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Introduction
In this contribution, we provide text proposals for NR V2X specifications regarding Mode 2 resource allocation. Specifically, the included text proposals address resource (re)selection procedure, processing timeline, reuse by other UEs of released feedback-based resources, and selection from the candidate resource set.
Processing Timeline
Some processing timeline values are yet to be defined. Those values include:
· : time between the end of sensing window and resource selection trigger.
· : maximum time between (re)selection trigger and start of selection window.
· : is the time the UE is required to continue sensing before transmitting on a resource that was not previously reserved.
· Pre-emption timeline (also ): is the time the UE is required to continue sensing for higher priority transmission before transmitting on a resource that was previously reserved.
Tproc,0
 defines how recent the sensing information used by the UE and is the time between the last slot included in the sensing window for a given resource trigger at time . This process is largely contained in the physical layer which has to decode SCI transmissions and be ready to use the results as part of resource selection.
Adopting a large value would cause the UE to use stale sensing information. This impacts overall system performance because the UE will not be aware of recent reservations made by other UEs, leading to resource collisions.
A value of 0.5ms provides sufficient time for processing. The current specification text  already excludes Slot  and no further adjustment for slot boundaries is needed.
[bookmark: _Toc37448839]Proposal 1:  is set to the equivalent of 0.5ms in slots of the corresponding sub-carrier spacing.  slots for sub-carrier spacing 15kHz, 30kHz, 60kHz, and 120kHz, respectively.
Tproc,1
 is the maximum allowed time between resource (re)selection trigger and the beginning of the resource selection window. The process of resource involves input from higher layers with the selection parameters, the physical layer selecting resources and providing this selection to higher layers, then receiving the TB from higher layers, and finally preparing and transmitting PSCCH.
This exchange between layers, in addition to waveform preparation, incurs delays. However, setting  to too large of a value will increase transmission latency by moving out the selection window and could even deprive the UE from resources since it cannot announce and reserve its transmission early enough to avoid the resource being taken by other UEs.
A value of 1ms would provide a balance between the two requirements. Since  is to be defined in slots and the resource (re)selection trigger could arrive at different times within a slot, accommodation for slot boundaries is needed. For example, in 30kHz SCS, if the trigger occurs at some point during Slot , the resource selection would start the duration of 2 slots later and after aligning the window to slot boundaries this would be in Slot .
The processes performed during  are largely independent of sub-carrier spacing, there converting 1ms to the equivalent number of slots in a given SCS, and accounting for slot boundaries, is sufficient.
[bookmark: _Toc37448840]Proposal 2:  is set to the equivalent of 1ms and any additional time needed to align to the upcoming slot boundary in the current sub-carrier spacing:  slots, where  for sub-carrier spacing 15 kHz, 30kHz, 60 kHz, and 120 kHz, respectively.
T3 
Two similar cases can trigger resource reselection at a UE based on a received SCI:
· The UE has not signalled its selected resource and the SCI includes a reservation for the same resource (re-evaluation).
· The UE has signalled its selected resource and the SCI includes a reservation for the same resource but with a higher priority (pre-emption).
It was already agreed in RAN1-100e that both cases use the same  value:
Agreement:
· For pre-emption, both full and partial frequency domain overlap in the same slot are considered as the overlapping condition to trigger resource reselection, wherein the whole resource is reselected even if the partial overlap happened
· (Re-)selection procedure for an already reserved but pre-empted resource to be used for transmission in a slot ‘m’ is not required to be triggered at moment > ‘m – T3’ 
· T3 here is identical to T3 introduced for the re-evaluation
· FFS whether re-selection of the already-reserved, but pre-empted resource applies only to the resource transmitted in slot ‘m’ or to other already-reserved and pre-empted resource(s) signalled in the SCI in slot ’m’ as well
The requirements on the UE side are: decoding incoming SCIs, stop its PSCCH+PSSCH transmission, trigger the resource reselection procedure, and complete the resource reselection procedure. The timeline requirements are also like those of  where the UE updates its sensing information and performs resource reselection.
[bookmark: _Toc37448841]Proposal 3:  is set to 1.5ms.
Text Proposals Capturing Timeline Values
[bookmark: _Toc37448842]Proposal 4: Adopt the following text proposal to capture  and  timeline requirements in TS 38.214
----------------------------------------------------begin text proposal for 38.214----------------------------------------------------
8.1.4	UE procedure for determining the subset of resources to be reported to higher layers in PSSCH resource selection in sidelink resource allocation mode 2
<<<unchanged text omitted>>>
The following steps are used:
1)	A candidate single-slot resource for transmission  is defined as a set of  contiguous sub-channels with sub-channel x+j in slot  where . The UE shall assume that any set of  contiguous sub-channels included in the corresponding resource pool within the time interval  correspond to one candidate single-slot resource, where 
-	selection of  is up to UE implementation under   , where  is TBD 2, 3, 5, 9 slots for sub-carrier spacing 15 kHz, 30kHz, 60kHz, and 120kHz, respectively; 
<<<unchanged text omitted>>>
