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Introduction
Power saving was introduced for NR sidelink in Rel-17 to allow power sensitive UEs operating on sidelink with limited battery supply, mainly includes enhancements on resource allocation schemes and DRX. In this contribution, the remaining issues of NR SL power saving are discussed.
Remaining issues
Open issue #1 on partial sensing-based RA procedure
The selection of candidate resources for contiguous partial sensing was specified in TS 38.214 [1] as follows. In our understanding, the detailed behaviour (marked in yellow) in current specification cannot accurately reflect the agreement made in RAN1#107-e [2]:
Agreement
When UE performs at least contiguous partial sensing in a mode 2 Tx pool for a resource (re)selection procedure triggered by aperiodic transmission (Prsvp_TX=0) in slot n, the general design framework in Approach 1 from RAN1#106bis-e in below is adopted. Note that, the details can still be updated.
· Approach 1: (SA is initialized based on at least slots with PBPS and/or CPS results and guarantee a minimum of M slots for CPS)
· The UE selects a set of Y’ candidate slots with corresponding PBPS and/or CPS results (if available) within the RSW.
· FFS how to handle the case if the total number of Y’ candidate slots is less than a (pre-)configured threshold Y’min without dropping the aperiodic transmission
· FFS whether the Y’ candidate slots for aperiodic transmission is the same as the Y candidate slots in PBPS for periodic transmission of another TB(s)
· FFS whether/how to prioritize/select resources based on partial sensing results.
· FFS: How to select Y’ in case of CPS only
	TS 38.214-h10
The following steps are used:
1)	A candidate single-slot resource for transmission  is defined as a set of  contiguous sub-channels with sub-channel x+j in slot  where . The UE shall assume that any set of  contiguous sub-channels included in the corresponding resource pool within the time interval  correspond to one candidate single-slot resource for UE performing full sensing, in a set of Y candidate slots within the time interval  for UE performing periodic-based partial sensing correspond to one candidate single-slot resource, or in a set of Y' candidate slots within the time interval  for UE performing contiguous partial sensing if Prsvp_TX=0, correspond to one candidate single-slot resource, where 
-	selection of  is up to UE implementation under   , where  is defined in slots in Table 8.1.4-2 where  is the SCS configuration of the SL BWP; 
[bookmark: _Hlk26190437]-	if  is shorter than the remaining packet delay budget (in slots) then is up to UE implementation subject to    remaining packet delay budget (in slots); otherwise is set to the remaining packet delay budget (in slots).
-	 is selected by UE where .
-	 is selected by UE where . When the UE performs contiguous partial sensing and if , if the number of candidate single-slot resources  is smaller than , it is up to UE implementation to include other candidate slots.
The total number of candidate single-slot resources is denoted by .



As agreed in RAN1#107-e, it needs to be specified that UE selects candidate slots with corresponding PBPS and/or CPS results rather than selecting any candidate slots within the RSW. In addition, further discussion is needed that how to determine the availability of PBPS and/or CPS results corresponding to candidate slots. For example, a candidate slot Y1 can correspond to N PBPS occasions and a CPS monitoring window with length of M slots, and if UE only monitors N1<N PBPS occasions and/or M1<M slots within CPS window, UE needs to determine whether slot Y1 can be selected as one of the Y' candidate slots.
Considering that existence of PBPS/CPS results is hard to be guaranteed, it is preferred not to restrict available PBPS/CPS results as all corresponding occasions/window being monitored, and determine Y' candidate slots in a best effort way. Therefore, a slot can be defined as with available PBPS and/or CPS results if the number of corresponding PBPS occasions or slots in CPS window being monitored is larger than a given threshold. The threshold can be fixed e.g. as one slot in specification for simplicity. 
Proposal 1: In TS 38.214, clarify that UE selects within the time interval  Y' candidate slots with corresponding PBPS and/or CPS results, further includes any of the following:
· Slot with at least one corresponding PBPS occasion being monitored
· Slots with at least one slot within CPS window, which starts at M consecutive logical slots before  and ends at  slots earlier than , being monitored
In addition, the condition of CPS for aperiodic transmission was specified as Prsvp_TX=0. In our understanding, it is also possible that for an aperiodic transmission, no Prsvp_TX is provided by higher layer. Therefore, the following is proposed:
Proposal 2: Change the condition of CPS for aperiodic transmission from Prsvp_TX=0 to Prsvp_TX=0 or not provided.
The text proposal corresponding to proposal 1 and proposal 2 is provided as follows:
	[bookmark: _Toc29673242][bookmark: _Toc29673383][bookmark: _Toc29674376][bookmark: _Toc36645606][bookmark: _Toc45810655][bookmark: _Toc100147465]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
<Unchanged Text Omitted>
The following steps are used:
1)	A candidate single-slot resource for transmission  is defined as a set of  contiguous sub-channels with sub-channel x+j in slot  where . The UE shall assume that any set of  contiguous sub-channels included in the corresponding resource pool within the time interval  correspond to one candidate single-slot resource for UE performing full sensing, in a set of Y candidate slots within the time interval  for UE performing periodic-based partial sensing correspond to one candidate single-slot resource, or in a set of Y' candidate slots, with at least one periodic sensing occasion in step 2) and/or at least one slot in the contiguous partial sensing window in step 2) being monitored, within the time interval  for UE performing contiguous partial sensing if Prsvp_TX=0 or not provided, correspond to one candidate single-slot resource, where …
<Unchanged Text Omitted>
	When the UE performs periodic-based partial sensing and contiguous partial sensing with periodic reservation for another TB (sl-MultiReserveResource) enabled, the sensing window is defined by the range of slots . n+TA is M consecutive logical slots earlier than slot , and n+TB is  slots earlier than , where  is the first slot of the selected Y candidate slots of PBPS, and ,  are in units of physical time/slots. If the value of M is (pre-)configured with the contiguousSensingWindowPeriodic. If contiguousSensingWindowPeriodic is not (pre-)configured, M equals to 31. When the minimum M slots for CPS cannot be guaranteed and when  or not provided, it is up to UE implementation to either continue with step 3) or perform random selection.
	When the UE performs contiguous partial sensing with periodic reservation for another TB (sl-MultiReserveResource) disabled and if  or not provided, the sensing window is defined by the range of slots .  and  are both selected such that the UE has sensing results starting at M consecutive logical slots before  and ending at  slots earlier than . The value of M is (pre-)configured with the contiguousSensingWindowAperiodic. If contiguousSensingWindowAperiodic is not (pre-)configured, M equals to 31. When the minimum M slots for CPS cannot be guaranteed and when  or not provided, it is up to UE implementation to either continue with step 3) or perform random selection.



