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Introduction
In RAN1 #98bis meeting, the following agreements were achieved [1]:
[bookmark: OLE_LINK59][bookmark: OLE_LINK60]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
· 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
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]Agreements:
· Resource (re-)selection procedure supports re-evaluation of Step 1 and Step 2 before transmission of SCI with reservation
· The re-evaluation of the (re-)selection procedure for a resource reservation signalled in a moment ‘m’ is not required to be triggered at moment > ‘m – T3’ (i.e. resource reselection processing time needs to be ensured)
· FFS condition to change resource(s) from previous iteration to resource(s) from current iteration
· FFS relationship of T1 and T3, if any
· FFS whether to handle it differently for blind and feedback-based retransmission resources
Agreements:
· In Step 1, initial L1 SL-RSRP threshold for each combination of pi and pj is (pre-)configured, where pi - priority indication associated with the resource indicated in SCI and pj - priority of the transmission in the UE selecting resources
[bookmark: OLE_LINK96][bookmark: OLE_LINK105]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
[bookmark: OLE_LINK125][bookmark: OLE_LINK126][bookmark: _Hlk23942299]Agreements:
· Support a resource pre-emption mechanism for Mode-2
· A UE triggers reselection of already signaled resource(s) as a resource reservation in case of overlap with resource(s) of a higher priority reservation from a different UE and, SL-RSRP measurement associated with the resource reserved by that different UE is larger than an associated SL-RSRP threshold
· Only the overlapped resource(s) is/are reselected
· FFS
· the timeline for reselection
· other details
· FFS whether or not to support other potential UE behaviour (e.g, power boosting/reduction)
· This mechanism can be enabled or disabled, per resource pool
· FFS details

After RAN1 #98bis meeting, the latest progress of the following email discussion has been summarized as follows: 
· [98b-NR-14] Same and different number of sub-channels between transmissions of a TB[bookmark: OLE_LINK38][bookmark: OLE_LINK44][bookmark: _Hlk24013598]Proposals:
· Support at least an initial transmission and reservation of the resource(s) for retransmission(s) to have the same number of sub-channels
· To down-select in the early week of RAN1#99 one of the following: 
· [bookmark: OLE_LINK29][bookmark: OLE_LINK37]Alt. 1-1: Support a single sub-channel PSCCH+PSSCH reserving resource(s) for retransmission(s) of a TB with a larger number of sub-channels, where PSSCH REs are occupied by 2nd stage SCI and by SCH 
· 1 bit indication is carried in 1st stage SCI to distinguish the single sub-channel
· TBS is determined based on number of sub-channels indicated for reserved resource(s)
· RV is determined based on explicit field in 2nd stage SCI (as agreed)
· Alt. 1-2: Support a single sub-channel PSCCH+PSSCH reserving resource(s) for the initial transmission and possibly retransmission(s) of a TB with a larger number of sub-channels, where all available PSSCH REs in the single sub-channel PSCCH+PSSCH are occupied only by 2nd stage SCI 
· 1st stage SCI indicates that PSSCH REs are occupied by 2nd stage SCI
· Alt. 2: Do not support the different number of sub-channels between initial transmission and reservation of resource(s) for retransmission(s) 
· Alt 1 is not supported in this case
· Companies are encouraged to provide more analysis and evaluations for the above 3 alternatives


· [98b-NR-15] Maximum number of reserved resources for a TBProposal 1
· When reservation of a sidelink resource for an initial transmission of a TB at least by an SCI associated with a different TB is disabled, NMAX is 3 
· SCI signaling is designed to allow to indicate 1 or 2 or 3 resources at least of the same number of sub-channels with full flexibility in time and frequency position in a window W of a resource pool 
· FFS: if full flexibility is limited in some cases
· Value 2 or 3 is (pre-)configured per resource pool
· FFS size of window W

