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1. Introduction
WI 'NR Sidelink enhancement' regarding Rel.17 sidelink was approved and updated in RP-201385. [1]One of the objectives is to specify radio solutions to reduce power consumption of UEs in terms of resource allocation:
	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.


In this contribution, we expressed our views on the potential issues when introducing Rel.14 random resource selection and partial sensing to Rel.16 NR sidelink resource allocation mode 2.
2. Discussion
As per WI, Rel.14 LTE sidelink random resource selection and partial sensing will be used as baseline. Random resource selection and partial sensing were deemed efficient to reduce power for mode 4 UEs in LTE sidelink. Reusing them for NR sidelink power saving purpose in Rel.17 is a straightforward way.
Proposal 1: 
· Introduce random resource selection and partial sensing for NR sidelink, reuse the Rel.14 sidelink design as baseline.
2.1 Random resource selection
Issue 1: Interference to partial sensing UEs
In Rel.14 sidelink, as marked with blue color in the illustration below, a UE can choose to perform random resource selection when a selected resource pool is configured with resourceSlectionConfigP2X which includes {partial sensing, random selection} or {random selection} only.


Figure 1 Random resource selection in Rel.14 sidelink
In a resource pool allowing both partial sensing and random selection. LTE random selection UE shall reserve resources for multiple periodic TBs by reservation signaling, which can mitigate interference to partial sensing UEs. While NR V2X support aperiodic traffic, random selection for aperiodic traffic without periodic reservation signaling will lead more resource collisions and interferences to other partial sensing or sensing UEs. How to mitigate interference to sensing and partial sensing UEs in the same resource pool needs further discussion.
One potential way should be dedicated resource pools for random resource selection and partial sensing respectively. Similarly with LTE resource pool configuration, resource pool for power saving UEs can be configured with {partial sensing} and {random selection} for partial sensing only and random resource selection only.
Proposal 2: 
· Support dedicated resource pool for random resource selection by configuration.

Issue 2: Interference to random resource selection UEs
LTE V2X supports up to two (re-)transmissions for one TB while NR V2X supports up to 32 (re-)transmissions for one TB. In a resource pool allowing random selection, there will be more resource collisions to a UEs performing random resource selection if more (re-)transmissions are allowed. One enhancement could be reducing the max retransmissions number for power saving UEs. 
Proposal 3: 
· Support reduced max number of retransmission for power saving UEs.
In current LTE random resource selection, 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 them. 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 4: 
· Support priority based resource set report and resource selection.
In LTE random selection, whether random selection UE should reserve resources for multiple TBs is depending on whether partial sensing is allowed in the resource pool. NR sidelink also supports aperiodic traffics, 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 selected and sl-MultiReserveResource is configured with {enable}.
Proposal 5: 
· For random resource selection, UE should reserve resources for multiple TBs if partial sensing is allowed in the pool selected and sl-MultiReserveResource is configured with {enable}.

Issue 3: Selection between partial sensing and random resource 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 behaviors are worth study for strict requirements in our view. For example, UE could select partial sensing or random resource selection based on PDB, CBR or traffic priority.
Proposal 6: 
· UE's selection between partial sensing and random resource selection is condition based.
2.2 Partial sensing
There are mainly three steps in LTE partial sensing:
· Step 1: determining Y (>= minNumCandidateSF) candidate single-subframe resources within the resource selection window;
· Step 2: monitoring any subframe  within the sensing window, where  is a subframe included in the set Y and  is indicated by high layer parameter gapCandidateSensing;
· Step 3: excluding associated resources within the resource selection window by SCI decoding and RSRP measurement.
From our respective, following issues shall be discussed regarding minimum candidate resources, monitoring occasions and excluding resources. 
Issue 4: Minimum candidate resources
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 that 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 it’s no longer a fixed value as LTE sidelink does. 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. One set of minimum allowed value of Y as LTE cannot work properly for NR sidelink. 
Proposal 7: 
· Support multiple sets of minimum number of candidate resources for Rel.17 sidelink partial sensing.

Issue 5: Monitoring 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 1) may be transmitted in subframes Y - M (cyan parts in Figure 1), 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 and reservation periods larger than 100ms. We need to consider how to identify occupied resources of aperiodic traffics and reservation periods less than 100ms in NR partial sensing.
The second aspect we noticed is the sensing window size in NR sidelink. LTE only support 1000ms sensing window size while there are two sensing window sizes configured for NR sidelink: 100ms and (1000+100)ms. How to handle the '100ms' in both configurations is an issue we need to consider for NR partial sensing.
[bookmark: OLE_LINK3]Proposal 8: 
· Study potential issues regarding monitoring occasions for partial sensing, at least the following aspects should be considered:
· aperiodic traffics 
· reservation periods < 100ms
· sensing windows size e.g., 100ms and 1100ms
Issue 6: Excluding resources
In LTE or 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 resources within the resource selection window becomes 'unknown' slots from the UE's perspective. The specified way is to exclude all the possible resources reserved by all the allowed reservation periods of the resource pool.
[image: ]
Figure 3 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.
Proposal 9: 
· For Rel.17 sidelink partial sensing, ensure that the 'unknown' slots are excluded from the final sensing results. 

3. [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, hence proposed that:
Proposal 1: 
· Introduce random resource selection and partial sensing for NR sidelink, reuse the Rel.14 sidelink design as baseline.
Proposal 2: 
· Support dedicated resource pool for random resource selection by configuration.
Proposal 3: 
· Support reduced max number of retransmission for power saving UEs.
Proposal 4: 
· Support priority based resource set report and resource selection.
Proposal 5: 
· For random resource selection, UE should reserve resources for multiple TBs if partial sensing is allowed in the pool selected and sl-MultiReserveResource is configured with {enable}.
Proposal 6: 
· UE's selection between partial sensing and random resource selection is condition based.
Proposal 7: 
· Support multiple sets of minimum number of candidate resources for Rel.17 sidelink partial sensing.
Proposal 8: 
· Study potential issues regarding monitoring occasions for partial sensing, at least the following aspects should be considered:
· aperiodic traffics 
· reservation periods < 100ms
· sensing windows size e.g., 100ms and 1100ms
Proposal 9: 
· For Rel.17 sidelink partial sensing, ensure that the 'unknown' slots are excluded from the final sensing results.
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