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Introduction
In RAN1 #94 meeting [1], the following agreements were achieved for resource allocation mechanism in NR V2X:
	Agreements:
At least two sidelink resource allocation modes are defined for NR-V2X sidelink communication
· Mode 1: Base station schedules sidelink resource(s) to be used by UE for sidelink transmission(s)
· Mode 2: UE determines (i.e. base station does not schedule) sidelink transmission resource(s) within sidelink resources configured by base station/network or pre-configured sidelink resources
Notes:
· eNB control of NR sidelink and gNB control of LTE sidelink resources will be separately considered in corresponding agenda items. 
· Mode-2 definition covers potential sidelink radio-layer functionality or resource allocation sub-modes (subject to further refinement including merging of some or all of them) where
a) UE autonomously selects sidelink resource for transmission
b) UE assists sidelink resource selection for other UE(s)
c) UE is configured with NR configured grant (type-1 like) for sidelink transmission
d) UE schedules sidelink transmissions of other UEs
RAN1 to continue study details of resource allocation modes for NR-V2X sidelink communication


In RAN1 #94bis meeting [2], the following agreements were achieved for NR V2X resource allocation mechanism mode 2:
	Agreements:
· Sidelink sensing and resource selection procedures are studied for Mode-2(a)
· The following techniques are studied to identify occupied sidelink resources
· decoding of sidelink control channel transmissions
· sidelink measurements
· detection of sidelink transmissions
· other options are not precluded, including combination of the above options
· The following aspects are studied for sidelink resource selection
· how a UE selects resource for PSCCH and PSSCH transmission (or other sidelink physical channel/signal, if it is introduced)
· which information is used by UE for resource selection procedure
Agreements:
· The following aspects about assistance information are studied for Mode 2(b)
· Which assistance information is used and how it is acquired
· Which UE sends assistance information
· How to deliver assistance information, including physical channel and UE behavior
· How assistance information is taken into account in determination of sidelink resource for transmission
· RAN1 to further study whether some or all of Mode-2(b) functionality is a part of Mode-2(a)(c)(d)
Agreements:
· The following aspects are studied for Mode 2(c)
· How to assign resource(s) for UE sidelink transmission to mitigate collisions and half-duplex impacts
· Whether any sensing or resource selection procedure is used on top of configured grant(s)
· Whether and how to use any granted but unused resources
· How to adapt to traffic variation
· How it is different from Mode-1 operation for in-coverage scenario
· How it is different from Mode-2(a), when Mode-2(a) uses dedicated resource pool with dedicated sidelink resource pool configuration
· Whether and how this mode operates out of network coverage
· RAN1 to further study whether some or all of Mode-2(c) functionality is a part of Mode-2(a)(b)(d)
Agreements:
· The following aspects are studied for Mode 2(d)
· In which use cases/scenarios this mode is applicable
· What is the overall architecture for Mode-2(d) operation
· How to decide which UE schedules which other UE(s) and how to maintain this relationship
· What is the procedure of UE(s) when the scheduling UE disappears
· What is the scheduling UE behavior and signaling mechanism to schedule sidelink resources for transmission/reception for other UEs
· Which resources can be used to schedule other UEs 
· Inter- and intra-UE collision handling and sidelink resource allocation mechanisms across groups 
· RAN1 to further study whether or not some or all of the above aspects are applicable to 2(b)



In this contribution, we will discuss the issues of resource allocation mechanism in NR V2X.
Resource configuration and determination
1. 
2. 
Considerations of new physical structures in NR V2X
In NR V2X, different numerologies supported in NR could be used to adapt for the applications with different latency requirement. Different numerologies would have results of different frame structure for the resource allocation in a V2X carrier, e.g. coexistence of 1ms, 0.5ms, and 0.25 ms slot length resources. Frame structure supporting multiplexing different numerologies in different carriers should be further studied. The details are discussed in [3].
Proposal 1: NR V2X frame structures should consider the support of multiplexing different numerologies in different carriers.
Dynamic slot format supported in NR may also be introduced in NR V2X.  Dynamic slot format can have the flexibility for resource allocation with additional benefit of latency reduction. For mode 1, dynamic slot format can be achieved by the base station. While for mode 2, the dynamic configuration would be very challenged for the out-of-coverage scenario. Therefore, dynamic slot format should be included in the study of Mode 1 resource allocation.  
