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1.
Introduction

As per the LTE Work Item entitled “Support for V2V services based on LTE sidelink” [1] LTE-based V2X (i.e. vehicle-to-vehicle, vehicle-infrastructure or vehicle-to-pedestrian) is in demand  from a market requirement perspective as widely deployed LTE-based networks provide the opportunity for the automotive industry to realize V2X functionality. As noted in [1] the market for V2V communication in particular is time sensitive due to related research, field tests, and regulatory work that is currently ongoing or expected to commence. 
From [1], RAN4 has a mandate to investigate and complete the following objectives:

1) To specify UE Tx and Rx RF requirements covering operations at up to 6 GHz carrier [RAN4]
2) To specify RRM core requirements [RAN4]
The work item should cover V2V services both with and without LTE network coverage, and cover both the operating scenarios where the carrier(s) is/are dedicated to V2V services and the operating scenarios where the carrier(s) is/are licensed spectrum and also used for normal LTE operation. This work should consider extensions to V2I/V2P. This work should also consider progress in SA WGs.
The specified enhancements should reuse the existing features of LTE as much as possible. 
Observation#1:

· The timeline for completion of V2V work item is aggressive with a targeted completion of the Core RF work by the end of Q4 2016.
This contribution discusses possible V2X scenarios to be employed for RAN4 RF analysis in Release 14.

2.
Background
In 3GPP TR36.885 [2], three categories of V2X communication are defined as detailed below and illustrated in Figure 1:
a) V2V: covering LTE-based communication between vehicles.
b) V2P: covering LTE-based communication between a vehicle and a device carried by an individual (e.g. handheld terminal carried by a pedestrian, cyclist, driver or passenger). 
c) V2I: covering LTE-based communication between a vehicle and a roadside unit. 
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Figure 1: Types of V2X (V2V, V2P, and V2I) [2] 

In addition to the above categories of V2X, communication by V2X can be defined in terms of 3 different coverage scenarios; namely in-coverage (i.e. inter-cell), partial coverage (i.e. cell-edge) and out-of-coverage (OOC) as illustrated in Figure 2 below.
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Figure 2: V2X coverage scenarios
2.
Discussion of V2X Scenarios 
In [2] a number of scenarios are identified for possible deployment of V2X services; namely,
a) V2V on PC5 

b) V2I on Uu

c) V2X supporting both PC5 and Uu

For each of these possible deployment scenarios, TR36.885 [2] discusses the trade-offs of a number of factors including: 

i. The possible operation bands. In broad terms the operation bands can be on legacy LTE spectrum, nominally in the 1 to 2 GHz range, or on new higher frequency spectrum, nominally in the 5 to 6 GHz range. Spectrum in the 5 to 6 GHz range can be dedicated licensed spectrum or also possibly unlicensed spectrum supporting for example LAA in combination with a licensed carrier. For the RF requirements analysis in RAN4 for Release 14, it is proposed that V2X operation in both 5 GHz and legacy RAN4 band classes be considered. Additional details are provided in [3].
ii. Single versus Multiple Carrier Operation: Multiple carrier operation can support a number of configurations including for example: 

(a)  V2V communication over PC5 on multiple carriers; 

(b)  V2V communication over PC5 and V2I over Uu both on the same single carrier
(c)  V2V communication over PC5 and V2I over Uu, each on a separate carrier
For the RF requirements analysis in RAN4 for Release 14, it is proposed that V2X communication over PC5 and V2I over Uu on the same single carrier be initially considered. Deployments with V2V on PC5 and V2I on Uu over multiple carriers can also be considered as a second priority. Note that in the above discussions V2I is assumed to be supporting eNB type road side units (RSU’s). For UE type RSUs, the PC5 interface could also be considered for V2I scenarios.
iii. Single Versus Multiple Operators: Single or multiple  operator deployments can support a number of configurations including for example: 
(a)  V2V communication over PC5 on one or more carriers employing a single operator; 

(b)  V2V communication over PC5 on one or more carriers employing different operators on different carriers; 

(c)  V2V communication over PC5 on a first carrier supported by a first operator, as well as V2I communication over Uu on a second carrier supported by a second operator.  
For the RF requirements analysis in RAN4 for Release 14, it is proposed that initially V2X operation over PC5 be assumed for a single operator on a single carrier. Scenarios with multiple operators can also be considered as a second priority.
iv. Co-existence with Uu communications: V2V communication over PC5 and/or V2X over Uu can co-exist with legacy Uu communication on the same carrier or on different carriers.
For the RF requirements analysis in RAN4 for Release 14, it is proposed that V2V operation over PC5 and V2X Uu is assumed to be on the same carriers. Scenarios with V2V operation over PC5 and V2X operation over Uu with separate multiple operators can also be considered as a second priority.
v. Single versus multiple eNB V2I communication: V2I communications can be on one or more than one eNB, served by the same or different carriers, served by the same or different operators.
For the RF requirements analysis in RAN4 for Release 14, it is proposed that V2I operation be assumed to be to a single eNB. 
vi. Coverage considerations:  V2I communications is by definition in coverage of a serving network cell, whereas V2V communication can be in-coverage, in partial coverage ( i.e. one of the nodes in the V2V communication is within coverage of an eNB) or out-of-coverage (OOC).
For the RF requirements analysis in RAN4 for Release 14, it is proposed that the V2V coverage scenario is assumed to be one of in-coverage, partial coverage or out-of-coverage.
Proposal #1:

· For the RF requirements analysis in RAN4 for Release 14 it is proposed that V2X operation in both the 5 GHz and legacy RAN4 band classes be considered. 
Proposal #2:

· For the RF requirements analysis in RAN4 for Release 14, it is proposed that V2X communication over PC5 and V2I over Uu on the same single carrier be initially considered. Deployments with V2V on PC5 and V2I on Uu over multiple carriers are also to be considered as a second priority.
Proposal #3

· For the RF requirements analysis in RAN4 for Release 14, it is proposed that initially V2X operation over PC5 or Uu be assumed for a single operator on the same single carrier. Scenarios with multiple operators are also to be considered as a second priority.

Proposal #4
· For the RF requirements analysis in RAN4 for Release 14, it is proposed that V2V operation over PC5 and V2X Uu is supported on the same carrier. Scenarios with V2V operation over PC5 and V2X operation over Uu with separate multiple operators are also to be considered as a second priority.
Proposal #5
· For the RF requirements analysis in RAN4 for Release 14, it is proposed that V2I operation be assumed to be to a single eNB. 
Proposal #6
· For the RF requirements analysis in RAN4 for Release 14, it is proposed that the V2V coverage scenario is assumed to be one of in-coverage, partial coverage or out-of-coverage.

Table 1 below summarizes the proposed V2X scenario options for RAN4 requirements analysis. Further details of the scenarios discussed in [2] are reproduced in Appendix A for reference.
Table 1: Proposed V2X Scenario Options for RAN4 Release 14 analysis
	Scenario
	Operation bands
	Single or Multi-carrier Operation
	Single or multiple operators
	Co-existing with Uu
	Single / Multiple eNB
	Coverage (inter-cell/partial/ OOC)

	
	
	Single
	Multi
	Single
	Multiple
	
	Single
	Multiple
	

	V2V on PC5
	2 GHz 

5 GHz
	Yes
	No
	Yes
	Yes
	Yes
	Yes
	No
	All

	V2I on Uu
	2GHz
	Yes
	No
	Yes
	Yes
	Yes
	Yes
	No
	In-coverage

	V2V with both Uu and PC5
	2 GHz 

5 GHz
	Yes
	No
	Yes
	Yes
	Yes
	Yes
	No
	In-coverage


3
Conclusions
The following observation and proposals should be taken into consideration when defining the Release 14 V2X RF requirements:

Observation#1:

· The timeline for completion of V2V work item is aggressive with a targeted completion of the Core RF work by the end of Q4 2016.
Proposal #1:

· For the RF requirements analysis in RAN4 for Release 14 it is proposed that V2X operation in both the 5 GHz and legacy RAN4 band classes be considered.

Proposal #2:

· For the RF requirements analysis in RAN4 for Release 14, it is proposed that V2X communication over PC5 and V2I over Uu on the same single carrier be initially considered. Deployments with V2V on PC5 and V2I on Uu over multiple carriers are also to be considered as a second priority.
Proposal #3

· For the RF requirements analysis in RAN4 for Release 14, it is proposed that initially V2X operation over PC5 or Uu be assumed for a single operator on the same single carrier. Scenarios with multiple operators are also to be considered as a second priority.

Proposal #4
· For the RF requirements analysis in RAN4 for Release 14, it is proposed that V2V operation over PC5 and V2X Uu is supported on the same carrier. Scenarios with V2V operation over PC5 and V2X operation over Uu with separate multiple operators are also to be considered as a second priority.

Proposal #5
· For the RF requirements analysis in RAN4 for Release 14, it is proposed that V2I operation be assumed to be to a single eNB. 

Proposal #6
· For the RF requirements analysis in RAN4 for Release 14, it is proposed that the V2V coverage scenario is assumed to be one of in-coverage, partial coverage or out-of-coverage.
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Appendix A:
A.1 
Scenario 1

A.1.1


General Description
This scenario supports V2V operation only based on PC5 (i.e. direct communication between vehicles).

In this scenario, a UE transmits a V2X message to multiple UEs at a local area in sidelink.

[image: image3.emf]E-UTRAN

SL


Figure 4-1: Scenario 1
A.1.2


Operation Aspects

RAN aspects for PC5-based V2V operation (Tx/Rx of V2V 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 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.

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

A.2
Scenario 2

A.2.1


General Description

This scenario supports V2V 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. 
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 supports RSU function in this scenario.
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Figure 4-2: Scenario 2
A.2.2


Operation Aspects

RAN aspects for Uu-based V2V operation (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 on the shared uplink carrier(s) 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 only on the uplink carrier(s) allocated to the operator which it belongs to. It is FFS whether UE receives on the downlink carrier allocated to the other operator as well as the downlink carrier allocated to the operator which it belongs to.
· (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.

·  (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.
A.3
Scenario 3

A.3.1

General Description

This scenario supports V2V operation using both Uu and PC5.

A.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. 
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 4-3: Scenario 3A
A.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.

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
A.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.
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