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Introduction
In RAN1 #100bis meeting, the following remaining issues of Mode 2 resource allocation mechanism in NR-V2X cannot achieve the agreements and are discussed in this contribution:
1) Resource re- evaluation procedure
2) Pre-emption scheme
3) Resource (re-)selection operation
4) Retransmission reservation scheme
5) Mixed blind and feedback-based scheme
Discussion on the Mode 2 resource allocation mechanism
[bookmark: _Ref23951437][bookmark: _Ref32462]Resource re-evaluation
T3, Tproc,0, Tproc, 1
[bookmark: OLE_LINK123][bookmark: OLE_LINK124][bookmark: OLE_LINK69]In RAN1#100 meeting, the following agreements were achieved [1]:
	Agreements:
· For re-evaluation of a pre-selected resource contained in a slot ‘k’ to be first time signaled in a slot ‘m’, where k ≥ m, 
· Step 1 of the resource (re-)selection procedure is performed at least at the moment ‘m-T3’, and if the pre-selected resource is not in the identified candidate resource set, Step 2 is triggered for reselection of the resource 
· Re-evaluations before the moment ‘m-T3’ or after ‘m-T3’ but before ‘m’ are not precluded and are up to UE implementation 
· FFS whether to mandate a UE to perform Step 1 checking every slot before ‘m-T3’
· FFS whether evaluation of Step 2 has to ensure any introduced timing restrictions between pre-selected and re-selected resources when re-evaluation is triggered, and whether it is allowed to change the pre-selected but not reserved resources which are still in the candidate resource set in order to ensure the timing restrictions
· FFS whether for the case of enabled periodic reservation, already reserved resources in upcoming periods can be re-evaluated



In the email discussion [98b-NR-16] [2], the sensing window and the resource selection window are defined as follows:
	Agreements:
· For a given time instance n when resource (re-)selection and re-evaluation procedure is triggered 
· The resource selection window starts at time instance (n + T1), T1 ≥ 0 and ends at time instance (n + T2) 
· The start of selection window T1 is up to UE implementation subject to T1 ≤ Tproc,1
· T2 is up to UE implementation with the following details as a working assumption:
· T2 ≥ T2min
· If T2min > Remaining PDB, then T2min is modified to be equal to Remaining PDB
· FFS other details of T2min including whether the minimum window duration T2min - T1 is a function of priority
· UE selection of T2 shall fulfil the latency requirement, i.e. T2 ≤ Remaining PDB
· A sensing window is defined by time interval [n – T0, n – Tproc,0) 
· T0 is (pre-)configured, T0 > Tproc,0 FFS further details
· FFS, if Tproc,0 and Tproc,1 are defined separately or as a sum 
· FFS relation of T3, Tproc,0, Tproc,1 
· Time instances n, T0, T1, T2, T2min are measured in slots, FFS Tproc,0 and Tproc,1



Slot has been determined as the time-domain granularity for resource pool configuration, the processing time of ,  and  should be in the granularity of slot.
The sensing window is defined by the range of slots [), where  is provided by the higher layer parameter t0_SensingWindow and  is FFS.  The UE shall monitor slots which belong to a sidelink resource pool within the sensing window except for the transmitting slots.  is related to procedures at least including PSCCH decoding and SL DMRS measurements. Considering the processing time and slot boundary alignment, at least one slot is needed. But for the larger SCS of 60KHz and 120KHz, it may not be sufficient and two slots should be considered. Because the sensing window of  is defined as a set of physical slots,  should be defined as the physical slot [3]. Therefore,  should be 1/1/2/2 physical slots for 15KHz/30KHz/60KHz/120KHz SCS respectively.
Proposal 1:  should be 1/1/2/2 physical slots respectively for =0, 1, 2, 3, where  is obtained from the higher-layer parameter subcarrierSpacing-SL.
The resource selection window is defined within the time interval . The duration of  is up to UE implementation and   , where  is FFS.  is related to the procedures of resource (re-)selection, PSCCH/PSSCH transmission preparation and slot boundary alignment. It corresponds to the LTE-V2X procedures within   (up to 4ms) with excluding the processing time of PSCCH decoding and SL measurements. In NR-V2X,  can be defined as . UEs with stronger processing capability could determine a shorter  by its implementation. Therefore,  can be defined as  physical slots, where μ is obtained from the higher-layer parameter subcarrierSpacing-SL.
Proposal 2:  should be  physical slots where  is obtained from the higher-layer parameter subcarrierSpacing-SL.
As analyzed aforementioned, the procedures related to  and   are different, and  and   should be defined separately.
Proposal 3:  and   should be defined separately.
Re-evaluation should be performed at least at the moment 'm-T3'.  UE should perform PSCCH decoding and SL RSRP measurements, re-select resource(s) if necessary, and then prepare for the PSCCH and PSSCH transmission. Therefore,  is the sum of  and , which should be  physical slots.
Proposal 4: is the sum of and  , which should be  physical slots.