Proposal 2
· 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, down-select in RAN1#99 from the following: 
· Option. 1-a. A period > W is additionally signaled in SCI and the same reservation is applied with respect to resources indicated within NMAX within window W at subsequent periods 
· FFS number of subsequent reservation periods
· FFS NMAX is always same regardless if a period > W is additionally signaled or not for SCI size perspective. 
· Option. 1-b. A time gap > W is additionally signaled in SCI and the same reservation is applied with respect to resources indicated within NMAX within window W at resources indicated by the time gap 
· FFS NMAX is always same regardless if a time gap > W is additionally signaled or not for SCI size perspective. 
· Option. 2. There is no additional field (NDI and HARQ ID are used at the moment of SCI reception) to distinguish reservation for another TB), and at least one of NMAX resources can be signaled beyond window W


· [bookmark: OLE_LINK9][bookmark: OLE_LINK10][98b-NR-16] Resource selection and sensing windows boundsProposal 1
· [bookmark: OLE_LINK11][bookmark: OLE_LINK12][bookmark: OLE_LINK74]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
Proposal 2
· A UE is expected to select resources for all intended (re-)transmissions within the PDB, i.e. the number of intended (re-)transmissions is an input to the resource (re-)selection procedure

In this contribution, the issues of Mode 2 resource allocation mechanism in NR-V2X are discussed. 
Discussion on the Mode 2 resource allocation mechanism
[bookmark: OLE_LINK39][bookmark: OLE_LINK40]Sensing window· For a given time instance n when resource (re-)selection and re-evaluation procedure is triggered 
· [bookmark: OLE_LINK13][bookmark: OLE_LINK14]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
· Time instances n, T0, T1, T2, T2min are measured in slots, FFS Tproc,0 and Tproc,1

In the email discussion [98b-NR-16][4], the sensing window is defined as follows:
[bookmark: OLE_LINK61][bookmark: OLE_LINK62][bookmark: OLE_LINK65][bookmark: OLE_LINK66][bookmark: OLE_LINK75][bookmark: OLE_LINK76][bookmark: OLE_LINK15][bookmark: OLE_LINK17][bookmark: OLE_LINK20][bookmark: OLE_LINK21]Tproc,0 is related to the receiving processing time according to the UE’s capability, and Tproc,0 is not necessary to be measured in slots. If UE want to trigger resource (re-)selection and re-evaluation procedure in time instance n, the sensing results should be achieved from the sensing window [n – T0, n – Tproc,0). The sensing results in the duration of [n – Tproc,0, 0] cannot be provided for the TX UE to select resources in time instance n.
[bookmark: OLE_LINK81][bookmark: OLE_LINK82]Proposal 1: Tproc,0 is related to the receiving processing timing according to the UE’s capability, and Tproc,0 is not necessary to be measured in slots.
T0 is (pre-)configured as the front edge of the sensing window. The value of T0 should consider the impact of the periodic and aperiodic V2X services. 
[bookmark: OLE_LINK7][bookmark: OLE_LINK8][bookmark: OLE_LINK24][bookmark: OLE_LINK25]The principles of the sensing in LTE-V2X can be reused for the periodic services. The longest period of the periodic services should be utilized as the longest reservation interval in the sensing window.
If the TB is transmitted multiple times with the resource reservation information in SCI for the retransmission, the occupation of retransmission(s) of the same TB can be indicated in the selection-window for aperiodic service.  The variation of the traffic arrival is computed comparing to the average of service traffic arrival 
[bookmark: OLE_LINK34][bookmark: OLE_LINK36]For the mixed services (periodic and aperiodic services co-exist) scenarios, the maximum duration of the sensing window defined by the periodic or the aperiodic services should be configured. 
Based on the above analysis, the duration of the sensing window in NR-V2X should be configurable according to the supported V2X service in the scenario.
[bookmark: OLE_LINK63][bookmark: OLE_LINK64][bookmark: OLE_LINK67][bookmark: OLE_LINK68][bookmark: OLE_LINK73]Proposal 2: The duration of the sensing window in NR-V2X should be configurable according to the supported V2X service types in the scenario.
· Periodic services: The longest period of the periodic services.
· Aperiodic services: Variation of traffic arrival and the latency.
· Mixed services: The maximum duration of the sensing window defined by the periodic or the aperiodic services should be configured.
Proposal 3: T0 can be calculated as the difference of the duration of the sensing window and Tproc,0 .