Open issue #2 on using correct notation for logical slot
In TS 38.214, a logical slot in a resource pool is denoted as . While a slot that can be in a resource pool is denoted as . When a UE selects Y slots (or Y’ slots), in a resource selection window for partial sensing, the slots , , … are logical slots in the resource pool and hence should be denote as , .
Proposal 3: Update notation of slots in the resource selection window to confirm with the notation of logical slots.
The text proposal corresponding to proposal 3 is provided as follows:
	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
<Unchanged Text Omitted>
	When the UE performs periodic-based partial sensing, the UE shall monitor slots at , where  is a slot of the selected candidate slots. The UE shall perform the behaviour in the following steps based on PSCCH decoded and RSRP measured in these slots.
The value of  corresponds to periodicSensingOccasionReservePeriodList if configured, otherwise, the values correspond to all periodicity from sl-ResourceReservePeriodList. 
The UE monitors k sensing occasions determined by additionalPeriodicSensingOccasion, as previously described, and not earlier than . For a given periodicity , 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.  is the first slot of the selected Y candidate slots of PBPS.
	When the UE performs periodic-based partial sensing and contiguous partial sensing with periodic reservation for another TB (sl-MultiReserveResource) enabled, the sensing window, for contiguous partial sensing, is defined by the range of slots . n+TA is M consecutive logical slots earlier than slot , and n+TB is  slots earlier than , where  is the first slot of the selected Y candidate slots of PBPS, and ,  are in units of physical time/slots. If the value of M is (pre-)configured with the contiguousSensingWindowPeriodic. If contiguousSensingWindowPeriodic is not (pre-)configured, M equals to 31. When the minimum M slots for CPS cannot be guaranteed and when , it is up to UE implementation to either continue with step 3) or perform random selection.
<Unchanged Text Omitted>
[bookmark: OLE_LINK8][bookmark: OLE_LINK9]c)	the SCI format received in slot or the same SCI format which, if and only if the 'Resource reservation period' field is present in the received SCI format 1-A, is assumed to be received in slot(s)  determines according to clause 8.1.5 the set of resource blocks and slots which overlaps with  for q=1, 2, …, Q and j=0, 1, …, . Here,  is  converted to units of logical slots according to clause 8.1.7,  if  and , where if the UE is configured with full sensing by its higher layer,  if slot n belongs to the set , otherwise slot  is the first slot after slot n belonging to the set ; If UE is configured with partial sensing by its higher layer,  if slot  belongs to the set , otherwise, slot  is the first slot after slot  belonging to the set . Otherwise . If the UE is configured with full sensing by its higher layer,  is set to selection window size T2 converted to units of msec. If UE is configured with partial sensing by its higher layer,  shall be converted to milliseconds, where slot  is the last slot of the  or  candidate slots. The slot  is the first slot of the selected/remaining set of  or  candidate slots.