The reservation of the periodic services of re-evaluation
In RAN1 #100 meeting, the following agreements were achieved [1]:
	Agreements:
· For re-evaluation of a pre-selected resource contained in a slot ‘k’ to be first time signaled in a slot ‘m’, where k ≥ m, 
· Step 1 of the resource (re-)selection procedure is performed at least at the moment ‘m-T3’, and if the pre-selected resource is not in the identified candidate resource set, Step 2 is triggered for reselection of the resource 
· Re-evaluations before the moment ‘m-T3’ or after ‘m-T3’ but before ‘m’ are not precluded and are up to UE implementation 
· FFS whether to mandate a UE to perform Step 1 checking every slot before ‘m-T3’
· FFS whether evaluation of Step 2 has to ensure any introduced timing restrictions between pre-selected and re-selected resources when re-evaluation is triggered, and whether it is allowed to change the pre-selected but not reserved resources which are still in the candidate resource set in order to ensure the timing restrictions
· FFS whether for the case of enabled periodic reservation, already reserved resources in upcoming periods can be re-evaluated



In RAN1#100bis meeting, the following agreements were achieved [2]:
	Agreements:
· It is up to UE implementation to reselect any pre-selected but not reserved resource which is still in the identified resource set after Step 1 in order to ensure the timing restrictions during reselection triggered by re-evaluation and/or pre-emption
· The timing restrictions at least include the HARQ RTT related minimum gap Z agreed in RAN1#100e
· FFS how to handle the case that there is no resources satisfying the timing restrictions in the identified resource set after Step 1



In NR-V2X, the resource collisions caused by the aperiodic services with the reserved resources may happen at any time and will be more frequently than that in LTE-V2X. Thus, the resource re-evaluation of the reserved resources for the periodic service in the upcoming periods should be supported to avoid the resource collision.
Proposal 5: The reserved resources in the upcoming periods should be re-evaluated for the periodic services.
In order to avoid the collisions for periodic services, UE should perform re-evaluation at least at the instance ‘m-T3’ of every period (pre-selected resources to be signaled in a slot ‘m’). 

[bookmark: _GoBack]
Fig. 1 The example of the re-evaluation process of the upcoming periods
In Fig. 1, after Period #1, UE 1 is assumed to perform re-evaluation at timing ‘m2-T3’ to re-evaluate the resources of m2 and t2 of Period #2 (both m2 and t2 are shown as blue block). With the sensing results of the UE 2, the resources of t2 of Period #2 reserved by the Period #1 of UE 1 collide with the resources reserved by UE 2. Then the resources of t2 of Period #2 is re-selected to be t2’ of Period #2 (shown as yellow block). Based on the re-selected resource of t2’ of Period #2, the periodic reservation should be maintained to the upcoming period. Thus, SCI of the resources of t2’ of Period #2 can indicate the resources of m3 and t3’ of the subsequent Period #3 correctly.
Proposal 6: For the periodic service, UE should perform re-evaluation at least at ‘m-T3’ of every period, and the reselected resources should be applied to all upcoming periods.
For the case of no resources satisfying the timing restrictions in the identified resources set during the re-selection, a priority level should be configured to determine how to handle the case:
· If the UE’s priority is higher than or equal to the configured priority level, UE should continue transmitting on the collided resource(s).
· If the UE’s priority is lower than the configured priority level, UE should drop transmission(s) on the collided resource(s).
Because the priority can reflect the QoS of the services, according to the configured priority, the lower priority UE may drop the transmission on the collided resource(s) because of no resources satisfying the timing restrictions. The dropping operation may have little impact on the QoS of the lower services. However, the dropping operation of the higher or equal priority UE has direct impact on the reliability and cannot be acceptable. Keeping on transmission on the collided resource(s) may provide the possibility to decode correctly at the receiving UE (e.g. with advanced receiver). 
Proposal 7: The priority level should be configured to determine whether transmission(s) of the pre-selected but collided resources should be dropped if the timing restrictions cannot be met.
· If the UE’s priority is higher than or equal to the configured priority level, UE should continue transmitting on the collided resource(s).
· If the UE’s priority is lower than the configured priority level, UE should drop transmission(s) on the collided resource(s).

