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1. [bookmark: _Ref490222521][bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
[bookmark: OLE_LINK12][bookmark: OLE_LINK15]In RAN Plenary #83 meeting, the work item on 5G V2X with NR sidelink was agreed [1]. The objective of the work item is to specify radio solutions to support advanced V2X services based on the study outcome captured in TR 38.885 [2]. The following aspects of mode 2 resource allocation were listed.
	· Mode 2
· Sensing and resource selection procedures based on sidelink pre-configuration and configuration by NR Uu and LTE Uu as per the study outcome


In this contribution, we discuss mode 2 resource allocation, including the following topics: 
· Resource reservation for sidelink
· Sensing procedure
· Sidelink resource (re-)selection procedure
· Resource pool configuration based on zone
· Multi-slot scheduling
2. Resource reservation for sidelink
2.1. Resource reservation for initial transmission
	Agreements:
· 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: 
· 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


According to discussion and evaluation in RAN1 #98bis meeting, resource reservation for the initial transmission is beneficial for sensing to avoid collision. For alt 1, one sub-channel is used for carrying the reservation signal to reserve resource for the actual initial transmission. With regard to alt 2, the initial transmission is transmitted in the resource which is not pre-reserved which would result in more serious collision than alt 1. Therefore, we propose that alt 1 is supported. 
In order to identify the performance between alt 1 and alt 2, these two alternatives were evaluated. The detailed parameters can be found in Table 1:
· Alt 1: Single sub-channel for the initial transmission reserving a different number of sub-channels for retransmission.
· Alt 2: Same number of sub-channels for initial transmission and retransmission.

The evaluation results are shown below:
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	[bookmark: _Ref7598942]Figure 1 Average PRR of groupcast
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	[bookmark: _Ref16540594]Figure 2 Average PRR of unicast



It is observed that the performance of average PRR for alt 1 is better than that for alt 2.
[bookmark: _Ref21002460]Observation 1: The performance for alt 1 is better than that for alt 2.
Further, for down-selection between alt 1-1 and alt 1-2, alt 1-2 is preferred. The reason is as following. Alt 1-1 needs more PSSCH preparation time to prepare the single sub-channel transmission for reservation, while for alt 1-2, SCI and potential dummy bits are directly generated in the physical layer. Hence, alt 1-1 incurs less latency for resource selection preparation. Moreover, when HARQ-ACK feedback is enabled in the resource pool, the scheduling flexibility of alt 1-1 is less than alt 1-2. For alt 1-2, only SCI is transmitted, the RX UE does not need to feedback ACK/NACK to the TX UE, while for alt 1-1, the TX UE has to wait for the ACK/NACK before the next transmission. Therefore, resource scheduling for alt 1-2 is more flexible than alt 1-1. 
According to the above, we prefer alt 1-2 for resource reservation. 
[bookmark: _Ref24132271]Proposal 1: Regarding resource reservation by sub-channel PSCCH+PSSCH, Alt 1-2 should be supported.
2.2. Resource reservation for a different TB
	Agreements:
· 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, 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


During to the email discussion after RAN1 98bis meeting, it was discussed whether and how to reserve resources for a different TB, and the candidate options are given as in above agreements. In our opinion, Option 1-a should be supported, i.e., the same reservation is applied to other TBs. The main purpose of a period indication is to satisfy periodic traffic as in LTE V2X. Therefore, a field of resource reservation period (e.g., 4bits) should be indicated in the 1st stage SCI for periodic resource reservation, where each code point of the field points to a predefined or (pre-)configured period.
[bookmark: _Ref24023078]Proposal 2: When the reservation of sidelink resource for a different TB is enabled, option 1-a is supported, i.e., a period indication in the 1st SCI should be used. 
The number of subsequent resource periods could be determined by UE. The higher layers could restrict the range of the number, and UE could select one value in the range as in LTE V2X. In addition, when the number of subsequent periods is zero, a fixed code point could be used to represent there is not any more period reservation.
[bookmark: _Ref24023082]Proposal 3: The higher layer determines a range for number of subsequent reservation periods, and UE selects one in the range up to implementation. 
2.3. Resource reservation indication
In the email discussion after RAN1 98bis meeting, following agreements were reached.
	Agreements:
· 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


