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1 Introduction

 A new study item for LTE-based V2X was approved in [1], and the feasibility and necessary enhancements are to be studied for all the three V2X services, V2V, V2I, and V2P. This contribution discusses potential enhancement areas for Uu-based V2V, V2I/N, and V2P according to the SID objective: 
3) For support of Uu transport for V2V, and PC5/Uu transport for V2I/N and V2P services (to be completed by RAN#72 – June 2016), at least including:

a) Evaluate the feasibility of Uu transport for V2V and V2P in terms of meeting latency requirements, network coordination required, resource efficiency, and energy efficiency of UE,. [RAN1, RAN2, RAN3]

b) Identify and evaluate enhancements required to support each of eNB type and UE type RSU [RAN1, RAN2, RAN3]. According to the current SA status, RAN2 will not study solutions for UE-to-UE relaying based on a new architecture for UE-type RSU.
c) Identify and evaluate the necessity of enhancements to multi-cell multicast/broadcast for reduced latency and improved efficiency [RAN1, RAN2, RAN3].
In the other side, according to chairman’s note of the RAN1#82 meeting [2], we have the following agreements for the V2X scenarios:
Following RAN aspects for PC5-based V2V operation (Tx/Rx of V2V message) are captured in the TR
· (Aspect 1) Operation bands used as test points for evaluation

· Case 1A: 6 GHz

· Case 1B: 2 GHz

Note: Case 1B may not be need to be specifically simulated for all scenarios

· (Aspect 2) eNB deployment consideration including possibility of network control

· Case 2A: UE autonomous resource allocation, at least mode 2, based on semi-statically network-configured/pre-configured radio parameters including no eNB coverage case.
· Case 2B: eNBs providing more UE specific or/and more dynamic resource allocation including Mode 1compared to case 2A.
Note: Related to aspect 2, it is necessary to consider the condition to apply any preconfigured radio parameters.
·  (Aspect 3) Multi-carrier operation

· Case 3A: UEs communicating over PC5 across a single carrier.

· Case 3B: UEs communicating over PC5 across multiple carriers.

· (Aspect 4) Operating scenarios

· Case 4A: Single operator operation.

· Case 4B: A set of PC5 operation carrier(s) is shared by UEs subscribed to different operators. This means that UEs belonging to different operators may transmit on the same carrier. 
· Case 4C: Each operator is allocated with a different carrier. This means that a UE transmits only on the carrier allocated to the operator which it belongs to.
· FFS: Case 4D: No operator operation. 
· (Aspect 5) Co-existing with Uu

· Case 5A: Dedicated carrier for V2x. There is no uplink (Uu) traffic on the PC5 operation carrier.

· Case 5B: V2x carrier is shared with Uu.

In this contribution, we discuss the use cases of V2X discovery having multiple operators. According to the discussions in RAN1#82 meeting, in the scenario of Case 4B, UEs belonging to different operators may transmit on the same carrier. In the following discussions, we highlight the reasoning of proposing the non-coordinated and coordinated options should be discussed and included. 
2 Discussion
In the scenario of Case 4B, the use case is similar to the inter-PLMN ProSe in Rel-13, only the communication and discovery are both being considered here in V2X. On the same point of view, we suggest that the options of uncoordinated and coordinated operation should be both considered. Coordinated inter-PLMN discovery means that UEs belonging to different operators can get the direct discovery information from eNB camping on using the dedicated signalling or broadcast. In contrast, uncoordinated PLMN means eNB could not acquire the configuration from eNBs.
In the following content, we discuss the pros and cons when the uncoordinated and coordinated options are applying to those two scenarios. In the end, we give the conclusion that the uncoordinated and coordinated options should be equally considered and supported in Case 4B for the scenario of V2X. 

First, we highlight the scenarios of inter-PLMN V2X discovery that we intend to discuss. Further, the benefit and necessity of using the uncoordinated and coordinated options in those two scenarios are detailed. 
2.1 The inter-PLMN V2X discovery scenario 1
In Figure 1, the inter-PLMN V2X discovery is conducted by two active UEs, where the transmitting vehicle-UE and receiving UE subscribe to different PLMNs. Both in Figure 1(a) and Figure 1(b), the receiving UE, subscribes to the PLMN B and camps on the eNB B, while the transmitting vehicle-UE subscribes to the PLMN A and camps on the eNB A. The difference between Figure 1(a) and Figure 1(b) is the location of the transmitting vehicle-UE. 
In Figure 1(a) the transmitting vehicle-UE are NOT in the coverage of eNB that serves the receiving UE. More specifically, the vehicle-UE camps on the eNB A are not in the coverage of the eNB B, which serves the UE. In Figure 1(b) both the transmitting vehicle-UE and receiving UE are in the coverage of their serving eNBs. More specifically, both vehicle-UE and UE are in the coverage of eNB A and eNB B, which serves vehicle-UE and UE, respectively.
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Figure 1
According to agreements of the RAN2#89-bis meeting [3], in the uncoordinated inter-PLMN discovery, the vehicle-UE can read SIB19 of the concerned carrier frequency to learn the tx/rx resource pool to use. Therefore, in the scenario of Figure 1, the transmitting vehicle-UE is able to transmit its discovery signal and can be successfully discovered by the receiving UE both in the cases of Figure 1(a) and Figure 2(b).
On the other hand, the receiving UE need to scan for multiple carriers listed in SIB19, which can be power consuming for receive UE. If the coordinated option is supported in this scenario, the receiving UE may have a more efficient discovery experience while discovery messages are transmitting via multiple carriers.
Observation 1 In the scenario of Figure 1, uncoordinated inter-PLMN discovery is adequate. On the other hand, if the coordinated option is enabled, it helps to increase the discovery efficiency of receiving UE.

2.2 The inter-PLMN V2X discovery scenario 2

In Figure 2, the inter-PLMN V2X discovery is conducted by two active UEs, where the transmitting vehicle-UE and receiving UE subscribe to different PLMNs. Both in Figure 2(a) and Figure 2(b), the receiving UE, subscribes to the PLMN B and camps on the eNB B, while the transmitting vehicle-UE subscribes to the PLMN A and camps on the eNB A. 
However, in Figure 2(a) and Figure 2(b), both the transmitting vehicle-UE and receiving UE are in the coverage of their own serving eNBs only. More specifically, both vehicle-UE and UE are in the coverage of eNB A and eNB B, which serves vehicle-UE and UE, respectively. Figure 2(a), eNB A and eNB B has an intersection area, while Figure 2(b) there is no intersection area between the eNBs.  
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Figure 2
In this scenario, the inter-PLMN V2X discovery can not be conducted between vehicle-UE and UE. The coordination that helps the UEs in Figure 2 to conduct the inter-PLMN discovery is necessary.

Observation 2 In the scenario of Figure 2, a coordinated inter-PLMN V2X discovery is necessary ti the UEs present in this case. 
Proposal 1: For inter-PLMN V2X discovery, uncoordinated and coordinated options are equally important and should be considered and supported. 
3 Conclusion
In this paper, we highlight the specific two scenarios to discuss the uncoordinated and coordinated inter-PLMN V2X discovery and have the following observations and proposals.
Observation 3 In the scenario of Figure 1, uncoordinated inter-PLMN discovery is adequate. On the other hand, if the coordinated option is enabled, it helps to increase the discovery efficiency of receiving UE.

Observation 4 In the scenario of Figure 2, a coordinated inter-PLMN V2X discovery is necessary to the UEs present in this case. 

Proposal 1: For inter-PLMN V2X discovery, uncoordinated and coordinated options are equally important and should be considered and supported. 
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