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Introduction
WI 'NR Sidelink enhancement' regarding Rel.17 sidelink was approved and updated in RP-202846 in RAN#90-e meeting. One of the objectives is to specify radio solutions to reduce power consumption of UEs in terms of resource allocation. [1]
	2. Resource allocation enhancement:
· 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 last RAN1#104-e meeting, following agreements were made regarding partial sensing and random resource selection. [2]
	Agreements:
· Random resource selection is applicable to both periodic and aperiodic transmissions
· FFS conditions for random resource selection

[bookmark: OLE_LINK42][bookmark: OLE_LINK43]Agreements: In a resource pool (pre-)configured with at least partial sensing, if UE performs periodic-based partial sensing, at least when the reservation for another TB (when carried in SCI) is enabled for the resource pool and resource selection/reselection is triggered at slot n, it is up to UE implementation to determine a set of Y candidate slots within a resource selection window, where
· FFS condition(s) and timing(s) for which periodic-based partial sensing is performed by UE
· The resource selection window is [n+T1, n+T2]
· As a baseline, T1 and T2 are defined in the same way as in R16 NR-V2X according to step 1 [TS 38.214 Sec. 8.1.4]
· Further discuss whether or not to introduce a threshold to re-define T1 and T2 such that 
· T1 ≥ 0 (subject to processing time constraint Tproc, 1), and T2 ≤ remaining PDB
· T2-T1 ≤ (pre-)configured threshold
· A minimum value for Y is (pre-)configured from a range of values, FFS details
· FFS any restriction to determine Y candidate slots (including its relationship with SL-DRX)
· FFS whether the resource selection window [n+T1, n+T2] should be confined within a set of periodic set of resources and its relationship with SL-DRX
· Note: The terminology “periodic-based partial sensing” is based on the “partial sensing” used in LTE-V and it is intended to be used for the design and discussion of partial sensing in Rel-17.

[bookmark: OLE_LINK44][bookmark: OLE_LINK45]Agreements: In a resource pool (pre-)configured with at least partial sensing, if UE performs periodic-based partial sensing, at least when the reservation for another TB (when carried in SCI) is enabled for the resource pool and resource selection/reselection is triggered at slot n, the UE monitors slots of at least one a set of periodic sensing occasions, where a periodic sensing occasion is a set of slots according to [image: ]
if tvSL is included in the set of Y candidate slots.
· Preserve is a periodicity value from the configured set of possible resource reservation periods allowed in the resource pool (sl-ResourceReservePeriodList). Down select to one:
· Option 1:  Preserve corresponds to all values from the configured set sl-ResourceReservePeriodList
· Option 2:  Preserve corresponds to a subset of values from the configured set sl-ResourceReservePeriodList
· FFS how to determine the subset (e.g., by (pre-)configuration, UE determination)
· Option 3:  Preserve is a common divisor among values in the configured set sl-ResourceReservePeriodList
· Option 4: FFS others
· k equals tois selected according to (down select to one)
· Option 1: Only the most recent sensing occasion within sensing window for a given reservation periodicity before the resource (re)selection trigger or the set of Y candidate slots subject to processing time restriction
· Option 2: The two most recent sensing occasions within sensing window for a given reservation periodicity before the resource (re)selection trigger or the set of Y candidate slots subject to processing time restriction
· Option 3: All possible sensing occasions after 
· Option 4: Only one periodic sensing occasion for one reservation period. The k value is up to UE implementation. Max value for k is (pre-)configured.
· Option 5: k is (pre-)configured, including multiple values
· Option 6: (pre-)configuration of a bitmap, same as in LTE-V
· Option 7: FFS others
· FFS relationship between periodic sensing occasions and SL-DRX
· FFS condition(s) and timing(s) for which periodic-based partial sensing is performed by UE
· Note: companies are encouraged to show performance data for the down selections

Agreements:
· [bookmark: OLE_LINK46][bookmark: OLE_LINK47]In a resource pool (pre-)configured with at least partial sensing, if UE performs contiguous partial sensing and resource (re-)selection is triggered in slot n, support the following option:
· Option 1: For the purpose of resource (re-)selection, the UE monitors slots between [n+TA, n+TB] and performs identification of candidate resources, in or after slot n+TB, based on all available sensing results, including periodic-based partial sensing results (if applicable).