[bookmark: _Ref23951437][bookmark: OLE_LINK47][bookmark: OLE_LINK48]Resource re-selection supports re-evaluationAgreements:
· Resource (re-)selection procedure supports re-evaluation of Step 1 and Step 2 before transmission of SCI with reservation
· [bookmark: OLE_LINK77][bookmark: OLE_LINK78]The re-evaluation of the (re-)selection procedure for a resource reservation signalled in a moment ‘m’ is not required to be triggered at moment > ‘m – T3’ (i.e. resource reselection processing time needs to be ensured)
· [bookmark: OLE_LINK101][bookmark: OLE_LINK102]FFS condition to change resource(s) from previous iteration to resource(s) from current iteration
· FFS relationship of T1 and T3, if any
· [bookmark: OLE_LINK103][bookmark: OLE_LINK104]FFS whether to handle it differently for blind and feedback-based retransmission resources


[bookmark: OLE_LINK123][bookmark: OLE_LINK124][bookmark: OLE_LINK69]In RAN1 #98bis, the following agreements were achieved [1]: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
· 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

[bookmark: OLE_LINK30][bookmark: OLE_LINK31]In the email discussion [98b-NR-16][4], the sensing window is defined as follows:

[bookmark: OLE_LINK83][bookmark: OLE_LINK84]Tproc,1 is related to the transmitting processing time according to the UE’s capability, and Tproc,1 is not necessary to be measured in slots. 
Proposal 4: Tproc,1 is related to the transmitting processing timing according to the UE’s capability, and Tproc,1 is not necessary to be measured in slots.
In LTE-V2X, the resource selection is triggered by the TB arrival. At the time instance n, the receiving and processing with the results in the sensing window start, and follow by the transmitting operations, such as resource allocation, modulation, encode, etc. 
[bookmark: OLE_LINK99][bookmark: OLE_LINK100][bookmark: OLE_LINK93][bookmark: OLE_LINK94]With the re-evaluation in NR-V2X, if the resources occupied by the different UEs are considered as overlapped (partial overlapped or full overlapped), the resource reselection may be triggered. The selected resources are different to that of  previous iteration in resource selection  to resource(s) from current iteration in resource re-selection.
Proposal 5: If the resources occupied by the different UEs are considered as overlapped (partial overlapped or full overlapped), the resource reselection may be triggered.
[bookmark: OLE_LINK85][bookmark: OLE_LINK86]If the re-evaluation of the (re-)selection procedure is triggered for a resource reservation signaled in a moment ‘m’, T3 should be considered as the sum of the receiving time (Tproc,0) and transmitting time (Tproc,1). Because the resource reselection triggered after the processing of the sensing results at the time instance n, T3 should be partitioned to two time instances to Tproc,0 and Tproc,1 separately.
Proposal 6: T3 should be considered as the sum of the receiving time (Tproc,0) and transmitting time (Tproc,1).
[bookmark: OLE_LINK97][bookmark: OLE_LINK98][bookmark: OLE_LINK118]Proposal 7: Tproc,0 and Tproc,1 are defined separately.
Though the email discussion 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. In nature, 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 the resource selection to avoid the unnecessary implementation complexity.
Proposal 8: The timeline of resource re-selection should align with 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 re-selection and re-evaluation differently for blind and feedback-based retransmission resources.
Proposal 9: It is not necessary to handle the resource re-selection and re-evaluation differently for blind and feedback-based retransmission resources.
The following comparative analysis of the resource reselection supports re-evaluation based on the sensing results is provided with the system-level simulation results in the highway 140 km/h scenarios. The detailed system-level simulation assumptions are summarized in Annex A.
	20 MHz, Highway 140 km/h, broadcast
	20 MHz, Highway 140 km/h, groupcast
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Fig. 1 The PRR of 140km/h highway scenario with broadcast/groupcast services using resource re-selection supports re-evaluation.
In Fig. 1, the resource re-evaluation is based on the RSRP threshold with -75 dBm, and the feedback distance for groupcast is 400 m. When the receiving RSRP is higher than -75 dBm and the overlapped resources is sensed, the random re-selection is triggered between the UEs with resource collision. It can be observed that PRR of both the period services without re-selection (SPS) and aperiodic services without re-selection (Dynamic) can be obviously improved with resource re-selection and re-evaluation (Periodic services: SPS+STS; Aperiodic services: Dynamic+STS) in highway 140 km/h scenarios with broadcast and groupcast services. At 200/300 m, the performance gain achieved by the resource re-selection and re-evaluation is summarized in the following table:
Table 1 Performance gain using resource re-selection and re-evaluation
	Highway 140 km/h
	Services type
	200 m, performance gain using resource re-selection and re-evaluation
	300 m, performance gain using resource re-selection and re-evaluation

