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Introduction
RAN1 identified the following remaining open issues for sidelink power saving enhancements [1]:
· 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

In this contribution, we discuss those open issues and provide proposals to address them.
Random Selection
Re-evaluation with Random Selection
Re-evaluation enables the UE to change selected, but not-yet-signalled resources, based on sensing information. This allows the UE to choose different resources and avoid collisions, thereby improving performance. Here, the FFS on whether re-evaluation can be supported by UEs that perform random selection is discussed:
Agreements:
· Re-evaluation and pre-emption checking are not supported by UEs that do not perform any sensing (i.e. PSCCH reception)
· Re-evaluation and pre-emption checking are supported by UEs that perform sensing
· FFS details and any conditions(s) in which re-evaluation and pre-emption can be performed
· FFS whether/how re-evaluation and pre-emption can be supported by UEs performing random resource selection that do perform sensing
· Note: details about sensing in this context, including when it is performed, are not decided yet.

We propose a scheme, where a UE that performs random selection additionally starts sensing and performs re-evaluation after selecting resources. The sensing information used for re-evaluation would then begin at the resource selection trigger and the UE continues to perform sensing and re-evaluation until the last retransmission of the TB. This process is illustrated in Figure 1.
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[bookmark: _Ref54304434]Figure 1: Performing random selection with subsequent revaluation
The performance of random selection with and without re-evaluation is shown in Figure 2 for an urban road scenario with a mix of 500 vehicular and 500 pedestrian UEs with other simulation assumptions as in Appendix A. It can be observed that performing re-evaluation significantly improves the performance of random selection and recovers most of the loss compared to the full sensing baseline.
[image: ]
[bookmark: _Ref54307459]Figure 2 Performance of methods using sensing after resource selection trigger
[bookmark: _Toc68198283][bookmark: _Toc92795203]Observation 1: Performing re-evaluation after random resource selection significantly improves performance compared to random selection without sensing.
[bookmark: _Toc68198286][bookmark: _Toc92795207]Proposal 1: Introduce random selection with subsequent re-evaluation in NR sidelink.
[bookmark: _Ref79139999]Random Selection in a Mixed Resource Pool
This section discussed how random selection by some UEs in the resource pool impacts the performance of both the UEs performing random selection and UEs performing full sensing in the system for NR traffic, studying the impact of resource collisions in such cases from the following agreement:
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

To separate the impact of sensing procedure from that of the traffic patterns used by power-sensitive UEs, we first compare the performance using UEs with identical traffic models, NR medium with 50ms+50ms packet arrival rate and 50ms PDB. Figure 3 shows the performance of a system composed of 1000 UEs. The proportion of UEs that perform full sensing is varied and the other UEs in the system use random selection without sensing. 
The performance of UEs that perform full sensing is presented in Figure 3-a, where it can be observed that the performance of these UEs is not noticeably impacted when their proportion is reduced in the system and performance remains similar to the baseline where all UEs perform full sensing.
Figure 3-b shows the performance of UEs that do not perform sensing in the system compared to the baseline of all sensing UEs. It can be observed that the performance of UEs that do not perform sensing is degraded relative to the baseline performance. 
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[bookmark: _Ref54295317]Figure 3 Performance impact of disabling sensing on (a) UEs that perform sensing (b) UEs that do not when both have aperiodic traffic.
Similarly, we consider the scenario where a proportion of the UEs are performing full sensing, have periodic traffic, and are using periodic reservations, while the remaining UEs have aperiodic traffic with aperiodic transmissions. We compare the performance of the UE with periodic traffic in the case where the UEs with aperiodic traffic are performing sensing and the case where the UEs with aperiodic traffic are performing random selection without sensing. The performance of the full-sensing, periodic-traffic UEs is shown in Figure 4, where 50% of the UEs are performing periodic transmissions and 50% are performing aperiodic transmissions.
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[bookmark: _Ref79139177]Figure 4 Highway scenario performance of full-sensing UEs with periodic traffic when the remaining UEs in the system perform aperiodic transmissions with and without sensing.
Based on these results, we note that not performing sensing in a proportion of the UEs degraded the performance of the UEs not performing sensing but did not noticeably impact UEs that perform sensing.
[bookmark: _Toc54379206][bookmark: _Toc92795204]Observation 2: The performance of full-sensing UEs in the system is not noticeably impacted when a proportion of UEs is replaced with ones that do not perform sensing.
[bookmark: _Toc92795208]Proposal 2: No special consideration is needed for resources chosen using random selection in a resource pool with full and/or partial sensing.
[bookmark: _Ref47639590]Partial Sensing for Power Saving 
In this section, we present the design considerations required for supporting Mode 2 resource allocation with partial sensing in NR.  
As a first step, a resource pool, configured with partial sensing, should be split into a disjoint set of resources, where each set comprises a set of contiguous slots and repeats with a given periodicity. This is illustrated in Figure 5 below.



