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1. Introduction
According to the V2X SID [1], the objectives related to RAN2 are listed below:
	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].


In this contribution, item a) is discussed.  The network architecture is the foundation for further evaluation, thus the network architecture is discussed firstly, and then, the feasibility of Uu transport for V2V/V2P based on the given  network architecture is evaluated. 
2. Discussion
2.1. Uu-based V2V/V2P network architecture
According to the description of [2], the following use cases should be considered for V2V/V2P within network coverage. According to the description of service flow of each use case, the V2V/V2P communication type is summarized in Table-1.
Table-1.  V2V/V2P communication type for each V2V /V2Puse case
	
	Use cases
	Unicast or broadcast

	V2V
	Forward Collision Warning
	Broadcast

	
	Control Loss Warning
	Broadcast

	
	V2V emergency vehicle warning
	Broadcast

	
	V2V Emergency stop
	Broadcast

	
	Corporative Adaptive Cruise Control
	Broadcast

	
	Queue Warning
	Broadcast

	
	Wrong way driving warning
	Broadcast

	
	V2V message transfer under MNO control
	Broadcast

	
	pre-crash sensing warning
	Broadcast

	V2P
	Warning to Pedestrian against Pedestrian Collision
	Broadcast

	
	Vulnerable Road User (VRU) Safety
	Broadcast

	
	Pedestrian Road Safety via V2P awareness messages
	Broadcast


It is obvious that only 1: M transmission should be considered for V2V/V2P communication.
Observation 1: V2V/V2P traffic transmission should be one-to-many only.
Considering the V2V/V2P messages are mainly for traffic safety, its transmission coverage should be limited, e.g. 320ms [2]. Due to the small coverage for broadcast, the V2V/V2P message only needs to be exchanged amongst neighbour cells. In addition, there is no requirement on the V2V/V2P message transmitted synchronously amongst cells. 
Observation 2: The same V2V/V2P message broadcast amongst neighbor cells can be synchronized or asynchronized.
Based on the above observation 1&2, if trying to reuse the current network architecture, the following network architecture of Uu transport for V2V/V2P should be considered.
· For UL (sender vehicle to the network), the legacy unicast network architecture is reused, as illustrated in Figure-1.
· For DL (network to the receiver vehicle/pedestrian)，either the legacy unicast network architecture or eMBMS network architecture can be used, as illustrated in Figure-2(a) and Figure-2(b). For the eMBMS network architecture, the cells need to broadcast the same V2V/V2P messages can be configured to one MBSFN area or use SC-PTM. 

[image: image1.emf]UE

(Sender vehicle)

eNB

Uu

MME

S-GW

S1-U

HSS

S6a

P-GW

S5

S1-MME

S10

S11

PCRF

Gx

V2V/V2P 

server

SGi

Rx


Figure-1.  UL network architecture for Uu-based V2V transport
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Figure-2 (a).  DL network architecture for Uu-based V2V transport using unicast
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    Figure-2 (b).  DL network architecture for Uu-based V2V transport using eMBMS or SC-PTM
Proposal 1: The following three network architectures should be considered for Uu V2V/V2P transport:
1) UL unicast +  DL unicast;
2) UL unicast + DL eMBMS;
3) UL unicast + DL SC-PTM.
2.2. Feasibility evaluation 
Amongst the aspects for Uu-based V2V/V2P transport evaluation, latency requirement is the key aspect from RAN2 point of view. 
For the latency requirement, except pre-cashing sensing warning (20ms), the maximum latency is 100ms for all V2V/V2P cases. For pre-cashing sensing warning, due to the extreme low latency, it is impossible for Uu transport architecture, and only PC5 transport can be considered. Hence, for the latency evaluation for Uu transport, 100ms can be regarded as the latency requirement.
Proposal 2: 100ms should be regarded as the latency requirement for Uu V2V/V2P transport evaluation.
Since 100ms is the maximum latency requirement for EUTRAN in general [1], there would be two explanations:
· Explanation 1: latency is only for data transmission, not including RRC connection setup delay;
· Explanation 2: latency includes the transmission delay and RRC connection setup delay. 
The evaluation on latency is given for both cases as below. 
Case 1: Latency is only for data transmission&reception, not including RRC connection setup procedure
In the evaluation, all UEs for unicast transmission/reception should be assumed in connected mode. And the corresponding evaluation results are shown in the following Table-2(a), Table-2(b) and Table-2(c) based on the references [3] and [4].
Table-2(a).  Latency evaluation for the combination of UL unicast + DL unicast
	Description
	Time (ms) 
	Comments

	Sender vehicle ( eNB
	10
	Reference: Annex B.2 of 3GPP TR 36.912 [5]

	eNB(SGW/PGW(V2V/V2P server(eNB
	20
	Out of RAN WG2 scope, 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. 

Reference: 3GPP TR 36.912 [5]

	eNB( Receiver vehicle/pedestrian
	10
	Reference: Annex B.2 of 3GPP TR 36.912 [5]

	Total
	40
	


Table-2(b).  Latency evaluation for the combination of UL unicast + DL eMBMS
	Description
	Time (ms)
	Comments

	Sending vehicle ( eNB
	10
	Reference: Annex B.2 of 3GPP TR 36.912 [5]

	eNB(SGW/PGW(V2V/V2P server(BM-SC
	20
	Out of RAN WG2 scope, 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
	Assumes SYNC sequence length = 40ms = MSP/2. 

