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The resource allocation for NR V2X Mode 2 UEs has been discussed in the past several RAN1 meetings [1], [2], [3] and [4]. In RAN1 Ad-Hoc meeting #1901 [4], the following agreements have been made:
Agreements:
Mode-2 supports the sensing and resource (re)-selection procedures according to the previously agreed definitions. 
· FFS resource granularity for sensing & resource (re)-selection, e.g., PRB(s), slots, resource patterns (when applicable), etc.
· FFS detailed conditions when these procedures can apply
Agreements:
· For the purpose of performance evaluation for Mode-2(c), the following Mode-2(c) transmission pattern selection is used when a UE is configured with a pool of patterns:
· Sensing based pattern selection (e.g. UE selects unused pattern based on sensing results) 
· Additional information to assist pattern selection is not precluded, e.g., by using UE geographical location information 
Agreements:
· Sub-channel based resource allocation is supported for PSSCH
· FFS details for sub-channels
· FFS other use cases for sub-channel (e.g., measurement, interaction with PSCCH, etc.)
Agreements:
· SCI decoding applied during sensing procedure provides at least information on sidelink resources indicated by the UE transmitting the SCI 
Agreements:
· At least for the purpose of evaluation, in Mode-2(d), at least for group operation, a member UE transmits on resources configured by another UE (S-UE) within the same group
· High layer signaling is assumed between S-UE and a member UE

In this contribution, we propose detailed procedures for resource allocation for Mode 2a and Mode 2d.
Resource Allocation in Mode 2a
We discuss the semi-persistent resource allocation scheme for periodic traffic in Section 2.1 and discuss the dynamic resource allocation scheme for aperiodic traffic in Section 2.2. For the dynamic resource allocation scheme, both LBT-based solution and announcement-based solution are discussed and compared. In Section 2.3, we discuss the pre-emption mechanism to achieve different data QoS requirements. 
Handling of Periodic Traffic 
In Mode 2a, a UE performs autonomous resource selection based on sensing as in LTE V2X mode 4. In LTE V2X mode 4 operation, collisions between UEs autonomous resource reservation are partially avoided by announcing a semi-persistent resource reservation information in the SCI. This mechanism is efficient to reduce collisions for the periodic traffic. Such a resource reservation mechanism should also be a baseline for the semi-persistent scheme of Mode 2a for NR V2X periodic traffic. Similarly, the SCI using in Mode 2a should at least indicate the reserved resource(s) and its associated periodicity and duration in the future. 
As in LTE, a NR UE can decode SCI transmissions during sensing to determine whether the resources reserved by other UEs during its resource selection procedure. 
Proposal 1: UE includes a semi-persistent reservation indication in SCI when reserving resources for periodic traffic.
It was agreed [4] that subchannel based resource selection is supported for PSSCH. Hence, it is natural to assume for sensing and resource selection, the resource granularity is in terms of subchannels. 
Proposal 2: The sensing by a Mode 2 UE is based on subchannels in frequency. 
In LTE, a UE selects a resource in one or more subchannels. For NR, we can consider, in addition to the LTE baseline, to allow the UE to select a pattern of resources. A resource pattern could similar to a D2D T-RPT or could also include the frequency dimension (i.e., TFRP). Resource patterns can be used to support repeated data transmissions, which is feasible to address the potential half duplex issues and enhance the reliability of data transmissions. The resource patterns can be pre-configured or configured by gNB. A Mode 2 UE performs sensing on the (pre-)configured resource patterns and then autonomously select a resource pattern. The resource patterns can be designed to fit various data QoS requirements. For example, a resource pattern with a larger number of resources can be used to support data with higher data rate requirements, or to enable retransmissions for high reliability requirements.
Proposal 3: Mode 2 UE could select a resource or a resource pattern. In each case, the UE uses data QoS to select the resource or resource pattern.

