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Introduction
NR-V2X SI was approved in the RAN#80 meeting [1], in the last RAN1 meeting, resource allocation mechanism was discussed with following agreements [2]:

Agreements:
· Sidelink sensing and resource selection procedures are studied for Mode-2(a)
· [bookmark: OLE_LINK1][bookmark: OLE_LINK2]The following techniques are studied to identify occupied sidelink resources
· decoding of sidelink control channel transmissions
· sidelink measurements
· detection of sidelink transmissions
· other options are not precluded, including combination of the above options
· The following aspects are studied for sidelink resource selection
· how a UE selects resource for PSCCH and PSSCH transmission (or other sidelink physical channel/signal, if it is introduced)
· which information is used by UE for resource selection procedure

Agreements:
· The following aspects about assistance information are studied for Mode 2(b)
· Which assistance information is used and how it is acquired
· Which UE sends assistance information
· How to deliver assistance information, including physical channel and UE behavior
· How assistance information is taken into account in determination of sidelink resource for transmission
· RAN1 to further study whether some or all of Mode-2(b) functionality is a part of Mode-2(a)(c)(d)

Agreements:
· The following aspects are studied for Mode 2(c)
· How to assign resource(s) for UE sidelink transmission to mitigate collisions and half-duplex impacts
· Whether any sensing or resource selection procedure is used on top of configured grant(s)
· Whether and how to use any granted but unused resources
· How to adapt to traffic variation
· How it is different from Mode-1 operation for in-coverage scenario
· How it is different from Mode-2(a), when Mode-2(a) uses dedicated resource pool with dedicated sidelink resource pool configuration
· Whether and how this mode operates out of network coverage
· RAN1 to further study whether some or all of Mode-2(c) functionality is a part of Mode-2(a)(b)(d)

Agreements:
· The following aspects are studied for Mode 2(d)
· In which use cases/scenarios this mode is applicable
· What is the overall architecture for Mode-2(d) operation
· How to decide which UE schedules which other UE(s) and how to maintain this relationship
· What is the procedure of UE(s) when the scheduling UE disappears
· What is the scheduling UE behavior and signaling mechanism to schedule sidelink resources for transmission/reception for other UEs
· Which resources can be used to schedule other UEs 
· Inter- and intra-UE collision handling and sidelink resource allocation mechanisms across groups 
· RAN1 to further study whether or not some or all of the above aspects are applicable to 2(b)

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
In Rel-14, two resource allocation modes are specified in LTE V2X, i.e. mode 3 (eNB scheduling based resource allocation) and mode 4 (autonomous resource selection). Mode 3 and mode 4 are tailored for support of periodic traffic, e.g. in mode 3, up to 8 SPS configurations can be supported, and in mode 4, most UEs in a resource pool reserve resources periodically, a UE can select resource based on sensing results in the past. In new radio (NR) V2X communications, aperiodic traffic needs to be supported, e.g. in the use case of extended sensors, packet arrival time and packet size are related to the number and properties of the sensed objects. Resource allocation mechanism in Rel-14 V2X does not fit to the scenario where aperiodic traffic is dominant, new resource selection solutions are needed in NR V2X to support aperiodic traffic effectively.
Mode 1
Thanks to the coordination of base station, mode 1 resource allocation is able to minimize resource collision and interference among UEs. However, mode 1 highly relies on the higher layer and physical layer signaling indication. In NR V2X, due to the existence of heavy aperiodic traffic, SPS mechanism may not be used, base-station needs to schedule each transmission dynamically. As latency requirement of NR V2X can be less than 10ms, especially in unicast/groupcast, where base station scheduling may need to take HARQ-ACK information and CSI information on sidelink into account, HARQ and CSI feedback process may introduce additional latency. Hence, RAN1 needs to optimize the physical layer signaling procedure to reduce the signaling latency for support of mode 1. 

For this purpose, in unicast and groupcast, in case of both the transmitter and the receiver are in coverage and RRC connected state, DL and UL between the base station and the receiver should be used to convey sidelink control information. I.e. the base station can transmit the SCI to both transmitter and receiver(s) and also receiver SFCI directly from the receiver, as shown the Figure 1. Comparing to the scheme in LTE V2X, the receiver has no need to detect and decoding PSCCH on sidelink before decoding PSSCH, the PSSCH decoding can be further expedited.   On the other hand, as discussed in [3], in case of base station receive SFCI from the receiver directly, the base station can start the next scheduling earlier, the RTT for sidelink scheduling can be reduced.


Figure 1. Use DL to convey SCI and UL to convey SFCI

Proposal 1: 
· In mode 1, conveying SCI for sidelink unicast/groupcast on DL and conveying SFCI on UL should be supported;
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. As to these periodic traffic, long-term sensing based resource selection in LTE V2X with necessary enhancement can be considered as one candidate of Mode-2(a). As the long-term sensing based resource selection requires that most UEs in a resource pool transmit semi-persistently, separate resource pools should be configured for periodic traffic and aperiodic traffic.

In case of aperiodic traffic is dominant, the transmission behavior of a UE is not predictable, and long-term sensing based resource selection in LTE V2X is not applicable any more. To minimize resource collision, a short-term sensing based resource selection is needed. Specifically, upon a UE selects a resource after packet arrival, and then the UE can announce the reservation via a control channel (reservation control channel) preceding the selected resource, such that other UEs can identify time/frequency location of the reserved resources in the upcoming slots via decoding the reservation control channel. Power measurement (e.g. RSRP) on the reservation control channel can be used for the final resource selection, e.g. a UE can select a resource that has been reserved by another UE but the power measured on the reservation control channel is low. 

However, as the performance of the short-term sensing highly depends on the decoding of the reservation control channel, an effective way to avoid resource collision and half-duplex constraint on the resources for the reservation control channel is indispensable. To address the half-duplex issue, the reservation control channel should be transmitted for multiple times, or transmitted in one of predefined orthogonal resource patterns. On the other hand, as UE always has periodic traffic, in case of separate resource selection processes are used for periodic and aperiodic traffic, the UE can broadcast the selected resources for reservation control channel in the periodic transmissions to avoid other UEs selecting the same resources.

Proposal 2: 
· Long-term sensing based resource selection as LTE-V2X should be supported for periodic traffic in NR V2X; 
· Short-term sensing based resource selection based on both control channel decoding and sidelink measurement should be supported for aperiodic traffic 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(b) and Mode-2(d) 
Mode-2(b) and Mode-2(d) are all rely on a center UE to coordinate resource selection or schedule the transmissions. The difference between the two sub-modes is that, only some assistance information for resource selection is provided by the center UE in mode-2(b), and in Mode-2(d), the center UE may provide more information to control the transmission manner, e.g. time/frequency location, MCS, RV, etc. of controlled UEs. From this point of view, Mode -2(b) can be regarded as particular case of Mode-2(d) of which scheduling information provided by the center UE is simplified. 

In platooning, the vehicles are moving with similar speed and trajectory [3], 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) and/or Mode-2(b) can be supported for platooning, FFS other scenarios;

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: 
· In mode 1, conveying SCI for sidelink unicast/groupcast on DL and conveying SFCI on UL should be supported;
Proposal 2: 
· Long-term sensing based resource selection as LTE-V2X should be supported for periodic traffic in NR V2X; 
· Short-term sensing based resource selection based on both control channel decoding and sidelink measurement should be supported for aperiodic traffic 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) and/or Mode-2(b) can be supported for platooning, FFS other scenarios;
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