· FFS TA, TB (including the possibility of equal to zero, positive or negative) and remaining details (in particular, whether there should be exclusion of slots, changes in TA/TB values for different purposes, etc.)
· FFS whether n can be replaced by e.g., index of some of Y candidate slots
· FFS condition(s) in which contiguous partial sensing is performed by UE
· FFS interaction with SL-DRX, if any
· FFS interaction with periodic-based partial sensing, if any
· Other options are not precluded 
· Note: This option is not to replace random resource selection only without sensing or re-evaluation and pre-emption checking



In this contribution, we showed our views on open issues regarding partial sensing resource selection and random resource selection.
Discussion
Partial sensing
[bookmark: _GoBack]Condition(s) and timing(s) for PPS
Periodic-based partial sensing (PPS) enables the UE to get reservation information of other UEs who signaled periodic reservation messages. As long as reservation for another TB is enable in the resource pool, it should be naturally and feasible for a UE to perform periodic-based partial sensing regardless the traffic types of the TX UE which are going to be transmitted. As sensing procedure is based on PSCCH decoding and RSRP measuring, for a certain high layer resource (re)selection trigger at slot n, the sensing procedure (i.e., PSCCH decoding and RSRP measuring) should have been performed before slot n.
Proposal 1: When the reservation for another TB is enabled in the resource pool, UE keeps performing periodic-based partial sensing all the time. 
Resource selection window
The potential enhancement here is whether to introduce a threshold to re-define T1 and T2. From the WI perspective, we should reuse legacy mechanism and change it only if the legacy mechanism cannot work properly. The reason from the supporter is power saving, while the benefit of power saving is not so clear from our side. On the other hand, upper threshold of T1 and T2 may lead to more resource collisions within the resource selection window and will cause potential issues considering the relation between min Y value and slot number between [n-T1, n-T2]. Thus, to reuse legacy methods according to WI, we prefer no changes to T1 and T2.
Proposal 2: T1 and T2 are defined in the same way as in R16 NR-V2X according to step 1 [TS 38.214 Sec. 8.1.4] without new threshold.
Minimum value for Y 
In the discussion of partial sensing for P-UE in LTE sidelink. The following agreements were made:
	Agreements of RAN1#87
· When P-UE makes resource selection/reselection decision at TTI m, the possible candidates resources, i.e., Y subframes, are selected in [m+T1, m+T2]
· The minimum allowed value of Y is (pre)configured. Selection of Y subframes is up to P-UE implementation.


[bookmark: OLE_LINK4][bookmark: OLE_LINK5]The minimum allowed value of Y is configured by high layer parameter minNumCandidateSF which takes an integer value from 1 to 13. The value range [1, 13] was determined in the email discussion '[87-15] LS of V2X (RRC parameter list)'. In the stage of Rel.14 sidelink, the minimum selection window is [n+4, n+20] which includes 17 subframes, considering some subframes which the UE cannot monitor, it's feasible and reasonable to set minNumCandidateSF as [1, 13] because even the largest candidate value 13 is less than the minimum resource selection window 17.
[bookmark: OLE_LINK2]In NR sidelink, the resource selection window size depends on subcarrier spacing configuration μ, RRC parameter T2_min, remaining PDB and UE implementation. The minimum window size is no longer a fixed value as LTE sidelink. For example, the minimum resource section window may be 1 slots, 2 slots, 3 slots, 8 slots in some cases and any other possible values that determined by subcarrier spacing configuration μ, RRC parameter T2_min, remaining PDB and UE implementation. Only one set of minimum allowed value of Y as LTE cannot work properly for NR sidelink. We think for the value of Y, there could be multiple range sets. For example, each range for different priority, SCS…
Proposal 3: Support multiple range sets of Y values in high layer. E.g., each set per priority/SCS and a minimum value for Y is (pre-)configured from a proper set.
