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Introduction
After RAN2 93 meeting, the following agreement has been achieved.
	· We will focus on improvements to broadcast mechanisms.

· Study mechanisms to improve MBMS/SC-PTM services on the basis of UE geographical location.  Whether there is a need for a specific AS mechanism or the application layer mechanism is sufficient it is FFS.

=> RAN2 will investigate the need and solutions (if needed) to reduce MBSFN latency, primary targeting control plane (but may be used for user plane) as a potential solution for downlink enhancement.


In this paper, we will further analyze above three issues highlighted with yellow, i.e., 1) improvements to broadcast mechanism, 2) necessity for specific AS mechanism or application layer mechanism, and 3) MBSFN latency reduction.
Discussion
Overview of eMBMS broadcast
Based on current specification, MBSFN and SC-PTM are two type of broadcast mechanism that can be used for V2X broadcast:
1. MBSFN based broadcast：In MBSFN, multiple cells within a semi-statically configured area (MBSFN area) may transmit exactly the same data in a synchronized manner so as to appear as one transmission to the UE. The MBSFN data transmission only takes place via the PMCH on specifically designated MBSFN subframe. If MBSFN based broadcast is used for V2X broadcast, we may design specific TMGI for V2X message. The V2X message is delivered to V2X UE through PMCH on MBSFN subframe. Only interested UEs need to receive V2X messages over MBSFN subframe. 
2. SC-PTM based broadcast: SC-PTM transmission for a group of users uses a common RNTI (Group-RNTI) on PDCCH and on PDSCH in regular unicast subframes. There is one Group-RNTI per TMGI and a SC-PTM specific MCCH (SC-MCCH) signals the TMGI to Group-RNTI mapping to UEs.We may also design G-RNTI for V2X message broadcast. The V2X message is delivered to V2X UE through PDSCH.
Based on current specification [2], when the GCS AS wishes to activate an MBMS bearer over MB2, the GCS AS sends an Activate MBMS Bearer Request message to the BM-SC, including the TMGI, QoS, MBMS broadcast area, and start time. The MBMS broadcast area parameter shall include a list of MBMS Service Area Identities or a list of cell IDs, or both. The BM-SC shall then include a list of MBMS Service Area Identities and, if available, the list of cell IDs in the MBMS Session Start message. 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 any existing MBMS bearer(s) using the same TMGI as according to TS 23.246 [3] and shall allocate a unique FlowID for the newly requested MBMS bearer. The BM-SC shall allocate MBMS resources to support content delivery of the MBMS bearer to the requested MBMS broadcast area using the Session Start procedure defined in TS 23.246 [3]. The overall Session Start procedure is presented in the Figure 1. The BM-SC sends a Session Start Request message to MBMS GW to indicate the impending start of the transmission and to provide the session attributes (TMGI, Flow Identifier, QoS, MBMS service Area, list of cell IDs if available, Session identifier, estimated session duration, list of MBMS control plane nodes (MMEs, SGSNs) for MBMS GW, time to MBMS data transfer, MBMS data transfer start, access indicator, etc.). Then MBMS GW creates an MBMS bearer context and sends a Session Start Request message including the session attributes (TMGI, Flow Identifier, QoS, MBMS service Area, list of cell IDs if available, Session identifier, estimated session duration, transport network IP Multicast Address(es), IP address(es) of the multicast source, C-TEID, etc.) to MMEs. After that the MME creates an MBMS bearer context and sends a Session Start Request message to multiple MCEs/eNBs. If the MCEs/eNBs node accepts IP Multicast distribution, it joins the appropriate transport network IP multicast address (including the IP address of the multicast source) allocated by the MBMS GW, to enable reception of MBMS data. Then the MCEs/eNBs can receive MBMS data.


