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1 Introduction

The following open issues were captured in [1] after the last RAN3 meeting:
· Should the authorization be service-level or resource-level?

· Should inter-PLMN authorization be supported?

· Is multi-carrier operation allowed for V2V? (To be confirmed by other RAN groups before discussion in RAN3 can take place)

In this document we will discuss the authorization aspects on all of the above, and propose a way forward.
2 Discussion
2.1 Service- vs. Resource-Level Authorization
The concept of “resource pool” is introduced (at least for the SI purpose) as “a set of time/frequency resources where PC5 transmission may occur.” [2] It seems one or more resource pools can be configured for a UE (the actual number is FFS and should be justified). It is also observed that Rel-13 sidelink resource allocation is not sufficient for some PC5-based V2V scenarios.
Further resource allocation and selection principles are discussed in Secs. 5.1.1.1 and 5.1.1.2 of [2]. We notice that all these principles reside in the eNB, which is the only node to decide the configuration for PC5-based V2V communication. This shall be done according to traffic, interference, and configuration.
Proposal 1: PC5-based V2V resource control shall be decided by the eNB only, according to traffic, interference, and configuration.
In order to perform V2V resource control, the eNB need to know whether the V2V UE is authorized or not to access such services. The authorization to use sidelink resources originates in the MME according to subscription information present in the HSS, and is signaled over network interfaces (S1/X2).
Proposal 2: Sidelink authorization shall be signaled by the MME according to the information in the HSS, and propagated through the RAN via network interfaces.

In case the sidelink authorization is defined as resource-level authorization, this seems to imply that the HSS (and, as a consequence, the MME) should be aware of the resources to be allocated to the particular UE. In our view this has two negative implications:
1. The HSS now will contain information about the resources to be used for the specific user (besides service-level and subscription-level information);

2. The eNB will be more constrained in allocating V2V resources. This seems particularly limiting in a V2x high-traffic or emergency scenarios, where allocation flexibility in the eNB may make the difference between acceptable service and no service possible.

Observation 1: Resource-level authorization seems like a bad idea, because it makes the HSS and the MME resource-aware and significantly reduces the flexibility to allocate resources by the eNB.

On the other hand, it seems more appropriate to define the authorization as service-level. The above two negative implications can be then avoided. Avoiding resource-awareness in the EPC seems also like a better practice in terms of standardization work, since it decouples e.g. RAN1 work from RAN3 and SA2 work.
Proposal 3: Sidelink authorization shall be defined as a service-level authorization, avoiding resource-awareness in the EPC and maintaining full resource allocation flexibility in the eNB.

Proposal 4: V2V sidelink authorization should reuse the same scheme introduced for ProSe authorization in Rel-12, i.e. an IE to be signaled over UE-associated messages over S1 and X2 according to [8] and [9].
2.2 Inter-PLMN Deployments
Inter-PLMN deployments seem like a typical scenario for V2V services. Given the importance of V2V messages (i.e. road and traffic safety, collision avoidance, etc.), any vehicle UE shall always be able to receive V2V messages regardless of the PLMN ID of the sending vehicle UEs.

Observation 2: Any vehicle UE shall always be able to receive V2V messages regardless of the PLMN ID of the sending UEs.
For sidelink, given the above, a per-PLMN authorization is counter-productive. Authorizing e.g. vehicle UEs registered on PLMN A to use the sidelink when served by PLMN B but not when served by PLMN C, would only mean that on roads covered only by PLMN C those UEs would not be able to transmit V2V messages to neighbors. Practically speaking, users who travel abroad by car will not be able to warn neighboring vehicles in the visited country. This seems like an unacceptable limitation, and it will severely limit the usefulness of V2V communications.
Proposal 5: Per-PLMN sidelink authorization is counter-productive: it would severely limit the usefulness of V2V communications.
It seems therefore more appropriate that operators should coordinate sidelink resources in some way. Also taking into consideration the particular service requirements, it could be beneficial to deploy V2V on dedicated spectrum. Of course, this may not be always possible.
Proposal 6: Inter-operator coordination seems more appropriate for inter-PLMN V2V.

Proposal 7: Depending on local availability, it could be beneficial to deploy V2V on dedicated spectrum.
2.3 Sidelink Resource Exchange
Given that PC5-based V2V resource control shall be decided by the eNB only, according to traffic, interference, and configuration, we should consider whether exchanging sidelink resources between neighbor eNBs is beneficial. We can distinguish between two cases: UE-specific resources and non-UE-specific resources.
2.3.1 UE-Specific Resources
In this case, it seems beneficial to signal to a neighbor eNB the sidelink resources allocated to a specific UE. This seems particularly useful at handover: the UE can continue using the sidelink at the target cell without interruptions if that cell is able to allocate the same sidelink resources to it. Similarly to ProSe, it seems beneficial to signal the sidelink configuration for the UE from the source eNB to the target eNB using the X2 Handover Preparation procedure, by including it in the RRC Context IE in the HANDOVER REQUEST message as shown below (and as previously discussed for ProSe in [4]). Notice that this is already possible without specifications impact, and can be done in case of handover preparations to multiple targets.