Open issue #3 on timing of provision of sensing results to higher layers
In Rel-16, when resource selection is triggered in a slot , sensing is preformed up to slot , for a resource selection window that starts in . Sensing results can be provided to higher layers in slot . This is illustrated in Figure 1 (a).
In RAN1#106-e [3], the following agreement was reached 
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.
According to this agreement sensing continues after slot  up to slot  subject to the processing delay. Hence sensing results can be provided to higher layers in slot . This is illustrated in Figure 1 (b).
Hence, in Rel-17, the trigger and provision of resources to higher layers are in different slots, while in Rel-16, slot n is the trigger slot and candidate resources can be provided to higher layers in the same slot. In Rel-17, as the slots are different, it is better to have this in the spec to avoid confusion.


[bookmark: _Ref101418080]Figure 1: Timing of provision of candidate resources to higher layers (a) for full sensing (Rel-16), (b) for partial sensing
Hence we propose the following TP:
Proposal 4: Adopt the following TP.
	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
<Unchanged Text Omitted>
The UE shall report set  to higher layers. When the resource pool is (pre-)configured with allowedResourceSelectionConfig including partial sensing, the UE shall report set  to higher layers in slot .  is the first of the Y candidate slots in the resource selection window.




Open issue #4 on exclusion of resources due to half duplex constraint
In RAN1#105-e [4], the following was agreed:
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
In this document, we provide our view on updating the Mode 2 resource selection mechanism to further reflect the case discussed in the agreement above (i.e., where a single set of Preserve values is pre-configured which is a subset of sl-ResourceReservePeriodList) when excluding resources due to the half-duplex constraint.
When excluding resources based on the Mode 2 resource selection procedure, a power saving UE performs periodic-based partial sensing to detect reservations by neighboring UEs. In addition, it also considers the half-duplex constraint and accordingly excludes resources based on all allowed reservation periods in Step 5 of the Mode 2 resource selection procedure. In the agreement above, a UE is allowed to consider only a subset of the periods when performing sensing to identify the resources occupied by its neighbors and accordingly avoid them. In other words, a tradeoff between reliability and power saving is allowed, with a UE saving power by not monitoring some slots at the expense of increasing the chances of collisions with its neighbors. 
A similar concept should also be considered for Step 5 of the Mode 2 resource selection procedure in which the resources are excluded due to the half-duplex constraint. In particular, the configured subset of periodicities should be considered for exclusion instead of all the possible reservation periods. This helps in augmenting the set of available resources for selection by avoiding over exclusion. In addition, it reduces the chances of collisions with already occupied resources since a UE will might not be required to increase the RSRP thresholds by 3dB when the system is highly occupied to achieve the configured X%. 
Proposal 5: Update Step 5 of the Mode 2 resource selection procedure to exclude candidate resources based on the pre-configured subset of the periods rather than using the sl-ResourceReservePeriodList
· The value reservationPeriodAllowed considered in Step 5 of the Mode 2 resource selection procedure is equal to the pre-configured subset of periods if configured.
The text proposal corresponding to proposal 5 is provided as follows:
	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
[bookmark: _GoBack]<Unchanged Text Omitted>
5) The UE shall exclude any candidate single-slot resource  from the set  if it meets all the following conditions:
-	the UE has not monitored slot  in Step 2.
-	for any periodicity value allowed by the higher layer parameter  periodicSensingOccasionReservePeriodList, if configured, or the higher layer parameter sl-ResourceReservePeriodList otherwise and a hypothetical SCI format 1-A received in slot  with 'Resource reservation period' field set to that periodicity value and indicating all subchannels of the resource pool in this slot, condition c in step 6 would be met.
<Unchanged Text Omitted>



Conclusions
In this contribution, the remaining issues in SL power saving are discussed with the following proposals:
Proposal 1: In TS 38.214, clarify that UE selects within the time interval  Y' candidate slots with corresponding PBPS and/or CPS results, further includes any of the following:
· Slot with at least one corresponding PBPS occasion being monitored
· Slots with at least one slot within CPS window, which starts at M consecutive logical slots before  and ends at  slots earlier than , being monitored
Proposal 2: Change the condition of CPS for aperiodic transmission from Prsvp_TX=0 to Prsvp_TX=0 or not provided.
Proposal 3: Update notation of slots in the resource selection window to confirm with the notation of logical slots.
Proposal 4: Adopt the following TP.
Proposal 5: Update Step 5 of the Mode 2 resource selection procedure to exclude candidate resources based on the pre-configured subset of the periods rather than using the sl-ResourceReservePeriodList
· The value reservationPeriodAllowed considered in Step 5 of the Mode 2 resource selection procedure is equal to the pre-configured subset of periods if configured.
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