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Introduction
A revised work item on NR sidelink enhancement was approved in RAN#90-e meeting [1], with one of the objectives to specify resource allocation to reduce power consumption of the UEs, as follows:
	· Specify resource allocation to reduce power consumption of the UEs [RAN1, RAN2]
· Baseline is to introduce the principle of Rel-14 LTE sidelink random resource selection and partial sensing to Rel-16 NR sidelink resource allocation mode 2.
· Note: Taking Rel-14 as the baseline does not preclude introducing a new solution to reduce power consumption for the cases where the baseline cannot work properly.
· This work should consider the impact of sidelink DRX, if any.


In this document, we share our views on a few aspects relating to remaining issues of resource allocation for power saving and corrections to the related current specs.
Discussion on remaining issues
Resource exclusion procedure for partial sensing
For full sensing in Rel-16 NR V2X, UE performs the resource exclusion procedure from the candidate resource set , i.e. step 6) in clause 8.1.4 of TS38.214, on top of the triggering slot n. That is, the sensing window locates before slot n and RSW is defined as [n+ n+] which is after slot n. While considering CPS is always performed for partial sensing regardless of whether periodical reservation is enabled per resource pool, and the ending slot of CPS sensing window, i.e. n+ is after slot n, the resource exclusion procedure should be performed based on n+ instead. Specifically, a sensing UE would determine whether the candidate resource in RSW is excluded based on the monitoring SCI in the sensing window. If slot n is reused for partial sensing, the sensing window overlaps with RSW, which means e.g.  no longer makes sense, since UE might receive SCI in slot  and  could be after the triggering slot  (i.e. slot n) . Therefore, for partial sensing, the following TP is proposed,
TP1
	6)	The UE shall exclude any candidate single-slot resource  from the set  if it meets all the following conditions:
a)	the UE receives an SCI format 1-A in slot , and 'Resource reservation period' field, if present, and 'Priority' field in the received SCI format 1-A indicate the values  and , respectively according to Clause 16.4 in [6, TS 38.213];
b)	the RSRP measurement performed, according to clause 8.4.2.1 for the received SCI format 1-A, is higher than 
[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 slot (n+) belongs to the set , otherwise slot  is the first slot after slot (n+) belonging to the set ; otherwise .  is set to selection window size T2 converted to units of msec.


Proposal 1: For partial sensing, adopt TP1 for the resource exclusion procedure.
Pre-emption check and re-evaluation in partial sensing
Remaining Y candidate slots for pre-emption and re-evaluation
In RAN1#107e, for the case of periodical reservation when both PBPS and CPS are performed, the determination of candidate slots for pre-emption and re-evaluation were agreed. The corresponding specs text are as follows,
	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,
-	During the qth reservation period (q=0,1,2,…, Cresel-1), candidate resource set (SA) is initialized to the remaining Y candidate slots starting from slot  and ending at the last slot of the Y candidate slots, where the slot indices of the remaining Y candidate slots are equal to [q x Prsvp_Tx + ], where  is a slot index of Y candidate slots used in the initial resource (re)selection.
-	 is the first candidate slot after slot n+T3.
-	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.


