3GPP TSG RAN Meeting #66
RP-141918
Maui, USA, 8-11 December 2014
Source: 
Huawei, HiSilicon
Title: 
Motivation for RAN work on V2V in Rel-13
Agenda Item:
14.1.1
Document for:
Information
1 Introduction
Vehicle wireless communications that connect the vehicles with many other entities will play an important role in the emerging Internet of Things (IoT) market, and there has been a lot of investment from government, academy and industry in this area. Both vehicle manufacturers and operators show strong interests in vehicle wireless communications. Considering the accelerating pace of LTE deployment worldwide, enabling LTE based vehicle wireless communications opens a huge opportunity for the LTE ecosystem.
The generic vehicle wireless communications would include Vehicle to Vehicle (V2V), Vehicle to Infrastructure (V2I), Vehicle to Pedestrian (V2P, or other vulnerable road users), and etc, which is generally termedV2X communication. V2X communications will consist of a group of features, considering the many application scenarios and the entities to be connected.
We are aware that there had been some discussions on generic V2X requirements in SA1 [1, 2]. We however believe that V2V communication could be addressed with limited changes on D2D procedures. This paper proposes 3GPP RAN to consider specifically the V2V communication in Rel-13 time as one earlier implementation of V2X features, considering the nature that V2V is also a kind of Device to Device proximity service, which is currently being specified in RAN.
2 Necessity to consider V2V in Rel-13
Although the generic V2X would have many different use cases and the full support of V2X features may require starting the work from Stage 1 requirements definition, the V2V service is in nature a kind of device to device proximity based services, and many communication procedures designed for D2D can be adapted to V2V service with limited effort, especially the broadcast transmission that has been adopted in Rel-12 D2D for both ProSe Communication and ProSe Discovery. 
A successful V2V communication industry will require significant efforts from many different players in the ecosystem, which include design and manufacturing of chipset, terminal, and infrastructure, and the time would be even longer if definition of new E-UTRA spectrum bands would be involved. We believe it is in the interests of RAN stakeholders to start the V2V work as early as possible, as the market for V2V communication is time sensitive. Beginning V2V in Rel-14 would results in 2 more years delay which could have very negative impacts on the opportunities for LTE to provide multiple services. 
3 Brief Introduction of V2V services for road safety
There are both non-safety and safety information in V2X communications, and the transmission and reception of safety information needs special consideration due to the traffic pattern, the delay, and the latency requirements. 

3.1 Road Safety Message defined by ETSI
ETSI has defined two types of messages for road safety, and they are Co-operative Awareness Message (CAM) [3] and Decentralized Environmental Notification Message (DENM) [4]. 
CAM: The CAM message is for all cars especially the emergency vehicles to notify its presence. This message is received and handled by the applications of other cars or Road Side Unit (RSU), and the other cars may yield to the emergency vehicles, for example. CAM message also serves as active assistance to safety driving for normal traffic. A CAM message is trigged if one of the following conditions is met:
· The absolute difference between current direction and the direction included in previous CAM exceed 4 degree.
· The current position and the position included in previous CAM exceeds 4 m;

· The absolute difference between the current speed and the speed included in previous CAM exceeds 0.5m/s;
The availability of a CAM message is checked for every 100ms, and the requirement of maximum latency for majority of the message is <=100ms but the latency requirement for Pre-crash sensing warning is 50ms. Authentication of the message is required. Further details on CAM message can be found from the table below: 
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Emergency Vehicle Warning CAM Broadcast 10 100|V. v
Vehicle type warnings |[Slow Vehicle Indication CAM Broadcast 2 100|V. v
Motorcycle Approaching Indication CAM Broadcast 2 100|V. v/
Overtaking vehicle warning CAM Broadcast 10 100|V. v
Dynamic vehicle warnings Lane change assistance CAM Broadcast 10 190 v v
: Pre—crash sensing warning CAM Broadcast 10 50|V v
Co-operative glare reduction CAM Broadcast 2 100|V. v
Across traffic turn collision risk warnCAM Broadcast 10 100|V. v
Merging Traffic Turn Collision Risk WaryCAM Broadcast 10 100|V. v
Collision Risk Warning |Co—operative merging assistance CAM Broadcast 10 100|V. v/
Intersection Collision Warning CAM Broadcast 10 100|V. v
Co-operative forward collision warning |CAM Unicast 10 100|V. v
Traffic Efficiency Co-operative adaptative cruise control |CAM Unicast 2 100|V. v
- Co—operative vehicle-highway automatiorCAM Unicast 2 100|V. \i





