” is based on the “partial sensing” used in LTE-V and it is intended to be used for the design and discussion of partial sensing in Rel-17.




In partial sensing of LTE-V2X, the minimum number of candidate subframes Ymin is (pre-)configured per resource pool according to the parameter minnumCandidateSF-R14. The exact value of Y is selected by UE itself with the restriction of minimum number of Ymin. 
In case of congested scenario, the configured minimum number of candidate slots Ymin could be adjusted based on the conditions of channel congestion or priority, etc. As illustrated in Figure 4, when the system channel congestion is below the pre-configured threshold, a smaller value of Ymin can be configured, which can reduce the partial sensing duration and power consumption of UE. When the system channel congestion is above the pre-configured threshold, a larger value of Ymin can be configured, which can improve the reliability of transmission with the cost of performing more sensing. 
[image: ]
Figure 4: Configurable minimum candidate slots based on channel congestion
 
Proposal 3: With the consideration of congestion control of UE with battery constraint, the minimum candidate slots for partial sensing could be configured based on CBR value. 

Remaining issues of PBPS and CPS combined RA scheme
For PBPS and CPS combined RA scheme, in RAN1 #106-e meeting, two cases were discussed and agreements were achieved as follows:
	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 aperiodic transmission (Prsvp_TX=0) in slot n,
· The resource selection window (RSW) is [n+T1, n+T2], and T1 and T2 are defined in the same way according to step 1) of Rel-16 TS 38.214 Sec. 8.1.4
· FFS whether UE determines a new set of Y candidate slots within the RSW and monitors corresponding periodic sensing occasions between slot n and the first slot of the new Y candidate slots subject to processing constraints
· FFS how to initialize a set of candidate resource (SA) for the triggered resource (re)selection procedure and which partial sensing scheme(s) and results can be used for resource exclusion in the resource (re)selection procedure
· FFS whether the resource selection window [n+T1, n+T2] should be confined within a set of periodic set of resources and its relationship with SL-DRX
· Note, re-evaluation and pre-emption checking based on periodic-based and contiguous partial sensing schemes is considered separately

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 (Prsvp_TX≠0) in slot n
· A set of candidate resource (SA) is initialized to the set of selected Y candidate slots of PBPS
· UE performs contiguous partial sensing in [n+TA, n+TB] for resource exclusion from the initialized candidate resource set (SA)
· FFS details of TA and TB based on the agreement(s) from previous RAN1 meetings
· Note, re-evaluation and pre-emption checking based on periodic-based and contiguous partial sensing schemes is considered separately
FFS: The condition under which UE performs periodic-based and contiguous partial sensing schemes in a mode 2 Tx pool with periodic reservation for another TB (sl-MultiReserveResource) enable.



The agreement is regarding under what condition the UE has to perform both periodic-based and contiguous partial sensing schemes when a resource (re)selection procedure triggered by periodic transmission. Note performing both partial sensing schemes will certain incur more power consumption that contradicts with the purpose the objective of the WID. In fact, there are many instances when the UE is configured, or enabled to perform PBPS and CPS, the UE should still be able to perform only PBPS if the sensing result is deemed enough. Only for the case that if PBPS is not sufficient for detecting aperiodic traffic, CPS is performed. Therefore, for the FFS in the above agreement, it is up to UE to decide in this case, if PBPS+CPS are both performed, or only PBPS is performed and CPS is skipped.

It was raised in previous discussion that the following agreement:
	
Agreement 
Conditions in which contiguous partial sensing is performed by UE, when at least all of the followings are met:
· L1 [is expected to be or] is triggered by higher layer to report resources for resource (re-)selection in a mode 2 Tx pool
· FFS: When the trigger will be received by L1
· The resource pool is (pre-)configured to enable partial sensing
· Partial sensing is configured by higher layer in the UE




However, the agreement above for CPS is only about required conditions, and is not a necessary condition:
This is because it says that “Conditions in which contiguous partial sensing is performed by UE, when at least all of the followings are met”. This means even when all the pre-conditions (conditions described in the sub-bullet of the agreement) are met, the UE is still not mandatory to perform CPS. In fact, whether to perform CPS or not can be based on other criterions.  
Proposal 4:   In a mode 2 Tx pool with periodic reservation for another TB (sl-MultiReserveResource) enabled, the UE is not mandatory to perform both periodic-based and contiguous partial sensing.

If an aperiodic traffic is triggered when the PBPS for the previous periodic traffic is in progress, UE needs to select resources for the aperiodic service. By introducing a new Y candidate slots for the unexpected aperiodic traffic, the range of resources to be selected for the aperiodic traffic is increased and sufficient resources are provided. In addition, there could be the case where CPS is already going on for another traffic that the UE anticipates. In that case, there should be two separate resource selection operations. Whether the two resource selection operations and the new determined Y candidate slots are still in one RSW or not calls for further discussion. Therefore, while PBPS is in progress, the triggered aperiodic transmission needs a new determined Y candidate slots, and monitors corresponding CPS sensing duration between slot n and the first slot of the new Y candidate slots subject to processing constraints. How to initialize a set of candidate resource (SA) for the triggered resource (re)selection procedure can be based on the principle of Rel-16 scheme. 
Proposal 5: Y candidate slots for CPS can be separately selected from existing candidate slot for PBPS. 