Proposal 2: NR V2X frame structures should consider the support of dynamic slot format in resource allocation mode 1.
Considerations of different types of services and communication modes 
NR V2X would support both periodic services and aperiodic services. The semi-persistent resource reservation can be used for periodic services. If the resource pool is shared by both periodic services and aperiodic services, the aperiodic resource allocation would need to address the impact on the semi-persistent resource reservation by the periodic services at the UE sensing. Therefore, for periodic services and aperiodic services, the independent resource pool should be supported.
Proposal 3: The UE sensing and resource allocation needs to be specifically addressed for periodic services and aperiodic services.
NR V2X also support unicast, groupcast and broadcast types of services. The characteristic of the unicast/groupcast communication in V2X is to have limited number of received UEs within the communication range. The use cases and traffic arrivals for the unicast and groupcast might be less unpredictable comparing to services provided by broadcast communication. The customized resource allocation strategy for unicast and groupcast could increase the resource utilization and improve the V2X spectrum efficiency. Thus, the resource allocation mechanism needs to take into account the use cases and traffic arrivals of unicast and groupcast communication.  
Proposal 4: The resource allocation mechanism needs to take into account the use case and traffic arrivals of unicast and groupcast communication.  
Other considerations of resource configuration
For the multiplexing of PSCCH and PSSCH, the FDM manner is specified in LTE V2X because it can get benefit of flexible resource allocation and low latency comparing to the subframe level TDM manner in D2D. Therefore, FDM manner can be the potential solution and should be further studied. For the multiplexing of PSCCH and PSSCH in slot level TDM manner, the latency would be increased and the half duplex impact would be intensified. While for symbol level TDM manner, the details should be further discussed. The details of slot level multiplexing PSCCH and PSSCH are discussed in [3].
Another issue is the relationship between resource pool and BWP. In principle, in order to meet the QoS requirements, such as data rate, latency, and reliability, different numerologies should be supported in resource pools of different carriers. The configuration of resource pool should provide the flexibility of resource allocation for different types of advanced V2X service. The details of relationship between resource pool and BWP are discussed in [3].
Consideration of candidate resource set allocation/determination
As analyzed in the above, in NR V2X, the resource allocation mechanism would be multi-dimensional due to the dynamic frame structures, multiple numerologies and flexible slot format with stringent QoS requirements, which at least contain priority, latency and reliability. Therefore, the resource allocation mechanism should consider the mapping rules between carrier/resource pool configuration and requirements as follows:
· Resource configuration
· Numerology
· Slot format
· PRB number
· QoS and other requirements
· Priority
· Latency 
· Reliability
· Data rate
Proposal 5: The carrier/resource pool allocation/determination mechanism should consider the mapping rules between resource configuration and requirements as follows:
· Resource configuration
· Numerology
· Slot format
· PRB number
· QoS and other requirements
· Priority
· Latency 
· Reliability
· Data rate
Resource allocation mechanism
NR V2X should focus on the study of resource allocation with following enhanced requirements:
· Support of the NR frame structures
· Support of the QoS requirements of the advanced V2X services.
· Low latency, e.g. 3ms
· High data rate, e.g. 25Mbps
· High reliability, e.g. 99.999%
· Support of aperiodic services
· Support of unicast/groupcast
Based on the enhanced requirements, the resource allocation mechanism is discussed as follows.
3. 
Resource allocation mode 1
In LTE V2X, mode 3 like solution is defined and supports both dynamic and SPS resource allocations. The dynamic resource allocation can support the aperiodic services and the SPS resource allocation can support periodic services. In NR V2X, in order to support high reliability e.g. 99.999%, the adaptive HARQ mechanism needs to be addressed in both mode1 and mode2 resource allocation. Because of the limitation of BSR reporting and DCI scheduling, latency reduction should be further studied and achieved in mode 1 to support the extremely low latency requirement e.g. 3ms. Considering the high data rate services, the scheduling solution for carrier aggregation and slot aggregation should be further studied. The details of resource allocation in mode 1 are discussed in [4]. 
Proposal 6: For resource allocation mode 1, LTE mode3 like solution can be the start point, considering the support of the adaptive HARQ mechanism, latency reduction and slot aggregation.  
