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1	Introduction
During RAN plenary the following list of topics were discussed and accepted as some of the high priority issues to be discussed during RAN1#107bis-e for the power saving agenda item [1, 2].
	· 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



Based on this list of topics, in this paper, we discuss the remaining issues regarding power saving procedures for NR SL related to the resource allocation schemes, i.e., partial sensing and random resource selection. For partial sensing mechanism, we discuss the remaining details of the contiguous partial sensing window and operation. Moreover, aspects related of SL-DRX from RAN1 perspective are included in the contribution. We also discuss the elements that are needed for UEs performing random resource selection including resource re-selection/pre-emption and their operation in resource pools mixed resource allocation schemes. To finalize the paper, the definition of congestion control related procedures when used by UEs performing partial sensing is discussed. 
2	Partial sensing procedures
2.1	Contiguous partial sensing mechanism for NR SL
2.1.1	Resource selection window definition
In the last RAN1 meeting some agreements related to the contiguous partial sensing operation were reached. However, there are still some open issues which are critical to achieve a complete operation of the NR SL contiguous partial sensing operation in Rel-17. Based on the previously reached agreements indicated below and focusing on the critical issues to complete the feature, we propose the following.
	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



For the case of performing contiguous partial sensing one important issue that remains open is the definition of the value T1 which defines the resource selection window [n+T1, n+T2]. For the case of contiguous partial sensing procedure, the sensing procedure is triggered after the arrival of the packet at the buffer (i.e., triggering slot n), which consumes part of the PDB of the packet. Consequently, the selection window is restricted to be only between n+TB and n+T2 with the addition of considering the associated processing time(s). 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 window restricted by PDB and resource selection window defined by the value of the value of the contiguous partial sensing window, i.e., TB, and by the PDB. Top: the PDB is large enough, allowing for large sensing and resource selection windows. Bottom: since the PDB is small, having a large sensing window results in an extremely short resource selection window.
Due to the nature of the contiguous partial sensing procedure, i.e., it is triggered after time instant n, it is important to guarantee that the UE can select resources during its resource selection window based on the gathered sensing results, e.g., based on contiguous partial sensing and/or periodic-based sensing. In this case, it is important that the value of T1 –which defines the beginning of the resource selection window – is defined taking into consideration the sensing window, i.e., TB, and the processing times needed as T1 ≥TB+Tproc,0+Tproc,1. Equally importantly, the value of T1 shall be selected to allow for a minimum resource selection window where T2 – T1  ≥ RSWmin and T2 defines the end of the resource selection window and a minimum resource selection window is defined by the value RSWmin.
[bookmark: _Toc92826107]For CBPS, the sensing window end (i.e., n+ TB) and the resource selection window [n+T1, n+T2] are selected so that T1 ≥ TB+Tproc,0+Tproc,1 and T2 – T1 ≥ RSWmin. 
2.1.2	Contiguous partial sensing window definition
	Agreement: In contiguous partial sensing for resource (re)selection, TA and TB values can be zero, positive or negative 
· TA and TB values or range depend on different operating scenarios or conditions (e.g., periodic/aperiodic traffic, predictability of triggering slot n, remaining PDB, re-evaluation/pre-emption checking, HARQ feedback, CBR/CR parameter, power saving, etc)
· FFS details



In previous agreements, RAN1 discussed that the size of the CPS window, i.e., the values TA and TB, depends on certain conditions and parameters. In our view, this is a reasonable direction since the CPS window size should be configured following these conditions in order to adapt the power saving operation to the different scenarios or conditions.
[bookmark: _Toc92826095]The contiguous partial sensing (CPS) window size needs to be defined considering different scenarios or conditions.
Apart from adapting the value of the CPS window, the definition of the CPS actual window size is still pending after the last meeting discussions – labelled as FFS – in the agreements reached in RAN1#107-e and also consider as TBD in the RRC parameter definition [3]. In this regard, we see two different issues: 
· The first issue is the specific value of the CPS window. In our view, the CPS window size value should be (pre-)configured and its value should be adjusted based on the priority of the transmission. For example, if a high priority transmission needs to be transmitted, a higher CPS window size can be (pre-)configured in order to ensure a higher likelihood of a successful transmission due to the longer sensing time. On the other hand, if a low priority transmission is to be transmitted, a shorter sensing window – potentially even no-sensing – is performed. 
· The second issue to consider is the value range for the contiguous partial sensing window. Based on the agreements reached, the value of the contiguous sensing window M shall be defined as M = [0, 31] including considerations about the processing times. There have been discussions about the minimum value of the sensing window for contiguous sensing. In our view, the contiguous sensing window M can have a value of zero for the case when a minimum M is not fulfilled and the UE by implementation decides to perform random resource selection, i.e., TA = TB = 0, where no sensing is performed. For the maximum value of 31, we need to consider that the size of the contiguous sensing window can span a maximum of 31 slots.

