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Introduction
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]During RAN2#92, the V2X TP [1] was agreed after email discussion. Multiple carrier and multiple operator aspects were identified for V2X service. In these cases listed in the TP, a V-UE (Vehicle UE) that supports V2V service may belong to different operators and transmits/receives on different carriers. As required in TR 22.885 [2], a V-UE that supports V2V Service shall be able to support V2V message transmission and reception from other V-UEs that supports V2V Service in different PLMNs. 
After RAN2 #93 meeting, RAN2 has agreed that we will study impact of supporting inter-operator deployments.  This contribution is aimed to find out whether these V2V scenarios with multi-carrier and multi-PLMN requirement could be realized through the current specification from the perspective of RAN and provide the possible enhancement approach if necessary.
Discussion
In this section, we will focus on scenario 1 and scenario 2. Since scenario 3A and 3B are low priority and are hybrid of scenario 1and scenario 2, the observations and proposals of scenario 1 and scenario 2 also apply to scenario 3A and 3B. 
Analysis of Scenario 1


Figure 1: Scenario 1
As show in figure 1, a V-UE transmits a V2X message to multiple V-UEs at a local area in sidelink. There are five aspects described in TP. This contribution focuses on aspect 3 and aspect 4, which are Multi-carrier operation and Multi-operator operating. Since aspect 5 (Co-existing with Uu) is closely related to aspects 3 and 4. This contribution describes aspect 5 within analysis aspect 3 and 4.
Analysis of Multi-carrier operation
For scenario 1, the multi-carrier operation case 3A (UEs communicating over PC5 across a single carrier) can be achieved by R13 sidelink communication. As we know, in R13, all ProSe communication (for a UE) is performed on a single preconfigured Public Safety ProSe carrier, which is valid in the operating region. When it comes to the multi-carrier operation case 3B (as show in figure 2, UEs communicating over PC5 across multiple carriers), it is essentially not supported by the R13 sidelink communication. Although the inter-frequency support of sidelink communication had been discussed in RAN2#87bis, it focuses on the scenario that a UE that is camped or connected on one carrier but interested in ProSe operation on another carrier, instead of the PC5 over multiple carriers. 


Figure 2 3B case of Scenario 1
In order to support the multi-carrier operation case 3B, RAN2 is suggested to investigate the potential impacts on sidelink communication when relaxing the single ProSe carrier constraints. For transmission based on current specification, UE supporting sidelink communication can operate in two modes for resource allocation. One mode is Scheduled resource allocation; another is UE autonomous resource selection.  For transmission in case 3B, for mode of Scheduled resource allocation, eNB should consider support inter carrier scheduling. For example, when a V-UE requests transmission resources in one carrier from an eNB, the eNB should be able to allocate several carriers under the UE’s capability. If the V-UE supports CA capability, then the eNB may allocate resource of non serving carrier to the V-UE. When these carriers collocate on the same site, the eNB is able to allocate resource of these carriers. When these carriers locate on different sites, the eNB cannot allocate resource of non serving carriers unless these sites are connecting in ideal backhaul. In this way, V-UE is able to transmit V2X message via multiple carriers. In current specification, V-UE in mode of autonomous resource selection selects resources from resource pools broadcast by eNB. In case 3B, V-UE should be offered resource pools per carriers. In this way, V-UE is able to acquire multiple carrier information and starts to transmit.
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]In current specification, reception resource pool used for V-UEs in coverage is configured by the eNB via RRC signalling (i.e., dedicated or broadcasted). However, the reception resource is limited to one carrier for Prose. In order to support case 3B, eNB should offer reception resource per carrier basis.The eNB may provide reception resource of non serving carrier belonging to other operator. The eNB may also offer the operator’s information (i.e. PLMN) or frequency information with the resource. With the information, the V-UE is able to identify reception resource with corresponding carrier and operator information. 
Analysis of Multiple-Operator operation
For scenario 1, the operating case 4A (Single operator) can be achieved by R13 sidelink communication in single carrier scenario. 
The case 4B (A set of PC5 operation carrier(s) is shared by UEs subscribed to different operators) is further split into two cases based on aspect 5. Case 5A is V2X carrier is not shared with Uu carrier (e.g. dedicated V2X carrier). We name case 5A in case 4B circumstance as 4B-5A. Case 5B is V2X carrier(s) is shared with Uu carrier. We name case 5B in case 4B circumstance as 4B-5B. 
The 4B-5A has nothing to do with RAN sharing since RAN sharing only require Uu carrier to be shared with different Operators. In this case, eNB should provide shared dedicated V2X carrier to the V-UE. Then V-UE is able to transmit or receive on the shared carrier.


