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Introduction
In RAN1 #100 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-)selection operation
2) Resource re-selection procedure with re-evaluation
3) Pre-emption scheme
4) Retransmission reservation scheme
5) Mixed blind and feedback-based scheme
Discussion on the Mode 2 resource allocation mechanism
Resource (re-)selection operation
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]20% available resource limitation
In RAN1 #98bis meeting, the following agreements were achieved [1]: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. 1, Fig. 2 and Fig. 3. 
In Highway 140 km/h scenario with aperiodic traffic model in TR 37.885 [2], 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.
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Fig.1 PRR performance for only high-priority UEs
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Fig.2 PRR performance for only low-priority UEs
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Fig.3 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 1: The X% should be (pre-)configurable to provide sufficient flexibility for different deployment scenarios.
The ratio of candidate resources in resource selection window in LTE-V2X equals to X = 20%. There is an open issue whether to support other X values. In our view, the value of X can be changed according to the number of resources selected for potential transmissions for one TB. For example, K% can be configured from the higher layer for one resource per resource pool, and n*K% for n resources.
Proposal 2:
· 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. 

Early in time resource selection
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 one has only periodic reservation information. An example is shown in Fig. 4 below, in which blue blocks represent aperiodic reservations, and yellow blocks represent periodic reservations. 
[image: ]
Fig. 4 Two sub-windows [T1, (31-Tproc0)] and [(32-Tproc0), T2]
When T2 > (31-Tproc0), Step1 identification procedure has 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 3: 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. 
In RAN1 #100 e-meeting [3], there is an open issue of early in time for the resource selection. Considering the early in time selected resource can improve the latency, the early in time resource selection scheme may be supported. 
The resource selection window can be divided into several sub-windows with equal size according to the number of resources (N) selected for one TB.   The initial transmission can randomly select the candidate resources in the first sub-window [T1, T1+(T2-T1)/N] shown in the Fig. 5, where N refers to the total number of resources selected for one TB. As shown in Fig. 5, the yellow blocks represent candidate resources. 
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Fig. 5 The first sub-window [T1, T1+(T2-T1)/N] in resource selection window
Proposal 4: In Step2, initial transmission is selected randomly from the candidate resources in the sub-window [T1, T1+(T2-T1)/N], where N refers to the total number of resources selected for one TB.
[bookmark: OLE_LINK47][bookmark: OLE_LINK48][bookmark: OLE_LINK30][bookmark: OLE_LINK31]
Process of skipping slot(s)
For skipping resources procedure, the following three issues are discussed. 
1. Configuration of the period values in [1:99]
In RAN1 #100 meeting, the following agreements were achieved [3]:
Different set of configured period values can result in different number of slots excluded in the skipping resources procedure. The impact of different sets of configured period values are shown in the following examples,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

1) Example 1: The period of TX UE is 100 ms, and selection procedure is triggered at slot n, and the slot n-15 is not monitored by the TX UE due to half-duplex impact.
Table 1 The excluded slots with different period values
	
	Set of period values(ms)
	Slots excluded

	Case 1
	[0, 10, 20, 40, 80, 100, 200, 300, 400, 500, 600, 700, 800, 900, 1000]
	[5, 25, 45, 65, 85]

	Case 2
	[0, 11, 21, 41, 81, 100, 200, 300, 400, 500, 600, 700, 800, 900, 1000]
	[6, 26, 27, 48, 66, 67, 69, 85, 90]


Observation 2: The number of slots excluded in the skipping resources procedure depends on whether the period values in [1:99] have the multiple or LCM (Least Common Multiple) relationship.

2) Example 2: Selection procedure is triggered at slot n, and the slot n-15 is not monitored by the TX UE due to half-duplex.
Table 2 The excluded slots with different period values of selecting UE
	
	Period value of selecting UE (ms)
	Set of period values (ms)
	Slots excluded

	Case 1
	80
	[0, 80, 100, 200, 300, 400, 500, 600, 700, 800, 900, 1000]
	[5, 25, 45, 65]

	Case 2
	81
	[0, 81, 100, 200, 300, 400, 500, 600, 700, 800, 900, 1000]
	[4, 13, 18, 23, 37, 42, 56, 61, 66, 75, 80]


In Case 1, the GCD (Greatest Common Divisor) of 80 and 100 is 20, and the LCM of 80 and 100 is 400. In Case 2, the GCD of 81 and 100 is 1, and the LCM of 81 and 100 is 8100;
Observation 3: The number of slots excluded in the skipping resources procedure depends on the greatest common divisor and least common multiple of the period value of UE in [1:99] and 100.
Proposal 5: Taking into account the following two principles to configure the period values in [1:99]:
· The period values are derived from multiply or LCM relationship between two values in the set.
· The period values are derived from maximizing the GCD of the period value and 100 and minimizing the LCM of the period value and 100.

