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1. Introduction

After the last RAN2 #93bis meeting, some agreements about inter-PLMN operation have achieved as below. 
	Scenarios

· Between V2P and P2V RAN2 will prioritize study of P2V.  

· V2P/P2V can be done over Uu

· Scenario 3 is de-prioritized for all the cases.  

· Scenario 2 is applicable to V2N/V2I/V2P/P2V

· Scenario 2 should separately describe the combination DL only and UL only.  

· The study in RAN2 does not considers the case that each operator is allocated with a different uplink carrier while a set of downlink operation carrier(s) is shared by UEs subscribed to different operators
· Inter-PLMN reception for DL broadcast is allowed.   

· The UE may receive on multiple DL carriers


As we can see, it is agreed to support the inter-PLMN and inter-carrier DL broadcast reception. 
In this paper, we investigate whether the current MBMS specification could support the inter-PLMN and inter-carrier broadcast reception. The potential issues and corresponding enhancements are discussed. Finally the corresponding text proposal for updating the TR 36.885 is provided.

2. Discussion

2.1. Possible multiple-PLMN deployment scenario

In the same geographic area (e.g., urban area), there are possibly several PLMN networks overlapping deployed by several operators (e.g., urban area in china, there are possibly deployed by China Mobile, China Union, China Telecom). For a vehicle UE, it shall receive all V2X messages transmitted from all operators in this geographic area. Figure 1 illustrates the typical scenario for the multiple-PLMN DL broadcast transmission. 
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Figure 1 Illustration for multiple-PLMN DL broadcast reception
In the left of figure1, all PLMN networks independently broadcast all V2X messages, which means that in a certain overlapping geographic area, the same V2X messages will be broadcasted several copies in each PLMN network. In the right of figure2, only one PLMN network broadcasts all V2X messages, which means that in a certain overlapping geographic area, the V2X messages will be broadcast once in one PLMN network.

· In a V2X service’s geographic area, operator1’s cell and operator2’s cell are overlapping. 

· Carriers (f11, f12) are deployed by operator1 and carriers (f21, f22) are deployed by operator2.

· V2X service is broadcasted several copies by each PLMNs (i.e., f12 and f22 in left figure) or once by one PLMN (i.e., f12 in right figure).

· UE1 camps on operator1’s cell and UE2 camps on operator2’ cell.

· In left figure, both UE1 and UE2 independently receive V2X service from its serving PLMN. In right figure, UE2 needs to receive V2X service from its non-serving PLMN.

In the left of figure1, this V2X delivery mechanism is simple and has less normative work for both LTE network and vehicle UE, but it will waste a large number of radio resources when each PLMN network transmits the same V2X messages in the same geographic area.

Observation 1: In the scenario of a geographic area overlapped by multiple-PLMN network, it will waste a large number of radio resources and is unacceptable when each PLMN network transmits the same copy of the V2X messages.

Proposal 1: RAN2 should exclude the V2X delivery mechanism that each PLMN network broadcasts the same copy of the V2X messages in the same geographic area overlapped by multiple PLMN networks.

In the right of figure1, this V2X delivery mechanism is good way to broadcast V2X message, however, it asks both LTE network and vehicle UE to improve for supporting inter-PLMN reception. In details, in TS36.300 [1], it states that the UE should read USD to find MBMS carrier, and in TS23.246 [2], it states that the USD is generated by BM-SC which belongs to one PLMN and a UE can only connect to one BM-SC belonging to its serving PLMN. So, a vehicle UE can receive multiple carriers only when these carries belongs to the same PLMN other than different PLMN.

Observation 2: According to current MBMS mechanism, the UE may receive on multiple DL carriers in case of these DL carries belonging to the same PLMN.

Observation 3: Current MBMS mechanism cannot support Inter-PLMN reception for DL broadcast.
Proposal 2: RAN2 should study to support inter-PLMN reception for DL broadcast.

2.2. Enhancement on supporting inter-PLMN reception for DL broadcast

· Improvement to User service description(USD)

In 36.300[1], when a vehicle UE wishes to receive V2X message via MBMS method, it shall firstly read USD in order to find its interesting MBMS service, e.g., TMGI, MBMS SAI, frequency, detailed as below.

	TS 36.300
To avoid the need to read MBMS related system information and potentially (SC-)MCCH on neighbour frequencies, the UE is made aware of which frequency is providing which MBMS services via MBSFN or SC-PTM through the combination of the following MBMS assistance information:
-
user service description (USD): in the USD (see 3GPP TS 26.346 [49]), the application/service layer provides for each service the TMGI, the session start and end time, the frequencies and the MBMS service area identities (MBMS SAIs, see definition in section 15.3 of 3GPP TS 23.003 [26]) belonging to the MBMS service area (see definition in 3GPP TS 23.246 [48]);
-
system information: MBMS and non-MBMS cells indicate in SystemInformationBlockType15 the MBMS SAIs of the current frequency and of each neighbour frequency.


Because the USD only has its serving PLMN’s MBMS service description, a vehicle UE cannot acquire V2X service description when it is broadcasted on another DL carrier belonging to other non-serving PLMN.
In our view, based on the current UE behavior for MBMS reception, the USD should add other non-serving PLMN’s user service description as well as serving PLMN’s.
Proposal 3: RAN2 should send LS to SA2 to study inter-PLMN DL broadcast transmission.
· Improvement to UE capability 
In the right of figure1, the vehicle UE camping on its serving PLMN needs to receive V2X messages carrying on another DL carrier which belongs to its non-serving PLMN, it means that the vehicle UE has to receive DL broadcast transmission by inter-PLMN operation.