It was agreed that the maximum number of reserved resource for a TB transmission is 3 (i.e., NMAX = 3). The actual number of reserved resource could be smaller than NMAX and indicated by SCI signaling. Therefore, 2 bits are required to be carried in SCI to indicate 1, 2, or 3 resources are reserved by the current SCI. 
[bookmark: _Ref20919216]Proposal 4: 2 bits is required in SCI to indicate the number of the indicated or reserved resource. 
According to the above, the maximum number of SL resources reserved by one transmission including current transmission is three. For the reserved resource indication, one straightforward way to support full flexibility indication is to indicate individually the frequency domain resource of each transmission. For the time domain resource, two gap indications are carried in SCI and each gap indicates the timing between the reserved resource and the slot in which SCI is transmitted. In this case, it requires three frequency domain indications and two time gap indications. That obviously would incur large SCI overhead and degrade the SCI decoding performance. Therefore, we need to consider some design to reduce the overhead of the indication in SCI.
For indication of frequency domain resources, as in LTE, the size and location of the reserved resources in the frequency domain could be the same. Hence, one frequency domain indication is enough. For time gap indication, the reserved time domain resources are depending on the sensing results, the gap between two transmissions may not be the same. Therefore, two time gap indications are required. Moreover, 16 slots could be reused in time gap indication. 
[bookmark: _Ref20919226]Proposal 5: One single indication of frequency domain resources to reserve resources for multiple transmissions should be defined in SCI. 
[bookmark: _Ref24023090]Proposal 6: At least for the case NMAX =3, two time gap indications should be supported to indicate the gap between two indicated resources. 
· [bookmark: _Ref24023097]4 bits in SCI for each time gap indication. 
3. [bookmark: _Ref20917016]Sensing procedure
3.1. Sensing and resource selection window
	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:
· 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
· 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


According to the email discussion, it was agreed that a sensing window is defined by time interval [n – T0, n – Tproc,0). UE is expected to identify the potential occupied resource in the near future based on sensing results obtained in sensing window. For above parameters, some details of the T0, Tproc,0, Tproc,1 and T3 should be further discussed. 
With regard to T0 and Tproc,0,, similar as in LTE, it can be a defined value in order to guarantee the accuracy of sensing measurement. For Tproc,1, it depends on the UE processing delay restriction for resource selection, which can be fixed in specification as well. Moreover, since Tproc,0 and Tproc,1 is related to UE processing time, it is preferred that Tproc,0 and Tproc,1 are defined in absolute time (i.e. Tc) where the value is depending on the SCS.  
Regarding T3, it should take into account the sensing and resource reselection processing time. Therefore, T3 ≤ Tproc,0  + Tproc,1 , and is up to UE implementation. 
[bookmark: _Ref24132289]Proposal 7: Tproc,0  and Tproc,1 are defined in absolute time (i.e. Tc) where the value is depending on the SCS. 
[bookmark: _Ref24132294]Proposal 8: T0 is defined as a fixed value.
[bookmark: _Ref24132298]Proposal 9: T3 ≤ Tproc,0  + Tproc,1 , and is up to UE implementation. 
3.2. Sidelink measurements for sensing procedure
· Sidelink L1-RSRP measurement
In RAN1 96 meeting, L1-RSRP was agreed as measurement metric for the sensing procedure. However, it has not decided whether L1-RSRP measurement on PSCCH or PSSCH is used. In our opinion, L1-RSRP is measured on PSCCH DMRS, because the sensing UE may not be able to decode SCI to get the configuration of PSSCH DMRS (e.g., pattern, number of layers, etc.), hence not able to perform L1-RSRP measurement on PSSCH. Therefore, L1-RSRP measurement should be performed on PSCCH DMRS.
[bookmark: _Ref16541310]Proposal 10: L1-RSRP measurement should be performed on PSCCH DMRS in NR V2X.
· Sidelink RSSI measurement
In LTE V2X, SL RSSI is used to evaluate the interference on a certain resource, which can also be useful in NR V2X since there are also some periodic traffics in NR V2X. Moreover, it is also the basic concept for congestion control, such as CBR measurement as discussed in [4]. On one side, the result of RSSI could predict the resource occupied in the future according to the periodic traffic model. On the other side, the RSSI could be used for determining whether the concerned resource is interfered by other sidelink UE or by other system (besides NR V2X). Therefore, SL RSSI measurement should be introduced in NR V2X.
[bookmark: _Ref16541320][bookmark: _Ref24146129]Proposal 11: Sidelink RSSI measurement should be introduced for sensing operation in NR V2X.
4. [bookmark: OLE_LINK5][bookmark: OLE_LINK6]Sidelink resource (re-)selection procedure
4.1. Resource exclusion
	98 Agreements:
· The resource (re-)selection procedure includes the following steps
· Step 1: Identification of candidate resources within the resource selection window
· FFS details
· Step 2: Resource selection for (re-)transmission(s) from the identified candidate resources
· FFS details
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
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


