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1. Introduction
At the RAN1#107bis-e meeting [1], there were discussions on resource allocation for power saving and several agreements were reached. In this contribution, we share our views to conclude resource allocation enhancement for power saving.

2. Discussions
2.1. RAN1 impact for SL DRX
2.1.1. SL DRX inactive time vs. full sensing
	Agreement
Whether UE performs SL reception of PSCCH and RSRP measurement for partial sensing on slots in SL DRX inactive time is enabled/disabled by (pre-)configuration per resource pool when partial sensing is configured in the UE by a higher layer.
· When it is enabled,
· When UE performs periodic-based partial sensing for a given Preserve, UE monitors only the default periodic sensing occasion.
· When UE performs contiguous partial sensing, UE monitors a minimum of M slots for CPS.
· Note, when it is disabled, the UE is not required to perform SL reception of PSCCH and RSRP measurement in SL DRX inactive time.
· Note: no further optimization on the resource (re)selection procedure with regard to SL DRX operation is specified in Rel.17.
· FFS the case when full sensing is configured in the UE by a higher layer


At the last meeting, UE behavior when SL DRX is (pre-)configured and partial sensing is performed was concluded as above captured. One more issue is still raised – UE behavior when SL DRX is (pre-)configured and full sensing is performed. On this issue, in short, it is unclear for us whether this combination is really feasible.
Full sensing is intended for detecting all reservations from other UEs at the sacrifices of power saving aspect; i.e. aiming to reliability. Meanwhile, SL DRX is intended not to do receptions within some time duration. If monitoring is skipped due to SL DRX inactive time, the above direction of full sensing is completely broken. Alternatively, if monitoring is performed according to full sensing during SL DRX inactive time, no power saving gain is assumed since the UE shall monitor anytime so that the UE can transmit aperiodic traffic, which is suddenly delivered from higher layer. Rather, UE requiring power saving should use partial sensing or random selection with SL DRX. Why such a UE uses full sensing is quite unclear. Without valid motivation, additional rule to cover the strange combinations of (pre-)configurations should be avoided.
Proposal 1:
· SL DRX is not (pre-)configured with full sensing.

2.1.2. RA in consideration of RX UE’s active time
	Agreement
When SL DRX active time of Rx-UE is provided by the higher layer for candidate resource selection (including resource (re)selection and re-evaluation/pre-emption checking), the following working assumption is confirmed with option 2 as agreement (with modification in RED)
 Working Assumption (RAN1#106bis-e)
When PHY layer is indicated with an active time of RX UE from MAC layer for candidate resource selection, a restriction is applied in PHY layer so that at least a subset of candidate resources reported to MAC layer is located within the indicated active time of the RX UE. The following options will be further discussed in RAN1 to restrict resources for candidate resource selection taking into account the indicated active time from MAC layer:
· Option 1: PHY layer selects and reports candidate resources only within the indicated active time of the RX UE
· Option 2: PHY layer selects and reports candidate resources in which at least a subset of the candidate resources is within the indicated active time of the RX UE
· FFS: Details on when the number of subsets of candidate resource is less than the threshold
· FFS: The subset of candidate resource outside of the active time should consider each inactive time period
· FFS: UE selection of resource selection window to overlap with indicated RX UE active time
· FFS: Whether it is up to UE implementation to report candidate resources only within the indicated active time of the RX UE
· Option 3: PHY layer selects and reports an additional candidate resource set of candidate resources within the indicated active time of the RX UE

Proposal 2-1 (VII):
When SL DRX active time of RX UE is provided by the higher layer for candidate resource selection,
· At least N slots of Y or Y’ candidate slots are to be selected within the provided SL DRX active time when partial sensing is configured in the UE by higher layer, where N is (pre-)configurable from a range of 1 to [10].
· This does not apply to re-evaluation and pre-emption checking (e.g. number of remaining Y or Y’ candidate slots is less than N)
· Note (not to be captured in the spec): it is possible that the whole set of Y or Y’ candidate slots are selected within the provided SL DRX active time (e.g., when the provided SL DRX active time covers the entire remaining PDB)
· T2 is selected by UE implementation such that at least N slots of RSW are within the provided SL DRX active time when full sensing is configured in the UE by higher layer, where N is (pre-)configurable from a range of 1 to [10].
· This does not apply to re-evaluation and pre-emption checking
· Note (not to be captured in the spec): it is possible that the whole RSW is within the provided SL DRX active time (e.g., when the provided SL DRX active time covers the entire remaining PDB)
· The same (pre-)configured N parameter applies to both partial sensing and full sensing cases.
· The reported subset of the candidate resources within the provided SL DRX active time of RX UE shall satisfy a threshold.
· Option 1: The same higher layer parameter (sl-TxPercentageList) is reused for the ratio / threshold. That is, X*M_total number of candidate single-slot resources remaining within the SL DRX active time of the initialized set S_A in Step 4) is to be met by using the RSRP threshold increment in Step 7, where the N_total is the total number of candidate single-slot resources of the set S_A within the SL DRX active time.
· The UE shall satisfy this new threshold in addition to the remaining minimum X*M_total number of candidate single-slot resources for the whole set S_A in Step 7.


