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


	
In this contribution, the remaining issues for NR sidelink power saving are discussed.

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

Random selection
The following agreements regarding random selection was made in RAN1#106-e meeting [3]:
	Agreement
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


Random selection significantly reduces power consumption by skipping sensing procedure, but cannot avoid collision by selecting resources randomly, thus leading to a degradation in PRR performance of legacy sidelink UEs. In addition, the collision between Rel-17 UEs using random selection may become non-negligible as the density of UEs using random selection increases. Therefore, some enhancements on random selection, especially for resource pool mixed with full/partial sensing schemes, was discussed to reduce potential reliability degradation.
Considering the pre-emption and re-evaluation check procedures in legacy Rel-16 NR SL, introducing a priority threshold to only allow high priority traffic using random selection can efficiently reduce collisions introduced by random selection. Therefore, option 1 should be supported. Other options could result in actual increase of priority of traffic using random selection, which introduces an unfair penalty to sensing-based traffic thus should not be supported.
In addition, resource partitioning can be introduced to improve reliability. For example, the partitioning can be based on priority of SL data. The partitioning of resources can be done in such a way so as to minimize the probability of collision and make the probability of collision related to the priority of SL data, higher priority SL data having lower probability of collision and vice versa.
Figure 1 (a) shows the impact of increasing the number of user groups on PRR. As the number of groups that users are partitioned into increases, the randomness within each group is reduced leading to less collision and higher PRR. Another benefit of partitioning users into groups is to control the collision probability as a function of the traffic priority. The simulation results in Figure 1 (b), show the benefit of improving the PRR of high priority traffic, albeit at the expense of a lower PRR for low priority traffic, by allocating more resources to the high priority traffic. In this simulation it is assumed that half the users have low priority traffic and half the users have high priority traffic. Figure 1 (b) shows three different scenarios:
· The 3 bars on the left show the PRR when all users share the same resources. The bar on the left of the group is the PRR for low priority users. The two bars on the right of the group is the PRR for high priority users. As expected, the PRR is the same in all cases (within the tolerance of the simulation).
· The 3 bars in the middle show the PRR when the resources are partitioned into three groups. The low priority users (half of the total users) are allocated one group, while the high priority users (the other half of the total users) are allocated two groups. The bar on the left of the group is the PRR for low priority users. The bar in the middle of the group is the PRR for the high priority users when the high priority users share the resources of the two allocated groups. The bar on the right of the group is the PRR for high priority users, when the high priority users are further partitioned between the two groups allocated to high priority users. As expected, the PRR of the low priority users goes down, while the PRR of the high priority users improves. Furthermore, by partitioning the high priority users between the high priority groups, there is a further slight improvement in the PRR.
· The 3 bars on the right show the PRR when the resources are partitioned into four groups. The low priority users (half of the total users) are allocated one group, while the high priority users (the other half of the total users) are allocated three groups. The bar on the left of the group is the PRR for low priority users. The bar in the middle of the group is the PRR for the high priority users when the high priority users share the resources of the three allocated groups. The bar on the right of the group is the PRR for high priority users, when the high priority users are further partitioned between the three groups allocated to high priority users. As expected, the PRR of the low priority users goes down, while the PRR of the high priority users improves. Furthermore, by partitioning the high priority users between the high priority groups, there is a further slight improvement in the PRR.

[image: ]   [image: ]
						(a) 											   (b)
[bookmark: _Ref68615729]Figure 1. Impact of user grouping on PRR for random resource selection.

