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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 #94 meeting [1], for Uu-based sidelink resource allocation/configuration, the following agreements were achieved:
	Agreements:
· NR Uu can assign NR sidelink resources for the following:
· Shared licensed carrier between Uu and NR sidelink
· Dedicated NR sidelink carrier
Agreements:
· Study at least the following NR sidelink resource allocation techniques:
· Dynamic resource allocation
· Activation/deactivation based
· E.g., semi-persistent scheduling allocation or NR grant free type-2 
· RRC (pre-)configured
· E.g., configured NR grant type-1, UE autonomous selection of resource(s) from resources configured by RRC
· RAN1 will study the level of network control, e.g., whether the UE may select other parameters (e.g., MCS) and/or the exact transmission resources, and whether the selection is autonomous or not


In RAN1 #94 meeting [1], for the consideration of resource pool and bandwidth part in physical layer structures and procedure(s), the following agreements were achieved:
	Agreements:
· RAN1 continues study on the necessity, benefits and relationship between bandwidth part and resource pool.


In RAN1 #94 meeting [1], for QoS management, the following agreements were achieved:
	Agreements:
From RAN1 perspective, at least the following QoS-related parameters relevant to physical layer studies are considered: 
· Priority 
· latency
· reliability


In this contribution, we will discuss the issues of resource allocation mechanism in NR V2X.
Resource pool configuration
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 of different numerologies should be further studied and the carriers/resource pools with different numerologies should be considered.
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. 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 1: NR V2X frame structures should consider flexible resource pool configuration, including multiple numerology and dynamic slot format.
Considerations of PSCCH and PSSCH resource pool configuration
In LTE V2X, PSCCH and PSSCH resource pools are multiplexed in FDM manner with benefit of flexible resource allocation and low latency. In NR V2X, the PSCCH and PSSCH resource pools multiplexed in FDM manner should be the start point. 
For the multiplexing of PSCCH and PSSCH resource pools in TDM manner, the significant impact to the half duplex have been shown with  additional latency between PSCCH transmission and the PSSCH transmission. It is necessary first to identify the beneficial scenarios for the multiplexing of PSCCH and PSSCH in TDM manner. If multiplexing of the PSCCH and PSSCH in time is supported, the symbol level multiplexing of PSCCH and PSSCH should be considered as discussed in [2] .
Proposal 2: Multiplexing of PSCCH and PSSCH resource pools in FDM manner should be the start point for V2X resource allocation. 
· It is necessary first to identify the beneficial scenarios for multiplexing of PSCCH and PSSCH resource pool in TDM manner.
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.  
Considerations of resource pool and BWP 
Resource pool is the resource allocated by the NR network for the V2X communication. In NR, BWP is introduced with the following motivations:
· Supporting reduced UE BW capability
In NR the UE supported bandwidth is up to 100 MHz in FR1 and up to 400 MHz in FR2. The UE could be configured with narrow band processing in the wideband system bandwidth when UE reports its capability incapable of supporting the wide bandwidth. The UE would be configured with BWP only when the system BW is extremely wide, such as 100 MHz for FR1 with UE having less processing capability. This would not apply to NR V2X UEs since V2X UEs expect to support up to 25 Mbps data rate based on SA1 requirements.  
· Supporting reduced UE energy consumption by means of bandwidth adaptation
In V2X, there is no need to consider energy consumption except for P-UE. While for P-UE, the solution considering energy consumption has already been specified in LTE V2X, e.g. partial sensing is specified for P-UE. Therefore, the motivation of reducing UE energy consumption is not related to NR V2X resource configuration.
· Supporting FDM of different numerologies
In NR, different sub-bands can be configured with different numerologies. V2X resources could be partitioned to multiple resource pools with different numerologies for meeting the QoS requirements, such as data rate, latency, and reliability. The configuration of V2X resource with different numerologies would provide the flexibility of resource allocation for different types of advanced V2X services.
Proposal 5: Resource allocation should support resource pools with different numerologies.
Resource allocation mechanism
NR V2X should focus on the study of resource allocation with following enhanced requirements:
· Support of the NR frame l 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 pool allocation/determination
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 resource pool configuration and requirements as follows:
· Resource pool configuration
· Numerology
· Slot format
· PRB number
· QoS and other requirements
· Priority
· Latency 
· Reliability
· Data rate
Proposal 6: The resource pool allocation/determination mechanism should consider the mapping rules between resource pool configuration and requirements as follows:
· Resource pool configuration
· Numerology
· Slot format
· PRB number
· QoS and other requirements
· Priority
· Latency 
· Reliability
· Data rate
Resource allocation mode 1
It is defined in RAN1 #94 meeting that in mode 1 base station schedules sidelink resource(s) for UEs. There would be two methods as follows:
· Option 1: LTE V2X mode3-like solution
· Option 2: Configured multiple slot resources with activation and release(semi-persistent resource allocation)
· Option 1: LTE V2X mode3-like solution
For LTE V2X mode3-like solution, both dynamic and SPS resource allocations are supported. The HARQ mechanism needs to be addressed to support the service with high reliability, low latency and high data rate requirements in PC5. To support the unicast and groupcast, resource allocation for bi-lateral communication should be considered. Due to the limitation of BSR reporting and DCI scheduling, LTE V2X mode3-like solution cannot achieve the extremely low latency e.g. 3ms. 
Observation 1: LTE V2X mode3-like solution cannot meet the requirement of low latency communication.
· Option 2: Configured multi-slot resources with activation and release(semi-persistent resource allocation)
