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1 Introduction

In RANP #80, a new NR V2X SI was agreed [1]. One objective of the SI is the design of resource allocation for sidelink to meet the requirements for new NR use cases studied in [2]. In RAN1 #94, the following agreements were made on sidelink resource allocation modes for NR V2X sidelink communication [3]. 
	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 this contribution, we provide our view on Mode 2 resource allocation. We further discuss the new requirements and the areas to be studied for NR V2X for Mode 2 resource allocation.
2 Resource allocation mode
Mode 2a, where a UE autonomously selects sidelink resource for transmission, is similar to Mode 4 in LTE V2X. In LTE V2X mode 4, the UE uses announced transmissions from other UEs in its own resource selection.  We think this is necessary for any autonomous resource selection scheme since it avoids multiple UEs selecting the same resources. Autonomous resource selection is necessary for both in coverage and out of coverage UEs performing broadcast transmission since it allows the UE to dynamically select the transmission resource when data is available at its buffer.  In addition, to support the broadcast case for both in-coverage and out-of-coverage, the other modes of operation (2b, 2c, and 2d) are not practical. Therefore, this mode can be used as a baseline. 
The use of configured grants (mode 2c) is a special case of mode 2a which can be used by a UE in coverage. Specifically, the network can configure dedicated or shared resources to a UE (in the form or a resource pool or a configured grant) and the UE behaviour could be the same. 

Proposal 1: 

RAN1 supports UE autonomous resource selection based on sensing of other UE announced transmissions.
RAN1 has agreed to further study SL enhancement for unicast/groupcast including HARQ feedback, CSI acquisition, etc. In this case, a UE may consider feedbacks from other UEs to ensure QoS for unicast/groupcast transmission. Therefore, resource allocation in this scenario may be considered as one form of UE assistance in resource allocation.
Another form of UE assistance in resource allocation may be beneficial for unicast/groupcast if transmissions between two or more UEs (unicast/groupcast) have coordinated timing. There are many scenarios that transmissions timing of UEs within a group are correlated. For example, in unicast/groupcast, the transmit UE may expect to receive HARQ ACK feedback within a time frame. In another example, in the platooning use case, there may be regular platoon maintenance message transmissions made sequentially by group members.

Observation 1:
Correlated transmissions timing of UEs within a group exists in many scenarios.
It may be beneficial to design resource selection methods which exploit these timing relationships.  For mode 2 transmissions, this can be done by having a single UE perform resource selection for itself and other UEs at the same time. The UE performing resource selection can then ensure that the selected resources meet the specific timing relations of the multiple UEs. In addition, it avoids the need to have to perform resource selection multiple times at different UEs where the resource availability may have changed between the transmissions of the different UEs.  Therefore, in some scenarios, performing resource selection at one UE for unicast/groupcast transmissions may be more efficient in meeting latency requirements of each transmission. 
Proposal 2:
RAN1 further study methods for one UE to reserve resources usable by other UEs
Resource allocation for LTE V2X was designed mostly to support periodic traffic, while aperiodic traffic is more subject to collisions. Specifically, when a UE performs resource selection for one MAC PDU transmission, it selects an available resource in the resource selection window by excluding the resources reserved by other UEs. However, resource collision may occur if another UE also selects the same resource for one MAC PDU transmission. 
NR V2X use cases will rely more heavily on aperiodic traffic. Moreover, this traffic requires more stringent latency and reliability requirements as compared to LTE V2X. Therefore, resource allocation for NR V2X must be designed to avoid collisions that occur with aperiodic traffic in LTE. 

One possible way to solve this issue is to include an LBT procedure into the LTE V2X sensing-based resource selection procedure. A UE may still select the available resources based on sensing, as in LTE V2X. However, prior to transmission on a selected resource, a UE may perform LBT to ensure that the resource is not occupied by another transmission.  LBT can be used for either TDM, FDM, or mixture of TDM and FDM multiplexing schemes between PSCCH and PSSCH. In TDM scheme, the UE may be configured a time gap between PSSCH and PSCCH. Such configuration may allow the UE to perform LBT on PSCCH resource only. 
While LBT procedure can address resource collision problem for one MAC PDU transmission, sensing of the reserved resources (used for periodic data transmission) is still beneficial and should be considered for NR. The UE can remove the reserved resources from the available resource thereby reducing the probability of collision for those resources. Therefore, a combination of LBT and sensing can be used to optimize resource selection.   

Proposal 3: 

NR V2X supports combined sensing and LBT to address reliability/collision avoidance for aperiodic traffic 
As discussed in our companion contribution [4], NR V2X may need to support a pre-emption mechanism.  Pre-emption message can be beneficial to pre-empt the transmission resource of non-low-latency data to support the transmission of low-latency data, especially given the very low latency requirements for some use cases (as low as 3ms). In general, pre-emption message can be transmitted in either a dedicated or a PSCCH resource pool. If the UEs are configured to transmit the pre-emption message in a dedicated resource pool, the UEs may need to perform resource selection for the pre-emption message, and all UEs may need to monitor the resource pool to determine whether its resource is pre-empted or not. Alternatively, if the UEs are configured to transmit pre-emption message in a PSCCH resource pool, the UE may use resource selection for pre-emption message similar to that of the other PSCCH.