For the details of CPS, in RAN1 #107 meeting, the following agreements were achieved as follows [1]:
	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,
· The UE selects a set of Y’ candidate slots with corresponding PBPS and/or CPS results (if available) within the RSW.
· If the total number of Y’ candidate slots is less than a (pre-)configured threshold Y’min,
· How UE includes other candidate slots is up to UE implementation
· 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 starting at M consecutive logical slots before ty0 and ending at Tproc,0 + Tproc,1 slots earlier than ty0.
· FFS: By default, M is 31 unless (pre-)configured with another value, or where M is (pre-)configured based on transmission priority
· FFS: The range of (pre-)configured M from a TBD lowest value up to 30
· When the minimum M slots for CPS cannot be guaranteed, support both
· Option A, the UE ensures the Y’min criterion is fulfilled
· Option B: UE performs random resource selection
· When the UE performs Option A or Option B is up to UE implementation




The only remaining issue here is the details of M. M can be (pre-)configured based on transmission priority. To achieve better flexibility, there should be no restriction on all the possible range from 0 to 31. The value of 31 can be used as the default value without configuration. The value of 0 can be used as a special value to turn off contiguous partial sensing.

Proposal 6: M can be (pre-)configured with any integer value between 0 to 31. The configuration can be based on transmission priority. If not configured, M is 31. If M equals to 0, the corresponding contiguous partial sensing is disabled.

Random resource selection 
The following agreement was made in RAN1#104-e related to random resource selection:
	Agreements:
· Random resource selection is applicable to both periodic and aperiodic transmissions
· FFS conditions for random resource selection


The remaining issue is how to define the triggering/operating conditions for random selection scheme. There are several aspects should be considered as follows:
· Conditions for random selection
· Periodically collision due to periodic transmission with random resource selection

1.1.4 Conditions for random resource selection
For a UE, whether to use random selection for resource selection can firstly consider the hardware capability of the UE, when the hardware capability of the UE does not support PSCCH reception operation, the UE should use random resource selection. For the UE with the capability of PSCCH reception or resource sensing, the power saving requirement can be considered as a condition for random resource selection. When the UE has a strict requirement on power saving, or the UE’s power is very low, or the UE enters into power saving mode for other reasons, random resource selection can be allowed to choose the sidelink resources. As for the UE without strict requirement on power saving, the channel congestion can be another factor, for example, when the value of CBR is low, the UE can be allowed to do random resource selection to reduce the latency. Finally, whether or not the UE can use random selection also depends on the resource pool configuration.
Another potential solution is to use (pre-)configured minimum contiguous sensing duration. If UE determines the minimum contiguous sensing duration is 0 based on CBR, it means random resource selection scheme can be allowed. This condition can be independently and co-exist with aforementioned conditions.
Proposal 7: The UE capability, requirement on power saving, resource pool configuration, congestion condition (as indicated by CBR etc.) and (pre-)configured minimum contiguous partial sensing duration can be the criteria for random resource selection.
It is important to consider the criteria for random resource selection with other considerations such as coexistence of different power saving resource selection schemes. As a result, the decision for conditions of random resource selection should be further investigated.
Proposal 8: Conditions of random selection scheme should be further investigated after schemes of periodic-based partial sensing and contiguous partial sensing are determined, considering the following aspects:
· Coexistence of different resource selection schemes.
· Congestion level
· (Pre-)configured minimum contiguous partial sensing duration 
· When determined value of pre-configured minimum contiguous partial sensing duration is 0, UE can be allowed to select random resource selection scheme.

1.1.5 Periodically collision due to periodic transmission with random resource selection
The following agreement was made in RAN1#105-e related to random resource selection:
	Agreement:
· For random resource selection,
· Reuse the maximum distance separation of 32 logical slots for a HARQ retransmission resource reserved by a prior SCI for the same TB, which was defined in R16 for full sensing operation.
· SL HARQ feedback enabled transmission is supported (FFS applicable conditions if any)
· The minimum HARQ feedback time gap (Z) shall be respected between any two selected resources of a TB where a HARQ feedback for the first of these resources is expected.
· FFS the impact of resource collision when random resource selection is performed by a UE which does not perform sensing / re-evaluation and pre-emption checking in a resource pool with mixed RA schemes (e.g. for low priority or any priority transmissions).
· Including study potential solution(s) if the impact is not negligible (e.g. threshold based, raising priority, minimum time gap, pattern based, a priori SCI reserving initial transmissions, resource pool partitioning, and etc.).



The agreements above from RAN1#104-e and RAN1#105-e support random resource selection applying to periodic transmission, one possible scenario, as shown in the Figure 5, is that a UE may collide with other UE periodically due to the random resource selection without sensing. If the UE do not have the capability of PSCCH or PSFCH reception, it can do nothing about the periodically collision. For the UE with reception or sensing capability, for instance, the type B UE which is able to receive PSFCH, could recognize whether the periodically collision happened according to the feedback information, and reduce the collision occasions by reselecting the resources.

[image: ]
Figure 5: Periodically collision due to periodic transmission with random resource selection

Proposal 9: The UE with reception capability of PSFCH can reselect the resource according to the HARQ feedback information to reduce periodically collision occasions.
Another way to avoid collisions of reserved resources by random selection UE without capability of sensing is to increase the priority of its reserved resources, which prevents its reservation resources from being pre-empted by other UE reservation resources. It is also necessary to avoid reserved resource by no sensing ability UE being pre-empted by random selection reserved resource of UE with sensing ability. A UE with sensing capability should reduce the number of times by utilizing random selection for resource reservation and increase the number of times it uses sensing to make resource reservations. Therefore, a UE with sensing ability should be configured with a lower priority for the resources reserved by random selection. For UEs with different reception capabilities, they are configured with different priorities for the reserved resources by random selection.
Proposal 10: For UEs with different reception capabilities, they can be configured with different priorities for the reserved resources by random selection.