Pre-emption
Maximum RSRP threshold
In congestion scenario, the resources for higher priority traffic could be also selected by lower traffic transmission because of the unlimited RSRP threshold increment. The resource collisions may exist for the higher priority UE, and the reliability of the higher priority UE may be degraded. Thus, the maximum RSRP threshold should be configured for higher priority UEs. Meanwhile, for the lower priority UE, the 3dB increment of RSRP threshold can be applied until the X% available candidate resources can be formed. The lower priority UE can be avoided to (re-)select the resources that are reserved by the higher priority UEs with limiting the increment of RSRP threshold.
Proposal 8: Maximum RSRP threshold should be configured for the higher priority UE in pre-emption mechanism.

The remaining issues of pre-emption scheme
In RAN1#100bis meeting, the following agreements were achieved [4]:
	Agreements:
· The procedure to check whether a reserved resource to be signaled in slot ‘m’ should be re-selected due to pre-emption, is performed at the moment ‘m-T3’ as follows:
· A regular Step 1 (as in 8.1.4 in 38.214) of the resource (re-)selection procedure is performed 
· If the reserved resource is still in the identified candidate resource set after the Step 1 execution, then Step 2 for reselection of the reserved resource(s) is not triggered
· If the reserved resource is NOT in the identified candidate resource set after the Step 1 execution
· If the resource is excluded by comparison with the RSRP measurement for an SCI associated with a priority which can trigger pre-emption, then Step 2 for reselection of the reserved resource(s) is triggered
· If the resource is excluded by comparison with the RSRP measurement for an SCI associated with a priority which cannot trigger pre-emption, then Step 2 for reselection of the reserved resource(s) is not triggered

Agreements:
· Once pre-emption re-selection condition is met at the UE, re-selection is performed for all resources which satisfy the pre-emption re-selection condition 
· A UE ensures the HARQ RTT related minimum time gap Z agreed in RAN1#100-e, between re-selected and non-preempted resources during the re-selection triggered by pre-emption
· FFS cases when timing restriction could not be met
· FFS whether/how to extend it to periodic reservations

Agreements: Finalize the RRC parameter for pre-emption activation per resource pool by
· Disabled
· Enabled. Default is without a priority level (i.e., pre-emption is applicable to all levels). 
· Can optionally configuring a priority level p_preemption {1…8} (the value range is a working assumption), and (as a working assumption regarding “<”) if prioRX < p_preemption, and prioTX > prioRX, then pre-emption can be triggered 
· Note: In the inequalities it is assumed that the lowest priority value corresponds to the highest priority/importance traffic
· prioRX is the priority associated with the resource indicated in SCI, as per 8.1.4 in 38.214
· prioTX is L1 priority within a UE associated with the reserved resources, as per 8.1.4 in 38.214




With the same principles of the handling of the periodic reservation in re-evaluation, if the resources of current period are re-selected, the resources in upcoming periods should also be triggered to be re-selected with the reservation information indicated by the SCI of current period.
Proposal 9: The re-selected resource of pre-empted resource should be applied to the upcoming periods.
The main purpose of pre-emption mechanism is to ensure the performance of the higher priority UE, with the configured priority level, the lower priority UE should drop transmission(s) on pre-empted resources if there are no available resources could meet timing restrictions in re-selections.
Proposal 10: If the reselection of pre-empted resources could not ensure timing restrictions, with the configured priority level, the lower priority UE should drop the collided transmissions.
[bookmark: OLE_LINK116][bookmark: OLE_LINK117]Though power boosting for the higher priority UE and power reduction for the lower priority UE can help the pre-emption, the system performance may be deteriorated with the inaccurate sensing results. From the system level simulation results, it can be observed that without the power boosting or reduction, the pre-emption scheme can achieve the expected performance gain. The power boosting or reduction for pre-emption scheme should not be supported.
Proposal 11: The power boosting or reduction for the pre-emption scheme should not be supported.

