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1
Introduction
The present work item [1] aims at introducing PC5-based vehicle-to-vehicle (V2V) communications with target RAN#73 (Sept. 2016) for the core part, and RAN#75 (March 2017) for the performance part. At the same time a study item with a wider scope (V2X – vehicle-to-everything) is running in RAN WGs [2] (TR 36.885 [3]), as well as in SA2 relative to V2X architecture [4] (TR 23.785 [5]). In this paper we identify options for how to delimit the scope of the work currently requested from RAN3. We also provide some analysis of use-cases identified by SA1 in TR 22.885 [6]. This TR also contains potential requirements for V2X, and SA1 plans to approve normative requirements during Q1 2016.
2
Options for the scope of PC5-based V2V
For aspects concerning RAN3, in particular potential impacts on S1 and X2, as well as O&M requirements, we propose to analyze the scope of PC5-based V2V along 3 axes:

1) Resource handling and coexistence with Public Safety ProSe

2) Inter-PLMN support
3) Use-case support
1) Resource handling and coexistence with Public Safety ProSe: At the point in time when V2V becomes fully deployed, one may expect a high number of vehicles using this technology and high traffic density. According to TR 22.885 the message repetition rate is up to 10 messages per second, with message sizes in the range 50-1200 bytes. Resource management for V2V will therefore need some consideration. TR 22.885 states:
“One of the desirable operating models for V2V service using direct communication is in unified and dedicated spectrum at least regionally harmonised.
If V2X safety services co-exist in spectrum shared with other 3GPP-defined services, 3GPP network should consider prioritization between V2X safety services and other services in radio resource allocation.”
Also, for the case where licensed spectrum is used for V2X, TR 22.885 states “It should be considered that the MNO network performs the authentication and authorization of UEs for V2V Service.”.
LTE standard currently supports a generic authorization mechanism for “ProSe” resources on S1 and X2, where the main targeted use-case is public safety:
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In our understanding V2V will only require authorization for Direct Communication, and will not require authorization for neither Direct Discovery. UE-to-Network Relaying may need to be considered as functionality for UE-located RSU, but is not part of this work item. So an implementation may therefore today be able to discriminate between a public safety user and a V2V user by attributing some additional, however not standardized, semantics to the ProSe Authorized IE on S1 and X2. However an explicit, standardized authorization mechanism for V2V UEs seems to be a better way forward.
Observation 1: An eNB implementation may today be able to discriminate between a public safety user and a V2V user, but this will require some extrapolation on top of the standardized semantics. However an explicit, standardized authorization mechanism for V2V UEs seems to be a better way forward.
Such explicit authorization information from the CN will enable the eNB to allocate V2V resources to authorized connected mode UEs. Idle mode UEs will as per today’s standard be aware all ProSe resources signaled in SIB18, but may have configured information about resources that are dedicated to Public Safety ProSe in line with the following note in TS 36.300:
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In our understanding the operating models to be supported for V2V are still open, but we will not exclude that both dedicated and non-dedicated resources may be used. We believe that RAN3 will need to wait for SA2/RAN2/RAN1 decisions in this field before final conclusion on the exact authorization mechanism.
2) Inter-PLMN support: Commercial V2V use-cases will typically take place in locations covered by more than one PLMN, and involve subscribers from possibly all of these PLMNs. Annex B of TR 22.885 provides some information on foreseen operator options. It seems that the Rel-12 PC5 pool resource system can handle the inter-PLMN aspect by allowing a UE to listen to all V2V direct communication resources used in the given area, including resources controlled by other PLMNs. TX resources will on the other side be limited to resources controlled by the UE’s own PLMN which will therefore be able to coordinate its own radio resources. On the other side inter-PLMN handling of Uu-based V2V will bring in more complexity, in particular for the case where the RAN is not shared.
3) Use-case support: TR 22.885 provides a list of use-cases covering the whole V2X range. In section 3 of this paper we provide an overview relative to the V2V subset of these use-cases. RAN3 may like to discuss whether the eNB application can be completely agnostic of these use-cases, and that these use-cases may need to be known only at a higher-level V2X applicative layer, e.g. by the RSU (Road Side Unit) application. In such discussion RAN3 may need to consider which use-cases that should be exclusively based on sidelink (PC5) communication, taking into account that while PC5 will offer low latency, Uu assisted V2V (e.g. using MBMS in DL) may improve reliability and communication range. This is further discussed in section 3 of this paper.
***