[bookmark: _Toc92826108]The CPS window size M is in the range of [0, 31] slots and it is determined considering:
· [bookmark: _Toc92826109]the minimum resource selection window size RSWmin as defined in Proposal 1.
· [bookmark: _Toc92826110]the associated processing times for the resource selection operation.

[bookmark: _Toc92826111]The CPS window size M is (pre-)configured based on the priority of the transmission.
2.2	Coordination of periodic-based and contiguous partial sensing operation for resource (re)selection
The procedure to perform resource selection for an aperiodic transmission (Prsvp_TX=0) in slot n considers both the contiguous partial sensing window and the periodic-based partial sensing occasions. Due to the nature of the aperiodic transmission, the contiguous partial sensing can detect potential collisions with a higher likelihood than the periodic-partial sensing procedure.
[bookmark: _Toc92826096]Due to the nature of aperiodic transmissions, the contiguous partial sensing procedure is more likely to detect collisions than monitoring periodic-based partial sensing occasions.
Therefore, in our view, if both sensing operation can be performed for aperiodic transmissions, i.e., periodic-based partial sensing and contiguous partial sensing, the sensing operation obtained by the contiguous partial sensing shall be prioritized under certain conditions. For instance, depending on the priority of the transmission, the contiguous partial sensing operation is prioritized over the periodic-based partial sensing operation. 
[bookmark: _Toc92826097]It is important to define a coordination between periodic-based and contiguous partial sensing operation to achieve a higher power saving operation.
Following a previous agreement in RAN1, the periodic-based partial sensing can be performed between the time instant n and the first slot of the set Y of candidates slots as indicated here:
	Agreement
In periodic-based partial sensing, UE 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.



As indicated in the previous observations in this section, for aperiodic transmission the use of contiguous partial sensing operation is more suited to detect potential collisions. Therefore, we propose that the periodic-based partial sensing occasions during the slot n and the first selected Y candidates are not performed based on certain transmission parameters, such as priority of the transmission, for aperiodic transmissions (Prsvp_TX=0). This also allows for a lower power consumption from the UE performing partial sensing since periodic-based partial sensing is not performed during a certain time period.
[bookmark: _Hlk86909273][bookmark: _Toc92826112]For aperiodic transmissions (Prsvp_TX=0), the periodic-based partial sensing operation between n and the first slot of Y is not performed whereas the contiguous partial sensing operation is performed if enabled.
[bookmark: _Toc83904434]3	SL-DRX and partial sensing relationship
The following agreement regarding the relationship between sensing operation and SL-DRX active and inactive time was reached in RAN1#106-e:
	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



Based on this agreement, RAN1 needs to define whether there are some rules or specification so that the UE performs sensing during its inactive time, or it is up to UE implementation. In our view, a UE should mainly perform the sensing operation during its SL-DRX active time – if not the power saving gains from SL-DRX are diminished. 
[bookmark: _Toc92826098]By performing sensing only during the SL DRX time, a UE attains the power saving benefits of the SL DX procedure.
However, under some conditions, it is important that a UE additionally performs sensing outside of its SL DRX active time. For example, in case a UE cannot fulfil a minimum sensing window defined by Mmin during its SL DRX Active time then the UE should extend the sensing operation to the SL DRX inactive time until reaching this value Mmin. The rationale behind this operation is that if this sensing window Mmin is not fulfilled the likelihood of collisions is increased. Additionally, in most cases it is better in terms of power saving to extend the sensing operation up to a value Mmin than performing a retransmission – including the associated sensing operation – due to a collision reached by the reduced sensing time.
[bookmark: _Toc92826113]In case a minimum sensing window Mmin is not fulfilled by the sensing performed during the SL DRX active time, the UE additionally performs sensing during its SL DRX inactive time to fulfil Mmin. 
Moreover, concerning the SL DRX operation and its relationship with RAN1 procedures, during RAN1#107-e the following agreement was reached regarding the candidate resources to be reported by PHY layer to MAC layer during SL-DRX operation.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 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


In this regard, RAN1 received an LS from RAN2 [4] agreeing on the procedure that MAC layer indicates the “active time” information to PHY layer. For the definition of “active time”, the following agreement was made in RAN2:
	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.