When the resource pool is shared with users using random resource selection, partial sensing and full sensing the resources are partitioned, for example into two groups of resources as shown in Figure 2. For users performing no sensing and using random resource selection in resource allocation procedure:
· High priority users, e.g. users with priority value below a threshold use resources A (a lower priority value indicates a higher priority).
· Low priority users, e.g. users with priority value equal to or larger than a threshold use resources B (a higher priority value indicates a lower priority).
Typically, the system is designed such that the probability of collision on resources A is less than the probability of collision on resources B.
For users that use partial sensing and full sensing, these users can sense resources B and determine an available resource there to use. There is a still a possibility that the transmission from a user with partial sensing or full sensing collides with a transmission from a user with random resource selection. When a user with partial sensing or full sensing retransmits the data it can chose between resources A (with lower collision probability) or resources B (with higher collision probability) based on the transmission number , wherein,  for the initial transmission,  for the first re-transmission,  for the second retransmission, … When the transmission number is less than , sensing-based data uses resources B, when the transmission number is greater than or equal to , sensing-based data uses resources A. The threshold  can depend on the priority of the data. A single value of  can be configured for all priority levels, or a priority-specific value of  can be configured for each priority level. The decision to use A or B can be based on the priority of traffic and re-transmission number for example,
· For high priority traffic (with sensing), the initial transmission uses resources B, and starting from the first retransmission resources A are used (.
· For medium priority traffic (with sensing), the initial transmission and first re-transmission use resource B and starting from the second retransmission resources A are used (.
· For low priority traffic (with sensing), the initial transmission, and first and second re-transmissions use resource B and starting from the third retransmission resources A are used (.
· …


[bookmark: _Ref83725755]Figure 2. Resource pool partitioning for a resource pool shared with random resource selection, partial sensing and full sensing.
Having a single priority threshold for all resources of a resource pool for random resource selection traffic will not work well. By having single priority threshold for all resources, traffic that has a priority value higher than the threshold (a high priority value indicates low priority traffic) will not be transmitted by the resource pool. This could lead to one of two outcomes both of which are undesirable:
· Low priority traffic is precluded from being transmitted from users that only support random resource selection.
· Higher layers artificially decrease the priority value of low priority traffic below the threshold, in case of random sensing, to transmit in the resource pool. This creates a disadvantage for traffic using partial of full sensing.
Proposal 1: For random resource selection in a resource pool (pre-)configured with full/partial sensing and random selection,
· Support option 1 with resource partitioning that is a priority threshold value or a range of priority levels is (pre-)configured for resources within the resource pool, below or within which random resource selection is allowed
· If no resource partitioning is introduced, support Option 12 with no special enhancement

Resource selection based on at least CPS
The following agreement regarding contiguous partial sensing was made in RAN1#107-e meeting [4]:
	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 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



As agreed in last meeting that UE selects a set of Y candidate slots with corresponding PBPS and/or CPS results (if available) within RSW, it needs to be further discussed that how to determine the availability of PBPS and/or CPS results corresponding to candidate slots. For example, a candidate slot Y1 can correspond to N PBPS occasions and a CPS monitoring window with length of M slots, and if UE only monitors N1<N PBPS occasions and/or M1<M slots within CPS window, UE needs to determine whether slot Y1 can be selected as one of the Y' candidate slots.
Consider the existence of PBPS/CPS results is hard to be guaranteed, it is preferred not to restrict available PBPS/CPS results as all corresponding occasions/window being monitored, and determine Y' candidate slots in a best effort way. Therefore, a slot can be defined as with available PBPS and/or CPS results if the number of corresponding PBPS occasions or slots in CPS window being monitored is larger than a given threshold. The threshold can be defined as one slot to utilize existing PBPS/CPS result. 
The definition of PBPS occasions and CPS window for this case was not specifically defined and needs clarification. To keep consistency between different scenarios, the PBPS occasions for approach 1 can reuse the definition of PBPS occasions in the case of UE performing new PBPS for a given periodic transmission, as agreed in RAN1#104-e. The CPS window can be defined as start from M logical slots earlier than slot  until Tproc,0+Tproc,1 physical slots before slot , wherein the parameter M can be similar as in other cases, e.g. by default M is 31 unless (pre-)configured with another value, and the another values can be configured per priority.
In addition, if the remaining PDB is large enough, it is possible that UE start a new CPS window [n+TA, n+TB) between the triggering slot n and the first slot of selected Y candidate slots. Therefore, for any resources after slot n+TB, it can be assumed as with available CPS result thus can be considered into candidate slot set. 
Proposal 2: For approach 1, the following candidate slots can be considered as with available PBPS and/or CPS results.
· Candidate slot with at least one corresponding PBPS occasion being monitored (e.g. for other TBs). The definition of PBPS occasions is the same as agreed in RAN1#104-e.
· Slots with CPS result start from M logical slots earlier than slot  until Tproc,0+Tproc,1 physical slots before slot , if there already exists any CPS result (e.g. for other TBs) within the interval
· Slots after n+TB, subject to processing time restriction, to allow UE performing CPS between slot n and starting of the selected candidate slots as available CPS results

