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1. Introduction
In prior RAN1 meetings [3-4], the following agreements regarding NR V2X resource (re-)selection have been reached:
In RAN1#98Bis (including email approvals), the following was agreed:
Agreement:
· Maximum number of HARQ (re-)transmissions is (pre-)configured per priority per CBR range per transmission resource pool	
· The priority is the one signaled in SCI
· This includes both blind and feedback-based HARQ (re)-transmission
· The value range is any value from 1 to 32
Agreement:
· Support a resource pre-emption mechanism for Mode-2
· A UE triggers reselection of already signaled resource(s) as a resource reservation in case of overlap with resource(s) of a higher priority reservation from a different UE and, SL-RSRP measurement associated with the resource reserved by that different UE is larger than an associated SL-RSRP threshold
· Only the overlapped resource(s) is/are reselected
· FFS,	the timeline for reselection, other details
· FFS whether or not to support other potential UE behaviour (e.g, power boosting/reduction)
· This mechanism can be enabled or disabled, per resource pool (FFS details)
· When reservation of a sidelink resource for an initial transmission of a TB at least by an SCI associated with a different TB is disabled, NMAX is 3
· SCI signaling is designed to allow to indicate 1 or 2 or 3 resources at least of the same number of sub-channels with full flexibility in time and frequency position in a window W of a resource pool
· FFS: if full flexibility is limited in some cases
· Value 2 or 3 is (pre-)configured per resource pool
In RAN1#99, the following was agreed:
Agreement:
· Support W to be equal to 32 slots
· On a per resource pool basis, when reservation of a sidelink resource for an initial transmission of a TB at least by an SCI associated with a different TB is enabled: 
· A period is additionally signalled in SCI and the same reservation is applied with respect to resources indicated within NMAX within window W at subsequent periods
· A set of possible period values is the following: 0, [1:99], 100, 200, 300, 400, 500, 600, 700, 800, 900, 1000 ms
· <= 4 bits are used in SCI to indicate a period
· An actual set of values is (pre-)configured
· Regarding the number of periods
· The number of remaining periodic reservations is not explicitly indicated in SCI



























· (working assumption) Procedure of mapping of periodic semi-persistent resources into the resource selection window is reused from LTE
· By reusing TS 36.213, section 14.1.1.6, steps 5 and 6 of non-partial sensing, as applicable
· (working assumption) Procedure of triggering periodic semi-persistent resources reselection based on reselection counter and keep probability is reused from LTE
· By reusing definition and procedure of Cresel defined in TS 36.213, as applicable
· Send an LS to RAN2 asking them to implement accordingly for TS38.321 based on TS36.321, R1-1913458 – Sergey (Intel)
· Procedure of using sidelink RSSI for ranking of resources is not applied















This contribution provides remaining issues for Mode-2 sidelink resource allocation in NR-V2X communication based on the current agreements of RAN1. Our main focus is the resource selection/re-selection and resource reservation in case of semi-persistent scheduling (SPS) in Mode 2. More specifically, we are considering the automotive community concerns regarding possible SPS consecutive collisions [7] and proposing possible maintenances to this problem.

2. Semi-Persistent Scheduling Possible Collisions
Several use cases for advanced V2X services defined for NR V2X [1] demand periodic, or almost periodic, resource allocation. For this reason, Rel-16 NR-V2X considers an SPS mechanism for resource reservation and reselection. Specifically, in RAN1#99 [4] as working assumptions it is considered that:
· mapping periodic semi-persistent resources into the resource selection window is reused from LTE,
· triggering periodic semi-persistent resources reselection based on reselection counter and keep probability is reused from LTE. 
In our understanding, based on what is specified in LTE-V2X, the SPS resources can always be prolonged and reused as far as the “probResourceKeep” and the selected resource selection allow this with a non-zero probability. 
Observation 1: LTE SPS resource (re)selection procedure may result in prolonged SPS periods 
Accordingly, the automotive community has already raised another additional concern that this will increase the probability of consecutive packet collisions, i.e., if two or more UEs are using the same resource for a prolonged period and they have no means to detect such a collision [7]. Even though this might happen with a low probability, this issue may become very critical considering the fact that it will be used for a safety related V2X system.
Although blind retransmissions can be a possible method to reduce the effect of consecutive collisions in long SPS, we should not forget that congestion, e.g., with high CBR values, may reduce retransmissions opportunities. This congestion is expected to happen frequently in V2X, especially when the limited ITS bands are reused for dense environment operating multiple advanced applications, e.g., transmitting collective perception and cooperative maneuvers messages [5-6] using Mode 2.
Observation 2: congestion may decrease re-transmission opportunities and increase the risk of unresolvable SPS resource overlapping probability.
In order to illustrate the problem raised in [7], Figure 1 depicts a situation, according to the agreements stated above [3-4], when two UEs, i.e., UE1 and UE2, randomly select the same SPS resources at least for their initial transmissions. It is also possible that other retransmissions may be not colliding; however, let us assume the following in our example:
· [bookmark: _GoBack]collision happens between the initial transmission of the two UEs (UE1 and UE2), where resources are overlapping including PSCCH and PSSCH (depicted as staggered blocks for sake of illustration),
· (without losing generality) UE2 may not consider any retransmission (i.e., based on priority, CBR, or if (pre-)configured with sl-MaxTxTransNumPSSCH-r16 = 1 [8]), and
· assume that UE1 transmission has higher priority than that of UE2 transmission.