It was agreed that the resource exclusion based on L1 SL-RSRP is supported in NR V2X, and the initial SL-RSRP threshold is associated with the priority indicated in the decoded SCI and the priority of the upcoming packet transmission. Furthermore, in RAN1 98bis meeting, it was agreed that when the ratio of identified candidate resources to the total number of resources in a resource selection window is less than X%, the configured RSRP thresholds should be increased by Y dB. Then, UE repeats the procedure of resource exclusion. In order to avoid severely congestion in the resource pool, the maximum RSRP threshold should be defined to stop the RSRP threshold increment. When the maximum RSRP threshold is reached and the candidate resource is less than X%, the RSRP threshold for resource exclusion should not increase any more. 
[bookmark: _Ref24023115]Proposal 12: For RSRP threshold increment in the procedure of candidate resource identification, the upper bound(s) of RSRP threshold should be restricted. 
4.2. Additional resource exclusion principle
As above discussion, if the RSRP threshold reaches the configured maximum value, but the candidate resource is lower than X% resource. One way is to report the limited candidate resource to higher layers. However, it may introduce serious interference for this transmission, which may leads to packet loss for this packet. In our opinion, if the priority of this packet is configured, additional resource exclusion based on priority can be performed to possibly preempt the resources that have already been reserved for lower priority packets transmission by other UEs. Moreover, additional candidate resource could be selected to report to the higher layers. Therefore, we propose additional resource exclusion based on priority should be supported. 
[bookmark: _Ref24023119]Proposal 13: Additional procedure of candidate resource identification based on priority only once it reaches the upper bound of RSRP threshold should be supported.  
4.3. Resource selection in the non-excluded resource
The resource of the smallest SL-RSSI of the non-excluded resource should be the candidate resource. UE selects X% resource from the non-excluded resource and report to the higher layers. Then, high layer randomly select transmission resource from the reported resources. 
[bookmark: _Ref20920042][bookmark: _Ref20919273]Proposal 14: In step-2, the resources are randomly selected from the identified candidate resources.
4.4. [bookmark: _Ref21800388][bookmark: OLE_LINK10][bookmark: OLE_LINK11]Resource (re-)selection trigger conditions
For resource (re-)selection, at least the following conditions should be considered:
· Reusing LTE resource re-selection triggers 
· Counter-based resource re-selection for semi-persistent resource reservation.
· UE does not use the reserved resource by semi-persistent resource reservation for M ms or N consecutive reservation periods.
· When a new TB arrives and there is not the available resource.
· When a new TB arrives and the TB cannot fit into the reserved resource assuming the maximum allowed MCS.
· New resource re-selection triggers for NR SL
· When the reserved resource was pre-empted by other UEs as agreed at the RAN1#98bis meeting. 
· When TX UE receives CSI feedback for unicast transmission as discussed in companion paper [9].
[bookmark: _Ref24132453]Proposal 15: At least the following conditions to trigger resource (re-)selection should be supported 
· When the reserved resource was pre-empted by other UEs. 
· TX UE receives CSI feedback.
5. Resource pool configuration based on zone
In RAN1 98 meeting, RAN2 sends a LS to RAN1 on NR V2X resource pool configuration and selection [5].
	In addition, RAN2 would like to consult with RAN1 on the following questions about resource pool configuration and selection:
1. Whether resource pool configuration based on zone is considered beneficial to support in NR V2X?
2. Whether resource pool configuration based on different cast types should be supported by taking into account the configuration of PSFCH resource?
3. Whether an NR V2X mode 2 UE can select multiple resource pools on single carrier from RAN1 perspective?