[bookmark: _Ref68456210]Figure 5: An illustration of a set of disjoint resource sets defined on a given resource pool.
Each UE can perform sensing in one or multiple of the defined sets. For example, a UE can choose to perform sensing in set A only, or in set A and set B. However, both the periodic and aperiodic resource reservations are limited to the same or different instances of the same set. As an example, if a UE is performing partial sensing over both sets A and B, it can only reserve resources in set A from slots in set A. The reason for this is that if a UE selects a resource in set B from a slot in set A, its reservation may collide with a UE that only performs sensing in set B and, hence, has no knowledge about the reservations made from other sets. This, in fact, is also the reason for partitioning the resource pools using the resource sets and ensuring that they are completely non-overlapping. This can further be clarified using a scenario illustrated in Figure 6 below.  


[bookmark: _Ref68457548]Figure 6: Two different pairs of partial sensing UEs communicating with each other; the activity durations are aligned within each pair of UEs but not across the two pairs.
As can be seen in the figure above, if the partial sensing resource sets are not completely disjoint, collision is expected between UE1’s and UE’2 transmissions since UE2 is not aware of the earlier reservation made by UE1. 
Based on the discussion so far, we propose the following:
[bookmark: _Toc92795209]Proposal 3: For supporting mode 2 resource allocation with partial sensing, define a set of periodic partial sensing resource sets partitioning a resource pool.
[bookmark: _Toc92795210]Proposal 4: A UE can perform partial sensing over a single or multiple resource sets. 
[bookmark: _Toc92795211]Proposal 5: The reservation of a resource in a given set can only be signalled from another slot associated with the same resource set.
Next, for a UE operating with partial sensing, we present further details on how the selection of Y candidate slots within the resource selection window should be done and which resources should be monitored for sensing under both periodic and aperiodic reservations.  
For the selection of Y candidate slots, let us consider the scenarios depicted in Figure 7, and assume that a UE is performing partial sensing over set A. Let us further assume that the resource selection procedure is triggered in slot .


[bookmark: _Ref68461863]Figure 7: Identifying Y candidate slots for a UE performing aperiodic resource reservation with partial sensing.
As mentioned earlier, a UE performs sensing and resource selection in the same resource set. For the UE in this example, partial sensing is done over slots associated with resource set A. The selection of candidate resources is also within the same set; however, some limitations are required, which can be explained via Case (a)-(c) shown above. 
Under Case (a), the processing time for resource selection ends before the start of resource set A. The remaining PDB for the packet expires before the same instance of the resource set A. Hence, the set of candidate resources consists of all slots from the beginning of the resource set A until the end of the remaining PDB within the same instance of resource set A. 
Under Case (b), the processing time for resource selection ends after the start of resource set A. Therefore, the slots at the beginning of the resource set are not within the candidate set. The remaining PDB of the packet expires after the end of the resource set A, but before the start of the next instance of resource set A. Hence, except the first few slots at the beginning of the resource set A, the remaining ones within the same instance are within the candidate resource set. 
Under Case (c), similar to Case (b), the first few slots are not part of the candidate resource set. However, the remaining PDB extends more than one instance of a resource set A. Hence, as shown above, some of the slots in the next instance of resource set A are also considered as part of the candidate resource set. 
Based on the observations above, it can be concluded that the resource selection window is determined within a set of resources formed by the intersection of resources in a given resource set for partial sensing and those in-between  and when the remaining PDB of a packet expires. In other words, similar to Rel. 16, the resource selection window consists of all resources within  confined within the set of periodic resources associated with a given partial sensing window. 
[bookmark: _Toc92795212]Proposal 6: For a UE performing partial sensing, if the resource selection procedure is triggered in slot , the resource selection window consists of the slots associated with a given partial sensing window that lie within  . 
As a next step, we answer the question that which resources should be monitored for the purpose of resource selection. Let us first consider a case where periodic resource reservations are not enabled for a resource pool.  Let us consider again a UE that is performing partial sensing within resources associated with set A as shown in the figure below. 