The CPS monitoring window [n+TA, n+TB] was agreed as that 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, with details of M including the value and range still undefined. Considering that latency requirement of some traffic is stringent, it is beneficial to support (pre-)configuration of a smaller value of M. The (pre-)configuration can be priority-based.
Moreover, specific entry e.g. TA=TB =0 can also be considered to allow UE skipping sensing procedure e.g. using periodic-based partial sensing if configured, or using random selection instead. As the details of value of M is still open for both periodic and aperiodic traffic cases, the same rule and parameter can be applied to both cases to keep consistency.
Proposal 3: For both periodic and aperiodic transmissions, by default, M is 31 unless (pre-)configured with another value, where M is (pre-)configured based on transmission priority.
Proposal 4: For both periodic and aperiodic transmissions, the range of (pre-)configured M is from a lowest value of 0 up to 30. When M is (pre-)configured to 0, CPS is disabled for resource allocation.

The definition of starting point of RSW, T1, should allow UE having full flexibility of selecting candidate slots within overall RSW. Therefore, the RSW starts after the end of CPS monitoring window n+TB, subject to processing time. A slot earlier than TB + processing delay (i.e., TB+Tproc,1+Tproc,0) cannot be used for resource selection, and hence cannot be included in a resource selection window. In order to reduce the latency during resource selection procedure, T1 is defined as early as possible, i.e. T1 = TB+Tproc,1+Tproc,0, where TB is selected by the UE such that length of RSW [n+ TB+Tproc,1+Tproc,0, n+T2] is no smaller than T2min.
Proposal 5: T1 = TB+Tproc,1+Tproc,0, where TB is selected by the UE such that length of RSW [n+ TB+Tproc,1+Tproc,0, n+T2] is no smaller than T2min.
In case of CPS for aperiodic transmissions, the earliest CPS sensing can start is the next logic slot after slot n. Denote this slot as slot . Slot  is M logical slots after slot . Therefore, .  is before  (or  by the processing latency . Therefore, . Therefore, the earliest timing that the resource selection can start is M logical slots after the first logical slot after slot n. If the resource selection window size is less than T2min as a result of this, then the M logical slots for CPS cannot be guaranteed and as a result the UE can choose between (as agreed in RAN1#107-e):
· Option A, the UE ensures the T2min criterion is fulfilled
· Option B: UE performs random resource selection
· When the UE performs Option A or Option B is up to UE implementation
Considering that even for aperiodic transmissions, the packet might arrive as a burst, e.g. similarly as event-triggered packets in LTE V2X, it may be possible to have some predictability for aperiodic transmissions. The scenario can be further studied and if possible, contiguous partial sensing window before slot n can also be adopted for aperiodic transmissions.
If higher layers (e.g. the application layer) can anticipate the arrival of SL data in advance, it provides an indication to physical layer in slot  that SL data is expected to arrive in slot , the UE can start CPS before slot . For example the sensing window in the range . Where,
· 
· 

Re-evaluation & pre-emption
The following conclusion and agreement regarding re-evaluation and pre-emption were made in RAN1#107-e meeting [4]:
	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.