Figure 3 case 4B-5A of Scenario 1
As show in figure 3, Operator A and Operator B have independent E-UTRANs. The Uu communication of Operator A is on carrier 1 and Uu communication of Operator B is on carrier 2. V-UEs of Operator 1 communicate V2X message with V-UEs of Operator 2 via shared PC5 carrier(s). In other words, these V-UEs are communicating on dedicated V2X carrier(s). In this case, E-UTRAN of each operator should offer the transmission or reception resource of the dedicated carrier(s) to these V-UEs. In this way, V-UE is able to communicate with each other.
The 4B-5B requires the RAN sharing which depends on operator’s policy or operator’s deployment. The RAN sharing is already supported by the legacy cellular network and V2X operators could reuse the RAN sharing mechanism to support the Case 4B-5B. In this way, the V-UEs belonging to different operators could transmit or receive on the shared carrier. 


Figure 4 case 4B-5B of Scenario 1
As show in figure 4, the Uu communication is shared with V2X on carrier 1. If RAN sharing is used in this case, V-UEs belonging to different operators can acquire carrier information from shared carrier. In this way, the V-UEs of different Operator are able to communicate with each other.
Like case 4B, the case 4C (Each operator is allocated with a different carrier) is further split into two cases. One case is V2X carrier is not shared with Uu carrier (e.g. dedicated V2X carrier). We name this case as case 4C-5A. The other case is V2X carrier(s) is shared with Uu carrier. We name this case as case 4C-5B.
The 4C-5B could be achieved by transmitting V-UE sending V2X message on one carrier allocated to the operator which it belongs to. Meanwhile it could monitor the sidelink communication on other carriers of other operators if these operators are coordinated.  
The 4C-5A could be achieved as 4C-5B. The different is eNB should be able to provide dedicated V2X carrier information of other operator/carrier.  
The case 4D resembles the out of coverage (OOC) scenario in R13 sidelink communication. V-UEs could be preconfigured with sidelink resource for V2X communication. In this way V-UEs can communication with each other. 
Observation 1: The multi-carrier operation case 3B, the operating case 4B and 4C in Scenario 1 is in fact not supported by the R13 sidelink communication which assumes a single Public Safety ProSe carrier.
Proposal 1: In order to support V2X communication via multiple carriers, Sidelink communication should be enhanced on three aspects as list below: 
For transmission in Scheduled resource allocation mode, eNB should consider support inter-carrier scheduling.
For transmission in autonomous resource selection mode, eNB should offer transmission resource pools per carriers basis.
For monitor, eNB should offer reception resource per carrier basis.
Analysis of Scenario 2


Figure 5: Scenario 2
As show in figure 5, a V-UE transmits a V2X message to E-UTRAN in uplink and E-UTRAN transmits it to multiple V-UEs at a local area in downlink. There are six aspects described in TP. This contribution focuses on aspect 3 and aspect 4, which are Multi-carrier operation and Multi-operator operating.
Analysis of multi-carrier operation


[bookmark: OLE_LINK7]Figure 6 Case 3A-UL,3A-DL,3B-ULof scenario 2
As show in left part of figure 6, for multi-carrier operation in scenario 2, case 3A-UL (UEs performing uplink transmissions at a single carrier for V2X messages) and case 3A-DL (UEs performing downlink receptions at a single carrier for V2X messages) can be achieved by current LTE specification. For case 3B-UL (UEs performing uplink transmissions across multiple carriers for V2X messages), we assume this case can be interpreted into two cases: different V-UEs performing Uplink transmission on different carriers but a single V-UE does not transmit V2X message on multiple carriers simultaneously, or the V-UE performing uplink transmissions on multiple carriers with the support of CA or dual connectivity. Both of the cases could be supported by the current specification. As show in the right part of figure 6, if V-UE has CA capability and the network is also support CA scenario then a single V-UE is able to transmit V2X message on two carriers simultaneously.