Restrictions to determine Y candidate slots
In LTE and NR sensing procedure, the UE shall monitor all the subframes/slots within the sensing window except for those in which its transmissions occurred. In the illustration below, assuming UE had transmissions in the green slot, then the UE cannot detect SCIs from other UEs, the associated reserved resources within the resource selection window becomes 'unknown' slots from the UE's perspective. The specified way in LTE is to exclude all the possible reserved resources with allowed reservation periods of the resource pool.
[image: ]
Figure 1 excluding 'unknown' slots
In Rel.14 full sensing procedure, step 5 was captured to excluding the 'unknown' slots while no solution is specified to handle the 'unknown' slots for partial sensing. In our understating, the 'unknown' slots were indeed taken into account in the email discussion '[87-15] LS of V2X (RRC parameter list)' for minNumCandidateSF value determination. However, the selection of candidate resources within the selection window is up to UE implementation in current specification. As a consequence, UE still has possibility to select 'unknown' slots as the candidate resources and cannot exclude these slots in the subsequent Rel.14 partial sensing procedures.
What's more, the determination of Y candidate slots should also take into account DRX impacts. RX UE cannot receive the transmissions from TX UE during its off-duration. So, TX UE should determine Y candidate slots such that they are not overlapped with off-durations of the RX UE(s). 
Proposal 4: For Rel.17 sidelink partial sensing, make sure that the slots hypothetically reserved by non-monitored slots due to SL transmissions are excluded from Y candidate slots.
Proposal 5: For Rel.17 sidelink partial sensing, make sure that determined Y candidate slots are not overlapped with off-durations of the RX UE(s).
K and P for sensing occasions
[image: ]
Figure 2 monitoring occasions for partial sensing
In LTE sidelink, the reservation information of a candidate resource in subframe Y (green part in Figure 2) may be transmitted in subframes Y - M (cyan parts in Figure 2), M could be [100, 200 … 1000] and UE need to monitor the subframe Y - M by high layer configuration. NR sidelink supports aperiodic traffics (or mixed periodic and aperiodic traffics) and the allowed reservation periods are configured among 0, [1-99], 100, 200 … 1000. Legacy LTE partial sensing design is target on periodic traffics with reservation periods larger than 100ms. We need to consider how to identify occupied resources of aperiodic traffics and shorter reservation periods less than 100ms in NR partial sensing. 
Regarding the shorter reservation periods less than 100ms supported in NR sidelink, it's straightforward to reuse LTE principle. In other words, all resource reservation periods allowed in higher layer parameter reservationPeriodAllowed of the resource pool are used in partial sensing.
Proposal 6: All resource reservation periods configured for a resource pool are used in partial sensing. i.e., down-select option 1 for: corresponds to all values from the configured set sl-ResourceReservePeriodList.
Regarding the k value, we think only option 1 should be selected for release 17 partial sensing because only option 1 is aligned with LTE/NR sensing procedure. According to legacy SPS scaling mechanism, only reservation received in the last  will be scaled to the resource selection window. The other reservations (k=2, 3…) except the last one (k=1) will not be scaled according to the legacy method and will have no impact to the resource exclusion in selection window. Sensing over multiple slots for the same reservation period is redundant and will waste power of the sensing UE.
Proposal 7: Adopt option 1 for k. i.e., only the most recent sensing occasion for a given reservation periodicity before the resource (re)selection trigger or the set of Y candidate slots subject to processing time restriction.
On the other hand, possible reservation signalling could exist after resource (re)selection trigger n because of shorter reservation periods and/or later slot y within section window. i.e.  >. In our understanding, these occasions also fall into the scope of period-based partial sensing but not contiguous partial sensing. Hence, these occasion should be included in proposal 5's refinement.
Proposal 8: Refine proposal 5 as "only the most recent sensing occasion for a given reservation periodicity before the set of Y candidate slots subject to processing time restriction".
Sensing window for CPS
[bookmark: OLE_LINK3][bookmark: OLE_LINK8]In last meeting, we agreed that for the purpose of resource (re-)selection, the UE monitors slots between [n+TA, n+TB] / [y+TA, y+TB] and performs identification of candidate resources, in or after slot n+TB/y+TB, based on all available sensing results, including periodic-based partial sensing results (if applicable). From our perspective, at least two issues could be solved by the contiguous partial sensing window [n+TA, n+TB]/ [y+TA, y+TB]. The first one is the aperiodic reservation performed by other UEs in the resource pool and the second one is caused by the aperiodic traffics belongs to the sensing UE. 