In order to maximize the successful transmission rate of the initial transmission (in line with the RAN2 agreement) and also of the subsequent re-transmissions, we propose that the PHY layer of the Tx UE maximize the amount of reported resources (to MAC layer) which are within the indicated active time of the Rx UE. By doing this the Tx UE can ensure with a higher likelihood that the Rx UE will be able to receive the transmission and it is aligned with the MAC layer “active time” indication reported to PHY layer. An example of this mechanism is given in the following Figure 2 where the number of resources within the active time of the Rx UE is fulfils a certain threshold, e.g., X = 4:
[image: ]
Figure 2: The Tx UE selects resources to be reported which are within the active time of the Rx UE.
[bookmark: _Toc92826114]The PHY layer of the Tx UE maximizes reporting to MAC layer candidate resources which are within the SL-DRX active time indicated by MAC layer in order to maximize the likelihood of the Rx UE being able to receive the transmission.
Based on this proposal, the UE first selects resources to be reported as candidate resources which are within the SL-DRX active time of the Rx UE to MAC layer. In case the number of candidate resources within the indicated SL-DRX active time is below a certain threshold X, it is up to UE implementation to select resources which are outside of the SL-DRX active time. The Tx UE selects resources in the SL-DRX inactive time up to fulfiling the minimum number of resources given by a threshold X. In case the number of resources to be reported is still below the threshold X –even after including resources which are outside of the Rx UE active time – the Tx UE increases the RSRP threshold used for selecting candidate resources. After that the Tx UE starts the resource selection mechanism from the beginning, i.e., selecting first resources within the Rx UE active using a higher RSRP threshold. An example of the Tx UE selecting resources outside of the active time of the Rx UE if the number of resources within the active time of the Rx UE is below certain threshold, e.g., X = 4, is given in the following figure:
[image: ]
Figure 3: The Tx UE selects resources to be reported also outside of the active time of the Rx UE since the number of resources within the Rx UE active time is below a threshold X.
[bookmark: _Toc92826115]The UE first selects resources included within the SL-DRX active time of the Rx UE. In case the number of resources is below a certain threshold X, it is up to UE implementation to select resources outside of the SL-DRX active time until fulfilling the threshold X.
· [bookmark: _Toc92826116]FFS relationship to Step 7 in TS 38.214 Clause 8.1.4, including minimum number of resources and RSRP increase.

4	Random resource selection scheme
Regarding the random resource selection scheme, we think that there are plenty of critical issues to be addressed before RAN1 can have a complete functionality of the feature. First, we want to clarify the fundamental operation of random resource selection. In our view, a UE can perform random resource selection based on two different 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 or the UE is not able to fulfil the minimum sensing window.
We note that other conditions may be defined by RAN2 (e.g., related to the exceptional pool), but we omit them from this discussion.
[bookmark: _Toc92826099]A UE performs random resource selection either due to lacking SL reception capabilities or due to power saving operation, e.g., not able to fulfil sensing window.
4.1	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 at the time of packet arrival at the TX buffer 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: _Toc92826117][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.
Another issue that it is important to consider is the relationship between the re-evaluation and pre-emption checking and the inter-UE coordination mechanism –specifically scheme 2 – using the following conclusion reached in RAN1#107-e:
		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).



In our view, scheme 2 of inter-UE coordination shall trigger the resource re-evaluation/pre-emption checking for UEs supporting inter-UE coordination operation regardless of the resource allocation scheme used, i.e., full-sensing, partial sensing or random resource selection, when involved in the inter-UE coordination scheme 2. We have provided more details about this mechanism in our companion paper [5].
[bookmark: _Toc92826118]A UE supporting inter-UE coordination triggers the corresponding procedures after receiving a resource conflict indication when inter-UE coordination scheme 2 is in use.