The procedure of re-evaluation and pre-emption for aperiodic transmission (Prsvp_TX=0) needs to be determined as well. It is preferred to reuse the principles for periodic transmission as much as possible to keep consistency between different traffic.
Therefore, in re-evaluation and pre-emption checking for aperiodic transmission triggered in slot n, the 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 in initial resource (re-)selection, where  is the first candidate slot after slot n+T3, i.e. reusing the initialization of candidate resource set for periodic transmission with q=0.
The minimum size of candidate slots in re-evaluation and pre-emption procedure should also be restricted by Ymin. If the number of remaining Y' candidate slots is less than Ymin, the UE behaviour for initial resource selection can be reused, which means it is up to UE implementation that how UE includes other candidate slots to satisfy the Ymin criteria.
Proposal 6: When UE is triggered to perform re-evaluation and pre-emption checking for aperiodic transmission (Prsvp_TX=0) in slot n, 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 used in the initial resource (re-)selection, where  is the first candidate slot after slot n+T3.
· When number of the remaining Y candidate slots is less than Ymin, it is up to UE implementation how to include other candidate slots to satisfy the Ymin criteria.
For CPS-based monitoring in pre-emption and re-evaluation checking, one possible option is determining the monitoring window as M consecutive logical slots before remaining candidate slots. M can be defined as 31 by default and another priority-based values when (pre-)configured, which reuse the principle of CPS window for initial resource (re-)selection to keep consistency. Another possible option is that, after resources are (re-)selected initially, UE continues CPS-like monitoring until last retransmission, or until receiving ACK corresponding to the transmission(s). It should be noted that in Rel-16, when the UE indicates reserved resources for a future (re-)transmission that the reserved resource is within 31 logical slots from the current resource. Therefore, at least when the CPS window is M=31 logical slots before slot  it would seem natural to continuously sense the SL slots (until the last transmission) as the M slot-CPS windows before each reserved slot are partially overlapping. 
For PBPS-based monitoring in pre-emption and re-evaluation checking, it is preferred to reuse the definition of periodic sensing occasions in PBPS for resource (re-)selection. If UE has already buffered any PBPS result, which belonging to PBPS occasions for re-evaluation and pre-emption checking, during initial resource (re-)selection or sensing of other resource determination procedure, the existing PBPS result can be reused for re-evaluation and pre-emption checking. Similarly as the PBPS principle in initial resource selection for aperiodic traffic, no new PBPS occasions was additionally monitored.
Proposal 7: When UE is triggered to perform re-evaluation and pre-emption checking for aperiodic transmission (Prsvp_TX=0) in slot n,
· The following two options are considered as CPS-based monitoring window:
· Option 1: UE performs CPS starts from M logical slots earlier than  to  slots earlier than , where  is the first candidate slot after slot n+T3. 
· Option 2: UE performs CPS starts from M logical slots earlier than  until last retransmission or until receiving ACK corresponding to the transmission(s).
· UE reuses existing PBPS result (if available) on PBPS-based monitoring occasions for the remaining Y candidate slots , where  is a slot belong to the remaining Y candidate slots, and k and Preserve are the same as resource (re)selection.
The procedure of re-evaluation and pre-emption checking for partial sensing can be similarly used for random selection if UE has the capability of SCI decoding. For traffic with very small remaining PDB that not allowing partial sensing, this solution is an efficient trade-off that improves reliability of random selection at the expense of moderate power consumption compared with partial sensing. Therefore, re-evaluation and pre-emption checking for random selection should be supported. It can be enabled/disabled by higher layer configuration.
Proposal 8: Support re-evaluation and pre-emption checking after random selection when UE has capability of SCI decoding. 
· The PBPS monitoring window and CPS monitoring window reuses the principle of re-evaluation and pre-emption checking for partial sensing of aperiodic transmissions.
· Re-evaluation and pre-emption checking after random selection can be enabled/disabled by higher layer configuration.


Sidelink DRX
The following agreements regarding sidelink DRX (SL DRX) were made in RAN1#106-e meeting [3]:
	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


According to the agreements above, the remaining issue is whether UE sensing behavior within SL DRX inactive time needs to be specified or it is up to UE implementation. In our view, leaving sensing behavior in SL DRX inactive time as UE implementation will cause system performance degradation since some UE cannot perform sensing within DRX inactive time and that will cause interference to other UEs. Also, we also think that specifying different UE sensing behavior during SL DRX active and inactive time cannot be justified at this stage without clear performance gain. Therefore, UE sensing behavior should be the same regardless of whether the UE is in or not in SL DRX inactive time. In other word, if we specify UE sensing behavior without SL DRX operation, this can be applied in the same manner within SL DRX inactive time.
Proposal 9: A UE shall perform the same sensing behavior regardless of whether the sensing window/occasion is in or not in SL DRX inactive time.

