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1. Introduction
At the RAN1#105-e meeting [1], there were discussions on resource allocation for power saving and several agreements were reached. In this contribution, we share our views on resource allocation enhancement for power saving.

2. Discussions
2.1. Periodic-based partial sensing
2.1.1. Sensing target
In partial sensing, a UE determines Y candidate slots from resources within a selection window [n+T1, n+T2]. Then for periodic-based partial sensing (PBPS), the sensing slots are determined based on y-k×Preserve, where y is the slot index of a slot within Y candidate slots.
	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


Regarding Preserve, the definition was agreed as the above. One FFS is still remaining here, so further discussion is necessary. In our understanding, the motivation to monitor occasions corresponding to P_RSVP_Tx is to avoid contiguous collisions of periodic transmissions. Meanwhile, this feature is covered by the first bullet, i.e. no (pre-)configuration guarantee this behavior. In addition, even when a single set is (pre-)configured, the regulator can (pre-)configure in the set the periodicities that will be used for transmissions of power saving UEs. In other words, the agreed (pre-)configuration can include periodicities to monitor occasions corresponding to P_RSVP_Tx. Therefore, no further agreements for this FFS point. 
Observation 1:
· In the existing agreements on Preserve, it is possible to mandate to monitor occasions corresponding to P_RSVP_Tx.
Proposal 1 (for conclusion):
· For the set of Preserve values in periodic-based partial sensing,
· If a single set of Preserve values can be (pre-)configured, monitoring corresponding to P_RSVP_Tx not part of the set is NOT mandated.

	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


Regarding k, the definition was agreed as the above. One WA and two FFS are still remaining here, so further discussion is necessary.
For the working assumption, we believe that the WA should not be confirmed and the bullet should be removed. Firstly, k value corresponding to most recent sensing occasion is different among each Preserve value, thereby the WA does not work as intended. It seems that some companies assume that k values are (pre-)configured per Preserve, but there is no agreement to do so. Secondly, k value for most recent sensing occasion is already covered by the first bullet (mentioned as ‘UE additionally monitors...’). Regardless of the (pre-)configured k values, most recent sensing occasion should be monitored at each UE. No need to consider this in the (pre-)configuration. Thirdly, motivation to have rule of ‘the last periodic sensing occasion prior to the most recent one for given reservation periodicity’ would be weak. Most recent sensing occasion would be enough.
Proposal 2:
· For the working assumption on k value in periodic-based partial sensing,
· Do not confirm the working assumption. The bullet is removed.

For the two FFS points, our position is that further enhancement is unnecessary. Firstly, for the first bullet, each regulator can/should decide which values are (pre-)configured for k according to required performance in the resource pool. There would be no motivation to have some restriction in specification. Secondly, for the second bullet, k is already defined as a parameter in . Here k = 1 corresponds to the earliest occasion counted from Y candidate slots, and the occasion might not be corresponding to most recent sensing occasion for a Preserve value. This definition is clear and there is no motivation to update.
Proposal 3 (for conclusion):
· For the k value in periodic-based partial sensing,
· No further enhancement is discussed and agreed except relationship with SL-DRX.

2.1.2. Applicability
	Agreement:
· When periodic-based partial sensing is potentially performed by UE in a mode 2 Tx resource pool provided by higher layer, at least all of the followings are met:
· Periodic reservation for another TB (sl-MultiReserveResource) is enabled for the resource pool
· The resource pool is (pre-)configured to enable partial sensing
· Partial sensing configured by higher layer in the UE
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.
  o   The processing time restriction includes Tproc,0SL  and Tproc,1SL.
  o   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


In RAN1#104/104bis/105 meetings, there were active discussions on whether PBPS is applied to aperiodic traffic as well as periodic traffic, but there was no consensus for this issue. It seems that some companies assume that distinction by traffic type is unnecessary while others assume necessary. Each company has different assumption, so firstly which assumption is valid should be discussed.
· Assumption 1: UE does not know/predict any traffic, including periodic traffic
In this case, the following two are possible.
1-A) contiguous partial sensing (CPS) is mandated but sensing results corresponding to PBPS are applied only if available.
1-B) packet is pending till all slots corresponding to PBPS are monitored completely.
· Assumption 2: UE can know/predict presence of periodic traffic, not aperiodic traffic
In this case, both of the following two will be feasible.
2-A) For a resource reservation interval P_rsvp_TX ≠ 0, PBPS + CPS are performed.
2-B) For a resource reservation interval P_rsvp_TX = 0, either 1-A or 1-B 
· Assumption 3: UE can prepare for arrival of any traffic, including periodic traffic
In this case, PBPS + CPS will be mandated.
In our understanding, at least presence of periodic traffic can be known/predicted as LTE-SL. In LTE-SL, higher layer requests at slot n resource identification to PHY layer, and then monitoring slots are set from slots before slot n. This means that some pending like 1-B is not applied in LTE-SL. In addition, there are no exceptions like monitoring skip, thereby the prediction will be essential while no explicit text in LTE spec. On the other hand for aperiodic traffic, which is not assumed in LTE-SL, the prediction will not be feasible and pending mechanism is not fine as the traffic type. Therefore, we believe that Assumption 2 is valid. If assumption 1 is taken, it would lead to so large concern – 1-A is never preferred since so many resource collisions are expected. P_reserve and k are now designed for ensuring to perform PBPS. 1-A is aiming to the opposite direction. 1-B will lead to latency degradation.
Observation 2:
· Regarding applicability of periodic-based partial sensing, each company has different assumption, so firstly which assumption is valid should be discussed.
· Assumption 2 seems valid, considering LTE partial sensing.
· Assumption 2: UE can know/predict presence of periodic traffic, not aperiodic traffic.