DENM: The DENM message is event-triggered, such as by braking, and the availability of a DENM message is also checked for every 100ms, and the requirement of maximum latency is <=100ms. Message authentication is required. Further details on DENM message can be found from the table below: 
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Vehicle status warnings Emergency electronic brake lights DENM Broadcast 10 100|V. V/:I
Safety function out of normal conditionDENM Broadcast 10 100|V. V/1
Wrong way driving warning DENM Broadcast 10 100|V. V/1
Stationary vehicle warning DENM Broadcast 10 100|V. V/1
Traffic hazard warnings |Traffic condition warning DENM Broadcast/G| 1/ v V/1
Signal violation warning DENM Broadcast 10 100|V. v
Decentralized floating car data DENM Broadcast/G| 1710/ v V/1
Collision Risk Warning |Hazardous location notification DENM Broadcast/G| 10|/ v V/1




The package size of CAM and DENM message is varying from 100+ to 800+ bytes and the typical size is around 300 bytes. The message is supposed to be detected by all vehicles in proximity. 
3.2 BSM: Basic Safety Message (BSM) for DSRC

The SAE (Society of the Automotive Engineers) also defined the Basic Safety Message (BSM) for DSRC [5], and there were 10 different types of messages defined. The BSM message applies to the following scenarios
· C.1 Intersection Collision Warning
· C.2 Emergency Electronic Brake Lights
· C.3 Pre-Crash Sensing

· C.4 Cooperative Forward Collision Warning

· C.5 Left  Turn  Assistant

· C.6 Stop Sign Movement Assistance

· C.7 Lane Change Warning
The length of BSM message specified in [5] is quite flexible, and it seems there is no restriction on the package size. However, the message collection published by SAE (msg_colllection_Jan27_2010) only includes messages with following package size

· 45 Bytes, 49 Bytes, 99 Bytes, 166 Bytes, 427 Bytes, 507 Bytes, 600 Bytes；
According to the importance and Urgency of the message, the BSM messages are further classified as 7 priorities, indicated as number ranging from 1 to 7, and the larger number indicates the higher priority for transmission. 
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Table 1 - General Message Priority Scheme



 
3.3 Requirement for detection rate

The requirements of detection rate for specific message are speed and distance dependent. There are some requirements specified in different standardization organizations but it’s difficult to itemize them in this document considering the many combinations of message types, speed, and distance. The requirements on detection rate at closer distance are higher but the SNR is also higher, therefore, broadcasting can be a viable transmission solution. 

Below is performance measured by European DRIVEC2X project based on DSRC technology. 
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3.4 Spectrum
In the US 75MHz has been allocated for vehicle communication from 5850MHz to 5925MHz, among which 10MHz is dedicated for road safety. The European Union has allocated 70MHz for vehicle communication from 5855MHz to 5925MHz and about 30MHz can be used for road safety. Japan has allocated 80MHz for ETC applications from 5770Hz to 5850MHz, and 10MHz for V2V safety is allocated at 700MHz. China could potentially allocate spectrum at 5.9GHz for intelligent transportation system.. 
It’s preferred that the LTE based V2V communication technologies can offer the flexibility to operate in other spare spectrum, as well as to support flexible configurations of safety messages, such as different package size. 
4 Enabling LTE based V2V Proximity Services
4.1 Gaps between Rel-12 D2D and V2V requirements

For reader’s convenience, the D2D features designed in Rel-12 are summarized in the Annex in this paper. The D2D features as summarized in Table A.1 and Table A.2 can be enhanced to support V2V communication, and some gaps are outlined below:
1) The ProSe Discovery can not be used directly for V2V communication because the number of PRBs for discovery is too small to carry the V2V messages given in the examples above. Rel-12 discovery uses a fixed message size, so supporting many new or flexible options for message size is not efficient for discovery. 

2) The ProSe Communication in the out-of-network scenario can’t be directly used for V2V as the radio resources are restricted to public safety carrier, or ProSe communication carrier.
3) For Mode 1 ProSe Communication in the in-network-coverage scenario: some enhancement to reduce the scheduling delay can be made to meet the latency requirement, such as 50ms. 
4) There is no sensing for collision detection and avoidance for either ProSe Communication broadcast or Discovery broadcast. The spectrum efficiency could be low as V2V communication can be resource hungry service considering the high density of vehicles in certain V2V scenarios.
5) If the cellular service (possibly including D2D) and the V2V service shares the same carrier,  

- The ProSe Communication could occur in a single carrier in Rel-12. When the carrier is shared between cellular uplink traffic, the D2D service, and the V2V service, a resource control mechanism is needed to make sure both the cellular service and V2V QoS are guaranteed in the shared carrier.
- D2D transmission in the in-network-coverage scenario is power controlled in order to minimize the impact on cellular service. When power control is applied to V2V transmission, the coverage of road safety information would be varying according to the distance between the vehicle and the eNB and this could impact the detection rate of the safety message as required at certain distance.