Resource (re-)selection operation
Interval of neighbouring resourcesAgreements:
· Support W to be equal to 32 slots

In RAN1 #99 meeting, the following agreements were achieved [5]:
In RAN1 #100bis meeting, the following working assumptions were achieved [4]:
Working assumption:
· The UE should/shall indicate min (Nselected, N) first-in-time resources when setting the values of frequency resource assignment and time resource assignment in SCI format 0_1, where
· Nselected is the number of resources selected by MAC within 32 slots (including the current one)
· N is the maximum number of resources that can be signalled in one SCI
· To discuss and conclude “should vs. shall” in RAN1#101
· Y=3
· FFS other conditions to stop RSRP threshold increment, if any

The remaining issue is whether there should be some restrictions for the interval of resources in resource selection. The value of Nselected is the number of resources selected by MAC within 32 slots (including the current one) and related to the resource slot interval. N is the maximum number of resources that can be signalled in one SCI. Because the maximum indication interval of SCI is 32 slots (W), there exists the implicit relationship between Nselected and N. When Nselected > 1 and N > 1, min (Nselected, N) >1. Because the definition of Nselected of the RAN1#100bis working assumption does not limit its minimum value, which means that Nselected can be equal to 1. When Nselected = 1 and N =1, min (Nselected, N) = 1. Thus, there may be no other reserved resources within the 32 slots indicated by SCI. if there exists retransmission, because min (Nselected, N) = 1, UE may indicate only 1 resource in SCI.
For example, 4 resources are selected for a TB transmission at the timing t0, t1, t2, t3. If there are no restrictions in the resource selection, the example of the timing relation of the selected 4 resources is shown in Fig. 2: 


Fig.2 The example of 4 selected resources with no interval restrictions 
In Fig. 2, the intervals of the neighbouring resources are assumed as follows:
· t0 and t1 are within the 32 slots.
· The slot interval between t1 and t2 is larger than 32 slots.
· The slot interval between t2, and t3 is also larger than 32 slots.
Based on the working assumption of first-in-time indicated resources of min (Nselected, N), the resource indicated by SCI0, SCI1, SCI2, SCI3 may be: {t0, t1}, {t1} {t2} {t3}. There is no resource reservation for t2 and t3 resources, and the other UEs cannot know the transmissions of t2 and t3 after decoding SCI1 and SCI2. The possibility of the resource collisions may be increased.
Therefore, it is necessary to limit the minimum value of min (Nselected, N) to greater than 1 when there is still remaining retransmissions for a TB.. With min (Nselected, N) > 1, SCI can indicate the subsequent reserved resources. The other UEs can sensing the reserved transmission in advance to avoid resource collisions.
In order to ensure Nselected > 1, the number of resources selected within 32 slots should be at least 2. Thus, the slot interval between 2 selected neighbouring resources should be less than 32 slots.
Proposal 12: In step 2, if more than one transmission for a TB is applied, the slots interval between 2 selected neighbouring resources should be less than 32 slots and Nselected should be greater than 1.

20% available resource limitation
In RAN1 #98bis meeting, the following agreements were achieved [2]:Agreements:
· In Step 1, when the ratio of identified candidate resources to the total number of resources in a resource selection window, is less than X%, all configured thresholds are increased by Y dB and the resource identification procedure is repeated
· FFS value(s)/configurability of X 
· At least one value of X=20
· Y=3
· FFS other conditions to stop RSRP threshold increment, if any


In order to analyze the impact of the ratio of identified candidate resources to the total number of resources in the resource selection window (X%), the PRR performance of the aperiodic traffic with different value of X% for only high-priority UEs, only low-priority UEs and all UEs configurations with the system level simulation are presented in Fig. 3, Fig. 4 and Fig. 5. 
In Highway 140 km/h scenario with aperiodic traffic model in TR 37.885 [6], it can be observed that the PRR performance with different ratios in descending order is X% = 30% (red curve) > X% = 20% (blue curve) > X% = 10% (black curve) for the only high-priority UEs, only low-priority UEs and all UEs respectively.
	[image: ]