Figure 1: possibility of consecutive collision due to semi-persistent scheduling between two UEs, where UE1 has higher priority than UE2
In this case, even if UE2 may be able to decode the second transmission of UE1, it will not be able to know that it is overlapping with another periodic initial transmission of the same TBs it receives from UE1. This is true since no reservation in UE1’s retransmission (second transmission) points to its first initial transmission (the lower transmission resources in Figure 1). To cut a long story short, UE1 will not be able to preempt UE2 transmissions using its retransmissions only. Additionally, if the collision is sever, other UEs may not be able to decode neither UE1’s first transmissions and re-transmission reservations nor UE2’s initial transmissions. 
One possible solution may be to allow a short break in a long SPS transmission, i.e., by utilizing the reselection counter and keep probability differently to reevaluate the SPS resources before resuming transmission. Hence, if any of the UEs stops occasionally, it may be able to detect possible collision(s) of other UE(s). 
In our example in Figure 1, if we assume that UE2, which has a lower priority, stops (during the prolonged SPS) and reevaluates/re-senses its selected SPS resources, it may decode UE1’s initial transmission. In this case, UE1’s reservation for its initial transmission (after another period P) may be considered as a pre-emption to the UE2 next overlapping transmission after the same period P. According to RAN1#98bis agreement, if pre-emption is enabled, UE2 has to trigger resource reselection procedure due to pre-emption from UE1. 
However, if we assume that UE1 interrupts its own SPS sequence (for one or more transmission opportunities), it can now detect UE2 overlapping resources. Hence, UE1 may send a reservation shortly before the next period (within a window W=32 slots) to pre-empt the lower priority UE2, i.e., if allowed. Otherwise, UE1 may be forced to trigger resource reselection procedure. In principle, the UEs may break their long SPS sequence, additionally, based on the priority of their own transmissions, i.e., forcing a lower priority transmission UE to interrupt its SPS faster than others. This may allow pre-emption to happen in a more straightforward fashion.
Finally, RAN2 considered the resource reselection after a certain consecutive unused transmission opportunities (using sl-ReselectAfter) as a working assumption (asking RAN1 if there is any concerns) [9]. According to LTE V2X, the UE may reselect resources after multiple consecutive unused resources. Hence, it may be beneficial that RAN1 studies how this(these) unused transmission(s) may be used to perform sensing reevaluation of selected SPS resources and pre-emption (if needed) as described before.
[bookmark: _Toc32619251]Consider adapting resource reselection procedure in Rel-16 to avoid possible consecutive collisions for prolonged SPS transmissions
In addition to LTE reselection counter and keep probability, a reevaluation/re-sensing has to be considered, e.g., based on transmission priority and the SPS length
3. [bookmark: _Toc21362209][bookmark: _Toc21362372][bookmark: _Toc21362477][bookmark: _Toc21338841][bookmark: _Toc21338942]Conclusions
In this contribution the following proposals have been made:
1. Consider adapting resource reselection procedure in Rel-16 to avoid possible consecutive collisions for prolonged SPS transmissions
In addition to LTE reselection counter and keep probability, a reevaluation/re-sensing has to be considered, e.g., based on transmission priority and the SPS length
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