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Introduction
In this document, we further discuss remaining issues on V2V scenarios and introduce additional V2V scenarios. In addition, we propose to briefly capture V2I and V2P scenarios in the TP.
Further discussion on Scenario 2

In RAN2#91, it was proposed in [1] to consider the scenario where E-UTRAN receives a V2X message in sidelink, so called sidelink overhearing, instead of uplink. This scenario was not captured in the recently agreed TP in [2]. 
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Figure 1: Sidelink overhearing in eNB
Some companies commented in RAN2#91 that it is up to E-UTRAN implementation whether E-UTRAN can also receive a V2X message in sidelink. We propose to capture such implementation option in Scenario 2.
Proposal 1: We propose to capture sidelink overhearing in eNB as implementation option in Scenario 2.
In Case 4C, we could not support inter-PLMN communication of V2X messages unless UE receives a V2X message on the downlink carrier allocated to the other operator in parallel with the downlink carrier allocated to the operator which it belongs to. But, it is very unlikely that a UE receives unicast transmission on downlink carrier allocated to the other operator. 
We think that in Case 4C reception of downlink carrier allocated to the other operator will be possible when the UE receives broadcast transmission on downlink carrier allocated to the other operator. Furthermore, such downlink broadcast carrier may be not limited to a specific operator, but could be shared by multiple operator. 
During the email discussion on [91bis#06][LTE/V2X] Capture agreements in TP, the following case i.e. Case 4B-DL was captured for further study:

–
Case 4B-DL: A set of downlink operation carrier(s) is shared by UEs subscribed to different operators while each operator is allocated with a different uplink carrier. 

•
In this case, a UE transmit a V2X message only on the uplink carrier(s) allocated to the operator which it belongs to while receiving on the shared downlink carrier(s).
We propose to capture Case 4B-DL in the TR as described above.
Proposal 2: We propose to capture Case 4B-DL in the TR as described above.
In the TR, it is FFS whether the study will consider aspect 5 for Scenario 2. In our view, we need to consider co-existence of multiple scenarios in deployment. For instance, Scenario 1 can co-exist with Scenario 2 or 3. Some vehicles may transmit in sidelink (Scenario 1) while others may transmit in uplink (Scenario 2). Or, some vehicles may receive in sidelink (Scenario 1) while others may receive in downlink (Scenario 2 and 3). 

We should not need to limit those scenarios to V2V but we could extend them to V2P as well. Vehicles may transmit in sidelink (Scenario 1) while pedestrian UEs may transmit in uplink (Scenario 2). Or, vehicles may receive in sidelink (Scenario 1) while pedestrian UEs may receive in downlink (Scenario 2 and 3).
If we consider co-existence of different scenarios in the same deployment, we think that co-existing with Uu/sidelink (i.e. aspect 5) should be considered for Scenario 2.
Proposal 3: We propose that co-existing with Uu/sidelink (i.e. aspect 5) should be considered for Scenario 2.
It is captured in the TR that for Scenario 2 & 3, uplink reception is performed by one eNB. But downlink transmission can be performed by different eNB(s) including the eNB which received the message. 

To support this operation aspect, we think that V2X messages should be carried over S1 and X2 interface. We propose to capture transfer of a V2X message over S1/X2 interface as one of functions in eNB supporting V2X.
Proposal 4: We propose to capture transfer of a V2X message over S1/X2 interface as one of functions in eNB supporting V2X.
Further discussion on Scenario 3

In Case 4.2, it is FFS whether uplink operation carrier and downlink operation carrier can be allocated to different operators. We think that if we only assume that uplink operation carrier and downlink operation carrier are allocated to the same operator, it seems tricky that UE type RSU in Scenario 3 transmits V2X messages only towards UEs belonging to different operators. 

To support inter-PLMN communication of V2X messages, we think that UE should be able to receive a V2X message on the downlink carrier allocated to the other operator in parallel with the downlink carrier allocated to the operator which it belongs to. Thus, we propose to consider the possibility that uplink operation carrier and downlink operation carrier are allocated to different operators in Case 4.2.
Proposal 5: we propose to consider the possibility that uplink operation carrier and downlink operation carrier are allocated to different operators in Case 4.2.
Additional V2V scenario based on both PC5 and Uu

During the email discussion on [91bis#06][LTE/V2X] Capture agreements in TP, some companies discussed additional V2V scenario based on both PC5 and Uu interface which can be illustrated in Figure 1.
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Figure 1: Additional V2V scenario based on PC5 and Uu interface
In this scenario, a UE transmits a V2X message to other UEs in sidelink. One of the receiving UEs is a UE type RSU which receives the V2X message in sidelink and transmits it to E-UTRAN in uplink. E-UTRAN receives the V2X message from the UE type RSU and then transmits it to other UE type RSU(s) at a local area in downlink. Upon receiving the V2X message in downlink, the UE type RSU transmits it to multiple UEs at a local area in sidelink.
We think that this scearnio is beneficial especially when a vehicle transmits a V2X message to other vehicles at the corner of a buidling e.g. in Mahattan. UE type RSUs can be depolyed at the corner of a building so that V2X messages transmitted by a vehicle on one side of the building could be broadcast to other vehicles on the other side without loss of the message. In fact, Scenario 3A supports this use case. However, in Scenario 3A all vehicles should support downlink reception of the V2X messages.

