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1	Introduction
In this paper, we discuss power saving procedures for NR SL related to resource allocation schemes, i.e., partial sensing and random resource selection. Regarding partial sensing mechanism, we discuss the procedures related to periodic-based and contiguous partial sensing along with their co-existence and interaction. Moreover, aspects related to SL-DRX and its relationship with partial sensing are described. To finalize the paper, enhancements and rules for random resource selection mechanism are defined in order to achieve a better performance. 
2	Partial sensing procedures
During the last RAN1#106-e, the following was agreed regarding the general conditions that are required to be met in order for the contiguous partial sensing procedure to be triggered: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


In our view, the contiguous partial sensing is more suitable to be performed once the triggering from higher layers occurs for both periodic and aperiodic transmissions. During the RAN1 discussion in the previous meetings, some companies proposed to perform the contiguous partial sensing prior to the triggering instant n for periodic transmissions. However, in our view, for periodic transmissions, the periodic-based partial sensing procedure is sufficient since it can efficiently detect the collisions that may happen due to periodic reservations/transmissions. Therefore, we do not see the benefit of performing contiguous sensing prior to the triggering instant of the transmission. 
[bookmark: _Toc83995710]Benefits of performing contiguous partial sensing before the resource selection trigger n are not clear. 
Additionally, in case contiguous sensing is performed prior to the triggering from higher layers, the power consumption is higher since the UE has to sense the environment for a longer time and the advantages of this procedure are not completely evident. Therefore, we propose to delete the wording in bracket from the previous agreement to perform contiguous partial sensing only after the triggering instant n.
[bookmark: _Toc83995694]Remove the wording in brackets, i.e., [is expected to be or], from the agreement in     RAN1#106-e.
2.1	Periodic-based partial sensing procedures
In RAN1#105-e, the following agreements have been made regarding the periodic sensing occasions which are to be monitored by the UE performing the periodic-based partial sensing.Agreement:
· For the set of Preserve values in periodic-based partial sensing, 
· If no (pre-)configuration (i.e., by default), Preserve corresponds to all values from the (pre-)configured set sl-ResourceReservePeriodList.
· Otherwise, a single set of Preserve values can be (pre-)configured, where the set of Preserve values are restricted to a subset of the (pre-)configured set sl-ResourceReservePeriodList
· This is per mode 2 Tx resource pool (pre-)configuration
· A UE by implementation may also monitor other sl-ResourceReservePeriodList values not part of the restricted subset 
· In particular, the UE may additionally monitor occasions corresponding to P_RSVP_Tx
· FFS whether the monitoring can be mandatory
Agreement:
·  In periodic-based partial sensing for resource (re)selection, the UE at least monitors in periodic sensing occasion(s) for a given reservation periodicity before the first slot of the selected Y candidate slots subject to processing time restriction for the identification of candidate resources.
· The processing time restriction includes Tproc,0SL and Tproc,1SL.
· Aspects relating to sensing during SL DRX are to be discussed separately
· Relationship to re-evaluation and pre-emption operation for periodic-based partial sensing to be discussed separately
· FFS details including whether monitoring of periodic sensing occasions between triggering slot n and the first slot of the selected Y candidate slots subject to processing time restriction is performed as part of resource (re)selection or re-evaluation and pre-emption checking



The first agreement deals with the set of periodicities – defined in Preserve – that a UE should monitor when performing periodic-based partial sensing. In the last RAN1 meeting, there were some proposals by companies to mandate the monitoring of additional occasions corresponding to P_RSVP_Tx even if P_RSVP_Tx is not part of the restricted (pre-)configured subset. In our view, such restriction is not needed as a UE should as much as possible minimize the sensing occasions needed to be able to detect collision with other UEs and monitoring according to its own periodicity will not bring any extra information if no other UE is transmitting with that periodicity.
[bookmark: _Toc83995695]A UE performing periodic-based partial sensing is not mandated to monitor occasions corresponding to P_RSVP_Tx, unless P_RSVP_Tx is included in the (pre-)configured subset.
Additionally, the following was agreed in RAN1#105-e regarding the monitoring occasions that should be considered:Agreement:
· 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