Based on Assumption 2, the following proposal is submitted to apply PBPS.
Proposal 4:
· Periodic-based partial sensing is applied for the following cases:
· A UE transmits a traffic with a resource reservation interval , or
· A UE transmits a traffic with a resource reservation interval  and all sensing results corresponding to a set of Y candidate slots, k, and Preserve are available
· FFS: A UE transmits a traffic with a resource reservation interval  and a part of sensing results corresponding to a set of Y candidate slots, k, and Preserve are available

2.2. Contiguous partial sensing
2.2.1. Candidate slot
	Proposal 2-3 (IV): When a resource (re)selection procedure is triggered at least for periodic transmission in a mode 2 Tx pool with reservation for another TB enabled, if UE performs both periodic-based and contiguous partial sensing for the resource (re)selection procedure, the sensing results of the two schemes apply to the same resource selection window [n+T1, n+T2] and the same set of Y candidate slots.
· Only one candidate resource set (SA) is to be initialized based on the Y candidate slots from the periodic-based partial sensing
· FFS whether the candidate resource set (SA) is initialized based on the Y candidate slots when there is partial/insufficient number of Y candidate slots can be found within the remaining PDB (e.g., for the case of aperiodic transmission)
· Note, this does not cover the case when the re-evaluation and pre-emption checking is triggered. This will be considered separately.
· FFS definition for the resource selection window and the initialization of candidate resource set (SA) for the case when resource (re)selection procedure is triggered in a mode 2 Tx pool with reservation for another TB (when carried in SCI) disabled.


At the last meeting, the above proposal was suggested by FL, but there was no consensus. That is, candidate slots for CPS are still unclear. For example, when both PBPS and CPS are performed for a transmission, how is the candidate resource set (SA) determined? Before discussion on TA and TB, this aspect should be concluded at first.
For this issue, our view is that Y candidate slots should be used for any case with partial sensing. UE firstly selects Y candidate slots to perform CPS, for both periodic and aperiodic traffic. There are two reasons:
· To ensure sufficient monitoring slots. In Rel-16, slot n is timing of request from MAC layer. Then the UE sets resource selection window and performs resource identification immediately. In other words, any sensing results monitored between slot n and slot n+T1 are not used for this resource selection. In other words, time gap between slot n and n+T1 is defined as UE processing time of resource identification + transmission preparation. In that sense, if partial sensing UE uses just Rel-16 resource selection window, it means that no slots are monitored in contiguous partial sensing at least for aperiodic traffic due to processing time. This is illustrated as the following figure.
[image: ]
Fig. 1: No monitoring slots in CPS by Rel-16 resource selection window.
Observation 3:
· Y candidate slots should be used for any case with partial sensing; otherwise no slots are monitored in contiguous partial sensing at least for aperiodic traffic, due to processing time.

· Commonality with PBPS. As agreed, the mechanism of Y candidate slots is used in PBPS, i.e. at least for periodic traffic case. Even in this case, PBPS and CPS are performed together. However, if the candidate slots are different between the two schemes, the candidate resource sets (SA) will be defined separately and as the result the resource identification behavior does not work or becomes quite complicated.
Then for the case in a resource pool with reservation for another TB disabled, we believe that the Y candidate slots concept should be applied in this case as well. The reason is that there is no need to implement two different mechanisms, i.e. easier UE implementation.
Proposal 5:
· For contiguous partial sensing, regardless of enabling/disabling (pre-)configuration of reservation for another TB,
· Y candidate slots are selected from a selection window [n+T1, n+T2].
· When performed with periodic-based partial sensing, the same Y slots are selected.

As discussed above, Y candidate slots concept should be used for CPS as well so that sufficient resources are monitored. Having said that, if the first slot of Y candidate slots is slot n+T1, the issue is still remaining. It seems that restriction on determination of Y candidate slots should be introduced from perspective of system-wide performance; otherwise the sensing window can be zero-width or small width. In other words, such a Y slots selection affects other UE’s performance. For example, let us assume a UE with T1 = . If the first slot among Y candidate slots (i.e. ) is n+T1, resource selection timing shall be equivalent to slot n due to processing time constraints. At least in aperiodic transmission case, [n+TA, n+TB] cannot be set in this case and the UE will not monitor any slot for contiguous partial sensing, which is illustrated in the figure below. Even when  is a bit larger than n+T1 with small gap, TA = TB or TA − TB is quite small number. Sufficient resource exclusion in CPS is not guaranteed and system performance becomes quite low level.
[image: ]
Fig. 2: Issue on contiguous partial sensing with Y candidate slots – no/less sensing
Observation 4:
· Sensing window [n+TA, n+TB] of contiguous partial sensing could be zero-width or small width in some cases of Y candidate slots selection.