	broadcast
	Periodic services
	5.7%
	9.5%

	
	Aperiodic services
	6.9%
	11.3%

	groupcast
	Periodic services
	3.9%
	9.4%

	
	Aperiodic services
	4.5%
	7.6%


Observation 1: PRR of both the period services without re-selection and aperiodic services without re-selection can be obviously improved with resource re-selection and re-evaluation in highway 140 km/h scenarios with broadcast and groupcast services.
Proposal 10: Resource re-selection and re-evaluation should be supported to improve the system performance.
Pre-emption
In RAN1 #98bis meeting, the following agreements were achieved [1]:Agreements:
· Support a resource pre-emption mechanism for Mode-2
· A UE triggers reselection of already signaled resource(s) as a resource reservation in case of overlap with resource(s) of a higher priority reservation from a different UE and, SL-RSRP measurement associated with the resource reserved by that different UE is larger than an associated SL-RSRP threshold
· Only the overlapped resource(s) is/are reselected
· FFS
· the timeline for reselection
· other details
· FFS whether or not to support other potential UE behaviour (e.g, power boosting/reduction)
· This mechanism can be enabled or disabled, per resource pool
· FFS details


The implicit scheme of pre-emption in LTE-V2X can rely on the 64 S-RSRP thresholds based on the TX/RX priorities (PPPP). When the priority is higher, the S-RSRP threshold is set to be higher [2].
[bookmark: OLE_LINK129][bookmark: OLE_LINK130]In fact, the RSRP-based pre-emption scheme can provide more resources relatively (access opportunities) for higher priority services. If the system load is high, the SL RSRP-threshold may be increased for both low priority and high priority UEs, the candidate resources may be selected similarly for both low priority and high priority UEs. Meanwhile, the relative low TX-RX priority can be configured with low RSRP-threshold, but the relative high TX-RX priority can be configured with high RSRP-threshold. Even with same RX RSRP, the higher priority UE occupied resources may be considered as idle to be selected by the other UEs.
Based on the above analysis, the following issues should be discussed for the pre-emption scheme in NR-V2X:
1) Resource exclusion based on RSRP
2) Resource allocation 
3) The timeline of pre-emption
4) [bookmark: OLE_LINK159][bookmark: OLE_LINK160][bookmark: OLE_LINK161][bookmark: OLE_LINK162]Power boosting or reduction
5) Enable or disable for resource pool
[bookmark: OLE_LINK131][bookmark: OLE_LINK132][bookmark: OLE_LINK157][bookmark: OLE_LINK158]Resource exclusion based on RSRP
The priority level of RX high priority threshold should be configured from the upper layer or pre-configured.
[bookmark: OLE_LINK149][bookmark: OLE_LINK150]For the high priority RX UE, the resource occupation in the sensing window should be determined by the following method:
· [bookmark: OLE_LINK137][bookmark: OLE_LINK138][bookmark: OLE_LINK151][bookmark: OLE_LINK152]Option 1: Successfully decoding SCI directly (The RSRP threshold is not considered).
· Option 2: The maximum RSRP threshold of different RX priority level.
[bookmark: OLE_LINK143][bookmark: OLE_LINK144]Option 1 can guarantee the high priority UE employ the resources. Option 2 is based on RSRP threshold with upper limit and the impact of the increasing RSRP threshold should be considered. 
For the low priority UE, the resource exclusion can reuse LTE-V2X scheme of iteration of increasing RSRP threshold.
For the pre-emption, the resource (re-)selection should consider the low priority UE to avoid select the overlapped resources with high priority UE.
[bookmark: OLE_LINK153][bookmark: OLE_LINK154]The potential solutions of forming candidate resource set may be considered as follows:
· [bookmark: OLE_LINK139][bookmark: OLE_LINK140][bookmark: OLE_LINK145][bookmark: OLE_LINK146]Option 1: Without considering RSRP, the resources occupation is determined by the successfully decoding SCI directly. Both the resource occupied by low priority UE and empty resources are   the candidate resource set.