The first issue remaining from the above agreement is whether to confirm the working assumption from the last meeting. In our view, based on pre-configuration, the potential values that can be included within the pre-configured set can be the most recent sensing occasion the one immediately prior to the most recent sensing occasion.
[bookmark: _Toc83995696]Confirm the working assumption where the possible pre-configured set of values include at least the most recent sensing occasion and the last sensing occasion prior to the most recent one.
Regarding the issue of whether a value within the set of periodic sensing occasions denotes a specific occasion to monitor or the earliest occasion to start the monitoring, in our view it is already clear that the value in the set corresponds to the earliest occasion to start monitoring, i.e., a sensing occasion where the UE may perform sensing. By using this approach, it is possible to avoid missing sensing occasions due to the UE’s receiver being turned off, e.g., during SL-DRX inactive period. In case there is some confusion in RAN1, the following proposal makes this clear.
[bookmark: _Toc83995697]Each value within the set of sensing occasions determines the earliest occasion to start the monitoring.
For the case where SL-DRX and periodic-based partial sensing are both configured, and the UE is performing them, we propose a similar approach as for the SL reception of PSCCH and RSRP measurement for sensing during SL-DRX Inactive Time. If there are pre-configured periodic sensing occasions, i.e., given by the values k and Preserve, which happen outside of the SL-DRX Active Time of the UE, we propose to keep up to UE implementation the monitoring of these additional occasions.
[bookmark: _Toc83995698]Up to UE implementation whether to perform periodic-based partial sensing in the pair of values (Preserve, k) in addition to the most recent sensing occasion and the occasion immediately prior to it, regardless of the SL-DRX Active or Inactive Time.

2.2	Contiguous partial sensing mechanism for NR SL
During the RAN1#106-e meeting, the following agreement was made for the contiguous partial sensing mechanism. 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 


For the case of contiguous partial sensing, the sensing procedure is triggered after the arrival of packet in the buffer (i.e., triggering slot n) which consumes part of the PDB of the packet. In other words, the selection window is restricted to be only between n+TB and n+T2 and processing time will also be considered. This may have some adverse effect due to reduction of the selection window (e.g., unavailability of enough resources). An example of this situation is given in Figure 1:
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[bookmark: _Ref78791595]Figure 1: Contiguous partial sensing windows restricted by PDB
Therefore, it is important to define a minimum resource selection window which is defined by the value T2min.
[bookmark: _Toc83995699]RAN1 defines a minimum resource selection window size.
Similarly, it is also important to have a (pre-)configured minimum sensing window in order to avoid packet collisions. This is especially useful in loaded scenarios where sensing provides better performance due to the likelihood of detecting potential collisions if sensing is performed for at least a specific minimum sensing window. 
[bookmark: _Toc83995700]RAN1 defines the minimum CPS window size.
Furthermore, we think that minimum CPS window size should be (pre-)configured and can be based on channel load measured by CBR. For example, if CBR is high, higher minimum CPS window size can be (pre-)configured.  For the CBR calculation some modifications to the Rel-16 procedure have to be done in order to address the power saving mechanism perform in partial sensing, i.e., the UE is not constantly sensing. We have prepared a detailed explanation of the new procedure to measure the CBR for power saving UEs in our companion paper [1].
[bookmark: _Toc83995701]Minimum CPS window size is determined based on the measured CBR. 
Different cases can arise from the above-described limitation due to PDB and it is important to define a consistent UE behaviour for the cases. Below, we list all the possible cases:
· Case 1: If PDB is smaller than the sum of minimum CPS window size and minimum RSW defined by T2min.
· In this case, UE should perform random resource selection and reuse Rel. 16 procedure for the case when PDB is even lower than T2min.

· Case 2: If PDB is larger than the sum of minimum CPS window size and minimum RSW defined by T2min.
· In this case, UE is able to perform sensing on larger window as compared to the minimum CPS window size while fulfilling the minimum resource selection window constraint. The upper bound of the sensing window i.e., TB, is defined with respect to the minimum RSW.

[bookmark: _Toc83995702]In case, PDB < minimum CPSW + minimum RSW, UE performs random resource selection. Whereas, in case PDB > minimum CPSW + minimum RSW, UE performs sensing up to n+TB, where TB is defined with respect to minimum RSW.
[bookmark: _Toc83904434]There is one remaining FFS regarding whether for the case of contiguous sensing the resource selection window should be confined within a set of periodic resources. In our view, the resource selection window shall not be confined within a set of periodic resources since it can be triggered for aperiodic transmissions. If the resource selection window is limited only to certain periodic occasions this could introduce latency restrictions into the resource transmission (which potentially could lead to violate the PDB).
[bookmark: _Toc83995703]The resource selection window is not confined within a set of periodic set of resources when performing contiguous sensing procedure.
2.3	Interaction between periodic and contiguous partial sensing
Alignment between the periodic-partial sensing and the contiguous partial sensing – when used simultaneously – is needed in order to optimize the UE’s power consumption while keeping a good monitoring of the resource pool in order to check for potential collisions. Based on the following agreement, it is was discussed in RAN1 whether coordination between the periodic-based partial sensing and the contiguous sensing is needed.[bookmark: _Hlk80955648]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) enabled