It is noted that when MAC layer provides resources subject to pre-emption or re-evaluation, the candidate slots are determined based on Y candidate slots of the initial resource (re-)selection. In Rel-16 NR V2X, PHY determines a RSW to accommodate/fit the provided resources for pre-emption or re-evaluation and is not aware of which initial resource selection process that the provided resources correspond to. Specifically, after PHY reports remaining candidate resource set  to MAC layer, MAC layer would accordingly select resources for the selected sidelink grant and before transmitting, MAC layer may provide some resources of the selected sidelink grant to PHY for pre-emption or re-evaluation. The whole procedures performed by MAC layer are invisible to PHY, thus, for pre-emption and re-evaluation in Rel-17, after PHY performs the initial resource (re-)selection, along with the remaining set , the Y candidate slots of the initial resource (re-)selection are reported to MAC layer as well.
Proposal 2: In NR partial sensing, PHY reports the Y candidate slots of the initial resource (re-)selection to higher layers.
Proposal 3: When MAC layer provides resources for pre-emption check or re-evaluation, it indicates the order “qth” , i.e. the resources are within the qth reservation period to PHY.
Monitoring slots for pre-emption check
In RAN1#107e, it was agreed for PBPS in pre-emption check, the definition of  and  is the same as resource (re-)selection. It is common understanding that the resource(s) subject to pre-emption check has been indicated by a prior SCI, e.g. an SCI in the previous reservation period. As described in current specs, suppose slot  is among the candidate slots in pre-emption, UE would monitor sensing occasion(s) . For a resource in slot  subject to pre-emption, an SCI in slot  could indicate the resource. While the set  could possibly include the slot , since  could be included in the set of . Due to half-duplex constraint, the UE is unable to monitor the slot , as the UE transmits in that slot. 
Therefore, it is straightforward to preclude the slot which indicates the resource subject to pre-emption check from the periodical sensing occasions, if any.
Proposal 4: For a resource subject to pre-emption in slot  which is among the remaining Y candidate slots, the UE monitors slots of periodic sensing occasions  except for the slot of a prior SCI which indicates the resource, if any.
Handling of mixed resource allocation schemes in a resource pool
It was agreed in RAN1#103-e that a resource pool can be configured to enable any combination of full sensing, partial sensing, and random resource selection, indicating that a mixed use of resource allocation schemes in a same resource pool is allowed. A few questions related to this agreement arise.
Question #1: How does a UE capable of multiple resource allocation schemes configured to enable in a TX pool determines which one to use?
In LTE V2X, V2X sidelink transmissions are divided into the following:
· “Non-P2X related V2X sidelink communication” where full sensing is used, unless in exceptional cases where the UE falls back to random resource selection.
· “P2X related V2X sidelink communication” where either partial sensing or random resource selection is used as per configuration or it is left to UE implementation which one to use if both are configured. Similarly to the non-P2X case, the UE falls back to random resource selection in case of exception and when partial sensing is chosen.
In NR sidelink, with the support for a much wider range of scenarios / use cases, it is highly undesirable to hard-code “P2X related V2X sidelink communication” into the specs. On the other hand, it seems natural to follow the principle in LTE V2X that if multiple resource allocation schemes are enabled, instead of (pre-) configuring a fixed resource allocation scheme for all UEs, each UE should be able to choose one of the configured schemes, depending on at least UE capability and the usage scenario. And we think this should not be completely left to UE implementation, otherwise the system performance may fluctuate dramatically as the resource allocation schemes chosen by the UEs communicating with each other vary. For example, the system performance might be severely degraded if a large number of UEs use random resource selection. It is proposed that some kind of prioritization is applied for selection of resource allocation schemes in case multiple resource allocation schemes are configured to enable in a resource pool, e.g. partial sensing should be prioritized if the UE is in power-saving mode, and full sensing should be prioritized if the UE is in non-power-saving mode.
Proposal 5: Prioritization is applied for selection of resource allocation schemes in case the UE is capable of multiple resource allocation schemes configured to enable in a resource pool.
Question #2: Should a Rel-16 UE use full sensing even if a chosen resource pool is not configured to enable full sensing?
In our view, in order to be backward compatible with Rel-16 UEs, full sensing should be always allowed in a resource pool, even if not explicitly configured to enable in the resource pool configuration.
Proposal 6: Full sensing is always allowed in a resource pool.
Miscellaneous corrections
Determination of candidate slots
In current specs for determination of candidate slots, i.e. Step 1) of 8.1.4, in a resource pool enabling periodic reservation, it is ambiguous for the case that both PBPS and CPS are performed when , as in this case, the UE determines both Y and Y’ candidate slots. To avoid the confusion, the following TP is proposed,
TP2
	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 if Prsvp_TX, 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 .