At the previous meeting, the above working assumption was confirmed with update in red color. The agreed option still has a lot of FFSs and further discussion was done at the last meeting, but there was no consensus.
In our understanding, four levels would be considerable to conclude this issue.
· Level-1: All details are up to UE implementation
· Level-2: Sufficient number of candidate single-slot resources is ensured within RX UE’s active time, by UE implementation
· Level-3: Step 4 to Step 7 are repeated so that sufficient number of candidate single-slot resources is ensured within RX UE’s active time
· Level-4: Level-3 + Y candidate slots selection is performed such that N slots are within RX UE’s active time
The above proposal 2-1 is a kind of Level-4 solutions. Now we believe that Level-4 is the best option.
For Level 1 or Level 2, when a UE is not a kind of “smart” UE, the UE might select small number of resources within RX UE’s active time, which might result in a quite high RSRP threshold in order to meet the agreed Option 2, thus performance degradation from system perspective might occur. For precluding such a non-smart UE, Level 1 or Level 2 should not be agreed. Note, if it is OK to consider only “smart” UE, it seems that there is no motivation to agree Level 2 over Level 1 since such a “smart” UE can handle this issue by its implementation. 
Regarding Level 3, when such a non-smart UE selects quite small number of slots for Y slots from RX UE’s active time, then RSRP threshold at Step 6 might become so high as in Level 1 or Level 2. Even in Level 3, system performance degradation might occur.
Proposal 2:
· For SL DRX active time of RX UE, support Proposal 2-1 (VII) of RAN1#107bis-e meeting.

2.2. Re-evaluation/Pre-emption check
2.2.1. With partial sensing for aperiodic TX
	Agreement
When UE is triggered to perform re-evaluation and pre-emption checking for aperiodic transmission (Prsvp_TX=0) in slot n,
· The candidate resource set (SA) is initialized to the remaining Y’ candidate slots that starts from slot  and ends at the last slot of the Y’ candidate slots.
·  is the first candidate slot after slot n+T3.
· UE may perform PBPS for periodic sensing occasions after the resource (re)selection when sl-MultiReserveResource is enabled for the mode 2 Tx resource pool
· It is up to UE implementation
· UE performs CPS starting from at least M consecutive logical slots earlier than  to  slots earlier than . 
· FFS: When the minimum M slots for CPS cannot be guaranteed,
· All available sensing results not earlier than n–T0 for the resource pool indicated by higher layer are applied for re-evaluation and pre-emption checking procedures


At the last meeting, re-evaluation/pre-emption check behavior for aperiodic TX was agreed as above. The remaining issue is UE behavior when the minimum M slots for CPS cannot guaranteed. In our understanding, if at the initial selection the UE has sensing results with M slots, such a problematic situation does not occur. Meanwhile, when the UE adds some slots as a part of Y’ slots in order to meet Y’min criterion, and the minimum M for CPS cannot be guaranteed at the initial resource selection, the discussed situation could occur. This is illustrated as below. Slots with yellow color are included in Y’ slots for Y’min criterion, and as the result M is not guaranteed. Then if resource from the slots with yellow color is selected at the initial resource selection, then at the corresponding re-evaluation behavior, still M would not be guaranteed. 
[image: ]
Fig. 1: Initial resource selection where the minimum M slots for CPS cannot be guaranteed.
In this case, the possible solution would be only that simply the UE monitors slots as many as possible. We do not think there is another possible/valid way for this issue. Therefore, we do propose the following.
Proposal 3:
· For re-evaluation/pre-emption check for aperiodic TX, when the minimum M of CPS cannot be guaranteed,
· UE performs CPS until slot before .

2.2.2. With random selection
	Proposal 7 (III):
· For Type D UEs (i.e., UE capable of sensing),
· Alt. 1: Re-evaluation and pre-emption checking after random selection is enabled/disabled by (pre-)configuration per resource pool.
· Alt. 2: It is up to UE implementation to perform re-evaluation and pre-emption checking (if sl-PreemptionEnable is provided) after random resource selection.