2. Skipping the full or partial resources
In order to improve the reliability in NR-V2X, one TB can support HARQ processing up to 32 transmissions.   Excessive resources would be excluded in the skipping resources procedure from the transmitter perspective, and less SCI of other UEs would be omitted from the receiver perspective. Comparing with LTE-V2X, the reservation indications not monitored by the UE due to half-duplex constraint are mostly periodic, in NR-V2X the invalid reservation indications could be periodic or aperiodic. Therefore, skipping resources procedure is less beneficial in NR-V2X comparing to that in LTE-V2X. The pre-excluded slots in pre-excluded skipping resources procedure should be partially excluded to avoid excessive resource exclusion.
Proposal 6: For each transmission in the sensing window of the UE, a random number 0≤R≤1 is generated. Only if  R ≤ K, skipping resources procedure is triggered to exclude the corresponding NR-V2X slot, where K is (pre)-configured per resource pool. When K=1, the legacy skipping resources procedure is fully triggered; when K=0, the skipping resources procedure is not conducted.

3. Release of excluded resource in the skipping resources procedure
When resource selection procedure failed, the resources excluded in the skipping resources procedure can be released.  This can be regarded as candidate resource in retriggering the resource identification procedure. 
The remaining issue is which resources are permitted to release. Two potential schemes could be used. The first one is to exclude resources corresponding to one of the transmissions by the selecting UE, which is randomly selected and the resources to release corresponding to the other transmissions by the same UE. The second one is to collect the number of SCI for each period monitored in sensing window, and prioritize releasing the resources corresponding to the period with smaller value.
Proposal 7: Two potential schemes for releasing resource excluded in the skipping resources procedure are provided as follows:
· Option 1: Exclude resources corresponding to one of the transmissions of the selecting UE, which is randomly selected and the resources to release corresponding to the other transmissions by the same UE. 
· [bookmark: _GoBack]Option 2: Collect the number of SCI for each period monitored in sensing window, and prioritize releasing the resources corresponding to the period with smaller value.

[bookmark: _Ref23951437][bookmark: _Ref32462]Resource re-selection procedure with re-evaluation
[bookmark: OLE_LINK123][bookmark: OLE_LINK124][bookmark: OLE_LINK69]In RAN1#100 meeting, the following agreements were achieved [3]:
	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] [4], the sensing window is 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



The remaining issues should be discussed and clarified:
1. Timeline and relation of T3, Tproc,0, Tproc,1
Tproc,1 is related to the transmitting processing time according to the UE’s capability, and Tproc,1 should be specified in term of slots in order to reduce the complexity of resource (re-)selection because Tproc,1 will affect the size of resource (re-)selection window and the minimum granularity in time domain for resource allocation is defined in slots.
Proposal 8: Tproc,1 is related to the transmitting processing timing according to the UE’s capability, and Tproc,1 is measured in slots.
[bookmark: OLE_LINK85][bookmark: OLE_LINK86]If the (re-)selection procedure is triggered for a resource reservation signaled in a moment ‘m’, T3 should be considered as the total time of the receiving time (Tproc,0) and transmitting time (Tproc,1). While the resource reselection is triggered after the processing of the sensing results at the time instance n, T3 should be partitioned to two time instances Tproc,0 and Tproc,1 separately.
Proposal 9: T3 should be considered as the sum of the receiving time (Tproc,0) and transmitting time (Tproc,1).
[bookmark: OLE_LINK118][bookmark: OLE_LINK98][bookmark: OLE_LINK97]Proposal 10: Tproc,0 and Tproc,1 are defined separately.
Though the email discussion [3] has provided the timeline based on the given time instance n when resource (re-)selection and re-evaluation procedure is triggered, two different timelines may be presented for the resource selection and resource re-selection. The RX processing time and TX processing time is similar to the resource selection triggered by the TX TB arrival and resource re-selection triggered by the resource overlapping discovered by sensing. The timeline of resource re-selection should be aligned to that of the resource selection to avoid the unnecessary implementation complexity.
Proposal 11: The timeline of resource re-selection should align with that of the resource selection.
[bookmark: OLE_LINK119][bookmark: OLE_LINK120]Because the resource re-selection and re-evaluation is based on the sensing results, there is no difference for blind and feedback-based retransmission schemes. Therefore, it is not necessary to handle the resource exclusion and re-evaluation differently for blind and feedback-based retransmission resources.
Proposal 12: It is not necessary to handle the resource exclusion and re-evaluation differently for blind and feedback-based retransmission resources.