Figure 8: Sensing occasions for aperiodic resource reservation.
Under the full-sensing operation when periodic reservations are disabled, to identify the availability of resources in the selection window, it is sufficient to only monitor the slots within the last 32 slots that lie within the sensing window.  When a UE is performing partial sensing, a similar approach, with a minor modification, can be adopted. In particular, for selecting resources, only the slots that overlap with the resources associated with the partial sensing set A should be considered. 
[bookmark: _Toc92795213]Proposal 7: For identifying the availability of resources in a selection window associated with a given partial sensing set in a resource pool with periodic reservation disabled, the sensing information from the past 32 slots that are within the intersection of the sensing window and the same partial sensing set is sufficient. 
If the periodic reservations are further enabled, to determine the availability of slot  in a partial sensing set A, the sensing information from slot is needed only if the sensing slot is associated with the same partial sensing set.  This is shown in the figure below (note that the aperiodic sensing occasions are not shown in the figure below for simplicity.)  


Figure 9: Sensing occasions for periodic reservations.
[bookmark: _Toc92795214]Proposal 8: For identifying the availability of a slot  associated with a given partial sensing set in a resource pool with periodic reservation enabled, in addition to the sensing information for aperiodic reservations as proposed in Proposal 6, the sensing information from , , is required if  belongs to the same partial sensing set. 
So far in this section, we focused on how mode 2 resource allocation with partial sensing should be designed from the SL transmitter point of view. In particular, we proposed that for a given UE, sensing and transmission operations are limited to a periodic set of resources defined by a partial sensing set(s).  
Unlike LTE, for NR SL, it is desirable to allow the partial sensing UEs to not only transmit, but to also receive from other UEs. This could be helpful, e.g., for a pedestrian UE receiving warnings from the vehicles or public safety UEs communicating with each other in both directions. To communicate with partial sensing UEs, other UEs need to know when such UEs can perform reception.
To define the reception occasions for a UE performing partial sensing, it should first be noted that such a UE should not be required to receive at all times. Otherwise, no power saving gain due to partial sensing can be realized. 
[bookmark: _Toc92795205]Observation 3: For a UE performing partial sensing, the reception occasions should be limited in time; otherwise, no power saving gain is expected. 
Let us consider a scenario, where UE1 is performing partial sensing, UE2 is performing full sensing, and both UEs are trying to communicate with each other. One example with non-aligned sensing and reception occasions are illustrated in Figure 10 below.