For the first problem, the aperiodic traffic reservation can be detected within a previous 32 slots window before a target resource because the reservation budget is 32 slots in the associated SCI field. Hence, the start of the contiguous partial sensing window could be y_k – 31 and the end of the window could be y_k – T_1 – T_proc,0 where y_k is first available slots of the Y candidate resources and T_1, T_proc,0 are defined in TS 38.214.
Proposal 9: For contiguous partial sensing window [n+TA, n+TB], n can be replaced by index of the first available slot of Y candidate slots and [y_k -31, y_k – T_1 – T_proc,0].
For the second issue, when the partial sensing UE has aperiodic traffic to transmit, because the arriving timing of aperiodic traffic is unpredictable, UE doesn't know which slots should be sensed and which slots should be skipped before the packet's arriving. For example, UE doesn't know whether to monitor the yellow slots or not before the aperiodic traffic's arriving at red arrow slot as illustrated below.


Figure 3 partial sensing for periodic and aperiodic traffics
One way to handle this situation could be partial sensing UE randomly selects resources after the (re-)selection trigger and performs resource re-check before the signaling of the randomly selected resources. The details of random resource selection can be studied further, e.g., whether random resource selection is conducted among all the resources within resource selection window or among resources in the Y1, Y2…Yn determined by the partial sensing UE. 
Proposal 10: For contiguous partial sensing window [n+TA, n+TB], TA and TB could be zero to switch to random resource section.
Impact of sidelink DRX
For a power saving UE, it's possible that it will be configured with DRX and partial sensing simultaneously. As no reception will performed during off-duration, UE will not receive SCI during off-duration and, as a consequence, acquire inaccurate sensing results which leads to resource collisions.
The latent solutions are very open, for example, the followings could be the starting points:
1. Alignment between sensing occasion and on-duration
2. Request assistance information from other UEs during off-duration 
3. Keep awake to monitoring potential PSCCH occasions during off-duration 
4. Hypothetical reservations during off-duration
Proposal 11: Study the above potential solutions to reduce impact of sidelink DRX.
Random resource selection
Resource collision
In conventional LTE random resource selection mechanism, all the candidate resources within resource selection window will be reported to higher layer for resource selection with equal possibilities. This is because traffic types supported in LTE sidelink are limited and there is not much priorities diversity between different types. In order to reduce interference and protect higher priority traffics in NR sidelink, the resource set reporting in physical layer and resource selection in higher layer could be redesigned as priority based.
Proposal 12: Support priority based resource set report and resource selection.
In addition, in LTE random resource selection, whether random resource selection UE should reserve resources for multiple TBs is depending on whether partial sensing is allowed in the resource pool or not. NR sidelink also supports aperiodic traffic, as a consequence, there will be resource pools configured with sl-MultiReserveResource absent to support aperiodic traffic only. So the random resource reservation in LTE needs updates. For example, UE reserves resources for multiple TBs if both partial sensing and random selection are allowed in the pool and, what more, sl-MultiReserveResource is configured with {enable}.
Proposal 13: For random resource selection, UE should reserve resources for multiple TBs if partial sensing is allowed in the pool and sl-MultiReserveResource is configured with {enable}.
RA scheme selection
In LTE V2X, when both partial sensing and random selection are allowed in a resource pool, it's up to UE's implementation on which one is adopted. In NR V2X, UE enhancement regarding RA scheme selection are worth study for stricter requirements in our view. For example, UE could select partial sensing or random resource selection based on PDB, CBR or traffic priority.
Proposal 14: For a resource pool allowing both partial sensing and random resource selection, UE's selection between partial sensing and random resource selection is condition based.
In addition, the conditions to apply random resource selection need further study for a power saving UE. From our understanding, at least for a resource pool configured with random resource selection only, UE should apply random resource selection. However, for a resource pool allowing random resource selection with a combination of partial sensing as discussed above, UE may apply random resource selection based on predefined conditions. One case may be that when a UE performs partial sensing and determines that there is not enough sensing results before resource (re-)selection trigger, e.g., due to a burst of aperiodic traffic's arriving. For more generality, we think a UE could apply random resource selection by resource pool configuration or determines that partial sensing is not applicable considering power limitation, sensing accuracy etc. 