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. Basically we are supportive of this mechanism, but at the same time essential or not is divergent among companies and we feel it is difficult to say this is essential. To conclude Rel-17 SL, we accept not to specify re-evaluation/pre-emption check with random selection.
Proposal 4:
· It is up to UE implementation to perform re-evaluation/pre-emption check with random selection.

2.3. Random selection in pools with mixed RA schemes
	Proposal 9 (VI):
· When UE performs random resource selection in a resource pool (pre-)configured with full/partial sensing and random resource selection, 
· A priority threshold value is (pre-)configured for one of N partitions of the resource pool, below or equal to which random resource selection is allowed in that partition. Note, lower value means higher priority. The (pre-)configured priority threshold can be any of the 8 priority values.
· Decide whether N=1 or N=2 in RAN1#108e
· Note, how to capture the random selection UE behavior to transmit a TB with the priority value larger than the (pre-)configured threshold in the exceptional resource pool is up to RAN2 discussion.


Random selection enhancements were discussed at previous meetings, the above proposal was tried, but there is still no consensus of whether/how to support a solution for this issue.
Firstly, we believe that no enhancement should be avoided, i.e. this is an essential feature to use random selection with other RA schemes in a resource pool. 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 UE as well that supports PSFCH/S-SSB receptions, but this UE does not have capability of sensing. These UE types can use a 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 due to these UE types, and hence communication performance will be quite low level. At first, it should be confirmed that some mechanism is necessary to solve this issue; i.e. it should be prohibited to say prefer no mechanism = Option 12 when their proposing mechanism is dropped.
Observation 1:
· When UE performing random selection without 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:
· An enhancement for a resource pool (pre-)configured with full/partial sensing and random selection is introduced in Rel-17.
Then, basically we are supportive of the above tried proposal, which introduces a priority threshold value to allow/restrict random resource selection. It seems that most companies can support or accept this proposal, but controversial point is whether pool partitioning is introduced or not. For pool partitioning, our analysis is below.
· Motivation of partitioning is to allow random selection with lower priority in the same pool.
· First part: Full sensing, partial sensing, random selection for a TB with smaller priority value than threshold
· Second part: Full sensing, partial sensing, random selection for any TB
· Almost the same outcome is possible by separate pools.
· First pool: Full sensing, partial sensing, random selection for a TB with smaller priority value than threshold
· Second pool: Full sensing, partial sensing, random selection for a TB with smaller priority value than threshold = 8
Difference is 1) latency issue (TDM case), 2) resource efficiency (FDM case). However, especially the 2nd one is not a big issue since even in a pool with partitioning, achievable performance is different among parts and resource usage across the part boundary seems not to be feasible. FDMed separate pools will be sufficient, and thus there is no essentiality of pool portioning.
[image: ]
Fig. 2: Pool partitioning vs. Separate pools.
Proposal 6:
· Support priority threshold to allow random selection for a TB with priority below or equal to the threshold, without pool partitioning.

2.4. Maintenance
2.4.1. CPS disabling
	Agreement
When UE performs at least contiguous partial sensing in a mode 2 Tx pool for a resource (re)selection procedure and re-evaluation/pre-emption checking triggered by aperiodic transmission (Prsvp_TX=0) in slot n,
· For minimum size M of the CPS monitoring window [n+TA, n+TB]:
· By default, M is 31 unless (pre-)configured with another value
· The range of (pre-)configured M is from 0 (working assumption) to 30

	38.214
8.1.4	UE procedure for determining the subset of resources to be reported to higher layers in PSSCH resource selection in sidelink resource allocation mode 2
...
When a UE is triggered by higher layer to report resources for resource (re-)selection in a mode 2 Tx pool, the resource pool is (pre-)configured with allowedResourceSelectionConfig including partial sensing, and partial sensing is configured by higher layer, the UE may perform contiguous partial sensing.
...