1.1.6 Priority threshold or levels (pre-)configured for the resource pool
The following agreements were achieved in RAN1#106-e, which are related to the aspects of random resource selection in a resource pool (pre-)configured with full/partial sensing and random resource selection:
	Agreements:
For random resource selection in a resource pool (pre-)configured with full/partial sensing and random resource selection, down-select to one of the followings in RAN1#106bis-e
· Option 1: A priority threshold value or a range of priority levels is (pre-)configured for the resource pool, below or within which random resource selection is allowed
· Note, lower value means higher priority
· FFS whether resource pool partitioning can be additionally applied
· Option 2: Increase the priority for the transmission based on random selection and indicate the new priority value in the priority field in the 1st-stage SCI
· FFS: An extra field is added in SCI for indicating the original priority value associated with QoS requirement,
· FFS: A 1-bit field in the SCI indicates that the UE is performing random resource selection, or
· FFS: An extra field is added in SCI for indicating the mapping to the original priority value associated with QoS requirement.
· Option 7: Exclude resources reserved by UE performing random selection without re-evaluation / pre-emption checking, regardless of their priorities. E.g. a 1-bit field in the SCI indicates that the UE is performing random resource selection and not performing re-evaluation and pre-emption checking
· Option 12: No special consideration


When random resource selection and full/partial sensing are configured in the resource pool, for the resources reserved by UE through random resource selection, if there is a collision with the resources reserved by other resource allocation schemes, the UE without reception ability cannot avoid such resource collision by sensing or re-evaluation. By configuring a priority threshold for the resource pool, UE can reserve resources in the resource pool only when the priority of resources reserved by random selection is lower than the threshold, that is, the solution in Option 1. In this way, UE with different reception capabilities can avoid resource collisions between resources reserved by random selection via being configured different priority. When the UE with sensing capability randomly selects resources configured with a priority higher than the threshold, and the UE without sensing and re-evaluation capability randomly selects resources with a priority lower than the threshold, the coexistence of randomly selected resources reserved by UEs with different reception capabilities will be avoided in the resource pool to reduce the probability of resource collision. However, resource pool partitioning may lead to resource pool fragmentation and lower resource utilization, which is not an effective solution. Option 1 implicitly configures the priorities of resources reserved in different resource allocation schemes and implicitly increases the priority for the transmission based on random selection, compared with Option 2, which saves signaling overhead at the physical layer. 
In addition, the scheme of Option 1 controls the population of random selection UE in a mixed RA resource pool via priority threshold. It will only allow the random selection UE with enough high priority in the mixture resource pool to have less impact on full sensing and partial sensing UE. Since partial sensing UEs do not continuously monitor the resource pool, for random selected resources, partial sensing UEs may not be able to accurately monitor and exclude conflicting resources. Therefore, random selection will affect the reservation of partial sensing and cause resources collisions. In this case, Option 12, not introducing any special handling, is not suitable for the resource pools with the coexistence of partial sensing and random selection. Therefore, for random resource selection in a resource pool (pre-)configured with partial sensing and random resource selection, a priority threshold value or a range of priority levels is (pre-)configured for the resource pool, below or within which random resource selection is allowed.

In RAN1#106bis-e, the following proposal was discussed and supported by a majority of companies.
	 Proposal 3-1 (VII): 
 For random resource selection in a resource pool (pre-)configured with full/partial sensing and random resource selection,
· Option 1: a priority threshold value is (pre-)configured for the resource pool or a subset of resources, at or below the threshold value which random resource selection is allowed.
· Note, lower value means higher priority
· FFS: Remaining details for the RRC parameter (e.g., possible priority threshold values, and whether the priority threshold values can be based on different measured CBR)
· FFS: whether to support a priority threshold value (pre-)configured for a subset of resources in a resource pool



The advantages of Option 1 have been described in previous paragraph in details. In short, Option 1 has the advantages of simple implementation, and it also works for R16 Legacy UEs compared to Option 2 and Option 7.  In addition, if no special handling is applied (i.e option 12) , there will be serious consequences on the low priority random selection UEbecause of collision caused by random selection. The priority threshold can be (pre-)configured semi-statically for each resource pool. If the priority threshold (pre-)configured for the resource pool needs to be dynamically changed based on other factors, the standardization will be more complicated. There is no need to continue discussing whether the priority threshold needs to be configured based on CBR and other factors. Based on previous discussions, we propose the following proposal.
Proposal 11: For random resource selection in a resource pool (pre-)configured with full/partial sensing and random resource selection,
· Option 1: a priority threshold value  can be (pre-)configured for the resource pool by default, if (pre-) configured additionally, or the threshold value is configured on a subset of resources in the resource pool, at or below the threshold value which random resource selection is allowed. And lower value means higher priority.

Remaining issues of partial sensing for re-evaluation/pre-emption
In RAN1 #107-e meeting, the following agreement was achieved regarding the re-evaluation/pre-emption checking for periodic transmission [1]:
	Agreement
When UE is triggered to perform re-evaluation and pre-emption checking for periodic transmission (Prsvp_TX≠0) in slot n,
· During the qth reservation period (q=0,1,2,…, Cresel-1), candidate resource set (SA) is initialized to the remaining Y candidate slots starts from slot  and ends at the last slot of the Y candidate slots, where the slot indices of the remaining Y candidate slots are equal to [q x Prsvp_Tx + ], where  is a slot index of Y candidate slots used in the initial resource (re)selection.
·  is the first candidate slot after slot n+T3.
·  FFS whether/how to handle the case when number of the remaining Y candidate slots is less than Ymin.
· Scheme 1: 
· UE performs PBPS for the remaining Y candidate slots according to , where  is a slot belong to the remaining Y candidate slots, and k and Preserve are the same as resource (re)selection.  
· UE performs CPS starts from M logical slots earlier than  to  slots earlier than . 
·  By default, M is 31 unless (pre-)configured with another value.