Fig.3 PRR performance for only high-priority UEs
	[image: ]


Fig.4 PRR performance for only low-priority UEs

	[image: ]


Fig.5 PRR performance for all UEs
The average numbers of TB collision when a TB was transmitted was also captured in the system level simulation, which they are 1.54 for X% = 30%, 1.57 for X% = 20% and 1.69 for X% = 10%. It can be observed that the average numbers of TB collision numbers are similar in all 3 configurations with X%=30%, 20% and 10%. 
Observation 1: When pre-emption scheme was used with the aperiodic traffic model in TR 37.885 in the system level simulation, X% = 30% can achieve best PRR performance and lowest TB collision probability than X% = 20%. 
The target percentage of available resources may have impact on the resource collision. The lower target percentage provides less resources and lower number of S-RSRP thresholds but may cause more collisions. The higher target percentage requires higher number of thresholds and provides more resources but there is no guaranteed in avoiding collision in resource selection comparing to that of the lower target percentage. Because of the diverse deployment scenarios (congestion scenario, extreme high reliability and low latency, etc.), a fixed value of X% = 20% cannot meet the target performance of collision avoidance in resource selection. The X% should be (pre-)configurable to provide sufficient flexibility for different deployment scenarios.
Proposal 13: The X% should be (pre-)configurable to provide sufficient flexibility for different deployment scenarios.
For X%, there is another issue about the relation between the value of X and the number of resources selected for the potential transmissions of one TB.  Remaining the same value of X in the (re-)selection procedure for different number of resources may lead to the following issues:
· When only 1 resource is to be selected, the configured thresholds have to be increased continually in order to meet the X% requirement, even if there are sufficient candidate resources for selection, and the possibility of the resource collision will be expected. 
· When multiple resources are to be selected, although the X% requirement has been achieved after several increments of RSRP thresholds, the selection will still be failed considering the number of resources and the timing restrictions among them. 
In our view, in order to resolve the issues mentioned above, the value of X% can be changed according to the number of resources selected for potential transmissions for one TB, where K% can be configured from the higher layer for one resource per resource pool, and n*K% for n resources.  
Proposal 14: The X% can be configured as follows:
· The value of X can be changed according to the number of resources selected for potential transmissions for one TB.
· K% can be configured from the high layer for one resource per resource pool, and n*K% for n resources. 

RSRP threshold adaptation triggering issue due to selection window > 32 slots
Considering NR-V2X supports both aperiodic traffic and periodic traffic, when T2 > (31-Tproc0), the selection window [T1, T2] can be divided into two sub-windows [T1, (31-Tproc0)] and [(32-Tproc0), T2], where the first sub-window has both aperiodic and periodic reservation information reflecting the real traffic load, and the second sub-window has only periodic reservation information. An example is shown in Fig. 6 below, in which blue blocks represent aperiodic reservations, and yellow blocks represent periodic reservations. 
[image: ]
Fig. 6 Two sub-windows [T1, (31-Tproc0)] and [(32-Tproc0), T2]
When T2 > (31-Tproc0), Step1 identification procedure is suggested to have the following criterion:
· In Step 1, when the ratio of identified candidate resources to the total number of resources in the first sub-window [T1, (31-Tproc0)] is less than X%, all configured thresholds are increased by Y dB and the resource identification procedure is repeated.
Proposal 15: In Step 1, when the ratio of identified candidate resources to the total number of resources in the window [T1, min((31-Tproc0), T2)] is less than X%, all configured S-RSRP thresholds are increased by Y dB and the resource identification procedure is repeated. 

