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Introduction
During RAN#80 meeting, NR V2X SI was approved [1]. One of the objectives is to study sidelink resource allocation mechanism. During RAN1#94 and RAN1#94bis meeting, NR V2X resource allocation was discussed. Both mode 1 and mode 2 SL resource allocation are discussed. In this contribution, we will discuss the characteristics of NR resource allocation and present the overall consideration. 

Discussion

Sidelink broadcast
As we know, the working scope of R16 NR V2X includes the study of sidelink unicast, sidelink groupcast and sidelink broadcast. Generally speaking, the sidelink V2X communication may be divided into unicast, groupcast and broadcast communication. Among them, the unicast/groupcast based sidelink V2X communication requires the support of sidelink discovery. That is, the V2X UE needs to discover each other first and then initiate the unicast/groupcast based V2X sidelink communication. As we know, sidelink discovery is also a broadcast communication in nature. 

Observation 1: In addition to broadcast based sidelink communication, sidelink discovery is also broadcast in nature. 

Sidelink discovery was specified in Rel-12 for D2D, where dedicated physical discovery channel is defined  to support the discovery message broadcast. And two types of discovery resource allocation are defined: UE autonomous resource selection and scheduled resource allocation. On the other hand, broadcast based V2X sidelink communication is supported in Rel-14. A lot of normative works have been done in LTE V2X phase, and these solutions for Sidelink broadcast in Rel-14/Rel-15 could be a start point for NR V2X sidelink broadcast communication. 

When it comes to NR V2X, it is not clear whether new discovery channel and resource allocation should be designed for V2X sidelink discovery. As a matter of fact, sidelink discovery message is fixed in size and usually transmitted periodically. It has a lot of similarity with the basic safety V2X messages discussed in Rel-14.  So it is suggested that V2X sidelink discovery message is transmitted via broadcast based sidelink communication. 

Proposal 1: For NR Sidelink broadcast, Rel-14/Rel-15 LTE V2X solutions are used as the starting point. 

Proposal 2: It is suggested that V2X sidelink discovery message is transmitted via broadcast based sidelink communication. 

Some enhancements may also be considered to address the specific issues of NR V2X. For instance, the frequencies up to 52.6 GHz in unlicensed ITS bands and licensed bands are considered in NR V2X study. Considering the high path loss in high-frequency, beamforming and beam-sweeping are the key point to support sidelink broadcast communication. So the resource allocation for broadcast sidelink communication need to consider the impact of beam sweeping, for example, the same broadcast message is transmitted on multiple beam directions so that the nearby V2X reception UEs could be able to receive it. 
Proposal 3: For the broadcast sidelink transmission, the resource allocation should consider the impact of beam, e.g., sidelink beam sweeping. 

Sidelink unicast/groupcast
For V2X UE interested in sidelink unicast communication, it may setup the PC5 connection with its peer UE. During the PC5 connection setup procedure, the V2X UE pair might negotiate which sidelink communication resource pool shall be used for its subsequent data transmission/reception. According to RAN1’s agreements in RAN1#94bis meeting, UE assumes a single numerology in using a resource pool. After a while, suppose new V2X traffic requires other numerology, the V2X UE pair may negotiate to switch to other sidelink communication resource pool.
Proposal 4: For unicast sidelink communication, V2X UE pair may negotiate the sidelink resource pool to be used for sidelink transmission and reception. 
In addition, for unicast V2X sidelink communication, the resource allocation might be based on the relative beam direction between involved V2X UEs. Different from broadcast, it is not necessary to consider beam sweeping. Only the high quality beams measured between two involved V2X UEs need to be considered. Before the unicast sidelink communication, the involved V2X UEs need to perform sidelink discovery. The V2X UE may perform the sidelink measurement based on the broadcast sidelink discovery message. Then the V2X UE may identify the appropriate beams for the subsequent sidelink communication. 

Proposal 5: For the unicast sidelink transmission, the resource allocation should take the beam measurement result into account. That is, the resource used for the unicast sidelink communication could be based on the high quality beams.