Figure 1: Session Start procedure for E-UTRAN and UTRAN for EPS [3]
Broadcast area of V2X message
As we can see, the Activate MBMS Bearer Request message sent by AS or BM-SC includes MBMS broadcast area and TMGI, which means that the MBMS broadcast area and TMGI is semi-statically determined when the corresponding MBMS bearer is activated. Compared with the traditional MBMS broadcast area, 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) when it is moving. 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 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 A example of dynamic V2X message broadcast area
Observation 1:  V2X broadcast area is relatively small and dynamic.
To be specific, since the V2X message transmitted by vehicle UE targets to the nearby vehicle UEs, the broadcast area shall cover an area of certain desired radius around the transmitting vehicle UE so that vehicles in that area can receive the V2X message. In order to identify the broadcast area of V2X messages, the V2X AS has to know the location information of the transmitting vehicle UE and the desired broadcast range information of this type of V2X message as follows:
· Location information of the vehicle UE
Since the V2X message includes the location information of the vehicle UE, the V2X AS can acquire the accurate location information by decoding the V2X data packets. 
· Desired broadcast range information 
According to TR22.885 [4], different kinds of V2X services have different broadcast range and different vehicle UE may have different authorized communication range. In order to determine the broadcast range, it is necessary for the V2X AS to obtain the broadcast range of each V2V message type and authorization related information. In our opinion, the V2X AS may be able to acquire the V2X message type by decoding the V2X data packets and then deduce the desired broadcast range by the aid of pre-configured mapping between V2X message type and broadcast range. For the authorization related information, it may be provided by V2X control Function defined in [5].
After acquiring the location information of the V2X message transmitting UE and desired broadcast range information, it is possible for the V2X AS to determine the desired broadcast area of each V2X message. On the other hand, suppose the V2X AS also has the knowledge of cells position and area, it may further deduce the V2X broadcast area in terms of a list of cell ID. 
Observation 2: V2X AS can determine the V2X broadcast area through the location and V2X message type field contained in the V2X message.
Proposal 1: The application layer mechanism is sufficient to determine the V2X broadcast area.
Schemes of establishing MBMS bearer for V2X message
Considering the small and dynamic feature of V2X broadcast, the following three candidate schemes of establishing MBMS bearer for V2X broadcast can be considered: 1) V2X message type specific MBMS bearer, 2) area specific MBMS bearer and 3) UE specific MBMS bearer. We will analyze these three schemes one by one and discuss its pros and cons respectively.
· V2X message type (e.g., QoS related) specific MBMS bearer
In this scheme, we can design specific TMGI for each type of V2X message and configure a large MBMS service area as broadcast area of V2X service to cover all vehicle UEs that transmit V2X messages. MBMS bearer could be established for each type of V2X messages with the specific TMGI. The V2X messages of the same type are delivered through the same MBMS bearer and the same broadcast area. This scheme is easy to implement. However, it is hard to support the dynamic and relatively small broadcast area. 
In order to reduce the broadcast area of V2X message, some enhancements should be considered. For example, when the data of user plane arrives at MBMS GW, the MBMS GW may be enhanced to selectively forwarding this V2X message to the involved eNBs instead of IP multicast as previously used. Or when the data arrives at the eNB, the eNB can decide whether to broadcast this data or not. In this way, only the eNB involved in the desired small broadcast area need to broadcast the V2X message.
· V2X broadcast area specific MBMS bearer
If the V2X AS can determine the desired broadcast area of each V2X message, it can flexibly configure the broadcast area for each V2X message rather than a fixed large MBMS service area for all the V2X messages. In this scheme, the MBMS bearer can be established based on the desired broadcast area of V2X messages. For example, as shown in Figure 3, assuming that there are two vehicle UEs located at the edge of the cell-1, the V2X message generated by vehicle UE-A needs to be broadcast within cell list {1,2,3} and the V2X message generated by vehicle UE-B needs to be broadcast within cell list {1,4,5}. Since the broadcast area of V2X messages generated by UE-A and UE-B are different and partly overlapping, these two V2X messages cannot be delivered through the same MBMS bearer. In this case, two MBMS bearers should be established to support the two V2X broadcast areas. But for vehicle UE-C and vehicle UE-D, they are near vehicle UE-A and the broadcast area of their V2X messages may be the same as UE-A, so these V2X messages can reuse the previously established MBMS bearer. 
Considering that the desired broadcast area changes with transmitting UE’s relative position within the cell, multiple MBMS bearers should be established and the corresponding TMGI should be assigned. The number of MBMS bearers needed to be established is of the same order of magnitude with the number of cells.