Exclusion if a slot is not monitored in a sensing window
In RAN1 #99 meeting, the following agreements were achieved [5]:Agreements:
· 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


In RAN1 #100 meeting, the following agreements were achieved [1]:Agreements:
· 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 set of possible period values additionally includes all integer values from 1 to 99 ms


NR-V2X UE excludes all potential periodic reserved resources for each slot that it did not monitor due to the half-duplex to avoid the resource collisions in the skipping resources procedure. Because the UE does not know the period values of the other UE in advance, it has to assume the worst case and perform this step for all configured period values of the resource pool. However, that will lead to over exclusion problem as illustrated in Fig. 7.
[image: ]
Fig.7 The example of the over exclusion problem in skipping procedure
In Fig. 7, the assumptions are provided as follows:
· Period values configured per resource pool: {20, 50, 75, 100}
· UE triggers the selection procedure at slot #40 to select 3 resources, and [T1, T2]: [44, 60]
· UE transmits at slot {21, 30, 35, 39} for the periodic services with SPS process #1 and {3, 14, 28, 37} for the aperiodic services with process #2 as shown in Fig. 7
After the skipping procedure, 16 slots {44, 45, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60} are excluded and only one slot #46 is left in the resource selection. Because UE needs to select 3 resources, UE cannot select the available resources in the resource selection, 
To resolve this issue, we propose to perform the skipping procedure with sub-set instead of full-set of configured period values. For example, if we apply the skipping procedure to the sub-set periodicities {20, 100} in the same case mentioned above, then 6 slots {48, 50, 54, 55, 57, 59} are excluded with 11 available slots left to satisfying the criteria of the resource selection. 
Proposal 16: The sub-set of the configured period values should be supported to resolve the excessive resource exclusion problem in the skipping procedure. 
Another reason leading to the excessive exclusion is the number of (re)transmissions. If skipping procedure is only applied to a portion of (re)transmissions, e.g. 50%, then less slots will be excluded. When the skipping procedure is applied only to the slots {3, 21, 30, 37} in the above case, 10 slots are excluded with 7 slots left.  Meanwhile, the slots to which the skipping procedure applies can be determined based on the configured probability per resource pool. For example, a random number 0 ≤R ≤1 is generated for each (re)transmission, and the skipping resources procedure is triggered only if R ≤ K, where 0 ≤ K ≤1 is (pre)-configured per resource pool. 

Proposal 17: Based on the configured probability per resource pool, a portion of (re-)transmissions should be applied in the skipping procedure to resolve the excessive resource exclusion problem.

Backward indication in the resource reservation
In RAN1 #100, the following options are provided to be down-selected [1]: 
	Agreements:
· Down-select in the next meeting one of the following options
· Option 1: There is no separate field in the first stage SCI indicating a resource index for the purpose of backward indication, i.e., backward indication is not supported
· Option 2: When periodic reservations are enabled in a resource pool, a separate field of 1 bit in the first stage SCI indicates a resource index for the purpose of backward indication
· Option 3: When periodic reservations are enabled in a resource pool, a separate field of ceil(log2(Nmax)) bit in the first stage SCI indicates a resource index for the purpose of backward indication


It was agreed that time resource assignment in SCI uses an extended time domain RIV mechanism, but whether to support backward indication needs further discussion. Since NR-V2X has higher reliability requirement than LTE-V2X, backward indication in SCI is necessary for the periodic traffic because the reservation of the time-frequency resources of each of the past transmissions in SCI could be used as the sensing results for other UEs in the sensing and resource selection procedure. 
When NMAX = 2, UE can reserves two resources in total for the current transmission and the next retransmission. Only when the current transmission is the last transmission of the TB, the backward indication can be utilized to reserve the previous transmission. As shown in Fig. 8, if there is no backward indication, if the SCIs of TX1 and TX2 cannot received correctly by the other sensing UE, the resource reservation of TX2 will not be excluded during the sensing procedure. If backward indication is supported, when the SCIs of TX1 and TX2 cannot be successfully decoded by the other sensing UEs, the sensing UEs can achieve the TX2 resource reservation with the backward indication information of SCI of TX3 and the resource collisions can be avoided.
 [image: ]
Fig. 8: Backward indication when NMAX = 2
When NMAX = 3, TX UE utilize SCI to reserve three transmissions of one TB. Except when the current transmission is the first transmission of the TB, the backward indication can be utilized to indicate the previous transmission. As shown in Fig. 9, when the SCI of TX1 is not successfully decoded by the other sensing UEs, without the backward indication, the resource reservation of TX1 will not be excluded during the sensing procedure. If backward indication is supported, the SCI of TX2 indicates the resources of TX1 and TX3, and the SCI of TX3 indicates the resources TX1 and TX2 respectively. If the SCI of R1 is not successfully decoded by the sensing UE, the sensing UE can still achieve the sensing results of TX1 by decoding the SCI of TX2 or TX3 and avoid the resource collisions.
 [image: ]
Fig. 9: Backward indication when NMAX = 3
When NMAX = 2, SCI can indicate up to 2 resources for a given TB, so 1 bit in the first stage SCI is enough for backward indication. However, when NMAX = 3, a SCI can indicate up to 3 resources for a given TB. As shown in Fig. 10, assume TX0 is the resource of current transmission, and there are possible three conditions for the relative timing position of the second and the third transmission comparing to the current transmission:
· Both are in the future.
· One is in the past and the other is in the future; 
· Both are in the past; 
 [image: ]
Fig. 10:  The three relative timing position conditions indicated by SCI when NMAX = 3
In order to indicate the relative timing position of the second and the third transmission accurately in SCI content, 2 bit (ceil(log2(Nmax)) in the first stage SCI should be used. If there is only 1 bit as proposed in option 2, at least one of the three possible positions cannot be indicated. So option 3 is preferred.
Proposal 18: Option3 should be supported. When periodic reservations are enabled in a resource pool, a separate field of ceil(log2(Nmax)) bit in the first stage SCI indicates a resource index for the purpose of backward indication.

