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[bookmark: _Ref59890010]Introduction
The Release-17 NR sidelink enhancement work item description (WID) was updated in [1]. In the last RAN1 meeting [2], [3], the resource allocation for power saving was discussed and the following agreements have been made.

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.
· [bookmark: _Hlk87119597]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
· Candidate resource set (SA) is initialized to the set of all single-slot candidate resources in the selected Y’ candidate slots. 
· For the CPS monitoring window [n+TA, n+TB]:
· TA and TB are both selected such that UE has sensing results for a minimum of M consecutive logical slots before ty0, where ty0 is the first slot of the selected Y’ candidate slots.
· FFS: By default, M is 31 unless (pre-)configured with another value, or M is (pre-)configured based on transmission priority
· FFS the range of (pre-)configured M from a TBD lowest value up to 30
· FFS: how to handle the case when the minimum M slots for CPS cannot be guaranteed
· FFS: RSW in case of CPS only

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

Agreement
When UE performs at least contiguous partial sensing in a mode 2 Tx pool for a resource (re)selection procedure triggered by aperiodic transmission (Prsvp_TX=0) in slot n,
· The UE selects a set of Y’ candidate slots with corresponding PBPS and/or CPS results (if available) within the RSW.
· If the total number of Y’ candidate slots is less than a (pre-)configured threshold Y’min,
· How UE includes other candidate slots is up to UE implementation
· Candidate resource set (SA) is initialized to the set of all single-slot candidate resources in the selected Y’ candidate slots.
· For the CPS monitoring window [n+TA, n+TB]:
· TA and TB are both selected such that UE has sensing results starting at M consecutive logical slots before ty0 and ending at Tproc,0 + Tproc,1 slots earlier than ty0.
· FFS: By default, M is 31 unless (pre-)configured with another value, or where M is (pre-)configured based on transmission priority
· FFS: The range of (pre-)configured M from a TBD lowest value up to 30
· When the minimum M slots for CPS cannot be guaranteed, support both
· Option A, the UE ensures the Y’min criterion is fulfilled
· Option B: UE performs random resource selection
· When the UE performs Option A or Option B is up to UE implementation

	Conclusion
No additional triggering enhancement on top of existing Rel-16 mechanism in re-evaluation and pre-emption checking for partial sensing UEs in Rel-17, including enabling / disabling re-evaluation by (pre-)configuration.


· This does not restrict the triggering of re-evaluation and pre-emption checking due to inter-UE coordination message in scheme 2 (if agreed).

Agreement
When UE is triggered to perform re-evaluation and pre-emption checking for periodic transmission (Prsvp_TX≠0) in slot n,
· During the qth reservation period (q=0,1,2,…, Cresel-1), candidate resource set (SA) is initialized to the remaining Y candidate slots starts from slot  and ends 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.
·  FFS whether/how to handle the case when number of the remaining Y candidate slots is less than Ymin.
· Scheme 1: 
· UE performs PBPS for the remaining Y candidate slots according to , where  is a slot belong to the remaining Y candidate slots, and k and Preserve are the same as resource (re)selection.  
· UE performs CPS starts from M logical slots earlier than  to  slots earlier than . 
·  By default, M is 31 unless (pre-)configured with another value.

Agreement
When UE performs random resource selection, LTE principle is reused:
· The UE is not required to measure CBR.
· When no SL CBR measurement result is available, a (pre-)configured SL CBR value is used.

Working assumption
For UE performs partial sensing or random resource selection, Rel-16 SL CR evaluation is directly reused.

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

It was concluded [4], [5] that release 17 sidelink enhancement RAN1 work has not been finished and will be extended to the first quarter of 2022. 

Agreement
RAN1 is tasked to complete the remaining normative work for Rel-17 NR sidelink enhancement by Q1 of 2022
· All RAN1 decisions that impact other WGs should be finalized in RAN1#107bis-e

Agreement
Use the list of open issues provided RP-212880 (status report of WI: NR sidelink enhancement) as a starting point for technical discussions in RAN1. 
· This does not mean that all the issues included in the list are considered essential or the list is complete
· RAN1 should not spend additional effort to further refine the list