· [bookmark: OLE_LINK155][bookmark: OLE_LINK156][bookmark: OLE_LINK141][bookmark: OLE_LINK142][bookmark: OLE_LINK147][bookmark: OLE_LINK148]Option 2: 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.
Option 1 mixes the empty resource and resource occupied by low priority UEs, the large resource pool might cause the collision in resource selection and degrade the system performance. Option 2 is based on the increasing RSRP threshold. The resources occupied by low priority UE with lower configured RSRP threshold can be added into the candidate resource set after the sensing.
[bookmark: _Ref23951818]Resource allocation
Based on the resource exclusion in section 2.3.1, the different candidate resource sets can be provided for the different TX priority. The TX UE can randomly select the available resources for the transmission with the candidate resource set.
The system level simulation is presented with the resource occupation in the sensing window method Option 1 (Successfully decoding SCI directly) and forming candidate resource set Option 2 (Reuse LTE-V2X scheme of increasing RSRP threshold).
	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. 2 The PRR of 140km/h highway scenario with broadcast services using pre-emption scheme for the different priority UEs
The PRR of pre-emption scheme for UEs with different priority (High priority UEs, low priority UEs, and all UEs) in 140km/h highway scenario with broadcast services are shown in Figure 2.  It can be observed that the pre-emption scheme can get the performance gain (about 5% for periodic services and 3% for aperiodic services) for high priority UEs than low priority UEs. Meanwhile, the performance gains for high priority UEs can also be achieved than the all UEs including high priority and low priority UEs. The degradation of PRR of low priority UEs (about 5% for periodic services and 2% for aperiodic services) at 300 m comparing to the PRR of all UEs can be acceptable.
Observation 2: The pre-emption scheme can get the performance gain (about 5% for periodic services and 3% for aperiodic services) for the high priority UEs than the low priority UEs. Meanwhile, the performance gains for the high priority UEs can also be achieved than the all UEs including high priority and low priority UEs.
Observation 3: The degradation of PRR of the low priority UEs (about 5% for periodic services and 2% for aperiodic services) at 300 m comparing to the PRR of all UEs can be acceptable.

[bookmark: OLE_LINK135][bookmark: OLE_LINK136]The timeline of pre-emption
[bookmark: OLE_LINK163][bookmark: OLE_LINK164]In section 2.2, the timeline of the overlapped resources triggered re-selection is discussed (RX triggered pre-emption and re-selection). The pre-emption of the overlapped resources only triggers the low priority UE to re-select, and the high priority UE will keep the selected resources. The timeline is same as section 2.2.
[bookmark: OLE_LINK165][bookmark: OLE_LINK166][bookmark: OLE_LINK167][bookmark: OLE_LINK168]For the emergency services (TX triggered pre-emption), the high priority UE will exclude the resource  selection as in section 2.3.1 and 2.3.2.  The timeline of the pre-emption is not different to the LTE-V2X resource selection scheme.
Proposal 11: RX triggered pre-emption and re-selection can follow the timeline of resource re-selection, and the TX triggered pre-emption can reuse the LTE-V2X resource selection scheme.

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 12: The power boosting or reduction for pre-emption scheme is not supported.
Enable or disable for resource pool
[bookmark: OLE_LINK169][bookmark: OLE_LINK170]If the supported services in the resource pool have different QoS requirements (e.g. priority, latency, etc.), the pre-emption scheme should be enabled. If the QoS requirements of the 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 13: The enable or disable the pre-emption scheme in the resource pool is based on the requirements of the supported services. The enable or disable pre-emption of the resource pool can be configured by the high layer or pre-configured.