To avoid such a situation, Y candidate slots should be selected so that sufficient slots are included in window [n+TA, n+TB], at least in aperiodic transmission case. As solution for this issue, one parameter  can be introduced, which is used as minimum gap between slot n and the first slot  among Y candidate slots. The number of monitored slots for contiguous partial sensing is dependent on this parameter, thereby it would be reasonable that  is a (pre-)configured parameter and each regulator decides a certain value for this parameter.
Proposal 6:
· For determination of a set of Y candidate slots in partial sensing, at least for a transmission with a resource reservation interval ,
· The set of Y candidate slots is selected with a constraint of , where
·  is the first slot index in the set of Y candidate slots
·  is (pre-)configured

2.2.2. Sensing window
	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
· FFS: details of how periodic-based partial sensing and contiguous partial sensing are used for re-evaluation and pre-emption checking. Including how to reduce UE’s power consumption (caused by additional sensing operation of re-evaluation/pre-emption) after its resource selection, with the considerations of different operating scenarios or conditions (e.g., pre-emption enabled/disabled, HARQ-ACK enabled/disabled, etc).


At the previous meeting, CPS was agreed to cover aperiodic reservation, which was newly introduced in NR-SL. When a packet is arrived and resource selection is triggered at slot n, slots within a window [n+TA, n+TB] are monitored. Details of TA and TB were discussed and the above agreements were reached, while not concluded yet, so further discussions are necessary.
As discussed in section 2.1.2, separate discussion between periodic traffic and aperiodic traffic would be valid due to the difference of predictability. Packet arrival timing of periodic traffic is predictable and hence TA can be negative value. Meanwhile, TA should be zero or positive value for aperiodic traffic. UE does not know when aperiodic traffic happens, so UE shall monitor many slots if TA can be negative value. If outcome of discussion in section 2.1.2 is different, this observation should be updated correspondingly.
Observation 5:
· TA, TB should separately be discussed between periodic traffic and aperiodic traffic.
· For periodic traffic, TA can be negative value since packet arrival timing is predictable.
· For aperiodic traffic, TA should not be negative value so that much less slots are monitored.

Regarding periodic traffic,
TA should be determined from a set of Y candidate slots. Motivation of this window is to monitor aperiodic reservations as many as possible. The range of aperiodic reservation is 0 to 31 slots. Therefore, 31 slots before the first slot of Y candidate slots will be the best option to monitor all previous slots corresponding to time resource assignment field and the Y candidate slots. Note that time resource assignment field in SCI format 1-A at slot m can indicate up to slot n+31, not n+32.
Then, TB should be a value as large as possible for better exclusion performance. Here let us use n+TC as resource selection timing. n+TC and n+TB are involved with processing time constraints. In NR Rel-16, two parameters for processing time are defined: , .  is the gap between the last sensing slot and resource selection timing. NOTE that Rel-16 sensing window does not include slot n−. Update of the window definition from [n+TA, n+TB] to [n+TA, n+TB) is essential to follow this direction.  is the maximum gap between the resource selection timing and the first candidate of resource selection. These parameters were introduced to maximize the number of monitoring slots for better exclusion performance, so they should be used also for contiguous partial sensing. 
The following figure is illustrating CPS with TA and TB as discussed above, where  is defined as the first slot index in the set of Y candidate slots. In this figure, n+TA is a slot before 31 slots from . n+TC is defined as resource selection timing and is a slot before  or more from  n+TB is determined based on n+TC as a slot before  from n+TC. 
[image: ]
Fig. 3: Contiguous partial sensing for periodic traffic
Proposal 7:
· For contiguous partial sensing, when resource selection timing is defined as n+TC,
· For a transmission with a resource reservation interval ,
· , where  is the first slot index in a set of Y candidate slots
· 
· 
· and the window is updated to [n+TA, n+TB)

Regarding aperiodic traffic, 
TA is zero or positive value. That is, after packet arrival and selection trigger at slot n, UE starts to do sensing at slot n+TA for CPS. In this case, it seems that some processing time for this procedure after slot n will be necessary. A parameter for this processing time, defined as  here, can be defined and n+TA is determined by this parameter . Long processing time means that less slots are monitored, so  is preferred. Having said that, the value should be concluded after confirmation by UE/chip vendors.
On n+TB and n+TC, they should be determined so that more slots are monitored. This motivation is the same as periodic traffic case, and hence the same definition can be applied.
The following figure is illustrating CPS with TA and TB as discussed above. In this figure, n+TA is a slot after  from slot n. n+TB and n+TC are same as the illustration for periodic traffic case. 
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Fig. 4: Contiguous partial sensing for aperiodic traffic
Proposal 8:
· For contiguous partial sensing, when resource selection timing is defined as n+TC,
· For a transmission with a resource reservation interval ,
· , where 
· 
· 
· and the window is updated to [n+TA, n+TB)

2.2.3. Condition
	Proposal 2-1 (V): Condition(s) in which contiguous partial sensing is performed by UE, at least all of the followings are met:
· L1 is expected to be triggered or is triggered to perform resource (re)selection procedure in a mode 2 Tx resource pool
· Note, contiguous partial sensing can be performed before or after the resource (re)selection trigger
· FFS the condition for contiguous partial sensing to be performed before or after the resource (re)selection trigger
· FFS whether UE is required to perform additional sensing when it has already monitored the required number of slots (e.g., 32 slots) prior to resource (re)selection
· Note, this does not cover the case when the re-evaluation and pre-emption checking is triggered. This will be considered separately.
· The resource pool is (pre-)configured to enable partial sensing
· Partial sensing configured by higher layer in the UE


Condition to do CPS is another issue that needs to be solved. The above proposal was captured in the email discussion at the last meeting, but the outcome was no consensus. Further discussion is needed.
In our understanding, the controversial point is whether CPS is not needed when the UE has sufficient sensing results, i.e. the yellow part above. We believe that the raised concern is not aligned with the proposal’s intention. The intention would be that resource identification based on CPS in the window is mandated, where sensing results corresponding to a past resource selection trigger can be used if any. In other words, the proposal should be described from perspective of not CPS itself but resource identification based on CPS. This direction would not result in the same concern and hence no need to specify a rule to adjust window [n+TA, n+TB] dependent on past resource selection trigger. How actually slots included in the CPS window are monitored is up to UE implementation. For example, UE can select appropriate Y candidate slots such that sensing results corresponding to past resource selection trigger is used as many as possible.

