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3
Definitions, symbols and abbreviations

3.1
Definitions

For the purposes of the present document, the terms and definitions given in TR 21.905 [1] and the following apply. 
A term defined in the present document takes precedence over the definition of the same term, if any, in TR 21.905 [1].
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.
3.2
Symbols

For the purposes of the present document, the following symbols apply:

3.3
Abbreviations

For the purposes of the present document, the abbreviations given in TR 21.905 [1] and the following apply. 
An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in TR 21.905 [1].

RSU

Road Side Unit

V2I

Vehicle-to-Infrastructure

V2N

Vehicle-to-Network

V2P

Vehicle-to-Pedestrian

V2V

Vehicle-to-Vehicle

V2X

Vehicle-to-Everything
4

V2X operation scenarios and overall archiecture
Editor notes: This section is to describe LTE-based V2X operation scenarios and overall architecture of E-UTRAN and radio protocols, e.g., in terms of spectrum, network coverage, etc.

Editor notes: The cases in the operation aspects 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.
The study will take into account co-existence of different scenarios.
4.1
Scenarios
4.1.1
Scenario 1

4.1.1.1
General Description
This scenario supports V2V and V2P operation only based on PC5.
4.1.1.1.1
Scenario 1A

In this scenario, a UE transmits a V2X message to multiple UEs at a local area in sidelink. A UE receives V2X messages from other UEs in sidelink.



Figure 4-1: Scenario 1A
4.1.1.1.2
Scenario 1B
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 multiple UEs at a local area in sidelink. A UE receives V2X messages from other UEs including UE type RSU(s) in sidelink.
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Figure 4-x: Scenario 1B
4.1.1.2
Operation Aspects

RAN aspects for operation of V2V and V2P based on PC5 interface (Tx/Rx of V2X message) are as follows:

· (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: eNB providing more UE specific or/and more dynamic resource allocation including Mode 1 compared 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 a V2X message on the same carrier. 

· Case 4C: Each operator is allocated with a different carrier. This means that a UE transmits a V2X message 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.

All scenarios and combinations captured above should be considered in scope of the study item.

4.1.2
Scenario 2

4.1.2.1
General Description

This scenario supports V2V, V2I and V2P operation only based on Uu.

In this scenario, a UE transmits a V2X message to E-UTRAN in uplink and E-UTRAN transmits it to multiple UEs at a local area in downlink. 
For V2I, E-UTRAN supporting RSU function generates a V2X messages and transmits it to multiple UEs at a local area in downlink.
To support this scenario, E-UTRAN performs uplink reception and downlink transmission of V2X messages. For downlink, E-UTRAN may use a broadcast mechanism. E-UTRAN supports RSU function in this scenario.
It is up to E-UTRAN implementation whether E-UTRAN can also receive a V2X message in sidelink.
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Figure 4-2: Scenario 2
4.1.2.2
Operation Aspects

RAN aspects for operation of V2V, V2I and V2P based on Uu interface (Tx/Rx of V2X message) in this scenario are as follows:

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

· Case 1A: 6 GHz

· Case 1B: 2 GHz
NOTE: Case 1A may not be needed to be specifically simulated for uplink and downlink.

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

· eNB deployment and network control for radio resources are always assumed in uplink and downlink.
· (Aspect 3) Multi-carrier operation

For UL:

· Case 3A-UL: UEs performing uplink transmissions at a single carrier for V2X messages.

· Case 3B-UL: UEs performing uplink transmissions across multiple carriers for V2X messages.

For DL:

· Case 3A-DL: UEs performing downlink receptions at a single carrier for V2X messages.

· Case 3B-DL: UEs performing downlink receptions across multiple carriers for V2X messages.