Single sub-channel reservation scheme
In the email discussion [98b-NR-14][2], the single sub-channel reservation scheme is defined as follows:Proposals:
· To down-select in the early week of RAN1#99 one of the following: 
· [bookmark: OLE_LINK49][bookmark: OLE_LINK50]Alt. 1-1: Support a single sub-channel PSCCH+PSSCH reserving resource(s) for retransmission(s) of a TB with a larger number of sub-channels, where PSSCH REs are occupied by 2nd stage SCI and by SCH 
· 1 bit indication is carried in 1st stage SCI to distinguish the single sub-channel
· TBS is determined based on number of sub-channels indicated for reserved resource(s)
· RV is determined based on explicit field in 2nd stage SCI (as agreed)
· Alt. 1-2: Support a single sub-channel PSCCH+PSSCH reserving resource(s) for the initial transmission and possibly retransmission(s) of a TB with a larger number of sub-channels, where all available PSSCH REs in the single sub-channel PSCCH+PSSCH are occupied only by 2nd stage SCI 
· 1st stage SCI indicates that PSSCH REs are occupied by 2nd stage SCI
· Alt. 2: Do not support the different number of sub-channels between initial transmission and reservation of resource(s) for retransmission(s) 
· Alt 1 is not supported in this case
· Companies are encouraged to provide more analysis and evaluations for the above 3 alternatives

For the single sub-channel scheme, the following issues should be focused:
1) Overhead: The single sub-channel overhead may range at least from 4.7% (packet size 2000Bytes) to 20% (packet size 200 Bytes) and the overhead cannot be neglected. The range of the packet size is assumed from 200 to 2000 Bytes in 37.885 [6].  One transmission can occupy one sub-channel to five sub-channels with one TB up to four transmissions. For high system load scenarios, the increased system overhead introduced by the single sub-channel does not guarantee lower collision probability in the reserved resources from retransmission.
2) The impact to the sensing procedure: The different frequency size should be indicated in the single sub-channel transmission and the following retransmission. The reliability and SCI size may be different for initial and retransmission.  The sensing results could not depict the complete picture of channel occupancy due to asymmetrical channel occupancy.
3) The squeezing data into the single sub-channel: If the Alt. 1-1 is supported for HARQ time diversity gain, the encoding block needs to consider different versions of redundancy generation to optimize the incremental redundancy gain. 
4) The impact to the latency: For the stringent latency services, the gap between the single sub-channel and the nearest retransmission will consume the latency. The available resources for the selection may be decreased and may have impact to the performance. 
Based on the above analysis, without the throughout research and consolidated evaluation results, single sub-channel should not be supported now. 
Proposal 14: Alt. 1-1 and Alt. 1-2 should not be supported.
Retransmission reservation schemeProposal 1
· [bookmark: OLE_LINK4][bookmark: OLE_LINK18]When reservation of a sidelink resource for an initial transmission of a TB at least by an SCI associated with a different TB is disabled, NMAX is 3 
· [bookmark: OLE_LINK19][bookmark: OLE_LINK26]SCI signaling is designed to allow to indicate 1 or 2 or 3 resources at least of the same number of sub-channels with full flexibility in time and frequency position in a window W of a resource pool 
· FFS: if full flexibility is limited in some cases
· Value 2 or 3 is (pre-)configured per resource pool
· FFS size of window W
Proposal 2
· 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, down-select in RAN1#99 from the following: 
· Option. 1-a. A period > W is additionally signaled in SCI and the same reservation is applied with respect to resources indicated within NMAX within window W at subsequent periods 
· FFS number of subsequent reservation periods
· FFS NMAX is always same regardless if a period > W is additionally signaled or not for SCI size perspective. 
· Option. 1-b. A time gap > W is additionally signaled in SCI and the same reservation is applied with respect to resources indicated within NMAX within window W at resources indicated by the time gap 
· FFS NMAX is always same regardless if a time gap > W is additionally signaled or not for SCI size perspective. 
· [bookmark: OLE_LINK55][bookmark: OLE_LINK56]Option. 2. There is no additional field (NDI and HARQ ID are used at the moment of SCI reception) to distinguish reservation for another TB), and at least one of NMAX resources can be signaled beyond window W