Proposal 9:
· Condition(s) in which resource identification based on contiguous partial sensing is performed by UE, at least all of the followings are met:
· L1 is expected to be triggered or is triggered to perform resource (re)selection procedure in a mode 2 Tx resource pool
· Note: Sensing results corresponding to past resource selection trigger, if any, can be used for the identification as a part of CPS
· The resource pool is (pre-)configured to enable partial sensing
· Partial sensing configured by higher layer in the UE
Proposal 10:
· A window [n+TA, n+TB] for contiguous partial sensing is determined independent to past resource selection trigger in spec.

2.3. Re-evaluation/Pre-emption check with partial sensing
In NR Rel-16, re-evaluation and pre-emption check are introduced to avoid resource collision and to prioritize data transmission with higher priority. Re-evaluation is performed at the time before T3 from the first selected resource, and pre-emption check is performed at the time before T3 from the already reserved resource in addition. They use additionally sensing information within window [m-T0, m-Tproc,0) to identify resource set within window [m+T1, m+T2], where m is the slot index to do re-evaluation and pre-emption check. Rel-16 UE monitors any resources basically; thereby there is no issue for this issue.
However, in partial sensing with PBPS, UE monitors only a required part of window [n-T0, n-Tproc,0) where n is the slot index to do resource selection and n < m. The monitored slots for resource selection triggered at slot n would be different from required slots for re-evaluation and pre-emption check at slot m. For example,
1. A UE triggers resource selection at slot n. Y candidate slots are selected and thus sensing slots for PBPS are slot  as agreed.
2. When slot index of the 2nd selected resource is , UE triggers pre-emption check at slot .
3. Different Y candidate slots are selected for this pre-emption check and thus sensing slots for PBPS are slot  based on the agreed determination of sensing slots, where  is an index of candidate resources for pre-emption check. 
This situation is illustrated in the figure below. In our understanding, current spec assumes that for pre-emption check, resource selection window is set independently of that for resource selection. A set of Y candidate slots are newly selected for pre-emption check, and as a result, some of the corresponding sensing slots are different from those in the corresponding resource selection. Note that the issue is, the slots newly required to monitor are in the past than slot n. The UE shall monitor these slots beforehand.
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Fig. 5: Issue on pre-emption check with partial sensing – additional sensing slots in the past
In addition, slot m is determined by resource selection procedure. The timing is unknown/unpredicted before completion of resource selection; therefore, the UE shall monitor quite many slots to apply Rel-16 re-evaluation and pre-emption check with partial sensing mechanism. Non-sleep duration will increase and power saving performance is degraded significantly. Some update should be discussed and introduced so that power saving performance is maintained as much as possible.
Observation 6:
· When re-evaluation/pre-emption check with periodic-based partial sensing is triggered at slot m,
· If a set of Y candidate slots for the re-evaluation/pre-emption check is selected independently of that in the corresponding resource selection triggered at slot n, quite many slots before slot n become additional monitoring slots. UE shall monitor these slots beforehand.

One possible solution will be that Y candidate slots for re-evaluation/pre-emption check is set to same as those used for the corresponding resource selection in the past. This mechanism is illustrated in the figure below. In this way, sensing slots for PBPS can be kept; thus, there is no additional sensing slot compared to the corresponding resource selection.
Regarding CPS for re-evaluation/pre-emption check, UE will continue monitoring resources after resource selection trigger till pre-emption check trigger; otherwise, there would be no gain obtained from re-evaluation/pre-emption check since sensing slots become completely same as those in the resource selection. In other words, re-evaluation/pre-emption check is applied so that the UE can avoid resource collision with the latest reservations that were not transmitted before the resource selection.
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Fig. 6: Pre-emption check with partial sensing – Same Y candidate slots
Proposal 11:
· For re-evaluation/pre-emption check of a resource at UE performing periodic-based partial sensing and contiguous partial sensing,
· The UE uses the same set of Y candidate slots as that determined in the corresponding resource selection.
· Sensing slots for periodic-based partial sensing are the same.
· Sensing slots for contiguous partial sensing includes additionally slots within , where m is a slot index that re-evaluation/pre-emption check is triggered.

