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1. Introduction
In the RAN #72 plenary meeting, the new WID “LTE-based V2X Services” [1] was approved. Some of the RAN2 relevant objectives are listed as follows: 
	1) To specify enhancements to both SC-PTM and MBSFN transmissions for support of V2X services including:
a) DL transmission in small areas based on geographical information, with necessary coordination with SA2 (note: Depending on the solutions, the specification(s) may or may not be impacted) [RAN3]
i) Based on input from SA2/RAN3, determine whether any additional enhancement is necessary to reduce control plane latency and specify a solution (as identified in TR 36.885) if needed [RAN2]
b) Shorter modification/repetition period(s) of MCCH and SC-MCCH, and shorter MCH scheduling period(s) [RAN2, RAN3]
5) To specify other enhancements to PC5/Uu for V2X on the following aspects:
c) Support of inter-PLMN for both PC5 and Uu (Note: Depending on the solutions, the specification(s) may or may not be impacted) [RAN2, RAN3, RAN1]


In this paper, we will discuss the potential MBMS enhancements for supporting of V2X service. To be specific, the following issues shall be addressed and possible solutions are presented. 
1. How to shorten MCCH period and MCH scheduling period
2. How to support inter-PLMN MBMS reception
3. How to support service continuity in case of deployment of small V2X broadcast area
2. Discussion
2.1. Shortening MCCH period and MCH scheduling period
As a matter of fact, shorter SC-MCCH modification/repetition period has already been introduced to support the SC-PTM based broadcast for GCSE which has stringent latency requirement. Based on the current TS 36.331[2], the shorter period, such as 40ms or even 20ms, could be configured for the modification/repetition period of SC-MCCH.
	sc-mcch-RepetionPeriod-r13		ENUMERATED {rf2, rf4, rf8, rf16, rf32, rf64, rf128, rf256}
…
sc-mcch-ModificationPeriod-r13	ENUMERATED {rf2, rf4, rf8, rf16, rf32, rf64, rf128, rf256,
										 rf512, rf1024},


Compared with SC-PTM, MBSFN was initially designed to support the TV broadcast service. The available configurations for the MCCH repetition period, MCCH modification period and MCH scheduling period are relatively longer than that of SC-PTM. As we can see, the minimum MCCH repetition period, MCCH modification period and MCH scheduling period for MBSFN are 320ms, 5120ms and 40ms respectively. 
	mcch-RepetitionPeriod-r9		ENUMERATED {rf32, rf64, rf128, rf256},
…
mcch-ModificationPeriod-r9		ENUMERATED {rf512, rf1024},
…
mch-SchedulingPeriod-r12		ENUMERATED {
										rf4, rf8, rf16, rf32, rf64, rf128, rf256, rf512, rf1024},



Since the V2X service also has stringent latency requirement, it is necessary to support shorter MCCH repetition period, MCCH modification period and MCH scheduling period for the MBSFN based DL V2X broadcast. In fact, RAN2 has agreed in last meeting that shorter MCCH and SC-MCCH modification period, shorter repetition period and for MBSFN shorter MCCH scheduling period (e.g. 10ms) could be considered for MBSFN and SC-PTM.
It is straightforward that short SC-MCCH period can also be used for MBSFN MCCH period as below.
	mcch-RepetitionPeriod-r14		ENUMERATED {rf2, rf4, rf8, rf16, rf32, rf64, rf128, rf256},
…
mcch-ModificationPeriod-r14	ENUMERATED {rf2, rf4, rf8, rf16, rf32, rf64, rf128, rf256,
rf512, rf1024},
…
mch-SchedulingPeriod-r14	ENUMERATED {rf1, rf2, rf4, rf8, rf16, rf32, rf64, rf128, rf256, rf512, rf1024},