The list of open issues in [6] for physical layer aspects on resource allocation to reduce UE’s power consumption includes
· Finalization of pre-emption/re-evaluation checking for aperiodic transmission 
· Finalization of selection/report of candidate resources in which at least its subset is within RX UE's active time 
· Finalization of SL CBR measurement in partial sensing
· CPS monitoring window for aperiodic transmission when UE performs at least CPS in a Tx pool
· T1 of RSW when UE performs only CPS in a Tx pool with periodic reservation for another TB disabled
· Sensing and SL CBR measurement during its SL DRX inactive time
· Re-evaluation and pre-emption checking after random selection
· Resource pool segregation for periodically occurring resources
· Random resource selection in pools with mixed RA schemes
· Conditions in which CPS can be disabled in resource (re)selection

In this contribution, we discuss the remaining open issues of resource allocation for power saving. 
Discussion
Re-evaluation/pre-emption checking for aperiodic transmission
Resource re-evaluation and pre-emption checking are introduced in NR sidelink to reduce the resource collision probability. It was agreed that periodic-based partial sensing (PBPS) and contiguous partial sensing (CPS) schemes are supported for resource re-evaluation and pre-emption checking. The candidate resource set, the sensing occasions for PBPS, and CPS monitoring window were agreed when a UE performs resource re-evaluation and pre-emption checking with partial sensing for periodic transmission. The open issues are the candidate resource set, the sensing occasions for PBPS, and CPS monitoring window when a UE performs resource re-evaluation and pre-emption checking with partial sensing for aperiodic transmission.

Suppose a UE selects a set of sidelink resources for its aperiodic transmission. The UE should perform resource re-evaluation and pre-emption checking at slot , where  is the slot of the first selected resource. The candidate resource set for resource re-evaluation and pre-emption should be initialized to the remaining  candidate slots used in the initial resource selection, which starts from slot  and ends at the last slot the  candidate slots.

To support the remaining  candidate slots with sufficient sensing results, UE should perform CPS starting from  logical slots earlier than  to  slots earlier than . The default value of  is 31, unless (pre-)configured with another value. Also, the CPS monitoring window should not start earlier than the slot of performing resource selection. 

If the UE additionally performs PBPS for its resource re-evaluation and pre-emption checking, then the sensing occasions of PBPS are determined as , where  is a slot belonging to the remaining  candidate slots,  and  are the same parameters as the resource selection. The candidate resource set, the sensing occasions for PBPS, and CPS monitoring window are shown in Figure 1. 
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[bookmark: _Ref90894882]Figure 1: Partial sensing for resource re-evaluation and pre-emption checking for aperiodic transmission

Proposal 1: When UE is triggered to perform re-evaluation and pre-emption checking for aperiodic transmission (Prsvp_TX=0) in slot n,
· Candidate resource set () is initialized to the remaining Y candidate slots starts from slot  and ends at the last slot of the Y candidate slots, where the slot indices of the remaining Y candidate slots are used in the initial resource (re)selection.
·  is the first candidate slot after slot n+T3.
· If UE performs PBPS for its resource re-evaluation and pre-emption checking, then the sensing occasions for PBPS are , where is a slot belonging to the candidate resource set, k and Preserve are the same parameters as those in resource (re)selection. 
· UE performs CPS starts from M logical slots earlier than to  slots earlier than . 
· By default, M is 31 unless (pre-)configured with another value 
· The CPS monitoring window does not start earlier from the slot of performing resource selection.

Selection of candidate resources considering RX UE's active time
A Tx UE’s resource selection procedure should consider Rx UE’s sidelink DRX configuration. Specifically, the physical layer of the Tx UE selects and reports candidate resources in which at least a subset of the candidate resources is within the indicated active time of Rx UE. The details of the Tx UE’s resource selection procedure are open. 

The first issue is how to quantify “a subset of the candidate resources” which are within the indicated active time of Rx UE. In our view, a resource pool (pre-)configures a ratio , such that at least  reported candidate resources are within the indicated active time of the Rx UE, where  is the total number of reported candidate resources. 

The second issue is how to determine the resource selection window to overlap with indicated active time of Rx UE. Overall, the resource selection window at the Tx UE should be determined properly in order to ensure a certain ratio (i.e., ) of reported candidate resources within the indicated active time of Rx UE. A simple solution is that the resource selection window is determined such that the ratio of the number of slots of resource selection window within the indicated active time of Rx UE over the total number of slots of resource selection window is larger than or equal to . 

During the resource selection procedure, the legacy resource exclusion rules could be applied. The modified operation is that in step 7), besides the criterion that the number of candidate resources in  is smaller than , an additional criterion that the number of candidate resources in   which are in the indicated active time of Rx UE is smaller than  is used to trigger a new round of resource exclusion. Either of these two criteria could trigger the new round. This is to ensure the ratio of the number of reported candidate resources within the indicated active time of Rx UE over the total number of reported candidate resources is at least . 