2.4. Random selection
As agreed previously, Rel-17 SL considers Type A UE that does not support any receptions. That is, Type A UE does not perform any sensing and transmits data at a resource selected by random selection. Of course this UE is not capable of doing re-evaluation/pre-emption check. Rel-17 SL considers Type B as well that supports PSFCH/S-SSB receptions, but this UE does not have capability of sensing. Regarding these UE types, one question will be raised whether no enhancement/restriction is fine from system performance perspective.
We believe that at least in a transmission resource pool configured only with random selection without re-evaluation/pre-emption check, LTE random selection can be applied as it is. After packet arrival, UE decides resource selection window. All resources within the window is set as selection candidates, without any exclusion. The UE selects randomly one or more resources from the candidates and transmits on the resources. This UE does not receive any PSCCH/PSSCH, so mechanism to avoid resource collision would be quite difficult. In that sense, reusing LTE seems to be the best approach.
Meanwhile, different discussion would be feasible for a transmission resource pool where random selection without re-evaluation/pre-emption check is configured with full/partial sensing or random selection with re-evaluation/pre-emption check. Many resource collisions are expected in this resource pool, and hence communication performance will be quite low level. Our view is that some enhancement should be supported since performance requirement of UE performing sensing is not so low, at least higher than that UE performing random selection without re-evaluation/pre-emption check. (For easy discussion, here UE performing random selection without re-evaluation/pre-emption check is labelled as UE-1, and UE performing sensing is as UE-2.)
Observation 7:
· For transmission resource pool (pre-)configured only with random selection without re-evaluation/pre-emption check, enhancement to avoid resource collision is quite difficult since any UEs do not receive any PSCCH/PSSCH.
· When UE that does not perform re-evaluation/pre-emption check is coexistent with UE that performs sensing in a resource pool, achievable communication performance is quite low due to many resource collisions.

	Proposal 5:
· In a mode 2 resource pool (pre-)configured to enable random resource selection and at least one of sensing-based RA schemes:
· Option 1: A priority threshold is configured for the resource pool, at which reduced sensing UEs can select resources in a pool configured for mixed types of RA.
· Option 2: Increase the priority for UE with random selection and use the corresponding priority value in the priority field in SCI format 1-A.
· Option 3: Different RSRP thresholds or increased RSRP threshold value is (pre-)configured for different resource selection scheme.
· Option 4: The pre-emption priority for power saving UE is separately (pre-)configured from that for full sensing UE.
· Option 5: SCI indicates at least power-saving UE or full sensing UE.
· Option 6: Higher priority is assigned to the resources reserved by a UE performing random selection, to preserve these selected resources from being pre-empted by other UEs.
· Option 7: Exclude resources reserved by UE performing random selection without re-evaluation / pre-emption checking, regardless of their priorities
· Option 8: others
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.).


As enhancement mechanism the above proposal was suggested by FL but there was no consensus, and this point is still labelled as FFS in the above agreement; some arguments were further study/evaluation is necessary before having agreements. Here we present our analysis on these options.
· For Option 1/Option 2, the intention is to set higher priority to UE-1 than that of UE-2s’ transmissions in our understanding. However, it seems that they are not a fundamental solution for this issue. In Option 1, even UE-1 could select low priority. In Option 2, UE-2 can still use high priority. Thus many collisions could happen in these options.
· Option 3/Option 4 are in similar situation to Option 1/Option 2. That is, they will not solve this issue at a fundamental level and still many collisions could happen.
· Option 6 seems one feasible way. UE-2 uses always lower priority than UE-1s’ transmissions. Regulator decide appropriate RSRP thresholds, and thus resource collisions are avoid as expected.
· Option 7 is also a feasible direction. For example, UE-2 excludes a resource R_x,y in its resource identification if the UE detects that UE-1 reserved the resource R_x,y, regardless of their priorities. Even when UE-2’s transmission has higher priority than that of UE-1’s transmission, the UE-1 is not capable of pre-emption check and is not aware of UE-2’s reservation. This means that UE-2 needs to try not to use resource reserved by UE-1. Rel-16 prioritization mechanism is maintained among UE-2s while different behaviour is performed to UE-1s’ transmissions. Note that for this mechanism UE-1 is required to indicate the fact in SCI that the SCI is transmitted from UE-1. Option 5 should be combined with Option 7. Another note is, a reserved in SCI-1 can be used for this purpose. New SCI format is not preferable from backward compatibility perspective.
Between Option 6 and Option 7(+5), we prefer Option 7(+5) since this option seems easiest one from spec effort perspective. In addition, it is another reason that Rel-16 prioritization mechanism is maintained among UE-2s as abovementioned.
Proposal 12:
· In a resource pool where random selection without re-evaluation/pre-emption check is allowed,
· If full/partial sensing or random selection with re-evaluation/pre-emption check is not allowed in the resource pool, random selection of LTE-SL is reused.
· Otherwise, a UE performing full/partial sensing or random selection with re-evaluation/pre-emption check excludes resources reserved by UE performing random selection without re-evaluation/pre-emption check, regardless of their priorities.

2.5. Re-evaluation/Pre-emption check with partial sensing
One issue raised at previous meetings is whether re-evaluation/pre-emption check is supported with random selection or not. The concept is that after resource selection is triggered at a UE, the UE selects resources by random selection without resource exclusion. Then, the UE starts sensing and performs re-evaluation/pre-emption check right before transmissions at the selected resources.
We believe that random selection with re-evaluation/pre-emption check is beneficial in terms of both reliability and power saving. On reliability perspective, it seems that this mechanism avoids resource collisions, more than at least random selection without re-evaluation/pre-emption check. Regarding power saving perspective, it is clear that less slots are monitored compared to full/partial sensing.

[bookmark: _GoBack]Observation 8:
· Random selection with re-evaluation/pre-emption check would be beneficial in terms of:
· Reliability. This mechanism avoids resource collisions.
· Power saving. Less slots are monitored compared to full/partial sensing.