For the second option, the multi-slot resources can be configured by RRC signaling. The number of slots can be either contiguous or distributed. The resource can be activated/deactivated by dynamic signaling, such as DCI and MAC. This would allow the resource allocation semi-persistently with dynamic activation/de-activation Therefore, the solution combined with option 1and option 2 should be further studied. 
Observation 2: There can be benefit of latency reduction for using the solution of configured multi-slot resources with dynamic activation and deactivation.
Proposal 7: For resource allocation Mode 1, semi-persistent resource allocation with dynamic activation/ deactivation should be further investigated.
· Support of high data rate services
Another issue of Mode 1 is to support the high data rate e.g. 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. Therefore, the carrier aggregation and slot aggregation should be studied in NR V2X, in order to scheduling more frequency and time domain resource for a big size packet. For example, resources of multiple continuous slots can be allocated in multiple carriers by SPS scheduling.
Proposal 8: For resource allocation Mode 1, the scheduling solution for carrier aggregation and slot aggregation should be further studied, in order to support high data rate services.
Resource allocation mode 2
In RAN1 #94 meeting, four 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
· Support of periodic services 
For the periodic services in NR V2X, sensing + SPS mechanism (LTE V2X mode4-like) can be reused. The resource selection and reservation solution for carrier aggregation and slot aggregation should be further studied, in order to support high data rate services.
Proposal 9: For resource allocation Mode 2 supporting periodic services, a sub-mode a) solution of sensing + SPS mechanism (LTE V2X mode4-like) can be reused. 
· Enhancements of resource selection and reservation for multiple slot resources in multiple carriers should be further studied.  
· Support of aperiodic services
Considering the support of aperiodic services, because the resource cannot be reserved periodically, another sub-mode a) solution of the LBT + bask-off mechanism can be adopted rather than sensing + SPS mechanism. One key issue should be discussed is the numerology for the configured resource considering back-off duration and latency. For 15 KHz SCS, it can hardly meet the latency requirement of 10ms with LBT and backoff. While for 30KHz SCS, it can hardly achieve the latency of 3ms. Therefore, 60 KHz SCS is preferred for LBT + back-off mechanism to support aperiodic services. The details should be further studied and the reliability should be further evaluated.
Proposal 10: For resource allocation Mode 2 supporting aperiodic services, a sub-mode a) solution of LBT + back-off mechanism can be a start point.  
· Considering back-off duration and latency, 60 KHz SCS would meet the latency requirements.
· Support of unicast and groupcast
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. For sub-mode a), the UE selects the resource autonomously. Additional collision avoidance mechanism is needed for unicast and groupcast with persistent traffic type. In particular for the groupcast, the collision avoidance among group members would be essential to enable smooth communication.  
For sub-mode b), when the connection is established, leader UE can reserve a large set of resources as the group leader 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 non-orthogonal in time domain. Furthermore, the actual transmission resource is independently selected by the UE in the group. It would not have any impact to the UE's other operations, e.g. congestion control and transmissions in other carriers.  
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. For out-of-coverage UE, 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. Hence, the gain of sub-mode c) should be further evaluated.
For sub-mode d), leader UE needs to allocate the actual transmission resource for other UEs. It needs the accurate measurements, which would need the other UEs reporting their sensing results. And also the exact transmission resource should be informed from leader 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). Furthermore, the more interaction procedure should be operated. 
Proposal 11: For unicast and groupcast, the sub-mode b) and sub-mode d) are preferred modes and the details should be further studied. 
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 1: 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 [4]. 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 1. 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 12: 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 flexible resource pool configuration, including multiple numerology and dynamic slot format.
Proposal 2: Multiplexing of PSCCH and PSSCH resource pools in FDM manner should be the start point for V2X resource allocation. 
· It is necessary first to identify the beneficial scenarios for multiplexing of PSCCH and PSSCH resource pool in TDM manner.
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: Resource allocation should support resource pools with different numerologies.
Proposal 6: The resource pool allocation/determination mechanism should consider the mapping rules between resource pool configuration and requirements as follows:
· Resource pool configuration
· Numerology
· Slot format
· PRB number
· QoS and other requirements
· Priority
· Latency 
· Reliability
· Data rate
Observation 1: LTE V2X mode3-like solution cannot meet the requirement of low latency communication.
Observation 2: There can be benefit of latency reduction for using the solution of configured multi-slot resources with dynamic activation and deactivation.
Proposal 7: For resource allocation Mode 1, semi-persistent resource allocation with dynamic activation/ deactivation should be further investigated.
Proposal 8: For resource allocation Mode 1, the scheduling solution for carrier aggregation and slot aggregation should be further studied, in order to support high data rate services.
Proposal 9: For resource allocation Mode 2 supporting periodic services, a sub-mode a) solution of sensing + SPS mechanism (LTE V2X mode4-like) can be reused. 
· Enhancements of resource selection and reservation for multiple slot resources in multiple carriers should be further studied.  
Proposal 10: For resource allocation Mode 2 supporting aperiodic services, a sub-mode a) solution of LBT + back-off mechanism can be a start point.  
· Considering back-off duration and latency, 60 KHz SCS would meet the latency requirements.
Proposal 11: For unicast and groupcast, the sub-mode b) and sub-mode d) are preferred modes and the details should be further studied. 
Proposal 12: 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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