Coming to the scope of the work required in RAN3, we see from the above that a high-end solution for PC5-based V2V will need V2V specific user authorization and resource management, and possibly including V2V use-case dependent handling at the eNB application layer (e.g. decision taken by the eNB whether to use PC5 or Uu, while Uu transport of V2V messages itself (including inter-PLMN) is not within the scope of the work item). In the other end one can imagine none or minimalistic additional support for PC5-based V2V in the eNB beyond already supported ProSe functionality.
For such discussion guidance from RAN provided in the work item description [1] should be taken into account. The WID indicates that the purpose is related to “the concept of ‘connected cars’”, which clarifies that we’re still on a concept level which may not justify the full functionality needed for commercial deployment. Still care should be taken by 3GPP to provide the sufficient support, and visibility of future support, needed for “research projects, field test, and regulatory work” which are “already ongoing or expected to start in some countries or regions such as US, Europe, Japan, Korea, and China”.
At this stage an important part of the work objectives concern link level enhancements done by RAN1 and RAN2. Also enhancements for radio resource allocation for V2V are described in TR 36.885, currently under further RAN1 study. 
It therefore seems possible that the deployments using PC5-based V2V as described in the WID [1] can be done based on the already existing S1 / X2 functionality, however authorization level enhancement is discussed in more detail in section 3. In addition the PC5 vs. Uu selection mechanism in E-UTRAN may need additional configured or signaled information, but such mechanism will first require RAN2 support.
Observation 2: The PC5 vs. Uu selection mechanism in E-UTRAN may require additional configured or signaled information in the eNB, but this mechanism will first require RAN2 support.
3
Support of V2V use-cases 
Support of different QoS levels (standardized and proprietary) is an important feature in LTE from Rel-8. However beyond the required QoS, the E-UTRAN is typically agnostic relative to higher layer applications. One may still consider that recent E-UTRAN evolutions, e.g. for machine type communications, require some specific applicative needs to be taken into account by the E-UTRAN. Also for ProSe the eNB is from Rel-13 aware of a UE’s specific authorization from the CN to use sidelink resources for the purpose of UE-to-Network Relaying.

Of course, when possible it is still preferable for simplicity and evolutivity, that the E-UTRAN is sufficiently generic so it doesn’t need knowledge of higher-layer applicative use-cases. In this section we still propose to look at the V2V use-cases we can find in TR 22.885 to determine whether there are use-case specific impacts at E-UTRAN level.
If needed, a possibility could be to group use-cases in TR 22.885 based on the kind of message as defined by the ETSI ITS (Intelligent Transport Systems) [7] standard that describes three classes of messages:

· event messages (e.g. DENM and TPG-RTM). (DENM: Decentralized Environmental Notification Messages, TPEG-RTM: Transport Protocol Expert Group - Road Traffic Messages)
· periodic messages (CAM – Cooperative Awareness Message)
· service messages 

Also TR 22.885 refers to CAM and DENM messages for two use-cases. These messages are described in [8] as follows:
· Cooperative Awareness Message defined by ETSI, carrying data from the ETSI basic data dictionary. CAMs are broadcast from vehicles and roadsides with a frequency of up to 10 times per second.

· Decentralized Environmental Notification Message. Defined by ETSI. This is an message that is broadcast from a vehicle or a roadside to notify an event, e.g. ice spot, panic braking in my vehicle, crash happened,…
So while the DENM will notify an event (with the message repeated during the duration of the event), CAM messages are broadcast as described in explicitly defined use-cases, e.g. Cooperative Adaptive Cruise Control. In Table 1 below we provide the V2V use-cases from TR 22.885 with additional information whether the used messages can be classified as CAM or DENM (based on our understanding). We also provide our analysis relative to PC5 vs. Uu:
· whether a PC5 link is required or not, 

· whether a Lte-Uu link is required or not

As can be seen from Table 1, PC5 is required for all use-cases that are expected to be supported when the UE is out of E-UTRAN coverage. Whether Uu is required for some of the use-cases may need to be evaluated by RAN4.