Figure 3 locations of UEs that sends V2X messages
· UE specific MBMS bearer 
In this scheme, we may establish MBMS bearer and assign TMGI for each V2X message transmitting UEs. The MBMS bearer can be established when the data transmission of the vehicle UE is started. Based on the previous description, V2X AS may determine the broadcast area of each V2X message according to the location information of the vehicle UE that transmits the V2X message. If the UE moves to other place, the broadcast area of the V2X message transmitting UE is changed correspondingly, which may result in the MBMS Session update procedure. If the UE moves frequently, the MBMS Session update procedure will be performed frequently too. On the other hand, since each V2X message transmitting UE is assigned a TMGI, we may need to establish a lot of MBMS bearers and assign a lot of TMGIs, which may run out of TMGI resource and too much MBMS bearer has to be established for the receiving vehicle UEs.
We make a comparison of above three schemes as list in Table1. As we can see, the UE specific MBMS bearer session has a lot of drawbacks and could be excluded, while the schemes of V2X message type specific MBMS bearer session and area specific MBMS bearer session can be further considered.
Table 1 Comparison of different schemes
	MBMS bearer session
	Number of  MBMS bearers
	Number of TMGIs
	Other drawbacks

	V2X message type specific 
	less
	less
	Larger broadcast area than desired. User plane needs to be enhanced.

	Broadcast Area specific 
	medium
	medium
	No

	UE specific 
	large
	large
	Frequent MBMS Session update


[bookmark: OLE_LINK4]Proposal 2: It is recommended to consider the V2X message type specific and broadcast area specific MBMS bearer for V2X message broadcast.
MBSFN Latency reduction
In last RAN2 meeting, it is agreed that latency requirements for both scenario 1 and scenario 2 could be met with strict parameter configuration. 
	· The latency requirements can be met for Scenario 1 (mode 1) when SR is set to 1ms and 10ms, the UE is in RRC CONNECTED and assuming mean value.
· The latency requirements can be met for Scenario 2 for connected mode UEs assuming:
· 20ms backhaul delay and no delays related to mobility
· Short scheduling period (i.e. SR or SPS period - 1ms and 10ms) 
· For MBSFN the scheduling period set to 40ms


[bookmark: OLE_LINK3]In our opinion, the MBSFN latency could be further reduced by configuring small MCCH repetition/modification period and MBMS scheduling period (abbr. MSP). As we know, MCCH repetition/modification period and MSP are usually configured with large value (e.g., MCCH modification period with at least 5.12s and MBMS scheduling with at least 40ms). Since the MBMS is initially designed to support TV service without strict latency requirements, large MCCH repetition/modification period and MSP are configured to reduce the system overhead. However, when it comes to V2X service with stringent latency requirements, small value configuration could be considered. As a matter of fact, for SC-PTM mode, SC-MCCH repetition/modification period can be configured with very small value to meet the public safety service’s latency requirement. So, it is straightforward that the MCCH repetition/modification period and MSP are shortened for MBSFN based V2X broadcast.
Proposal 3: RAN2 is suggested to consider shortening the MCCH repetition/modification period and MCH scheduling period for MBSFN based V2X broadcast.
Meanwhile, the local breakout mechanism of V2X message was discussed in RAN3. The basic idea is the eNB shall be able to identify and terminate V2X messages received from UEs without delivering it to the core network. As a consequence, the localized MBMS architecture is proposed, which include the collocated local eMBMS and the standalone local eMBMS. RAN2 is also suggested to consider the localized MBMS architecture for latency reduction.
Proposal 4: It is recommended to consider localized MBMS architecture for latency reduction. 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Conclusion
In this paper, we discussed how to determine broadcast area of V2X messages, several schemes of establishing MBMS bearer for V2X messages and MBSFN latency reduction solutions. Then several observations and proposals are given.
Observation 1:  V2X broadcast area is relatively small and dynamic.
Observation 2: V2X AS can determine the V2X broadcast area through the location and V2X message type field contained in the V2X message.
Proposal 1: The application layer mechanism is sufficient to determine the V2X broadcast area.
Proposal 2: It is recommended to consider the V2X message type specific and broadcast area specific MBMS bearer for V2X message broadcast.
Proposal 3: RAN2 is suggested to consider shortening the MCCH repetition/modification period and MCH scheduling period for MBSFN based V2X broadcast.
Proposal 4: It is recommended to consider localized MBMS architecture for latency reduction. 
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