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1 Introduction
During last RAN2#93 meeting, it was discussed the need for enhancements to the current MBMS framework (both for MBSFN and SC-PTM) to support V2X operations. In particular, it was identified that one possible way to improve performances is to use UE geographical location to reduce the load and limit the message broadcasting in a small area of interest. 

2 Discussion
V2X messages, either periodic (CAM) or event-triggered (DENM), should be received by vehicles within a certain range. To support such type of communications, both sidelink and Uu should be supported. While sidelink sounds as a good choice to reduce latency, the impact of interference over the sidelink especially in high load scenarios might not be negligible. Additionally, the sidelink might not be tailored to support reliable communications if the range in which a certain message should be delivered is large.

Besides, the usage of Uu is a natural choice for DENM messages which are typically generated by the V2X server rather than vehicles to announce traffic condition warnings.

In any case, when Uu is selected to provide V2X messages, with a simple analysis it is possible to observe that multicasting seems to be a more appropriate solution than unicast in high load scenarios [1].

Observation 1 It is beneficial to provide multicasting of V2X messages for both CAM and DENM.

However, also MBMS might suffer in high load scenarios, and depending on the specific MBMS configuration it might difficult to reach the 90% PRR target especially in the urban slow case (15km/h) [2].

To this end, we believe that PRR performances strictly depends on the specific MBSM broadcast area configuration, e.g. the size of the MBSFN area, as well as physical layer parameters. 

The selection of the proper MBMS broadcast area in which to deliver a certain CAM message can be aided by the CAM message itself which includes information on the vehicle position along with other useful information such as heading, speed, acceleration etc. [3]. Also for DENM messages, which are typically generated by a V2X server to signal warnings, it is beneficial to deliver the traffic only in a relative small local areas where the message is actually of interest, e.g. in proximity of curves, traffic lights, road intersection etc.

Proposal 1 It is beneficial to provide multicast message delivery of V2X messages (CAM, DENM) in a local area of interest.

Observation 2 The payload of a CAM message contains information related to the position, heading, speed, acceleration, etc. of a vehicle.

Given the above, it seems natural to assume that selection of the broadcasting area in which a certain V2X message has to be sent should be performed by the application layer where CAM messages are terminated and DENM messages are generated. As described in Section 2.3, the application layer may be implemented in a V2X server which ultimately is also in charge of determining the range in which a certain message should be delivered.

Proposal 2 The application layer in the V2X server is responsible to determine the broadcasting area in which a certain V2X message should be sent.

In the following we analyse the different MBMS broadcast area options and the expected performances in V2X.

2.1 MBMS broadcast area for V2X

The following broadcast area alternatives can be envisaged:

1. Single cell broadcasting: A V2X message is statically broadcast only in one cell, e.g. in case of CAM in the cell in which the message is generated, or in case of DENM in the cell in which for example a traffic light is located. The application layer would just need to associate (e.g. by reading the CAM message content or the ECGI) the V2X message to a cell and route the message only in that cell.

2. Group of cells broadcasting: A V2X message is broadcast in a fixed pre-configured number of cells within a certain area, e.g. in all the neighbouring cells. The application layer would need to associate (e.g. by reading the CAM message content or the ECGI) the V2X message to a certain fixed number of cells in an area and route the packet over those cells. 

3. Local area broadcasting: A V2X message generated in a certain area is broadcast in one (or more) neighbouring cell(s) according to the specific area and range of interest for a message. The application layer would need to associate a V2X message with a geographical area spanning one (or more) cells and route the message over that geographical area only. In the example illustrated in Figure 1, cell 1 will broadcast {A,B,C,E,D}, cell 2 and 3 {E,C,D}, cell 4 {A,B}.
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Figure 1: A V2X message generated in a certain area within a cell is broadcast in one (or more) neighbouring cell(s) according to the UE location.

Solution 1 (single cell broadcasting) is the simplest one, but PRR performances might be quite poor. The reason is that PRR in TR 36.885 [4] is defined as the percentage of UEs that successfully received a message among all the UEs within a predefined range. And, in solution 1 all the UEs within the communication range of certain message but that are currently served by a different cell will not receive such V2X message.

