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1   Introduction
After RAN3#90 meeting, a RAN3 email discussion about SI Feasibility Study on LTE-based V2X service [1] was triggered. And company views and summaries for the open issues e.g. definition of RSU, server aspects, MBMS for V2X, mobility support for large number of vehicles with high speed, priority of scenarios and multiple operators aspect were captured in the WF document [2]. On the aspect of MBMS for V2X, according to the WF document [2], the existing eMBMS architecture can be reused for the V2N service. But the potential enhancements may be needed for the V2V/V2I/V2P services because the latency requirement may not be satisfied depending on RAN2’s decision on latency evaluation of V2V scenario 2 and 3 [3]. In this contribution, we mainly discuss the Uu based V2X architecture concerning on the SIPTO@LN for uplink unicast transmission and the localized eMBMS for downlink multicast transmission. 
2   Discussion
As presented in TR22.885 [4], the latency requirement for the V2N service is 500ms [4]. When a UE using V2N application communicates with a serving entity using V2N application via LTE network entities, the general LTE cellular network can be used for V2N uplink transmission (i.e. the uplink path is V-UE->eNB->S-GW->P-GW->V2X server) and the existing eMBMS architecture can be used for V2N downlink transmission (i.e. the downlink path is V2X server->BM-SC->MBMS GW->eNB->V-UE). Compared with V2N services, the latency requirement for V2V/V2I/V2P service is 100ms for most use cases [4]. RAN2 is still evaluating the latency of the V2V scenario 2 and 3 from TR 36.885 [3]. If the evaluation shows that the latency requirement cannot be satisfied, then the local breakout of Uu based V2X architecture should be considered in order to reduce the latency. The SIPTO@LN (i.e. SIPTO @LN with collocated L-GW or the SIPTO@LN with standalone gateway) can be used for uplink unicast transmission and the localized eMBMS architecture can be considered for downlink multicast transmission in the local breakout of Uu based V2X architecture to shorten the data path. In the following section, it focuses on the analysis of the downlink localized eMBMS architecture. 
Proposal 1: If the latency requirement of the V2V/V2I/V2P service cannot be satisfied based on the RAN2’s latency evaluation, it is recommended RAN3 to consider local breakout of Uu based V2X architecture using the SIPTO@LN for uplink transmission and localized eMBMS for downlink transmission. 
Localized eMBMS architecture
Considering the stringent latency requirement for the V2V/V2I/V2P service, the following possible localized eMBMS alternatives are given assuming that the uplink transmission is based on the SIPTO @LN with collocated L-GW.
· Alternative 1: the collocated local eMBMS is used for the downlink transmission, as shown in Figure 2.1.1.
· Alternative 2: the standalone local eMBMS is used for the downlink transmission. And the standalone local eMBMS locates near the eNB, as shown in Figure 2.1.2.
Note 1: the local V2X server can be collocated in the eNB or can be located outside of the eNB. 
Note 2: When the local V2X server is collocated in the eNB, it can be regarded as the RSU. That is, in that case, the localized eMBMS architecture is also applicable for the eNB type RSU. 
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Figure 2.1.1 Collocated local eMBMS
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Figure 2.1.2 Standalone local eMBMS