2. Remaining issues in re-evaluation
If performing step 1 in every slot before m-T3 is allowed in re-evaluation, UE may select new resource(s) in a larger resource selection window including the resources before m-T3, which enables a fast reselection and may reduce latency. 
Proposal 13: Re-evaluation of a pre-selected resource contained in a slot ‘k’ to be first time signaled in a slot ‘m’ (k ≥ m), Step 1 of the resource (re-)selection procedure is performed every slot before ‘m-T3’ and if the re-evaluated resource is not in the identified candidate resource set, Step 2 is triggered for reselection of the resource(s) which are not in the candidate resource set.
In NR-V2X, because the aperiodic services can occur at any time, the resource collision caused by the aperiodic services with the reserved or pre-empted resources may happen more frequently than that in LTE-V2X. The resource re-evaluation of the reserved or pre-empted resources should be supported to avoid the resource collision.
Proposal 14: Already reserved resources in upcoming periods can be re-evaluated for periodic services.
 Because the resource re-selection and re-evaluation is based on the sensing results, there is no difference for blind and feedback-based retransmission schemes. Therefore, it is not necessary to handle the resource exclusion and re-evaluation differently for blind and feedback-based retransmission resources.
Proposal 15: It is not necessary to handle the resource exclusion and re-evaluation differently for the resources for blind and HARQ-based retransmission.

Pre-emption
In RAN1#100 meeting, the following agreements were achieved [3]:
	Agreements:
· 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(s) to be used for transmission and/or reserved 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) reserved signaled in the SCI transmitted in slot ’m’ as well



The remaining issues should be discussed and clarified:
1. The timing of (re-)selection
In Fig.1, the resource of t2 is reserved by the SCI of t1. If re-selection procedure is triggered at t2-T3, then the resource used for transmission is not aligned with the resource indicated in SCI transmitted at t1 and will deteriorate the other UEs’ sensing. But if re-selection is triggered at t1-T3, the pre-empted UE can have more available resources earlier in time to re-select, thus can improve the performance of the lower priority UE. 
Proposal 16: Re-selection procedure for already reserved and pre-empted resource(s) signaled in the SCI in slot ‘m’ is not required to be triggered at moment > ‘m-T3’.


Fig. 6 Two triggers of re-selection in pre-emption
2. Pre-emption enabling/disabling
In RAN1 #100e, the following issues were discussed [5]: Proposal
· Option 1
· RRC signalling of pre-emption enabling in a resource pool supports priority dependent pre-emption activation
· For a given priority prioTX within a UE, configure a priority level pi associated with the resource indicated in SCI, pj > prioTX, which can trigger pre-emption
· Option 2
· RRC signalling of pre-emption enabling in a resource pool does not support priority dependent pre-emption activation
· For a given priority prioTX within a UE, any priority level pi associated with the resource indicated in SCI, pi > prioTX, can trigger pre-emption


If the supported services in the resource pool have different QoS requirements (e.g. priority, latency, etc.), the pre-emption scheme should be enabled to guarantee the performance of the higher priority services. If the QoS requirements of the supported services in the resource pool is similar, it is not necessary to enable the pre-emption scheme. The enable or disable pre-emption of the resource pool can be configured by the high layer or pre-configured.
Proposal 17: To enable or disable the pre-emption scheme in the resource pool is based on the requirements of the supported services. To enable or disable pre-emption of the resource pool can be configured by the high layer or pre-configured.
If the pre-emption is enabled in the resource pool, the higher priority UEs can pre-empt the resources of the lower priority UEs in the same resource pool when resource collision happens. RRC signalling of pre-emption enabling in a resource pool can trigger the pre-emption for a given priority prioTX within a UE and the priority level pi associated with the resource indicated in SCI if pj > prioTX. Thus, Option 2 should be supported. It is not necessary to support priority dependent pre-emption activation of per pool operation.
Proposal 18: RRC signaling of pre-emption enabling in a resource pool does not support priority dependent pre-emption activation
· For a given priority prioTX within a UE, any priority level pi associated with the resource indicated in SCI, pi > prioTX, can trigger pre-emption