For sidelink groupcast communication, one of the main use cases is vehicle platooning where vehicles of the same platoon share necessary information required to support the platoon operations. One vehicle UE in the group may act as the group manager which reports traffic data reported by group members to RSU, as well as receives messages from RSU and relays them to group members. To facilitate the sidelink transmission and recpetion within group, a dedicated sidelink resource pool could be allocated by gNB to the group manager. And the group manager might provide the  dedicated sidelink resource pool configuration to the group members. 
Proposal 6: For the sidelink groupcast communication, it is suggested that dedicated sidelink resource pool could be allocated by gNB to the group manager. And the group manager might provide the dedicated sidelink resource pool configuration to the group members. 
Sidelink BWP
In R15 NR, bandwidth adaptation is supported, which allows flexible adjustment of bandwidth and frequency domain location for UE’s reception and transmission. A subset of the total cell bandwidth of a cell is referred to as a Bandwidth Part (BWP). UE could be configured with BWP(s) and notified which of the configured BWPs is currently the active one.

When it comes to the NR sidelink, it is reasonable to configure the sidelink BWP. For example, initial V2X sidelink BWP may be configured for UE. The initial sidelink BWP may be used for sidelink synchronization, sidelink discovery, and broadcast based sidelink communication. Within the initial transmit/receive V2X sidelink BWP, one or more transmit/receive V2X sidelink resource pools may be configured on that. 

Proposal 7: It is suggested that the V2X UE is (pre-) configured with initial V2X transmit/receive BWP, which is used for the sidelink synchronization, sidelink discovery and/or broadcast based sidelink communication. 
On the other hand, the sidelink BWPs corresponding to different numerologies might be configured. These sidelink BWPs might be allocated to support different type of V2X services. Suppose sidelink BWPs corresponding to different numerologies are configured, it is necessary to consider which sidelink BWP shall be used for UE’s sidelink traffic. For example, the sidelink logical channel might be associated with a latency requirement and the latency requirement may be further associated with the recommended numerologies. Based on this info, the V2X UE might be able to select the appropriate sidelink BWPs for V2X traffic transmission/reception. 

Alternatively, the RRC_CONNECTED V2X UE might report the preferred numerology or latency requirement to gNB and gNB is responsible to select the appropriate sidelink BWPs and configure corresponding sidelink transmission resource pool to UE. 

Proposal 8: In addition to the initial sidelink BWP, sidelink BWPs corresponding to different numerologies might be configured. These sidelink BWPs might be allocated to support different type of V2X services. How to select the appropriate sidelink BWP is FFS (e.g. based on QoS, UE capability, etc). 
Sidelink resource pool
As agreed in RAN1#94bis meeting, at least resource pool is supported for NR sidelink. Suppose sidelink BWP is supported, it is reasonable to assume that one or more transmission/reception V2X sidelink resource pools are configured on each sidelink BWP. Since different sidelink BWPs might be related with different numerologies, the V2X sidelink resource pools associated with these BWPs should also be related with different numerologies and therefore can be used to support different types of V2X services. 

Proposal 9: One or more transmission/reception V2X sidelink resource pools may be configured per sidelink BWP. 

As we know, the working scope of R16 NR V2X includes the study of sidelink unicast, sidelink groupcast and sidelink broadcast. For the sidelink unicast, it might requires the new design of sidelink resource pool, for example, the new control channel for HARQ ACK/NACK transmission. So it is suggested to divide the sidelink transmission resource pool into two types: broadcast sidelink resource pool, and unicast/groupcast sidelink resource pool. 

Proposal 10: It is suggested to divide the sidelink communication resource pool into two types: 1) broadcast sidelink resource pool; 2) unicast/groupcast sidelink resource pool.

Sidelink resource allocation
In R14/R15 V2X, only one resource allocation mode over all sidelink carriers could be configured for a RRC_CONNECTED UE. Suppose UE1 is configured to transmit sidelink discovery/communication over carrier f1, f2 and f3, UE1 could either use scheduled resource allocation or autonomous resource selection on all the carrier f1, f2 and f3. However, it might happen that some carriers only support the scheduled resource pool while other carriers support autonomous resource pool. So it is not reasonable to restrict the same resource allocation mode over all carriers. 

Proposal 11: It is suggested to allow different resource allocation mode configuration over different carriers. 
In R14/R15 V2X, only one scheduled resource allocation pool could be configured per carrier. When it comes to NR V2X, V2X UE might support the V2X transmission associated with different numerologies. Thus multiple sidelink resource pools associated with different numerologies need to be configured. Based on this observation, multiple sidelink transmission resource pools for scheduled resource allocation for a given carrier might be configured to V2X UE. 

Proposal 12: Considering UE might support simultaneous V2X transmissions associated with different numerologies, it is suggested that multiple sidelink transmission resource pools for scheduled resource allocation for a given carrier might be configured to V2X UE.