Both of the localized eMBMS alternatives can be used to reduce the downlink latency. But the amounts of latency reduced by the localized eMBMS alternatives are different. RAN3 needs to identify how much latency is required to be reduced depending on the RAN2’s latency evaluation, and then select the downlink transmission architecture between the collocated local eMBMS and the standalone local eMBMS.
Proposal 2: The selection of the V2V/V2I/V2P service’s downlink transmission architecture between the collocated local eMBMS and the standalone local eMBMS depends on the RAN2’s latency evaluation which can be used to decide how much latency it needs to be saved. 
Potential issues
· Support of small and dynamic MBMS broadcast area
In V2V/V2I/V2P service, in most of the use cases, the V2X message is broadcast in the small range of area.  And the V2X message broadcast area is dynamic changed due to the movement of the vehicle UE. For example, in the V2V use case for emergency vehicle warning, the emergency vehicle UE (e.g. ambulance) is required to periodically broadcast a message (CAM) including the vehicle dynamic status information (e.g. the location, speed and direction information) and the vehicle static data (e.g. dimension, status of exterior lights and path history) to its surrounding vehicles when it is moving to assist safety operation like allowing ambulance path to get free. It is expected that the surrounding vehicles within 300-500 meters range from the emergency vehicle UE should be able to receive the V2X message. The V2X message broadcast area will be changed along with the change of the moving emergency vehicle UE’s geographical position. Figure 2.2.2 illustrates the change of V2X message broadcast area when the emergency vehicle UE is moving through Cell 3,4,6,8 with the assumption that the V2X message shall be broadcast in the area of its serving cell as well as its neighbouring cells. 
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                                                   Figure 2.2.2 An example of dynamic V2X message broadcast area
However, the MBMS broadcast area in current eMBMS mechanism is large and relatively static. It  is not entirely appropriate for the V2V/V2I/V2P service because that it cannot satisfy the requirement of small and dynamic V2X message broadcast area. As a matter of fact, this issue should be considered both for localized eMBMS architecture and existing eMBMS architecture used for V2X service. 
Proposal 3: RAN3 is proposed to consider supporting small and dynamic MBMS broadcast area when investigating the eMBMS architecture in V2X.
· TMGI collision
As we know, in current eMBMS mechanism, BM-SC plays an important role in assigning the TMGI which is used to identify the MBMS bearer service. According to the TS 23.468 [5], if another MBMS bearer with the same TMGI is already activated, the BM-SC shall accept the request only if the MBMS broadcast area in the new request is not partly or completely overlapping with the existing MBMS bearer(s) using the same TMGI. However, for the collocated local eMBMS, because the BM-SCs are individually located inside eNBs and there is no coordination between BM-SCs, it is possible that the BM-SCs collocated in different eNBs allocate the same TMGI to different MBMS bearers with the same MBMS broadcast area, which may result in the TMGI collision. The TMGI collision may also happen in the standalone local eMBMS considering the multiple standalone local eMBMS for the V2X service. If TMGI collision happens, it may cause the failure of the V2X message reception.
Proposal 4: The issue of TMGI collision should be addressed and the solution for solving the issue should be considered if the localized eMBMS architecture is used. 
· V2X message broadcast in neighbour eNBs
For the standalone local eMBMS, the data path for the downlink MBMS broadcast could reuse the existing eMBMS architecture, such as local V2X server->BM-SC->MBMS GW->eNB->V-UE. No special handling should be considered. However, for the collocated local eMBMS, if the V2X message is required to be broadcasted in cells belonging to neighbour eNBs, how the V2X message deliveres between neighbour eNBs is worth considering. Figure 2.2.1 illustrates the possible V2X message transmission data path between neighbour eNBs. 
	
[image: image4.emf]Uu

V-UE1 V-UE2

Uu

SGmb/SG-lmb

eNB 1

BM-SC 1

MBMS

GW 1

SIPTO

LGW 2

SGmb/SG-lmb

eNB 2

BM-SC 2

MBMS

GW 2

V-UE3

Uu

X2

Local V2X 

Server 1

Local V2X 

Server 2

SIPTO

LGW 1

Local MBMS/

SC-PTM

Local MBMS/

SC-PTM

(a)
	
[image: image5.emf]Uu

V-UE1 V-UE2

Uu

SGmb/SG-lmb

eNB 1

BM-SC 1

MBMS

GW 1

SIPTO

LGW 2

SGmb/SG-lmb

eNB 2

BM-SC 2

MBMS

GW 2

V-UE3

Uu

X2

Local V2X 

Server 1

Local V2X 

Server 2

SIPTO

LGW 1

Local MBMS/

SC-PTM

Local MBMS/

SC-PTM

(b)

	
[image: image6.emf]Uu

V-UE1 V-UE2

Uu

SIPTO

LGW 1

SGmb/SG-lmb

eNB 1

BM-SC 1

MBMS

GW 1

Local V2X 

Server 1

SGmb/SG-lmb

eNB 2

BM-SC 2

MBMS

GW 2

Local MBMS/

SC-PTM

X2

V-UE3

Uu

Local V2X 

Server 2

Local MBMS/

SC-PTM

SIPTO

LGW 2

(c)
	
[image: image7.emf]Uu

V-UE1 V-UE2

Uu

SGmb/SG-lmb

eNB 1

BM-SC 1

MBMS

GW 1

SIPTO

LGW 2

SGmb/SG-lmb

eNB 2

BM-SC 2

MBMS

GW 2

V-UE3

Uu

X2

Local V2X 

Server 1

Local V2X 

Server 2

SIPTO

LGW 1

Local MBMS/

SC-PTM

Local MBMS/

SC-PTM

(d)