Although the general design of partial sensing for re-evaluation/pre-emption is somehow finished, there are still some remaining issues that need to be discussed and determined. In this section, the following remaining issues are discussed in order to finalize the design of re-evaluation and pre-emption checking.
· Remaining issues of re-evaluation/pre-emption checking for periodic transmission
· Re-evaluation/pre-emption checking for aperiodic transmission

1.1.7 Remaining issues of re-evaluation/pre-emption checking for periodic transmission
There are two remaining issues of re-evaluation/pre-emption checking for periodic transmission. One issue is about the slot indices of the remaining Y candidate slots. In RAN1#107-e meeting, it was raised that the slot indices of the remaining Y candidate slots should be in logical slots. However, since Prsvp_Tx is in units of logical slots, using q x Prsvp_Tx +  to represent slot indices seems inappropriate. Thus, a direct way is to change the Prsvp_Tx in the formula into P’rsvp_Tx, which is in units of logical slots.
Proposal 12: During the qth reservation period (q=0,1,2,…, Cresel-1), candidate resource set (SA) is initialized to the remaining Y candidate slots starts from slot  and ends at the last slot of the Y candidate slots, where the slot indices of the remaining Y candidate slots are equal to q x P’rsvp_Tx + , where  is a slot index of Y candidate slots used in the initial resource (re)selection.
The other issue is about the only FFS, i.e., whether/how to handle the case when the number of the remaining Y candidate slots is less than Ymin. Considering it is urgent for RAN1 to finalize this work item, and this FFS is not an essential operation. A similar agreement can be made as the one of partial sensing for aperiodic transmission. That is, when the number of the remaining Y candidate slots is less than Ymin, how UE includes other candidate slots is up to UE implementation.
Proposal 13: When the number of the remaining Y candidate slots is less than Ymin, how UE includes other candidate slots is up to UE implementation.

1.1.8 Re-evaluation/pre-emption checking for aperiodic transmission
The re-evaluation/pre-emption checking for aperiodic transmission need to be finalized. From our perspective, re-evaluation/pre-emption checking for aperiodic transmission is just the same as the 0th reservation period for periodic transmission. Thus, no special design is required for aperiodic transmission. The general design framework of re-evaluation/pre-emption checking for periodic transmission can be directly reused.
Proposal 14: No special design is required for re-evaluation/pre-emption checking for aperiodic transmission, i.e. the general design framework of re-evaluation/pre-emption checking for periodic transmission can be directly reused.
Discussion on the impact of SL DRX
In RAN#94-e meeting, how to handle the situation that the work item was declared incomplete after RAN1#107-e meeting was discussed. The following proposals were endorsed by the RAN plenary [2].
	· Proposal 1: RAN1 is tasked to complete the remaining normative work for Rel-17 NR sidelink enhancement by Q1 of 2022
· All RAN1 decisions that impact other WGs should be finalized in RAN1#107bis-e
· Proposal 2: Use the list of open issues provided RP-212880 (status report of WI: NR sidelink enhancement) as a starting point for technical discussions in RAN1. 
· This does not mean that all the issues included in the list are considered essential or the list is complete
· RAN1 should not spend additional effort to further refine the list



 
The following remaining issues were listed in RP-212880 [3] on resource allocation to reduce UE’s power consumption:
	· Physical layer aspects on resource allocation to reduce UE’s power consumption including;
· Finalization of pre-emption/re-evaluation checking for aperiodic transmission
· Finalization of selection/report of candidate resources in which at least its subset is within RX UE's active time
· Finalization of SL CBR measurement in partial sensing
· CPS monitoring window for aperiodic transmission when UE performs at least CPS in a Tx pool
· T1 of RSW when UE performs only CPS in a Tx pool with periodic reservation for another TB disabled
· Sensing and SL CBR measurement during its SL DRX inactive time
· Re-evaluation and pre-emption checking after random selection
· Resource pool segregation for periodically occurring resources
· Random resource selection in pools with mixed RA schemes
· Conditions in which CPS can be disabled in resource (re)selection




According to the remaining open issues, the following issues regarding the impact of SL DRX are discussed in this section:
· The impact of SL DRX on partial sensing
· The impact of SL DRX on resource selection

The impact of SL DRX on partial sensing
In RAN1 #106-e meeting, the following agreement was achieved regarding the relationship between sensing and SL DRX . 
	Agreement
A UE can perform SL reception of PSCCH and RSRP measurement for sensing during its SL DRX inactive time. 
· FFS: When such reception and measurement is performed, whether it is subject to specification, or is up to UE implementation
· FFS: Other details




In RAN1#106bis-e, the issue was further discussed but no conclusion was agreed. The key question is if the sensing operation during SL DRX inactive period is up to UE implementation or not. It has been shown  [10] that restricting partial sensing occasion to be only within SL DRX active time will significantly degrade the PRR performance of P2V traffic. If this is completely up to UE implementation, the UE could just turn off sensing for power consumption purposes since the power consumption of UE could be high with sensing operation during SL DRX in active period. In anyway, this tradeoff should be decided by the gNB to achieve maximum flexibility while also maintaining acceptable system performance. Therefore, sensing operation should not be up to UE implementation. To allow more flexibility, the gNB could use different sensing configuration for SL DRX inactive period from the configuration of active period.

Proposal 15:  When SL DRX is (pre-)configured for a UE and the mode 2 Tx resource pool allows partial sensing, the UE performs PSCCH reception and RSRP measurement for sensing based on gNB sensing configuration.
Proposal 16:  Sensing configuration can be different between SL DRX inactive period and active period.