[bookmark: _Hlk26192698]     2)  The sensing window is defined by the range of slots [) where  is defined above and   is TBD 1, 1, 2, and 4 for sub-carrier spacing 15kHz, 30kHz, 60kHz, and 120kHz, respectively. The UE shall monitor slots which can belong to a sidelink resource pool within the sensing window except for those in which its own transmissions occur. The UE shall perform the behaviour in the following steps based on PSCCH decoded and RSRP measured in these slots.
-----------------------------------------------------end text proposal for 38.214-----------------------------------------------------
[bookmark: _Toc37448843]Proposal 5: Adopt the two text proposals to capture  and pre-emption timeline requirements in TS 38.213 and TS 38.214.
· (TS 38.213):
-------------------------------------------------begin text proposal for 38.213-------------------------------------------------
16.4	UE procedure for transmitting PSCCH
A UE can be provided a number of symbols in a resource pool, by timeResourcePSCCH, starting from a second symbol that is available for SL transmissions in a slot, and a number of PRBs in the resource pool, by frequencyResourcePSCCH, for a PSCCH transmission with a SCI format 0_1.
A UE does not transmit a scheduled PSCCH, and the associated PSSCH, in a slot  if
· The PSCCH and PSSCH use resources not reserved by a prior PSCCH transmission and the UE receives, in a slot , a PSCCH transmission reserving a subset of those resources, or
· The PSCCH and PSSCH use resources reserved by the UE in a prior PSCCH transmission and the UE receives, in a slot , a PSCCH transmission reserving a subset of those resources with a higher priority as indicated in the corresponding SCI format 0_1.
where  ms.
--------------------------------------------------end text proposal for 38.213--------------------------------------------------
·  (TS 38.214):
-------------------------------------------------begin text proposal for 38.214-------------------------------------------------
8.1.4	UE procedure for determining the subset of resources to be reported to higher layers in PSSCH resource selection in sidelink resource allocation mode 2
<<<unchanged text omitted>>>
7)	If the number of candidate single-slot resources remaining in the set  is smaller than , then  is increased by 3 dB for each priority value  and the procedure continues with step 4.
The UE shall report set  to higher layers.
The resource (re)selection procedure in steps 1—7 is triggered for a PSSCH scheduled for transmission in a slot  if 
· The PSSCH uses resources not reserved by a prior PSCCH transmission and the UE receives, in a slot , a PSCCH transmission reserving a subset of those resources, or
· The PSSCH uses resources reserved by the UE in a prior PSCCH transmission and the UE receives, in a slot , a PSCCH transmission reserving a subset of those resources with a higher priority as indicated in the corresponding SCI format 0_1.
where  ms..
--------------------------------------------------end text proposal for 38.214--------------------------------------------------
[bookmark: _Ref21363377]Unreserved Retransmissions
One of the issues discussed in RAN1 100e meeting is whether to allow a retransmission of a packet on a resource not reserved by any of the previous transmissions from the same UE. This type of behaviour provides flexibility to the transmitting UE, but greatly degrades overall system performance. Any transmission that is not reserved is more likely to collide with other transmissions, and the goal in system design should be to minimize such collisions. 
To better illustrate the issue, we provide our system level simulation where two different types of transmission strategies are considered.
1. Unreserved and reserved retransmissions: the transmitting UE uniformly chooses N resources from the set of candidate resources reported to upper layers. For each transmission, the UE signals in SCI the next reserved resource if the time gap between the current resource and the next reserved resource is below 31 slots. Otherwise it will not signal any future reservation in the current SCI. In that case, the next retransmission will be on an unreserved resource.
2. Reserved retransmissions only: the transmitting UE uniformly chooses up to N resources from the set of candidate resources reported to the upper layer, conditioned on feedback gap timing constraint and maximum 31 slots timing constraint between 2 consecutive selected resources being met. For each transmission, the UE signals the next in SCI
[image: ]
[bookmark: _Ref37441474]Figure 1 Performance degradation when unreserved retransmissions are allowed
It can be observed in Figure 1 that allowing the UE to break the reservation chain and use unreserved retransmissions severely degrades the PRR performance. This is due to the increase in the number of unprotected transmissions in the system. Close to 3x degradation in the 99-percentile range is observed. Similar performance degradation was also observed in [6]. Given the severe system impact, we propose not to allow this kind of UE behaviour.
The detail simulation assumption is presented in Appendix A.1. for reference.
[bookmark: _Toc37448836]Observation 1: Unreserved retransmissions severely degrade system performance.
[bookmark: _Toc37448844]Proposal 6: Unreserved retransmissions degrade system performance and should not be allowed.
Pre-emption Details
Based on the discussion in the last meeting, some open issues for pre-emption mechanism remain.
The first two issues are:
1. How frequently the UE needs to perform pre-emption checking.
2. In case of pre-emption, what are the resources to be re-selected.
The RAN2 running CR [7] addresses these two issues in subclauses 5.x.1.1 and 5.x.1.2:if the MAC entity has selected to create a configured sidelink grant corresponding to transmissions of multiple MAC PDUs, and SL data is available in a logical channel:
2> perform the TX resource (re-)selection check as specified in clause 5.x.1.2;
NOTE:	The MAC entity continuously performs the TX resource (re-)selection check until the corresponding pool of resources is released by RRC or the MAC entity decides to cancel creating a configured sidelink grant corresponding to transmissions of multiple MAC PDUs.

