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1   Introduction
In the agreed Study item description [1], the objective related to RAN3 includes the following content:

	3) For support of Uu transport for V2V, and PC5/Uu transport for V2I/N and V2P services (to be completed by RAN#72 – June 2016), at least including:

a) Evaluate the feasibility of Uu transport for V2V and V2P in terms of meeting latency requirements, network coordination required, resource efficiency, and energy efficiency of UE,. [RAN1, RAN2, RAN3]

b) Identify and evaluate enhancements required to support each of eNB type and UE type RSU [RAN1, RAN2, RAN3]. According to the current SA status, RAN2 will not study solutions for UE-to-UE relaying based on a new architecture for UE-type RSU.

c) Identify and evaluate the necessity of enhancements to multi-cell multicast/broadcast for reduced latency and improved efficiency [RAN1, RAN2, RAN3].


Three types of vehicular communication are identified and defined for V2X communication in TR 22.885[2] as following: 
	The vehicular communication in this study, referred to as Vehicle-to-Everything (V2X), contains the following three different types:
-
Vehicle-to-Vehicle (V2V) Communications

-
Vehicle-to-Infrastructure (V2I) Communications

-
Vehicle-to-Pedestrian (V2P) Communications

V2V is predominantly broadcast-based; V2V includes the exchange of V2V-related application information between distinct UEs directly and/or, due to the limited direct communication range of V2V, the exchange of V2V-related application information between distinct UEs via infrastructure, e.g., RSU.
The UE supporting V2I applications sends application layer information to RSU. RSU sends application layer information to a group of UEs or a UE supporting V2I applications. 


And the network element of Road side unit is defined as following:  
	Road Side Unit: an entity supporting V2I Service that can transmit to, and receive from a UE using V2I application. RSU is implemented in an eNodeB or a stationary UE. 


According to the definition of V2V, V2I and V2N, the vehicle may transmit and/or receive the V2X message to/from the eNB such as communication happens between the UE as vehicle and the eNB Type RSU. 
In this paper, we summarize the SA1 progress on RSU requirement and RAN2 progress on Uu-based V2X, and analyses the potential impacts on E-UTRAN architecture. 
2   Study progress in SA1 and RAN2
2.1   Requirement definition in SA1
V2I with eNB Type RSU
Taking the use case of “Curve Speed Warning” as an example defined as following in TR 22.885[2]: 
	Curve speed warning application alerts the driver to manage the curve at an appropriate speed.

……

An RSU is supporting V2X Service and is located before the curve. 

An RSU periodically broadcasts a message including curve location, curve speed limits, curvature, bank and road surface condition, which may be about one or more curves.

Jon is driving on the highway and his car is equipped with a UE using V2I application.

……
When Jon’s car enters the communication range of an RSU, it receives a broadcast message from the RSU and, using a variety of vehicle information such as speed and acceleration, calculates whether the driver needs to be alerted.

……

If Jon is alerted, he can take the appropriate action.


In “Curve Speed Warning” defined as above description, the RSU will transmit the warning message frequently. If eNB type RSU is deployed, the eNB should be able to broadcast the warning messages to vehicles in its coverage and get the message content broadcasted from some kind of application server, maybe implemented in the eNB or located in the network as an isolated server.
Observation 1: For V2I with eNB type RSU, eNB should be able to get the message content from application server and broadcast V2X message in downlink. 
V2V with eNB Type RSU
Considering the use case of “Road safety services” also defined by SA1 in TR22.885 [2] as following: 
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V2I messages are delivered from one UE supporting V2I Service to other UEs supporting V2I Service via an eNB which may be installed on the road side. 
The eNB receives V2I messages transmitted from UEs supporting V2I Service and transmits the received V2I messages to UEs within a local area.
A UE receives V2I messages transmitted by the eNB. After processing the received V2I messages, the UE notifies the driver of relevant information.
In this use case, the eNB Type RSU should able to receive the V2X message from a vehicle and then transit the corresponding V2X message to the other vehicles. 

Observation 2: For V2V with eNB Type RSU, in uplink, the eNB should be able to receive V2X message, deliver the content to the app server; and in downlink, get the message content from the app server, broadcast the message in the downlink. 

2.2   Study for Uu-based V2X in RAN2
In RAN2#91bis, for Uu-based V2X, the following V2X scenarios of 2, 3A and 3B are identified for evaluation in study phase:
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	Scenario 3A
	Scenario 3B