We perform some simulations to evaluate the performance of zone based resource allocation. The following schemes of resource pool allocation are applied. Corresponding system level evaluation assumptions are provided in Table 1 shown in the Annex A.
· Without zone-based scheme:
· A single resource pool contains all available resources is shared by all UEs.
· Zone-based scheme:
· As illustrated in Figure 3, road is divided into N zone pattern grids. Each zone pattern grid contains 5 or 10 different zones. Each zone is associated with a resource pool, whose pool index runs through 0 to 4 or 0 to 9. The association between resource pool index and zone position in each pattern grid is fixed for all pattern grids.





[bookmark: _Ref20884935]Figure 3 Zone-based resource pool pattern
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	[bookmark: _Ref20884958][bookmark: _Ref20918887]Figure 4 Average PRR
	[bookmark: _Ref20884964][bookmark: _Ref20918900]Figure 5 Average PIR


The simulation results are presented in Figure 4 and Figure 5. Regardless of the zone length and total number of zones, the average PRR and average PIR of the single pool scheme is better than that of zone-based scheme. It can also be observed that the performance degrades more sharply when the zones pattern contains 10 zones. This degradation mainly comes from higher collisions due to reduced resource selection flexibility. For zone-based scheme, the resources available within one zone are limited, which results in higher resource collisions and severer half-duplex issues. This is also the reason of worse performance of zone-based scheme for the near-by UE (i.e., distance <=50m and distance <=100m). Besides, dramatic performance degradation can also be observed at the edge of each zone pattern (i.e., 250m for 5*50m based zone). Based on the evaluation result, the zone based resource pool configuration is not needed for NR V2X. A draft LS response is provided in [6].  
[bookmark: _Ref20919195]Observation 2: The zone-based resource pool configuration is not beneficial for NR V2X.
[bookmark: _Ref21002533]Proposal 16: zone based resource pool configuration is not supported in NR SL.
6. Multi-slot scheduling
In NR V2X, for periodic traffic and aperiodic traffic, the packet size may be up to 60000 bytes and 30000 bytes based on the assumption defined in TR 37.885 [7]. In this case, the one-slot resource reservation may not be enough. Therefore, multi-slot resource reservation needs to be supported to transmit large packet. 
In another aspect, the reliability requirement in NR V2X needs to be 99.999% in some scenarios like emergency trajectory alignment and a higher degree of automation. Multi-slot resource reservation can be used for repetition as that in NR Uu to increase the reliability and reduce the latency. 
Consequently, multi-slot scheduling should be supported in NR V2X. One example of multi-slot scheduling is illustrated in Figure 6:
[image: ]
[bookmark: _Ref20885001]Figure 6 One example of multi-slot scheduling
[bookmark: _Ref20919198]Observation 3: Multi-slot scheduling is beneficial for the following cases: 
-		A large size of TB spans multiple slots;
-		Transmissions/repetitions of a TB occupy multiple slots. 
[bookmark: _Ref20919282]Proposal 17: Multi-slot scheduling should be supported in NR V2X.
7. Conclusion
In this contribution, overview and discussion on NR V2X resource allocation are provided. Some observations are as following:
Observation 1: The performance for alt 1 is better than that for alt 2.
Observation 2: The zone-based resource pool configuration is not beneficial for NR V2X.
Observation 3: Multi-slot scheduling is beneficial for the following cases: 
-		A large size of TB spans multiple slots;
-		Transmissions/repetitions of a TB occupy multiple slots.

