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1 Introduction
In the 3GPP RAN #68 meeting, the LTE based V2X services study item was approved [1]. In this contribution, we will give a brief overview of current V2X status in SA1 and discuss some potential deployment scenarios by taking into account the potential dedicated V2X carrier and LTE licensed spectrum. 
2 Discussion
2.1 V2X status in SA1
The Study on LTE Support for V2X Services in SA1 has progressed up to 75%, with target completion in SA #70 (12/2015). V2X WID (S1-152738) for normative work on LTE-based V2X was created in SA1#71 and subject to SA#69 approval. SA1 has identified some use cases and associated potential requirements for LTE-based Vehicular-to-Everything (V2X) services. Four essential V2X service use cases have been identified in TR 22.885 [2], which can be summarized as follows.
2.1.1 Vehicle-to-Vehicle (V2V) services:

As shown in Figure 1, both parties of the V2V communication are UEs using V2V application. The UEs supporting V2V applications transmit the application layer information (e.g. about their locations, dynamics, and attributes as part of the V2V Service) to the UEs in proximity. 
In SA1, V2V communication is predominantly broadcast-based, i.e., V2V-related application information can be broadcast and directly exchanged between distinct vehicle UEs (i.e. V2V transmission on PC5 interface, see Figure 1a) and/or, transmitted via infrastructure (e.g., RSUs or legacy LTE networks) due to the limitation of the direct communication range of V2V (e.g. V2V transmission on Uu interface, see Figure 1b).  In this regard, V2V service is quite similar to the MCPTT service being specified in 3GPP, which can also be transported over PC5 and/or LTE infrastructure.

The objects of LTE-V SID [1] point out that RAN2 will not study any solution for UE-to-UE relaying based on a new architecture for UE-type RSU. Therefore, transport of V2V messages via UE-type RSU should not be studied in RAN2.
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Figure 1 V2V service use cases
Proposal 1: Similar to existing MCPTT service, both PC5 and LTE infrastructure (including eNB or eNB type RSU) can be considered for transport of V2V messages.
Proposal 2: Transport of V2V messages via UE-type RSU does not need to be studied in RAN2.
2.1.2 Vehicle-to-Infrastructure (V2I) services
V2I services support transmission of V2I-related application layer information between a vehicle UE and an RSU, where RSU is implemented in an eNodeB or a stationary UE. Thus, V2I messages can be delivered on both Uu interface and PC5 interface. The majority of the V2I messages are broadcast, such as traffic light signal and curve speed warning. The minority of the traffic are unicast, like Automatic Parking and Queue warning. Figure 2 shows a typical V2I use case, where RSU sends warning messages to a group of vehicle UEs or an individual vehicle UE. As mentioned in SA1 [2], The RSU should transmit or receive V2I information to/from a vehicle UE using V2I application, i.e., V2I-related application layer information should be directly exchanged between vehicle UEs and RSU. Hence, when RSU is implemented in a stationary UE, RAN2 can only focus on the study of the PC5 interface between the vehicle UEs and UE-type RSU, but does not need to study the scenario where vehicle UEs exchange V2I-related application layer information with UE-type RSU via LTE network. Meanwhile, when RSU is eNodeB-type RSU, only Uu transport should be supported for V2I services.
Observation 1: Transport of V2I messages is directly between RSUs and vehicle UEs. For eNB-type RSU, V2I messages is transported over Uu between eNB-type RSUs and vehicle UEs; while for UE-type RSU, the V2I messages is transported over PC5 between UE-type RSUs and vehivle UEs.

Proposal 3: For UE-type RSU, only PC5 transport should be supported for V2I services. RAN2 does not need to study the transport between UE-type RSUs and vehicle UEs via LTE infrastructure. 
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Figure 2 V2I service use case
2.1.3 Vehicle-to-Network (V2N) services:

In V2N service, one party is a vehicle UE and the other party is a serving entity, both supporting V2N applications and communicating with each other via LTE network. Figure 3 describes a use case of V2N that a vehicle UE communicates with a centralised ITS server via LTE network. Thus, V2N information can only be delivered on Uu interface.
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Figure 3 V2N service use case

Observation 2: V2N services can be considered as legacy MBB services over Uu. 

Proposal 4: Only legacy Uu transport needs to be considered for V2N services.