In addition, we should consider backward compatibility when induce shorter MCCH modification period, MCCH repetition period and MCH scheduling period in this release.
Proposal 1: Shorter MCCH repetition period can be added, such as {rf2, rf4, rf8, rf16}.
Proposal 2: Shorter MCCH modification period can be added, such as {rf2, rf4, rf8, rf16, rf32, rf64, rf128, rf256, rf512, rf1024}
Proposal 3: Shorter MCH scheduling period can be can be added, such as {rf1, rf2, rf4, rf8, rf16, rf32, rf64, rf128, rf256, rf512, rf1024}
2.2. [bookmark: OLE_LINK4][bookmark: OLE_LINK5]Inter-PLMN MBMS reception
[bookmark: OLE_LINK6][bookmark: OLE_LINK7][bookmark: OLE_LINK8]Inter-PLMN operation for V2X has been discussed in SA2#116 meeting. It is agreed that UE's reception of V2X messages from other PLMNs is a supported feature and different PLMNs may be configured to operate V2X over different radio resources [3]. 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In detail, after discussion of “Key Issue #8: Inter-PLMN operation for V2X”, SA2 agreed that in regions where no dedicated or common spectrum for V2X communication is assigned, vehicle UE shall acquire V2X message from its non-serving PLMN’s carrier which is deployed both V2X messages and non-V2X messages.  
	For Key Issue #8: Inter-PLMN operation for V2X:
-	Depending on regulatory rules, in regions where no dedicated or common spectrum for V2X communication is assigned, and different PLMNs are configured to operate V2X over different radio resources, a V2X UE may need to receive V2X messages from different PLMNs simultaneously. UE's reception of V2X messages from other PLMNs is a supported feature. For LTE-Uu based V2X, however, such requirements could be mitigated by configuring V2X Application Server exchange of V2X messages across PLMNs. Such configuration/arrangement is out of scope of 3GPP.



Observation 1: In regions where no dedicated or common spectrum for V2X communication is assigned and where overlapped by several PLMNs, V2X messages will be deployed and transmitted on one PLMN’s carrier and vehicle UEs need to receive V2X messages on its non-serving PLMN’s carrier.


Figure1 Illustration of inter-PLMN inter-carrier MBMS reception
As shown in Figure 1, multiple operators have deployed their ownership Core networks and eNBs in a specific area, after exchanging V2X messages between V2X AS1, V2X AS2 and V2X AS3, the aggregated V2X messages are only transmitted on PLMN1’s carrier. I.e., DL carrier1 from PLMN1 transmits both V2X messages and non-V2X messages, while DL carrier2 from PLMN2 and DL carrier3 from PLMN3 only transmit non-V2X messages. For those vehicle UEs served by PLMN2 and PLMN3, they need to receive V2X messages transmitted from PLMN1’s network.
In order to receive the MBMS transmission from non-serving PLMN, UE should first read the USD to acquire the V2X service related information of other PLMNs, and then synchronize to other PLMN’s carrier to acquire V2X MBMS broadcast relevant SIB/MCCH/MTCH.
After SA2 #116 meeting, SA2 also agreed that the UE can receive the DL broadcast from the PLMN other than Serving PLMN based on the USD [3].
	[bookmark: _Toc452637941][bookmark: _Toc456770582][bookmark: _Toc456770968]6.3.1.2	USD provisioning for eMBMS communication
USD per PLMN for V2X Services is configured in the UE.
To provide a new USD or updated USD to the UE, existing MBMS service announcement mechanisms specified in TS 23.246 [4] and TS 26.346 [9] can be used. Also, the UE can obtain a new USD or updated USD from the V2X Application Server via V1 as described in TS 23.468 [11].
NOTE:	The UE can receive the DL broadcast from the PLMN other than Serving PLMN based on the USD obtained as described in this clause.



Observation 2: In regions where no dedicated or common spectrum for V2X communication is assigned and where overlapped by several PLMNs, after reading USD, vehicle can acquire V2X related information which is deployed and transmitted on its non-serving PLMN.
For the vehicle UE with multiple Rx chain, it could receive from its serving carrier and other PLMN’s carrier simultaneously. However, for the vehicle UE with single Rx chain, it is hard to receive the V2X messages on multiple carriers simultaneously. In order not to influence the normal reception on serving carrier, one possible way is to enforce vehicle UE to monitor non-serving carrier only on DRX occasion. However, reception of other PLMN’s carriers only on DRX occasion could not guarantee the vehicle UE to receive all its desired messages. Therefore, some enhancement would be considered. For example, the vehicle UE may request V2X reception gap from its serving eNB and then receive V2X message from other carriers during the V2X gap. In this way, the inter-PLMN MBMS reception could be realized without interfering normal reception on serving carrier.
Proposal 4: For vehicle UE with single Rx chain, some normative work (e.g., gap configuration) should be considered to support inter-PLMN inter-carrier MBMS reception. 
2.3. Service continuity between small V2X broadcast areas
The V2X message is broadcast in a small range of area taking the transmission vehicle UE as the center and the certain meters (e.g.300-500 meters) as the radius. When the transmission vehicle UE moves, the V2X broadcast area will be dynamic changed. Figure 2 gives an example of V2X broadcast area. In the example, only the serving cell and the surrounding neighbour cells of the transmission vehicle UE are assumed to be broadcast the V2X message sending by the transmission vehicle UE. When the transmission vehicle UE is in the cell 1, the V2X message should be broadcast in the broadcast area 1 including cell 1,2,5,6,11,12,13. The V2X broadcast area is changed as broadcast area 2 including cell 1,2,3,6,7,8,13, broadcast area 3 including cell 2,3,4,8,9,12,14, and broadcast area 4 including cell 3,4,9,10,14,15,16, along with the moving of transmission vehicle UE through the cell 2,3,4. 


