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Introduction
In the last RAN1 meeting, resource allocation mechanism was discussed with following agreements [1]:

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 will discuss and give our views on the issues that need to be considered for resource allocation mechanism in NR-V2X.

Discussion
Mode 2(a)
NR V2X is supposed to complement LTE V2X and targeted to support the traffics that LTE V2X cannot support. These traffics may include both periodic and aperiodic. Furthermore, depending on some regional policy, NR V2X and LTE V2X may not be deployed simultaneously, which implies that NR V2X may also need to support the traffic that originally supposed to be supported by LTE V2X. The autonomous resource selection mechanism defined in Rel-14 LTE-V2X is tailored for periodic traffic, and it has been justified that the performance of this mechanism is far beyond DSRC in the real network. Hence, it is desirable that LTE-V2X autonomous resource selection mechanism can be supported in NR V2X, such that periodic traffic can be well served with minimal specification efforts. If LTE Mode 4 is supported in NR V2X, to ensure S-RSSI measurement used in LTE Mode 4 is accurate, periodic traffic and aperiodic traffic should be separated in different resource pools.
Proposal 1: 
· LTE-V2X autonomous resource selection mechanism (LTE Mode 4) should be supported for periodic traffic in NR V2X.

Sensing procedure is used to identify resources reserved by other UEs or resources with high interference, such that these resources can be precluded in the resource (re-)selectin procedure. In the last RAN1 meeting, it is agreed that sensing procedure provides at least information on sidelink resources indicated by the UE transmitting the SCI. The indicated sidelink resources can be upcoming slots or upcoming symbols. Basically, there are four possible cases on sidelink resources indicated by SCI:
· Case 1: resources reserved semi-statically;
· Case 2: resources reserved for retransmission of a TB;
· Case 3: resources reserved dynamically for initial transmission of a TB in upcoming slot;
· Case 4: resources reserved dynamically for initial transmission of a TB in the same slot; 


Figure 1 4 cases on resource reservation indicated in the decoded SCI

Case 1may occur when there is a UE with semi-persistent transmission in the resource pool (although we prefer dedicated resource pool for semi-persistent transmission). In this case, SCI should convey information of resource reservation period and also indicate how many periods the resource will be reserved, similar as LTE Mode 4.

In Case 2 one TB is transmitted multiple times, and the SCI indicates the resources for both initial transmission and retransmissions. 

In Case 3, it is assumed that a new SCI format is defined for reservation indication, the SCI is transmitted several slots before the associated PSSCH. The new SCI enables other UEs to identify the reserved resource in advance, however it may create new problems. E.g. the PSCCH carrying the new SCI and the associated PSSCH may be transmitted in different slot, to avoid the AGC issue, the PSCCH should occupy the entire slot, which implies a new PSCCH structure. Moreover, as the performance of the sensing procedure in this case is highly dependent on the decoding of the new SCI, an effective way to avoid resource collision and half-duplex constraint on the resources for the PSCCH carrying the new SCI is indispensable. 

In case 4 sensing UE identifies the reserved resources based on SCI transmitted in the same slot. In this case, if the symbols after the SCI is not reserved by other UEs, in order to use the resource in the symbols, additional TX/Rx switching time (to switch from sensing to transmission), additional AGC settling time, and additional SCI transmission occasion are necessary. 

Furthermore, a reserved resource can also be reused by another UE if the energy on the resource is low, hence, sidelink measurement should be performed to evaluate the energy on the reserved resource. In Case 1 and Case 2, sidelink measurement can be performed on the PSSCH transmitted in the SCI slot. In Case 3 and Case 4, sidelink measurement on the decoded SCI can be used to estimate the energy on the reserved resources. The time scale for sensing depends on which case is supported, e.g. in Case 1, the sensing time scale should be as long as the transmission period of the UE using semi-persistent transmission such that all semi-persistent reservation can be identified. 