Solution 2 (group of cells broadcasting) has the drawback that  the load (and the interference) might unnecessarily significantly increase as all messages in a cell will be transmitted in the fixed pre-configured number of neighbour cells, while some messages are not really interested/needed by any UE in those cells. 

Solution 3 (local area broadcasting) instead seems to be the most promising solutions, since it can guarantee good coverage, i.e. high number UEs that are within a certain communication range are served, without excessively stressing the network load, especially in macro deployments.

Proposal 3 A V2X message is broadcast in one (or more) neighbouring cell(s) according to the desired communication range.

2.2 Local area broadcasting

From the above discussion, it seems that the local area broadcasting mechanism illustrated in Figure 1 is more tailored to V2X use cases. How to realize that in the MBSM framework is discussed in this section.

Each local area can be associated to a dedicated TMGI. Therefore the TMGI would not only identify a specific MBMS service (e.g. a specific V2X use case), but would associate an MBMS service to a geographical area. Each TMGI is associated to one or more specific location so that in practice different bearers are used for each location. This solution seems to be flexible to address dynamic area changes and the UE would just need to monitor one or more TMGIs of interest (depending on the specific UE position) that are provided as part of the MBMS control signalling. 

Proposal 4 Within an MBMS area, local broadcasting is realized by TMGIs which map V2X services to specific locations.

Proposal 5 The UE needs to monitor one or more TMGIs depending on its position and service of interest. 

In an MBMS area, it is possible to allocate 435 different TMGIs (15 MCH sessions and 29 MTCHs for each MCH session) which seems enough to realize a good local area partitioning. In general, the mapping between V2X services and specific locations can be semi-statically configured by the operator (or traffic authority) depending on the expected traffic and road conditions in different areas, but some degree of flexibility might be needed, e.g. the V2X AS may suddenly need to initiate a new V2X session in an area close to an accident.

Proposal 6 The mapping between TMGIs and specific location might need to be flexibly configured by the network operator or traffic authority depending on road conditions and emergency situations.

One question that arises is how the UE learns the association between TMGIs and position. Two options are possible:

1. As part of the USD acquisition, when the UE registers to the V2X AS for certain V2X services, the V2X AS returns a mapping between TMGIs and local areas (e.g. geographical coordinates) so that when the UEs enters certain areas knows which TMGIs to monitor for MBMS reception. 

2. The eNB provides the list of supported TMGIs and the area (e.g. geo reference coordinates) in which they are provided. A UE depending on its position with respect to the geo reference coordinates might monitor one (or more) MTCH(s). 

A drawback of option 1 could be that the UE might not be able to download at registration the whole map of an area covered by a V2X server. Additionally, the V2X sessions might need to be initiated quite dynamically to meet emergency use cases as mentioned in Proposal 6. Notifying that to UEs could be difficult since they could be in IDLE mode. Therefore we believe that the eNB should assist the UE in determining the areas in which a certain TMGI could be of interest. 

Proposal 7 The UE may learn the mapping between TMGIs and locations in the cell from the eNB via MBMS control signalling (MCCH, SC-MCCH).

The UE may also report as part of the MBMS interest indication and counting response, its position with respect to a reference position so that the eNB can figure out the number of UEs that are located in the area and ensure proper admission control and scheduling operations when approaching an area of interest. For instance, assuming that the UE knows the location in which a certain TMGI should apply (as proposed in Proposal 7), the UE could report its interest in that TMGI when it is within a certain range from that location as part of counting response and MBMS interest indication. 

Since reporting of geographical position from a UE has been already agreed in RAN1 to enforce sidelink scheduling, it is seems straightforward to extend such functionality to UEs interested in MBMS.

Proposal 8 The UE indicates its position with respect to a certain TMGI of interest. 