Proposal 2: When a UE performs resource selection considering the indicated active time of Rx UE, 
· the ratio of the number of reported candidate resources within the indicated active time of Rx UE over the total number of reported candidate resources is at least , where Z is (pre-)configured by resource pool;
· in step 1) of resource selection procedure, the resource selection window is determined such that the ratio of the number of slots of resource selection window within the indicated active time of Rx UE over the total number of slots of resource selection window is at least Z;
· in step 7) of resource selection procedure, apply the criteria that the number of candidate resources remaining in  is smaller than  or the number of candidate resources remaining in  which are in the indicated active time of Rx UE is smaller than  to trigger another round of resource exclusion.

When Tx UE performs partial sensing, the minimum number of candidate slots is . When considering Rx UE’s active time, the partial sensing Tx UE should have a relaxed minimum number of candidate slots. 

Proposal 3: When a UE performs partial sensing based resource selection considering the indicated active time of Rx UE, then minimum number of candidate slots is smaller than .

Sidelink CBR measurement in partial sensing
According to Release 16 NR sidelink with full sensing, a sidelink resource is busy for the purpose of CBR measurement if sidelink RSSI measured by the in UE in that resource exceeds a (pre-)configured threshold. The sidelink CBR measurement in the context of partial sensing needs to be defined. 

Four options were identified for sidelink CBR measurement in partial sensing. The last option follows LTE sidelink principle where a partial sensing UE is not required to measure CBR, and a (pre-)configured sidelink CBR value is used. In the first three options, a UE performs sidelink RSSI measurement in slots when it performs sensing and PSCCH/PSSCH reception over a sidelink CBR measurement window. If the number of sidelink RSSI measurement slots is below a (pre-)configured threshold, then a (pre-)configured sidelink CBR value is used in Option 1, additional measurement within the sidelink CBR measurement window is applied by UE to meet the threshold in Option 2, and additional measurement possibly exceeding the sidelink CBR measurement window is applied by UE to meet the threshold in Option 3. 

Overall, we think Option 2 and Option 3 are unnecessary enhancement, which will increase UE’s power consumption. Option 4 follows LTE sidelink principle and is the simplest option for UEs among the 4 options, but it does not reflect the channel occupancy condition at all. Option 1 achieves the balance between UE complexity and system performance. On one hand, a UE does not need to perform additional operations in the slots without partial sensing and PSCCH/PSSCH reception. On the other hand, a UE does measure sidelink CBR at some contents, which helps in sidelink congestion control. Hence, we prefer Option 1. 

Proposal 4: Sidelink RSSI is measured for slots in which the UE performs partial sensing and PSCCH/PSSCH reception over a sidelink CBR measurement window. 
· The calculation of sidelink CBR is limited within the slots for which the sidelink RSSI is measured
· If the number of sidelink RSSI measurement slots is below a (pre-)configured threshold, a (pre-)configured sidelink CBR value is used. 

CPS monitoring window for aperiodic transmission 
When a UE has periodic transmission and performs PBPS and CPS, the CPS monitoring window starts  logical slots earlier than the first slot of the  candidate slots of PBPS. The value of  is 31 by default, unless (pre-)configured with another value. 

When a UE has aperiodic transmission and performs CPS, it was agreed that CPS monitoring window should have at least  consecutive logical slots before the first slot of the candidate slots. The value of  has not been determined.

Unlike periodic transmission where the packet arrival time is predictable, the packet arrival time of aperiodic transmission is unpredictable. Hence, the CPS monitoring has to occur after the packet arrival time. Since the CPS is mainly to detect the aperiodic resource reservation, and hence, it makes sense that the value of  is upper bounded by 31. On the other hand, due to PDB limitation, a UE may not always have up to 31 slots for CPS monitoring. For an aperiodic transmission with smaller PDB, the CPS monitoring window size could be reduced so as to meet the PDB requirement. For example, multiple  values could be (pre-)configured, with each value applicable to different required PDB range. 

Proposal 5: When a UE has aperiodic transmission and performs CPS, the CPS monitoring window size  depends on PDB and is upper bounded by 31.

T1 of RSW when UE performs only CPS in a Tx pool with periodic reservation for another TB disabled 
When a resource pool is (pre-)configured without the support of periodic reservation, the PBPS is not triggered by a UE using this resource pool. A UE with partial sensing may still perform CPS operations. The resource selection window determination in this case has not been determined. 