Figure 2.2.1 V2X message transmission data path between neighbour eNBs
When the V2X message broadcast area covers the cells belonging to the eNB1 and neighbour eNB2, in addition to the downlink data path in the eNB1 via the collocated local BM-SC1 and MBMS GW1 (i.e. local V2X server1->BM-SC1->MBMS GW1->eNB1->V-UE2), Figure 2.2.1 also illustrates the following possible downlink data path to the neighbour eNB2. 
· Figure 2.2.1(a) shows that the local V2X server1 collocated in eNB1 forwards the V2X message to the BM-SC2 collocated in eNB2 or to the local V2X server2 collocated in eNB2, thus the downlink data path for the V2X message to V-UE3 in the cell of neighbour eNB2 is local V2X server1->BM-SC2->MBMS GW2->eNB2->V-UE3 or local V2X server1-> local V2X server2->BM-SC2->MBMS GW2->eNB2->V-UE3. 
· Figure 2.2.1(b) shows that the BM-SC1 collocated in eNB1 forwards the V2X message to MBMS GW2 collocated in eNB2, thus the downlink data path for the V2X message to V-UE3 in the cell of neighbour eNB2 is local V2X server1-> BM-SC1->MBMS GW2->eNB2->V-UE3. 
· Figure 2.2.1(c) shows that the MBMS GW1 collocated in eNB1 sends the V2X message to the eNB2 via M1 interface, thus the downlink data path for the V2X message to V-UE3 in the cell of neighbour eNB2 is local V2X server1->BM-SC1->MBMS GW1->eNB2->V-UE3. 
· Figure 2.2.1(d) shows that the eNB1 sends the V2X message to the eNB2 via X2 interface, thus the downlink data path for the V2X message to V-UE3 in the cell of neighbour eNB2 is local V2X server1->BM-SC1->MBMS GW1->eNB1->eNB2->V-UE3. 
Different V2X message transmission data path may result from the different MBMS bearer setup procedure. 
· In Figure 2.2.1(a), upon receipt of the V2X message, the local V2X server1 should firstly decide the collocated BM-SC2 or the local V2X server2 of the neighbour eNB2 besides the collocated BM-SC1 where the V2X message should be transmitted according to the V2X message broadcast area, and then initiate an Activate MBMS Bearer procedure to the collocated BM-SC2 of neighbour eNB2 or initiate a procedure to the local V2X server2 collocated in neighbour eNB2 in addition to initiate an Activate MBMS Bearer procedure to the collocated BM-SC1 of eNB1. After that, the BM-SC1 and BM-SC2 individually trigger the MBMS Session Start procedure. 
· In Figure 2.2.1(b), after the Activate MBMS Bearer procedure between local V2X server1 and BM-SC1 collocated in eNB1, the BM-SC1 determines to send the Session Start Request messages to the MBMS GW2 collocated in the neighbour eNB2 and to the MBMS GW1 collocated in eNB1 to establish MBMS bearer separately based on the broadcast area of the V2X message. 
One common issue in Figure 2.2.1(a) and Figure 2.2.1(b) is, how to know whether the concerned neighbour eNB(s) where the V2X message shall be broadcast has the collocated local eMBMS or collocated local V2X server, and if so, how to know the routing information of the local eMBMS or local V2X server collocated in the neighbour eNB(s). 
· In Figure 2.2.1(c), the local eMBMS collocated in eNB1 only sets up an MBMS session that is used for the V2X message broadcast in eNB1 and neighbour eNB2’s cell. 
· In Figure 2.2.1(d), the two MBMS bearers in eNB1 and neighbour eNB2 may be preconfigured in advance, and thus are kept the mapping relationship. When the eNB1 receives the V2X message, eNB1 judges that the V2X message needs to be broadcast in eNB1 and neighbour eNB2’s cell, and then not only broadcasts the V2X massage to the UEs in eNB1’cell, but also forwards the V2X message to eNB2 via X2 interface to make the V2X message broadcast to the UEs in neighbour eNB2’s cell.
Proposal 5: If the collocated local eMBMS is used, different downlink V2X message transmission data paths are suggested to be studied when the broadcast area of V2X messages involves multiple neighbour eNBs.
3   Conclusion
In the contribution, we mainly discussed the localized Uu based V2X architecture concerning on the localized eMBMS for downlink multicast. It is proposed RAN3 to agree the following proposals:
Proposal 1: If the latency requirement of the V2V/V2I/V2P service cannot be satisfied based on the RAN2’s latency evaluation, it is recommended RAN3 to consider local breakout of Uu based V2X architecture using the SIPTO@LN for uplink transmission and localized eMBMS for downlink transmission. 
 Proposal 2: The selection of the V2V/V2I/V2P service’s downlink transmission architecture between the collocated local eMBMS and the standalone local eMBMS depends on the RAN2’s latency evaluation which can be used to decide how much latency it needs to be saved. 
Proposal 3: RAN3 is proposed to consider supporting small and dynamic MBMS broadcast area when investigating the eMBMS architecture in V2X.
Proposal 4: The issue of TMGI collision should be addressed and the solution for solving the issue should be considered if the localized eMBMS architecture is used. 
Proposal 5: If the collocated local eMBMS is used, different downlink V2X message transmission data paths are suggested to be studied when the broadcast area of V2X messages involves multiple neighbour eNBs.
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