If the traffic, coverage, and interference conditions in the target cell allow it, the target eNB can allocate the same resources to the UE.
Proposal 8: Similarly to ProSe, UE-specific resources for sidelink can and should be exchanged from source eNB to target eNB via X2 handover signaling.

With respect to legacy ProSe, V2V services over sidelink may have additional constraints due to potential service disruption at handover: it is unclear what sidelink resources the vehicle UE may use when it appears at the target cell, and before it gets the new configuration from the target eNB (which may or may not be the same as in the source cell). If the vehicle UE continues to use the sidelink resources allocated by the source eNB even after it appears in the target cell (and before it gets the new configuration by the target eNB) it may reduce V2V service disruption, but it risks causing interference to all UEs in the target cell.

Observation 3: If the vehicle UE uses the sidelink resources allocated at the source eNB after it appears in the target cell but before it gets the new configuration it may reduce V2V service disruption, but it risks causing interference in the target cell.

A possible solution would be for the target eNB to include the appropriate sidelink resource configuration for the vehicle UE when sending the HANDOVER REQUEST ACKNOWLEDGE message to the source eNB. This can be sent in the Target eNB To Source eNB Transparent Container IE [7], which includes the RRC E-UTRA handover command message defined in [5]. These resources can be then transparently signaled by the source eNB to the vehicle UE, so that it applies the new configuration for both Uu and PC5 at the same time. This would both minimize V2V service disruption and avoid introducing interference in the target cell.
The above is already possible by implementation, without additions or changes to current signaling.

Proposal 9: The target eNB should send the appropriate sidelink resource configuration for the vehicle UE in the Target eNB To Source eNB Transparent Container IE included in the HANDOVER REQUEST ACKNOWLEDGE message to the source eNB, in order to minimize V2V service disruption and avoid introducing interference in the target cell.
The signaling flow can be seen in Figure 1 below.
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Figure 1 Signaling allocated sidelink radio resources at X2 handover.

2.3.2 Non-UE-Specific Resources
For ProSe, non-UE-specific sidelink resource information is signaled by each cell over SIB18 and SIB19, which also include resources configured in the neighbor cells together with their respective cell IDs [5]. It seems reasonable to assume something similar also for V2V resources, although that is out of RAN3 scope.
Observation 4: Although this issue is out of RAN3 scope, it seems reasonable to assume that a cell will broadcast V2V resource pools over one or more SIBs, which will also include resource pools used by its neighbors.

We might consider whether it is beneficial to e.g. exchange non-UE-specific resources also over X2. We should consider, however, that vehicle UEs will not use the sidelink uniformly in time and space. For example, a vehicle UE may transmit more messages when making a turn and/or when braking than when traveling straight and/or at a constant speed. Furthermore, this resource pool is not subject to frequent change.

For this reason, signaling the overall resource pool to a neighbor eNB will likely provide “pessimistic” information. As already discussed for the ProSe use case [6], if an eNB signals its resource pool to a neighbor, it is actually signaling that there is a non-zero probability that one or more UEs in a certain cell may be using a subset of these resources at some point in time. This information seems useless both for e.g. interference coordination (because it is too generic) and for e.g. vehicle UE mobility optimization (because exchanging the allocated resources at handover is much more effective). If the neighbor eNB tries to use such generic information to e.g. minimize potential interference, it might decide to avoid using these resources for operation (since they are potentially interfered), while in reality they may be perfectly usable. This will result in suboptimal network performance.
Observation 5: Signaling the V2V resource pool to a neighbor eNB over X2 will likely provide a “pessimistic” picture, and may result in suboptimal network performance.
Proposal 10: Exchanging V2V resource information over X2 does not seem justified.
3 Conclusions and Proposals
In this contribution we have proposed a way forward for the open issues on V2V sidelink authorization and on sidelink resource exchange. Our proposals are summarized below.
Proposal 1: PC5-based V2V resource control shall be decided by the eNB only, according to traffic, interference, and configuration.

Proposal 2: Sidelink authorization shall be signaled by the MME according to the information in the HSS, and propagated through the RAN via network interfaces.

Proposal 3: Sidelink authorization shall be defined as a service-level authorization, avoiding resource-awareness in the EPC and maintaining full resource allocation flexibility in the eNB.

Proposal 4: V2V sidelink authorization should reuse the same scheme introduced for ProSe authorization in Rel-12, i.e. an IE to be signaled over UE-associated messages over S1 and X2 according to [8] and [9].
Proposal 5: Per-PLMN sidelink authorization is counter-productive: it would severely limit the usefulness of V2V communications.
Proposal 6: Inter-operator coordination seems more appropriate for inter-PLMN V2V.

Proposal 7: Depending on local availability, it could be beneficial to deploy V2V on dedicated spectrum.

Proposal 8: Similarly to ProSe, UE-specific resources for sidelink can and should be exchanged from source eNB to target eNB via X2 handover signaling.

Proposal 9: The target eNB should send the appropriate sidelink resource configuration for the vehicle UE in the Target eNB To Source eNB Transparent Container IE included in the HANDOVER REQUEST ACKNOWLEDGE message to the source eNB, in order to minimize V2V service disruption and avoid introducing interference in the target cell.
Proposal 10: Exchanging V2V resource information over X2 does not seem justified.
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