2.1.4 Vehicle-to-Pedestrian (V2P) services:
V2P service supports the exchange of V2P-related application information between two UEs supporting V2P applications. As shown in Figure 4, such information can be transmitted either by a vehicle UE supporting V2P Service (e.g., warning to pedestrian), or by a pedestrian UE supporting V2P Service (e.g., warning to vehicle). In SA1, the transmission path of V2P is similar to V2V, i.e. both PC5 and Uu interfaces are supported for V2P.
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Figure 4 V2P service use case

Observation 3: Similar to V2V, V2P messages can be exchanged directly via PC5, and/or via infrastructure including RSUs or legacy LTE networks.
Same as V2V messages, the UE-type RSU does not need to be considered for relaying V2P messages from RAN2 perspective. 

Proposal 5: The transport of V2P messages via UE-type RSU does not need to be studied in RAN2.
2.2 V2X scenario consideration
According to the Objective of the V2X SID [1], following V2X transmission scenarios need to be discussed:
The study should cover LTE-based V2X both with and without LTE network coverage, and cover both the operating scenario where the carrier(s) is/are dedicated to LTE-based V2X services (subject to regional regulation and operator policy including the possibility of being shared by multiple operators) and the operating scenario where the carrier(s) is/are licensed spectrum and also used for normal LTE operation.
From the spectrum perspective, both dedicated spectrum and licensed spectrum should be considered for V2X service. Besides, the potential scenarios include both the cases with and without LTE network coverage. The following scenarios can be concluded taking into account the aspects above.
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Figure 5 potential deployment scenarios for V2X
Figure 5 shows five main scenarios for V2X services, Scenario 1A and Scenario 1B are for the case where V2X is operated on LTE licensed spectrum, and Scenario 2A~2C are for the case where V2X is operated on the dedicated V2X spectrum. From the transmission perspective, in order to support the V2X services, PC5 transport could be considered for all those scenarios, but Uu transport should just focus on Scenario 1A and Scenario 2A. However, considering the potential cost, complexity and feasibility, RAN2 is suggested to discuss which transmission path(s) of PC5 and Uu should be supported for a specific scenario. 

Proposal 6: RAN2 is requested to capture the scenarios introduced in this contribution into TR 36.885.
It should be noted that RAN1 has achieved the following assumptions about V2X evaluation in 3GPP RAN1 #82 for LTE-based V2X services [3].
	Parameter
	Possible model

	Carrier frequency for PC5-based V2V
	6 GHz, 2 GHz. Capture in TR "Note that the system should work for all the bands up to 6 GHz, including 5.9 GHz. This study is not intended to make any implication for the study on channel above 6 GHz."

	Bandwidth
	10 MHz

	Number of carriers
	1 (baseline), other numbers can be evaluated based on inter-carrier interference model from the existing UE-UE link ACLR (details FFS this week).


Both 2GHz and 6GHz carrier frequencies have been considered to evaluate LTE-based V2V services. However, the 6GHz is not suitable to deploy base stations due to small coverage. Thus, the dedicated carrier in high frequency such as 6GHz is not considered appropriate for supporting V2X services over Uu transport and PC5 transport is more preferred.
Observation 4: PC5 is necessary for V2V transport on the dedicated V2X carrier in high frequency (e.g., 6GHz).
3 Conclusion

In this paper, we introduced the V2X status in SA1 and presented theV2X scenarios based on considerations on spectrum, coverage and transmission paths. Some proposals were proposed as below.
Observation 1: Transport of V2I messages is directly between RSUs and vehicle UEs. For eNB-type RSU, V2I messages is transported over Uu between eNB-type RSUs and vehicle UEs; while for UE-type RSU, the V2I messages is transported over PC5 between UE-type RSUs and vehivle UEs.

Observation 2: V2N services can be considered as legacy MBB services over Uu. 

Observation 3: Similar to V2V, V2P messages can be exchanged directly via PC5, and/or via infrastructure including RSUs or legacy LTE networks.

Observation 4: PC5 is necessary for V2V transport on the dedicated V2X carrier in high frequency (e.g., 6GHz).

Proposal 1: Similar to existing MCPTT service, both PC5 and LTE infrastructure (including eNB or eNB type RSU) can be considered for transport of V2V messages.

Proposal 2: Transport of V2V messages via UE-type RSU does not need to be studied in RAN2.
Proposal 3: For UE-type RSU, only PC5 transport should be supported for V2I services. RAN2 does not need to study the transport between UE-type RSUs and vehicle UEs via LTE infrastructure. 

Proposal 4: Only legacy Uu transport needs to be considered for V2N services.

Proposal 5: The transport of V2P messages via UE-type RSU does not need to be studied in RAN2.
Proposal 6: RAN2 is requested to capture the scenarios introduced in this contribution into TR 36.885.
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Scenario 2C: OoC on both licensed carrier and dedicated V2X carrier
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