· (Aspect 4) Operating scenarios

· Case 4A: Single operator operation (i.e. message exchange across operators are not assumed.)
· Case 4B: A set of Uu operation carrier(s) is shared by UEs subscribed to different operators. 
· In this case, UEs belonging to different operators transmit a V2X message on the shared uplink carrier(s) while receiving on the shared downlink carrier(s).
· 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).
· Case 4C: Each operator is allocated with a different carrier for both uplink and downlink. 
· In this case, a UE transmits a V2X message only on the uplink carrier(s) allocated to the operator which it belongs to. The UE also receives a V2X message on the downlink carrier allocated to the operator which it belongs to. It is FFS whether 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.
Editor notes:
The study excludes the case that a set of uplink operation carrier(s) is shared by UEs subscribed to different operators while each operator is allocated with a different downlink carrier.

·  (Aspect 5) Co-existing with Uu/sidelink
· Case 5A: There is no sidelink traffic on the Uu operation carrier.

· Case 5B: The uplink carrier is shared with sidelink.
· NOTE:
It is FFS whether the uplink carrier can be the dedicated operation carrier for V2X.
· NOTE:
This aspect needs to be considered when Scenario 2 co-exists with Scenario 1.
 
· (Aspect 6) Single/multiple eNB
· Case 6A: Uplink reception and downlink transmission for the same message are performed by the same eNB.
· Case 6B: Uplink reception and downlink transmission for the same message are performed by different eNBs.
· In this case, uplink reception is performed by one eNB. But downlink transmission can be performed by different eNB(s) including the eNB which received the message.

4.1.3
Scenario 3

4.1.3.1
General Description

This scenario supports V2V, V2I and V2P operation using both Uu and PC5. 
4.1.3.1.1
Scenario 3A

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 multiple UEs at a local area in downlink. 
For V2I, 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.
To support this scenario, E-UTRAN performs uplink reception and downlink transmission of V2X messages. For downlink, E-UTRAN may use a broadcast mechanism. It is FFS whether E-UTRAN also supports RSU function in this scenario.


[image: image7.emf]DL

UL

SL

UE (RSU)

E-UTRAN

or


Figure 4-3: Scenario 3A
4.1.3.1.2
Scenario 3B

In this scenario, a UE transmits a V2X message to E-UTRAN in uplink and E-UTRAN transmits it to one or more UE type RSUs. Then, the UE type RSU transmits the V2X message to other UEs in sidelink. 
For V2I, 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.
To support this scenario, E-UTRAN performs uplink reception and downlink transmission of V2X messages. For downlink, E-UTRAN may use a broadcast mechanism. It is FFS whether E-UTRAN also supports RSU function in this scenario.
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Figure 4-4: Scenario 3B
4.1.3.1.3
Scenario 3C

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.
For V2I, 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.
To support this scenario, E-UTRAN performs uplink reception and downlink transmission of V2X messages with UE type RSUs. For downlink, E-UTRAN may use a broadcast mechanism. It is FFS whether E-UTRAN also supports RSU function in this scenario.
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Figure 4-y: Scenario 3C
4.1.3.2
Operation Aspects

RAN aspects for operation of V2V, V2I and V2P based on both Uu and PC5 interface (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.


4.2
Overall architecture for support of V2X

Editor notes: This section is to describe E-UTRAN architecture aspect and radio protocol architecture aspects for support of LTE-based V2X operation.
4.2.1
Functional entities
4.2.1.1
UE
The UE supports the following functions to support V2X:

· transmission of a V2X message in sidelink or uplink;

· reception of a V2X message in sidelink and/or downlink

It is not assumed that the UE transmits the same V2X message in both sidelink and uplink.
4.2.1.2
eNB

The eNB supports the following functions to support V2X:

· transmission of a V2X message in downlink;

· reception of a V2X message in uplink.
· transfer of a V2X message over S1/X2 interface
For downlink, E-UTRAN may use a broadcast mechanism.
4.2.1.3
An entity supporting RSU function
The entity supporting RSU function is considered as UE (i.e. UE type RSU) and/or eNB (i.e. eNB type RSU) in the study.
Both UE type RSU and eNB type RSU are stationary. 

It is assumed that the UE type RSU may transmit the same V2X message in both sidelink and uplink.

It is up to eNB implementation whether the eNB type RSU can also receive a V2X message in sidelink.
***************************************** TP  End *************************************
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