[bookmark: _Ref68505695]Figure 10: Non-aligned sensing/transmission and reception occasions for a partial sensing UE. 
As shown in the figure above, if the sensing/Tx and reception occasions are non-aligned, a UE1 has to perform decoding for a longer duration of time. An alternative, desirable, approach is to align the sensing/Tx and Rx occasions of UE1. This effectively means that a partial sensing UE can receive within the same partial sensing windows that are assigned for sensing/Tx. 
[bookmark: _Toc92795215]Proposal 9: A partial sensing UE performs reception over the set of periodic resources assigned for sensing/transmission. 
Finally, as also shown in Figure 10 above, to communicate with a partial sensing UE, its sensing/Tx/Rx occasions should be known by the other UEs.
[bookmark: _Toc92795216]Proposal 10: Other UEs should know when a partial sensing UE can receive in order to communicate with it. 
Periodic-based Partial Sensing Details
In RAN1 #106bis, the following agreements were made:
Agreement
In the agreement from RAN1#105-e, the working assumption is confirmed and the FFS bullet (in RED) is closed without any agreement.
	Agreement from RAN1#105-e:
· For the k value in periodic-based partial sensing for resource (re)selection,
· By default, the UE monitors the most recent sensing occasion for a given reservation periodicity before the resource (re)selection trigger slot n or the first slot of the set of Y candidate slots subject to processing time restriction.
· If (pre-)configured, UE additionally monitors periodic sensing occasions that correspond to a set of values which can be (pre-)configured with at least one value
· (Working assumption) Possible values correspond to the most recent sensing occasion for a given reservation periodicity before the resource (re)selection trigger slot n or the first slot of the set of Y candidate slots, and the last periodic sensing occasion prior to the most recent one for the given reservation periodicity are included.
· FFS: whether/which other values and details of the (pre-)configuration (e.g. max number of values or sensing occasions)
· FFS: whether a value denotes a specific occasion to monitor or the earliest occasion to start the monitoring.
· FFS relationship between periodic-based partial sensing occasions and SL-DRX
· Note:
· This is for the case when the resource (re)selection triggering slot n is expected by UE



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

The FFS on whether a value denotes a specific occasion to monitor or the earliest occasion to start the monitoring. In our view, the UE should either monitor the most recent or the two most recent occasions but not only the occasion prior to the most recent.
[bookmark: _Toc92795217]Proposal 11 When the UE is configured to additionally monitor periodic sensing occasions, it monitors both the most recent sensing occasions and the last periodic sensing occasion prior to the most recent one for the given reservation periodicity.
Contiguous Partial Sensing for Aperiodic Transmissions
RAN1 made the following agreement defining alternative frameworks for resource selection for aperiodic reservations.
Agreement
When UE performs at least contiguous partial sensing in a mode 2 Tx pool for a resource (re)selection procedure triggered by aperiodic transmission (Prsvp_TX=0) in slot n, TA and TB for CPS monitoring window and a candidate resource set (SA) is initialized according to potentially one of the following approaches (final decision in RAN1#107-e). Other approaches are not precluded and the details in each approach can still be updated.
· Approach 1: (SA is initialized based on at least slots with PBPS and/or CPS results and guarantee a minimum of M slots for CPS)
· The UE selects a set of Y’ candidate slots with corresponding PBPS and/or CPS results (if available) within the RSW.
· FFS how to handle the case if the total number of Y’ candidate slots is less than a (pre-)configured threshold Y’min without dropping the aperiodic transmission
· FFS whether the Y’ candidate slots for aperiodic transmission is the same as the Y candidate slots in PBPS for periodic transmission of another TB(s)
· FFS whether/how to prioritize/select resources based on partial sensing results.
· FFS: How to select Y’ in case of CPS only
· Candidate resource set (SA) is initialized to the set of all single-slot candidate resources in the selected Y’ candidate slots. 
· For the CPS monitoring window [n+TA, n+TB]:
· TA and TB are both selected such that UE has sensing results for a minimum of M consecutive logical slots before ty0, where ty0 is the first slot of the selected Y’ candidate slots.
· FFS: By default, M is 31 unless (pre-)configured with another value, or M is (pre-)configured based on transmission priority
· FFS the range of (pre-)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
· Approach 2: (SA is initialized based on all candidate single-slot resources and guarantee a minimum of M slots for CPS)
· Candidate resource set (SA) is initialized to the set of all candidate single-slot resources in [n+TB+Tproc,0+Tproc,1, n+T2], where TB is selected by the UE such that length of [n+TB+Tproc,0+Tproc,1, n+T2] ≥ T2min.
· Tproc,0, Tproc,1 are in units of physical time/slots
· FFS whether/how to prioritize/select resources based on partial sensing results (if PBPS is performed).
· For the CPS monitoring window [n+TA, n+TB]:
· TA = X
· FFS value X for TA including X=1 and negative value
· TB is selected such that UE has sensing results for a minimum of M consecutive logical slots before the start of (n+TB+Tproc,0+Tproc,1).
· FFS: By default, M is 31 unless (pre-)configured with another value, or M is (pre-)configured based on transmission priority
· FFS the range of (pre-) 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
· Approach 3: (independent approach for different case)
· When UE additionally performs periodic-based partial sensing in the resource pool, the above Approach 1 applies.
· When UE does not perform periodic-based partial sensing in a resource pool that does not allow resource reservation for another TB, the above Approach 2 applies.

