3GPP TSG RAN WG1 #107bis-e			R1-2200545
e-Meeting, January 17th – 25th, 2022

Agenda item:	8.11.1.1
Title:	Resource allocation for sidelink power saving
Source:	MediaTek Inc.
Document for:	Discussion and Decision
Introduction
In RAN1 107-e, the following agreements were made for sidelink power saving [1]:
	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 . 
0.  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



In this contribution we discuss about the remaining details of partial sensing, random selection, and re-evaluation/pre-emption checking. 
Discussion
Contiguous partial sensing

One remaining detail for contiguous partial sensing (CPS) is whether any potential change to the Rel-16 definition of T1 is necessary when UE performs only CPS in a resource pool with periodic reservations disabled. 
It has already been agreed that UE selects at least Y’ candidate slots from the resource selection window when performing CPS for aperiodic transmission. The definition of T2 in Rel-16 already allows a minimum RSW length. Hence we prefer to reuse the Rel-16 T1 definition for a coherent Rel-17 design. 
Since the technical benefit is not clear why a different T1 definition would be needed. We propose the following: 
Proposal 1: Reuse the Rel-16 definition of T1 for resource selection window when UE performs only CPS with periodic reservations disabled. 

Another open issue is related to the CPS monitoring window [, ] for aperiodic transmissions. The following agreement was reached in RAN1-107-e with the following highlighted FFS. 
	Agreement from RAN1-107-e:
· 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



By default, M is agreed as 31. If M is pre-configured with one or more additional values, M can be set to a smaller value than 31 slots. Although smaller M values can offer more power saving gain, it also comes with increased risk of packet collisions. NR sidelink allows aperiodic reservations within up to 31 slots, hence a smaller M value may cause overlook some of the aperiodic reservations made in the resource pool. According to the above FFS point, it is implied that such pre-configuration of additional M values can be based on the priority of the packet transmitted by the power saving UE. 
However, a potential packet collision would impact other sidelink users in the resource pool. If a power-saving UE transmitting a low-priority packet is pre-configured to use a smaller M value, potential collision may still impact another UE with a high-priority packet. Although supporting additional M values (besides the default value 31) is acceptable, the selection of the M value used during CPS should be up to UE implementation. It is better to let UE decide when it is acceptable to save power at the expense of higher risk of packet collision. 
Based on this, we propose the following. 
Proposal 2: Additional values for M should NOT be pre-configured based on transmission/packet priorities. The minimum possible value for M should be kept large enough to ensure a certain system reliability.

Re-evaluation/pre-emption for aperiodic traffic
In RAN1-107-e, sensing for re-evaluation/pre-emption was agreed for periodic transmissions. The design allows UE to perform periodic-based partial sensing (PBPS) for the remaining T candidate slots according to same k and Preserve parameter values to detect other periodic reservations in the pool. The design also allows UE to perform CPS starting from M slots prior to the first candidate slots after n+T3. Such design ensures that UE detects any periodic or aperiodic reservations with potential collision. 
For the aperiodic traffic case, similar fundamental approach should be adopted to ensure the detection of any potential packet collisions. When a UE transmitting aperiodic traffic performs re-evaluation/pre-emption, the detection of aperiodic reservations can be similarly achieved by CPS while the detection of periodic reservations (if periodic reservations are enabled in the resource pool) can be achieved by PBPS. 
Hence sensing for re-evaluation/pre-emption should take into account the availability of periodic reservations in the pool. 
If periodic reservations are enabled, UE shall perform PBPS and CPS for re-evaluation/pre-emption. 
If periodic reservations are disabled, UE shall perform only CPS for re-evaluation/pre-emption. 
We propose the following: 
Proposal 3: When periodic reservations are enabled in a resource pool, a partial-sensing UE with aperiodic transmission performs sensing for re-evaluation/preemption as follows:
· 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 pre-configured by the network.
· UE performs CPS starting from M logical slots prior to  to  slots earlier than , where  is the first candidate slot after n+T3.
·  By default, M is 31.

