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1   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 meeting, NR V2X resource allocation was discussed. The following agreements were reached. 
	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:

· 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
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 this contribution, we firstly discuss the characteristics of NR resource allocation and then analyze the potential RAN2 impact of NR V2X sidelink resource allocation. 

2   Discussion

Broadcast/groupcast vs. unicast
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 based sidelink V2X communication requires the support of sidelink discovery. That is, the sidelink unicast communication enabled V2X UE needs to discover each other first and then initiate the unicast based V2X sidelink communication. As we know, sidelink discovery is also a broadcast communication in nature. 

Proposal 1: In order to support unicast based sidelink V2X communication, the support of sidelink discovery need to be considered as well and the sidelink discovery is broadcast in nature.
According to NR design, the system information broadcast is transmitted based on beam sweeping. For broadcast based sidelink transmission, beam sweeping also needs to be considered to cover a spatial area so that the nearby V2X reception UE could be able to receive it. It means that the resource allocation for broadcast sidelink communication should have similar design with system information broadcast. For example, sidelink transmission burst periodicity may be configured, within which the same broadcast message is transmitted on multiple beam directions. Then for the next transmission periodicity, the other broadcast message may be transmitted in a similar way.

In order to improve the reliability of broadcast sidelink transmission, retransmission for a given beam direction may be designed. That is, multiple sidelink transmissions with the same beam direction is enabled within a sidelink transmission burst or transmission window. 

Proposal 2: For the broadcast sidelink transmission, the resource allocation should consider the impact of beam, e.g., sidelink beam sweeping. 

For unicast V2X sidelink communication, the resource allocation might be based on the relative beam direction between two 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 two involved V2X UEs need to perform sidelink discovery. The V2X UE may perform the beam measurement based on the broadcast sidelink discovery message. Then the V2X UE may identify the appropriate beams for the subsequent unicast sidelink communication. Once the unicast sidelink communication is established, the beam measurement could be further based on the unicast sidelink communication. 

Proposal 3: 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.

Sidelink BWP and BA
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. For out of coverage V2X UE, the initial transmit and/or receive sidelink BWP may be preconfigured. On the other hand, for in coverage V2X UE, it may obtain the initial V2X sidelink BWP configuration from network. Within the initial transmit/receive V2X sidelink BWP, one or more transmit/receive V2X sidelink resource pools may be configured on that. 

Proposal 4: 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 associate 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 QoS requirement to gNB and gNB is responsible to select the appropriate sidelink BWPs and configure corresponding sidelink transmission reception resource pool to UE. 

Proposal 5: 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, service type, UE capability, etc). 
For unicast based sidelink communication, the nearby V2X UEs may discover each other via the V2X sidelink discovery procedure. Then the peer V2X UEs may utilize the transmission/reception V2X sidelink communication resource pool on initial V2X sidelink BWP to establish the PC5 connection. During the PC5 connection setup procedure, the V2X UEs may negotiate which sidelink BWP shall be activated for the subsequent unicast sidelink communication. In order to support multiple V2X services with different QoS characteristics, the sidelink BWP activation/deactivation needs to be studied. 
Proposal 6: For the unicast based sidelink communication, the peer V2X UEs may utilize the PC5 connection setup procedure to negotiate which sidelink BWP shall be activated for the subsequent unicast sidelink communication.
Sidelink UE RRC state

In R14, the V2X sidelink communication is supported for both in coverage and out of coverage UE. For in coverage V2X UE, it might be in RRC_CONNECTED or RRC_IDLE state. For the RRC_IDLE V2X UE, UE autonomous resource selection could be used, where UE on its own selects resources from resource pools and performs transport format selection to transmit sidelink control information and data. For the RRC_CONNECTED V2X UE, either scheduled resource allocation or UE autonomous resource allocation could be used based on the eNB configuration. 

In R15 NR, a new RRC_INACTIVE state is introduced, where a UE remains in CM-CONNECTED and can move within an area configured by NG-RAN (the RNA) without notifying NG-RAN. For UE in RRC_INACTIVE state, the last serving gNB keeps the UE context and the UE-associated NG connection with the serving AMF and UPF. 

In our opinion, the sidelink transmission/reception is independent from UE’s Uu RRC state. It means that the UE in RRC_INACTIVE state should be able to support the sidelink transmission and reception as well. However, since the RRC_INACTIVE UE does not maintain the RRC connection, it can only support the autonomous resource selection based on the sidelink resource pool configuration broadcast by UE camped cell.
Proposal 7: It is suggested to support sidelink transmission/reception for UE in RRC_INACTIVE state. 
Sidelink resource pool
According to R14 V2X, a set of sidelink transmission and reception resource pools is pre-configured for out of coverage UE. For in coverage UE, the sidelink reception resource pools are configured by the eNB via broadcast RRC signalling while the sidelink transmission resource pools are configured by eNB via dedicated or broadcast signalling. 
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. For the out of coverage V2X UE, the sidelink transmission and reception resource pools could be pre-configured similar to R14 V2X. For the in coverage V2X UE, RRC signalling could be used to configure the sidelink transmission and reception resource pools.
Proposal 8: One or more transmission/reception V2X sidelink resource pools may be configured per sidelink BWP via RRC signalling. 