4.1.1	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 4 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: _Toc92826100]Random resource selection using re-evaluation and pre-emption outperforms random resource selection without sensing.

[image: ]
[bookmark: _Ref79156163]Figure 4: PRR performance for different resource allocation alternatives using different amounts of sensing information
4.2	Restrictions on resource reservation for non-sensing UEs
Since UEs with different resource allocation mechanisms 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. In the last RAN1#106bis-e meeting, the following conclusion was proposed by the feature lead without reaching an 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



This conclusion was not agreed and no further consensus between the different companies was reached on whether to introduce restrictions/considerations when UEs with different resource allocation procedures coexist in the same resource pool. 
[bookmark: _Toc92826101]No agreements or conclusions have been reached regarding the random resource operation of UEs in a resource pool where UEs with different sensing operations, i.e., full-sensing, partial sensing and/or random resource selection, coexist.
In a shared resource pool, a non-sensing UE performs random resource selection for its initial transmission and potentially reserves up to two other resources using the SCI for re-transmissions or for next transmissions. A non-sensing UE performing random resource selection is not able to perform any kind of sensing and therefore it cannot trigger re-evaluation/re-selection or pre-emption of its resources by itself. 
[bookmark: _Toc92826102]A non-sensing UE performing random resource selection cannot perform re-selection or pre-emption of its resources due to the lack of sensing results/operation.
On the other hand, a 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, it is important that some considerations/signaling are introduced for random resource selection UEs in shared resource pools. In our view, due to the remaining meetings and the need to address the issue, we propose to follow Option 7 which is the easiest mechanism, and it is able to solve the problem when different sensing UEs coexist.
[bookmark: _Toc92826119]Introduce in the 1st stage SCI a 1 bit indicating that a non-sensing UE is performing random resource selection without re-evaluation/pre-emption checking operation.
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.).



Based on the previous agreements for the random resource selection procedure, it has been agreed the procedure of the UE when transmitting SL with HARQ feedback enabled. However, one other issue that needs to be addressed is when a UE performing random resource selection performs blind retransmissions.
[bookmark: _Toc92826103]The procedure for random resource selection UEs performing blind retransmission needs to be addressed.
Moreover, due to the lack of these restrictions/enhancements indicated in Observation 6, it is even more critical to introduce some rules on the operation of the UEs performing random resource selection. These rules 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: _Toc92826104]UEs that do not perform sensing in a shared resource pool when coexisting with sensing UEs, i.e., partial and full sensing UEs, should be restricted on the choice of resources.
In our view, UEs not performing sensing, e.g., UE2 as shown in Figure 5, should select/reserve consecutive resources with a separation/gap large enough so that a sensing UE, e.g., UE1 as shown in Figure , 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.
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[bookmark: _Ref61879959][bookmark: _Ref92716172]Figure 5: Resource re-selection with gap restriction in a shared resource pool
[bookmark: _Toc92826120]In a pool where the use of random resource selection and (partial or full) sensing is allowed, consecutive transmissions by UEs performing random resource selection or partial sensing are space by a minimum number Nmin of slots:
· [bookmark: _Toc92826121]Nmin is the smallest number of slots that allows for re-evaluation and pre-emption (e.g., to account for processing times, etc.)
· [bookmark: _Toc92826122]Applicability is subject to having sufficient PDB.
[bookmark: _Toc61343706][bookmark: _Toc61343793][bookmark: _Toc61344948][bookmark: _Toc61344949][bookmark: _Toc61344986][bookmark: _Toc46180190][bookmark: _Toc46180211][bookmark: _Toc46180191][bookmark: _Toc46180212][bookmark: _Toc46180192][bookmark: _Toc46180213]4.2.1	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 6 , 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][bookmark: _Ref92716248]Figure 6: 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: _Toc92826105]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.
5 	Congestion control for partial sensing UEs
One open issue that still needs to be discussed is the relation to the channel occupancy and the trade-off between sensing and the congestion of the channel. In previous RAN1 meetings, an agreement related to the adjustment of the transmission parameters with respect to the congestion control parameters/congestion in the channel was reached.
	Agreement
When UE performs random resource selection, LTE principle is reused:
· The UE is not required to measure CBR.
· When no SL CBR measurement result is available, a (pre-)configured SL CBR value is used.

