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1 Introduction

The resource allocation related objective of the NR V2X work item [1] is as follows to address the technical solutions for NR sidelink resource allocation to meet the advanced V2X services:  
NR V2X WI Objective 1:

· Resource allocation [RAN1, RAN2]

· Mode 1

· NR sidelink scheduling by NR Uu and LTE Uu as per the study outcome

· Mode 2

· Sensing and resource selection procedures based on sidelink pre-configuration and configuration by NR Uu and LTE Uu as per the study outcome

· Support for simultaneous configuration of Mode 1 and Mode 2 for a UE

· Transmitter UE operation in this configuration is to be discussed after the design of mode 1 only and mode 2 only.

· Receiver UE can receive the transmissions without knowing the resource allocation mode used by the transmitter UE. 

· UE relaying resource pool configuration or resource configuration is not supported in this work in Rel-16.

In RAN1#96 several new agreements on resource allocation mechanism were made. The following agreement is relevant to Mode-2:

    NR V2X Mode-2 supports reservation of sidelink resources at least for blind retransmission of a TB

· Whether reservation is supported for initial transmission of a TB is to be discussed in the WI phase

· Whether reservation is supported for potential retransmissions based on HARQ feedback is for the WI phase

In RAN1#96bis the following agreement was made:
· NR V2X supports an initial transmission of a TB without reservation, based on sensing and resource selection procedure

· NR V2X supports reservation of a sidelink resource for an initial transmission of a TB at least by an SCI associated with a different TB, based on sensing and resource selection procedure
· This functionality can be enabled/disabled by (pre-)configuration

· FFS Standalone PSCCH transmissions for resource reservations are supported in NR V2X

In this contribution, based on the above we will discuss the reservation and reservation forwarding in Mode-2.
2 Discussion and proposals
2.1 Support for the reservation forwarding in Mode-2
During the last RAN1 meeting many companies agreed the reservation of transmission resources improves the Mode-2 performance. Hence, as noted in the above section, RAN1 agreed to at least support reservation for the retransmissions. Many companies have also proposed to support reservation for the initial transmission as well. The initial transmission reservation provides a significant benefit for the broadcast and groupcast transmissions because it provides contention-free resources for such data transmissions. In order to satisfy this aspect it was agreed in RAN1#96bis the initial transmission reservation information is conveyed by an SCI associated with a different TB. The above agreement does not preclude the case when an UE could reserve SL resource for another UE’s initial transmission of a TB. 
Observation 1: RAN1#96bis agreement on reservation for the initial transmission does not preclude the case when a UE could reserve SL resource for another UE’s initial transmission after receiving the reservation from the same UE. Hence, a UE is able to forward the reservation for another neighbouring UE.  
2.2 The reservation forwarding using standalone PSCCH
Some companies have argued that initial transmission reservation causes an unnecessary burden in terms of design complexity, IBE and overhead issues [2]. The significant benefits of initial transmission reservation justifies a small increase in design complexity [3, 4, 5] especially when the reservation is forwarded avoiding the hidden-node problem. The reservation in Mode-2 helps in preventing data transmission collisions, it is still possible for UE’s transmissions to collide with those of other UEs. Many of these remaining collisions occur due to the “hidden-node” problem [6]. The “hidden-node” problem is mitigated by the forwarding of the reservation to inform the neighbouring vehicles of the resources reserved by the “hidden node”.  
As discussed in [7] the standalone PSCCH can be used to convey a request for SL CSI report transmissions or any other physical layer signalling not needing a SL grant such as the reservation forwarding. As shown in figure 1, the “common” sub-channel consists of FDM’d transmissions of PSCCH and/or long-format PSFCH (if supported). Besides transmitting the delay-tolerant PSFCH the “common” sub-channel could be used transmitting the PSSCH for the following:

a. For sending a request for the SL CSI report

b. Transmitting a PSCCH-based discovery message

c. Forwarding the reservation
d. A future enhancement  
Considering there are several benefits of the standalone PSCCH we propose:

Proposal 1: NR V2X supports the standalone PSCCH transmissions.

In figure 1, a UE transmits PSCCH in slot n to reserve a resource in slot n+m. The reservation forwarding must be done immediately before its usefulness expires. For example, the very next time-slot could be used. Therefore, another UE after receiving the reservation in the slot n could decide to rebroadcast the reservation information in a standalone PSCCH transmission within a time duration beginning from the slot n+1 and before the slot n+m. As described in [6] one approach to implement this scheme is a UE decides to forward the received reservation if the measured received power was within a pre-defined network configured threshold range. This threshold value is set such that the reservation receiving UE is at a distance from the reservation transmitting UE when the packet-collisions are the predominant cause for the incorrect TB reception. This way the forwarding is beneficial to other UEs not yet in the range of the reservation transmitting UE. For example, under LTE-V R14 LOS conditions the predominant cause for the incorrect TB reception is the packet-collisions up to 250m. For the Tx-Rx distances larger than 250m the propagation loss becomes the main cause. 
Understandably, the standalone PSCCH based reservation forwarding UE could suffer due to the half-duplex constraint. Fortunately, this is an insignificant loss because a negligible percentage of TB’s incorrectly received due to the half-duplex constraint occur at the above distance. 
Proposal 2: NR V2X should support the forwarding of the reservation using the standalone PSCCH transmissions.     
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Figure 1: Standalone PSCCH-based Reservation Forwarding Transmissions
3 Conclusion

In this contribution, we discussed the reservation forwarding mechanism and we have the following observation and proposals:
Observation 1:
RAN1#96bis agreement on reservation for the initial transmission does not preclude the case when an UE could reserve SL resource for another UE’s initial transmission after receiving the reservation from the same UE. Hence, a UE is able to forward the reservation for another neighbouring UE.  
Proposal 1: NR V2X supports the standalone PSCCH transmissions.

Proposal 2: NR V2X should support the forwarding of the reservation using the standalone PSCCH transmissions.
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