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Introduction

This contribution provides LTE-based V2X operating scenarios in Rel-14 which were already studied in RAN WG1 during 9 months to support V2V, V2I and V2P and others. In this paper, we decide detail V2X operation scenarios as RAN4 perspective. 
****************** Start of the TP in subcluase 4.3 of TR36.785 ************************
4
Background

4.1
Justification

The pace of LTE network deployment is accelerating all over the world, which enables more and more advanced services and Internet applications making use of the inherent benefits of LTE, such as higher data rate, lower latency and enhanced coverage. Widely deployed LTE-based network provides the opportunity for the vehicle industry to realize the concept of ‘connected cars’. By providing a vehicle with an access to the LTE network a vehicle can be connected to the Internet and other vehicles so that a broad range of existing or new services can be envisaged. Vehicle manufacturers and cellular network operators show strong interests in vehicle wireless communications for proximity safety services as well as commercial applications.
LTE-based V2X study is urgently desired from market requirement, and the market for V2V communication in particular is time sensitive. There are many research projects and field tests of connected vehicles in some countries or regions, such as US/Europe/Japan/korea. In China, CCSA has finished the feasible study for vehicle safety application based on TD-LTE in 2014 and began the series of industrial standard of communication based on LTE for vehicle application. Further, in March 2015, the frequency study of V2X also started in CCSA and some vehicular industrial alliances in china. Based on the study, National Regulatory Authority in China will allocate the frequency of connected vehicles.

In order to respond to this situation, RAN approved the feasibility study on LTE-based V2X services to evaluate new functionalities needed to operate LTE-based V2X (V2V, V2I/N, and V2P), and to investigate potential enhancements for vehicular services. The study was completed in RAN#72.

In the study, the RAN WGs concluded that it is feasible to support transport for V2V, V2I/N and V2P services over Uu. The RAN WGs identified solutions to improve the latency, capacity, and reliability performance of LTE Uu interface and observed that UL enhancements to the SPS protocol and DL enhancement to multicast/broadcast are beneficial from performance perspective. In addition, the RAN WGs concluded that it is feasible to support V2I and V2P servicesover PC5. It is concluded that V2P services where P-UE sends V2X messages but not receives V2X messages is substantially more power efficient than V2P services where P-UE receives V2X messages from V-UEs. The RAN WGs identified that some changes to the PC5 interface would be beneficial in terms of power consumption and UE complexity in case of P2V transmissions. RAN WGs also preliminarily discussed the co-existence between DSRC/IEEE 802.11p and LTE PC5 for V2V. For deployment of LTE PC5 for V2V and DSRC/IEEE 802.11p in the same geographical area, RAN WGs think that the ideal option is when they use different frequency channels. Nevertheless, if they use shared frequency channels, RAN WGs think they can still co-exist together with some standardizations and/or regulatory actions in other bodies in order to enable this.
A new work item on architecture enhancements for LTE support of V2X services was approved in SA2 in S2-163204. In this work item, architecture enhancement to support V2X services using both PC5 and Uu will be covered.
4.2
Objective

The objectives of this work are to specify enhancements to both Uu transport and PC5 transport in E-UTRAN to support LTE-based V2X (V2V, V2I/N, and V2P) based on the outcome of the related study.

The detailed objectives are as follows:

1) To specify enhancements to both SC-PTM and MBSFN transmissions for support of V2X services including:

a) DL transmission in small areas based on geographical information, with necessary coordination with SA2 (note: Depending on the solutions, the specification(s) may or may not be impacted) [RAN3]

i) Based on input from SA2/RAN3, determine whether any additional enhancement is necessary to reduce control plane latency and specify a solution (as identified in TR 36.885) if needed [RAN2]

b) Shorter modification/repetition period(s) of MCCH and SC-MCCH, and shorter MCH scheduling period(s) [RAN2, RAN3]
Note: SA2 is expected to send LS to RAN3 in case that architecture impacts exist.

2) To specify enhancements to UL SPS transmissions for support of V2X services including:
a) Multiple SPS configurations [RAN2, RAN1]
b) Reporting of UE assistance information for SPS transmissions [RAN2]
3) To specify enhancements for support of V2P service:
a) Random resource selection for P-UEs potentially on the PC5 resource pool shared with V-UE transmissions, with additional study on sensing operation during a limited time for P-UEs [RAN1, RAN2]
b) Authorization for pedestrian UEs, if necessary [RAN3, RAN2 if needed]
4) To specify solution(s) facilitating long-term basis co-channel coexistence between DSRC/IEEE 802.11p and LTE PC5 for V2V operating over the same frequency channels [RAN1]
a) This objective starts from RAN#73 and target is to complete this by RAN#74. Solution(s) to be specified should avoid negative impact on the performance of LTE PC5.
5) To specify other enhancements to PC5/Uu for V2X on the following aspects:
a) Support of UE maximum transmission power up to 33 dBm (considering the regulatory limit on the maximum e.i.r.p.) for PC5 in 5855 MHz ~ 5925 MHz [RAN4]
b) Support of QoS depending on the outcome of SA2 work [RAN2, RAN3]
c) Support of inter-PLMN for both PC5 and Uu (Note: Depending on the solutions, the specification(s) may or may not be impacted) [RAN2, RAN3, RAN1]
This work item should take into account the functionalities that are to be specified in the related work on sidelink V2V. This work item should also incorporate the important aspects that cannot be completed on time in V2V WI, if any, subject to decision by RAN plenary.