- If there is no power control for V2V transmission, one challenging issue is on how to manage the potential interference between the cellular service and the V2V service.  

- The above mentioned issues pose challenges if V2V shares a carrier with cellular service. 

6) If a dedicated carrier is used for V2V, the operations of V2V service and cellular services over different carriers shall be defined, and this is currently not supported in Rel-12.
7) A so called “Half-Duplex” issue: In all the cases, transmission and reception could not occur at the same time so that the different UEs employing FDM will not be able to receive from each other.  
8) Near Far Effects: In all the cases, there is a near-far effect that might need further consideration if the received signal powers from multiple UEs are not power controlled. For example, the in-band emission of the received signal from a closer UE (with higher received power) will increase the noise floor of the adjacent PRB(s) where the transmission of another UE far from the receiver is assigned. This might be a common issue in D2D and V2V, but this issue could be more prominent for V2V considering the vehicle densities on the road. 

Details on the gaps are further summarized in the table below:

	Further details on the potential issues for V2V

	
	Mode 1 : centralized scheduled resource allocation
	Mode 2: UE autonomous resource selection

	Packet Loss Rate due to transmission collision 
	No  loss
	Resources for Schedule Assignment and DATA are randomly selected by UE so that the packet loss rate due to collision could be high.

	Packet Delay Budget due to dynamic scheduling
	Enhancement may be needed
	No delay due to dynamic scheduling

	“Half Duplex” Issue
	Enhancement may be needed
	Enhancement may be needed

	Scheduling Cost 
	Enhancement may be needed
	No issue

	Granularity of Buffer Status Reports 
	The BSR granularity could be optimized
	No issue

	Near Far Effects 
	Further checking is needed
	There might be issues

	Power Control
	This may not be an issue if dedicated carrier is used for V2V.
	There might be issues


4.2 Enhancing D2D to support V2V services
Several enhancements to Rel-12 D2D features to can be considered to support V2V services
4.2.1 Enhancing the ProSe Communication procedure for V2V service

The enhancement for ProSe communication would include the following

1) Enhance the D2D ProSe communication process and capabilities in Mode 1 in order to support V2V communication, such as improvement on scheduling delay and efficiency, if needed.

2) Enhance the D2D ProSe communication process and capabilities in Mode 2 in order to support V2V communication, such as introducing the sensing for collision avoidance for improved efficiency, if needed.

4.2.2 Introducing new V2V ProSe Discovery design
As summarized in Section 4.1, the pre-defined PRBs payload is too small to carrier the road safety message. It’s possible to design a V2V ProSe Discovery mechanism based on a configurable PRBs allocation for different types of road safety messages.
4.2.3 Make use of the ITS spectrum allocated around 5.9GHz in out-network-coverage scenario
The Rel-12 ProSe communication in the out-of-network-coverage uses the public safety carrier. A new scenario, which is out-network-coverage scenario using the ITS carrier can be added to enable V2V communication in a straight forward way. Further enhancement based on this scenario could include introducing the sensing for collision avoidance mechanism to improve the spectrum efficiency.

Although this solution requires no network assistance to complete the V2V communication, the generic V2X communication will definitely need the involvement of an E-UTRA network. We believe that network assisted V2V communication could bring benefits in term of spectrum efficiency and communication reliability. Therefore Solution 3 shall not be considered as the only option for V2V communication.

4.2.4 Decide the deployment scenarios
All the enhancements shall be discussed based on the deployment scenarios that can be classified as:

1) The cellular service and V2V service share the same carrier: the impacts on cellular service (capacity loss, and etc.) and as well on the V2V detection rate due to the mutual interference (cause by near-far effects, with and without power control) need to be evaluated. Mechanism such as allocating orthogonal resource pools in whole coverage area may be needed. 

2) A dedicated carrier is configured for V2V service: operation of ProSe communication in multiple carriers shall be defined.  Carrier configuration in physical layer could be optimized.
We tend to believe option 2) would be more suitable for V2V communication.  

4.2.5 Define 5.9GHz as cellular E-UTRA bands

The spectrum allocated in 5.9GHz for ITS communication will support non-safety services as well road safety services. The non-safety services would use LTE technologies. The road safety service can be based on LTE ProSec service particularly optimized for V2V service. Therefore, it is necessary to define the ITS spectrum in 5.9GHz as cellular E-UTRA bands. Multiple bands might be needed considering the spectrum difference in different region.
This is however independent efforts that can be considered in separate Work Items 
5 Conclusions
In this paper, the gap between Rel-12 D2D and V2V requirements are elaborated. Solutions which might be potential enhancement of D2D ProSe communication are outline.  
We therefore propose that RAN to consider V2V communication as part of enhancement for D2D in Rel-13. 
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Annex: Summary of D2D features in Rel-12

The D2D proximity service includes Communication and Discovery. The communication part of D2D in Rel-12 is for public safety use only and the D2D discovery can be used for both public safety and commercial use, such as advertisement. 