· Scenario2 supports V2V operation only based on Uu, the UE transmits a V2X message to E-UTRAN in uplink, and E-UTRAN transmits (e.g. broadcast) 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. 
· In scenario 3A, the UE transmits the V2X message to other UEs in sidelink (SL). 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 (e.g. broadcast)  of V2X messages. 
· In scenario3B, 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 (e.g. broadcast) of V2X messages. 
Also in RAN2#91bis meeting, scenario 2 is prioritized for initial study. 
Observation 3: Scenario 2 is identified and prioritized for initial study in RAN2.
For scenario 3A and 3B, more latency may be introduced due to involving the new network element of UE as RSU for relaying V2X messages. RAN2 is planning additional evaluation and possible optimization on latency for 3A and 3B.
Conclusion 1: Scenario 2 should be prioritized for V2V through eNB Type RSU architecture in RAN3. 
3   Discussion for architecture impact
Considering of the scenarios and use cases, it is straightforward to use unicast for uplink, and broadcast in downlink (MBSFN or SC-PTM). V2V through eNB type RSU is a special use case with 2 V2I communications between 2 vehicles, so V2V through eNB type RSU and V2I may share the same network architecture. 
There are different possible location of the V2X Application Server, it could be closed to E-UTRAN, e.g. co-located with eNB, or located in the Internet. According to the discussion in the last RAN3 meeting [3], it may have some advantage, e.g. latency, when the V2X application is close to E-UTRAN with SIPTO@LN supported. 
In the following sections, we will discuss the architecture with different location of V2X app location, for V2I and V2V through eNB type RSU cases.

3.1   V2I architectures

3.1.1   V2I arch 1: current architecture
Figure1a and 1b illustrate how to support V2I uplink and downlink by reusing existing architecture:

[image: image4.emf]S-GW

P-GW

eNodeB

TX UE

V2X APP

S1-U

SGi

S5/8

U

p

l

i

n

k

MME

S1-MME

S11

Uu








[image: image5.emf]SGmb

V2X APP

BM-SC

MBMS 

GW

RX UE

MB2

M1

D

o

w

n

l

i

n

k

 

eNodeB

Uu

MME

MCE

M3

M2

E-UTRAN

Sm


Figure 1a. V2I uplink






Figure 1b.  V2I downlink
According to latency requirement defined by SA1, the most stringent end-to-end latency for V2I and V2V is 100ms. 
As shown in Annex A Table1, 2 and 3, the latency of V2I uplink via unicast is around 35ms, the latency of V2I downlink via MBSFN is around 95ms, and the latency of V2I downlink via SC-PTM is around 50ms, all of them can fulfill the SA1 requirement. Both uplink and downlink with current EPS architecture fulfill the latency requirement for V2I communication.
Conclusion 2: existing EPS architecture can be used to support V2I transmission.
3.1.2   V2I arch 2: localized architecture
As shown in Figure2a and 2b, in case the SIPTO@LN and local eMBMS are used to support V2I, the data routing path is shorter than using existing architecture discussed in the section above.
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Figure 2a. localized arch of V2I uplink






Figure 2b.  localized arch of V2I downlink
These localized architectures can help to offload data without go through the core network, and furthermore, as shown in Annex A table 4, 5 and 6, the localized architecture can further reduce the latency, the latency of V2I uplink via unicast is around 25ms, the latency of V2I downlink via MBSFN is around 60ms, and the latency of V2I downlink via SC-PTM is around 30ms
3.2   V2V architectures
As shown in Figure3 and Figure4, the V2V architectures are the combination of V2I uplink and downlink architectures. The difference is that the downlink is triggered by the uplink transmission.
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Figure3. V2V arch 









Figure4. localized arch of V2V arch
As shown in Annex A table 7 and 8, the end to end latency of V2V via MBSFN is around 130ms, which is longer than SA1 requirement. The latency of V2V via SC-PTM is around 90ms. 
Conclusion 3: existing architecture can be used to support V2V transmission only in case SC-PTM is used in downlink.
As shown in Annex A table 9 and 10, for localized V2V architectures, the end to end latency via MBSFN is around 85ms, the latency via SC-PTM is around 60ms. 
Conclusion 4: localized V2I arch with SIPTO@LN and local eMBMS can help to offload data volume and can further reduce the latency.
4   Conclusions
In this contribution, we analyses the potential architectures of V2I and V2V, and get the following conclusions:
Conclusion 1: Scenario 2 should be prioritized for V2V through eNB Type RSU architecture in RAN3. 
Conclusion 2: existing EPS architecture can be used to support V2I transmission.
Conclusion 3: existing EPS architecture can be used to support V2V transmission only in case SC-PTM is used in downlink.
Conclusion 4: use SIPTO@LN and local eMBMS for V2V and V2I to reduce the latency and offload data volume through the network. 
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6   Annex
The end to end transmission latencies for V2I and V2V via different architectures are analyzed in this Annex.
Table 1 Latency for V2I transmission from TX UE to V2X APP via unicast

	Description
	Time (ms)
	Comments

	Tx UE( eNB
	20
	According to the analysis in [4], the maximal SR delay is used.

	eNB(SGW/PGW
	10
	Reference: 3GPP TS 23.203 [5].

	SGW/PGW(V2X APP
	5
	The value 5ms, is shown as an example representative of the time required for the procedure.

	Total
	35
	


Table 2 Latency for V2I transmission from V2X APP to RX UE via MBSFN
	Description
	Time (ms)
	Comments

	V2X APP( BM-SC
	5
	The value 5ms, is shown as an example representative of the time required for the procedure. 

	BM-SC(eNB
	40
	The value could be expressed as the total of M1 delay, node processing delay and SYNC sequence length. Assumes SYNC sequence length = 20ms = MSP/2 [6],The eNB processing time and M1 delay are 20ms.