Proposal 2: 
· Sidelink measurement should be performed during sensing procedure;
· Further study which one or some of cases on resource reservation indicated by SCI should be supported in NR V2X.
Mode-2(c) 
In Mode-2 (c), a UE is configured with a pattern consisting of multiple resources semi-statically, in this case, mode-2(c) can be considered as one implementation of Mode 1. If the UE is out of coverage, the pattern can only be pre-configured or autonomously selected by the UE, in that sense, mode-2(c) looks more like a resource pattern design rather than a resource selection mechanism. Anyhow, as the size of configured pattern is fixed, this scheme is preferable to be used for resource allocation of periodic traffic or control channel.
Proposal 3: 
· Mode-2(c) should be supported as one option of Mode 1 for resource allocation of periodic traffic or control channel. 
Mode-2(d) 
In platooning, the vehicles are moving with similar speed and trajectory [2], during a platooning is operational, the relative location of the group of vehicles are almost stable, the lead vehicle of the platoon can schedule the transmission and reception of the platoon members. Especially for the intra platooning communication, since the information exchanged during intra group communication is exclusive to group members, a dedicated set of resources can be reserved for a platoon, and up to the lead vehicle to schedule platoon members within the resource set. However, in normal V2X communication scenarios, the speed and trajectory of vehicles are independent, and the topology of vehicles may not be stable, forming, maintenance, reforming of a scheduling group may not be feasible anytime/anywhere. 

Proposal 4: 
· Mode-2(d) can be supported for platooning, FFS other scenarios.

[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In RAN1#95[3], 4 options to become/serve as a scheduling UE are agreed for further study. In Mode-2 (d) scheduling UE controls the transmission and reception of a group of UEs, the scheduling algorithm of the scheduling UE may impact the system performance, furthermore, the scheduling algorithm has to guarantee that all UEs in the group are fairly scheduled, different QoS levels are supported, and network configuration e.g. congestion control, is respected, etc.. It seems extremely complicated to specify the scheduling algorithm to satisfy all the requirements.  If the scheduling algorithm is not specified or partially specified, some authentication process is necessary before allowing a UE to become as a scheduling UE, the authentication process can be performed by gNB, application layer of UEs, or in pre-configuration. If this is the case, a UE should not be allowed to be self-nominated as a scheduling UE.  As to the third option, receiver UE schedules the transmission of the transmitter UE, the benefit is not clear, especially considering that the channel status at the receiver side and the transmitter side may not be the same, and the scheduling of the receiver may conflict with other transmissions of the transmitter if the transmitter has multiple sessions.  
Proposal 5: 
· Scheduling behaviour of scheduling UE is not specified;
· Scheduling UE should be configured by gNB, or selected by application layer or pre-configuration, FFS other procedures to become/serve as a scheduling UE.

In agreed in RAN1#95[3], the set of resources for scheduling UE to use can be either semi-statically (pre-) configured, or dynamically selected. The semi-static schemes can ensure that the set of resources are dedicated for the scheduling UEs to control. However, in the dynamic schemes, the set of resources are selected either based on sensing of scheduling UE (Option 1) or information provided by transmitting UE (Option 4). As scheduling UE and transmitting UE are not collocated, the sensing results at the scheduling UE may not be consistent with the sensing results at the transmitting UE, Option 1 seems problematic.  Option 4 may significantly increase the overhead on feedback channel if sufficient information is provided. In view of above, in contrast to Mode-2(a), the advantage of Mode-2(d) is not clear.
Proposal 6: 
· The set of resources a scheduling UE can use for scheduling of other UEs should be semi-statically configured or pre-configured.

Conclusion
In this contribution, we discussed the issues that need to be considered for resource allocation in NR-V2X, we have following proposals:

Proposal 1: 
· LTE-V2X autonomous resource selection mechanism (LTE Mode 4) should be supported for periodic traffic in NR V2X.

[bookmark: _GoBack]Proposal 2: 
· Sidelink measurement should be performed during sensing procedure;
· Further study which one or some of cases on resource reservation indicated by SCI should be supported in NR V2X.
Proposal 3: 
· Mode-2(c) should be supported as one option of Mode 1 for resource allocation of periodic traffic or control channel. 

Proposal 4: 
· Mode-2(d) can be supported for platooning, FFS other scenarios.
Proposal 5: 
· Scheduling behaviour of scheduling UE is not specified;
· Scheduling UE should be configured by gNB, or selected by application layer or pre-configuration, FFS other procedures to become/serve as a scheduling UE.
Proposal 6: 
· The set of resources a scheduling UE can use for scheduling of other UEs should be semi-statically configured or pre-configured.
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