Until the last meeting, CPS was discussed as a main part of NR-SL partial sensing and almost concluded. However, it seems that companies on whether CPS is always performed are divergent. Our understanding is that CPS shall be performed as agreed. According to the agreements so far, CPS is performed under the following conditions: Partial sensing is (pre-)configured for the resource pool; Higher layer determines to use partial sensing for TX; Higher layer requests resource candidates to PHY layer. No other rule is necessary and CPS shall be performed based on the (pre-)configured M value since aperiodic reservation by other UE, which is monitored by CPS, cannot be disabled. The current specification text seems not to be aligned with the previous agreements on CPS. The following TP should be agreed.
Proposal 7:
· Apply the following TP.
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8.1.4	UE procedure for determining the subset of resources to be reported to higher layers in PSSCH resource selection in sidelink resource allocation mode 2
...
When a UE is triggered by higher layer to report resources for resource (re-)selection in a mode 2 Tx pool, the resource pool is (pre-)configured with allowedResourceSelectionConfig including partial sensing, and partial sensing is configured by higher layer, the UE may performs contiguous partial sensing.
...



2.4.2. Issues on re-evaluation/pre-emption check with partial sensing
Half-duplex consideration
	38.214
8.1.4	UE procedure for determining the subset of resources to be reported to higher layers in PSSCH resource selection in sidelink resource allocation mode 2
...
When the UE performs periodic-based partial sensing and contiguous partial sensing, and when the UE is triggered to perform re-evaluation and pre-emption checking, and if Prsvp_TX≠0,
...
· The UE performs PBPS for the remaining Y candidate slots according to , where  is a slot belonging to the remaining Y candidate slots, and k and Preserve are the same as resource (re)selection, where the values of k correspond to the most recent sensing occasion earlier than if additionalPeriodicSensingOccasion is not (pre-)configured, and additionally includes the value of k corresponding to the last periodic sensing occasion prior to the most recent one if additionalPeriodicSensingOccasion is (pre-)configured.
· The UE performs CPS starting from M logical slots earlier than  to  slots earlier than .
· By default, M is 31 unless (pre-)configured with another value.
...


Detailed UE behaviors of re-evaluation/pre-emption check with partial sensing were agreed and specified as above captured. One issue here is whether does UE need to monitor any slots corresponding to PBPS/CPS. In other words, whether “The UE shall monitor slots ... except for those in which its own transmission occur” in Step 2 of full sensing case is applied to partial sensing for re-evaluation/pre-emption check or not. One note is that this exception is not applied in resource (re)selection with partial sensing, according to the previous agreements and the current specification. 
For this issue, it would be difficult/impossible to avoid any transmissions at slots corresponding to PBPS/CPS for re-evaluation/pre-emption check. For example, when a UE reserved a resource at slot n+20 from a resource slot n, the UE will perform pre-emption check before slot n+20. In the procedure, slot n will be included in the CPS window, but the UE cannot monitor the slot due to half-duplex. If “The UE shall monitor slots ... except for those in which its own transmission occur” is not applied, reservation - re-evaluation - pre-emption check concept does not work. 
Proposal 8:
· For re-evaluation/pre-emption check with partial sensing, monitoring slots determined based on PBPS/CPS is skipped due to its own transmission.
· Apply the following TP.
	38.214
8.1.4	UE procedure for determining the subset of resources to be reported to higher layers in PSSCH resource selection in sidelink resource allocation mode 2
...
When the UE performs periodic-based partial sensing and contiguous partial sensing, and when the UE is triggered to perform re-evaluation and pre-emption checking, and if Prsvp_TX≠0,
...
· The UE performs PBPS for the remaining Y candidate slots according to  except for those in which its own transmission occur, where  is a slot belonging to the remaining Y candidate slots, and k and Preserve are the same as resource (re)selection, where the values of k correspond to the most recent sensing occasion earlier than if additionalPeriodicSensingOccasion is not (pre-)configured, and additionally includes the value of k corresponding to the last periodic sensing occasion prior to the most recent one if additionalPeriodicSensingOccasion is (pre-)configured.
· The UE performs CPS starting from M logical slots earlier than  to  slots earlier than  except for those in which its own transmission occur.
· By default, M is 31 unless (pre-)configured with another value.
...