In our view, it is important to consider the adaptation of the contiguous partial sensing window when configured together with periodic-based partial sensing to reduce the potential power consumption while maximizing the likelihood of detecting a collision. For instance, the sensing performed after the resource selection trigger can be shortened, in case certain periodic-based partial sensing has been already done during the period defined prior to the triggering of contiguous partial sensing, i.e., time instant n. In other words, the minimum CPS window defined in section 2.2. is a combination of contiguous PS after the resource selection trigger and periodic partial sensing performed prior to the resource selection trigger. 
[bookmark: _Toc83995704]Consider the adjustment of the contiguous partial sensing window after the resource selection trigger n when coexisting with the periodic-based partial sensing.
Based on the following agreement, RAN1 has to decide how to determine the set of candidate resource within the RSW when both periodic-based and contiguous partial sensing schemes.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


We propose to have the combination of the available results, i.e., the information obtained from the periodic-based partial sensing and the contiguous partial sensing information. For the combination procedure, we propose to use the pre-configured k value periodic sensing occasions together with the contiguous partial sensing in order to obtain the free/idle set of candidate resources
[bookmark: _Toc83995705]When a UE performs both periodic-based and contiguous partial sensing, the results from the k periodic-based partial sensing occasions and the information from the contiguous partial sensing are combined to define the candidate set of resources
3	Partial sensing and SL-DRX relationship
During RAN1#106-e, a discussion regarding a reply to an LS from RAN2 was concluded. The following agreement regarding the reception of PSCCH and RSRP measurement for sensing during the SL-DRX Inactive Time was reached.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

Nevertheless, the details regarding the UE behavior in SL-DRX Inactive Time, i.e., whether the reception of PSCCH and RSRP measurement for sensing is up to UE implementation or specification is needed, was not concluded. In our view, as explained in Section 2.2, a UE should be mandated to at least fulfil the minimum sensing criteria. Therefore, in case of the contiguous partial sensing, we propose that the specification ensures that minimum sensing according to the (pre-)configured value is performed even outside the DRX Active Time. However, it is left up to UE implementation if it wants to perform sensing beyond the minimum (pre-)configured sensing window. On the other hand, in case of periodic sensing, as there is no minimum sensing window length defined, sensing outside the DRX Active Time is left up to UE implementation.
[bookmark: _Toc83995706]As a general principle, it is up to UE implementation to perform the sensing outside the Active Time. However, a UE is mandated to fulfil the minimum sensing window size in case of contiguous partial sensing.
The introduction of SL DRX, which is one of the objectives in the WID, will allow SL UEs to turn off their receiver chains for the purpose of power saving. For this feature to be useful, it is necessary that SL TX and SL RX(s) are aligned. 
For Mode 1, the gNB schedules the transmissions. RAN2 is in the process of specifying signaling to assist the gNB in the task of scheduling transmissions. Thus, no specification impact is foreseen for Mode 1.
[bookmark: _Toc79156976][bookmark: _Toc83995711]For Mode 1, the gNB can ensure that the granted resources fall within the Active Time of the SL RX UE(s).
For Mode 2, the TX UE autonomously selects resources for its transmissions. It follows that the TX UE should be responsible of not making transmissions outside the Active Time of the RX UE(s). There are multiple aspects to discuss on this topic, including the following:
· Whether/how to restrict the reporting of resources from PHY to higher layers (specified in 38.214) or whether to restrict the selection of resources within the set reported by the PHY (specified in 38.321).

[bookmark: _Toc79156973][bookmark: _Toc83995707]For Mode 2, the selection of resources at the TX UE is restricted to fall within the Active Time of the RX UE(s) and implemented in RAN1.
[bookmark: _Toc83905280]The details on how PHY layer can select resources considering the Active Time of the Rx UE(s), i.e., the Tx UE is restricted to a certain set of resources considering the SL-DRX Active Time, is given in our LS discussion paper based on a reply LS from RAN2 [2].
4	Random resource selection scheme
In our view, a UE can perform random resource selection under two conditions:
· The UE does not have PSCCH/PSSCH reception capability, i.e., defined as Type A or Type B UE; or
· The UE is in a power saving where it turns off the SL reception chains in order to save power, i.e., a Type D UE in power saving mode.