In the email discussion [98b-NR-15][3], the retransmission reservation scheme is defined as follows:
[bookmark: OLE_LINK27][bookmark: OLE_LINK28]
· Proposal 2 in the above email discussion:
For option 1-a of the periodic services in NR-V2X, the reservation for the next TB should reuse LTE-V2X scheme. The number of subsequent reservation periods is same as that in LTE-V2X. Because NMAX is determined by the QoS and the interference conditions in the system, NMAX should be same regardless if a period > W is additionally signaled. With the restriction of the SCI size, NMAX may be decreased to adapt to the size of SCI.
[bookmark: OLE_LINK2][bookmark: OLE_LINK3]Proposal 15: For the periodic services in NR-V2X, the number of subsequent reservation periods is one same as LTE-V2X. NMAX should be same regardless if a period > W is additionally signaled, and NMAX may be decreased to adapt to the size of SCI.
For the option 1-b of the aperiodic services, the reservation for the next TB may consider the slot bundling in physical layer or the multiple transmission in parallel. The restriction of SCI size should be also considered.
Proposal 16: For the aperiodic services in NR-V2X, NMAX should be same regardless if a period > W is additionally signaled, and NMAX may be decreased to adapt to the size of SCI.
For the option 2, with the period/time gap, the reservation of another TB can be distinguished. There is no need to support the additional field to distinguish the reservation for another TB.
Proposal 17: There is no additional field to distinguish reservation for another TB.
Maximum number of retransmission(s)
[bookmark: OLE_LINK90][bookmark: OLE_LINK91]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]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 retransmission considering the worst scenarios, and feed-back based scheme can utilize the HARQ scheme (distance-based or RSRP-based) to decrease the unnecessary retransmissions to reduce the system interference and improve the system performance. 
Because the RV is defined as {0, 2, 3, 1} in NR-V2X, the multiple transmissions will be divided into different groups with 4 transmissions in one group. 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. 
[bookmark: OLE_LINK87][bookmark: OLE_LINK88]Based on the above analysis, the mixed blind and feedback-based scheme should not be supported.
Proposal 18: The mixed blind and feedback-based scheme should not be supported.
Slot bundling
Because the slot bundling handled in physical layer can save the overhead of the large packet segmented into different TB transmissions, the slot bundling scheme should be supported in NR-V2X.
[bookmark: OLE_LINK114][bookmark: OLE_LINK115]The reservation of the different TB of the same large packet can utilize the scheme in email discussion [98b-NR-15][3] proposal 2 Option 1-b.
Proposal 19: The slot bundling scheme should be supported in physical layer to save overhead, the reservation scheme of email discussion [98b-NR-15] proposal 2 Option 1-b should be supported.
Resource selection
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

[bookmark: OLE_LINK106][bookmark: OLE_LINK107]The proportion of the available resources in the selection window X% should be configurable, the detailed value of X% should be evaluated to balance the randomness of resource selection and the system performance of reliability. 
Proposal 20: The detailed value of X% should be evaluated to balance the randomness of resource selection and the system performance of reliability. 
[bookmark: OLE_LINK110][bookmark: OLE_LINK111][bookmark: OLE_LINK108][bookmark: OLE_LINK109]In the pre-emption scheme (section 2.3 in this contribution), the stopping RSRP threshold increment or not considering the RSRP threshold in the sensing window should be supported.
Proposal 21: The stopping RSRP threshold increment or not considering the RSRP threshold in the sensing window should be supported in the pre-emption scheme.