If supported, RAN1 will discuss how sensing slots are determined. In this case, it is possible to reuse mechanism of CPS for aperiodic traffic, which is discussed above. That is, when a UE triggers resource selection at slot n and selects resources by random selection at the slot. Here, let us use slot m as the slot index of re-evaluation/pre-emption check trigger. Then the first sensing slot is slot n+ (i.e. n+TA). The UE continues monitoring slots till a slot before slot m−Tproc,0 (i.e. n+TB) and re-evaluation is performed at slot m.
In addition, determination of candidate slots for this re-evaluation/pre-emption check behaviour is one remaining topic that should be discussed. As the simplest way, determination mechanism for partial sensing can be reused since there seems no reason to introduce different mechanism. Y candidate slots are selected from the window. Outcome of these analyses is illustrated as the following figure.
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Fig. 7: Random selection with re-evaluation
Proposal 13:
· Random selection with re-evaluation/pre-emption check is supported.
· When a UE selects at slot n resource(s) randomly from a window of [n+T1, n+T2], the UE monitors slots of [n+, m−) and performs re-evaluation/pre-emption check at slot m, where
·  = [1] and m+ is the slot index of the selected/reserved resource.
· A set of Y candidate slots within [m+T1, m+T2] is determined in the same way as partial sensing.

2.6. RAN1 impact for DRX
2.6.1. Sensing vs DRX inactive
	Proposed Possible Agreement
· RAN1 aim to down-select between the two alternatives (subject to necessary finetuning for either of the alternative) during RAN1#106-e
· Alt 1 A UE can perform SL reception of PSCCH and RSRP measurement for sensing during its SL DRX inactive time.
· FFS whether such reception is performed is subject to specification(including e.g. UE shall perform sensing during its SL DRX inactivity time), or is up to UE implementation
· FFS Other details
· Alt 2 A UE cannot perform sensing out of the DRX active time
· FFS Other details


At the last meeting, the above proposal was suggested from FL but there was no consensus. When sensing is performed by UE should be concluded in this meeting so that RAN2 make progress of discussion on DRX. Note that here DRX active time means duration in which UE performs data reception while UE does not perform in DRX inactive time. This definition might be changed later, but the key point of this discussion is whether sensing is mandated in any slots corresponding to partial sensing or can/shall be skipped in some slots.
The first question is whether sensing is possible during DRX inactive time or not. For this discussion, the assumed situation should be clarified first. The following two examples can be considered:
· Example 1: In a resource pool (pre-)configured with full/partial sensing, at least full sensing UE (e.g. V-UE) will transmit on any time resource in the resource pool. Unless partial sensing UE (e.g. P-UE) performs sensing during its SL DRX inactive time based on partial sensing mechanism, many resource collisions would happen and transmission performance degrades significantly
· Example 2: In a resource pool (pre-)configured only with partial sensing, any UEs communicate each other (e.g. public safety UE). In this case, DRX active time (i.e. data reception window) will be aligned with monitoring slots for partial sensing
In our view, at least Example 1 is a valid situation. Then regarding Example 2, resource pool configuration should be used to achieve such kind of situations rather than DRX configuration and partial sensing. Based on this assumption, Alt 1 in the above proposal should be taken rather than Alt 2. Otherwise, the issue of many resource collision is not solved any more.
Observation 9:
· For a resource pool (pre-)configured with full/partial sensing, it would be a valid situation that at least full sensing UE can transmit on any time resource in the resource pool. If power saving UE does not perform sensing during its SL DRX inactive time, many resource collisions would happen. 
Proposal 14:
· Support Alt 1, i.e.
· A UE can perform SL reception of PSCCH and RSRP measurement for sensing during its SL DRX inactive time.

Then in Alt 1, there are three raised options on this issue:
· Option 1: UE shall perform sensing during its SL DRX inactive time
· Option 2: UE performs sensing during its SL DRX inactive time, based on specified rule(s). FFS the rule(s)
· Option 3: It is up to UE whether to perform sensing during its SL DRX inactive time
Among the three options, we believe that either Option 1 or Option 2 should be supported. Option 3, i.e. up to UE implementation, means that UE might not perform sensing. From regulator perspective in this case, predicted performance level in the resource pool shall be in the case without sensing in SL DRX inactive time. This is a kind of Alt 2 above rather than Alt 1. Between Option 1 and Option 2, our preference is the first one to avoid reliability degradation. However, it seems that some companies have larger concern on Option 1. In this case Option 2 is also fine, but careful discussions on the specific rule(s) are necessary.
Proposal 15:
· For sensing during its SL DRX inactive time, either option is supported.
· Option 1: UE shall perform sensing during its SL DRX inactive time.
· Option 2: UE performs sensing during its SL DRX inactive time, based on specified rule(s). FFS the rule(s)