And the text in 5.x.1.2 is	if a sidelink transmission is scheduled by any received SCI indicating a higher priority than the prority of the logical channel and expected to overlap with a resource of the configured sidelink grant, and a measured result on SL-RSRP associated with the sidelink transmission is higher than [threshold]:
2>	clear the configured sidelink grant associated to the Sidelink process, if available;
2>	trigger the TX resource (re-)selection

Based on the two paragraphs, it is the UE needs to continuously monitor for pre-emption from other UEs. Once a pre-emption is detected, the sidelink grant is cleared, all the remaining selected resources after the pre-empted transmission are released and new resources will be selected. 
[bookmark: _Toc37448845]Proposal 7: follow the RAN2 specification behaviour of checking for pre-emption every slot and reselecting all resources once pre-emption is detected.
The next issue is what RSRP threshold is used to check the pre-emption condition.
Given the similarity between the procedure between re-evaluation and pre-emption checking, it is desirable to have the same criteria for both checks, as that would simplify both specification and UE implementation. Given that, we propose to use the corresponding RSRP threshold output of the latest step 1 evaluation for the corresponding priority pair for pre-emption checking.
[bookmark: _Toc37448846]Proposal 8: The RSRP thresholds from the latest step 1 evaluation is used to check the pre-emption condition.
The last issue is on how to enable/disable pre-emption.
The effect of pre-emption is to vacate the resources used by a higher priority transmission, which provides better interference environment to high priority transmissions at the expense of increased collisions for lower priority transmissions. If the number of pre-empted transmissions becomes large, overall system performance will be degraded, since those transmission will content for fewer resources and the number of unreserved transmissions increases. Therefore, the amount of pre-emption in the system should balance overall performance with that of high priority UEs. 
We provide simulation results for two scenarios. In the first scenario, each UE generates 10% high priority packets and 90% low priority packets. In the second scenario, each UE generates 40% high priority packets and 60% lower priority packets. In each scenario, we compare the PRR of each priority class for when i) pre-emption is not enabled and ii) pre-emption is enabled.. Further simulation assumption is in Appendix A.2.
[image: ][image: ]
[bookmark: _Ref37443565]Figure 2 PRR under Different Ratio of High Priority Packets. Left: 10% High Priority Packets. Right: 40% High Priority Packets.
In Figure 2, we see that when high priority packet portion is 10%, enabling pre-emption greatly improve PRR performance of higher priority traffic without significantly degrading the performance of low priority traffic. On the other hand, at 40% high priority packets, enabling pre-emption provides limited gain to high priority traffic at the expense of significant degradation to low priority traffic. This shows the need to limit the amount of pre-emption in the system. This is especially important in combination with the issue on un-reserved retransmissions discussed in Section 4. Basically, the result tells us that even with pre-emption, the system can only support up to 10% of pre-empting transmissions. One simple way to achieve this ratio is to have a priority threshold, where only packets with priority higher than this threshold can pre-empt packets with priority lower than this threshold.
[bookmark: _Toc37448847]Proposal 9: Only allow pre-emption for any P1-P2 pair such that P1 > Po and P2 <= Po, where Po is (pre-)configurable
Re-evaluation Frequency
In RAN1-100e, it was agreed to allow the UE to perform re-evaluation on selected resources more frequently than only at . Whether to mandate that re-evaluation every slot was left for further study. Based on simulation results, shown in Figure 3, if re-evaluation is performed every slot , the overall system performance significantly increase. Further simulation assumption for this setting is in Appendix A.3.
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[bookmark: _Ref37445683]Figure 3 Performance when re-evaluation is performed every slot.
From a UE computation point of view, resource re-evaluation and pre-emption checking are very similar, as they both invoke step 1 in some sense; the only difference is on the resource(s) under check. As the UE is already required to check for pre-emption every slot up to m-T3, re-evaluation could also be done every slot up to m-T3, assuming the procedure can be reused between the two. 
[bookmark: _Toc37448848]Proposal 10: Re-evaluation for selected resources to be indicated in an SCI transmitted at time  is performed every slot up to at least time .
Procedure to Determine Subset of Resources to Report to Upper Layer
In step 5) of the resource selection procedure, the UE excludes all potential reserved resources that it did not monitor due to half duplex. However, since the UE does not know a priori the reservation periodicity of the other UE, current spec requires it has to assume the worst case and perform this step for all configured periodicity values. Under mixed periodicity condition, this will lead to over excluding resources, which in the end leave the UE with too small of a candidate pool to choose a resource from, and hence increase collisions in the system.
For example, assuming the system is configured with [7, 9, 10, 13] milliseconds periodicity. If the UE transmitted at slot m, it has to exclude all slots m, m+14, m+18, m+20, m+26, m+28, m+36, m+40, m+42, m+46, m+54, m+56, m+60, m+70, m+72, m+78, m+80, m+84, m+90, m+100. Assuming Tscale = 50 millisecond (or 100 slots), that is 20% resources being excluded for each transmission. With typical UE transmitting once or twice per packet, and 16 different SPS periodicity fully configured, the situation can quickly deteriorate.
Note that the issue mentioned above even applies to aperiodic traffic, as long as SPS resource reservation is enabled and many SPS periodicity are configured in the pool. To resolve this issue, we propose to apply step 5) to only the reservation periodicity of the transmitting UE. If the system does not have mixed periodicity, this solution is equivalent to the existing step 5.
For example, we consider the case where 16 different periodicities 22, 24, 25, 27, 28, 30, 32, 34, 35, 36, 38, 40, 42, 45, 49, 50 milliseconds are configured in the pool. We then modify the NR periodic traffic medium so that the UE uniformly pick one of the configured periodicities. To keep the nominal traffic the same, the active probability of each UE is 1/3 instead of ½. Further details on the simulation set up can be found in Appendix A.4. We can clearly see in Figure 3 that by applying current step 5, the UE has to pick resources from a more confined space, thus it has to increase RSRP thresholds aggressively and hence cannot provide enough interference protection at the desired communication range.
[image: ]
Figure 4 PRR Performance under Current Step 5 (Exclude all Configured Periodicities) and Proposed Step 5 (Exclude only Periodicity of Transmitting UE)
[bookmark: _Toc37448849]Proposal 11: Adopt the following text proposal to resolve excessive resource exclusion in TS 38.214.
--------------------------------------------------begin change proposal for 38.214--------------------------------------------------
8.1.4	UE procedure for determining the subset of resources to be reported to higher layers in PSSCH resource selection in sidelink resource allocation mode 2
<<<unchanged text omitted>>>
The sensing window is defined by the range of slots [) where  is defined above and  is TBD. The UE shall monitor slots which can belong to a sidelink resource pool within the sensing window except for those in which its own transmissions occur. The UE shall perform the behaviour in the following steps based on PSCCH decoded and RSRP measured in these slots.
3)	The internal parameter  is set to the corresponding value from higher layer parameter SL-ThresRSRP_pi_pj for  equal to the given value of  and each priority value .
4)	The set  is initialized to the set of all the candidate single-slot resources. 
5)	The UE shall exclude any candidate single-slot resource  from the set  if it meets all the following conditions:
-	the UE has not monitored slot  in Step 2.
-	for any periodicity value allowed by the higher layer parameter reservationPeriodAllowed and a hypothetical SCI format 0-1 received in slot  with "Resource reservation period" field set to   that periodicity value and indicating all subchannels of the resource pool in this slot, condition c in step 6 would be met.
---------------------------------------------------end change proposal for 38.214---------------------------------------------------
Another observation that we have during this simulation is that if there is mixed periodicity in the system, there will be cases that two resources in two SPS processes of two different UEs collide, just because their periodicities are different. This is by the nature of i) current step 6 that only checks for potential collision with other UE up to T_scale milliseconds in the future, and ii) current spec does not requires UE to regularly check if its selected resource is still collision free. 
While it is simple to have the UE check for potential collision with other UEs before each initial transmission of a packet and reselect if a collision is detected (such a check is totally feasible if 2 UEs have different periodicities, the case of same periodicity is address to some extend by step 5 and can be further improve by UE specific optimization); such a solution does not work as expected. The reason is that even though the UE rechecks and reselects the resources before a transmission, other UEs still assume that it keeps using the old resources, since such resources are signaled by the rsvp field of the previous packet transmission. To completely solve the problem, the UE needs to check if a collision will happen at the next packet of the same SPS process and signal rsvp = 0 if it detects a collision. Then the UE will reselect at the next packet.
In Figure 4 are simulations result for the 3 collision detection mechanisms. On the left-hand side is for the case current step 5 is kept as is, while on the right-hand side we assume that in step 5 we only check against the periodicity of the transmitting UE. We can see that simply perform collision check before each initial transmission provides no benefit over no checking at all. However, if the UE check for collision before making rsvp signaling, system performance benefit quite a lot. 
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Figure 5 PRR under Different Collision Checking for SPS Reserved Resources. Left: Exclude all Configured Periodicities in Step 5. Right: Exclude only Transmitting UE Periodicity.