	MSP（Read MSI）
	40
	MSP = 40ms

	eNB(Rx UE
	10
	Receiving and processing

	Total
	95
	


Table 3 Latency for V2I transmission from V2X APP to RX UE via SC-PTM
	Description
	Time (ms)
	Comments

	V2X APP( BM-SC
	5
	The value 5ms, is shown as an example representative of the time required for the procedure. 

	BM-SC(eNB
	20 or 30
	Backhaul delay (M1) and node processing delay, without SYNC or with SYNC delay (i.e. SC-PTM scheduling period/2, with SC-PTM scheduling period of 20ms).[7]

	Average delay due to SC-PTM scheduling period
	10 (20)
	20ms SC-PTM scheduling period for DRX

	eNB(Rx UE
	10
	Receiving and processing

	Total
	45(55) or 55 (65)
	


Table 4 Latency for V2I transmission from TX UE to V2X APP via local SIPTO
	Description
	Time (ms)
	Comments

	Tx UE( eNB
	20
	According to the analysis in [4], the maximal SR delay is used.

	eNB (V2X APP
	5
	The value 5ms, is shown as an example representative of the time required for the procedure.

	Total
	25
	


Table 5 Latency for V2I transmission from TX UE to V2X APP via local MBSFN
	Description
	Time (ms)
	Comments

	V2X APP(BM-SC
	5
	The value 5ms, is shown as an example representative of the time required for the procedure.

	BM-SC(eNB
	5
	The value 5ms, is shown as an example representative of the time required for the procedure.

	MSP（Read MSI）
	40
	MSP = 40ms

	eNB(Rx UE
	10
	Receiving and processing

	Total
	60
	


Table 6 Latency for V2I transmission from TX UE to V2X APP via local SC-PTM
	Description
	Time (ms)
	Comments

	V2X APP(BM-SC
	5
	The value 5ms, is shown as an example representative of the time required for the procedure.

	BM-SC(eNB
	5
	The value 5ms, is shown as an example representative of the time required for the procedure.

	Average delay due to SC-PTM scheduling period
	10 (20)
	20ms SC-PTM scheduling period for DRX

	eNB(Rx UE
	10
	Receiving and processing

	Total
	30(40)
	


Table 7 Latency for V2V transmission via MBFSN
	Description
	Time (ms)
	Comments

	Tx UE ( eNB
	20
	According to the analysis in [4], the maximal SR delay is used.

	eNB(SGW/PGW(V2X APP(BM-SC
	20
	the value 20ms, is shown as an example representative of the time required for the procedure. Backhaul transmission delay of 10ms on each network interface is assumed

	BM-SC ( eNB
	40
	The value could be expressed as the total of M1 delay, node processing delay and SYNC sequence length. Assumes SYNC sequence length = 20ms = MSP/2 [6],The eNB processing time and M1 delay are 20ms.

	MSP (Read MSI)
	40
	MSP = 40ms

	eNB(RX UE
	10
	Receiving and processing.

	Total
	130
	


Table 8 Latency for V2V transmission via SC-PTM
	Description
	Time (ms)
	Comments

	Tx UE ( eNB
	20
	According to the analysis in [4], the maximal SR delay is used.

	eNB(SGW/PGW(V2X APP(BM-SC
	20
	the value 20ms, is shown as an example representative of the time required for the procedure. Backhaul transmission delay of 10ms on each network interface is assumed

	BM-SC ( eNB
	20 or 30
	Backhaul delay (M1) and node processing delay, without SYNC or with SYNC delay (i.e. SC-PTM scheduling period/2, with SC-PTM scheduling period of 20ms).[7]

	Average delay due to SC-PTM scheduling period
	10 (20)
	20ms SC-PTM scheduling period for DRX

	eNB(RX UE
	10
	Receiving and processing.

	Total
	80 (90) or 90 (100)
	


Table 9 Latency for V2V transmission via SIPTO@LN and local MBSFN

	Description
	Time (ms)
	Comments

	Tx UE ( eNB
	20
	According to the analysis in [4], the maximal SR delay is used.

	eNB (V2X APP(BM-SC
	10
	the value 10ms, is shown as an example representative of the time required for the procedure.

	BM-SC ( eNB
	5
	the value 5ms, is shown as an example representative of the time required for the procedure.

	MSP (Read MSI)
	40
	MSP = 40ms.

	eNB(RX UE
	10
	Receiving and processing.

	Total
	85
	


Table 10 Latency for V2V transmission via SIPTO@LN and local SC-PTM

	Description
	Time (ms)
	Comments

	Tx UE ( eNB
	20
	According to the analysis in [4], the maximal SR delay is used.

	eNB (V2X APP(BM-SC
	10
	the value 10ms, is shown as an example representative of the time required for the procedure. 

	BM-SC ( eNB
	5
	the value 5ms, is shown as an example representative of the time required for the procedure.

	Average delay due to SC-PTM scheduling period
	10 (20)
	20ms SC-PTM scheduling period for DRX

	eNB(RX UE
	10
	Receiving and processing.

	Total
	55 (65)
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