Based on RAN1’s progress, at least two sidelink resource allocation modes are defined for NR-V2X sidelink communication. And they can be further divided into following sub-modes:
Mode 1: Base station schedules sidelink resource(s) to be used by UE for sidelink transmission(s)

- a) Dynamic resource allocation

- b) Activation/deactivation based, E.g., semi-persistent scheduling allocation or NR grant free type-2 

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

- 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, UE autonomous selection of resource(s) from resources configured by RRC.
- d) UE schedules sidelink transmissions of other UEs

Generally speaking, for RRC_CONNECTED V2X transmission UE, it may use mode 1 and or mode 2 for resource allocation. For RRC_IDLE/INACTIVE V2X or out of coverage UE, it may only use mode 2a), 2b) and 2d). For RRC_CONNECTED V2X transmission UE, it might indicate its interest on sidelink transmission and transmit the communication type (broadcast/groupcast/unicast) and QoS info of V2X service to gNB. gNB determines whether scheduled resource allocation and or UE autonomous resource allocation shall be used and configure corresponding sidelink transmission resource pool to UE. Alternatively, UE might indicate its preferred resource allocation mode to gNB. For example, suppose the mode 2 resource allocation could not satisfy the V2X traffic’s QoS requirement, UE might request the gNB to configure mode 1 resource allocation. In addition, for RRC_CONNECTED V2X reception UE, it might also indicate its interest on sidelink reception and or communication type (broadcast/groupcast/unicast) to gNB. Based on the request, gNB might configure corresponding sidelink reception resource pool to reception UE. 

For RRC_IDLE/INACTIVE V2X or out of coverage UE, it might obtain the sidelink transmission/reception resource pools via system information or pre-configuration. Then UE may decide which sidelink resource pool to use on its own. For the platoon scenario, the group member UE might autonomously select the sidelink resources. Moreover, the group member UE might receive the assistance info from its group manager for sidelink resource selection. We will discuss the potential RAN2 impact of these resource allocation scheme in details in separate papers. 
Conclusion
In this contribution, we discussed the characteristics of NR resource allocation and analyzed the potential RAN2 impact of NR V2X sidelink resource allocation.  And we have the following observations and proposals:

Observation 1: In addition to broadcast based sidelink communication, sidelink discovery is also broadcast in nature. 

Proposal 1: For NR Sidelink broadcast, Rel-14/Rel-15 LTE V2X solutions are used as the starting point. 

Proposal 2: It is suggested that V2X sidelink discovery message is transmitted via broadcast based sidelink communication. 

Proposal 3: For the broadcast sidelink transmission, the resource allocation should consider the impact of beam, e.g., sidelink beam sweeping. 

Proposal 4: For unicast sidelink communication, V2X UE pair may negotiate the sidelink resource pool to be used for sidelink transmission and reception. 
Proposal 5: For the unicast sidelink transmission, the resource allocation should take the beam measurement result into account. That is, the resource used for the unicast sidelink communication could be based on the high quality beams.

Proposal 6: For the sidelink groupcast communication, it is suggested that dedicated sidelink resource pool could be allocated by gNB to the group manager. And the group manager might provide the dedicated sidelink resource pool configuration to the group members. 
Proposal 7: It is suggested that the V2X UE is (pre-) configured with initial V2X transmit/receive BWP, which is used for the sidelink synchronization, sidelink discovery and/or broadcast based sidelink communication. 
Proposal 8: In addition to the initial sidelink BWP, sidelink BWPs corresponding to different numerologies might be configured. These sidelink BWPs might be allocated to support different type of V2X services. How to select the appropriate sidelink BWP is FFS (e.g. based on QoS, UE capability, etc). 
Proposal 9: One or more transmission/reception V2X sidelink resource pools may be configured per sidelink BWP. 

Proposal 10: It is suggested to divide the sidelink communication resource pool into two types: 1) broadcast sidelink resource pool; 2) unicast/groupcast sidelink resource pool.

Proposal 11: It is suggested to allow different resource allocation mode configuration over different carriers. 
Proposal 12: Considering UE might support simultaneous V2X transmissions associated with different numerologies, it is suggested that multiple sidelink transmission resource pools for scheduled resource allocation for a given carrier might be configured to V2X UE.
Reference
[1] RP-181480, New SID: Study on NR V2X, Vodafone, LaJolla, USA, June 11th-14th, 2018.

[2] Chairman notes of RAN1#94.

3GPP