Figure 2 Example of small and variable V2X broadcast area
Form the aspect of vehicle UE reception, seen as figure 1, when a vehicle UE moving from cell 1 to cell 2, it can receive V2X messages from broadcast area 1(red circle) and broadcast area 2 (green circle) to broadcast area 2 and broadcast area 3 (black circle). It means that after moving from cell 1 to cell 2, the vehicle UE will enter a new broadcast area 3 and will receive another V2X messages from broadcast 3.
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]No matter that these broadcast areas (e.g., 1, 2, 3, and 4) have the same or different TMGI, they are sure to have different MBMS bearers as well as different (SC-) MCCH/ (SC-) MTCH configuration. On the other hand, due to strict latency requirement of V2X service, after moving into a new broadcast area, the vehicle UE needs to establish new MRB and read V2X messages from the new broadcast area as soon as possible. 
According to current specification, the detail SIB13 /MCCH contents from neighbor cell are not configured in current cell’s SIB/MCCH, operator or V2X provider can deploy overlapped V2X broadcast areas to decrease the influence of V2X service reception interrupt. But in case of non-overlapped V2X broadcast areas, V2X service reception will be interrupted.
In the global MBMS deployment scenario, the MBMS service interrupt is not essential because the MBMS broadcast area is very large. But, for the V2X based broadcast, the V2X broadcast area is smaller than original global MBMS service area, so the frequency of V2X service interrupt is often, which is not acceptable for V2X service.
Observation 3: When a V2X service is deployed within several non-overlapped broadcast areas, the interrupt of V2X service reception is frequent and unacceptable when vehicle UE moving between them.
Proposal 5: It is necessary to support service continuity between neighboring V2X broadcast areas.
[bookmark: _Toc382931078]The issue of service continuity between different MBSFN areas has been studied in the GCSE SID. According to the study, when UE moving between MBSFN areas providing the same service, the main latency comes from UE acquiring and reading SIB13/MCCH in neighbor cell. Therefore, it is suggested that the serving cell broadcast the SIB13/MCCH content of neighbor cells so as to reduce the acquisition latency.
Proposal 6: Neighbor cell’s V2X configuration (e.g., SIB13/MCCH content) shall be broadcasted through serving cell.
3. Conclusion
After our analysis, we give our observations and proposals.
Observation 1: In regions where no dedicated or common spectrum for V2X communication is assigned and where overlapped by several PLMNs, V2X messages will be deployed and transmitted on one PLMN’s carrier and vehicle UEs need to receive V2X messages on its non-serving PLMN’s carrier.
Observation 2: In regions where no dedicated or common spectrum for V2X communication is assigned and where overlapped by several PLMNs, after reading USD, vehicle can acquire V2X related information which is deployed and transmitted on its non-serving PLMN.
Observation 3: When a V2X service is deployed within several non-overlapped broadcast areas, the interrupt of V2X service reception is frequent and unacceptable when vehicle UE moving between them.
Proposal 1: Shorter MCCH repetition period can be added, such as {rf2, rf4, rf8, rf16}.
Proposal 2: Shorter MCCH modification period can be added, such as {rf2, rf4, rf8, rf16, rf32, rf64, rf128, rf256, rf512, rf1024}
Proposal 3: Shorter MCH scheduling period can be can be added, such as {rf1, rf2, rf4, rf8, rf16, rf32, rf64, rf128, rf256, rf512, rf1024}
Proposal 4: For vehicle UE with single Rx chain, some normative work (e.g., gap configuration) should be considered to support inter-PLMN inter-carrier MBMS reception. 
Proposal 5: It is necessary to support service continuity between neighboring V2X broadcast areas.
Proposal 6: Neighbor cell’s V2X configuration (e.g., SIB13/MCCH content) shall be broadcasted through serving cell.
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