In RAN2 #113b-e meeting, the following agreements were achieved regarding the details of SL DRX timer [4]:
Agreements on details of timer
19:	Working assumption: SL HARQ RTT timer can be derived from the retransmission resource timing when the SCI indicates a retransmission resource. FFS whether explicitly configured SL HARQ RTT timer may be still required. If big problem is identified next meeting, we can revisit it.
20:	The value(s) of the SL HARQ RTT Timer, when explicitly configured and not determined via SCI (if agreed to do so), is determined by UE or NW implementation.
21:	For unicast, sidelink retransmission timer can be supported for at least some cases of HARQ disabled transmissions. FFS whether HARQ RTT is supported or not.
22:	For transmissions with HARQ feedback, the RX UE starts the SL HARQ RTT timer in the symbol/slot following the end of PSFCH transmission.
23:	If the RX UE does not transmit PSFCH for a HARQ enabled transmission (e.g. due to UL/SL prioritization) the RX UE still starts the HARQ RTT timer in the symbol/slot following the end of PSFCH resource.
24:	For cases where there is some uncertainty in the timing of a retransmission for a HARQ process (e.g. due to no retransmission resource indicated in the SCI, or possible reselection by the TX UE) the RX UE uses a configured retransmission timer.
25:	Retransmission timer can be started upon expiry of the HARQ RTT timer.
26:	The value(s) of the SL retransmission timer can be determined by UE or NW implementation.
27:	The SL active time of the RX UE includes the time in which any of its applicable sl-drx-OnDuration(s), sl-DRXInactivityTimer(s), or sl-drx-RetransmissionTimer(s) are running.

In RAN2#116-e meeting, the above working assumption was confirmed and the following agreements were achieved regarding the HARQ RTT [6]:
Agreements on DRX timer length and start time: 
2:	For unicast/groucast/broadcast, for sl-drx-HARQ-RTT-Timer, the granularity of starting time is at slot-level and the length is also configured in number of slots.
3:	For unicast/groucast/broadcast, for sl-drx-RetransmissionTimer, the granularity of starting time is at slot-level and the length is also configured in number of slots.

Agreements on candidate resource selection and HARQ RTT: 
4:	Regardless whether HARQ feedback is enabled or disabled, the HARQ RTT timer can be derived based on the resource assignment information for retransmission of the same TB in the SCI if the resource assignment information for retransmission of the same TB is present.
5:	When HARQ feedback is disabled, either zero value or non-zero value can be configured for the HARQ RTT timer if the resource assignment information is not present. FFS on details of configuration.
6:	Always set the value of the retransmission timer to be a configured value regardless how the UE sets the HARQ RTT timer.

From RAN2’s above agreements, it can be observed that the Rx UE will start the SL HARQ RTT timer in the slot following the end of PSFCH transmission/resource, regardless of whether HARQ feedback is enabled or disabled. If the resource assignment information for retransmission of the same TB is present in the SCI, the HARQ RTT timer can be derived based on the resource assignment information for retransmission of the same TB. Otherwise, a configured HARQ RTT Timer will be used. When the SL HARQ RTT timer is expired, the Rx UE can start a configured retransmission timer which is determined by UE or NW implementation.
Observation 1: The Rx UE will start the SL HARQ RTT timer in the slot following the end of PSFCH transmission /resource, regardless of whether HARQ feedback is enabled or disabled.
Observation 2: If the resource assignment information for retransmission of the same TB is present in the SCI, the HARQ RTT timer can be derived based on the resource assignment information for retransmission of the same TB. Otherwise, a configured HARQ RTT Timer will be used.
Observation 3: The Rx UE can start a configured retransmission timer when the SL HARQ RTT timer is expired.
Based on the above observations, it can be concluded that once the transmission resource and the resource pool/PSFCH configuration are determined, the running duration of the corresponding retransmission timer can be determined in case that the RX UE uses a configured HARQ RTT Timer. And according to RAN2’s agreement, drx-RetransmissionTimer(s)’s running duration is included in the SL DRX active time of the Rx UE. Hence, the Tx UE can take the predicable retransmission timer running duration into consideration for determining the allowable transmission time in order to ensure that Tx UE selected resources can be within DRX active time.
[image: ]
Figure 6: Determining the retransmission timer running duration based on the previous transmission resource

As shown in Figure 6, Tx UE sets the Y candidate resources to partially overlap with the DRX on-duration of Rx UE, ensuring that there are candidate resources within DRX active time. Tx UE can select the initial transmission resource to be within the DRX on-duration when resource selection procedure is triggered. Then, according to the resource pool/ PSFCH configuration and the DRX configuration of the Rx UE, the first running duration of drx-RetransmissionTimer can be determined. The Tx UE can take this running duration into consideration when selecting the retransmission resource(s). After selecting the first retransmission resource, the second running duration of drx-RetransmissionTimer that should be considered when selecting the remaining retransmission resource is also determined. 
Proposal 17: If a configured HARQ RTT Timer is used by the RX UE, the Tx UE can take the predictable drx-RetransmissionTimer running duration of the Rx UE into consideration for determining the allowable transmission time, in order to ensure that the transmission resources selected by the Tx UE can be within Rx UE’s DRX active time.

In RAN2 #115-e meeting, the following agreements were achieved regarding the above-mentioned issue [5]: 
[bookmark: OLE_LINK14][bookmark: OLE_LINK15]Agreements on SL DRX timer maintenance:
14:	For unicast, the TX UE selects the resources for the initial transmission associated with any active time (e.g. on duration timer or inactivity timer, or retransmission timer) at the RX UE. How to handle cases when a transmission may cause these timers to be running at the RX UE is FFS. FFS on groupcast. FFS on whether any spec impact.
15:	For unicast, the TX UE can select the resources for the retransmission associated with any active time (e.g. on duration timer or inactivity timer, or retransmission timer) at the RX UE.  How to handle cases when a transmission may cause these timers to be running at the RX UE is FFS. FFS on groupcast. FFS on whether any spec impact.