RAN1 then made follow-up agreements, selecting Approach 1 and providing some details:
 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

The first potential issue in Approach 1 to clarify is regarding whether the set Y’ is that same as Y. In our view, while there could be overlap between the two, these sets should not be required to be the same. If they are, this forces the UE to have the set Y repeat with very small period so that it could accommodate possible aperiodic transmission PDB, greatly reducing the power savings of partial sensing.
[bookmark: _Toc92795218]Proposal 12: In Approach 1, the Y’ candidate slots for aperiodic transmission are not required to be the same as the Y candidate slots in PBPS for periodic transmission of another TB(s).
The sensing window size, M consecutive logical slots, is still FFS. It is simplest to follow the decision on CPS in other scenarios and use a default value of 31 unless configured otherwise.
[bookmark: _Toc92795219]Proposal 13: In Approach 1, By default, M is 31 unless (pre-)configured with another value.
One identified open issue is the value of T1 when performing CPS with periodic reservations disabled as mentioned in the following agreement:
Agreement
When UE performs only contiguous partial sensing (CPS) in a mode 2 Tx pool with periodic reservation for another TB (sl-MultiReserveResource) disabled, and a resource (re)selection is triggered in slot n,
· The resource selection window (RSW) is [n+T1, n+T2] where T2 is defined based on step 1) of Rel-16 TS 38.214 Sec. 8.1.4
· 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
· On the sensing window [n+TA, n+TB] for CPS,
· Details of TA and TB values based on the agreements from previous RAN1 meetings
· FFS whether and how to define a minimum CPS window size, including (pre-)configurability and the case when TB - TA is smaller than the minimum CPS window size
· FFS whether and how to define a maximum value / upper bound for TB with respect at least to the minimum RSW size and the remaining PDB, including (pre-)configurability
· FFS how a set of candidate resource (SA) is initialized considering candidate single-slot resources, including
· Whether and how to define a minimum size for the RSW (e.g., Rel-16 T2min), including (pre-)configurability
· Whether the set SA is confined within a set of Y candidate slots within the RSW
· UE performs resource exclusion from the set SA based on at least all available sensing results and based on step 6) and 7) of Rel-16 TS 38.214 Sec. 8.1.4
· Note, re-evaluation and pre-emption checking in a resource pool with periodic reservation for another TB (sl-MultiReserveResource) disabled is considered separately.
· FFS: Details on T1

To utilize sensing results for all candidate resources, T1 should start after TB instead of being referenced to the triggering time n as in Rel-16 resource selection procedure. However, it was agreed to reuse the Rel-16 definition of T1 when periodic reservation for another TB is enabled. Hence, it is simplest at this point to apply the same in the case of periodic reservation for another TB is disabled to handle the slots within the selection window where the UE would still be doing sensing as part of the resource exclusion procedure.
[bookmark: _Toc92795220]Proposal 14: When UE performs only contiguous partial sensing (CPS) in a mode 2 Tx pool with periodic reservation for another disabled, T1 of the resource selection window is defined in the same way according to step 1) of Rel-16 TS 38.214 Sec. 8.1.4. Slots in RSW where the UE is still sensing are handled as part of resource exclusion.
The last identified open issues regarding CPS is when to disable CPS in resource (re)selection. One such case is when the UE does not have sufficient remaining packet delay budget to perform CPS. Another case would when the UE is in a power constrained state, e.g. low battery. In those cases, the UE could opt to perform random selection instead of partial sensing:
[bookmark: _Toc92795221]Proposal 15: A UE can disable CPS and perform random selection when there is insufficient remaining PDB or it is low on power.
Sidelink DRX 
Sidelink DRX is agreed to be supported for all cast types by RAN2, and the details are currently being developed. In this section, we aim at addressing some of the PHY related aspects of sidelink DRX. 
Similar to the argument made based on Figure 6, if the DRX configurations are non-orthogonal, i.e., if the DRX patterns do not partition the resource pool, the chance of collision, due to not receiving an SCI indicating reservations, increases. This can also be seen using the scenario depicted in Figure 11 below. 