The eNB processing time and M1 delay are captured into the 40ms.

	MSP (Read MSI)
	40
	MSP = 40ms

	eNB ( Receiving vehicle/pedestrian
	10
	Receiving and processing

	Total
	100
	


Table-2(c).  Latency evaluation for the combination of UL unicast + DL SC-PTM
	Description
	Time (ms)
	Comments

	Sending vehicle ( eNB
	10
	Reference: Annex B.2 of 3GPP TR 36.912 [5]

	eNB(SGW/PGW(V2V/V2P server(BM-SC
	20
	Out of RAN WG2 scope, 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).

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

	eNB ( Receiving vehicle/pedestrian
	10
	Receiving and processing at the receiving vehicle/pedestrian

	Total
	70 (80) or 80 (90)
	


Observation 3: Without considering the RRC connection setup delay, all the three architectures can satisfy the Uu V2V/V2P latency requirement.
Case 2: latency includes data transmission&reception and RRC connection setup procedure if necessary
In this evaluation, UE is assumed in idle mode when performing unicast transmission/reception, and the evaluation results are shown in the following Table-3(a), Table-3(b) and Table-3(c).
Table-3(a).  Latency evaluation for the combination of UL unicast + DL unicast
	Description
	Time (ms) 
	Comments

	Sender vehicle IDLE-> CONNECTED
	50-80
	Clause 16.2 of 3GPP TR 36.912 [5]

	Sender vehicle ( eNB
	10
	Reference: Annex B.2 of 3GPP TR 36.912 [5]

	eNB(SGW/PGW(V2V/V2P server(eNB
	20
	Out of RAN WG2 scope, 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. 

Reference: 3GPP TR 36.912 [5]

	eNB( Receiver vehicle/pedestrian
	10
	Reference: Annex B.2 of 3GPP TR 36.912 [5]

	Total
	90-120
	


Table-3(b).  Latency evaluation for the combination of UL unicast + DL eMBMS
	Description
	Time (ms)
	Comments

	Sender vehicle IDLE-> CONNECTED
	50-80
	Clause 16.2 of 3GPP TR 36.912 [5]

	Sending vehicle ( eNB
	10
	Reference: Annex B.2 of 3GPP TR 36.912 [5]

	eNB(SGW/PGW(V2V/V2P server(BM-SC
	20
	Out of RAN WG2 scope, 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
	Assumes SYNC sequence length = 40ms = MSP/2. 

The eNB processing time and M1 delay are captured into the 40ms.

	MSP (Read MSI)
	40
	MSP = 40ms

	eNB ( Receiving vehicle/pedestrian
	10
	Receiving and processing

	Total
	150-180
	


Table-3(c).  Latency evaluation for the combination of UL unicast + DL SC-PTM
	Description
	Time (ms)
	Comments

	Sender vehicle IDLE-> CONNECTED
	50-80
	Clause 16.2 of 3GPP TR 36.912 [5]

	Sending vehicle ( eNB
	10
	Reference: Annex B.2 of 3GPP TR 36.912 [5]

	eNB(SGW/PGW(V2V/V2P server(BM-SC
	20
	Out of RAN WG2 scope, 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).

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

	eNB ( Receiving vehicle/pedestrian
	10
	Receiving and processing at the receiving vehicle/pedestrian

	Total
	120(130)-150(160) or 130 (140)-160(170)
	


Since RRC connection setup procedure takes 50-80 ms according to 3GPP TR 36.912 [5]. It is obvious none of the above UL/DL network architecture combinations can satisfy the 100ms delay requirement.
Observation 4: If the latency includes RRC connection setup procedure, none of the three network architectures can satisfy the Uu V2V/V2P latency requirement.
Since the latency evaluation results are different in two explanations, i.e. including RRC connection setup procedure or not, it had better send LS to SA1 for latency requirement clarification. If the latency does not include RRC connection setup procedure, current network architectures can meet the Uu transport latency requirement; otherwise, some enhancements should be considered.  
Proposal 3: Send LS to SA1 for clarification whether the latency requirement includes the RRC connection setup procedure.
Proposal 4: Capture the above network architectures and delay evaluation results in TR36.885.
3. Conclusion

According to the analysis in section 2, regarding to the network architecture, there are two observations:
Observation 1: V2V/V2P traffic transmission should be one-to-many only.
Observation 2: The same V2V/V2P message broadcast amongst neighbor cells can be synchronized or asynchronized.
Based on the above two observations, the network architecture is proposed:
Proposal 1: The following three network architectures should be considered for Uu V2V/V2P transport:
1) UL unicast +  DL unicast;
2) UL unicast + DL eMBMS;
3) UL unicast + DL SC-PTM.
Based on the proposed network architecture, we gave the evaluations according to 100ms latency requirement. According to two explanations, we obtained two different observations. For further study, we proposed to send LS to SA1 to consult the correct explanation. 
Proposal 2: 100ms should be regarded as the latency requirement for Uu V2V/V2P transport evaluation.
Observation 3: Without considering the RRC connection setup delay, all the three architectures can satisfy the Uu V2V/V2P latency requirement.
Observation 4: If the latency includes RRC connection setup procedure, none of the three network architectures can satisfy the Uu V2V/V2P latency requirement.
Proposal 3: Send LS to SA1 for clarification whether the latency requirement includes the RRC connection setup procedure.
Proposal 4: Capture the above network architectures and delay evaluation results in TR36.885.
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