[bookmark: _Toc37448850]Proposal 12: Require UE to check for future resource collisions with other UEs before signalling SPS rsvp when reservation for another TB is enabled.
An additional change to Step 6 is the requirement to exclude resources reserved by an SCI-1 for retransmission of the TB. To address this issue, the UE should exclude a resource  if it is indicated by the SCI received in slot .
[bookmark: _Toc37448851]Proposal 13: Adopt the following text proposal to exclude reserved resources when reservation for another TB is disabled in TS 38.214
----------------------------------------------------begin text proposal for 38.214----------------------------------------------------
8.1.4	UE procedure for determining the subset of resources to be reported to higher layers in PSSCH resource selection in sidelink resource allocation mode 2
<<<unchanged text omitted>>>
b) the RSRP measurement performed, according to clause 8.4.2.1 for the received SCI format 0-1, is higher than  ;
[bookmark: _Hlk32607367]c) the SCI format received in slot or the same SCI format which, if and only if the "Resource reservation period" field is present in the received SCI format 0-1,  is assumed to be received in slot(s)  determines according to clause [TBD] in [6, TS 38.213]  the set of resource blocks and slots which overlaps with  for q=0,1, 2, …, Q and j=0, 1, …, . Here,  is  converted to units of logical slots,   if  and , where  if slot n belongs to the set , otherwise slot  is the first slot after slot n belonging to the set ; otherwise .  is FFS.
-----------------------------------------------------end text proposal for 38.214-----------------------------------------------------
Mix of Blind and Feedback-based Retransmissions
Both blind retransmissions and feedback-based retransmissions are supported. However, there is not explicit agreement on whether a mix of the two is supported. A UE is likely to transmit a minimum number of times, e.g. 2, to reduce the effect of half-duplex at the receiver UEs. Subsequent retransmissions would be feedback-based, and only performed if necessary, to improve system resource utilization. Not requesting feedback for the initial transmission allows the transmitter UE more flexibility when selecting resources for the first retransmission. Therefore, we propose to explicitly allow the mix of blind and feedback-based retransmissions.
[bookmark: _Toc37448852]Proposal 14: Mix of blind and feedback-based retransmissions is allowed.
Reservation Reclaiming
In RAN1 #97, it was agreed to support using HARQ feedback for release of unused resources, at least from the transmitter perspective:
Agreements:
· NR V2X Mode-2 supports resource reservation for feedback-based PSSCH retransmissions by signaling associated with a prior transmission of the same TB
· FFS impact on subsequent sensing and resource selection procedures
· At least from the transmitter perspective of this TB, usage of HARQ feedback for release of unused resource(s) is supported
· No additional signaling is defined for the purpose of release of unused resources by the transmitting UE
· FFS the behavior of the receiver UE(s) of this TB and other UEs

It also important to support such a feature from the perspective of receiver UEs in order to efficiently use all available resources in the system. Significant performance gain with 2 reservation per SCI is shown in Error! Reference source not found., latency is also improved as shown in the figure. The impact of reclaiming is expected to increase if the number of reservations per SCI is 3. The simulation setting for this set of result can be found in Appendix A.5.
UEs searching for resource to use for transmission or a future reservation should monitor feedback messages and consider a reclaimable resource that was reserved for retransmission to be available when feedback indicate successful reception by the other UEs. 