[bookmark: _Ref68534702]Figure 11: Partially overlapping DRX ON durations due to inactivity timer.
Let us consider two UE pairs: UE A is receiving data from UE B and UE C is receiving data from UE D. The DRX patterns for UE A and B are aligned so that they can communicate. The DRX patterns for UE C and D are also aligned. However, across the two pairs, the DRX patterns are partially overlapping. As a result, the earlier reservation made by UE B cannot be received by UE D. As a result, UE D may choose the same resource which leads to collision. 
[bookmark: _Toc92795206]Observation 4: Partially overlapping DRX configurations increase collisions among power saving UEs' transmissions.
Based on the above observation, it is desirable to keep the DRX patterns of different UEs on a resource pool either non-overlapping or fully overlapping. However, as RAN2 has agreed to support inactivity timer for different cast types, some level of partial overlap across different DRX patterns is unavoidable. To keep the collision probability at a reasonable level, therefore, some restrictions on scheduling a transmission outside of an RX UE’s DRX ON duration would be needed. For example, in order to reduce the chance of collisions, only the packets with a numerical priority value below a given threshold could be scheduled outside of the DRX ON duration.
[bookmark: _Toc92795222]Proposal 16: In order to keep the collision probability manageable, RAN1 should discuss the conditions for scheduling a (re-)transmission outside of the DRX ON duration of the RX UE. 
If an Rx UE is configured with DRX and a non-zero inactivity timer, its timer only starts running if it receives an SCI during its ON duration indicating a reservation during the OFF duration. In such a case, the Rx UE stays awake to receive the retransmissions during the extended ON duration. However, if the Rx UE misses the SCI with reservation indication, and if the Tx UE transmits over the reserved resources, not only the transmissions will not be received by the Rx UE, but also the chance of collision increases without any benefit.   
[bookmark: _Toc92795223]Proposal 17: For unicast and groupcast, the Tx UE retransmits on the resources outside of the Rx UE's ON duration only if it receives a NAK in response to the (re)transmission inside the ON duration indicating reservations.

In RAN1 106-e, it was agreed that the UE can performing sensing during inactive time:
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

The address the FFS on whether the sensing is mandated or is up to UE implementation, we consider two cases. When the DRX configurations are disjoint and both the Tx and Rx UEs are configured with a sidelink DRX, the Tx UE only needs to perform sensing during the Rx UE’s ON duration; note that performing sensing outside of the DRX ON duration of the Rx UE is not useful in this case since the Rx UE is not able to receive data during its OFF time. This could, for example, be the case for the P2P communication. In some other scenarios, e.g., P2V, although a Tx UE (i.e., a pedestrian UE) is configured with a DRX for its reception, it can still perform sensing outside of its DRX ON duration in case it has an urgent packet with a small PDB (as compared to the gap between two consecutive active time) to transmit. In this case, once a UE receives a packet for transmission, it can perform sensing for the purpose of resource selection or reevaluation.
To summarize, whether a sidelink UE should perform sensing only during its DRX ON duration or not is dependent on each specific scenario and should be left to a UE to decide. This is further supported by the results in Section 2.2 that show the performance of full sensing UEs not being noticeably affected by random selection UEs in the pool. Additionally, forcing the UE to perform sensing during inactive time would prevent the UE from going to sleep in many cases and would negate the power saving benefits of DRX. In RAN1 #107, there was a compromise proposal to perform sensing when (pre-)configured and to leave the decision up to UE’s implementation otherwise.
[bookmark: _Toc92795224]Proposal 18: Whether the UE performs SL reception of PSCCH and RSRP measurement for partial sensing on slots in SL DRX inactive time is enabled/disabled by (pre-)configuration.
· When it is enabled,
· When UE performs contiguous partial sensing, UE monitors a minimum of M slots for CPS.
· Note, when disabled, it is up to UE implementation whether to perform SL recepetion of PSCCH and RSRP measurement in SL DRX inactive time.