In RAN1#107-e meeting [4], the following agreements were made for SL DRX as:
	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


In addition, RAN2 LS [5] includes the following agreement as
	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.


A remaining issue for Option 2 is how to decide the subset of the candidate resources which is within the indicated active time of the RX UE. If the subset size and corresponding Mode2 procedure is not defined properly, we may not guarantee UE operation in RAN2 LS above (i.e., TX UE shall select initial transmission resource only in the RX UE’s active time). Therefore, when TX UE performs Mode 2 procedure at PHY layer considering RX UE’s SL DRX time and report SA (a set of candidate resources for resource selection) to higher layer, we can consider following alternatives:
· Alt 1: UE performs the existing Mode 2 procedure at PHY layer to generate SA where SA consists of two subset; one set is from RX UE’s active time and another set is from RX UE’s inactive time.
· Alt 2: UE performs the existing Mode 2 procedure at PHY layer to generate SA within RX UE’s active time at first until satisfying SA≥ X∙Mtotal. If SA≥ X∙Mtotal is not satisfied, the UE can add candidate resources into SA within RX UE’s inactive time based on the existing Mode 2 procedure until satisfying SA≥ X∙Mtotal.
One advantage for Alt 1 is that the subset size of the candidate resources which is within the indicated active time of the RX UE can be controlled and decided flexibly. If there is a time duration of RX UE’s inactive time within resource selection window, Alt 1 needs to perform two separate Mode 2 procedures. On the other hand, Alt 2 can perform one procedure depending on the time duration of RX UE’s inactive time within resource selection window. However, Alt 2 is not guaranteed to perform only one Mode 2 procedure always.

Proposal 10: Down select between the following alternatives when TX UE performs Mode 2 procedure at PHY layer considering RX UE’s SL DRX time and report SA (a set of candidate resources for resource selection) to higher layer as:
· Alt 1: UE performs the existing Mode 2 procedure at PHY layer to generate SA where SA consists of two subset; one set is from RX UE’s active time and another set is from RX UE’s inactive time.
· Alt 2: UE performs the existing Mode 2 procedure at PHY layer to generate SA within RX UE’s active time at first until satisfying SA≥ X∙Mtotal. If SA≥ X∙Mtotal is not satisfied, the UE can add candidate resources into SA within RX UE’s inactive time based on the existing Mode 2 procedure until satisfying SA≥ X∙Mtotal.

CBR measurement for partial sensing
The following agreement regarding CBR measurement for partial sensing was made in RAN1#107-e meeting [4]:
	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


During partial sensing procedure, UE may already buffered some SL reception which located within CBR measurement window. In this case, it is beneficial and straightforward to reuse the existing sensing results for CBR measurement to acquire an actual and accurate SL CBR result than only using (pre-)configured value. If the number of SL-RSSI measurement slots are lower than given threshold, considering the key motivation of partial sensing is to save power consumption, it is not a wise way to additionally introduce measurement slots for SL CBR. Therefore, option 1 is preferred for SL CBR measurement in partial sensing.
Proposal 11: For SL CBR measurement in partial sensing, support option 1:
· 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, a (pre-)configured SL CBR value is used.
When UE is configured with DRX, UE behaviour of CBR measurement within SL DRX inactive time needs to be further discussed. With DRX enabled, UE power consumption mostly benefits from reduced SCI decoding during SL DRX inactive time, but the sensing and SL-RSSI measurement is not restricted by the legacy definition of DRX inactive time. As proposed in Section 3, it is preferred to follow legacy sensing behaviour regardless of DRX configuration. A similar rule can also be applied to SL CBR measurement, i.e. UE shall perform the same behaviour of SL CBR measurement regardless of DRX active/inactive time. Specifically, if UE performs full sensing, the UE behaviour is the same as legacy SL CBR measurement; if UE is configured with partial sensing, the UE behaviour in proposal 11 is used; otherwise if UE is configured with random selection, LTE principle is used.
Proposal 12: A UE shall perform the same behaviour of SL CBR measurement regardless of whether the CBR measurement window is in SL DRX inactive time or not.