2.6.2. Mode 1 vs DRX inactive time
	· Agreements on details of SL DRX configuration for SL unicast
· In SL unicast, for DRX configuration of each direction where one UE as Tx-UE and the other UE as Rx-UE, support signalling exchange including both 1) Signaling-1: signalling from RX-UE to TX-UE, and 2) Signaling-2: signalling from TX-UE to RX-UE.
· For SL unicast, Tx-UE centric DRX configuration based on the assistance information from Rx-UE is agreed as baseline.
· In SL unicast, for DRX configuration of each direction where one UE as Tx-UE and the other as Rx-UE, signaling-1 (Rx->Tx) is carried via a new PC5-RRC message, from Rx-UE to Tx-UE.
· In SL unicast, for DRX configuration of the direction where one UE as Tx-UE and the other as Rx-UE, signaling-2 (Tx->Rx) is carried via RRCReconfigurationSidelink, to deliver DRX configuration from Tx-UE to Rx-UE.
· In SL unicast, for DRX configuration of each direction where one UE as Tx-UE and the other UE as Rx-UE, when Tx-UE is in-coverage and in RRC_CONNECTED state, Tx-UE may report the information received in signaling-1 (Rx->Tx) to the serving network.
· In SL unicast, for DRX configuration of each direction where one UE as Tx-UE and the other as Rx-UE, when Tx-UE is in-coverage and in RRC_CONNECTED state, Tx-UE may obtain DRX configuration from dedicated RRC to generate signalling-2 (Tx->Rx).
· In SL unicast, for DRX configuration of each direction where one UE as Tx-UE and the other as Rx-UE, when Rx-UE is in-coverage and in RRC_CONNECTED state, Rx-UE report the DRX configuration received in signalling-2 (Tx->Rx) to the serving network.


At RAN2#114-e meeting, the above agreements on DRX were reached. Then, RAN1 should carefully study whether enhancement is necessary or not from RAN1 perspective. In our understanding, even after a reporting solution of DRX configuration is introduced at RAN2, there would be cases that a scheduled resource is not aligned with DRX active time of RX-UE. This comes from no relationship between the reporting and actual SL transmission. In current spec, gNB does not indicate destination UE/priority/etc. and UE decides them autonomously. For example BSR contains two sets of destination ID and buffer size, and a UE reports this BSR to gNB. Then gNB provides SL resources for the first set firstly (SL resource #1). But the UE can decide which destination the scheduled resources are used for. Here, the UE transmits to destination of the second set. Then, gNB provides further SL resources intended for the second set (SL resource #2), but actually SL resources for the first set are required. In this case, the provided SL resource is wasted due to DRX inactive at the RX-UE. This is illustrated as below. Therefore, we believe that HARQ feedback mechanism should be enhanced for this situation so that wasted SL transmission is avoided.
[image: ]
Fig. 8: Example of RAN1 issue in mode 1 with SL DRX
Observation 10:
· Even after a reporting solution of DRX configuration is introduced at RAN2, there would be cases that a scheduled resource is not aligned with DRX active time of RX-UE.
Proposal 16:
· When TX-UE has a TB to be transmitted to RX-UE, and if a SL resource scheduled by gNB is not included in active time in the RX-UE, TX-UE skips transmission at the resource and reports the misalignment by HARQ-ACK report to the gNB.

2.7. Resource selection behavior for power saving
At previous RAN1 meetings, basically discussions were carried out in terms of power saving on sensing before resource selection behavior. On the other hand, power consumption after resource selection is also a key aspect RAN1 should discuss. For example, additional sensing for re-evaluation/pre-emption check and PSFCH-related behavior.
RAN1 should discuss further to reduce power consumption after resource selection. In our view, UE should preferentially resource at earlier time in the identified resource set. This mechanism is beneficial to complete transmissions earlier and within on-duration of a DRX cycle. Otherwise, it might happen that the first transmission is at later slot and the TB transmission is not completed within on-duration due to NACK feedback or pre-emption or etc. The UE needs to monitor more slots for re-evaluation/pre-emption check, and at the same time, the UE and corresponding RX-UE needs to be active longer time due to inactivity timer / retransmission timer of SL DRX.
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Fig. 9: Issue on the conventional resource selection
Proposal 17:
· In a resource pool where re-evaluation and/or pre-emption check is (pre-)configured with partial sensing or random selection, or for a UE that is (pre-)configured with SL DRX,
· In resource selection after resource identification, UE selects preferentially resource at earlier time in the identified resource set