Proposal 4: When periodic reservations are disabled in a resource pool, a partial-sensing UE with aperiodic transmission performs sensing for re-evaluation/preemption as follows:
· UE performs CPS starting from M logical slots prior to  to  slots earlier than , where  is the first candidate slot after n+T3.
·  By default, M is 31.


Random resource selection and pool sharing
For the coexistence of UEs with different sensing capabilities including full sensing, partial sensing, and no sensing (random selection) in a shared resource pool, the resource reservation can be prioritized for random selection UEs. Since UEs operating in random selection may not be able to perform re-evaluation or pre-emption (e.g., Type-A or Type-B UEs), the other UEs in the pool that perform full or partial sensing should avoid packet collisions once a resource reservation from a random selection UE is detected. 
We propose the following:
Proposal 5: UEs that perform random selection with no sensing capability should signal higher resource reservation priority in SCI to minimize collisions in resource pools shared by other UEs with different sensing capabilities.



Another important issue related to random resource selection UEs is whether UEs that are capable of performing sensing (i.e., Type-D UEs) should be performing re-evaluation/preemption checking. Supporting re-evaluation/preemption can help significantly improve system performance by allowing these UEs to change candidate resources in case of a potential collision, especially in a resource pool with a large number of random-selection UEs. 
However, random resource selection is resource selection scheme designed to optimize power saving. UEs that are capable of performing sensing can be pre-configured to perform partial sensing for higher reliability cases. When a sensing-capable UE is performing random selection, the motivation should be optimizing power saving. Hence, it our view, it can be acceptable to support re-evaluation/pre-emption checking for these UEs as long as such checking is not a mandated procedure. The decision to perform re-evaluation/pre-emption checking can be left to UE implementation. UE, for example, can decide to perform re-evaluation/pre-emption when it experiences consecutive collisions, high congestion, etc. However, re-evaluation/pre-emption checking should not be mandated by pre-configuration for these UEs.
We propose the following: 
Proposal 6: Re-evaluation/pre-emption checking are not mandated operations for UEs performing random resource selection, who are capable of sensing. 
Proposal 7: UEs performing random resource selection may perform re-evaluation/pre-emption checking based on UE implementation if UE is capable of performing sensing. 


Sidelink DRX related aspects
The following agreement was made in RAN1-106-e [2].
	Agreement
A UE can perform SL reception of PSCCH and RSRP measurement for sensing during its SL DRX inactive time.
· FFS: When such reception and measurement is performed, whether it is subject to specification, or is up to UE implementation
· FFS: Other details



Based on this agreement, UE can follow either one of three possible behaviors. 
· UE is expected to perform sensing by following partial sensing rules alone. 
· UE is not expected to perform sensing in SL-DRX inactive time with the exception of some special cases. 
· Sensing during SL-DRX inactive time is left to UE implementation

Since SL-DRX is intended to improve UE’s power saving gain, the first approach may not be a desirable behavior as it would nullify the SL-DRX configuration in the sensing window. As long as UE is expected to wake up and take sensing measurement, UE will not be able to save much power even if it is not expected to receive/decode any data. 
Expecting UE to solely follow partial sensing rules during its SL-DRX inactive time practically nullifies the power saving purpose of SL-DRX. 
On the other hand, the last approach can offer better power saving gain as it is left to UE implementation. However, there may be some scenarios where UE’s SL-DRX inactive time fully overlaps with its sensing window. In that case, UEs could benefit from some specified behavior to guarantee capturing some amount of sensing results. 
With that, we propose to leave such sensing up to UE implementation as long as SL-DRX inactive time at most partially overlaps with the sensing window.  
Proposal 8: It is up to UE implementation to perform sensing during SL-DRX inactive time as long as SL-DRX inactive time at most partially overlaps with the sensing window.