Conclusions
In this contribution, the issues in random selection and partial sensing procedures are discussed with the following proposals:
Proposal 1: For random resource selection in a resource pool (pre-)configured with full/partial sensing and random selection,
· Support option 1 with resource partitioning that is a priority threshold value or a range of priority levels is (pre-)configured for resources within the resource pool, below or within which random resource selection is allowed
· If no resource partitioning is introduced, support Option 12 with no special enhancement
Proposal 2: For approach 1, the following candidate slots can be considered as with available PBPS and/or CPS results.
· Candidate slot with at least one corresponding PBPS occasion being monitored (e.g. for other TBs). The definition of PBPS occasions is the same as agreed in RAN1#104-e.
· Slots with CPS result start from M logical slots earlier than slot  until Tproc,0+Tproc,1 physical slots before slot , if there already exists any CPS result (e.g. for other TBs) within the interval
· Slots after n+TB, subject to processing time restriction, to allow UE performing CPS between slot n and starting of the selected candidate slots as available CPS results
Proposal 3: For both periodic and aperiodic transmissions, by default, M is 31 unless (pre-)configured with another value, where M is (pre-)configured based on transmission priority.
Proposal 4: For both periodic and aperiodic transmissions, the range of (pre-)configured M is from a lowest value of 0 up to 30. When M is (pre-)configured to 0, CPS is disabled for resource allocation.
Proposal 5: T1 = TB+Tproc,1+Tproc,0, where TB is selected by the UE such that length of RSW [n+ TB+Tproc,1+Tproc,0, n+T2] is no smaller than T2min.
Proposal 6: When UE is triggered to perform re-evaluation and pre-emption checking for aperiodic transmission (Prsvp_TX=0) in slot n, 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 used in the initial resource (re-)selection, where  is the first candidate slot after slot n+T3.
· When number of the remaining Y candidate slots is less than Ymin, it is up to UE implementation how to include other candidate slots to satisfy the Ymin criteria.
Proposal 7: When UE is triggered to perform re-evaluation and pre-emption checking for aperiodic transmission (Prsvp_TX=0) in slot n,
· The following two options are considered as CPS-based monitoring window:
· Option 1: UE performs CPS starts from M logical slots earlier than  to  slots earlier than , where  is the first candidate slot after slot n+T3. 
· Option 2: UE performs CPS starts from M logical slots earlier than  until last retransmission or until receiving ACK corresponding to the transmission(s).
· UE reuses existing PBPS result (if available) on PBPS-based monitoring occasions for the remaining Y candidate slots , where  is a slot belong to the remaining Y candidate slots, and k and Preserve are the same as resource (re)selection.
Proposal 8: Support re-evaluation and pre-emption checking after random selection when UE has capability of SCI decoding. 
· The PBPS monitoring window and CPS monitoring window reuses the principle of re-evaluation and pre-emption checking for partial sensing of aperiodic transmissions.
· Re-evaluation and pre-emption checking after random selection can be enabled/disabled by higher layer configuration.
Proposal 9: A UE shall perform the same sensing behavior regardless of whether the sensing window/occasion is in or not in SL DRX inactive time.
Proposal 10: Down select between the following alternatives when TX UE performs Mode 2 procedure at PHY layer considering RX UE’s SL DRX time and report SA (a set of candidate resources for resource selection) to higher layer as:
· Alt 1: UE performs the existing Mode 2 procedure at PHY layer to generate SA where SA consists of two subset; one set is from RX UE’s active time and another set is from RX UE’s inactive time.
· Alt 2: UE performs the existing Mode 2 procedure at PHY layer to generate SA within RX UE’s active time at first until satisfying SA≥ X∙Mtotal. If SA≥ X∙Mtotal is not satisfied, the UE can add candidate resources into SA within RX UE’s inactive time based on the existing Mode 2 procedure until satisfying SA≥ X∙Mtotal.
Proposal 11: For SL CBR measurement in partial sensing, support option 1:
· 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, a (pre-)configured SL CBR value is used.
Proposal 12: A UE shall perform the same behaviour of SL CBR measurement regardless of whether the CBR measurement window is in SL DRX inactive time or not.
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