Resource allocation mode 2
In RAN1 #94 meeting, four potential sub-modes of Mode 2 were defined as follows:
a) UE autonomously selects sidelink resource for transmission
b) UE assists sidelink resource selection for other UE(s)
c) UE is configured with NR configured grant (type-1 like) for sidelink transmission
d) UE schedules sidelink transmissions of other UEs
In RAN1 #94bis meeting, the details of each sub-mode were summarized [2]. The issues of each sub-mode are discussed as follows.
· Sub-mode a) 
For sub-mode a), there are two potential solutions to support periodic services and aperiodic services respectively.
· Option 1: Sensing + SPS mechanism(LTE V2X mode4-like) for periodic services
· Option 2: LBT + collision avoidance mechanism for aperiodic services 
Option 1 is applicable for the periodic services in NR V2X and the enhancement to support high data rate services should be further studied. For the high data rate service of 25Mbps, assuming packets are transmitted every 10ms, the average packet is 31250byte. While in 3GPP V2X Phase 2, the maximum transmission capability can be up to 9186 byte within a TTI, for a SL-C-TX Category 5 UE working in 30 MHz band combination and adopting 64 QAM. If supporting the packet size of 31250 byte within a slot, the much wider bandwidth should be supported, which is around 100MHz. While in FR 1, it can hardly be achieved. 
In this situation, both carrier/slot aggregation and the big size single slot resource selection and reservation should be supported. However, using the big size single slot resource that includes a number of sub-channels, the probability of collision would significantly increase. The collision would happen between big size resources and between one big size resource and multiple small size resources. The condition to allocate a big size single slot resource and the solution to handle the collision issue should be further studied. 
Proposal 7: For resource allocation Mode 2 a), the solution of sensing + SPS mechanism (LTE V2X mode4-like) can be reused to support periodic service considering the following enhancements.
· Resource selection and reservation for multiple slot resources in multiple carriers should be further studied.
· Resource selection and reservation for the big size single slot resource should be further studied.
Option 2 is applicable for the aperiodic services. The history information of PSSCH decoding and measurements in the sensing window is no longer useful. For LBT + collision avoidance mechanism, when selecting transmission resources, UE should detect the resource occupation and reservation condition in the given channel/sub-channel set, by detecting the preamble and the energy. In NR V2X, it is agreed in RAN1 #94 meeting that TX/RX switching time is [13] us in FR1 and [7] us in FR2. The TX/RX switching time is far shorter than half an OFDM symbol, even if the SCS is 60 KHz. Therefore, the preamble can be transmitted in half an OFDM symbol while the rest of the symbol can be configured as the GP, in order to achieve the low latency requirement. The priority of the packet can be related to the transmission opportunity, length and sequence of the preamble. The mapping rules between preamble and the occupied/reserved PSCCH and PSSCH resources should be further studied. Energy detection should also be considered to perform the occupied resource exclusion. The priority based energy detection threshold should be supported. If the detection energy of any candidate resource is higher than the energy detection threshold, the candidate resource should be excluded.  In case that no available can be used, UE should continue detecting in the following slots or wait for the next detecting opportunity. Considering the low latency requirement of 3ms, 60 KHz SCS is preferred for LBT + collision avoidance mechanism to support aperiodic services. 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Proposal 8: For resource allocation Mode 2 a), the solution of LBT + collision avoidance mechanism is applicable for aperiodic services.
· The priority based preamble and energy detection can be used for detecting the resource occupation and reservation condition.
· The symbol level preamble + GP can be achieved in NR V2X.
· The mapping rules between preamble and occupied/reserved PSCCH and PSSCH resources should be further studied.
· 60 KHz SCS is preferred for LBT + collision avoidance mechanism considering low latency requirement.
· Sub-mode b) and d)
For unicast and groupcast, it is beneficial to adopt sub-mode b) or d). For unicast and groupcast services, it is difficult to avoid the collision on the time domain by different V2X UEs when UE selects the sidelink resource autonomously. Due to half duplex constraint, some receptions would be missed. Using sub-mode b) or d), the TDM transmission can be achieved by the centralized scheduling, for both in-coverage case and out-of-coverage case. In addition, especially for unicast, the feedback mechanism would be necessary. For sub-mode b) and d), the flexible feedback resource allocation can be achieved without any additional decoding complexity.
Proposal 9: Sub-mode b) and d) would be applicable for groupcast and unicast services.