Regarding the SL-DRX active of Rx-UE and its alignment with the resource selection window of the TX-UE, the option below was agreed in the last RAN1-107-e meeting with the following FFS points [1]:
	Agreement from RAN1-107-e:
· 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



According to the agreement above, TX-UE is expected to select a set of candidate resources where at least a subset of these resources are within the active time of the RX-UE. If the TX-UE is unable to find any candidate resources within the active time (or, if the available subset of resources are below a minimum threshold), the behavior should be left to UE implementation. For example, TX-UE may still report the available subset of resources within the RX-UE’s active time (if any) to higher layer, or TX-UE may trigger a new resource selection procedure, or else. 
We propose the following:
Proposal 9: When the available number of candidate resources that are within the RX-UE’s active time is less than a threshold, the TX-UE chooses one of the following options by implementation. 
· TX-UE reports the set of candidate resources including any available subset of resources to higher layer.
· TX-UE triggers another resource selection with different RSW.

On the other hand, if TX-UE is able to find a set of candidate resources, all of which overlap with the active time of the RX-UE, TX-UE should be allowed to reports candidate resources only within the indicated active time of the RX-UE. 
We propose the following:
Proposal 10: If TX-UE is able to find a sufficiently large set of candidate resources, all of which overlap with the active time of the RX-UE, TX-UE can report candidate resources only within the indicated active time of the RX-UE.

Congestion Control
The following working assumption was made in RAN1-107-e for CR evaluation. 
	Working assumption
For UE performs partial sensing or random resource selection, Rel-16 SL CR evaluation is directly reused.



We are supportive of the working assumption, and in our view, it should be confirmed. 
Proposal 11: Confirm the working assumption on reusing Rel-16 SL CR evaluation for UEs performing partial sensing or random selection.

For the CBR measurement for UEs performing partial sensing, in our view, reusing LTE mechanism is sufficient and hence it can be reused. 
We propose the following: 
Proposal 12: Reuse LTE principle for CBR measurement of UEs performing partial sensing.

Conclusions
We have the following proposals:

Proposal 1: Reuse the Rel-16 definition of T1 for resource selection window when UE performs only CPS with periodic reservations disabled. 

Proposal 2: Additional values for M should NOT be pre-configured based on transmission/packet priorities. The minimum possible value for M should be kept large enough to ensure a certain system reliability.

Proposal 3: When periodic reservations are enabled in a resource pool, a partial-sensing UE with aperiodic transmission performs sensing for re-evaluation/preemption as follows:
· 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 pre-configured by the network.
· UE performs CPS starting from M logical slots prior to  to  slots earlier than , where  is the first candidate slot after n+T3.
·  By default, M is 31.

Proposal 4: When periodic reservations are disabled in a resource pool, a partial-sensing UE with aperiodic transmission performs sensing for re-evaluation/preemption as follows:
· UE performs CPS starting from M logical slots prior to  to  slots earlier than , where  is the first candidate slot after n+T3.
·  By default, M is 31.

Proposal 5: UEs that perform random selection with no sensing capability should signal higher resource reservation priority in SCI to minimize collisions in resource pools shared by other UEs with different sensing capabilities.

Proposal 6: Re-evaluation/pre-emption checking are not mandated operations for UEs performing random resource selection, who are capable of sensing. 
Proposal 7: UEs performing random resource selection may perform re-evaluation/pre-emption checking based on UE implementation if UE is capable of performing sensing. 

Proposal 8: It is up to UE implementation to perform sensing during SL-DRX inactive time as long as SL-DRX inactive time at most partially overlaps with the sensing window.
Proposal 9: When the available number of candidate resources that are within the RX-UE’s active time is less than a threshold, the TX-UE chooses one of the following options by implementation. 
· TX-UE reports the set of candidate resources including any available subset of resources to higher layer.
· TX-UE triggers another resource selection with different RSW.

Proposal 10: If TX-UE is able to find a sufficiently large set of candidate resources, all of which overlap with the active time of the RX-UE, TX-UE can report candidate resources only within the indicated active time of the RX-UE.

Proposal 11: Confirm the working assumption on reusing Rel-16 SL CR evaluation for UEs performing partial sensing or random selection.

[bookmark: _GoBack]Proposal 12: Reuse LTE principle for CBR measurement of UEs performing partial sensing.
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