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1 Introduction

One of the objectives of the NR V2X study item [1] is as follows to address the technical solutions for NR sidelink resource allocation to meet the advanced V2X services:  
NR V2X SI Objective 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)

In RAN1-AH-1901 several new agreements on resource allocation mechanism were made. The following are some of the relevant agreements for Mode-2(a) and Mode-2(c):

· 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

· 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 

· SCI decoding applied during sensing procedure provides at least information on sidelink resources indicated by the UE transmitting the SCI 

In this contribution, we will discuss the issue related to Mode 2(a) and Mode 2(c).
2 Discussion
2.1 Support for the reservation in Mode 2
In Mode 2(a) the UEs avoid collisions by using sensing. In Mode 2(c), the UEs perform collision-avoidance by selecting (or assigned) orthogonal Time/Frequency resource patterns. 
Additionally, in order to prevent collisions in aperiodic data traffic, it was proposed in [2], [6] and others that the transmission of the reservation should precede data transmission. This assumes all the neighbouring UEs receive and decode this reservation before considering their own resource selection for data transmissions. This shifts the collision-problem from the data transmissions to the reservation transmissions resulting in average PRR improvements [3]. 
Proposal 1: 
NR V2X should support reservation in Mode2.
2.2 The reservation forwarding
Although, 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 as presented in [3]. Many of these remaining collisions occur due to the “hidden-node” problem as described in [4]. Figure 1 presents a typical “hidden-node” situation when two vehicles, vehicle VA and VB, are not aware of each other’s transmissions, and therefore, may decide to select the same resource for data transmission. Notice this could occur in both sub-modes Mode 2(a) and 2(c) because at the time of sensing or pattern selection the UEs are “hidden” from each other, respectively.  
The above problem can be mitigated by the forwarding of the reservation to inform the neighbouring vehicles of the resources reserved or pattern selected by the “hidden node”. Considering the scenario in Figure 1, vehicle VD forwards the reservation transmitted by vehicle VA to vehicle VB. After receiving the forwarded reservation vehicle VB makes a decision not to transmit data in the same resource as those indicated in the reservation and starts the process of reselection. As a result of this reservation forwarding the potential collision is avoided. Vehicle VD could decide to forward the received reservation if the measured received power of the reservation signal is within a pre-defined network configured threshold range since this means vehicle VD is at the outskirts of vehicle VA’s transmission range and the forwarding may be beneficial to other vehicles not yet in range of vehicle VA. In the case when a UE receives two different reservations from two different UEs for the same data resource then it simply forwards the reservation of the higher priority data transmitting UE. 
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Figure 1: “Hidden-Node” vehicles using same resources for the data transmissions

The forwarding of the reservation signal must be done immediately before its usefulness expires. For example, the very next time-slot could be used. However, it is very much possible the next time-slot do not have the available resources since they are being used by other UEs for their transmissions.

In one approach the reservation transmission is split into two transmissions. Based on the agreement made in the RAN1-AH-1901, the sidelink resources used by the UE are indicated in the SCI. In this case, to transmit a reservation the UE simply has to transmit PSCCH-based reservation with a SCI field to indicate the reservation of the resources. Using the bi-directional slot frame structure proposed in [5] and shown in figure 2, the vehicle VA transmits the reservation in the first part of the slot and the vehicle VD rebroadcast the same reservation (i.e., forwarding) in the second part of the slot. The vehicle VD simply forwards the PSCCH it received as reservation. The receiver UE implicitly assumes the broadcast in the second part is the forwarded reservation. Notice, in the second part multiple UEs may transmit the exact same signal including the UE reserving the resources for repetition as mentioned in [6]. The receivers perceive those transmissions as multiple copies of the same signal. 
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Figure 2: Example Reservation Forwarding using the bi-directional NR Sidelink slot structure 

Proposal 2: 
NR V2X should support the forwarding of the PSCCH-based reservation.
3 Conclusion

In this contribution, we discussed the mechanisms needed to support Groupcast feedback and we have the following proposals.
Proposal 1: 
NR V2X should support reservation in Mode2.
Proposal 2: 
NR V2X should support the forwarding of the PSCCH-based reservation.
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