RAN1 agreed that MAC provides PHY with the receiver UE’s DRX active time so that a subset of resources would be selected within that duration:
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

An important consideration here is how to report only resources than can be utilized by MAC. For example, any resource reported prior to the beginning of the indicated active cannot be reliably received by the receiver UE since it be in inactive time and not receiving any signalling. At minimum, PHY should only report resources that start at or after the beginning of the receiver’s active time. Another related issue is handling multiple indicated active times for the same resource selection trigger. A similar issue arises here in that resources between the active times might not be usable if a resource within the earlier active is not reported to MAC and then selected. Hence to simplify design, the number of indicated active times should be limited to one per resource selection operation.
[bookmark: _Toc92795225]Proposal 19: MAC only indicates a single active time of a receiver UE to PHY layer for candidate resource selection.
[bookmark: _Toc92795226]Proposal 20: The beginning of the resource selection window starts no earlier than the beginning of the indicated active time.
The two remaining FFS discuss how to handle the case when insufficient resources are found in the indicated active time and whether to allow the UE to only select resources within the indicated active time. For the first one, PHY could report both the set containing resources within the indicated active time and the set generated using Rel-16 procedure without accounting for the receiver’s active time. MAC would then select resources appropriately. For the second FFS, it is advantageous for the UE to select all resources within the indicated active time, for example when it is important to ensure that the receiver would receive all transmission of the TB without relying on timer extensions.
[bookmark: _Toc92795227]Proposal 21: When the number of subsets of candidate resource is less than the threshold, PHY additionally reports the candidate resource set generated according to Rel-16 procedure.
[bookmark: _Toc92795228]Proposal 22: It is up to UE implementation to report candidate resources only within the indicated active time of the RX UE.
Congestion Control
RAN1 agreed to select from four options for SL CBR measurements when the UE is doing partial sensing:
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

The simplest solution is to reuse the LTE principle of not requiring a CBR measurement but using a (pre-)configured CBR value instead. This option also addresses the option issue regarding CBR measurements outside of a UE’s active by eliminating the measurement entirely regardless of DRX state.
[bookmark: _Toc92795229]Proposal 23: For SL CBR measurement in partial sensing, Option 4 (LTE principle) is reused.
Conclusion
Observation 1: Performing re-evaluation after random resource selection significantly improves performance compared to random selection without sensing.
Observation 2: The performance of full-sensing UEs in the system is not noticeably impacted when a proportion of UEs is replaced with ones that do not perform sensing.
Observation 3: For a UE performing partial sensing, the reception occasions should be limited in time; otherwise, no power saving gain is expected.
Observation 4: Partially overlapping DRX configurations increase collisions among power saving UEs' transmissions.