[image: ][image: ]
Figure 6 Effect of reclaiming released feedback-based reservations
[bookmark: _Toc24125422][bookmark: _Toc16860896][bookmark: _Toc37448837]Observation 2: Reclaiming by other UEs of released feedback-based reservations improves performance.
[bookmark: _Toc24125440][bookmark: _Toc37448853]Proposal 15: If a TB has been successfully received by the target Rx UEs and no further HARQ retransmissions are necessary, then any reserved resources associated with that TB are released for use by other UEs. 
[bookmark: _Toc16860897][bookmark: _Toc24125441][bookmark: _Toc37448854]Proposal 16: For the purpose of reclaiming reservations made by another UE, a UE determines whether a reserved is released by listening to PFSCH transmissions.
[bookmark: _Toc37448855]Proposal 17: Adopt the following text proposal enabling reclaiming of released resources in TS 38.214.
----------------------------------------------------begin text proposal for 38.214----------------------------------------------------
8.1.4	UE procedure for determining the subset of resources to be reported to higher layers in PSSCH resource selection in sidelink resource allocation mode 2
<<<unchanged text omitted>>>
6) The UE shall exclude any candidate single-slot resource  from the set  if it meets all the following conditions:
<<<unchanged text omitted>>>
d) the SCI format received in slot  determines according to clause [TBD] in [6, TS 38.213]  the set of resource blocks and slots which includes  and j=0, 1, …, , if the feedback request indicator is set in the SCI format 0-1 received in slot , and at least one negative acknowledgement was observed on the PSFCH resources of the PSSCH associated with the SCI.
-----------------------------------------------------end text proposal for 38.214-----------------------------------------------------
Earliest Available Resource for Initial Transmission of a TB
Compared to random selection from among the identified candidates, selecting the earliest identified candidate for the initial transmission significantly reduces packet reception delay. In case where multiple candidates are in the same slot, one of them is arbitrarily chosen. For the remaining retransmissions, a candidate is randomly selected from the identified candidates for each retransmission. A similar scheme was also proposed in [5].
Figure 7 shows the performance of selecting the earliest identified resource for the initial transmission. The simulation setting for this set of result can be found in Appendix A.5. It can be observed that the PRR performance is improved and packet reception delay is greatly reduced. The latency reduction is important for cases where the system is not congested as it allows the UE to complete its transmission quickly and move on to other transmissions, reducing latency in the lightly loaded system and increasing transmission speed as well as increasing the opportunities for additional retransmissions if required. Note that the main concern of doing earliest transmission is that the first transmissions of packets may consistently collide and degrades system performance. This result shows that it is not the case.
[image: ][image: ]
[bookmark: _Ref37446168]Figure 7 Performance and latency benefits of selecting the earliest available resource for the initial transmission of a TB.
[bookmark: _Toc24125420][bookmark: _Toc29673242][bookmark: _Toc29673383][bookmark: _Toc29674376][bookmark: _Toc37448838]Observation 3: Selecting the earliest available candidate within the selection window for the first transmission significantly reduces packet reception delay without impacting performance.
[bookmark: _Toc24125437][bookmark: _Toc37448856]Proposal 18: For the initial transmission of a TB, the earliest available resource from the identified candidates within the selection window is selected.
[bookmark: _Toc24125438][bookmark: _Toc37448857]Proposal 19: For retransmissions of a TB, a resource is randomly chosen from the identified candidates within that retransmission’s selection window.
RSRP Threshold Adaptation in Resource Selection
In this section, we discuss an outstanding issue with the current procedure for resource selection step 1, especially for aperiodic traffic, where the RSRP threshold mechanism will not be triggered. Due to the size of the reservation window W, more than 20% of resources will be available in the resource selection window in most cases and the RSRP threshold will not increase, forcing the UE to select later resources.
[bookmark: _GoBack]We will illustrate the issue in the following example. Assuming traffic is aperiodic with PDB of 50 milliseconds. That would translate to a selection window of 100 slots. Let the time when step 1 is triggered be slot n. Since all transmissions can only be reserved by a previous transmission that is no more than 31 slots before, all reservations that can affect step 1 result can only occur at slot m in the window [n-31, n]. Furthermore, such reservation can only reserve for a resource at slot n + d with d in the range [0, 31]. Therefore, sensing information is unavailable for 69 slots and  > 69% of the resources will available in the selection regardless of the initial RSRP threshold and traffic load as illustrated in Figure 8.
[image: ]
[bookmark: _Ref37446680]Figure 8 Illustration of the issue in the current RSRP threshold adaptation procedure.
Analysing this issue further, our simulation shows that m is almost uniformly distributed in [n-31, n] and d is almost uniformly distributed in [0, 31]. Thus, when we consider a window that contains all observable reserved resources in the future, the window size is below 20 slots in most of the cases. Correspondingly, if we consider a window that contains 90 percent of the observable reserved resources in the future, the window size is below 16 slots in most of the cases. As a result, most of the time the RSRP increase step of 3dB cannot be triggered, regardless of the traffic load, given that more than 80% of resources in the selection window is free by default. As a matter of fact, the RSRP threshold can only be triggered when UE approach the end of its PDF. This has the equivalent effect of always limiting PDB of the traffic to below 31 slots, or in this case, even to below 16 slots, given the above observations and the fact that current resource free threshold is 20 percent. It is obvious that system performance will be heavily penalized under heavy or bursty traffic. 
Note that this issue is not as serious for periodic traffic, since the LTE resource selection mechanism was designed for periodic traffic where a UE is allowed to reserve much further into the future using the rsvp mechanism.
It’s also worth noting optimizing the resource free threshold does not work, since a chosen threshold for a certain PDB value might not work for another PDB and vice versa. On the other hand, the current value of 0.2 is also not an ideal value, neither for periodic nor aperiodic traffic. The reason is that SCI is not always guaranteed to be decoded at the receivers. Our evaluation shows that SCI decode failure has already covered more than 20% reservations up to the intended RSRP threshold, in every scenario. To understand why it is the case, we can consider a simple example, where SCI decoding SNR can be -3dB, and the desired spatial reuse distance is 600m. Assuming pathloss exponent of 2, one can only expect reliable SCI decoding up to 350m, where SIR is larger than -3dB. From 350m to 600m, the SCI decoding probability will gradually decrease. Note that this example is just merely for illustration, in reality, the distance to the closest interferer is a random variable, the distribution of which is correlated with the resource selection algorithm in a complex way. If we assume the control decoding failure accounts for around 0.3 of resource reservations, and we want to keep the real resource free ratio to be around 0.2 for enough resource randomization, then the resource free threshold should be set at 0.5. A better option is to leave the threshold up to configuration, which should include value of 0.5 and above; so that the proper value can be properly defined at deployment.
To address this issue, we propose to perform a double check to trigger the RSRP adaptation by 3dB step. In particular, the UE will increase RSRP thresholds by 3dB when at least one of the following conditions hold
1. If the number of candidate single-slot resources remaining in the set  is smaller than 
2. The total number of candidate single-slot resources within [n + T1, n+ 16] is denoted by . If the number of candidate single-slot resources remaining in the set  that is within [n+T1, n+16] is smaller than.
[bookmark: _Toc37448858]Proposal 20: Adopt the following text proposal to properly trigger RSRP threshold adaptation for both periodic and aperiodic traffic
  ----------------------------------------------------begin text proposal for 38.214----------------------------------------------------
8.1.4	UE procedure for determining the subset of resources to be reported to higher layers in PSSCH resource selection in sidelink resource allocation mode 2
<<<unchanged text omitted>>>
6) A candidate single-slot resource for transmission  is defined as a set of  contiguous sub-channels with sub-channel x+j in slot  where . The UE shall assume that any set of  contiguous sub-channels included in the corresponding resource pool within the time interval  correspond to one candidate single-slot resource, where 
-	selection of  is up to UE implementation under   , where  is TBD; 
[bookmark: _Hlk26190437]-	if  is shorter than the remaining packet delay budget (in slots) then is up to UE implementation subject to    remaining packet budget (in slots); otherwise is set to the remaining packet delay budget (in slots).
The total number of candidate single-slot resources is denoted by . The total number of candidate single-slot resources within the time interval [n + T1, n + 16] is denoted by 
<<<unchanged text omitted>>>
7) If the number of candidate single-slot resources remaining in the set  is smaller than , or the number of candidate single-slot resources remaining in the set  that is within the time interval [n + T1, n + 16] is smaller than [0.5]   then  is increased by 3 dB for each priority value  and the procedure continues with step 4.