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



Using the congestion control mechanism based on CBR requires that the UEs are sensing continuously (or at least during a relatively long period) which conflicts with the idea of a power saving RA scheme. The CBR measurement as defined in Rel-16, requires that the UE is sensing for at least 100 slots or 1000 ms which may in most cases diminish the power reduction obtained by using partial sensing and other power saving schemes.
[bookmark: _Toc67657131][bookmark: _Toc86178902][bookmark: _Toc92826106]Congestion control based on CBR measurements as defined in Rel-16 requires of long sensing periods, i.e., 100 slots or 1000 ms, that conflicts with the idea of power saving schemes.
In case the UE is not actively receiving all the time, the measurements as defined in Rel-16 are not accurate. Moreover, different UEs could obtain very different measurements just by being active at different times and for different durations. Therefore, using the current definitions for congestion control metrics, may result in undesirable behavior. For example,
· A UE performing full-sensing senses that 50 out of 100 resources are occupied. The resulting CBR is CBR=50/100=0.5. 
· A UE performing partial sensing (or DRX) is active in 4 slots and senses that 2 out of 4 resources are occupied. According to the existing definitions, the resulting CBR is CBR=2/100=0.02.

That is, although both UEs share the same channel and perceive the same occupancy ratio, their CBR calculations are very different. It is therefore necessary to adapt the congestion control metrics to the reduced measurement time and/or to the intermittent reception. For instance, a procedure to redefine the congestion control metrics is that in order to make the calculation for power saving UEs, the congestion control metric is computed in relation to the time that the UE is active or that the UE is configured to be active, e.g., due to partial sensing or SL-DRX configuration.
[bookmark: _Toc67657167][bookmark: _Toc86178904][bookmark: _Toc92826123]The congestion control metrics (e.g., CBR) are redefined to reflect that the RX time may be reduced and/or discontinuous. The congestion control metrics are calculated in relation to the active time of the UE as follows:
· [bookmark: _Toc92826124]The subset of the total number of configured sub-channels corresponds to the number of sub-channels in which the UE has been actively receiving or is configured to receive.
· [bookmark: _Toc92826125]Therefore, modify the value a = 100 or 100·2µ slots defined in Rel-16 CBR measurement to a_PS = active/sensing time.
In addition, the current congestion control procedure is defined and configured with the assumption that the measurements are taken over longer intervals. Reducing the reception interval used in the measurements not only reduces the accuracy of the measurements, but also their resolution. This is a problem if the congestion control configuration and procedures are shared between full sensing and partial sensing UEs. It is also relevant for UEs performing DRX.
[bookmark: _Toc67657168][bookmark: _Toc86178905][bookmark: _Toc92826126]RAN1 introduces separate congestion control configurations for UEs performing intermittent reception (e.g., using partial sensing and/or SL DRX).
Different congestion control configurations may be needed based on reception time of the UE, e.g, based on the number of periodic sensing occasions performed by the receiver UE; or based on the size of the contiguous sensing window which is defined for partial sensing operation. Moreover, another topic to consider when configuring the congestion control is the SL-DRX configuration of the receiver UE, i.e., the intended time where the UE will be receiving. In our view, the congestion control configuration needs to consider all these potential operations. 
[bookmark: _Toc87017420][bookmark: _Toc92826127]The congestion control configuration used by power saving UEs, i.e., partial sensing or SL-DRX, is based on the reception time N of the UE within a specific time interval, e.g., UEs active a small portion of the time, use one configuration. UEs active most/all the time, use another.