Based on the discussion, we have the following proposals: 
Proposal 1: Regarding resource reservation by sub-channel PSCCH+PSSCH, Alt 1-2 should be supported. 
Proposal 2: When the reservation of sidelink resource for a different TB is enabled, option 1-a is supported, i.e., a period indication in the 1st SCI should be used.
Proposal 3: The higher layer determines a range for number of subsequent reservation periods, and UE selects one in the range up to implementation.
Proposal 4: 2 bits is required in SCI to indicate the number of the indicated or reserved resource.
Proposal 5: One single indication of frequency domain resources to reserve resources for multiple transmissions should be defined in SCI.
Proposal 6: At least for the case NMAX =3, two time gap indications should be supported to indicate the gap between two indicated resources.
· 4 bits in SCI for each time gap indication.
Proposal 7: Tproc,0  and Tproc,1 are defined in absolute time (i.e. Tc) where the value is depending on the SCS.
Proposal 8: T0 is defined as a fixed value.
Proposal 9: T3 ≤ Tproc,0  + Tproc,1 , and is up to UE implementation.
Proposal 10: L1-RSRP measurement should be performed on PSCCH DMRS in NR V2X.Proposal 11: Sidelink RSSI measurement should be introduced for sensing operation in NR V2X.
Proposal 11: Sidelink RSSI measurement should be introduced for sensing operation in NR V2X.
Proposal 12: For RSRP threshold increment in the procedure of candidate resource identification, the upper bound(s) of RSRP threshold should be restricted.
Proposal 13: Additional procedure of candidate resource identification based on priority only once it reaches the upper bound of RSRP threshold should be supported.
Proposal 14: In step-2, the resources are randomly selected from the identified candidate resources.
Proposal 15: At least the following conditions to trigger resource (re-)selection should be supported 
· When the reserved resource was pre-empted by other UEs. 
· TX UE receives CSI feedback.
Proposal 16: zone based resource pool configuration is not supported in NR SL.
Proposal 17: Multi-slot scheduling should be supported in NR V2X.
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Annex A
[bookmark: _Ref1208685]Table 1  System level simulation assumption for aperiodic traffic
	Parameter
	value

	Deployment
	Highway, Urban

	UE drop
	Option A (140km/h for highway, 60km/h for urban)

	Carrier frequency
	6GHz

	Bandwidth 
	20MHz

	Subcarrier spacing
	15KHz

	Transmission type
	Unicast, groupcast

	Traffic model
	Aperiodic traffic: Medium Intensity
· Inter-packet arrival time: 50ms + an exponential random variable with the mean of 50 ms
· [bookmark: _GoBack]Packet size: Uniformly random in the range between 200 bytes and 2000 bytes with the quantization step of 200 bytes
· Latency requirement: 50 ms

	Resource selection
	Dynamic resource selection
· Reservation based resource selection
· Counter based resource selection

	TTI structure
	10 symbols for data

	Channel model
	NR V2X channel model defined in 37.885 [7]

	MCS and slot number for multi-slot of different packet sizes
	200bytes: QPSK, CR = 0.3, slot num = 1
400bytes: QPSK, CR = 0.59, slot num = 1
600bytes: QPSK, CR = 0.44, slot num = 2 
800bytes: QPSK, CR = 0.59, slot num = 2 
1000bytes: 16QAM, CR = 0.37, slot num = 2 
1200bytes: QPSK, CR = 0.59, slot num = 3 
1400bytes: 16QAM, CR = 0.37, slot num = 3 
1600bytes: 16QAM, CR = 0.37, slot num = 3 
1800bytes: 16QAM, CR = 0.37, slot num = 4 
2000bytes: 16QAM, CR = 0.37, slot num = 4 

	MCS for single slot of different packet sizes
	200bytes: QPSK, CR = 0.12
400bytes: QPSK, CR = 0.19
600bytes: QPSK, CR = 0.3
800bytes, 1000bytes: QPSK, CR = 0.44
1200bytes, 1400bytes: QPSK, CR = 0.59
1600bytes: 16QAM, CR = 0.37
1800bytes, 2000bytes: 16QAM, CR = 0.48
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