3. Conclusion
In this contribution, we discussed SL resource allocation enhancement for power saving. Observations/Proposals are summarized as following: 
Observation 1:
· In the existing agreements on Preserve, it is possible to mandate to monitor occasions corresponding to P_RSVP_Tx.
Proposal 1 (for conclusion):
· For the set of Preserve values in periodic-based partial sensing,
· If a single set of Preserve values can be (pre-)configured, monitoring corresponding to P_RSVP_Tx not part of the set is NOT mandated.
Proposal 2:
· For the working assumption on k value in periodic-based partial sensing,
· Do not confirm the working assumption. The bullet is removed.
Proposal 3 (for conclusion):
· For the k value in periodic-based partial sensing,
· No further enhancement is discussed and agreed except relationship with SL-DRX.
Observation 2:
· Regarding applicability of periodic-based partial sensing, each company has different assumption, so firstly which assumption is valid should be discussed.
· Assumption 2 seems valid, considering LTE partial sensing.
· Assumption 2: UE can know/predict presence of periodic traffic, not aperiodic traffic.
Proposal 4:
· Periodic-based partial sensing is applied for the following cases:
· A UE transmits a traffic with a resource reservation interval , or
· A UE transmits a traffic with a resource reservation interval  and all sensing results corresponding to a set of Y candidate slots, k, and Preserve are available
· FFS: A UE transmits a traffic with a resource reservation interval  and a part of sensing results corresponding to a set of Y candidate slots, k, and Preserve are available
Observation 3:
· Y candidate slots should be used for any case with partial sensing; otherwise no slots are monitored in contiguous partial sensing at least for aperiodic traffic, due to processing time.
Proposal 5:
· For contiguous partial sensing, regardless of enabling/disabling (pre-)configuration of reservation for another TB,
· Y candidate slots are selected from a selection window [n+T1, n+T2].
· When performed with periodic-based partial sensing, the same Y slots are selected.
Observation 4:
· Sensing window [n+TA, n+TB] of contiguous partial sensing could be zero-width or small width in some cases of Y candidate slots selection.
Proposal 6:
· For determination of a set of Y candidate slots in partial sensing, at least for a transmission with a resource reservation interval ,
· The set of Y candidate slots is selected with a constraint of , where
·  is the first slot index in the set of Y candidate slots
·  is (pre-)configured
Observation 5:
· TA, TB should separately be discussed between periodic traffic and aperiodic traffic.
· For periodic traffic, TA can be negative value since packet arrival timing is predictable.
· For aperiodic traffic, TA should not be negative value so that much less slots are monitored.
Proposal 7:
· For contiguous partial sensing, when resource selection timing is defined as n+TC,
· For a transmission with a resource reservation interval ,
· , where  is the first slot index in a set of Y candidate slots
· 
· 
· and the window is updated to [n+TA, n+TB)
Proposal 8:
· For contiguous partial sensing, when resource selection timing is defined as n+TC,
· For a transmission with a resource reservation interval ,
· , where 
· 
· 
· and the window is updated to [n+TA, n+TB)
Proposal 9:
· Condition(s) in which resource identification based on contiguous partial sensing is performed by UE, at least all of the followings are met:
· L1 is expected to be triggered or is triggered to perform resource (re)selection procedure in a mode 2 Tx resource pool
· Note: Sensing results corresponding to past resource selection trigger, if any, can be used for the identification as a part of CPS
· The resource pool is (pre-)configured to enable partial sensing
· Partial sensing configured by higher layer in the UE
Proposal 10:
· A window [n+TA, n+TB] for contiguous partial sensing is determined independent to past resource selection trigger in spec.
Observation 6:
· When re-evaluation/pre-emption check with periodic-based partial sensing is triggered at slot m,
· If a set of Y candidate slots for the re-evaluation/pre-emption check is selected independently of that in the corresponding resource selection triggered at slot n, quite many slots before slot n become additional monitoring slots. UE shall monitor these slots beforehand.
Proposal 11:
· For re-evaluation/pre-emption check of a resource at UE performing periodic-based partial sensing and contiguous partial sensing,
· The UE uses the same set of Y candidate slots as that determined in the corresponding resource selection.
· Sensing slots for periodic-based partial sensing are the same.
· Sensing slots for contiguous partial sensing includes additionally slots within , where m is a slot index that re-evaluation/pre-emption check is triggered.
Observation 7:
· For transmission resource pool (pre-)configured only with random selection without re-evaluation/pre-emption check, enhancement to avoid resource collision is quite difficult since any UEs do not receive any PSCCH/PSSCH.
· When UE that does not perform re-evaluation/pre-emption check is coexistent with UE that performs sensing in a resource pool, achievable communication performance is quite low due to many resource collisions.
Proposal 12:
· In a resource pool where random selection without re-evaluation/pre-emption check is allowed,
· If full/partial sensing or random selection with re-evaluation/pre-emption check is not allowed in the resource pool, random selection of LTE-SL is reused.
· Otherwise, a UE performing full/partial sensing or random selection with re-evaluation/pre-emption check excludes resources reserved by UE performing random selection without re-evaluation/pre-emption check, regardless of their priorities.
Observation 8:
· Random selection with re-evaluation/pre-emption check would be beneficial in terms of:
· Reliability. This mechanism avoids resource collisions.
· Power saving. Less slots are monitored compared to full/partial sensing.
Proposal 13:
· Random selection with re-evaluation/pre-emption check is supported.
· When a UE selects at slot n resource(s) randomly from a window of [n+T1, n+T2], the UE monitors slots of [n+, m−) and performs re-evaluation/pre-emption check at slot m, where
·  = [1] and m+ is the slot index of the selected/reserved resource.
· A set of Y candidate slots within [m+T1, m+T2] is determined in the same way as partial sensing.
Observation 9:
· For a resource pool (pre-)configured with full/partial sensing, it would be a valid situation that at least full sensing UE can transmit on any time resource in the resource pool. If power saving UE does not perform sensing during its SL DRX inactive time, many resource collisions would happen. 
Proposal 14:
· Support Alt 1, i.e.
· A UE can perform SL reception of PSCCH and RSRP measurement for sensing during its SL DRX inactive time.
Proposal 15:
· For sensing during its SL DRX inactive time, either option is supported.
· Option 1: UE shall perform sensing during its SL DRX inactive time.
· Option 2: UE performs sensing during its SL DRX inactive time, based on specified rule(s). FFS the rule(s)
Observation 10:
· Even after a reporting solution of DRX configuration is introduced at RAN2, there would be cases that a scheduled resource is not aligned with DRX active time of RX-UE.
Proposal 16:
· When TX-UE has a TB to be transmitted to RX-UE, and if a SL resource scheduled by gNB is not included in active time in the RX-UE, TX-UE skips transmission at the resource and reports the misalignment by HARQ-ACK report to the gNB.
Proposal 17:
· In a resource pool where re-evaluation and/or pre-emption check is (pre-)configured with partial sensing or random selection, or for a UE that is (pre-)configured with SL DRX,
· In resource selection after resource identification, UE selects preferentially resource at earlier time in the identified resource set
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