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1. Introduction

Recently, growing demand for connected car is raised by multiple services, e.g., automotive management, navigation and infotainment. In the connected car, network connectivity is typically provided by cellular network, i.e., V2N, using on-board module or tethering by handset terminal. On the other hand, V2x study item [1] has been agreed in RAN#68 since some applications like safety application requires low latency end-to-end communication which is enabled by V2V, V2I and V2P using PC5.
2. Deployment Scenario
Application and service type

Table 1 describes two types of application supported by V2x: (Case 1) Safety application and (Case 2) Non-safety application. The use-cases discussed in SA1 are mostly categorized to safety application [2]. In the case 1, typically low latency is required while the packet size is small. Nonetheless the small packet size, expected traffic per unit area is larger than that of public safety communication evaluated in Rel-12 D2D because every vehicle on the road is likely to transmit some safety messages periodically. Considering that safety application provides safety for vehicle and surroundings, case 1 will be highly local service. On the other hand, delay sensitive service is not typical in case 2 while larger data size and traffic is expected in order to offer flexible and various services. Also, typical applications utilize the Internet connectivity where local communication is not suitable.
Table 1: Application Types and Associated Characteristics
	Case
	Application type
	Delay sensitivity
	Traffic volume
	Locality

	1
	Safety application
	High
 (e.g., < 100 ms delay)
	Small but larger than public safety D2D
	Local

	2
	Non-safety application
	Low
	High
	Depends on each application

Typically WAN connection required


Note: Traffic volume can be increased due to future extension of use-case
As latency is a major factor in case 1, V2N communication routed by core network is not appropriate solution even if it is in coverage and PC5 will be utilized unless V2N can be terminated by eNB. Therefore, case 1 will be covered by V2V, V2I and V2P which utilize PC5 interface. For V2P, requirement on the latency can be relaxed especially when the transmission UE is a pedestrian (P2V) due to its nature of low mobility. If the latency requirement for V2P is relaxed, battery saving and exploiting eNB or RSU for relayed V2P is considered.
Observation 1:
For case 1 (safety application), PC5 will be utilized to meet latency requirement.

For case 2, V2I and/or V2N is assumed considering aforementioned connected car use-case and some use-case discussed in SA1. For V2I, either of V2x dedicated carrier or existing LTE carrier supporting D2D is utilized. Although we assume PC5 for V2I, V2I can provide vehicles a WAN connectivity by UE-to-network relay.

Table 2 summarizes the possible application and requirement for each service types. 

Table 2:

Requirement of V2x Service Types
	Service type
	Interface
	Possible application
	Requirement

	V2V
	PC5
	Case 1, [2]
	Low latency, limited capacity

	V2I
	PC5
	Case 1, 2
	Low latency, middle capacity

	V2N
	Uu
	Case [1], 2
	Middle latency, high capacity

	V2P
	PC5, [Uu]
	Case 1, [2]
	V2V + battery saving [and relaxed latency]


Multi carrier operation
In Rel-12 and Rel-13 D2D, single operation carrier is assumed for D2D communication and multi-carrier operation is considered for D2D discovery. For V2x, it is challenging to support delay-sensitive case, case 1, and high-traffic case, case 2 within a single carrier. Especially when the application is extended to support wider use-case, multi-carrier operation is necessary to accommodate additional capacity. In US and Europe, multi-10 MHz carrier operation is already assumed for IEEE802.11p based ITS. In Japan, although single 10 MHz carrier is allocated for IEEE802.11p based ITS [3], another 80 MHz is allocated to V2I based on ETC (Electronic Toll Collection System) and its application extension. Therefore, LTE based V2x should support multi-carrier operation and additional delay due to multi-carrier operation which we experienced in inter-carrier D2D discovery should be avoided for case 1. Possible two sub-cases are listed in Figure 1.
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	Case 1-1: Single dedicated V2x carrier is used regardless of the operator. This carrier is owned by single operator or shared by multiple operators.
	Case 1-2: Multiple operators have each dedicated V2x carriers and UE is equipped with multiple Rx chain to monitor all the V2x carriers.


Figure 1:  Example of carrier assignment options for case 1 (assuming 3 operators).
In case 1-1, single dedicated V2x carrier is used regardless of the operator. This carrier is owned by single operator or shared by multiple operators. Although case 1-1 has advantage on UE complexity, it is challenging from system perspective since traffic per carrier is relatively higher than case 1-2. In case 1-2, multiple operators have each dedicated V2x carriers and UE is equipped with multiple Rx chain to monitor all the V2x carriers. Contrary to case 1-1, case 1-2 requires multiple-Rx chains equivalent to the number of operators and which results high UE complexity while some inter-carrier road balancing gain is expected. Note that if single carrier cannot offer sufficient capacity, multi-carrier operation with multiple Rx chains in UE is also required in case 1-1. For case 2, similar operation on shared or dedicated spectrum is considered. However, considering delay tolerable application, additional Rx chain may not be necessary.
Observation 2:
For case 1, following two scenarios are considered. 

