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1 Introduction
RAN#80 has approved a new SID for NR V2X [1]. One objective of this SID is to study sidelink resource allocation mechanism in NR, corresponding to the requirements set by SA1 in TR 22.886 [2] and TS 22.186 [3]:

	1: Sidelink design [RAN1, RAN2]:
· Identify technical solutions for a NR sidelink design to meet the requirements of advanced V2X services, including 

· Study the support of sidelink unicast, sidelink groupcast and sidelink broadcast
· Study NR sidelink physical layer structures and procedure(s)

· Study sidelink synchronization mechanism

· Study sidelink resource allocation mechanism (also including objective 3)
· Study sidelink L2/L3 protocols


In this contribution, we will discuss what needs to be studied or reused for resource allocation mechanism over sidelink for NR V2X from RAN2 perspective, considering the agreements achieved in the last RAN1 meeting.
2 Discussion
In LTE V2X, two resource allocation modes are defined, namely mode 3 and mode 4. For mode 3, sidelink transmission resources are controlled and scheduled by the network. For mode 4, sidelink transmission resources are selected by UE from resource pool(s) configured by eNB or pre-configured in the UE. For a V2X UE in RRC-IDLE state, only mode 4 can be adopted. For a V2X UE in RRC-CONNECTED state, the eNB can control which mode to be adopted by the UE, through dedicated RRC configurations.

In the last RAN1 meeting, the following agreements about resource allocation mechanism were made:

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

From the agreements achieved by RAN1, we can find that design principles for resource allocation mechanism applied in NR sidelink are similar with that in LTE sidelink, i.e., both network controlled scheduling and UE autonomous resource selection should be supported. The newly defined NR sidelink mode 1 and mode 2 are corresponding to LTE sidelink mode 3 and mode 4, respectively.
Observation 1: RAN1 has agreed at least mode 1 and mode 2 are defined for NR-V2X sidelink communication, which are similar with mode 3 and mode 4 in LTE.
However, in our understanding, there are differences between LTE sidelink mode 3/4 and NR sidelink mode 1/2. On the one hand, the unicast and groupcast communication will be supported in NR sidelink [1]. In the RAN1 #94 meeting, RAN1 has agreed to study HARQ feedback as the sidelink enhancement for unicast and/or groupcast. To support HARQ feedback based retransmission, the legacy mode 3 and mode 4 should be enhanced. For example, in LTE V2X, blind HARQ retransmission mechanism is applied. The resources for the first transmission and retransmission are selected before the MAC PDU is actually constructed. However, when HARQ feedback mechanism is introduced to NR sidelink, whether there are resources for retransmission should be based on the HARQ feedback result. 
On the other hand, RAN1 has agreed that mode-2 definition covers potential sidelink radio-layer functionality, such as UE assists sidelink resource selection for other UE(s), and UE schedules sidelink transmissions of other UE(s), which are not supported in LTE sidelink. Based on the above considerations, we think LTE sidelink mode 3 and mode 4 can be a start point to study the necessary enhancements for NR sidelink mode 1 and mode 2.
Proposal 1: LTE sidelink mode 3 and mode 4 can be a start point to study the enhancements for NR sidelink mode 1 and mode 2.
For LTE sidelink mode 3, since the sidelink transmission resources are scheduled by the eNB (if we do not consider mode 3 and mode 4 resource sharing introduced in LTE R15), the sidelink transmission reliability is higher than that in mode 4. When a UE adopted mode 3 has sidelink data to be transmitted, the UE may trigger BSR and then SR procedure, and wait the eNB to schedule uplink grant to transmit sidelink BSR MAC CE, in order to report sidelink buffer status to the eNB. After receiving the sidelink BSR MAC CE, the eNB will schedule sidelink transmission resources for this UE sidelink. This resource request procedure will bring large latency. On the contrary, for mode 4, UE can select transmission resources on demand by itself, which can achieve much lower latency. Therefore, mode 3 is suitable for the services which require high reliability and loose latency while mode 4 is suitable for the services which require low latency and loose reliability. 
In LTE V2X, a V2X UE adopts only one resource allocation mode at any time. For a RRC-IDLE UE, only mode 4 can be used. For a RRC-CONNECTED UE, the eNB will configure the corresponding mode through RRC signalling. However, we think such operation may not be suitable for NR V2X anymore. As described in [2] and [3], SA1 has identified various advanced V2X services, each with different performance requirements. Some use cases require extremely high reliability, e.g., highest degree of automation for vehicle platooning [3, 5.2]. While some other use cases need quite low latency, e.g., emergency trajectory alignment for advanced driving [3, 5.3]. These V2X services may by supported by a vehicle simultaneously. Thus, in order to have better QoS assurance, we suggest RAN2 to discuss whether to apply NR sidelink mode 1 and mode 2 concurrently.
Proposal 2: In order to support services with different QoS requirements simultaneously, RAN2 to discuss whether to apply NR mode 1 and mode 2 concurrently for a V2X UE.
In LTE V2X, the resource allocation mode change can only be controlled by the network, and cannot be triggered by a V2X UE. When an in-coverage UE (in RRC-IDLE state or RRC-CONNECTED state) adopts mode 4 and is running a V2X service requiring high reliability, the reliability requirement is hard to be guaranteed if numerous UEs are contending the mode 4 resources. In LTE, a V2X UE can detect the load situation, for example, by measuring the CBR of the transmission channel, and we think such measurement mechanism can still be reused. In our understanding, if the UE can change to mode 3 when detecting the channel load is high, the V2X service may be better supported. Thus, we propose RAN2 to consider to support resource allocation mode change triggered by UE.
Proposal 3: RAN2 to discuss whether to support resource allocation mode change triggered by UE.
In the RAN1 #94 meeting, RAN1 has agreed that mode-2 definition covers potential sidelink radio-layer functionality or resource allocation sub-mode, such as UE is configured with NR configured grant (type-1 like) for sidelink transmission. NR configured grant type 1 means the parameters configuration and time-frequency resource location are purely based on RRC signalling, which is also named as Grant-Free. As analysed in [5], Grant-Free based sidelink transmission has advantages on satisfying extremely low latency and high reliability requirements, e.g., an end-to-end latency as low as 3 ms and 99.999% reliability. We think for NR sidelink mode 2 transmission, the resource and transmission parameters for Grant-Free can be configured in RRC signalling for in-coverage UEs or pre-configured for out-of-coverage UEs. For NR sidelink mode 1, Grant-Free can also be supported, and resource and transmission parameters should be configured by RRC signalling. 
Proposal 4: RAN2 to support Grant-Free based sidelink transmission for both NR sidelink mode 1 and mode 2 in NR V2X.
In LTE V2X, a V2X UE can report traffic pattern information to the eNB through UE assistance information reporting. The traffic pattern information includes a set of preferred SPS interval, timing offset with respect to subframe 0 of the SFN 0, PPPP, PPPR, Destination Layer-2 ID, and maximum TB size based on observed traffic pattern. The eNB can activate a suitable SPS configuration or adjust the activated SPS configuration for a specific UE to fit its running services, based on the traffic pattern information reported by such UE. 
Observation 2: LTE V2X support traffic pattern report to adjust SPS configuration.