3. Resource exclusion based on RSRP 
The threshold of high priority level in SCI should be (pre-)configured from the upper layer.
[bookmark: OLE_LINK149][bookmark: OLE_LINK150][bookmark: OLE_LINK137][bookmark: OLE_LINK138][bookmark: OLE_LINK151][bookmark: OLE_LINK152][bookmark: OLE_LINK144][bookmark: OLE_LINK143]If a Tx UE receives a high priority SCI, the occupied resource indicated in the SCI in the sensing window can be determined by successfully decoding SCI directly (The RSRP threshold is not considered). 
[bookmark: OLE_LINK155][bookmark: OLE_LINK156][bookmark: OLE_LINK141][bookmark: OLE_LINK142][bookmark: OLE_LINK147][bookmark: OLE_LINK148]If a Tx UE receives a low priority SCI, in pre-emption operation, the resource (re-)selection should reuse LTE-V2X scheme of increasing RSRP threshold. After the empty resources are added into the candidate resource set, the low priority UE occupied resources can be added into the candidate resource set by increasing RSRP threshold. The resource occupied by high priority UE would not be affect by the increase of RSRP threshold.
1) Resource reselection triggering 
The following two cases will be performed when a UE sensed a resource collision with a lower priority UE:
· Case 1: The lower priority UE can also sense the collision and perform resource reselection.
· Case 2: The lower priority UE cannot sense the collision and the two UEs transmit on the overlapped resource(s). 
According to the behavior of high priority UEs, there are two pre-emption schemes:
· Option 1: All UEs can trigger reselection.
· Option 2: Only lower priority UEs can trigger reselection.
In Fig. 7, the system-level simulation results show that Case 1 accounts for 20% and Case 2 accounts for 80% for periodic service, 90% for Case 1 and 10% for Case 2 for aperiodic service. The following comparative analysis of pre-emption supporting the reselection of higher priority UEs are provided with the system-level simulation results in the highway 140km/h scenarios.
It can be observed that PRR of lower priority and PRR of the evaluated system are improved and PRR of high priority is slightly degraded because of the reselection of higher priority UEs.  The gain from low priority UE with periodic service is more than that with aperiodic service because of the higher percentage of Case 2.
	20 MHz, Highway 140 km/h,
Periodic, High: Low = 5 : 5
	20 MHz, Highway 140 km/h,
Aperiodic, High: Low = 5 : 5
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Fig. 7 The PRR of 140km/h highway scenario with broadcast services using pre-emption scheme Option 1 and Option 2.
Table 3 Performance gain of supporting reselection of high priority UEs
	Services type
	Lower priority
	Higher priority
	Lower priority and Higher priority (System)

	Periodic services
	6.43%
	-1.98%
	2.19%

	Aperiodic services
	2.62%
	-1.69%
	0.54%



Observation 4: Comparing only supporting reselection of low priority UEs at 300m, the pre-emption scheme supporting reselections of both higher priority UEs and lower priority UEs for periodic services can achieve the 6.43% gain for lower priority and 2.19% for the evaluated system. Meanwhile, the degradation of PRR of higher priority is only about 1.98% which can be acceptable.
Proposal 19: The reselection of both higher priority and lower priority UEs in pre-emption scheme should be supported.

4. Power boosting or reduction
[bookmark: OLE_LINK116][bookmark: OLE_LINK117]Although power booting for high priority UE and power reduction for low 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 is not supported.
Proposal 20: The power boosting or reduction for pre-emption scheme is not supported.