Monitoring slots with periodical reservation enabled
Similar as section 3.1, in a resource pool which enables periodical reservation, both PBPS and CPS are performed. Thus, it is not specified for the case when  with periodical reservation enabled how the UE determines the monitoring slots. The simple way to address this is to remove the condition that current specs only apply for the case when periodic reservation disabled. The following TP is proposed, 
TP3
	[bookmark: _Hlk26192698]2)	The sensing window is defined by the range of slots [), when the UE performs full sensing, where  is defined above and  is defined in slots in Table 8.1.4-1 where  is the SCS configuration of the SL BWP. The UE shall monitor slots which belongs to a sidelink resource pool within the sensing window except for those in which its own transmissions occur. The UE shall perform the behaviour in the following steps based on PSCCH decoded and RSRP measured in these slots.
	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 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.
	When the UE performs contiguous partial sensing with periodic reservation for another TB (sl-MultiReserveResource) disabled and if , 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 . 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.


Logical slots index
In Rel-16 NR V2X, the notation  is used to represent the logical slots of a resource pool and in sensing procedures, only the slots within TX pool are monitored. Thus, we propose to reuse the notation for partial sensing. Moreover, the physical slot shall be converted to be in unit of logical slots, as specified in clause 8.1.7 of TS38.214.
TP4
	2)	The sensing window is defined by the range of slots [), when the UE performs full sensing, where  is defined above and  is defined in slots in Table 8.1.4-1 where  is the SCS configuration of the SL BWP. The UE shall monitor slots which belongs to a sidelink resource pool within the sensing window except for those in which its own transmissions occur. The UE shall perform the behaviour in the following steps based on PSCCH decoded and RSRP measured in these slots.
	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.  is  converted to units of logical slots according to clause 8.1.7.
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 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.
	When the UE performs contiguous partial sensing with periodic reservation for another TB (sl-MultiReserveResource) disabled and if , 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 . 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.


 TP5
	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,
-	During the qth reservation period (q=0,1,2,…, Cresel-1), candidate resource set (SA) is initialized to the remaining Y candidate slots starting from slot  and ending at the last slot of the Y candidate slots, where the slot indices of the remaining Y candidate slots are equal to [q x Prsvp_Tx + ], where  is a slot index of Y candidate slots used in the initial resource (re)selection.
-	 is the first candidate slot after slot n+T3.
-	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.


Step 5) in partial sensing
[bookmark: _GoBack]Similar as LTE V2X partial sensing, if one slot is included in the Y candidate slots, UE at least monitors the corresponding PBPS periodic sensing occasions, which means Step 5), i.e. to exclude all the candidate resources corresponding to the non-monitored slots is not needed for partial sensing.
TP6
	5)	When the UE performs full sensing, tThe 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 sl-ResourceReservePeriodList 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.
5a)	If the number of candidate single-slot resources  remaining in the set  is smaller than , the set  is initialized to the set of all the candidate single-slot resources as in step 4.


Proposal 7: Adopt the above TPs, i.e. TP2-TP6.
Conclusion
In this contribution, we discuss a few aspects relating to remaining issues of resource allocation for power saving and corrections to current specs, and make the following proposals:
Proposal 1: For partial sensing, adopt TP1 for the resource exclusion procedure.
Proposal 2: In NR partial sensing, PHY reports the Y candidate slots of the initial resource (re-)selection to higher layers.
Proposal 3: When MAC layer provides resources for pre-emption check or re-evaluation, it indicates the order “qth” , i.e. the resources are within the qth reservation period to PHY.
Proposal 4: For a resource subject to pre-emption in slot  which is among the remaining Y candidate slots, the UE monitors slots of periodic sensing occasions  except for the slot of a prior SCI which indicates the resource, if any.
Proposal 5: Prioritization is applied for selection of resource allocation schemes in case the UE is capable of multiple resource allocation schemes configured to enable in a resource pool.
Proposal 6: Full sensing is always allowed in a resource pool.
Proposal 7: Adopt the above TPs, i.e. TP2-TP6.
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