In NR V2X, aperiodic and burst traffic services are considered in TR 37.885 [4]. For example, the following aperiodic traffic models are listed in [4]:

-
Aperiodic traffic
-
Model 1 (medium traffic intensity)
-
Inter-packet arrival time: 50 ms + an exponential random variable with the mean of 50 ms

-
Packet size: Uniformly random in the range between 200 bytes and 2000 bytes with the quantization step of 200 bytes

-
Latency requirement: 50 ms

-
Model 2 (high traffic intensity)
-
Inter-packet arrival time: 10 ms + an exponential random variable with the mean of 10 ms

-
Packet size: Uniformly random in the range between 10000 bytes and 30000 bytes with the quantization step of 4000 bytes

-
Latency requirement: 10 ms
Observation 3: Aperiodic and burst traffic services will be supported in NR sidelink.

We can see that the above traffic pattern cannot be reflected by the legacy traffic characteristics parameters. In order to support such aperiodic traffic, we propose RAN2 to study traffic pattern reporting for the gNB scheduling to support aperiodic traffic and burst traffic in NR sidelink.
Proposal 5: RAN2 to study traffic pattern reporting for the gNB scheduling to support aperiodic traffic and burst traffic in NR sidelink.
In LTE V2X, UE autonomous resource selection only considers latency requirement. For example, a V2X UE may reserve sidelink transmission resources for the transmission of multiple MAC PDUs. When the V2X UE finds that the latency requirement cannot be fulfilled, the V2X UE will trigger resource reselection. 

However, in NR V2X, more dimensions of performance requirements for advanced use cases should be considered, such as payload, data rate, maximum end-to-end latency, reliability, and so on [2]. For NR sidelink mode 2, UE shall determine sidelink transmission resource by taking into account of latency, reliability, data rate and traffic pattern, etc. 
Proposal 6: For NR sidelink mode 2, UE shall determine sidelink transmission resource by taking into account of latency, reliability, data rate and traffic pattern, etc.
In LTE V2X, the concept of zone is introduced for LTE sidelink mode 4, which is a coarse-grained representation of geo location. For LTE sidelink mode 4, zone based Tx resource pools are configured for UEs, and which Tx resource pool can be used by a V2X UE is based on the zone in which the UE is currently located. Such mechanism will reduce collision probability for mode 4 V2X UEs, because UEs in neighbour zones will use separate sidelink transmission resources.

Considering this, the concept of zone is necessary to be introduced for NR mode 2. However, we think the geo location information can also be used in NR mode 1, since it is beneficial for interference coordination. For example, the V2X UE can report its geo location information to the gNB, and the same resource can be allocated to two UEs, which are far away enough from each other. So we propose RAN2 to confirm to support the geo location based resource allocation for NR advanced V2X services.
Proposal 7: RAN2 confirms to support the geo location based resource allocation for NR advanced V2X services.
3 Conclusion

In this paper, we have discussed what should be reused or needs to be studied on sidelink resource allocation mechanism for NR sidelink, and have the following observations:
Observation 1: RAN1 has agreed at least mode 1 and mode 2 are defined for NR-V2X sidelink communication, which are similar with mode 3 and mode 4 in LTE.

Observation 2: LTE V2X support traffic pattern report to adjust SPS configuration.

Observation 3: Aperiodic and burst traffic services will be supported in NR sidelink.
And we also have the following proposals:

Proposal 1: LTE sidelink mode 3 and mode 4 can be a start point to study the enhancements for NR sidelink mode 1 and mode 2.
Proposal 2: In order to support services with different QoS requirements simultaneously, RAN2 to discuss whether to apply NR mode 1 and mode 2 concurrently for a V2X UE.
Proposal 3: RAN2 to discuss whether to support resource allocation mode change triggered by UE.
Proposal 4: RAN2 to support Grant-Free based sidelink transmission for both NR sidelink mode 1 and mode 2 in NR V2X.
Proposal 5: RAN2 to study traffic pattern reporting for the gNB scheduling to support aperiodic traffic and burst traffic in NR sidelink.
Proposal 6: For NR sidelink mode 2, UE shall determine sidelink transmission resource by taking into account of latency, reliability, data rate and traffic pattern, etc.
Proposal 7: RAN2 confirms to support the geo location based resource allocation for NR advanced V2X services.
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