[bookmark: _Toc83995712]A UE performs random resource selection either due to lacking SL reception capabilities or due to power saving operation.
In Section 4.1, we discuss enhancements to random resource selection for UEs that do not perform sensing. In Section 4.2, we discuss how to merge random resource selection and sensing for UEs that support it.
4.1	Restrictions on resource reservation for non-sensing UEs
Based on the following agreements from RAN1#103-e and RAN1#104-e, we discuss some of the conditions and restrictions that should be supported for random resource selection operation.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.).


Since UEs with different resource allocation mechanism may need to coexist within the same resource pool, some restrictions/rules need to be applied for the UEs performing random resource selection in order to avoid impacting the performance of the peer UEs. These restrictions are in place to avoid an increase in the number of collisions due to their lack of knowledge of the free/busy resources within the resource pool since they do not/may not perform any sensing operation.
[bookmark: _Toc83995713]Restrictions and rules for the choice of resources are needed for UEs that do not perform sensing in a shared resource pool when coexisting with sensing UEs, i.e., partial and full sensing UEs.
In a shared resource pool, a non-sensing UE performs random resource selection for its initial transmission and potentially reserve up to two other resources using the SCI for re-transmissions or for next transmissions. A random resource selection UE is not able to perform any kind of sensing upon reserving/selection resources, and therefore, it cannot trigger re-evaluation/re-selection or pre-emption of its resources by itself. 
[bookmark: _Toc83995714]A non-sensing UE performing random resource selection cannot perform re-selection or pre-emption of its resources based on its sensing operation due to the lack of sensing results.
On the other hand, a sensing UE – full or partial sensing UE – can sense the resource(s) reserved by the non-sensing UE in the SCI of the initial transmission, and therefore, act accordingly, e.g., perform re-selection/pre-emption of its reserved resources if a collision is going to happen. However, if the separation/gap between the initial transmission by the non-sensing UE and the successive reservation(s) is not large enough for the sensing UE to decode and perform re-selection/pre-emption, the collision will happen even if the sensing UE could have potentially avoided it. 
In our view, UEs not performing sensing, e.g., UE2 as shown in Figure 3, should select/reserve consecutive resources with a separation/gap large enough so that a sensing UE, e.g., UE1 as shown in Figure 3 , is able to decode the reservation contained in a transmission, identify a potential collision with the transmission in the second resource, and trigger re-evaluation/re-selection or pre-emption.
 
