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1
Introduction

This contribution provides revised V2V operating scenarios in Rel-14 which were proposed in the previous RAN4 meeting, however, RAN4 did not any consensus to introduce the V2V operating scenarios in TR36.785. So the revised V2V operating scenarios are proposed to complete V2V WI in time.
****************** Start of the TP in subcluase 4.3 of TR36.785 ************************
4
Background

4.1
Justification

LTE-based V2X is urgently desired from market requirement as widely deployed LTE-based network provides the opportunity for the vehicle industry to realize the concept of ‘connected cars.’ The market for V2V communication in particular is time sensitive because related activities such as research projects, field test, and regulatory work are alreay ongoing or expected to start in some countries or regions such as US, Europe, Japan, Korea, and China. In July 2015, Ministry of Industry and Information Technology (MIIT) of China approved Shanghai Intelligent Connected Vehicle Pilot Area from Shanghai International Automobile City. In October 2015, Shanghai International Automobile City released its initial plan to test 1000 LTE-V2X-enabled vehicles in an area of 90 square kilometres in 2018 - 2019.
3GPP is actively conducting study and specification work on LTE-based V2X in order to respond to this situation. A SA1 work item was approved in in SP-150573 to specify service requirements. SA2 agreed a study item in S2-153532 to identify and evaluate potential architecture enhancements. In RAN#68, a study item on LTE-based V2X Services was approved in RP-151109. In this study PC5-based V2V has been given highest priority until RAN#70. The motivation for prioritizing V2V until RAN#70 is to start a V2V work item in December 2015, as proposed in RP-151082. This RAN Feasibility Study (FS_LTE_V2X, TR 36.885) has completed the part of PC5 transport for V2V services. The RAN study concluded that it is feasible to support V2V services based on LTE PC5 interface with necessary enhancements, and the study also recommended to enhance at least LTE sidelink resource allocation, physical layer structure, and synchronization. In the meantime, the RAN study is also considering V2V operation scenarios based on not only LTE PC5 interface but also LTE Uu interface or a combination of Uu and PC5, and the maximum efficiency of V2V services may be achieved by selecting/switching the operation scenario properly.
Early completion of the corresponding RAN specification for PC5-based V2V and integration with Uu interface will enable fast preparation for device and network implementation, thereby allowing more chance for LTE-based V2V in the market. In addition, it can provide the basis for other V2X services, especially V2I/N and V2P services, so that RAN support for all the V2X services can be completed in time.
4.2
Objective

The objectives of this work item are to specify LTE sidelink enhancements for V2V services defied in [SA1 TR: TR 22.885]. Specification work in this item should start from the relevant outcome of the feasibility study on LTE-based V2X [RAN TR: TR 36.885]. 23 dBm UE maximum transmit power is assumed in this WI. 5GHz LAA operation is not part of the WI while it is not precluded in the future.
As can be seen from TR 22.885, some V2I services have quite similar requirements as V2V in terms of packet size, transmission frequency, latency requirement etc. This work item does not preclude some V2I services be naturally supported with functionalities specified in this work item.
The detailed objectives are as follows:
1) To specify enhancement to sidelink physical layer structure necessary for V2V services [RAN1]
2) To specify enhancement to sidelink synchronization procedure necessary for V2V services [RAN1, RAN2]

a) Low priority is given to enhancements to Rel-12/13 SLSS-based synchronization.
3) To identify what are necessary sidelink resource allocation enhancement option(s) among the ones captured in TR 36.885 for V2V services and specify the identified option(s) [RAN1, RAN2]

4) To specify a solution/requirement (if needed) for coexistence of PC5-based V2V operation and legacy Uu operation with LTE in the same carrier frequency [RAN1] and in an adjacent carrier frequency [RAN4] 
5) To specify a mechanism to enable E-UTRAN to select between PC5 and Uu for transport of V2V messages within network coverage, if necessary, in coordination with other working groups [RAN2]
Note that this mechanism should be applicable to potential enhancement to Uu for V2V services, e.g., the outcome of the Uu-based V2V part in TR 36.885. Note that Uu performance enhancentment for V2V is not the scope of this WI.
6) To specify necessary radio protocols and RRC signaling to support the above features [RAN2]
7) To specify necessary radio access network protocols if necessary [RAN3]
8) To develop a mechanism to prevent V2V from using spectrum that V2V is not authorized to use [RAN2]
9) To specify UE Tx and Rx RF requirement covering operations at up to 6 GHz carrier [RAN4]
10) To specify RRM core requirement [RAN4]
11) To specify a solution/requirement for coexistence of PC5-based V2V operation and DSRC/IEEE 802.11p on adjacent carrier frequencies within the 5.9GHz ITS spectrum. [RAN4] 
The work item should cover V2V services both with and without LTE network coverage, and cover both the operating scenario where the carrier(s) is/are dedicated to V2V services and the operating scenario where the carrier(s) is/are licensed spectrum and also used for normal LTE operation. The outcome of this work item should be able to support a relative speed of up to 500 km/h with enhancements/changes (if necessary) to the physical layer structure designed for the relative speed up to 280 km/h. This work should consider extension 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.
4.3
V2V operating Scenarios
4.3.1
General Description

In the V2V WID, 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

However, current V2V WI should be focused on V2V service on PC5 in licensed LTE spectrum and/or decicated ITS spectrum (5.9GHz). 
For the single carrier V2V scenario, a UE transmits a V2X message to multiple UEs at a local area in sidelink. RAN4 will focus on the safety applications for V2V on PC5 service as first priority as shown in Figure 4-1.
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Figure 4-1: V2V operation Scenario
Multi-carrier scenarios for V2V can occur for both PC5 LTE-based licensed V2V, V2V over unlicensed carriers supporting ITS functionality as well as V2I over Uu. A plausible scenario is for LTE-based V2V to be supported on a first serving carrier and legacy LTE supported on a second serving carrier.
4.3.2
Operation Aspects


Scenarios considered by RAN4 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

· (Aspect 2) eNB deployment including the 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.
Within RAN4 for this V2V WI, analysis and specification of single CC operation is defined as first priority. (E.g. specify transmission and reception requirements for licensed bands and ITS spectrum). 
Analysis and specification of multiple component carrier (MCC) operation for V2V service is defined as second priority in RAN4 for the V2V WI.
· (Aspect 3) Multi-carrier operation

 
Multiple carrier operation can support a number of configurations including for example: 

i)  V2V communication over PC5 on multiple carriers in an operating band
ii)  V2V communication over PC5 and V2I over Uu both on a single carrier with TDM operation
iii) V2V communication over PC5 and V2I over Uu, each on a separate carrier

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 in V2X WI.
· Case 3A: UEs communicating over PC5 across a single carrier.

· Case 3B: UEs communicating over PC5 across multiple carriers. 
For Case 3B, RAN4 focus V2V MCC operation as second priority in RAN4. 
· (Aspect 4) Operating scenarios

Single or multiple operator deployments can support these candidate cases for V2V service: 
· 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 
As part of the multi-carrier scenarios discussed above, RAN4 evaluate adjacent channel coexistence as well as RF requirements analysis in Rel-14, it is proposed that initially V2V 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. The candidate Case 4B is assumed in ITS spectrum and Case 4C is only considered for LTE-based V2V UE in licensed band.
· (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.
In licensed band operation for V2V service, the Case 5B can be assumed. In ITS spectrum, the Case 5A can be assumed. 
<End of Changed>
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