The above proposals are clearly applicable to MBMS framework in general, i.e. both MBSFN and SC-PTM.
Observation 3 Local broadcasting is applicable to both MBSFN and SC-PTM.
2.3 V2X architecture

The V2X architecture can be inherited from the GCSE architecture used for group communications [5]. As for the GCSE case, we assume that the V2x server can be a third-party node which interfaces with the operator’s network.
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Figure 2: V2x architecture adapted from GCSE
A similar flow to the GCSE use case could be envisaged to establish a V2X session with the described local area broadcasting. A high-level example for CAM use case is shown in Figure 3 below:
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Figure 3: High-level flow for V2X message distribution through pre-established MBMS bearers.

1. The V2X server should maintain together with the eBM-SC a mapping between TMGIs, V2x services and geographical area. In order to control which content is broadcasted in which area, the eBM-SC associates the TMGI to flow identifiers so that same TMGI can be used in the coverage area of the eBM-SC.


2. The V2X server should request and pre-establish the appropriate MBMS bearer(s) to the appropriate eNBs;

3. The UE has the group at the V2X server, i.e. it will be registered and authenticated. Furthermore, security keys need to be exchanged for message transmission and reception. The (receiving) UE downloads the User Service Description for the MBMS service of interest from the BM-SC, so that it gets relevant information for the MBMS reception. The vehicle UE acquires a list of interested TMGIs.

4. The vehicle UEs starts monitoring MBMS control signalling to acquire necessary physical layer parameters and ongoing MBMS services. The UE also learn the mapping between TMGIs and specific location in the cell

5. The vehicle UEs send their V2X CAM messages, including geographical information, heading, speed, etc. to the V2x server over a unicast bearer;

6. The V2X server uses the position of all the UEs who send V2x messages to determine where to deliver a V2X message, i.e. which of the pre-established radio bearer suits the specific V2X service and location.

7. Each UE monitor one or more MTCHs (SC-MTCHs) according to its position and the services registered in step 3. When the UE detects MSI for the interested MTCH (in MBSFN) or group-RNTI in PDCCH (for SC-PTM), a V2X packet is received.

The above architecture seems to have the following advantages:

· It enables broadcast of CAM and DENM messages on the basis of geo-location

· If pre-established MBMS bearers are used, the latency can be kept to a minimum (and can be further reduced by deployment and/or local breakout);

· In case SC-PTM is used and synchronized transmission is desired, the eNBs could (according to implementation and configuration) take into account the timestamp information included in the SYNC protocol, enabling further combination gains in the receiving UEs;

· MBMS service continuity for UE mobility can be supported according to current procedures (See Sec. 15.4 of [6]).

Proposal 9 Reuse the GCSE architecture to distribute V2X messages over MBMS/SC-PTM for Scenario 2.
Proposal 10 Capture the V2X signalling procedure in TR 36.885.

3 Conclusion

In section 2 we made the following observations:
Observation 1
It is beneficial to provide multicasting of V2X messages for both CAM and DENM.
Observation 2
The payload of a CAM message contains information related to the position, heading, speed, acceleration, etc. of a vehicle.
Observation 3
Local broadcasting is applicable to both MBSFN and SC-PTM.


Based on the discussion in section 2 we propose the following:
Proposal 1
It is beneficial to provide multicast message delivery of V2X messages (CAM, DENM) in a local area of interest.
Proposal 2
The application layer in the V2X server is responsible to determine the broadcasting area in which a certain V2X message should be sent.
Proposal 3
A V2X message is broadcast in one (or more) neighbouring cell(s) according to the desired communication range.
Proposal 4
Within an MBMS area, local broadcasting is realized by TMGIs which map V2X services to specific locations.
Proposal 5
The UE needs to monitor one or more TMGIs depending on its position and service of interest.
Proposal 6
The mapping between TMGIs and specific location might need to be flexibly configured by the network operator or traffic authority depending on road conditions and emergency situations.
Proposal 7
The UE may learn the mapping between TMGIs and locations in the cell from the eNB via MBMS control signalling (MCCH, SC-MCCH).
Proposal 8
The UE indicates its position with respect to a certain TMGI of interest.
Proposal 9
Reuse the GCSE architecture to distribute V2X messages over MBMS/SC-PTM for Scenario 2.
Proposal 10
Capture the V2X signalling procedure in TR 36.885.
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