In order to receive MBMS transmission on the known carrier from its non-serving PLMN, the following procedures are needed for vehicle UE. UE should read USD for acquiring V2X related information from other PLMN, then synchronize to that frequency for further acquiring V2X related SIB/MCCH/MTCH.
For the dual receiver UE, it is not problem to receive V2X service on other DL carrier. But, when the vehicle UE does not support dual receiver, in order to receive V2X message on other carriers as well as its serving carrier, the Vehicle UE has to monitor PDCCH belonging to different carriers. 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 carriers only on DRX occasion could not guarantee vehicle UE to receive all its desired messages. Therefore, some enhancement would be considered. The gap for V2X communication can be designed for the multiple-carrier case. The vehicle UE may obtain the eMBMS transmission occasion and request V2X gap from its serving eNB. Suppose the serving eNB configures the V2X gap to vehicle UE, vehicle UE may receive V2X message from other carriers during the V2X gap.

Observation 4: It is not problem for dual receiver UE to support inter-PLMN reception for DL broadcast

Proposal 4:  For single receiver UE, some normative work (e.g., gap) should be considered to support inter-PLMN reception for DL broadcast.

3. Conclusion

After our analysis, we give our observations and proposals, the corresponding Text Proposal is list as below and draft LS is attached as our another paper [3].
Observation 1: In the scenario of a geographic area overlapped by multiple-PLMN network, it will waste a large number of radio resources and is unacceptable when each PLMN network transmits the same copy of the V2X messages.

Observation 2: According to current MBMS mechanism, the UE may receive on multiple DL carriers in case of these DL carries belonging to the same PLMN.

Observation 3: Current MBMS mechanism cannot support Inter-PLMN reception for DL broadcast.
Observation 4: It is not problem for dual receiver UE to support inter-PLMN reception for DL broadcast

Proposal 1: RAN2 should exclude the V2X delivery mechanism that each PLMN network broadcasts the same copy of the V2X messages in the same geographic area overlapped by multiple PLMN networks.

Proposal 2: RAN2 should study to support inter-PLMN reception for DL broadcast.

Proposal 3: RAN2 should send LS to SA2 to study inter-PLMN DL broadcast transmission.

Proposal 4:  For single receiver UE, some normative work (e.g., gap) should be considered to support inter-PLMN reception for DL broadcast.
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5. Text proposal
>>>Start Changes<<<
4.2.2
Operation Aspects

RAN aspects for Uu-based V2X operation (Tx/Rx of V2X message) in this scenario are as follows:

· (Aspect 1) Operation bands used as test points for evaluation

· Case 1A: 6 GHz

· Case 1B: 2 GHz
NOTE: Case 1A may not be needed to be specifically simulated for uplink and downlink.

· (Aspect 2) eNB deployment consideration including possibility of network control

· eNB deployment and network control for radio resources are always assumed in uplink and downlink.

· (Aspect 3) Multi-carrier operation

For UL:

· Case 3A-UL: UEs performing uplink transmissions at a single carrier for V2X messages.

· Case 3B-UL: UEs performing uplink transmissions across multiple carriers for V2X messages.

For DL:

· Case 3A-DL: UEs performing downlink receptions at a single carrier for V2X messages.

· Case 3B-DL: UEs performing downlink receptions across multiple carriers for V2X messages.

· (Aspect 4) Operating scenarios

· Case 4A: Single operator operation (i.e. message exchange across operators are not assumed.)
· Case 4B: A set of Uu operation carrier(s) is shared by UEs subscribed to different operators. 
· In this case, UEs belonging to different operators transmit on the shared uplink carrier(s) while receiving on the shared downlink carrier(s).
· Case 4C: Each operator is allocated with a different carrier for both uplink and downlink. 

· In this case, a UE transmits only on the uplink carrier(s) allocated to the operator to which it belongs. The UE may receive on multiple DL carriers, i.e. UE receives on the downlink carrier allocated to the other operator as well as the downlink carrier allocated to the operator to which it belongs. 
· A UE is allowed to receive downlink broadcast of other operator.
NOTE1: The study excludes the case that each operator is allocated with a different uplink carrier while a set of downlink operation carrier(s) is shared by UEs subscribed to different operators. The study excludes the case that a set of uplink operation carrier(s) is shared by UEs subscribed to different operators while each operator is allocated with a different downlink carrier.
NOTE2: The study excludes the case that each PLMN network broadcasts the same copy of the V2X messages in the same geographic area overlapped by multiple PLMN networks.

· (Aspect 5) Co-existing with Uu/sidelink
· Case 5A: There is no sidelink traffic on the Uu operation carrier.

· Case 5B: The uplink carrier is shared with sidelink.
· NOTE1:
It is FFS whether the uplink carrier can be the dedicated operation carrier for V2X.
· NOTE2: According to current spec, a UE can only receive multiple DL carriers from the same PLMN.
· NOTE3: The study includes the case that a single receiver UE should be enhanced (e.g., gap) to receive multiple DL carriers.
Editor notes:
It is FFS whether the study will consider this aspect for Scenario 2.

· (Aspect 6) Single/multiple eNB
· Case 6A: Uplink reception and downlink transmission for the same message are performed by the same eNB.
· Case 6B: Uplink reception and downlink transmission for the same message are performed by different eNBs.
· In this case, uplink reception is performed by one eNB. But downlink transmission can be performed by different eNB(s) including the eNB which received the message.
Editor notes: The cases above will result in several combinations across the aspects. It is FFS whether all combinations will be considered in the study. The cases in each aspect above may co-exist.
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