Retransmission reservation scheme 
Backward indication in the resource reservation
In RAN1 #100e, the following options are provided to be down-selected [3]: 
	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. 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. If there is backward indication in SCI of the last transmission which indicating the reserved resource of the previous transmission, in the case of the SCI of the previous transmission is not successfully decoded while the SCI of the last transmission is successfully decoded, the RX UE could exclude the reserved resource for the previous transmission in the next period using the backward indication in SCI of the last transmission, so the probability of resource collision could be declined. 
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 reserve the previous transmission. For example, when the current transmission is the second transmission of the TB, if there is backward indication in SCI indicating the reserved resource of the previous transmission, that is the first transmission of the TB. In the case of the SCI of the first transmission is not successfully decoded while the SCI of the second transmission is successfully decoded, the RX UE could exclude the reserved resource for the first transmission in the next period using the backward indication in SCI of the second transmission. 
When NMAX = 2, a separate field of 1 bit in the first stage SCI is proposed to indicate the relative timing position of the second transmission. When NMAX = 3, there are possible three conditions for the relative timing position of the second and the third transmission comparing to the current transmission: 1) Both are in the past; 2) One is in the past and the other is in the future; 3) Both are in the future. In order to indicate the relative timing position of the second and the third transmission accurately in SCI content, a separate field of 2 bit in the first stage SCI is proposed to indicate the relative timing position of the second transmission and the third transmission.
Proposal 21: 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.

NMAX =2/3
In RAN1 #99 meeting, the following agreement were achieved [6]:Agreements:
· Support W to be equal to 32 slots

Because SCI for indicating time gap between the two reserved resource is to be signaled within W, any two selected resources in the resource selection window should be within W. Thus, any time gap of the two consecutive resources in the selection window must meet W. For example, when NMAX = 3, the time gap of the two furthest resources of the three consecutive reserved resources in selection window must meet W.
In RAN1#100-e, the following issues cannot achieve the agreements [3]:Proposal
· For a given resource selection within slots of resource pool, within a resource selection window, the distance in logical slots between any two selected resources among any <= N selected neighboring resources for potential SL transmission is less than 32
· N is 2 if NMAX = 2
· N is 2 or 3 if NMAX = 3, and is selected by a UE before performing resource selection
· Option 1: if NMAX = 3 is configured, actual N is (pre-)configured per priority
· Option 2: if NMAX = 3 is configured, N of 2 or 3 is up to UE implementation


NMAX = 2 or 3 can provide SCI with different reservation capacity and flexibility. For NMAX = 2, N is 2 and the reservation scheme can be chain-based reservation.  For NMAX = 3, if N = 2, the reservation scheme is same as NMAX = 2 and N = 2. It is not necessary to provide the flexibility for N = 2 or 3 when NMAX = 3. When NMAX = 3, N should be configured with 3 and should not be configured per priority or should not be up to UE implementation.
Proposal 22: For a given resource selection within slots of resource pool, within a resource selection window, the distance in logical slots between any two selected resources among any <= N selected neighboring resources for potential SL transmission is less than 32:
· N is 2 if NMAX = 2
· N is 3 if NMAX = 3, N is not (pre-)configured per priority and should not be up to UE implementation.

Mixed blind and feedback-based scheme
In RAN1 #98bis meeting, the following agreements were achieved [1]: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 neighboring 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. 
Based on the analysis in section 2.4, 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 4 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 neighboring transmissions 
· High complexity with resource selection
· The available candidate resources for multiple transmissions are decreased


