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1 Introduction

In the study item description [1], the following objectives were specified for sidelink design: 
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

At the most recent RAN1 meeting, RAN1#94, the following agreements were reached [2]:
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 views on sidelink resource allocation for NR V2X. 
2 Resource allocation modes 
In TR 37.885 “Study on evaluation methodology of new Vehicle-to-Everything V2X use cases for LTE and NR” [3], multiple traffic models were specified for evaluation.  For NR V2X, diverse traffic needs to be supported, including: periodic/aperiodic traffic, different magnitudes of packet sizes: from hundreds of bytes up to tens of thousands of bytes, and fixed/varying packet sizes. 

Hence resource allocation modes specified for LTE V2X (mode 3 and mode 4) should be enhanced to adapt to much more diverse traffic requirements encountered in NR V2X.  

NR V2X mode 1 (base station schedules sidelink resource) proposed in RAN1#94 should inherit all functionalities of corresponding LTE V2X mode 3. Particularly, SPS configuration should be supported, since it’s suitable for periodic data traffic with fixed packet size. 

Similarly, NR V2X mode 2 (UE determines sidelink transmission resource) proposed in RAN1#94 should inherit all functionalities of corresponding LTE V2X mode 4. Sub-mode a (UE autonomously selects sidelink resource for transmission) should be supported and cover all functionalities of LTE V2X mode 4.  
As a new mode, Sub-mode d (UE schedules sidelink transmissions of other UEs) should also be specified to efficiently support new advanced use cases in NR V2X. However, the usage of sub-mode d should be limited to certain scenarios and only special types of vehicular UE are allowed to schedule sidelink transmissions of other UEs. For example, sub-mode d can be applied to vehicular UEs in a group. In this scenario, only group leader is allowed to schedule sidelink transmissions of other member UEs in the group.  A group leader can use either NR V2X mode 1 or mode 2 (sub-mode a) to jointly reserve resources for aggregated data traffic from all member UEs. This mode is particularly suitable for aperiodic traffic from member UEs.  
Proposal 1: NR V2X mode 1 (base station schedules sidelink resource) proposed in RAN1#94 should inherit all functionalities of LTE V2X mode 3 including SPS configuration.
Similarly, NR V2X mode 2 (UE determines sidelink transmission resource) proposed in RAN1#94 should inherit all functionalities of LTE V2X mode 4.

Proposal 2: Consider supporting sub-mode d of NR V2X mode 2 but limiting its usage to special scenarios, e.g. only group leader is allowed to schedule sidelink transmissions of other member UEs in the group.  
3 Control channel structure  
The functionalities and mechanisms of legacy LTE V2X mode 4 could be enhanced to enable NR V2X mode 2 to adapt to the more diversified V2X traffic types (e.g. aperiodic traffic share same resource pool with periodic traffic). 
In LTE V2X sidelink mode 4, UE autonomous resource selection and reservation are used based on the channel sensing operations. In the channel sensing procedures, the sensing UE decodes the PSCCH of the sensed UEs to acquire some necessary information including packet priority, resource reservation information and control CRC bits (to determine DM-RS of associated PSSCH) and then make the measurement of PSSCH-RSRP to determine whether to exclude the candidate resource, and finally rank the remaining resources based on the long term energy measurement (S-RSSI) averaged over a number of periodic resources and report the candidate resources with least energy to the MAC layer for resource selection. This procedure works well with the periodic data packets to avoid collisions as much as possible. However, in NR V2X, aperiodic data packets may share the same resource pool with the periodic packets. The presence of aperiodic packets at least brings the following two impacts:

•
The energy measurement (S-RSSI), which is averaged over a number of periodic resources, may be disturbed severely by the aperiodic data packets.

•
The UEs cannot predict the presence of aperiodic packet with the existing sensing procedure, if the legacy intra-TTI structure of PSCCH and PSSCH is used for the aperiodic packet. 

Motivated by the above considerations, the resource reservation relevant information could be extracted from the sidelink control information (SCI, necessary to decode data packet) and is conveyed by some specific PSCCH format. In particular, this PSCCH could be transmitted ahead of the associated PSSCH to announce its resource reservation to allow collision avoidance and/or preemption operations. Additionally, for periodic packet transmission, the data packet may be absent in one period (e.g. due to congestion control). In this case, the PSCCH with resource reservation relevant information may be transmitted instead to maintain the resource reservation for next period. In this way, the energy measurement over a number of periodic resources may be abandoned in the channel sensing procedure to avoid the potential disturbance from aperiodic traffic.  
Proposal 3:  Discuss the support of multiple PSCCH formats to convey different sidelink control information, e.g. resource reservation information for reservation announcement, and the ordinary sidelink control information for data decoding.
For aperiodic data traffic, to allow collision avoidance, the PSCCH with resource reservation information should be sent before the associated PSSCH from a UE, as shown in the following figure. Then neighbouring UEs have the chance to decode PSCCHs and avoid using the resources to be occupied by the UE. The PSCCH indicates the locations (both time and frequency locations) of all transmissions of the associated PSSCHs. 
A vehicular UE continuously decodes PSSCHs with resource reservation information from other UEs. RSRP measurements could also be performed on these PSCCH channels. Then even for aperiodic data traffic, based on decoded SAs and measured PSCCH-RSRPs, the UE can still estimate interference levels of associated data resources in its data resource selection window. The UE can exclude data resources with interference levels higher than a configured threshold. 
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Proposal 4: For aperiodic data traffic, consider PSCCH with resource reservation information is sent before associated PSSCH to facilitate collision avoidance. 
4 Conclusions

In this contribution, we provide our views on sidelink resource allocation for NR V2X, summarized in the following proposals and observations: 
Proposal 1: NR V2X mode 1 (base station schedules sidelink resource) proposed in RAN1#94 should inherit all functionalities of LTE V2X mode 3 including SPS configuration.
Similarly, NR V2X mode 2 (UE determines sidelink transmission resource) proposed in RAN1#94 should inherit all functionalities of LTE V2X mode 4.

Proposal 2: Consider supporting sub-mode d of NR V2X mode 2 but limiting its usage to special scenarios, e.g. only group leader is allowed to schedule sidelink transmissions of other member UEs in the group.  
Proposal 3:  Discuss the support of multiple PSCCH formats to convey different sidelink control information, e.g. resource reservation information for reservation announcement, and the ordinary sidelink control information for data decoding.
Proposal 4: For aperiodic data traffic, consider PSCCH with resource reservation information is sent before associated PSSCH to facilitate collision avoidance.
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