Proposal 1: Introduce random selection with subsequent re-evaluation in NR sidelink.
Proposal 2: No special consideration is needed for resources chosen using random selection in a resource pool with full and/or partial sensing.
Proposal 3: For supporting mode 2 resource allocation with partial sensing, define a set of periodic partial sensing resource sets partitioning a resource pool.
Proposal 4: A UE can perform partial sensing over a single or multiple resource sets.
Proposal 5: The reservation of a resource in a given set can only be signalled from another slot associated with the same resource set.
Proposal 6: For a UE performing partial sensing, if the resource selection procedure is triggered in slot , the resource selection window consists of the slots associated with a given partial sensing window that lie within  .
Proposal 7: For identifying the availability of resources in a selection window associated with a given partial sensing set in a resource pool with periodic reservation disabled, the sensing information from the past 32 slots that are within the intersection of the sensing window and the same partial sensing set is sufficient.
Proposal 8: For identifying the availability of a slot  associated with a given partial sensing set in a resource pool with periodic reservation enabled, in addition to the sensing information for aperiodic reservations as proposed in Proposal 6, the sensing information from , , is required if  belongs to the same partial sensing set.
Proposal 9: A partial sensing UE performs reception over the set of periodic resources assigned for sensing/transmission.
Proposal 10: Other UEs should know when a partial sensing UE can receive in order to communicate with it.
Proposal 11 When the UE is configured to additionally monitor periodic sensing occasions, it monitors both the most recent sensing occasions and the last periodic sensing occasion prior to the most recent one for the given reservation periodicity.
Proposal 12: In Approach 1, the Y’ candidate slots for aperiodic transmission are not required to be the same as the Y candidate slots in PBPS for periodic transmission of another TB(s).
Proposal 13: In Approach 1, By default, M is 31 unless (pre-)configured with another value.
Proposal 14: When UE performs only contiguous partial sensing (CPS) in a mode 2 Tx pool with periodic reservation for another disabled, T1 of the resource selection window is defined in the same way according to step 1) of Rel-16 TS 38.214 Sec. 8.1.4. Slots in RSW where the UE is still sensing are handled as part of resource exclusion.
Proposal 15: A UE can disable CPS and perform random selection when there is insufficient remaining PDB or it is low on power.
Proposal 16: In order to keep the collision probability manageable, RAN1 should discuss the conditions for scheduling a (re-)transmission outside of the DRX ON duration of the RX UE.
Proposal 17: For unicast and groupcast, the Tx UE retransmits on the resources outside of the Rx UE's ON duration only if it receives a NAK in response to the (re)transmission inside the ON duration indicating reservations.
Proposal 18: Whether the UE performs SL reception of PSCCH and RSRP measurement for partial sensing on slots in SL DRX inactive time is enabled/disabled by (pre-)configuration.
· [bookmark: _Toc92795053]When it is enabled,
· When UE performs contiguous partial sensing, UE monitors a minimum of M slots for CPS.
· Note, when disabled, it is up to UE implementation whether to perform SL recepetion of PSCCH and RSRP measurement in SL DRX inactive time.

Proposal 19: MAC only indicates a single active time of a receiver UE to PHY layer for candidate resource selection.
Proposal 20: The beginning of the resource selection window starts no earlier than the beginning of the indicated active time.
Proposal 21: When the number of subsets of candidate resource is less than the threshold, PHY additionally reports the candidate resource set generated according to Rel-16 procedure.
Proposal 22: It is up to UE implementation to report candidate resources only within the indicated active time of the RX UE.
Proposal 23: For SL CBR measurement in partial sensing, Option 4 (LTE principle) is reused.
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Appendix A: 
Simulation Assumptions
	Sidelink Frequency 
	6GHz 

	Traffic models 
	Vehicular UE traffic:
Aperiodic traffic with medium Intensity 
Inter-packet arrival time: 50 ms + an exponential random variable with the mean of 50 ms 
Packet size: Uniformly distributed between [200, 400, 600, 800, 1000, 1200, 1400, 1600, 1800, 2000] bytes 
Latency requirement: 50 ms 
Reservation method: aperiodic.
Pedestrian UE traffic:
Periodic with 200ms period.
Packet size: 300 bytes
Latency requirement: 50 ms 
Reservation method: aperiodic.


	Simulation Environment 
	Urban road

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

	Antenna Models 
	Option 1 

	SL Simulation BW 
	40MHz 

	SCS
	30 kHz

	Pathloss, shadowing, blocking and dual mobility models 
	Enabled (as per TR 37.885) 

	Number of Transmissions
	3 retransmissions

	N_MAX
	2

	T_3 (timeline)
	2000 us

	Initial RSRP Threshold
	-78 dBm

	Communication mode
	Groupcast option 1

	Required Communication Range
	160 m
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(a) Performance of full sensing UEs

20% of UEs are sensing

50% of UEs are sensing
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(b) Performance of random-selection UEs
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