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 sidelink resource pool. UE that is interested in the broadcast V2X service should be aware of broadcast sidelink resource pool configuration. However, for UEs that are interested in unicast sidelink transmission/reception, sidelink UE pair could negotiate the sidelink resource pools to be used and then initiate the unicast sidelink transmission. 

To be specific, for V2X UE interested in sidelink unicast communication, once it obtains the sidelink resource pool configuration for sidelink unicast communication, it may setup the PC5 connection with its peer UE via the sidelink resource pool in initial BWP. During the PC5 connection setup procedure, the V2X UE pair might negotiate which sidelink BWP and corresponding sidelink unicast communication resource pool shall be used for its subsequent data transmission/reception. As shown in figure 1, suppose sidelink BWP 3 is selected, the V2X UE pair shall transmit and monitor the sidelink unicast communication resource pool in sidelink BWP 3. After a while, suppose new V2X traffic requires other numerology, the V2X UE pair may negotiate to switch to other sidelink BWP and sidelink unicast communication resource pool.
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Figure 1 Illustration of sidelink BWP for sidelink unicast communication

Proposal 9: It is suggested to divide the sidelink communication resource pool into two types: broadcast sidelink resource pool and unicast sidelink resource pool.

Proposal 10: For sidelink communication, gNB is suggested to configure the sidelink transmission resource pool and sidelink reception resource pool. For unicast sidelink communication, V2X UE pair may negotiate the resource pool to be used for sidelink transmission and reception. 
For RRC_CONNECTED V2X transmission UE, it might indicate its interest on sidelink discovery/communication transmission and transmit the QoS info of V2X service to gNB. For sidelink communication, gNB determines whether scheduled resource allocation or UE autonomous resource allocation shall be used and configure corresponding sidelink transmission resource pool to transmit UE. In addition, for RRC_CONNECTED V2X reception UE, it might also indicate its interest on sidelink discovery/communication reception and or communication type (broadcast/unicast) to gNB. Based on the request, gNB might configure corresponding BWP and sidelink reception resource pool to reception UE. 

Scheduled resource allocation vs. UE autonomous resource selection

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 f1, f2 and f3, UE1 could either use scheduled resource allocation or autonomous resource selection on all the 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 and QoS. Thus multiple sidelink resource pools associated with different BWPs need to be configured to support the scheduled resource allocation simultaneously. 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 the simultaneous V2X transmission associated with different numerologies and QoS, it is suggested that multiple sidelink transmission resource pool for scheduled resource allocation for a given carrier might be configured to V2X UE.

When designing the scheduled resource allocation and configuration for NR V2X sidelink, the R14 V2X sidelink design as well as the R15 NR resource allocation feature need to be considered as baseline. Generally speaking, the following three resource allocation modes are supported in NR:

· Dynamic resource allocation: the gNB can dynamically allocate sidelink resources to UEs. In addition, the gNB may pre-empt an ongoing sidelink transmission to one UE with a latency-critical transmission from another UE. 
· SPS: the gNB can configure SPS based sidelink resource to UEs. RRC defines the periodicity of the configured sidelink assignments while PDCCH can either signal and activate the configured sidelink assignment (type-2), or deactivate it.

· Configured scheduling: RRC directly provides the configured sidelink grant including the periodicity to UE (type-1).

Proposal 13: When design the scheduled resource allocation for NR V2X sidelink, the R14 V2X sidelink design as well as the R15 NR resource allocation could be considered as baseline.
3   Conclusion
In this contribution, we firstly discussed the characteristics of NR resource allocation and then analyzed the potential RAN2 impact of NR V2X sidelink resource allocation.  And we have the following observations and proposals:
Proposal 1: In order to support unicast based sidelink V2X communication, the support of sidelink discovery need to be considered as well and the sidelink discovery is broadcast in nature.
Proposal 2: For the broadcast sidelink transmission, the resource allocation should consider the impact of beam, e.g., sidelink beam sweeping. 

Proposal 3: 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 4: 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 5: 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, service type, UE capability, etc). 
Proposal 6: For the unicast based sidelink communication, the peer V2X UEs may utilize the PC5 connection setup procedure to negotiate which sidelink BWP shall be activated for the subsequent unicast sidelink communication.
Proposal 7: It is suggested to support sidelink transmission/reception for UE in RRC_INACTIVE state. 
Proposal 8: One or more transmission/reception V2X sidelink resource pools may be configured per sidelink BWP via RRC signalling. 

Proposal 9: It is suggested to divide the sidelink communication resource pool into two types: broadcast sidelink resource pool and unicast sidelink resource pool.

Proposal 10: For sidelink communication, gNB is suggested to configure the sidelink transmission resource pool and sidelink reception resource pool. For unicast sidelink communication, V2X UE pair may negotiate the resource pool to be used for sidelink transmission and reception. 
Proposal 11: It is suggested to allow different resource allocation mode configuration over different carriers. 
Proposal 12: Considering UE might support the simultaneous V2X transmission associated with different numerologies and QoS, it is suggested that multiple sidelink transmission resource pool for scheduled resource allocation for a given carrier might be configured to V2X UE.

Proposal 13: When design the scheduled resource allocation for NR V2X sidelink, the R14 V2X sidelink design as well as the R15 NR resource allocation could be considered as baseline.
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