· Case 1-1: Single dedicated V2x carrier is used regardless of the operator. This carrier is owned by single operator or shared by multiple operators.
· Case 1-2: Multiple operators have each dedicated V2x carriers and UE is equipped with multiple Rx chain to monitor all the V2x carriers.
Observation 3:
From system perspective, case 1-1 is more challenging due to larger traffic per carrier.
Since either of the two scenarios between case 1-1 and case 1-2 is selected according to regulation, it is feasible to evaluate case 1-1 where higher requirement on capacity is expected. Considering that V2V and V2I have some overlapped use case and V2I is supplementary utilized for such use-cases, it is straightforward to study V2I after V2V. In the V2I study, V2I dedicated use case shall also be studied. For case, it is FFS whether independent study is necessary or not since detail of use case and requirement is not identified yet.
Proposal 1:
Study case 1-1 in RAN1 and V2I evaluation is followed by outcome of V2V study.
As discussed above, small traffic is assumed for case 1. However, traffic volume is larger than that of assumed for Rel-12 public safety communication and it is difficult to assume that PC5 occupies only subset of uplink resources due to capacity shortage and cross interference issue. Therefore, whole carrier or uplink resource can be occupied by V2x. V2P can be exceptionally covered by subset of uplink resource similar to D2D discovery if it is not delay sensitive. 
Proposal 2:
In case 1, 100% of resource on the V2x carrier is utilized for PC5 with possible exception in V2P.

RSU

For V2I, V2V enhancement, e.g., interference coordination assisted by RSU is considered in addition to support case 1 and case 2 application types. Thus V2V is carefully studied so that outcome of V2V study does not introduce unnecessary limitation on V2I study. 
When comparing eNB based RSU and UE based RSU, eNB based RSU can provide V2N in addition to V2I on PC5 and provide efficient resource allocation similar to mode 1 resource allocation in D2D communication and type 2B resource allocation in D2D discovery. On the other hand, from the cost perspective, eNB based RSU would require backhaul and device cost will be higher than UE based RSU. In order to trade-off performance and cost, both eNB based RSU and UE based RSU should be studied. Appropriate RSU type will be determined depending on offering services and intended deployment site. Supporting both RSU type by specification or implementation is beneficial to offer operators to have an option on deployment.
3. Requirement
At least in China, case 1 supported by LTE based V2x is currently studied and thus it is captured in the V2x SID. Considering overlapped scope with IEEE802.11p based ITS, LTE based V2x should support existing safety application barer or equivalent one and meet the requirement of IEEE802.11p based ITS at least. The requirement would be determined at least on maximum latency, communication range and reliability as discussed in SA1. For example, requirement of IEEE802.11p based ITS in Japan [3]
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 \* MERGEFORMAT [4] is comparable to that of discussed in SA1 except larger maximum message size of 7 k byte for V2I.
Proposal 3:
V2x should meet the requirement which is at least comparable to IEEE802.11p based ITS.

When we consider the deployment and installation of V2x, both RSU andon-board terminal requires long period for nationwide deployment and widespread use respectively. Once they are deployed, ten year or more product cycle is expected similar to MTC. One major difference from MTC is that V2x is a package of technologies which does not work standalone and every vehicle and RSU should be able to communicate directly each other. Therefore, it is important that LTE based V2x can support not only immediate use-case but also future extension in upper layer. Future extension of applications is expected both for case 1 and case 2. For example, dynamic 3D map generation for autonomous car is expected as a future use-case of V2I/V2N. More specifically, beginning of 2020 is a target of level 3 autonomous car
 in Japan. Therefore it is not premature to consider such additional use case in the study.

From physical layer perspective, this extension may results in larger data size and larger traffic. Especially for delay tolerant use-case, significant traffic growth is possible. In order to prepare the future extension, it is recommended that PHY specification do not limit the upper layer message type/procedure which we introduced for optimization in Rel-12 PSDCH, i.e., fixed discovery message size. Evaluation with high traffic scenario is also beneficial. 
Observation 4:
Future V2x may require higher capacity for additional use cases.
Proposal 4:
High traffic scenario is studied to support extended application in mid-term.
4. Evaluation Model

As discussed in section 2, it is considered to study V2V first and V2I, V2N and V2P later. For V2V, it is considered that both in coverage scenario and out of coverage scenario are evaluated similar to Rel-12 D2D study.  6 GHz is used for PC5 as it is a worst case on propagation loss and equivalent to IEEE802.11p based systems in US and Europe. 10 MHz bandwidth is selected by similar reason. Case 1-1 is assumed for evaluation scenario and periodic safety message which is major traffic in case 1-1 is appropriate for evaluation.
System evaluation

Since communicating vehicle is typically on road, it is straightforward to modify Rel-12 D2D system evaluation model to Manhattan grid model. Table 3 summarizes an example of evaluation parameters. With urban scenario using Manhattan grid model, most dense traffic case can be modelled and intersection case which is important for safety applications is also included. Vehicle density can be adjusted by the number of lane and average inter-vehicle distance. At least, 2 lanes per same direction, 60 km/h, average inter-vehicle time of 4 sec (which is sufficient time for braking by driver). Assuming 100 ms maximum latency requirement, topology change within a communication interval can be ignored in the system evaluation similar to existing evaluation model. Impact of high Doppler will be studied in link-level evaluation.