-----------------------------------------------------end text proposal for 38.214-----------------------------------------------------
Half-Duplex Avoidance
The Rx UE might successfully decode SCI-1 and SCI-2, but not SCH. Based the information included in SCI, the Rx UE will know where another transmission from the Tx UE will be transmitted. In this case, the Rx UE can opt to exclude resources that are in that slot from the candidate resources for its transmissions and avoid half-duplex issues that are a known a priori.
[bookmark: _Toc24125439][bookmark: _Toc37448859]Proposal 21 A UE is allowed is to exclude candidates, from the candidate resources for transmission, in slots where it expects to receive transmissions based on decoding prior SCIs.
Conclusion
Observation 1: Unreserved retransmissions severely degrade system performance.
Observation 2: Reclaiming by other UEs of released feedback-based reservations improves performance.
Observation 3: Selecting the earliest available candidate within the selection window for the first transmission significantly reduces packet reception delay without impacting performance.

Proposal 1:  is set to the equivalent of 0.5ms in slots of the corresponding sub-carrier spacing.  slots for sub-carrier spacing 15kHz, 30kHz, 60kHz, and 120kHz, respectively.
Proposal 2:  is set to the equivalent of 1ms and any additional time needed to align to the upcoming slot boundary in the current sub-carrier spacing:  slots, where  for sub-carrier spacing 15 kHz, 30kHz, 60 kHz, and 120 kHz, respectively.
Proposal 3:  is set to 1.5ms.
Proposal 4: Adopt the following text proposal to capture  and  timeline requirements in TS 38.214
----------------------------------------------------begin text proposal for 38.214----------------------------------------------------
8.1.4	UE procedure for determining the subset of resources to be reported to higher layers in PSSCH resource selection in sidelink resource allocation mode 2
<<<unchanged text omitted>>>
The following steps are used:
1)	A candidate single-slot resource for transmission  is defined as a set of  contiguous sub-channels with sub-channel x+j in slot  where . The UE shall assume that any set of  contiguous sub-channels included in the corresponding resource pool within the time interval  correspond to one candidate single-slot resource, where 
-	selection of  is up to UE implementation under   , where  is TBD 2, 3, 5, 9 slots for sub-carrier spacing 15 kHz, 30kHz, 60kHz, and 120kHz, respectively; 
<<<unchanged text omitted>>>
     2)  The sensing window is defined by the range of slots [) where  is defined above and   is TBD 1, 1, 2, and 4 for sub-carrier spacing 15kHz, 30kHz, 60kHz, and 120kHz, respectively. The UE shall monitor slots which can belong to a sidelink resource pool within the sensing window except for those in which its own transmissions occur. The UE shall perform the behaviour in the following steps based on PSCCH decoded and RSRP measured in these slots.
-----------------------------------------------------end text proposal for 38.214-----------------------------------------------------

Proposal 5: Adopt the two text proposals to capture  and pre-emption timeline requirements in TS 38.213 and TS 38.214.
· (TS 38.213):
-------------------------------------------------begin text proposal for 38.213-------------------------------------------------
16.4	UE procedure for transmitting PSCCH
A UE can be provided a number of symbols in a resource pool, by timeResourcePSCCH, starting from a second symbol that is available for SL transmissions in a slot, and a number of PRBs in the resource pool, by frequencyResourcePSCCH, for a PSCCH transmission with a SCI format 0_1.
A UE does not transmit a scheduled PSCCH, and the associated PSSCH, in a slot  if
· The PSCCH and PSSCH use resources not reserved by a prior PSCCH transmission and the UE receives, in a slot , a PSCCH transmission reserving a subset of those resources, or
· The PSCCH and PSSCH use resources reserved by the UE in a prior PSCCH transmission and the UE receives, in a slot , a PSCCH transmission reserving a subset of those resources with a higher priority as indicated in the corresponding SCI format 0_1.
where  ms.
--------------------------------------------------end text proposal for 38.213--------------------------------------------------
·  (TS 38.214):
-------------------------------------------------begin text proposal for 38.214-------------------------------------------------
8.1.4	UE procedure for determining the subset of resources to be reported to higher layers in PSSCH resource selection in sidelink resource allocation mode 2
<<<unchanged text omitted>>>
7)	If the number of candidate single-slot resources remaining in the set  is smaller than , then  is increased by 3 dB for each priority value  and the procedure continues with step 4.
The UE shall report set  to higher layers.
The resource (re)selection procedure in steps 1—7 is triggered for a PSSCH scheduled for transmission in a slot  if 
· The PSSCH uses resources not reserved by a prior PSCCH transmission and the UE receives, in a slot , a PSCCH transmission reserving a subset of those resources, or
· The PSSCH uses resources reserved by the UE in a prior PSCCH transmission and the UE receives, in a slot , a PSCCH transmission reserving a subset of those resources with a higher priority as indicated in the corresponding SCI format 0_1.
where  ms..
--------------------------------------------------end text proposal for 38.214--------------------------------------------------