Proposal 4: 
NR V2X supports transmission of pre-emption message for sidelink resource pre-emption. Details are FFS.
3 Resource allocation for unicast/groupcast HARQ Feedback
RAN1 has agreed to study HARQ-ACK feedback for unicast/groupcast in the last meeting. HARQ feedback has the potential to improve the reliability of the transmission and reduce unnecessary repetitions of unicast/groupcast. However, introducing of the feedback in sidelink will create a congestion in the sidelink. Therefore, it is necessary to study methods to deal with this issue.

In general, there are three options to transmit HARQ ACK feedback bits on sidelink. 

· Option 1: Transmit HARQ ACK feedback by using a new sidelink physical channel. 

· Option 2: Transmit HARQ ACK feedback on sidelink control message. 

· Option 3: Piggyback HARQ ACK bits on the sidelink data channel.

Resource selection for HARQ ACK feedback can be done by either the transmitter (HARQ ACK receiver) or the receiver (HARQ ACK transmitter). Many UEs may need to transmit HARQ ACK feedbacks in cases multiple unicast links have been setup in the same resource pool. For this reason, each option should be studied to minimize the overhead and collision associated with HARQ ACK feedback transmission.

Proposal 5: 

RAN1 to study efficient resource selection mechanisms for unicast/multicast HARQ ACK that minimize collisions and channel congestion  

4 Resource pool sharing between Mode 1 and Mode 2
Pool sharing between network-scheduled and UE-autonomous resource selection was introduced in LTE V2X to improve the resource utilization of the system. Specifically, resource pool sharing improves resource utilization by allowing UEs with different Modes to share resources. Moreover, resource pool sharing helps to reduce resource segregation of the resources for V2X services and avoid having many semi-static and preconfigured resource pool in the network. 

Proposal 6: 

NR V2X supports resource pool sharing between Mode 1 and Mode 2 

Due to the limited time for the R15 LTE V2X WI, only periodic RRC reporting of Mode 3 sensing was specified. This solution may not be suitable for NR V2X because advanced services supported in NR V2X have very stringent requirements, and RRC reporting may not be sufficiently fast. Therefore, event-triggered and more dynamic reporting of the sensing result can be considered for NR V2X, e.g., using MAC CE. 
Proposal 7: 

NR V2X mechanism for sensing and reporting addresses the observed limitations of Rel15 

5 Congestion control
In LTE V2X, CBR is used to measure the congestion level or utilization level of a resource pool and CR is used to calculate the resource utilization of one UE in a resource pool. A UE can adjust the following parameters based on CBR of the resource pool and PPPP of the pending packets:

· Maximum transmit power 
· A range on the number of retransmissions per TB
· A range of the number of sub-channel used for PSSCH 
· A range of MCS

To limit the resource utilization of one UE within a resource pool, a UE is required to guarantee that its transmissions do not exceed a limited channel occupancy ratio. Since channel occupancy is not considered in the resource allocation procedure, when the UE has reserved resources and data is available for transmission, the UE may have to drop the pending packets. 

NR V2X requires much higher data rate compared to LTE V2X. Therefore, if CR is not considered in the resource allocation procedure, a UE may have to drop larger packets if CR is greater than a channel occupancy limit. This issue can be addressed by having resource selection consider also the CR/CBR measurements.
Proposal 8: 

Resource selection procedure in NR V2X considers CBR/CR measurements.
In LTE V2X, multicarrier operation allows a UE to select from 8 different carriers to communicate with a given destination and was also used to increase reliability through duplication. Requirements related to enhanced reliability and larger data in NR may require the support of this feature. Moreover, in LTE V2X, CBR-based carrier selection/reselection is implemented. This scheme may allow the system to balance the congestion level in each carrier, which may be beneficial to NR V2X. 

How multicarrier operation is supported in NR may depend on the NR sidelink design and further additional requirements of NR use cases. In addition, supporting this feature initially within the resource allocation framework would be preferable as it avoids the need to adapt this feature to an existing resource allocation design, which needed to be done when they were introduced in LTE V2X.   

Proposal 9: 
NR V2X supports multicarrier transmission and CBR-based carrier selection/reselection
6 Conclusion

In this contribution, the following observations were made on resource allocation for NR V2X:
Observation 1:
Correlated transmissions timing of UEs within a group exist in many scenarios.

Based on these observations, the following conclusions were made:

Proposal 1: 

RAN1 supports UE autonomous resource selection based on sensing of other UE announced transmissions.

Proposal 2:
RAN1 further study methods for one UE to reserve resources usable by other UEs

Proposal 3: 

NR V2X supports combined sensing and LBT to address reliability/collision avoidance for aperiodic traffic 
Proposal 4: 

NR V2X supports transmission of pre-emption message for sidelink resource pre-emption. Details are FFS.
Proposal 5: 

RAN1 to study efficient resource selection mechanisms for unicast/multicast HARQ ACK that minimize collisions and channel congestion  

Proposal 6: 

NR V2X supports resource pool sharing between Mode 1 and Mode 2 

Proposal 7: 

NR V2X mechanism for sensing and reporting addresses the observed limitations of Rel15 

Proposal 8: 

Resource selection procedure in NR V2X considers CBR/CR measurements.
Proposal 9: 

NR V2X supports multicarrier transmission and CBR-based carrier selection/reselection
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