Mixed blind and feedback-based scheme
In RAN1 #98bis meeting, the following agreements were achieved [2]:Agreements:
· 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
· [bookmark: OLE_LINK79][bookmark: OLE_LINK80][bookmark: OLE_LINK19][bookmark: OLE_LINK20][bookmark: _Hlk30422108]If the HARQ (re)transmissions for a TB can have a mixed blind and feedback-based approached (FFS whether or not to support this case), the counter applies to the combined total

The blind retransmission scheme can provide the maximum retransmissions considering QoS requirements, congestion condition and the interference impact. The HARQ-based scheme can utilize the HARQ feedback (distance-based or RSRP-based) to decrease the unnecessary retransmissions to reduce the interference to neighbouring cluster and improve the system performance. 
Because the RV is defined as {0, 2, 3, 1} in NR-V2X, multiple transmissions will be divided into different groups with 4 transmissions in one group with different RV to achieve incremental redundancy gain. However, our simulation results in RAN1 #98bis [7] have shown that the aperiodic services in highway scenarios with UE speed at 140 km/h and 70km/h with the maximum number of HARQ transmission being 4 can achieve the expected performance. 
Because of the minimum gap between retransmission can only being the TX processing delay, the blind retransmission can support the stringent latency services. However, HARQ-based retransmission should consider the HARQ RTT and the TX processing delay between the adjacent retransmission, and cannot support the stringent latency requirements. Besides the above properties, the differences of blind retransmission scheme and HARQ-based retransmission scheme are summarized in the following table.
Table 1 The comparison between blind retransmission scheme and HARQ-based retransmission scheme
	
	Pros
	Cons

	Blind retransmission
	· Support stringent latency
· Low complexity with resource selection
	· Does not know the receiving results explicitly for the TX UE
· Unnecessary retransmission
· Low spectrum efficiency
· Maximum retransmission times for the worst scenarios
· Difficult to apply link adaptive adjustment

	HARQ-based retransmission
	· Know the receiving results explicitly for the TX UE with feedback information
· Only with necessary retransmission
· High spectrum efficiency
· Flexible retransmission times with HARQ feedback
· Easy to apply link adaptive adjustment
	· HARQ RTT between two neighbouring transmissions 
· High complexity with resource selection
· The available candidate resources for multiple transmissions are decreased