Considering that the above analyses are highly relevant to RAN2’s work, RAN1 should send an LS to RAN2 to inform RAN1’s consideration of sensing and resource selection.
Proposal 18: RAN1 should send an LS to RAN2 to inform the following consideration.
· If a configured HARQ RTT Timer is used by the RX UE, the Tx UE can take the predictable drx-RetransmissionTimer running duration of the Rx UE into consideration for determining the allowable transmission time, in order to ensure that the transmission resources selected by the Tx UE can be within Rx UE’s DRX active time.

The impact of SL DRX on resource selection
In RAN1 #107-e meeting, the following agreement was achieved regarding resource selection with SL DRX [1]:
Agreement
When SL DRX active time of Rx-UE is provided by the higher layer for candidate resource selection (including resource (re)selection and re-evaluation/pre-emption checking), the following working assumption is confirmed with option 2 as agreement (with modification in RED)

Working Assumption (RAN1#106bis-e)
When PHY layer is indicated with an active time of RX UE from MAC layer for candidate resource selection, a restriction is applied in PHY layer so that at least a subset of candidate resources reported to MAC layer is located within the indicated active time of the RX UE. The following options will be further discussed in RAN1 to restrict resources for candidate resource selection taking into account the indicated active time from MAC layer:
•	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
	FFS: Details on when the number of subsets of candidate resource is less than the threshold
	FFS: The subset of candidate resource outside of the active time should consider each inactive time period
	FFS: UE selection of resource selection window to overlap with indicated RX UE active time
	FFS: Whether it is up to UE implementation to report candidate resources only 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

Considering that option 2 was selected as agreement, a prerequisite should also be guaranteed that the resource selection window of the TX UE includes at least part of the indicated active time of the RX UE. Otherwise, TX UE may not find any candidate resource corresponding to the DRX active time of the RX UE(s), while the RX UE cannot receive expected transmission(s) during its DRX active time. In this case, TX UE can only transmit the packet in the DRX inactive time of the RX UE or drop the transmission, both of which will lead to reliability decrease. In order to avoid this situation, the resource selection window can be selected to at least partially overlap with the indicated active time of the Rx UE(s), as shown in Figure 7. With this consideration, TX UE can always find appropriate candidate resources in the resource selection window (RSW), so that the transmissions on the reserved resources can be monitored by the RX UE(s). Thus, the third FFS “UE selection of resource selection window to overlap with indicated RX UE active time” should be confirmed.


Figure 7: Select resource selection window to at least partially overlap with the DRX active time of the Rx UE
Proposal 19: Before implementing the restriction that at least a subset of candidate resources reported to MAC layer is located within the indicated active time of the RX UE, the PHY layer of the TX UE selects the resource selection window to be at least partially overlap with the indicated active time of the Rx UE.

Furthermore, in LS R1-2200007 (R2-2111431) [7] from RAN2, RAN2 informs RAN1 that RAN2 agreed that MAC indicates the active time information to PHY. And the following agreement was made regarding the definition of “active time”:
TX UE shall select initial transmission resource only in the RX UE’s active time where SL DRX timers are running now or will be running in future (at least on-duration timer). Further details of active time can be considered later. FFS on spec impact.

From RAN1’s perspective, the above agreement does not clearly explain RAN2’s understanding of “active time”. Meanwhile, an ambiguous “active time” is not conducive to candidate resource selection at the physical layer. Considering RAN2 has already agreed that MAC indicates the active time information to PHY, having a consistent understanding and definition of this information is important.
[bookmark: _GoBack]In order to help PHY layer performing candidate resource selection, the active time that the MAC layer provides to the PHY layer should be determinate and accurate. Besides the SL DRX timers are running now, only the on duration timer, which can be determined by the SL DRX configuration, can be predicted in advance. For the inactivity timer or retransmission timer, MAC layer cannot know the exact running duration of these timers when the TX UE just triggers the resource (re)selection but does not finish the resource (re)selection. Considering RAN1 has already achieved an agreement that “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”, which means additional candidate resources may be selected outside the indicated active time. If MAC layer provides a superset of the determined active time, including the estimated timers which may be running in the future, then the candidate resource sets provided by the PHY layer will be more inaccurate.
Thus, from RAN1’s perspective, only the RX UE’s active time where SL DRX timers are running now and the RX UE’s active time where on duration timer will be running in future are expected to receive. 
Proposal 20: From RAN1’s perspective, only the RX UE’s active time where SL DRX timers are running now and the RX UE’s active time where on duration timer will be running in future are expected to receive.

Regarding the resource selection of the initial transmission and retransmission(s), the following two schemes of resource selection may have benefits for the packet transmission. The first scheme is to have the resource selection window/candidate resource set fully aligned with DRX on-duration of the Rx UE, that is, all the transmissions of a TB must be performed during the DRX on-duration. With the same DRX configuration, this scheme can maximize the power saving effect of the Rx UE, but it can also cause channel congestion to a certain extent. Another scheme is to ensure that at least the initial transmission can be made during DRX on-duration. In this case, for the reception of additional retransmission, Rx UE(s) can start sl-drx-InactivityTimer or sl-drx-RetransmissionTimer for the unicast and groupcast scenarios, or wake up at specific slots as indicated by the initial SCI for pre-emption disabled scenarios. This scheme can significantly reduce channel congestion and improve transmission reliability, but may also cause additional power consumption.
In the following, the system-level evaluation results of the two schemes are provided with the comparison of the baseline:
Baseline: Tx UE performs sensing and resource selection without any DRX-related restrictions, while Rx UE is DRX disabled.
Scheme 1: All the transmission resource(s) of a TB, including initial transmission and retransmissions, must be selected within the RX UE’s active time where SL DRX timers are running now (i.e. within the DRX on-duration of the Rx UE).
Scheme 2: Only the initial transmission resource of a TB must be selected within the RX UE’s active time where SL DRX timers are running now (i.e. within the DRX on-duration of the Rx UE).
The examples of the above baseline and two schemes are illustrated in the Figure 8.
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	(a) Baseline: DRX disable
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	(b) Scheme 1: All the transmissions are made during DRX on-duration
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	(c) Scheme 2: Only the initial transmission is made during DRX on-duration