With the analysis in Table 3, 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 23: 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 24: 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:
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 1: The X% should be (pre)configurable to provide sufficient flexibility for different deployment scenarios.
Proposal 2:
· 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 3: 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 4: In Step2, initial transmission is selected randomly from the candidate resources in the sub-window [T1, T1+(T2-T1)/N], where N refers to the total number of resources selected for one TB.
Observation 2: The number of slots excluded in the skipping resources procedure depends on whether the period values in [1:99] have the multiple or LCM (least common multiple) relationship.
Observation 3: The number of slots excluded in the skipping resources procedure depends on the greatest common divisor and least common multiple of the period value of UE in [1:99] and 100.
Proposal 5: Taking into account the following two principles to configure the period values in [1:99]:
· The period values are derived from multiply or LCM relationship between two values in the set.
· The period values are derived from maximizing the GCD of the period value and 100 and minimizing the LCM of the period value and 100.
Proposal 6: For each transmission in the sensing window of the UE, a random number 0≤R≤1 is generated. Only if  R ≤ K, skipping resources procedure is triggered to exclude the corresponding NR-V2X slot, where K is (pre)-configured per resource pool. When K=1, the legacy skipping resources procedure is fully triggered; when K=0, the skipping resources procedure is not conducted.
Proposal 7: Two potential schemes for releasing resource excluded in the skipping resources procedure are provided as follows:
· Option1: Exclude resources corresponding to one of the transmissions of the selecting UE, which is randomly selected and the resources to release corresponding to the other transmissions by the same UE. 
· Option2: Collect the number of SCI for each period monitored in sensing window, and prioritize releasing the resources corresponding to the period with smaller value.
Proposal 8: Tproc,1 is related to the transmitting processing timing according to the UE’s capability, and Tproc,1 is measured in slots.
Proposal 9: T3 should be considered as the sum of the receiving time (Tproc,0) and transmitting time (Tproc,1).
Proposal 10: Tproc,0 and Tproc,1 are defined separately.
Proposal 11: The timeline of resource re-selection should align with that of the resource selection.
Proposal 12: It is not necessary to handle the resource exclusion and re-evaluation differently for blind and feedback-based retransmission resources.
Proposal 13: Re-evaluation of a pre-selected resource contained in a slot ‘k’ to be first time signaled in a slot ‘m’ (k ≥ m), Step 1 of the resource (re-)selection procedure is performed every slot before ‘m-T3’ and if the re-evaluated resource is not in the identified candidate resource set, Step 2 is triggered for reselection of the resource(s) which are not in the candidate resource set.
Proposal 14: Already reserved resources in upcoming periods can be re-evaluated for periodic services.
Proposal 15: It is not necessary to handle the resource exclusion and re-evaluation differently for the resources for blind and HARQ-based retransmission.
Proposal 16: Re-selection procedure for already reserved and pre-empted resource(s) signaled in the SCI in slot ‘m’ is not required to be triggered at moment > ‘m-T3’.
Proposal 17: To enable or disable the pre-emption scheme in the resource pool is based on the requirements of the supported services. To enable or disable pre-emption of the resource pool can be configured by the high layer or pre-configured.
Proposal 18: RRC signaling of pre-emption enabling in a resource pool does not support priority dependent pre-emption activation
· For a given priority prioTX within a UE, any priority level pi associated with the resource indicated in SCI, pi > prioTX, can trigger pre-emption
Observation 4: Comparing only supporting reselection of low priority UEs at 300m, the pre-emption scheme supporting reselections of both higher priority UEs and lower priority UEs for periodic services can achieve the 6.43% gain for lower priority and 2.19% for the evaluated system. Meanwhile, the degradation of PRR of higher priority is only about 1.98% which can be acceptable.
Proposal 19: The reselection of both higher priority and lower priority UEs in pre-emption scheme should be supported.
Proposal 20: The power boosting or reduction for pre-emption scheme is not supported.
Proposal 21: 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 22: For a given resource selection within slots of resource pool, within a resource selection window, the distance in logical slots between any two selected resources among any <= N selected neighboring resources for potential SL transmission is less than 32:
· N is 2 if NMAX = 2
· N is 3 if NMAX = 3, N is not (pre-)configured per priority and should not be up to UE implementation.
Proposal 23: The mixed blind and feedback-based scheme should be supported and the counter of the maximum retransmissions applies to the combined total number.
Proposal 24: 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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Annex System Level Evaluation Assumptions
	Parameter
	Value

	Deployment scenario
	Highway:  Option A scenario [2]
· Vehicle speed = 140 km/h, 70km/h

	Channel model
	Sidelink: Highway-LOS [2]

	Spectrum allocation
	Carrier frequency: 6 GHz
Simulated Bandwidth:20 MHz

	Subcarrier spacing
	30 kHz

	Traffic model
	Aperiodic: Model 1 (medium traffic intensity) [2]
· Packet size: uniform in the range [400, 2000] Byte with quantization step of 400 Byte 
· Inter-packet arrival time: 50 ms + an exponential random variable with the mean of 50 ms
· Latency requirement: 50 ms

	Physical channel structure
	Option 3

	SCI/Data frequency resource allocation
	· PSCCH: 10 PRB, 3 OS
· PSSCH: [10, 20, 30, 40, 50] PRB for packet size of [400, 800, 1200, 1600, 2000] Bytes

	Data Packet Tx parameters
	Aperiodic variable packet size evaluations: 
· 400 Byte packet: 16-QAM, 1 TTI (CR = 0.667)
· 800 Byte packet: 16-QAM, 1 TTI (CR = 0.667)
· 1200 Byte packet: 16-QAM, 1 TTI (CR = 0.667)
· 1600 Byte packet: 16-QAM, 1 TTI (CR = 0.667)
· 2000 Byte packet: 16-QAM, 1 TTI (CR = 0.667)

	Channel coding 
	PSCCH: Polar code
PSSCH: LDPC

	Antenna configuration 
	(Tx, Rx) = (2, 4) 
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