Proposal 1: While PC5 is required for all V2V use-cases, RAN3 may await RAN2/RAN4 handling to determine the use-cases for which Uu-based V2V is required.

One may also notice from this table that SA1 didn’t specify any “generic CAM use-case” where a generic vehicle, independently of any particular situation, just notifies its position / speed / heading similar to the V2V Emergency Vehicle Warning use-case. Still we believe that such generic use-case is implicitly described by SA1 for the V2P (Vehicle to Pedestrian) / VRU (Vulnerable Road User) use-cases, where a pedestrian, or more generically a Vulnerable Road User UE will need to know about vehicles in proximity before taking any action, e.g. sending out own messages our warning the user.  These two use-cases are listed in Table 2.
Observation 3: CAM messages may need to be permanently transmitted (e.g. several times per second) independently of any particular situation, and total radio resource consumption in a dense traffic area may hence become significant.

Concerning latency requirements formulated by SA1, most CAM and DENM messages must be transmitted with latency better than 100 ms. The exception is the Pre-crash Sensing Warning (PCSW) use-case, with a requirement of 20 ms, in which case Uu-based transmission is probably excluded.
Observation 4: V2V messages have a latency requirement of 100 ms, independently of CAM/DENM (with one exception – PCSW).

When it comes to needs for authorization signaling from the CN to the eNB, we think RAN3 has the following options:

· Option 1: Introduce a single flag for V2V authorization.
· Option 2: Two V2V authorization levels: DENM only, or CAM+DENM.

· Option 3: Authorization per SA1 defined use-case.

Concerning the two proposed authorization levels in option 2, we believe that minimal V2V support relates to DENM which carries information relative to danger or emergency. CAM messages are potentially more resource consuming because they will be periodically sent by all supporting vehicles independently of any event, and can hence represent a second authorization level. However we believe that a vehicle authorized for CAM will also be authorized for DENM.
Proposal 2: RAN3 is kindly requested to discuss options for authorization signaling from the CN to the eNB. Still RAN3 may need to wait for SA2/RAN2/RAN1 decisions in this field before final conclusion on the exact authorization mechanism.
	Abbr.
	§
	Name
	Message class
	Latency requirement
	PC5 required
	Uu required
	Comments

	FCW
	5.1
	Forward Collision Warning
	DENM
	100 ms
	yes
	no
	Warn the driver of the HV in case of an impending rear-end collision with a RV ahead in traffic in the same lane and direction of travel. May be seen as the V2V equivalent of red brake lights at the rear of the vehicle. 

	CLW
	5.2
	Control Loss Warning
	DENM
	100 ms
	yes
	maybe (depending on required range / reliability)
	HV broadcasts a self-generated control loss event to surrounding RVs.

	V2V EVW
	5.3
	V2V Emergency Vehicle Warning
	CAM
	100 ms
	yes
	maybe (depending on required range / reliability)
	CAM trigger: emergency vehicle

	V2V ES
	5.4
	V2V Emergency Stop
	DENM or CAM?
	100 ms
	yes
	maybe (depending on required range / reliability)
	Range: sufficient to give the driver(s) ample response time (e.g. 4 seconds).

	CACC
	5.5
	Cooperative Adaptive Cruise Control
	CAM
	1s
	yes
	maybe (depending on required range / reliability)
	CAM trigger: joining / leaving or participating in a CACC group. Range: depends on max size of CACC group

	QW
	5.7
	Queue Warning – queue determination part
	CAM
	100 ms
	PC5 or Uu
	maybe (depending on required range / reliability)
	CAM trigger: the vehicle detects that it is stuck in a queue. Range: broadcast needs to be received by the last car of the queue. How to determine queue length?