For sub-mode b) and d), both the UE assists resource allocation and schedules the transmission resource could be called the scheduler UE. The scheduler UE can be configured by the gNB, pre-configured with the permission as a scheduler or even selected by the other UE during connection establishing procedure. 
For sub-mode b), when the connection is established, the scheduler UE as the group leader can reserve a large set of resources and allocate a sub-set of resources or a resource pattern for each UE in the group. The resource sub-set or pattern should be orthogonal in time domain, which included in the assistance information. Furthermore, the actual transmission resource is independently selected by the UE in the group. The sub-mode a) mechanism would be used for UE autonomously selecting resource in the given resource sub-set or pattern. The cross group collision can be avoided by the scheduler UE's rough sensing and the resource selecting UE's accurate sensing. It would not have any impact to the UE's other operations, e.g. congestion control and con-current transmission handling in other carriers/sidelink. 
Proposal 10: For sub-mode b):
· The assistance information from the scheduler UE to each other group UE would be a sub-set of allocated resources or an allocated resource pattern.
· Sub-mode a) solution would be used as a part of sub-mode b).
[bookmark: _GoBack]For sub-mode d), scheduler UE needs to allocate the actual transmission resource for other UEs. It needs the assistance information to avoid the cross group collision such as the accurate measurements, which would need the other UEs reporting their sensing results. The sub-mode a) mechanism would be used for the scheduler determining the actual transmission resources. The exact transmission resource should be informed from scheduler UE to the UE in the group. In this situation, the overhead of sensing result reporting and the resource indicating would be much higher than that of sub-mod b). The more interaction procedure should be operated. In addition, it would have impact to the UE's other operations. For example, a UE having single PA has selected a transmission resource in LTE sidelink, and the selected resource is overlapped with the allocated resource in time domain but non-aligned slots, the allocated resource would be not available.
Proposal 11: For sub-mode d):
· The assistance information from the scheduler UE to each other group UE would be the actual transmission resources.
· The assistance information from the resource requesting UE to the scheduler UE would be the resource requesting UE's sensing results.
· Sub-mode a) solution would be used as a part of sub-mode d).
Proposal 12: For sub-mode b) and d), the details should be further studied and the complexity and performance should be further evaluated.
· Sub-mode c)
For sub-mode c), a set of resources are semi-persistently configured by RRC signaling without dynamic activation/deactivation. The resource utilization is low. Semi-persistent resource allocation can reduce the latency without scheduling request (SR) and scheduling. However, in NR V2X sidelink, UE can autonomously select sidelink resource and it would not bring additional gain for latency reduction. 
Observation 1: sub-mode c) cannot achieve the gain of latency reduction in mode 2.
For in-coverage UEs, gNB can dynamically or semi-statically adapt the available resource set. Comparing resource allocation mode 1, it is same as the solution of configuring multiple slot resources without activation and release. While for mode 2, it is similar to the resource pool configuration by SIB or RRC dedicated signaling. Comparing to the other two mechanisms, no obvious gain can be observed.
For out-of-coverage UEs, only pre-configuration can be used and the configuration would be fixed without any flexibility. As a result, consecutive collisions would happen, especially in the high density scenarios. Even if the sensing or collision detection would be performed in the pre-configured resource set, the probability of collision would be far higher because the candidate resource set would be narrowed. 
Observation 2: For sub-mode c), no obvious gain can be observed for in-coverage case and the probability of collision would be increased for the out-of-coverage case.
Resource allocation of coexistence of NR and LTE sidelinks
The coexistence of NR sidelink and LTE sidelink is studied in NR V2X SI. Both TDM and FDM of LTE V2X and NR V2X sidelink transmissions are the potential solutions.
For TDM transmission solutions, the short term time-scale coordination with excluding the potential con-current LTE sidelink and NR sidelink transmission resources is the only solution that would not degrade the spectrum efficiency. Considering this issue, resource allocation should support the joint resource occupation/reservation detection. As illustrated in Figure 1, when the NR V2X packet arrives, the candidate resource in NR sidelink overlapped with the reserved resource in LTE sidelink should be excluded.


Figure 1 Resource exclusion for TDM LTE V2X and NR V2X sidelink transmissions
For FDM transmission solutions, the con-current transmission would be available. However, for the intra-band case, if UE having single PA performs con-current LTE and NR sidelink transmission in non-aligned slots, the performance of both LTE and NR sidelink would be degraded because of the phase discontinuity of transmitted signal. Therefore, this issue should also be considered in resource allocation mechanism, to achieve the resource exclusion for the candidate resources that can potentially lead to con-current transmission in non-aligned slots, which is illustrated in Figure 2.