Figure 8: The baseline and two schemes of resource selection and DRX

The following comparative analysis of the above baseline and two schemes is provided with the system-level simulation results in the city broadcast scenarios, where 50% vehicle UEs transmit V2P periodic packets and the other 50% transmit V2V periodic packets as background interference. The calculation of PRR and power consumption are according to TR 37.885 [8] and the agreements of RAN1#102-e. The detailed system-level simulation assumptions are summarized in Annex A.
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Figure 9: The PRR of power saving UE reception for V2P broadcast services in 60km/h urban scenario 
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Figure 10: The power consumption of power saving UE reception for V2P broadcast services in 60km/h urban scenario

As shown in Figure 9, better PRR performance can be achieved when Rx UE is DRX disabled and Tx UE performs resource selection without DRX-related restrictions. For scheme 1 and scheme 2, DRX cycle is configured as 100ms, while the DRX on-duration in each DRX cycle is configured as 20ms or 15ms and starts at SFN 0 slot 0, i.e. drx-startoffset and drx-slotoffset are both zero. It is obviously that restricting the resource selection window to be fully aligned with DRX on-duration of the Rx UE will significantly decrease PRR due to channel congestion. Comparing to scheme 1, scheme 2 only restricts the initial transmission of a TB must be made during DRX on-duration, thus alleviating the channel congestion and improving the PRR performance by nearly 5%. 
It can be noted that PRR performance of scheme 2 is also better than that of the baseline when the distance between Tx UE and Rx UE is longer than 150m. This phenomenon can be explained as that due to the restriction of scheme 2 that the initial transmission needs to be made during the DRX on-duration; the interference during the DRX off-duration is relaxed compared with that of the baseline where the interference is evenly distributed. For UEs that are near to the Tx UE, resource sensing is effective. The Tx UE can avoid resource collision based on the sensing result. For UEs that are relative far away from the Tx UE, the resource selection mechanism is close to random selection since the RSRP threshold has been raised to a relatively high value. In this case, the performance is directly related to the interference in the resource pool. Therefore, when there is a relatively long distance between the Tx UE and the Rx UE, the performance of scheme 2 will be better than the baseline.
Figure 10 shows the CDF diagram of the power consumption of the abovementioned baseline and two schemes of resource selection and DRX. Compared with the baseline, scheme 1 and scheme 2 which use the SL DRX mechanism achieved a power saving gain of up to 80%. For scheme 1, the power consumption of all PUEs is the same because all PUEs have the same wake-up time, i.e. during DRX on-duration. For scheme 2, since the PUE has additional wake-up time in addition to the DRX on-duration, the power consumption of all PUEs is greater than that of scheme 1 under the same DRX configuration. When the DRX on-duration of scheme 2 is configured shorter than that of scheme 1, such as 15ms, the average power consumption of PUE can be reduced to 3.9, which is significantly lower than that of scheme 1.
As can be seen from the above simulation results, scheme 2 can improve the power saving performance of PUEs by shortening the DRX on-duration, while reducing the loss of PRR performance. Thus, when the Rx UE is DRX enabled, ensuring that at least the initial transmission of a TB can be made during DRX on-duration of the Rx UE can achieve a trade-off between PRR and power consumption.
Observation 4: Compared with the scheme that all the transmissions are restricted to be performed within the DRX on-duration of the Rx UE, the scheme that only restricts the initial transmission is performed within the DRX on-duration of Rx UE can archive better PRR performance. 
Proposal 21: When the Rx UE is DRX enabled, Tx UE only restricts that at least the initial transmission should be performed during the DRX on-duration of the Rx UE to achieve a trade-off between Packet Reception Ratio (PRR) and power consumption. 
Considering that the above analyses are relevant to RAN2’s LS, a reply LS is needed to inform RAN2 RAN1’s consideration of resource selection with DRX. The detailed discussion of the reply LS can be found in our contribution [9].