	WWDW
	5.10
	Wrong way driving warning
	DENM
	?
	yes
	maybe (depending on required range / reliability)
	Uu provides better range, and also halves the requirement of relative speed (280 km/h)

	
	5.11
	V2X message transfer under MNO control
	CAM/DENM
	
	no
	yes
	

	PCSW
	5.12
	Pre-crash Sensing Warning
	DENM
	20 ms
	yes
	no
	Very short range – crash can’t be avoided.

	
	5.13
	V2X in areas outside network coverage
	CAM/DENM
	?
	yes
	no
	

	
	5.21
	Use case for V2X access when roaming - message relaying part 
	Beyond CAM/DENM
	?
	yes
	no
	[PR.5.21.5-001] 
The 3GPP System shall support communication between devices for V2V Service which can be: Served by the same PLMN, including when roaming; or
Served by different PLMNs, including when roaming.

	
	5.25
	Privacy in the V2V communication environment
	req. applies to both CAM and DENM
	NA
	NA
	NA
	[PR.5.25.5-001] The 3GPP system should be able to support driver and vehicle privacy, by ensuring that a vehicle cannot be tracked or identified by any other vehicle beyond a certain short time-period required to run path-prediction algorithms while in proximity.


Table 1: V2V use-cases listed in TR 22.885.
	Abbr.
	§
	Name
	Message class
	Latency requirement
	PC5 required
	Uu required
	Comments

	VRUS
	5.18
	Vulnerable Road User (VRU) Safety
	CAM
	100 ms
	yes
	maybe (depending on required range / reliability)
	

	
	5.22
	Pedestrian Road Safety via V2P awareness messages
	CAM/DENM
	?
	yes
	maybe (depending on required range / reliability)
	


Table 2: V2P / VRU use-cases listed in TR 22.885, which may represent a need for permanent (periodic) CAM transmission.

3
Conclusion
We have analyzed support for PC5-based V2V in the eNB, and bring the following observations:
Observation 1: An eNB implementation may today be able to discriminate between a public safety user and a V2V user, but this will require some extrapolation on top of the standardized semantics. However an explicit, standardized authorization mechanism for V2V UEs seems to be a better way forward.

Observation 2: The PC5 vs. Uu selection mechanism in E-UTRAN may require additional configured or signaled information in the eNB, but this mechanism will first require RAN2 support.

Observation 3: CAM messages may need to be permanently transmitted (e.g. several times per second) independently of any particular situation, and total radio resource consumption in a dense traffic area may hence become significant.

Observation 4: V2V messages have a latency requirement of 100 ms, independently of CAM/DENM (with one exception – PCSW).

We propose:

Proposal 1: While PC5 is required for all V2V use-cases, RAN3 may await RAN2/RAN4 handling to determine the use-cases for which Uu-based V2V is required.

Proposal 2: RAN3 is kindly requested to discuss options for authorization signaling from the CN to the eNB. Still RAN3 may need to wait for SA2/RAN2/RAN1 decisions in this field before final conclusion on the exact authorization mechanism.
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9.2.1.99	ProSe Authorized


This IE provides information on the authorization status of the UE for ProSe services.


IE/Group Name�
Presence�
Range�
IE type and reference�
Semantics description�
Criticality�
Assigned Criticality�
�
ProSe Direct Discovery�
O�
�
ENUMERATED (authorized, not authorized, ...)�
Indicates whether the UE is authorized for ProSe Direct Discovery�
-�
-�
�
ProSe Direct Communication�
O�
�
ENUMERATED (authorized, not authorized, ...)�
Indicates whether the UE is authorized for ProSe Direct Communication�
-�
-�
�
ProSe UE-to-Network Relaying�
O�
�
ENUMERATED (authorized, not authorized, ...)�
Indicates whether the UE is authorized to act as ProSe UE-to-Network Relay�
YES�
ignore�
�









NOTE:	For Rel-12 all ProSe communication (for a UE) is performed on a single preconfigured Public Safety ProSe Carrier, which is valid in the operating region. Higher layers check validity of the Public Safety ProSe Carrier in the operating region.
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