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: Tproc,0 is related to the receiving processing timing according to the UE’s capability, and Tproc,0 is not necessary to be measured in slots.
Proposal 2: The duration of the sensing window in NR-V2X should be configurable according to the supported V2X service types in the scenario.
· Periodic services: The longest period of the periodic services.
· Aperiodic services: variation of traffic arrival  o and the latency.
· Mixed services: the maximum duration of the sensing window defined by the periodic or the aperiodic services should be configured.
Proposal 3: T0 can be calculated as the difference of the duration of the sensing window and Tproc,0 .
Proposal 4: Tproc,1 is related to the transmitting processing timing according to the UE’s capability, and Tproc,1 is not necessary to be measured in slots.
Proposal 5: If the resources occupied by the different UEs are considered as overlapped (partial overlapped or full overlapped), the resource reselection may be triggered.
Proposal 6: T3 should be considered as the sum of the receiving time (Tproc,0) and transmitting time (Tproc,1).
Proposal 7: Tproc,0 and Tproc,1 are defined separately.
Proposal 8: The timeline of resource re-selection should align with the resource selection.
Proposal 9: It is not necessary to handle the resource re-selection and re-evaluation differently for blind and feedback-based retransmission resources.
Observation 1: PRR of both the period services without re-selection and aperiodic services without re-selection can be obviously improved with resource re-selection and re-evaluation in highway 140 km/h scenarios with broadcast and groupcast services.
Proposal 10: Resource re-selection and re-evaluation should be supported to improve the system performance.
Observation 2: The pre-emption scheme can get the performance gain (about 5% for periodic services and 3% for aperiodic services) for the high priority UEs than the low priority UEs. Meanwhile, the performance gains for the high priority UEs can also be achieved than the all UEs including high priority and low priority UEs.
Observation 3: The degradation of PRR of the low priority UEs (about 5% for periodic services and 2% for aperiodic services) at 300 m comparing to the PRR of all UEs can be acceptable.
Proposal 11: RX triggered pre-emption and re-selection can follow the timeline of resource re-selection, and the TX triggered pre-emption can reuse the LTE-V2X resource selection scheme.
Proposal 12: The power boosting or reduction for pre-emption scheme is not supported.
Proposal 13: The enable or disable the pre-emption scheme in the resource pool is based on the requirements of the supported services. The enable or disable pre-emption of the resource pool can be configured by the high layer or pre-configured.
Proposal 14: Alt. 1-1 and Alt. 1-2 should not be supported.
Proposal 15: For the periodic services in NR-V2X, the number of subsequent reservation periods is one same as LTE-V2X. NMAX should be same regardless if a period > W is additionally signaled, and NMAX may be decreased to adapt to the size of SCI.
Proposal 16: For the aperiodic services in NR-V2X, NMAX should be same regardless if a period > W is additionally signaled, and NMAX may be decreased to adapt to the size of SCI.
Proposal 17: There is no additional field to distinguish reservation for another TB.
Proposal 18: The mixed blind and feedback-based scheme should not be supported.
Proposal 19: The slot bundling scheme should be supported in physical layer to save overhead, the reservation scheme of email discussion [98b-NR-15] proposal 2 Option 1-b should be supported.
Proposal 20: The detailed value of X% should be evaluated to balance the randomness of resource selection and the system performance of reliability. 
Proposal 21: The stopping RSRP threshold increment or not considering the RSRP threshold in the sensing window should be supported in the pre-emption scheme.
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Annex eV2X System Level Evaluation Assumptions
	Parameter
	Value

	Deployment scenario
	Highway:  Option A scenario 
· Vehicle speed = 140 km/h

	Channel model
	Sidelink: Highway-LOS 

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

	Subcarrier spacing
	30 kHz

	Traffic model
	Aperiodic: 
· 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
Periodic: 
· Packet size: Packet size: 1200 bytes with probability of 0.2 and 800 bytes with probability of 0.8
· Inter-packet arrival time: 100 ms
· Latency requirement: 100 ms

	Physical channel structure
	Option 3

	SCI/Data frequency resource allocation
	· PSCCH: 10 PRB, 3 OS
· PSSCH of aperiodic: [10, 20, 30, 40, 50] PRB for packet size of [400, 800, 1200, 1600, 2000] Bytes
· PSSCH of periodic: 30 PRB for packet size of [800, 1200] 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)
Periodic variable packet size evaluations: 
· 800 Byte packet: 16-QAM, 1 TTI (CR = 0.444)
· 1200 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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