Proposal 6: Unreserved retransmissions degrade system performance and should not be allowed.
Proposal 7: follow the RAN2 specification behaviour of checking for pre-emption every slot and reselecting all resources once pre-emption is detected.
Proposal 8: The RSRP thresholds from the latest step 1 evaluation is used to check the pre-emption condition.
Proposal 9: Only allow pre-emption for any P1-P2 pair such that P1 > Po and P2 <= Po, where Po is (pre-)configurable
Proposal 10: Re-evaluation for selected resources to be indicated in an SCI transmitted at time  is performed every slot up to at least time .
Proposal 11: Adopt the following text proposal to resolve excessive resource exclusion in TS 38.214.
--------------------------------------------------begin change proposal for 38.214--------------------------------------------------
8.1.4	UE procedure for determining the subset of resources to be reported to higher layers in PSSCH resource selection in sidelink resource allocation mode 2
<<<unchanged text omitted>>>
The sensing window is defined by the range of slots [) where  is defined above and  is TBD. The UE shall monitor slots which can belong to a sidelink resource pool within the sensing window except for those in which its own transmissions occur. The UE shall perform the behaviour in the following steps based on PSCCH decoded and RSRP measured in these slots.
3)	The internal parameter  is set to the corresponding value from higher layer parameter SL-ThresRSRP_pi_pj for  equal to the given value of  and each priority value .
4)	The set  is initialized to the set of all the candidate single-slot resources. 
5)	The UE shall exclude any candidate single-slot resource  from the set  if it meets all the following conditions:
-	the UE has not monitored slot  in Step 2.
-	for any periodicity value allowed by the higher layer parameter reservationPeriodAllowed and a hypothetical SCI format 0-1 received in slot  with "Resource reservation period" field set to   that periodicity value and indicating all subchannels of the resource pool in this slot, condition c in step 6 would be met.
---------------------------------------------------end change proposal for 38.214---------------------------------------------------

Proposal 12: Require UE to check for future resource collisions with other UEs before signalling SPS rsvp when reservation for another TB is enabled.
Proposal 13: Adopt the following text proposal to exclude reserved resources when reservation for another TB is disabled in TS 38.214
----------------------------------------------------begin text proposal for 38.214----------------------------------------------------
8.1.4	UE procedure for determining the subset of resources to be reported to higher layers in PSSCH resource selection in sidelink resource allocation mode 2
<<<unchanged text omitted>>>
b) the RSRP measurement performed, according to clause 8.4.2.1 for the received SCI format 0-1, is higher than  ;
c) the SCI format received in slot or the same SCI format which, if and only if the "Resource reservation period" field is present in the received SCI format 0-1,  is assumed to be received in slot(s)  determines according to clause [TBD] in [6, TS 38.213]  the set of resource blocks and slots which overlaps with  for q=0,1, 2, …, Q and j=0, 1, …, . Here,  is  converted to units of logical slots,   if  and , where  if slot n belongs to the set , otherwise slot  is the first slot after slot n belonging to the set ; otherwise .  is FFS.
-----------------------------------------------------end text proposal for 38.214-----------------------------------------------------

Proposal 14: Mix of blind and feedback-based retransmissions is allowed.
Proposal 15: If a TB has been successfully received by the target Rx UEs and no further HARQ retransmissions are necessary, then any reserved resources associated with that TB are released for use by other UEs.
Proposal 16: For the purpose of reclaiming reservations made by another UE, a UE determines whether a reserved is released by listening to PFSCH transmissions.
Proposal 17: Adopt the following text proposal enabling reclaiming of released resources in TS 38.214.
----------------------------------------------------begin text proposal for 38.214----------------------------------------------------
8.1.4	UE procedure for determining the subset of resources to be reported to higher layers in PSSCH resource selection in sidelink resource allocation mode 2
<<<unchanged text omitted>>>
6) The UE shall exclude any candidate single-slot resource  from the set  if it meets all the following conditions:
<<<unchanged text omitted>>>
d) the SCI format received in slot  determines according to clause [TBD] in [6, TS 38.213]  the set of resource blocks and slots which includes  and j=0, 1, …, , if the feedback request indicator is set in the SCI format 0-1 received in slot , and at least one negative acknowledgement was observed on the PSFCH resources of the PSSCH associated with the SCI.
-----------------------------------------------------end text proposal for 38.214-----------------------------------------------------

Proposal 18: For the initial transmission of a TB, the earliest available resource from the identified candidates within the selection window is selected.
Proposal 19: For retransmissions of a TB, a resource is randomly chosen from the identified candidates within that retransmission’s selection window.
Proposal 20: Adopt the following text proposal to properly trigger RSRP threshold adaptation for both periodic and aperiodic traffic
  ----------------------------------------------------begin text proposal for 38.214----------------------------------------------------
8.1.4	UE procedure for determining the subset of resources to be reported to higher layers in PSSCH resource selection in sidelink resource allocation mode 2
<<<unchanged text omitted>>>
6) A candidate single-slot resource for transmission  is defined as a set of  contiguous sub-channels with sub-channel x+j in slot  where . The UE shall assume that any set of  contiguous sub-channels included in the corresponding resource pool within the time interval  correspond to one candidate single-slot resource, where 
-	selection of  is up to UE implementation under   , where  is TBD; 
-	if  is shorter than the remaining packet delay budget (in slots) then is up to UE implementation subject to    remaining packet budget (in slots); otherwise is set to the remaining packet delay budget (in slots).
The total number of candidate single-slot resources is denoted by . The total number of candidate single-slot resources within the time interval [n + T1, n + 16] is denoted by 
<<<unchanged text omitted>>>
7) If the number of candidate single-slot resources remaining in the set  is smaller than , or the number of candidate single-slot resources remaining in the set  that is within the time interval [n + T1, n + 16] is smaller than [0.5]   then  is increased by 3 dB for each priority value  and the procedure continues with step 4.

-----------------------------------------------------end text proposal for 38.214-----------------------------------------------------

Proposal 21 A UE is allowed is to exclude candidates, from the candidate resources for transmission, in slots where it expects to receive transmissions based on decoding prior SCIs.
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Appendix A.1. Simulation Assumption – Unreserved Retransmissions
	Parameter 
	Groupcast 

	Sidelink Frequency 
	6GHz 

	Traffic models 
	Aperiodic traffic: Medium Intensity 
Inter-packet arrival time: 50 ms + an exponential random variable with the mean of 50 ms 
Packet size: Uniformly distributed between [200, 400, 600, 800, 1000, 1200, 1400, 1600, 1800, 2000] bytes 
Latency requirement: 30 ms 


	Simulation Environment 
	Highway

	UE Drop and Mobility 
	Highway: Option A (140Kmph)  (as per TR 37.885) 


	Number of Tx/Rx Antenna elements 
	1Tx/2Rx 

	Antenna Models 
	Option 1 

	SL Simulation BW 
	40MHz 

	SCS
	30 kHz

	Pathloss, shadowing, blocking and dual mobility models 
	Enabled (as per TR 37.885) 