Figure 2: Resource exclusion for FDM LTE V2X and NR V2X sidelink transmissions for single PA UE
Proposal 13: The issues of coexistence of NR V2X sidelink and LTE V2X sidelink should be considered and further studied in resource allocation mechanism.
Considerations of half duplex impact
In 3GPP V2X phase 2, carrier aggregation is discussed and resource enhancement for multiple carriers considering UE with limited TX capability is specified.  Half-duplex issue is discussed but not specified.


Figure 3: The more significant half-duplex impact in NR V2X
In Rel-15 LTE V2X carrier aggregation, half duplex impact is evaluated and shown that the system performance would be degraded [5]. In NR V2X, for intra-band scenario, in order to support the extremely high data rate requirement, more carriers would be used for the advanced V2X services. The half duplex would impact more in carrier aggregations. Considering the support of different numerologies, the half duplex impact to the system performance would be severe, which is illustrated in Figure 3. Therefore, solutions to alleviate half duplex impact should be addressed. A potential solution is to reduce the number of transmission slots, which should be further studied.
Proposal 14: The half duplex impact should be investigated in NR V2X and the solution to alleviate the half duplex impact should be further studied.
Conclusion
In this contribution, the issues of resource allocation mechanism in NR V2X are discussed. Particularly, we have following observations and proposals:
Proposal 1: NR V2X frame structures should consider the support of multiplexing different numerologies in different carriers.
Proposal 2: NR V2X frame structures should consider the support of dynamic slot format in resource allocation mode 1.
Proposal 3: The UE sensing and resource allocation needs to be specifically addressed for periodic services and aperiodic services.
Proposal 4: The resource allocation mechanism needs to take into account the use case and traffic arrivals of unicast and groupcast communication.  
Proposal 5: The carrier/resource pool allocation/determination mechanism should consider the mapping rules between resource configuration and requirements as follows:
· Resource configuration
· Numerology
· Slot format
· PRB number
· QoS and other requirements
· Priority
· Latency 
· Reliability
· Data rate
Proposal 6: For resource allocation mode 1, LTE mode3 like solution can be the start point, considering the support of the adaptive HARQ mechanism, latency reduction and slot aggregation.  
Proposal 7: For resource allocation Mode 2 a), the solution of sensing + SPS mechanism (LTE V2X mode4-like) can be reused to support periodic services.
· Resource selection and reservation for multiple slot resources in multiple carriers should be further studied.
· Resource selection and reservation for the big size single slot resource should be further studied.
Proposal 8: For resource allocation Mode 2 a), the solution of LBT + collision avoidance mechanism is applicable for aperiodic services.
· The priority based preamble and energy detection can be used for detecting the resource occupation and reservation condition.
· The symbol level preamble + GP can be achieved in NR V2X.
· The mapping rules between preamble and occupied/reserved PSCCH and PSSCH resources should be further studied.
· 60 KHz SCS is preferred for LBT + collision avoidance mechanism considering low latency requirement.
Proposal 9: Sub-mode b) and d) would be applicable for groupcast and unicast services.
Proposal 10: For sub-mode b):
· The assistance information from the scheduler UE to each other group UE would be a sub-set of allocated resources or an allocated resource pattern.
· Sub-mode a) solution would be used as a part of sub-mode b).
Proposal 11: For sub-mode d):
· The assistance information from the scheduler UE to each other group UE would be the actual transmission resources.
· The assistance information from the resource requesting UE to the scheduler UE would be the resource requesting UE's sensing results.
· Sub-mode a) solution would be used as a part of sub-mode d).
Proposal 12: For sub-mode b) and d), the details should be further studied and the complexity and performance should be further evaluated.
Observation 1: sub-mode c) cannot achieve the gain of latency reduction in mode 2.
Observation 2: For sub-mode c), no obvious gain can be observed for in-coverage case and the probability of collision would be increased for the out-of-coverage case.
Proposal 13: The issues of coexistence of NR V2X sidelink and LTE V2X sidelink should be considered and further studied in resource allocation mechanism.
Proposal 14: The half duplex impact should be investigated in NR V2X and the solution to alleviate the half duplex impact should be further studied.
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