Proposal 15: Conditions to apply random resource selection should include resource pool configuration, power limitation, sensing accuracy etc.
Others
PSFCH reception
Three types (i.e., type A/B/D) of UE reception capability were defined in past meetings for evaluation and designing release 17 power saving features. HARQ feedback is an important feature to improve reliability of power saving UEs and the reception capability was defined for type B and type D UE. As for the power consumption of PSFCH reception and transmission, further enhancements could be specified, for example, longer PSFCH period or enhancement of conducting resource selection as mentioned by several companies.
Proposal 16: Longer PSFCH period or enhancement of conducting resource selection should be studied.
CBR and CR
Congestion control based on CBR and CR for power saving RA schemes was agreed and partial sensing and random resource selection are two RA schemes agreed for power saving. Given that power saving UEs may not monitor and decode every slot within the measurement window of CBR/CR due to random selection, partial sensing, reception types and sidelink DRX, conventional definition of CBR/CR is not applicable considering power consumption issue.
Proposal 17: 
· RSSI measurement should be adjusted based on PSCCH/PSSCH reception types.
· CBR measure occasion should be adjusted based on monitoring occasions.
· CBR/CR window should be adjusted considering DRX configuration.
[bookmark: OLE_LINK1]Conclusion
In this contribution, we discussed some potential issues that exist in reusing Rel.14 sidelink random resource selection and partial sensing, and proposed that:
Proposal 1: When the reservation for another TB is enabled in the resource pool, UE keeps performing periodic-based partial sensing all the time. 
Proposal 2: T1 and T2 are defined in the same way as in R16 NR-V2X according to step 1 [TS 38.214 Sec. 8.1.4] without new threshold.
Proposal 3: Support multiple range sets of Y values in high layer. E.g., each set per priority/SCS and a minimum value for Y is (pre-)configured from a proper set.
Proposal 4: For Rel.17 sidelink partial sensing, make sure that the slots hypothetically reserved by non-monitored slots due to SL transmissions are excluded from Y candidate slots.
Proposal 5: For Rel.17 sidelink partial sensing, make sure that determined Y candidate slots are not overlapped with off-durations of the RX UE(s).
Proposal 6: All resource reservation periods configured for a resource pool are used in partial sensing. i.e., down-select option 1 for: corresponds to all values from the configured set sl-ResourceReservePeriodList.
Proposal 7: Adopt option 1 for k. i.e., only the most recent sensing occasion for a given reservation periodicity before the resource (re)selection trigger or the set of Y candidate slots subject to processing time restriction.
Proposal 8: Refine proposal 5 as "only the most recent sensing occasion for a given reservation periodicity before the set of Y candidate slots subject to processing time restriction".
Proposal 9: For contiguous partial sensing window [n+TA, n+TB], n can be replaced by index of the first available slot of Y candidate slots and [y_k -31, y_k – T_1 – T_proc,0].
Proposal 10: For contiguous partial sensing window [n+TA, n+TB], TA and TB could be zero to switch to random resource section.
Proposal 11: Study the above potential solutions to reduce impact of sidelink DRX.
Proposal 12: Support priority based resource set report and resource selection.
Proposal 13: For random resource selection, UE should reserve resources for multiple TBs if partial sensing is allowed in the pool and sl-MultiReserveResource is configured with {enable}.
Proposal 14: For a resource pool allowing both partial sensing and random resource selection, UE's selection between partial sensing and random resource selection is condition based.
Proposal 15: Conditions to apply random resource selection should include resource pool configuration, power limitation, sensing accuracy etc.
Proposal 16: Longer PSFCH period or enhancement of conducting resource selection should be studied.
Proposal 17: 
· RSSI measurement should be adjusted based on PSCCH/PSSCH reception types.
· CBR measure occasion should be adjusted based on monitoring occasions.
· CBR/CR window should be adjusted considering DRX configuration.
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