ProSe Communication and ProSe Discovery Scenarios:

Scenarios for communication include:
· In-coverage: all the group members are in the coverage of E-UTRAN;
· Partial-in-coverage: some group members are in the coverage of E-UTRAN, and the others are out of coverage of E-UTRAN. 
· Out-of-coverage: all the group members are out of coverage of E-UTRAN;
The communication resources in the out-of-coverage scenario use the public safety carrier prefabricated in the UE, for example, by means of configuration in SIM card. 
The discovery mode is only supported where there is E-UTRA network coverage.

From physical layer point of views, the difference between discovery and communication is on the number of resources blocks: each Discovery resource only includes 2 PRBs for 256 bits, while the resources for communications can be granted by eNB or selected by UE from the pre-configured resource pool based on the communication needs. 
Synchronization:

In each group there is one UE transmitting D2D synchronization signal and all other UEs in the group is synchronized to this UE if for D2D service. The UE out-of-network coverage is synchronized to the UE in the in-network-coverage.
Collision avoidance and detection mechanism:

Broadcast is employed for both communication and discovery, and there is no collision avoidance and detection mechanism. 
Repetition: 
Broadcast in communication requires 4 times of repetition, while the repetition in Discovery can be configured by network from 1 to 4.
Power Control:
All the transmission in the in-network-coverage scenario is power controlled based on the estimation of downlink path loss from the serving eNB, while there is no power control in the out-of-coverage scenario.
ProSe Communication in multiple carriers:
In Rel-12, from UE perspective, a UE only supports ProSe communication in one carrier which is pre-configured in the UE. A cell on one carrier cannot configure ProSe communication configuration for another carrier, i.e., ProSe configuration is only provided for the PCell. It is FFS whether from network perspective there are multiple carriers providing ProSe configuration. 

ProSe Discovery in multiple carriers:
From network perspective, there could be multiple carriers supporting ProSe Discovery. The UE may receive ProSe discovery signals on other carriers, no matter whether there are configure SCells or not. 

The PCell provides information only for the PCell. UEs have to read SIB19 from the respective neighbour/SCell carriers. It is for FFS whether the UE can transmit discovery messages in Scells. 
Table A.1: ProSe Communication details
	Communication 

	
	Scenarios
	In network coverage
	Out of network coverage
	Partially coverage

	
	
	 All the UEs are in network coverage; if SIB received, the UE must stay in network coverage status
	All the UEs are in out-of –coverage
	Mixed UEs in-network coverage and out-of –coverage)

	
	Spectrum
	Carriers in cellular bands
	Use the public safety carrier prefabricated in UE
	Not finished yet in Rel-12

	Mode 1: centralized scheduled resource allocation
	Resource management
	· eNB assign resources

· SIB or dedicated RRC signalling
	N/A
	

	
	Communication Process
	· Broadcast 

· Power controlled 

· DCI indication of max transmission power. 
	
	

	Model 2: UE autonomous resource selection
	Resource management
	· UE selects resources from D2D pool configured by network (Dedicated RRC cmd, or SIB (default)
	D2D resource pool is pr-configured

(carrier frequency , bandwidth)
	

	
	Communication Process
	· Broadcast 

· Power controlled 
	· Broadcast 

· Not power controlled
	· 


Table A.2: ProSe Discovery details
	Discovery (multiple resource pools, for example per CP), for UE to be discovered

	
	
	In network coverage

(must use the carriers in cellular bands)
	Out of network coverage

	Type 1: non-UE specific resource allocation 
(can be in RRC_Idle, or RRC_Connected)
	Resource management
	UE selects resources from D2D pool configured by network , SIB (default)
	N/A

	
	Discovery process
	· Broadcast 

· Power controlled 
	· 

	Type 2: UE-specific resource allocation (RRC_Connected)
	Type 2A
	Resource management
	eNB granted the resource in the pool, One shot.
	· 

	
	
	Discovery process
	· Broadcast 

· Power controlled 
	· 

	
	Type 2B
	Resource management
	eNB granted the resource in the pool. Following a pattern generated by a pre-determined algorithm for multiple shots (to reduce the collision) 
	· 

	
	
	Discovery process
	· Broadcast 

· Power controlled 
	· 

































