[bookmark: _Ref36559580]Conclusion
In this contribution, issues and enhancements of resource allocation for power saving and SL DRX are discussed. Observations and proposals are given as follows:
Proposal 1: In PBPS, when (pre-)configuring additional K value(s), for a decoded SCI in slot m with indicating  , UE can assume the associated resources in slot  , … , are reserved.
Proposal 2: If UE performs periodic-based partial sensing, CBR in slot n can be measured by UE in M periodic partial sensing occasions before slot n, M periodic partial sensing occasions could be a subset of the configured partial sensing occasions.
Proposal 3: With the consideration of congestion control of UE with battery constraint, the minimum candidate slots for partial sensing could be configured based on CBR value. 
Proposal 4:   In a mode 2 Tx pool with periodic reservation for another TB (sl-MultiReserveResource) enabled,  the UE is not mandatory to perform both periodic-based and contiguous partial sensing.
Proposal 5: Y candidate slots for CPS can be separately selected from existing candidate slot for PBPS. 
Proposal 6: M can be (pre-)configured with any integer value between 0 to 31. The configuration can be based on transmission priority. If not configured, M is 31. If M equals to 0, the corresponding contiguous partial sensing is disabled.
Proposal 7: The UE capability, requirement on power saving, resource pool configuration, congestion condition (as indicated by CBR etc.) and (pre-)configured minimum contiguous partial sensing duration can be the criteria for random resource selection.
Proposal 8: Conditions of random selection scheme should be further investigated after schemes of periodic-based partial sensing and contiguous partial sensing are determined, considering the following aspects:
· Coexistence of different resource selection schemes.
· Congestion level
· (Pre-)configured minimum contiguous partial sensing duration 
· When determined value of pre-configured minimum contiguous partial sensing duration is 0, UE can be allowed to select random resource selection scheme.
Proposal 9: The UE with reception capability of PSFCH can reselect the resource according to the HARQ feedback information to reduce periodically collision occasions.
Proposal 10: For UEs with different reception capabilities, they can be configured with different priorities for the reserved resources by random selection.
Proposal 11:For random resource selection in a resource pool (pre-)configured with full/partial sensing and random resource selection,
· Option 1: a priority threshold value  can be (pre-)configured for the resource pool by default, if (pre-) configured additionally, or the threshold value is configured on a subset of resources in the resource pool, at or below the threshold value which random resource selection is allowed. And lower value means higher priority.
Proposal 12: During the qth reservation period (q=0,1,2,…, Cresel-1), candidate resource set (SA) is initialized to the remaining Y candidate slots starts from slot  and ends at the last slot of the Y candidate slots, where the slot indices of the remaining Y candidate slots are equal to q x P’rsvp_Tx + , where  is a slot index of Y candidate slots used in the initial resource (re)selection.
Proposal 13: When the number of the remaining Y candidate slots is less than Ymin, how UE includes other candidate slots is up to UE implementation.
Proposal 14: No special design is required for re-evaluation/pre-emption checking for aperiodic transmission, i.e. the general design framework of re-evaluation/pre-emption checking for periodic transmission can be directly reused.
Proposal 15:  When SL DRX is (pre-)configured for a UE and the mode 2 Tx resource pool allows partial sensing, the UE performs PSCCH reception and RSRP measurement for sensing based on gNB sensing configuration.
Proposal 16:  Sensing configuration can be different between SL DRX inactive period and active period.
Observation 1: The Rx UE will start the SL HARQ RTT timer in the slot following the end of PSFCH transmission /resource, regardless of whether HARQ feedback is enabled or disabled.
Observation 2: If the resource assignment information for retransmission of the same TB is present in the SCI, the HARQ RTT timer can be derived based on the resource assignment information for retransmission of the same TB. Otherwise, a configured HARQ RTT Timer will be used.
Observation 3: The Rx UE can start a configured retransmission timer when the SL HARQ RTT timer is expired.
Proposal 17: If a configured HARQ RTT Timer is used by the RX UE, the Tx UE can take the predictable drx-RetransmissionTimer running duration of the Rx UE into consideration for determining the allowable transmission time, in order to ensure that the transmission resources selected by the Tx UE can be within Rx UE’s DRX active time.
Proposal 18: RAN1 should send an LS to RAN2 to inform the following consideration.
· If a configured HARQ RTT Timer is used by the RX UE, the Tx UE can take the predictable drx-RetransmissionTimer running duration of the Rx UE into consideration for determining the allowable transmission time, in order to ensure that the transmission resources selected by the Tx UE can be within Rx UE’s DRX active time.
Proposal 19: Before implementing the restriction that at least a subset of candidate resources reported to MAC layer is located within the indicated active time of the RX UE, the PHY layer of the TX UE selects the resource selection window to be at least partially overlap with the indicated active time of the Rx UE.
Proposal 20: From RAN1’s perspective, only the RX UE’s active time where SL DRX timers are running now and the RX UE’s active time where on duration timer will be running in future are expected to receive.
Observation 4: Compared with the scheme that all the transmissions are restricted to be performed within the DRX on-duration of the Rx UE, the scheme that only restricts the initial transmission is performed within the DRX on-duration of Rx UE can archive better PRR performance. 
Proposal 21: When the Rx UE is DRX enabled, Tx UE only restricts that at least the initial transmission should be performed during the DRX on-duration of the Rx UE to achieve a trade-off between Packet Reception Ratio (PRR) and power consumption. 
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Annex A: System Level Evaluation Assumptions for SL DRX
	Parameter
	Value

	Deployment scenario
	City:  Option A scenario [8]
· Vehicle speed = 60 km/h

	Channel model
	Sidelink: Urban-LOS & Urban NLOS [8]

	Spectrum allocation
	Carrier frequency: 6 GHz 
Simulated Bandwidth:20 MHz

	Subcarrier spacing
	30 kHz

	Traffic model
	V2V
	· 50% Vehicle UEs transmit packets
· Periodic: Model 2 (medium traffic intensity [8]
· Inter-packet arrival time: 100 ms
· Packet size: 1200 bytes with probability of 0.2 and 800 bytes with probability of 0.8
· Latency requirement: 50 ms

	
	V2P
	· 50% Vehicle UEs transmit packets
· Option 7: Periodic Model 2 specified in TR 37.885 with following change: [8]
· Inter-packet arrival time: 500ms
· Latency requirement: 100 ms

	SCI/Data frequency resource allocation
	· PSCCH: 10 PRB, 3 OS
· PSSCH: 30 PRB for packet size of 800 and 1200 Bytes

	Data Packet Tx parameters
	Periodic variable packet size evaluations: 
· 800 Byte packet: 16-QAM, 1 TTI (CR = 0.444)
· 1200 Byte packet: 16-QAM, 1 TTI (CR = 0.667)

	Channel coding 
	PSCCH: Polar code
PSSCH: LDPC

	Antenna configuration 
	(Tx, Rx) = (2, 4) 

	Transmission number per TB
	· 3

	DRX configuration
	· Power saving UE (Pedestrian UE)
· DRX cycle: 100ms
· drx-slotoffset: 0
· drx-startoffset: 0
· DRX on-duration: 
· Scheme 1: 20ms
· Scheme 2: 15ms or 20ms
· All pedestrians use the same DRX configuration
· Vehicle UE
· DRX disabled
· V2P UEs were informed of PUE’s DRX configuration in advance

	Performance metric
	· PRR
· Power consumption
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