In our view, if a UE performs only CPS in a resource pool with periodic reservation disabled, then the UE performs CPS immediately after the resource selection trigger. Subsequently, UE sets the resource selection window after the end of CPS, since UE is not expected to select any resources before the CPS monitoring window ends. Specifically, the resource selection window starts  logical slots after the end of CPS monitoring window. 

Proposal 6: When a UE performs only CPS in a resource pool with periodic reservation disabled, the resource selection window starts  logical slots after the end of CPS monitoring window. 

Sensing and SL CBR measurement during sidelink DRX inactive time
It was agreed that a UE can perform sidelink reception of PSCCH and RSRP measurement for sensing during its sidelink DRX inactive time. We think in a UE’s sidelink DRX active time, or in a UE’s sidelink DRX inactive time in which the UE still performs PSCCH reception over a sidelink CBR measurement window, UE can perform sidelink RSSI measurement. This does not require much UE operation and but helps in congestion control. 

The calculation of sidelink CBR is limited within the slots for which the sidelink RSSI is measured.
Following the principle of sidelink CBR measurement in partial sensing, if the number of sidelink RSSI measurement slots is below a (pre-)configured threshold, a (pre-)configured sidelink CBR value is used. This avoids UE’s additional sidelink CBR measurement in its sidelink DRX inactive time, in or out of the sidelink CBR measurement window.

Proposal 7: Sidelink RSSI is measured for slots in UE’s sidelink DRX active time or in UE’s sidelink DRX inactive time in which the UE performs PSCCH/PSSCH reception over a sidelink CBR measurement window.
· The calculation of sidelink CBR is limited within the slots for which the sidelink RSSI is measured. 
· If the number of sidelink RSSI measurement slots is below a (pre-)configured threshold, a (pre-)configured sidelink CBR value is used. 

Re-evaluation and pre-emption checking after random selection
It is open whether resource re-evaluation and pre-emption can be supported by a UE performing random resource selection while having sensing capability. 

In our view, a UE with sensing capability can perform sensing between the resource selection time and the resource re-evaluation/pre-emption checking time. These sensing results can be used in resource re-evaluation and pre-emption checking to reduce the resource collision chance of a randomly selected resource. Hence, resource re-evaluation and pre-emption checking should be supported for a UE performing random resource selection while having sensing capability. Furthermore, the support of resource re-evaluation and pre-emption checking for a UE performing random resource selection could be enabled or disabled per resource pool (pre-)configuration, which provides the flexibility of balancing between resource allocation reliability and power consumption. 

Proposal 8: Resource re-evaluation and pre-emption checking are supported for a UE performing random resource selection while having sensing capability, 
· the sensing is performed between resource selection time and resource re-evaluation/pre-emption checking time
· the feature is enabled or disabled per resource pool (pre-)configuration

Random resource selection in pools with mixed RA schemes
It was agreed that in Release 17 sidelink enhancement, a resource pool can be (pre-)configured to enable full sensing only, partial sensing only, random resource selection only, or any combination(s). If a resource pool is (pre-)configured to enable a combination of full sensing resource allocation scheme and reduced sensing resource allocations scheme, then the coexistence needs to be considered. 

Several options of applying random resource selection on a resource pool supporting mixed resource selection schemes were identified. In Option 1, a random resource selection UE with lower priority data is not allowed to use this resource pool. In Option 2, a random resource selection UE increases its data priority level via SCI indication, which prevents sensing UEs from selecting its reserved resources with a higher probability. In Option 7, a sensing UE always excludes the reserved resources from a random resource selection UE without re-evaluation and/or pre-emption checking. In Option 12, no special consideration for random resource selection. 

In our view, Option 1 is not efficient in resource usage. If there is no resource pool (pre-)configured to dedicatedly support random resource selection, then a UE with random resource selection is unable to transmit any sidelink data with low priority. Furthermore, Option 1 will lead to collision to full sensing UE with high priority data for transmission, since full sensing UE’s reservation will not be pre-empted. 

Option 2 does not always address the collision possibility via a sensing UE’s resource selection. Since no special consideration for random resource selection in Option 12, the corresponding system performance may be degraded, which is not desirable. Overall, we prefer Option 7 due to its simplicity and effectively addressing the particular issue. Since a random resource selection UE not performing re-evaluation/pre-emption will always use the resource it reserved, it is beneficial that a sensing UE excludes this resource in its resource selection procedure. 