[image: Chart, bar chart

Description automatically generated]
[bookmark: _Ref61879959]Figure 3: Resource re-selection with gap restriction in a shared resource pool
[bookmark: _Toc83995708]A UE that is not performing sensing in a resource pool shared with sensing UEs shall select/reserve resources for consecutive transmissions with a separation/gap large enough so that the sensing UE can react accordingly if a collision happens, i.e., trigger resource re-evaluation/re-selection or pre-emption.
[bookmark: _Toc61343706][bookmark: _Toc61343793][bookmark: _Toc61344948][bookmark: _Toc61344949][bookmark: _Toc61344986][bookmark: _Toc46180190][bookmark: _Toc46180211][bookmark: _Toc46180191][bookmark: _Toc46180212][bookmark: _Toc46180192][bookmark: _Toc46180213]4.1.1	Simulation results introducing a minimum separation between consecutive resources
In the following, we discuss the simulation results based on the previous proposal where we have proposed to include a minimum gap between consecutive transmissions for UE performing random resource operation. In Figure 4, we show the PRR of full sensing and non-sensing UE, i.e., UEs performing random resource selection, in a shared resource pool when different minimum gaps between consecutive resources have been enforced.
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[bookmark: _Ref71523836]Figure 4: PRR for different resource gap between consecutive resource selection with blind re-transmissions
Pair of curves (green and black) with separation by at least 4 slots between consecutive transmissions:
· (Green) FS UEs (50%) - Up to 4 transmissions per TB. Consecutive transmissions spaced by at least 4 slots (to accommodate HARQ time, etc.). HARQ FB is used (ACK/NACK). 
· (Black) NS UEs (50%) - 4 blind transmissions per TB. Consecutive transmissions spaced by at least 4 slots. HARQ FB is not used. 
Pair of curves (yellow and pink) with no enforced separation between consecutive transmissions:
· (Yellow) FS UEs (50%) - Up to 4 transmissions per TB. Consecutive transmissions when HARQ is enabled (i.e., accommodate HARQ time, etc.). HARQ FB is used (ACK/NACK). 
· (Pink) NS UEs (50%) - 4 blind transmissions per TB. Consecutive transmissions in consecutive slots. HARQ FB is not used.
The simulation shows that enforcing a minimum gap – first pair of curves – between consecutive transmissions for random resource selection UEs, e.g., at least 4 slots, provides a better performance than not enforcing any separation and selecting consecutive resources for subsequent transmissions. The reasoning behind the improved performance is that full sensing UEs can trigger re-selection/pre-emption of resources, i.e., react to the selection performed by random resource selection UEs, if there is enough separation/time-gap between consecutive resources selected by random resource UEs.
[bookmark: _Toc83995715]Enforcing a minimum gap between consecutive resources by random resource selection UEs in a shared resource pool enhances the PRR performance of the random resource UEs while additionally improving the reliability of sensing UEs, i.e., full or partial sensing UEs.
4.2	Re-evaluation/pre-emption procedure for random resource selection 
[bookmark: _Toc79052097]If a UE is in power saving mode but it has the capability of performing sensing, then there is a possibility for the UE to optimize the power saving and resource collision probability. In our view, a UE can skip sensing in order to select the resources for its initial transmission, i.e., initial random resource selection is performed. However, after this initial selection, the UE should perform sensing operation to do re-evaluation and/or pre-emption. In case of resource reselection for retransmissions, the newly gathered sensing information can be used for scheduling. The actual procedure will be as follows:
(1) Random resource selection is performed by the Type D UE (i.e., the assumption is that the UE does not have any sensing results).
(2) Sensing is initiated by the UE after random resource selection and is performed till end of the transmission of the TB. 
(3) Re-evaluation and pre-emption can be performed based on sensing information. 
(4) Any further selection of resources for this TB (either due to re-evaluation/pre-emption or HARQ retransmission) is based on the acquired sensing information.
Based on this, we propose the following:
[bookmark: _Toc79052115][bookmark: _Toc83995709][bookmark: _Toc79052114][bookmark: _Toc79052116]A UE capable of SL reception using random resource selection for its initial transmission, starts sensing when the TB arrives at the TX buffer and until it is finally transmitted, including all possible retransmissions. 
This procedure aims to trigger the limited sensing, i.e., after an initial scheduling using random resource selection. 
4.2.1	Numerical evaluation
[bookmark: _Toc61429398][bookmark: _Toc61430721][bookmark: _Toc61433522][bookmark: _Toc61433549][bookmark: _Toc61433570][bookmark: _Toc61433586][bookmark: _Toc61433605][bookmark: _Toc61433622][bookmark: _Toc61527538][bookmark: _Toc61557493][bookmark: _Toc61561077][bookmark: _Toc61561111]To understand the relative merits of re-evaluation/pre-emption for random resource selection, we have analyzed the following alternatives:
· S1 – ‘Full Sensing’. The UE is sensing all the time, following the NR SL Rel-16 procedure.
· S2 – ‘Random resource selection with pre-emption and re-evaluation’. 
· The UE starts sensing when it receives a packet and until the packet is transmitted (e.g., HARQ-ACK is received, or the maximum number of transmissions is reached). 
· Scheduling takes place as soon as the packet is received. That is, the initial scheduling does not use any sensing information.
· Reselection may be triggered due to re-evaluation or pre-emption (as specified in Rel-16).
· S3 – ‘Random resource selection without sensing’. The UE uses random resource allocation without sensing at any point.

Figure 5 shows the PRR performance of the resource allocation procedures enumerated above. The ordering of the different schemes is as one would expect, with more sensing information resulting in better PRR performance.
[bookmark: _Toc83995716]Random resource selection using re-evaluation and pre-emption outperforms random resource selection without sensing.