[bookmark: _Toc71302190][bookmark: _Hlk67560264]6	Conclusion
In the previous sections we made the following observations: 
Observation 1	The contiguous partial sensing (CPS) window size needs to be defined considering different scenarios or conditions.
Observation 2	Due to the nature of aperiodic transmissions, the contiguous partial sensing procedure is more likely to detect collisions than monitoring periodic-based partial sensing occasions.
Observation 3	It is important to define a coordination between periodic-based and contiguous partial sensing operation to achieve a higher power saving operation.
Observation 4	By performing sensing only during the SL DRX time, a UE attains the power saving benefits of the SL DX procedure.
Observation 5	A UE performs random resource selection either due to lacking SL reception capabilities or due to power saving operation, e.g., not able to fulfil sensing window.
Observation 6	Random resource selection using re-evaluation and pre-emption outperforms random resource selection without sensing.
Observation 7	No agreements or conclusions have been reached regarding the random resource operation of UEs in a resource pool where UEs with different sensing operations, i.e., full-sensing, partial sensing and/or random resource selection, coexist.
Observation 8	A non-sensing UE performing random resource selection cannot perform re-selection or pre-emption of its resources due to the lack of sensing results/operation.
Observation 9	The procedure for random resource selection UEs performing blind retransmission needs to be addressed.
Observation 10	UEs that do not perform sensing in a shared resource pool when coexisting with sensing UEs, i.e., partial and full sensing UEs, should be restricted on the choice of resources.
Observation 11	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 12	Congestion control based on CBR measurements as defined in Rel-16 requires of long sensing periods, i.e., 100 slots or 1000 ms, that conflicts with the idea of power saving schemes.

Based on the discussion in the previous sections we propose the following:
Proposal 1	For CBPS, the sensing window end (i.e., n+ TB) and the resource selection window [n+T1, n+T2] are selected so that T1 ≥ TB+Tproc,0+Tproc,1 and T2 – T1 ≥ RSWmin. 
Proposal 2	The CPS window size M is in the range of [0, 31] slots and it is determined considering:
o	the minimum resource selection window size RSWmin as defined in Proposal 1.
o	the associated processing times for the resource selection operation.
Proposal 3	The CPS window size M is (pre-)configured based on the priority of the transmission.
Proposal 4	For aperiodic transmissions (Prsvp_TX=0), the periodic-based partial sensing operation between n and the first slot of Y is not performed whereas the contiguous partial sensing operation is performed if enabled.
Proposal 5	In case a minimum sensing window Mmin is not fulfilled by the sensing performed during the SL DRX active time, the UE additionally performs sensing during its SL DRX inactive time to fulfil Mmin.
Proposal 6	The PHY layer of the Tx UE maximizes reporting to MAC layer candidate resources which are within the SL-DRX active time indicated by MAC layer in order to maximize the likelihood of the Rx UE being able to receive the transmission.
Proposal 7	The UE first selects resources included within the SL-DRX active time of the Rx UE. In case the number of resources is below a certain threshold X, it is up to UE implementation to select resources outside of the SL-DRX active time until fulfilling the threshold X.
	FFS relationship to Step 7 in TS 38.214 Clause 8.1.4, including minimum number of resources and RSRP increase.
Proposal 8	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.
Proposal 9	A UE supporting inter-UE coordination triggers the corresponding procedures after receiving a resource conflict indication when inter-UE coordination scheme 2 is in use.
Proposal 10	Introduce in the 1st stage SCI a 1 bit indicating that a non-sensing UE is performing random resource selection without re-evaluation/pre-emption checking operation.
Proposal 11	In a pool where the use of random resource selection and (partial or full) sensing is allowed, consecutive transmissions by UEs performing random resource selection or partial sensing are space by a minimum number Nmin of slots:
	Nmin is the smallest number of slots that allows for re-evaluation and pre-emption (e.g., to account for processing times, etc.)
	Applicability is subject to having sufficient PDB.
Proposal 12	The congestion control metrics (e.g., CBR) are redefined to reflect that the RX time may be reduced and/or discontinuous. The congestion control metrics are calculated in relation to the active time of the UE as follows:
	The subset of the total number of configured sub-channels corresponds to the number of sub-channels in which the UE has been actively receiving or is configured to receive.
o	Therefore, modify the value a = 100 or 100·2µ slots defined in Rel-16 CBR measurement to a_PS = active/sensing time.
Proposal 13	RAN1 introduces separate congestion control configurations for UEs performing intermittent reception (e.g., using partial sensing and/or SL DRX).
Proposal 14	The congestion control configuration used by power saving UEs, i.e., partial sensing or SL-DRX, is based on the reception time N of the UE within a specific time interval, e.g., UEs active a small portion of the time, use one configuration. UEs active most/all the time, use another.
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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 [2] and TR 38.885 [3].
[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 [2])

	
	Channel models
	See TR 37.885 [2]

	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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