3GPP TSG-RAN WG1#96bis
R1-1904821
Xi’an, China 
Apr. 8th –12th, 2019
Agenda item:
7.2.4.2.2
Source: 
Kyocera
Title: 
Resource Allocation Mode 2 Mechanism 
Document for:
Discussion and decision
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 this contribution, based on the above we will discuss the issues related to Mode 2.
2 Discussion and proposals
2.1 Support for the reservation 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. This assumes all the neighbouring UEs receive and decode this reservation before considering their own resource selection for data transmissions. This shifts the data-transmission collision-problem to the reservation transmissions resulting in a significant average PRR improvement [2], [3]. An important point to note is that both broadcast and groupcast transmissions are received by multiple receiver UEs so reserving the resources allows such data transmissions to occur on almost contention-free situation which provides a significant improvement in performance. In the groupcast case if the reservation for the initial transmission is done then a fewer NACK feedback would occur due to the higher successful reception rates. 

Observation 1:
The initial transmission reservation provides a significant benefit for the broadcast and groupcast transmissions because it provides contention-free resources for such data transmissions. 

Observation 2:
If the reservation for the initial transmission is used then the gNB has an option to disable the HARQ-feedback feature.
Some companies have argued that initial transmission reservation causes an unnecessary burden in terms of design complexity and overhead issues [4]. First, as noted above, the significant benefits of initial transmission reservation justifies a small increase in design complexity. Second, in order to have minimum signalling overhead, the initial transmission reservation information could be carried by the PSCCH. This information conveys only about the reserved time-frequency resources as an offset to the reservation information carrying PSCCH. For example, the reservation information could contain just three values. First, the size-amount to be reserved and then two values for the time (e.g., number of slots) and the frequency (e.g., number of sub-bands) offset from the present reservation carrying PSCCH.  
Proposal 1: NR V2X Mode-2 should support reservation at least for the broadcast and groupcast initial transmissions in Mode2.
Proposal 2: NR V2X Mode-2 reservation information is transmitted as part of the SCI.
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 [5]. 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 the collisions occur 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 [6] 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 portion of the PSCCH it received relevant to the reservation information. 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 [7]. 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 3: NR V2X should support the forwarding of the 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 Mode-2 should support reservation at least for the broadcast and groupcast initial transmissions.
Proposal 2: NR V2X Mode-2 reservation information is transmitted as part of the SCI.
Proposal 3: NR V2X should support the forwarding of the reservation.
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