4.3
V2X operating scenarios
4.3.1
General description

In the V2X WID, a number of scenarios are identified for possible deployment of V2X services as following.
a) V2V operation based on PC5/Uu
b) V2I operation based on PC5 (UE type RSU) /Uu (eNB type RSU)
c) V2P operation based on PC5/Uu
In V2V WI, RAN4 focus on the single carrier V2V operation. Hence V2V UE only operated in decicated ITS spectrum (Band 47) based on PC5. 
In V2X WI, RAN4 should define the multi carrier V2X operation to support various V2X operating scenarios as shown in Figure 4.3.1-1 to 4.3.1-3. 
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(a) PC5 based V2V 







(b) Uu based V2V
Figure 4.3.1-1: V2V operation
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(a) PC5 based V2I 







(b) Uu based V2I
Figure 4.3.1-2: V2I operation
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(a) PC5 based V2P 







(b) Uu based V2P
Figure 4.3.1-3: V2P operation
Multi-carrier operation for LTE-based V2X service are supported in the two scenarios as shown in Figure 4.3.1-4.
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(a) MCC operation at 5.9GHz (PC5+PC5)              (b) MCC operation at 2GHz + 5.9GHz (Uu+PC5)
Figure 4.3.1-4:  MCC operation in V2X scenarios 

4.3.2
Operation Aspects


Scenarios considered by RAN4 for LTE-based V2X operation (Tx/Rx of V2X message) are as follows:

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

· Case 1A: 5.9 GHz (Dedicated ITS spectrum)
· Case 1B: 2 GHz 
· (Aspect 2) eNB deployment including the possibility of network control

· PC5 based operation : 
· 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.
· Uu based operation : 
· eNB deployment and network control for radio resources are always assumed in uplink and downlink.
· (Aspect 3) Multi-carrier operation 
 
Multiple carrier operation can support a number of configurations as shown in Table 4.3.2-1 including for example: 

Table 4.3.2-1 MCC operation for LTE-based V2X service
	                    CC2
CC1
	Band 47
(PC5 V2X)
	Licensed Band X (PC5 V2X)
	Licensed Band X (Uu V2X)
e.g.) B3/B8…
	Licensed band X (WAN)
e.g) B1/B5…

	Inter-band MCC operation
	Band 47

(PC5 V2X)
	N/A
	- Band 47 + Band X
	- Band 47 +Band X
	- Band 47 + Band X

	
	Licensed band Y

(PC5 V2X)
	- Band Y + Band 47
	Not possible
	- Band Y + Band X
	- Band Y + Band X

	Intra-band
MCC operation
	Band 47

 (PC5 V2X)
	- Band 47 + Band 47
	N/A
	N/A
	N/A

	
	Licensed band X

(PC5 V2X)
	N/A
	- Band X + Band X
	Not possible
	Not possible


Based on the Table 4.3.2-1, RAN4 focus on the MCC operations as below in V2X WI due to interested operator service scenarios and use cases in SA1.

· 1st priority for MCC operation: 

· Multi carrier operation with Band 47 (PC5 V2X) and licensed bands (Uu V2X) 
· Multi carrier operation at Band 47 (PC5 V2X)
· Multi carrier operation with Band 47 (PC5 V2X) and licensed bands (WAN)
· 2nd Priority for MCC operation:
· Multi carrier operation with Band 47(PC5 V2X) and licensed bands (PC5 V2X)
· Multi carrier operation with licensed band (PC5 V2X) and licensed bands (Uu V2X)
· Multi carrier operation at licensed bands (PC5 V2X)
· (Aspect 4) Operating scenarios

Single or multiple operator deployments can support these candidate cases for LTE-based V2X service: 
· Case 4A: Single operator operation
· Case 4B: A set of PC5/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 to which it belongs. The UE may receive on multiple DL carriers, i.e., UE receives on the downlink carrier allocated to the other operator as well as the downlink carrier allocated to the operator to which it belongs.

· A UE is allowed to receive downlink broadcast of other operator.
RAN4 will evaluate adjacent channel coexistence as well as analyze RF requirements in Rel-14 to support high power V2X UE with up to 33dBm. It is proposed that initially V2X operation over PC5/Uu be assumed for a single operator on a single carrier. Scenarios with multiple operators can also be considered as below according to operating scneraios. 
The candidate Case 4B is assumed in ITS spectrum and Case 4C is only considered for LTE-based V2V UE in a licensed band.
· (Aspect 5) Co-existing with Uu/PC5
· PC5 based operation : 
· 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.

· Uu based operation:
· Case 5A: There is no sidelink traffic on the Uu operation carrier.

· Case 5B: The uplink carrier is shared with sidelink.
For V2X service at 5.9GHz, the Case 5A can be assumed. Case 5B is not RAN4 scope for coexistence evaluation.
<End of Changed>
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