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1 Introduction
At RAN# 68, the Study Item of LTE V2X has been approved, in which the following aspect should be studied [1]:

3.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.
In this contribution, requirements for eNB-type RSU are generally summarized, and scenarios for eNB-type RSU deployment are discussed.
2 Enhancement analysis for V2I service
2.1 Definition and Scenarios of V2I 
According to SA1 TR 22.885 [2], the definitions for RSU (Road Side Unit) and V2I Service are copied as below:
Road Side Unit: An entity supporting V2I Service that can transmit to, and receive from a UE using V2I application. RSU is implemented in an eNB or a stationary UE. 
V2I Service: A type of V2X Service, where one party is a UE and the other party is an RSU both using V2I application.
2.2 Service requirement for V2I

In TR 22.885 [2], there are 7 use cases identified which involve V2I service:

	Use case
	Packet size (Bytes)
	Frequency
	Delay

(ms)
	Speed

(km/h)
	Mode
	Others

	5.6 Emergency stop warning
	50-400
	10Hz
	100
	160
	V->I unicast
I->V broadcast
	

	5.7Queue warning
	50-1200
	N/A
	100
	160
	V->I unicast 

I->V broadcast
	

	5.8 Road safety services
	50-1200
	10Hz
	100
	160
	I->V broadcast

V->I unicast
	- A UE that supports V2I Service shall be able to recognize whether a cell supports message transfer as needed for V2I Services.
- Event-triggered

- Authorization for the use of V2I service

	5.9 Automated Parking System
	50-400
	N/A
	100
	160
	I->V unicast

V->I unicast
	

	5.14 V2X Road safety service via infrastructure
	N/A
	N/A
	N/A
	160
	I->V broadcast


	- The system shall be able to provide the traffic safety server and the RSU with means to dynamically control the area where V2X messages are distributed and transmitted depending on the type and contents of the V2X messages.

	5.16 Curve Speed Warning
	50-400
	1Hz
	1000
	160
	I->V broadcast
	-A UE supporting V2I Service shall be able to receive a periodic broadcast message from an RSU, even when the RSU implemented as a UE is out of coverage or when the RSU implemented as an eNB is operating as an isolated eNB.

	5.23 Mixed Use Traffic Management
	N/A
	N/A
	N/A
	N/A
	I->V broadcast
	- The 3GPP system shall be able to vary the transmission rate and coverage area based on service conditions (e.g., rate of UE speed, weather, UE density).



To summarize, there are totally three kinds of transmission to be considered for the V2I application:

· Vehicle to infrastructure, unicast

· Infrastructure to vehicle, unicast

· Infrastructure to vehicle, broadcast
Observation 1: SA1 requirements for V2I/I2V services require AS layers to support unicast transmission from Vehicle UEs to infrastructure as well as unicast/broadcast transmission from infrastructure to vehicle UEs.
3 Scenario for Uu-based V2I Operation
The Uu-based V2I transport is between an eNB-type RSU and vehicle UEs supporting a V2I application as illustrated in Fig.1. The E-UTRAN performs uplink reception and downlink transmission of V2I messages. For the downlink, the E-UTRAN may use either unicast or broadcast mechanisms, e.g., MBSFN or SC-PTM. 
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Fig. 1: Scenario of Uu-based V2I
For V2I operation, similar to V2V operation discussed in [4], the following four cases can be identified:

· Case 1: Single operator. All RSUs are deployed by a single operator, and vehicle UEs supporting V2I application are served by its own operator.
· Case 2: Shared operation. All RSUs and the carrier(s) which V2I traffic is transmitted on are shared by different operators. Vehicle UEs supporting V2I application of these operators can receive/transmit V2I traffic to/from RSUs on these shared carrier(s). 
· Case 3: Separate operation but shared V2I traffic among operators. Each operator has separate carrier(s) and RSUs for V2I operation. Each vehicle UE supporting V2I application communicates only with the RSU of its own operator for V2I service. For some specific V2I service, e.g., queue warning and road safety service, in order to collect vehicle info from vehicles of other operators, the V2I application in one RSU may need to communicate with the V2I application in another RSU, or with a V2N application server belonging to different operator. In such case, a RSU can receive/transmit V2I messages from/to vehicle UEs of different operators directly via Uu, or indirectly via other RSUs or V2N server.  How the applications in different RSUs communicate with each other and how the RSU communicates with a V2N server could be out of RAN2 scope.
· Case 4: Separate operation and seperateV2I traffic among operators. Each operator has separate carrier(s) and separate RSUs for V2I operation. Each vehicle UE supporting V2I application receives DL I2V messages from RSUs of its own operator as well as the RSUs of other operators. For UL, each vehicle UE only transmits UL V2I messages to RSUs of its own operator in the separate carrier(s). 
Case 1 is applicable if there is only one operator operating V2I services in an area. Case 2 is applicable if multiple operators have shared carrier(s) for V2I operation and the network sharing is utilized. The RAN2 impact of the two cases are minimal, however some real implementation issues limit the adoption of the two cases.