With the analysis in Table 1, the blind retransmission scheme and HARQ-based retransmission scheme are complementary to each other. When the services require both stringent latency and extreme reliability, the blind retransmissions and HARQ-based retransmission should be combined to support the transmission of one TB. The counter of the maximum retransmissions should be calculated as the mixed blind retransmission and HARQ-based retransmission.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Proposal 19: The mixed blind and feedback-based scheme should be supported and the counter of the maximum retransmissions applies to the combined total number.
In order to guarantee the baseline reliability requirements and reduce the transmission latency of the given services at the TX UE, the blind retransmission scheme should be used firstly. The blind retransmission can utilize the HARQ feedback information to know the decoding results at the receiving UE. If the blind retransmission is not successful with HARQ feedback information, the HARQ-based retransmission should be after blind retransmissions. The number of blind retransmissions can be based on the QoS requirements, CBR, interference impact. Besides the issues for blind retransmissions, the number of the HARQ-based retransmission can be restricted with the upper limit latency. 
Proposal 20: In the mixed blind and feedback-based scheme at the TX UE, the blind retransmission scheme utilizing HARQ feedback should be used firstly, and the HARQ-based retransmission should be after blind retransmissions.
· The number of blind retransmissions can be based on the QoS requirements, CBR, interference impact. 
· Besides the issues for blind retransmissions, the number of the HARQ-based retransmission can be restricted with the upper limit latency.

Conclusion
In this contribution, the issues of Mode 2 resource allocation mechanism in NR-V2X are discussed. Particularly, we have the following observations and proposals:
Proposal 1:  should be 1/1/2/2 physical slots respectively for =0, 1, 2, 3, where  is obtained from the higher-layer parameter subcarrierSpacing-SL.
Proposal 2:  should be  physical slots where  is obtained from the higher-layer parameter subcarrierSpacing-SL.
Proposal 3:  and   should be defined separately.
Proposal 4: is the sum of and  , which should be  physical slots.
Proposal 5: The reserved resources in the upcoming periods should be re-evaluated for the periodic services.
Proposal 6: For the periodic service, UE should perform re-evaluation at least at ‘m-T3’ of every period, and the reselected resources should be applied to all upcoming periods.
Proposal 7: The priority level should be configured to determine whether transmission(s) of the pre-selected but collided resources should be dropped if the timing restrictions cannot be met.
· If the UE’s priority is higher than or equal to the configured priority level, UE should continue transmitting on the collided resource(s).
· If the UE’s priority is lower than the configured priority level, UE should drop transmission(s) on the collided resource(s).
Proposal 8: Maximum RSRP threshold should be configured for the higher priority UE in pre-emption mechanism.
Proposal 9: The re-selected resource of pre-empted resource should be applied to the upcoming periods.
Proposal 10: If the reselection of pre-empted resources could not ensure timing restrictions, with the configured priority level, the lower priority UE should drop the collided transmissions.
Proposal 11: The power boosting or reduction for the pre-emption scheme should not be supported.
Proposal 12: In step 2, if more than one transmission for a TB is applied, the slots interval between 2 selected neighbouring resources should be less than 32 slots and Nselected should be greater than 1.
Observation 1: When pre-emption scheme was used with the aperiodic traffic model in TR 37.885 in the system level simulation, X% = 30% can achieve best PRR performance and lowest TB collision probability than X% = 20%. 
Proposal 13: The X% should be (pre-)configurable to provide sufficient flexibility for different deployment scenarios.
Proposal 14: The X% can be configured as follows:
· The value of X can be changed according to the number of resources selected for potential transmissions for one TB.
· K% can be configured from the high layer for one resource per resource pool, and n*K% for n resources. 
Proposal 15: In Step 1, when the ratio of identified candidate resources to the total number of resources in the window [T1, min((31-Tproc0), T2)] is less than X%, all configured S-RSRP thresholds are increased by Y dB and the resource identification procedure is repeated. 
Proposal 16: The sub-set of the configured period values should be supported to resolve the excessive resource exclusion problem in the skipping procedure. 
Proposal 17: Based on the configured probability per resource pool, a portion of (re-)transmissions should be applied in the skipping procedure to resolve the excessive resource exclusion problem.
Proposal 18: Option3 should be supported. When periodic reservations are enabled in a resource pool, a separate field of ceil(log2(Nmax)) bit in the first stage SCI indicates a resource index for the purpose of backward indication.
Proposal 19: The mixed blind and feedback-based scheme should be supported and the counter of the maximum retransmissions applies to the combined total number.
Proposal 20: In the mixed blind and feedback-based scheme at the TX UE, the blind retransmission scheme utilizing HARQ feedback should be used firstly, and the HARQ-based retransmission should be after blind retransmissions.
· The number of blind retransmissions can be based on the QoS requirements, CBR, interference impact. 
· Besides the issues for blind retransmissions, the number of the HARQ-based retransmission can be restricted with the upper limit latency.
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