[image: ]
[bookmark: _Ref79156163]Figure 5: PRR performance for different resource allocation alternatives using different amounts of sensing information
[bookmark: _Toc71302190][bookmark: _Hlk67560264]5	Conclusion
In the previous sections we made the following observations: 
Observation 1	Benefits of performing contiguous partial sensing before the resource selection trigger n are not clear.
Observation 2	For Mode 1, the gNB can ensure that the granted resources fall within the Active Time of the SL RX UE(s).
Observation 3	A UE performs random resource selection either due to lacking SL reception capabilities or due to power saving operation.
Observation 4	Restrictions and rules for the choice of resources are needed for UEs that do not perform sensing in a shared resource pool when coexisting with sensing UEs, i.e., partial and full sensing UEs.
Observation 5	A non-sensing UE performing random resource selection cannot perform re-selection or pre-emption of its resources based on its sensing operation due to the lack of sensing results.
Observation 6	Enforcing a minimum gap between consecutive resources by random resource selection UEs in a shared resource pool enhances the PRR performance of the random resource UEs while additionally improving the reliability of sensing UEs, i.e., full or partial sensing UEs.
Observation 7	Random resource selection using re-evaluation and pre-emption outperforms random resource selection without sensing.

Based on the discussion in the previous sections we propose the following:
Proposal 1	Remove the wording in brackets, i.e., [is expected to be or], from the agreement in     RAN1#106-e.
Proposal 2	A UE performing periodic-based partial sensing is not mandated to monitor occasions corresponding to P_RSVP_Tx, unless P_RSVP_Tx is included in the (pre-)configured subset.
Proposal 3	Confirm the working assumption where the possible pre-configured set of values include at least the most recent sensing occasion and the last sensing occasion prior to the most recent one.
Proposal 4	Each value within the set of sensing occasions determines the earliest occasion to start the monitoring.
Proposal 5	Up to UE implementation whether to perform periodic-based partial sensing in the pair of values (Preserve, k) in addition to the most recent sensing occasion and the occasion immediately prior to it, regardless of the SL-DRX Active or Inactive Time.
Proposal 6	RAN1 defines a minimum resource selection window size.
Proposal 7	RAN1 defines the minimum CPS window size.
Proposal 8	Minimum CPS window size is determined based on the measured CBR.
Proposal 9	In case, PDB < minimum CPSW + minimum RSW, UE performs random resource selection. Whereas, in case PDB > minimum CPSW + minimum RSW, UE performs sensing up to n+TB, where TB is defined with respect to minimum RSW.
Proposal 10	The resource selection window is not confined within a set of periodic set of resources when performing contiguous sensing procedure.
Proposal 11	Consider the adjustment of the contiguous partial sensing window after the resource selection trigger n when coexisting with the periodic-based partial sensing.
Proposal 12	When a UE performs both periodic-based and contiguous partial sensing, the results from the k periodic-based partial sensing occasions and the information from the contiguous partial sensing are combined to define the candidate set of resources
Proposal 13	As a general principle, it is up to UE implementation to perform the sensing outside the Active Time. However, a UE is mandated to fulfil the minimum sensing window size in case of contiguous partial sensing.
Proposal 14	For Mode 2, the selection of resources at the TX UE is restricted to fall within the Active Time of the RX UE(s) and implemented in RAN1.
Proposal 15	A UE that is not performing sensing in a resource pool shared with sensing UEs shall select/reserve resources for consecutive transmissions with a separation/gap large enough so that the sensing UE can react accordingly if a collision happens, i.e., trigger resource re-evaluation/re-selection or pre-emption.
Proposal 16	A UE capable of SL reception using random resource selection for its initial transmission, starts sensing when the TB arrives at the TX buffer and until it is finally transmitted, including all possible retransmissions.
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Appendix – Simulation Assumptions
Table 1 contains the different simulations assumptions used for generating the results presented in this contribution. Other assumptions and models follow TR 37.885 [3] and TR 38.885 [4].
[bookmark: _Ref61607005][bookmark: _Ref61607002]Table 1: Simulation assumptions
	
	Parameter
	Value

	Scenario
	Deployment
	Highway Option A

	
	Number of UEs
	155 (As determined by TR 37.885 [3])

	
	Channel models
	See TR 37.885 [3]

	Traffic
	Model
	Aperiodic medium intensity with fixed packet size 800 bytes

	
	PDB
	50 ms

	
	Cast Mode
	Groupcast Option 2 with group distance = 500 m

	RF
	Carrier frequency
	6 GHz

	
	Bandwidth
	40 MHz

	
	SCS
	30 kHz

	
	Antenna configuration
	2 TX / 2 RX

	Pool configuration
	Sub-channels
	4

	Scheduling
	Max. transmissions per TB
	4

	
	Reservations per SCI
	1

	
	Gap between retransmissions
	2 slots

	
	MCS
	16QAM with CR=1/2

	Sensing
	RSRP threshold
	-80 dBm
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