In Case 3, different operators in the same area need to deploy their own RSUs. In case the RSU is required to receive the V2I messages from all vehicles UEs (which may belong to other operators), coordination between different operators is required.
For Case 4, vehicle UEs may need to receive DL V2I messages from RSUs belonging to other operators. For some V2I services, it is possible that V2I messages are transmitted to the vehicle UEs via unicast in the downlink (e.g., queue warning, APS). In this case, the UE is not able to receive the unicast V2I messages on carrier(s) belonging to another operator. Therefore, Case 4 is only applicable to V2I use cases which only require downlink broadcast/multicast transmission, such as 5.14, 5.16, 5.23 captured above.

Proposal 1: Capture the operating cases above for V2I operation into TR 36.885. 
4 Conclusion

Observation 1: SA1 requirements for V2I/I2V services require AS layers to support unicast transmission from Vehicle UEs to infrastructure as well as unicast/broadcast transmission from infrastructure to vehicle UEs.
Proposal 1: Capture the operating cases above for V2I operation into TR 36.885. 

5 Text Proposal
This text proposal is based on the latest version of TR 36.885 (i.e. v0.4.0) as provided in 2015-11.
--- BEGIN Text Proposal ---
4.3.2
Operation Aspects

RAN aspects for Uu/PC5-based V2V operation (Tx/Rx of V2X message) in this scenario are as follows:

· (Aspect 1) Operation bands used as test points for evaluation

For PC5:
· Applying all the cases in the corresponding aspect of Scenario 1.
For Uu:
· Applying all the cases in the corresponding aspect of Scenario 2.

NOTE: Evaluation work on V2V for this aspect will focus on the combination of {1A for PC5, 1B for Uu} in Scenario 3.

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

For PC5:

· Applying all the cases in the corresponding aspect of Scenario 1.
For Uu:

· Applying all the cases in the corresponding aspect of Scenario 2.
· (Aspect 3) Multi-carrier operation
For PC5:

· Applying all the cases in the corresponding aspect of Scenario 1.
For UL:

· Applying all the UL cases in the corresponding aspect of Scenario 2.
For DL:

· Applying all the DL cases in the corresponding aspect of Scenario 2.
· (Aspect 4) Operating scenarios

For PC5:

· Applying all the cases in the corresponding aspect of Scenario 1. 

For Uu:

· Applying all the cases in the corresponding aspect of Scenario 2.
For both PC5 and Uu:

· Case 4.1: PC5 operation carrier and Uu operation carrier are allocated to the same operator.
· Case 4.2: PC5 operation carrier and Uu operation carrier are allocated to different operators.

· In this case, it is assumed that uplink operation carrier and downlink operation carrier are allocated to the same operator. It is FFS whether uplink operation carrier and downlink operation carrier can be allocated to different operators. 

· (Aspect 5) Co-existing with Uu/sidelink
· Case 5A: Dedicated operation carrier for V2X on which there is sidelink traffic but no uplink (Uu) traffic, i.e. uplink and sidelink are on different carriers.
· Case 5B: The uplink carrier is shared with sidelink, i.e. uplink and sidelink are on the same carrier.

NOTE:
It is FFS whether the uplink carrier can be the dedicated operation carrier for V2X.

· (Aspect 6) Single/multiple eNB
· Applying all the cases in the corresponding aspect of Scenario 2.
Editor notes: The cases above will result in several combinations across the aspects. It is FFS whether all combinations will be considered in the study. The cases in each aspect above may co-exist.
4.4 V2I scenarios
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Fig. 1: Scenario of Uu-based V2I
For V2I operation, similar to V2V operation, the following four cases can be identified:

· Case 1: Single operator. All RSUs are deployed by a single operator, and vehicle UEs supporting V2I application are served by its own operator.
· Case 2: Shared operation. All RSUs and the carrier(s) which V2I traffic is transmitted on are shared by different operators. Vehicle UEs supporting V2I application of these operators can receive/transmit V2I traffic to/from RSUs on these shared carrier(s). 
· Case 3: Separate operation but shared V2I traffic among operators. Each operator has separate carrier(s) and RSUs for V2I operation. Each vehicle UE supporting V2I application communicates only with the RSU of its own operator for V2I service. For some specific V2I service, e.g., queue warning and road safety service, in order to collect vehicle info from vehicles of other operators, the V2I application in one RSU may need to communicate with the V2I application in another RSU, or with a V2N application server belonging to different operator. In such case, a RSU can receive/transmit V2I messages from/to vehicle UEs of different operators directly via Uu, or indirectly via other RSUs or V2N server.  How the applications in different RSUs communicate with each other and how the RSU communicates with a V2N server could be out of RAN2 scope.

· Case 4: Separate operation and seperateV2I traffic among operators. Each operator has separate carrier(s) and separate RSUs for V2I operation. Each vehicle UE supporting V2I application receives DL I2V messages from RSUs of its own operator as well as the RSUs of other operators. For UL, each vehicle UE only transmits UL V2I messages to RSUs of its own operator in the separate carrier(s). 
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