We think that all vehicles in a certain country may perform transmission and reception of V2X messages only in sidelink e.g. on ITS dedicated carrier such as 5.9 Ghz. If it is the case, this additional V2V scenario would be beneficial. In addition, this additional scenario would be also benefical when communication among UE type RSUs is necessary.
Proposal 6: we propose that RAN2 capture additional V2V scenario based on PC5 and Uu interface shown in Figure 1 as Scenario 3C.
Additional V2V scenario based on PC5

Scenario 3 involves UE type RSU which is a UE supporting RSU function. However, Scenario 3 only addresses sidelink-to-uplink and downlink-to-sidelink. 

We think that a basic function of UE type RSU in ITS system is to receive a V2X message from a vehicle in sidelink and transmit it to other vehicles in sidelink as shown in Figure 2. Hence, sidelink-to-sidelink should be addressed in this study.
It is worth noting that RAN2 will not study solutions for UE-to-UE relaying based on a new architecture for UE type RSU, according to the current SA status. But, we should not exclude the case that application layer of UE type RSU transfers V2X messages to other vehicles without any impact on 3GPP architecture.
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Figure 2: Additional V2V scenario only based on PC5

In the scenario above, a UE transmits a V2X message to other UEs in sidelink. One of the receiving UEs is a UE type RSU which receives the V2X message in sidelink and transmits it to multiple UEs at a local area in sidelink. A UE receives V2X messages from other UEs including UE type RSU(s) in sidelink.
Proposal 7: we propose that RAN2 capture additional V2V scenario based on PC5 shown in Figure 2 as Scenario 1B.
Definition of V2X services

It seems beneficial to capture definitions of V2V, V2I, V2P and V2N in our TR. SA1 TR defined V2V, V2I, V2P and V2N as end-to-end services. Such SA1 definitions are also in line with RAN SID where V2V are considered as end-to-end service with different transport mechanisms i.e. Uu transport and PC5 transport of V2V.

Considering SA1 TR and RAN SID, we propose to capture the following definitions in the TR:
· V2I Service: a type of V2X Service, where one party is a UE equipped on a vehicle and the other party is an RSU, both exchanging V2X messages over Uu interface.

· V2N Service: a type of V2X Service, where one party is a UE equipped on a vehicle and the other party is a serving entity, both exchanging V2X messages with each other via LTE network entities.
· V2P Service: a type of V2X Service, where one party is a UE equipped on a vehicle and the other party is a UE which may be carried by a pedestrian, both exchanging V2X messages directly between UEs over PC5 interface and/or via infrastructure, e.g. RSU, over Uu interface.

· V2V Service: a type of V2X Service, where both parties of the communication are UEs equipped on different vehicles, both exchanging V2X messages directly between UEs over PC5 interface and/or via infrastructure, e.g. RSU, over Uu interface.
· V2X Service: a type of communication service that involves a transmitting or receiving UE using V2X application via 3GPP transport. V2X service is further divivided into V2V Service, V2I Service, V2P Service, and V2N Service.
Proposal 8: we propose to capture definitions of V2V, V2I, V2P, V2N and V2X in the TR as shown above.
V2I scenarios
By definition (according to SA1 TR), V2I service involves communication between a UE equipped on a vehicle and an RSU. And RSU can be implemented in either UE or eNB. Namely, RSU is an essential entity at least for V2I, even though SA1 TR also says that RSU can serve Uu transport of V2V and V2P.
In our view, Scenario 2 and 3 support V2I. In Scenario 2, E-UTRAN supporting RSU function generates a V2X messages and transmits it to multiple UEs at a local area in downlink for V2I. In Scenario 3, RSU function generates a V2X messages which is finally transmitted to multiple UEs at a local area. It is FFS whether the RSU function that generates the V2X message for V2I is the UE type RSU or the eNB type RSU for V2I. All operation aspects of Scenario 2 and 3 can be also considered for V2I as well as V2V.
Proposal 9: we propose that RAN2 agree that Scenario 2 and 3 support V2I.
V2P scenarios

One of the objectives in the study is PC5/Uu transport for V2P. In our view, V2P scenarios are very similar to V2V scenarios. All scenarios i.e. Scenario 1, 2 and 3 can be applied to V2P as well as V2V. 
We think that RAN2 will further discuss V2P next year. At this moment, it seems sufficient to agree that Scenario 1, 2 and 3 can be applied to V2P as well as V2V.

Proposal 10: we propose to agree that Scenario 1, 2 and 3 supports V2P.
Conclusion

In conclusion, we propose to agree the proposed TP in [2] to capture the following proposals:
Proposal 1: We propose to capture sidelink overhearing in eNB as implementation option in Scenario 2.
Proposal 2: We propose to capture Case 4B-DL in the TR as described above.
Proposal 3: We propose that co-existing with Uu/sidelink (i.e. aspect 5) should be considered for Scenario 2.
Proposal 4: We propose to capture transfer of a V2X message over S1/X2 interface as one of functions in eNB supporting V2X.
Proposal 5: we propose to consider the possibility that uplink operation carrier and downlink operation carrier are allocated to different operators in Case 4.2.
Proposal 6: we propose that RAN2 capture additional V2V scenario based on PC5 and Uu interface shown in Figure 1 as Scenario 3C.
Proposal 7: we propose that RAN2 capture additional V2V scenario based on PC5 shown in Figure 2 as Scenario 1B.
Proposal 8: we propose to capture definitions of V2V, V2I, V2P, V2N and V2X in the TR as shown above.
Proposal 9: we propose that RAN2 agree that Scenario 2 and 3 support V2I.

Proposal 10: we propose to agree that Scenario 1, 2 and 3 supports V2P.
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