Proposal 9: For a resource pool enabling full sensing, partial sensing and random resource selection, a sensing UE always excludes resources reserved by a random resource selection UE which does not perform resource re-evaluation and/or pre-emption checking.

Conditions in which CPS can be disabled in resource (re)selection
One open issue is about the conditions in which CPS can be disabled in resource selection. It was agreed that conditions in which contiguous partial sensing is performed by UE when at least all the three conditions are met: 1). Layer 1 is expected to be or is triggered by high layer to report resources, 2). resource pool is (pre-)configured to enable partial sensing and 3). partial sensing is configured by higher layer in the UE.

As proposed in Section 2.4, when a UE has aperiodic transmission and performs CPS, the CPS monitoring window size  depends on PDB. In case the PDB is small enough, there is no time duration for CPS monitoring. Hence, the CPS can be disabled in resource selection as a whole. 

Proposal 10: CPS can be disabled in resource selection, depending on resource pool (pre-)configuration. 
Conclusion
In this contribution, we provided our views on the remaining open issues of NR sidelink resource allocation for power saving. Our proposals are as follows: 

Proposal 1: When UE is triggered to perform re-evaluation and pre-emption checking for aperiodic transmission (Prsvp_TX=0) in slot n,
· Candidate resource set () is initialized to the remaining Y candidate slots starts from slot  and ends at the last slot of the Y candidate slots, where the slot indices of the remaining Y candidate slots are used in the initial resource (re)selection.
·  is the first candidate slot after slot n+T3.
· If UE performs PBPS for its resource re-evaluation and pre-emption checking, then the sensing occasions for PBPS are , where is a slot belonging to the candidate resource set, k and Preserve are the same parameters as those in resource (re)selection. 
· UE performs CPS starts from M logical slots earlier than to  slots earlier than . 
· By default, M is 31 unless (pre-)configured with another value 
· The CPS monitoring window does not start earlier from the slot of performing resource selection.

Proposal 2: When a UE performs resource selection considering the indicated active time of Rx UE, 
· the ratio of the number of reported candidate resources within the indicated active time of Rx UE over the total number of reported candidate resources is at least , where Z is (pre-)configured by resource pool;
· in step 1) of resource selection procedure, the resource selection window is determined such that the ratio of the number of slots of resource selection window within the indicated active time of Rx UE over the total number of slots of resource selection window is at least Z;
· in step 7) of resource selection procedure, apply the criteria that the number of candidate resources remaining in  is smaller than  or the number of candidate resources remaining in  which are in the indicated active time of Rx UE is smaller than  to trigger another round of resource exclusion.

Proposal 3: When a UE performs partial sensing based resource selection considering the indicated active time of Rx UE, then minimum number of candidate slots is smaller than .

Proposal 4: Sidelink RSSI is measured for slots in which the UE performs partial sensing and PSCCH/PSSCH reception over a sidelink CBR measurement window. 
· The calculation of sidelink CBR is limited within the slots for which the sidelink RSSI is measured
· If the number of sidelink RSSI measurement slots is below a (pre-)configured threshold, a (pre-)configured sidelink CBR value is used. 

Proposal 5: When a UE has aperiodic transmission and performs CPS, the CPS monitoring window size  depends on PDB and is upper bounded by 31.

Proposal 6: When a UE performs only CPS in a resource pool with periodic reservation disabled, the resource selection window starts  logical slots after the end of CPS monitoring window. 

Proposal 7: Sidelink RSSI is measured for slots in UE’s sidelink DRX active time or in UE’s sidelink DRX inactive time in which the UE performs PSCCH/PSSCH reception over a sidelink CBR measurement window.
· The calculation of sidelink CBR is limited within the slots for which the sidelink RSSI is measured. 
· If the number of sidelink RSSI measurement slots is below a (pre-)configured threshold, a (pre-)configured sidelink CBR value is used. 

Proposal 8: Resource re-evaluation and pre-emption checking are supported for a UE performing random resource selection while having sensing capability, 
· the sensing is performed between resource selection time and resource re-evaluation/pre-emption checking time
· the feature is enabled or disabled per resource pool (pre-)configuration

Proposal 9: For a resource pool enabling full sensing, partial sensing and random resource selection, a sensing UE always excludes resources reserved by a random resource selection UE which does not perform resource re-evaluation and/or pre-emption checking.

Proposal 10: CPS can be disabled in resource selection, depending on resource pool (pre-)configuration. 
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