Proposal 5:
Urban scenario with Manhattan grid model is evaluated.

In the evaluation, we propose that traffic volume is parameterized to evaluate the maximum traffic density to fulfil the requirement on latency, communication range and reliability. Average inter-vehicle distance and/or message size will be set as parameter. For heavy traffic case, it is considered to set average inter-vehicle distance of 10 m or 300 byte message size for V2V. Detailed parameter is FFS.
Proposal 6:
Average inter-vehicle distance and/or message size is parameterized to evaluate heavy traffic scenario.

Further detail, e.g., resource allocation and power control will be optimized to meet the requirements by proposals from companies. Regarding V2P, which will be mostly similar to V2V, necessity of evaluation is FFS. It is considered that V2P study is focused on battery optimization.
Synchronization
In the SID, GPS based synchronization is proposed and it is expected that GPS based synchronization can improve the synchronization stability within GPS coverage. On the other hand, V2x should cover the case where GNSS signal is not available, e.g., tunnel and underground case. Therefore combinational use of SS/SLSS and other solution should be investigated during the study item. Also, as discussed in the comparison paper, DM-RS enhancement for high Doppler shift is necessary.
Proposal 7:
V2x should cover the case where GNSS signal is not available, e.g., tunnel and underground case. Detailed solution is identified during the SI.
Table 3:
System Evaluation Parameters
	Road layout
	Manhattan grid model with multi-lane, e.g., 2 lanes x 2 directions

	Cell deployment
	Macro only, 3 Sector, 500 m ISD

	Vehicle UE drop
	Random on the road (TBD: minimum distance), random direction

	RSU deployment
	FFS 

	Carrier frequency
	6 GHz 10 MHz BW for PC5

FFS for Uu 

	Antenna
	2 Tx / 2 Rx at eNB and eNB-type RSU, 

1 Tx / 2 Rx at UE and UE-type RSU

	Antenna height
	25 m at eNB, 1.5 m at vehicle, 5 m at RSU

	Channel model
	PC5: Outdoor-to-outdoor model in TR 36.843 with following modifications
· NLOS probability of UE-UE link is 1 when there is building
· NLOS path loss model for Manhattan layout is used
Uu: UMa

	Vehicle UE speed
	60 km/h

	Tx Power
	Macro: 46 dBm, RSU: FFS (e.g., 30 dBm)

Vehicle UE: Maximum 23 dBm 

	Data traffic model
	V2V: 100 bytes (300 bytes optional) per 100 ms per UE

V2I: FFS

	UE density
	Average inter-vehicle distance of 11, 33, 67, 133 m in the same lane (equivalent to 4 sec inter-vehicle time at 10, 30, 60, 120 km/h)

	Synchronization
	Ideal

	NW  sync
	Synchronous

	Resource allocation
	100% resource is utilized for V2V (and V2I)

Both eNB resource allocation and UE autonomous resource allocation is considered

	Metric
	Packet drop rate within communication range, within maximum latency


5. Conclusion

In this contribution, we discussed deployment scenario and evaluation model for V2x. Observations and proposals are summarized below.
· Observation 1:
For case 1 (safety application), PC5 will be utilized to meet latency requirement.
· Observation 2:
For case 1, following two scenarios are considered.
· Case 1-1: Single dedicated V2x carrier is used regardless of the operator. This carrier is owned by single operator or shared by multiple operators.
· Case 1-2: Multiple operators have each dedicated V2x carriers and UE is equipped with multiple Rx chain to monitor all the V2x carriers.
· Observation 3:
From system perspective, case 1-1 is more challenging due to larger traffic per carrier.
· Observation 4:
Future V2x may require higher capacity for additional use cases.
· Proposal 1:
Study case 1-1 in RAN1 and V2I evaluation is followed by outcome of V2V study.
· Proposal 2:
In case 1, 100% of resource on the V2x carrier is utilized for PC5 with possible exception in V2P.
· Proposal 3:
V2x should meet the requirement which is at least comparable to IEEE802.11p based ITS.
· Proposal 4:
High traffic scenario is studied to support extended application in mid-term.
· Proposal 5:
Urban scenario with Manhattan grid model is evaluated.
· Proposal 6:
Average inter-vehicle distance and/or message size is parameterized to evaluate heavy traffic scenario.
· Proposal 7:
V2x should cover the case where GNSS signal is not available, e.g., tunnel and underground case. Detailed solution is identified during the SI.
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� Level 3 autonomous car enables hands-off highway driving under certain circumstances, but requires a driver to be ready to take the control in an emergency.
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