Handling of Aperiodic Traffic 
LTE V2X resource allocation scheme is designed mainly for periodic traffic. NR V2X however is required to support both periodic ad aperiodic traffic and the aperiodic traffic has stringent reliability requirements. Therefore, several new techniques are presented to handle NR V2X aperiodic traffic, e.g. to reduce the collisions for aperiodic traffic. In our view there are two main approaches: LBT-based and Announcement-based resource allocation. Those two approaches can be considered as dynamic resource allocation schemes.
It is important that dynamic resource allocation scheme used for aperiodic traffic can take advantage of the semi-persistent resource reservation information for the periodic traffic in NR V2X. For example, when a resource pool is shared by both periodic traffic and aperiodic traffic, a UE can perform a dynamic LBT-based or Announcement-based scheme, based on the semi-persistent resource reservation information obtained from the sensing procedure.
Proposal 4: Dynamic resource allocation scheme is based on the results of the sensing procedure.

LBT-based Scheme
In the LBT-based resource allocation scheme, a UE performs clear channel assessment (CCA) on the set of available resources determined by the sensing procedure. To avoid collision, the UE further applies a backoff procedure to determine a resource for data transmission among the set of available resources which have clear channel assessment.
CCA in unlicensed operation (e.g., LTE-U) operates over the entire band. This type of wide-band CCA would result in inefficient use of the sidelink resources in NR V2X as SL transmissions occupy only one or multiple subchannels. Therefore, NR V2X CCA can be performed per subchannel or set of subchannels. Such a CCA procedure may increase UE complexity and processing, but may still be acceptable for a vehicle UE. 
As NR V2X supports data transmissions of a range of different QoS requirements, it is important that the LBT-based scheme prioritizes UE transmissions of higher data priority as the semi-persistent resource allocation scheme does. An efficient method to achieve this is to enable different transmission start timings (or different CCA durations) within a SL slot for data transmission of different QoS requirements. 
Consider an example in Figure 1 where the transmission start timings are (pre)configured depending on data priority. The high priority data are associated with early transmission start timing (or short CCA duration), and the low priority data are associated with late transmission start timing (or long CCA duration). This ensures that a low priority data transmission will not be able to compete for the slot with the high priority data transmission, because when a UE performs LBT in the slot for the low priority transmission, it will always detect the high priority transmission.   


[bookmark: _Ref528902800]Figure 1: Configuration of start time access based on priority 
A backoff procedure is necessary in LBT to reduce the probability of collisions. In the backoff procedure, a UE may delay a transmission based on the data priority and congestion level of resources within a resource selection window. For example, when the congestion level is high, a UE may decide to delay the transmission further to avoid collisions. This can be achieved by a backoff counter which is decreased by the number of available resources in the resource selection window. The initial backoff counter value or the step-size in the backoff counter reduction can be based on data priority and congestion level.
Proposal 5: RAN1 evaluates the LBT-based resource allocation scheme for Mode 2a.

Announcement-based Scheme
In this approach, a UE transmits an announcement message before a control and data transmission. The UE uses the announcement message to notify other UEs about its intention to use the indicated transmission resource in the future. We refer to such message as forward booking announcement message. The forward booking announcement message should contain at least the following parameters:
· Time-frequency location of the control and data
· QoS characteristics of the data (priority, latency, reliability)
The UE can separately select data transmission resource and announcement message transmission resource. The resource selection window for announcement message should be ahead of the resource selection window for data. 
The announcement message could be transmitted more than once to address the half-duplex issue. The number of repeated transmissions of the announcement message can be determined by congestion level and data QoS requirement, e.g., reliability. Furthermore, the LBT-based scheme could be applied on the announcement message transmission to avoid collision. 
After the announcement message transmission, a UE should monitor the potential forward booking announcement messages transmitted by other UEs. In case of a possible collision on its reserved data resource, the UE can determine whether it should cancel its planned transmission and perform resource re-selection for the subsequent data transmission, based on the QoS information of both its own transmission and the colliding transmission. For example, if the priority of the detected forward booking transmission is higher than that of the subsequent data transmission, the UE will perform resource re-selection. 
Proposal 6: RAN1 evaluates the resource allocation scheme based on the forward booking announcement for Mode 2a.

Support of Pre-emption
NR V2X supports transmission of traffic with very low latency (down to 3ms) and high reliability (up to 99.999%) [5]. In NR Uu, the network may use pre-emption to transmit data of a lower latency and/or higher priority to a UE. The gNB overrides downlink data transmitted to a specific UE and indicates afterwards to the victim UE that the received data should be flushed.