	Number of Transmissions
	1 Initial Transmission + up to 3 HARQ retransmissions

	T_3 (timeline)
	3 slots

	Initial RSRP Threshold
	-80 dBm



Appendix A.2. Simulation Assumption – Pre-emption
	Parameter 
	Groupcast 

	Sidelink Frequency 
	6GHz 

	Traffic models 
	Aperiodic traffic: Medium Intensity 
Inter-packet arrival time: 50 ms + an exponential random variable with the mean of 50 ms 
Packet size: Uniformly distributed between [200, 400, 600, 800, 1000, 1200, 1400, 1600, 1800, 2000] bytes 
Latency requirement: 30 ms 


	Simulation Environment 
	Highway

	UE Drop and Mobility 
	Highway: Option A (140Kmph)  (as per TR 37.885) 


	Number of Tx/Rx Antenna elements 
	1Tx/2Rx 

	Antenna Models 
	Option 1 

	SL Simulation BW 
	40MHz 

	SCS
	30 kHz

	Pathloss, shadowing, blocking and dual mobility models 
	Enabled (as per TR 37.885) 

	Number of Transmissions
	1 Initial Transmission + up to 3 HARQ retransmissions

	T_3 (timeline)
	3 slots

	Initial RSRP Threshold
	PPPP 0-0: -98dBm, PPPP 0-1: -78dBm, PPPP 1-0: -98dBm, PPPP 1-1: -78dBm





Appendix A.3. Simulation Assumption – Re-evaluation
	Parameter 
	Groupcast 

	Sidelink Frequency 
	6GHz 

	Traffic models 
	Aperiodic traffic: Medium Intensity 
Inter-packet arrival time: 50 ms + an exponential random variable with the mean of 50 ms 
Packet size: Uniformly distributed between [200, 400, 600, 800, 1000, 1200, 1400, 1600, 1800, 2000] bytes 
Latency requirement: 30 ms 


	Simulation Environment 
	Highway

	UE Drop and Mobility 
	Highway: Option A (140Kmph)  (as per TR 37.885) 


	Number of Tx/Rx Antenna elements 
	1Tx/2Rx 

	Antenna Models 
	Option 1 

	SL Simulation BW 
	40MHz 

	SCS
	30 kHz

	Pathloss, shadowing, blocking and dual mobility models 
	Enabled (as per TR 37.885) 

	Number of Transmissions
	1 Initial Transmission + up to 3 HARQ retransmissions

	T_3 (timeline)
	3 slots

	Initial RSRP Threshold
	-80 dBm

	Required Communication Range
	320 meters



Appendix A.4. Simulation Assumption – SPS Reservation with Mixed Periodicity
	Parameter 
	Groupcast 

	Sidelink Frequency 
	6GHz 

	Traffic models 
	Periodic Traffic: Medium IntensityInter-
packet arrival time: uniformly chosen from 22, 24, 25, 27, 28, 30, 32, 34, 35, 36, 38, 40, 42, 45, 49, 50 ms 
33% of UEs generate packetsPacket size: 1200 bytes with prob 0.2, 800 bytes with prob 0.8
Latency requirement: 30 ms
NOTE: effective latency will be min(periodicity, 50) ms

	Simulation Environment 
	Highway

	UE Drop and Mobility 
	Highway: Option A (140Kmph)  (as per TR 37.885) 


	Number of Tx/Rx Antenna elements 
	1Tx/2Rx 

	Antenna Models 
	Option 1 

	SL Simulation BW 
	40MHz 

	SCS
	30 kHz

	Pathloss, shadowing, blocking and dual mobility models 
	Enabled (as per TR 37.885) 

	Number of Transmissions
	1 Initial Transmission + up to 3 HARQ retransmissions

	T_3 (timeline)
	3 slots

	Initial RSRP Threshold
	-80 dBm

	Required Communication Range
	320 meters



Appendix A.5. Simulation Assumption – Feedback based Resource Reclaim and Earliest First Transmission
	Parameter 
	Groupcast 

	Sidelink Frequency 
	6GHz 

	Traffic models 
	Aperiodic traffic: Medium Intensity 
Inter-packet arrival time: 50 ms + an exponential random variable with the mean of 50 ms 
Packet size: Uniformly distributed between [200, 400, 600, 800, 1000, 1200, 1400, 1600, 1800, 2000] bytes 
Latency requirement: 30 ms 


	Simulation Environment 
	Highway

	UE Drop and Mobility 
	Highway: Option A (140Kmph)  (as per TR 37.885) 


	Number of Tx/Rx Antenna elements 
	1Tx/2Rx 

	Antenna Models 
	Option 1 

	SL Simulation BW 
	40MHz 

	SCS
	30 kHz

	Pathloss, shadowing, blocking and dual mobility models 
	Enabled (as per TR 37.885) 

	Number of Transmissions
	1 Initial Transmission + up to 3 HARQ retransmissions

	T_3 (timeline)
	3 slots

	Initial RSRP Threshold
	-80 dBm

	Required Communication Range
	320 meters



Appendix A.6. Simulation Assumption – RSRP Threshold Adaptation
	Parameter 
	Groupcast 

	Sidelink Frequency 
	6GHz 

	Traffic models 
	Aperiodic traffic: Medium Intensity 
Inter-packet arrival time: (50 ms + an exponential random variable with the mean of 50 ms) * traffic multiplier.
Traffic multiplier: 2 for low traffic, 4 for high traffic
Packet size: Uniformly distributed between [200, 400, 600, 800, 1000, 1200, 1400, 1600, 1800, 2000] bytes 
Latency requirement: 30 ms 


	Simulation Environment 
	Highway

	UE Drop and Mobility 
	Highway: Option A (140Kmph)  (as per TR 37.885) 


	Number of Tx/Rx Antenna elements 
	1Tx/2Rx 

	Antenna Models 
	Option 1 

	SL Simulation BW 
	40MHz 

	SCS
	30 kHz

	Pathloss, shadowing, blocking and dual mobility models 
	Enabled (as per TR 37.885) 

	Number of Transmissions
	1 Initial Transmission + up to 3 HARQ retransmissions

	T_3 (timeline)
	3 slots

	Initial RSRP Threshold
	-98 dBm or -80dBm

	Required Communication Range
	320 meters
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