Insufficient candidate resources
At the agreed re-evaluation/pre-emption check mechanism with partial sensing, SA is initialized to resources from the remaining Y/Y’ candidate slots selected at the initial resource selection behavior. The remaining issue on this procedure is how to handle the case where the number of the resources in the initialized SA is smaller than X∙Mtotal. An example of this issue is illustrated below. In the illustration, initial resource selection is triggered at slot n. Y candidate slots are determined and a few resources are selected. Then before the selected resource, re-evaluation / pre-emption check is performed. As an example, the illustration shows pre-emption check behaviour. If the target resource of re-evaluation / pre-emption check is in quite later part among the initial Y candidate slots, the remaining Y candidate slots will be only a few slots. Without any additional rule, the UE cannot break out of the infinite loop. One important note would be that this situation is not a rare case. 
[image: ]
Fig. 3: Only a few slots in the initialized SA of re-evaluation/pre-emption.
Re-evaluation/pre-emption check is mainly motivated only to check reservation transmitted after the initial selection procedure. Thus, there would be no need to determine new SA for re-evaluation/pre-emption check. Alternatively, we believe that partial sensing only for the pre-selected resources  and/or reserved resources  without SA identification is a reasonable option for the issue on insufficient number of resources in the initialized SA, which is illustrated below. What the UE needs to do is to check whether there is other reservation to indicate the pre-selected resources and/or reserved resources and whether RSRP of the reservation from other UE is over RSRP threshold or not.
For this procedure, appropriate RSRP threshold should be used, but the conventional loop of step 4/5/6 is not applied. Instead the RSRP threshold value can be same as the last value in the initial resource selection procedure. The value was determined the loop of step 4/5/6 in the initial resource selection procedure; valid value can be assumed for the re-evaluation/pre-emption check as well.
[image: ]
Fig. 4: Pre-emption check without S_A identification.
Proposal 9:
· For re-evaluation/pre-emption check with partial sensing, when the number of resources in the initialized set SA in Step 4 is smaller than X∙Mtotal, 
· UE performs partial sensing only for the pre-selected resources  and/or reserved resources .
· UE does not identify S_A for re-evaluation/pre-emption check.
· UE detects re-evaluation/pre-emption by using RSRP threshold value that is same as the last value in the initial resource (re)selection procedure.
· Apply the following TP.
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8.1.4	UE procedure for determining the subset of resources to be reported to higher layers in PSSCH resource selection in sidelink resource allocation mode 2
...
When the UE performs periodic-based partial sensing and contiguous partial sensing, and when the UE is triggered to perform re-evaluation or pre-emption checking, and if Prsvp_TX≠0, and if the number of candidate single-slot resources  in the set  at step 4 is equal to or larger than ,
· The UE performs PBPS for the remaining Y candidate slots according to  [except for those in which its own transmission occur], where  is a slot belonging to the remaining Y candidate slots, and k and Preserve are the same as resource (re)selection, where the values of k correspond to the most recent sensing occasion earlier than if additionalPeriodicSensingOccasion is not (pre-)configured, and additionally includes the value of k corresponding to the last periodic sensing occasion prior to the most recent one if additionalPeriodicSensingOccasion is (pre-)configured.
· The UE performs CPS starting from M logical slots earlier than  to  slots earlier than  [except for those in which its own transmission occur].
· By default, M is 31 unless (pre-)configured with another value.
When the UE performs periodic-based partial sensing and contiguous partial sensing, and when the UE is triggered to perform re-evaluation or pre-emption checking, and if the number of candidate single-slot resources  in the set  at step 4 is smaller than ,
· The UE performs PBPS for the slots including the pre-selected resources  and/or reserved resources  according to  [except for those in which its own transmission occur], where  is a slot belonging to the slots including the pre-selected and/or reserved resources, and k and Preserve are the same as resource (re)selection, where the values of k correspond to the most recent sensing occasion earlier than if additionalPeriodicSensingOccasion is not (pre-)configured, and additionally includes the value of k corresponding to the last periodic sensing occasion prior to the most recent one if additionalPeriodicSensingOccasion is (pre-)configured.
· The UE performs CPS starting from M logical slots earlier than  to  slots earlier than  [except for those in which its own transmission occur].
·  is the first slot among the slots including the pre-selected and/or reserved resources.
· By default, M is 31 unless (pre-)configured with another value.
...



3. Conclusion
In this contribution, we discussed SL resource allocation enhancement for power saving. Observations/Proposals are summarized as following: 
Proposal 1:
· SL DRX is not (pre-)configured with full sensing.
Proposal 2:
· For SL DRX active time of RX UE, support Proposal 2-1 (VII) of RAN1#107bis-e meeting.
Proposal 3:
· For re-evaluation/pre-emption check for aperiodic TX, when the minimum M of CPS cannot be guaranteed,
· UE performs CPS until slot before .
Proposal 4:
· It is up to UE implementation to perform re-evaluation/pre-emption check with random selection.
Observation 1:
· When UE performing random selection without 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:
· An enhancement for a resource pool (pre-)configured with full/partial sensing and random selection is introduced in Rel-17.
Proposal 6:
· Support priority threshold to allow random selection for a TB with priority below or equal to the threshold, without pool partitioning.
Proposal 7:
· Apply the following TP.
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