In NR V2X pre-emption may also be used to enforce high priority traffic. One possible option is to allow UEs to pre-empt other on-going UE transmissions of lower priority. For example, the high-priority traffic UE could transmit an indication to a lower-priority UE with resource reserved to stop transmission (e.g. for one period) and then use that resource for transmission of its high priority data. For example, pre-emption of both periodic and aperiodic transmissions can be achieved using the forward booking announcement message itself. 

Proposal 7: NR V2X considers the pre-emption mechanism for sidelink resource reservation. 

Resource Allocation in Mode 2d
In this section, we describe our view on Mode 2d. In Mode 2d, it is possible that a scheduling UE can schedule sidelink transmission resource for a member UE within the same group.
Group management for usage of Mode 2d, as well as the selection of a scheduling UE can be performed by either AS layer or upper layers. While AS-layer mechanisms may be more dynamic, the added complexity may not be desired given that the usage of Mode 2d would be beneficial for cases where the group does not change frequently. Furthermore, RAN2 agreed that no AS-layer mechanisms would be used to select the group manager [6]. Therefore, the simplest way to support Mode 2d for the initial release of NR V2X is to let the higher layer decide the scheduling UE. In this way, RAN1 does not need for further discuss any UE behavior related to group creation/management. Since higher layers perform group management, it can also decide whether a specific unicast/groupcast transmission will use Mode 2a or Mode 2d.
Proposal 8: For Mode 2d, the selection of a scheduling UE is higher layer procedure.
A gNB may grant sidelink resources to an in-coverage scheduling UE so that the scheduling UE can allocate these resources to member UEs. In an alternative way, a scheduling UE can perform sensing and resource selection for a resource pool, just as a Mode 2a UE. The selected resources can be allocated to member UEs. The resource pool for scheduling UE’s sensing and selection can be shared by other Mode 2a or Mode 2d UEs. The resource pool dedicated for Mode 2d UEs is not spectrum efficient. The resource pool a scheduling UE can use is based on (pre-)configuration. 
Proposal 9: For Mode 2d, the sidelink resources a scheduling UE can use for member UEs can be based on resource selection or network scheduling. 
It was agreed [4] that at least for evaluation purpose, high layer signaling is assumed between a scheduling UE and a member UE. This implies that SCI-based scheduling between a scheduling UE and a member UE may not be considered. Still, a scheduling UE can apply the semi-persistent resource allocation via configured grants to schedule a member UE’s sidelink transmissions. 
Consider an example of vehicle platooning, where the platooning leader is the scheduling UE and platooning members are the member UEs in Mode 2d. The platooning leader receives the configured grant (say, with period of 10 ms) from gNB. It allocates a subset of these periodic resources to each of the member UEs via configured grant. The configured grant for each member UE can have periodicity larger than 10 ms. This ensures each member UE can report its observed road condition in a round robin fashion. 
Proposal 10: Mode 2d supports semi-persistent resource allocation based on configured grant.

Conclusion
In this contribution, we made the following observations and conclusions on resource allocation for NR V2X:
Proposal 1: UE includes a semi-persistent reservation indication in SCI when reserving resources for periodic traffic.
Proposal 2: The sensing by a Mode 2 UE is based on subchannels in frequency. 
Proposal 3: Mode 2 UE could select a resource or a resource pattern. In each case, the UE uses data QoS to select the resource or resource pattern.
Proposal 4: Dynamic resource allocation scheme is based on the results of the sensing procedure.
Proposal 5: RAN1 evaluates the LBT-based resource allocation scheme for Mode 2a.
Proposal 6: RAN1 evaluates the resource allocation scheme based on the forward booking announcement for Mode 2a.
Proposal 7: NR V2X considers the pre-emption mechanism for sidelink resource reservation. 
Proposal 8: For Mode 2d, the selection of a scheduling UE is higher layer procedure.
Proposal 9: For Mode 2d, the sidelink resources a scheduling UE can use for member UEs can be based on resource selection or network scheduling. 
Proposal 10: Mode 2d supports semi-persistent resource allocation based on configured grant.
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