Figure 7 Case 3B-DL
The case 3B-DL is show in figure 7. For case 3B-DL (UEs performing downlink receptions across multiple carriers for V2X messages), different downlink transmission technology could be considered, for example, unicast, MBSFN or SC-PTM. Suppose unicast is used for downlink transmission, the V-UE has to keep multiple unicast connections with different carriers. In our opinion, it is hard for V-UE to monitor the PDCCH of different carriers simultaneously unless the V-UE is capable of CA or dual connectivity. On the other hand, suppose MBSFN is used for downlink transmission, in order to receive V2X message from other carriers, the V-UE has to know the carrier information and supported V2X services. Service continuity design of eMBMS can be reused in this case, i.e., serving cell indicates in SystemInformationBlockType15 the MBMS SAIs of the current carrier and of each neighbour carrier. Based on the pre-configured USD info and SIB15, the V-UE could determine if the neighbour carrier support its interested V2X service. If yes, the V-UE may initiate the MBMS reception on other carriers. This procedure also applies to the SC-PTM reception on other carriers with the difference that the V-UE needs to receive the SIB20 instead of SIB15. However, after V-UE acquire neighbour carrier information which support desired V2X service, V-UE has to read complete corresponding scheduling control information (i.e. MCCH information) in order to start monitor. Receiving such control information of non-serving carrier costs lots time for V-UE. Therefore, in order to facilitate V-UE to acquire monitor resource of non-serving carrier, some enhancements need to be considering which is described in Section 2.2.3. 
In a sum, in order to facilitate the downlink reception across multiple carriers, it is suggested that the V-UE is capable of CA or dual connectivity. Otherwise, some enhancements need to be considered which is presented in Section 2.2.4.
Analysis of multiple-operator operation
For scenario 2, case 4A (Single operator operation) could be implemented by the current LTE implementation. For case 4B (A set of Uu operation carrier(s) is shared by UEs subscribed to different operators) requires the RAN sharing support. V2X operators could reuse the RAN sharing mechanism to support the case 4B. 
With regard to case 4C (Each operator is allocated with a different carrier for both uplink and downlink), it is suggested that the V-UE sends V2X message on one carrier allocated to the operator which it belongs to. Meanwhile it could receive the downlink transmission of V2X messages on other carriers of other operators if these operators are coordinated. In this way, the inter-PLMN operation could be realized in an efficient way.


Figure 8 Dedicated downlink of Case 4C
An special case in 4C is under FFS is the case where 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. There are two potential approaches for this case. The first approach is reusing ran sharing. However, as show in figure 8, it is impossible to apply RAN sharing for this case. Since RAN sharing in principal means share both uplink and downlink. Only share downlink carrier needs more specification effort on the RAN sharing. 
The second approach based on operator deployment policy layer. In this approach, a special operator is needed for shared downlink transmission. As show in figure 8, V-UE sends V2X message via uplink and the Operator (A, B) sends the message to the V2X server. V2X server routes the message to Operator C and transmits to other V-UEs. In this example, the Operator A B C uses carrier 1 2 3 respectively. To our understanding, the deployment is relatively static. We don’t think this approach is efficient.
In words, based on the above analysis, our understanding is this case will introduce deployment limitation and we propose to rule out it.
Observation 2: From the perspective of RAN, the multi-carrier and multi-operator operation for scenario 2 could be supported by existing LTE implementation. 
Observation 3: In order to facilitate the downlink reception across multiple carriers, it is suggested that the UE is capable of CA or dual connectivity.
Proposal 2: Rule out dedicated share downlink case of 4C. 
Enhancement on facilitate V-UE acquire reception resource
Take MBSFN used for downlink transmission as example, if V-UE wants to monitor V2X message from non-serving carrier. At first, the V-UE needs to acquire carrier information from serving cell. Then the V-UE needs to read scheduling control information (i.e.  MCCH) from BCCH on desired carrier. With scheduling control information (i.e.  MCCH), V-UE is able to acquire detail monitor resource information (i.e. MTCH) of the desired V2X traffic. In a word, it will take time for V-UE to acquire desired monitor resource. 
In order to facilitate V-UE to faster acquire desired reception resource, it is suggesting offering scheduling control information or detail receptionr resource information from serving cell. Serving cell may acquire desired information from X2 interface, M2 interface or O&M. Then serving cell offers V-UE of the information via RRC message. 
As show in figure 9, eNB 1 acquires scheduling control information or detail reception resource information from eNB 2 which belongs to different operator. Then eNB 1 offers the information to V-UE via broadcast RRC or Dedicated RRC messages. In this way, V-UE is able to acquire detail monitor resource direct from serving cell.


Figure 9: enhancement on facilitate V-UE acquire monitor resource
Proposal 3: In order to facilitate monitor of non-serving carrier V2X message, serving cell offers scheduling control information or detail monitor resource of neighbour non-serving carrier of different operators.
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]Enhancement on V2X message reception
When the V-UE does not support CA or dual connectivity, in order to receive V2X message on other carriers as well as its serving carrier, V-UE has to monitor PDCCH belonging to different carriers. In order not to interfere the normal reception on serving carrier, one possible way is to enforce V-UE to monitor non-serving carrier only on DRX occasion. However, reception of other carriers only on DRX occasion could not guarantee V-UE to receive all its desired messages. Therefore, some enhancement would be considered.
In order to improve V2X reception performance in case 3B-DL, the gap for V2X communication can be designed for the multiple carrier case. V-UE may obtain the eMBMS transmission occasion and request V2X gap from its serving eNB. Suppose the serving eNB configures the V2X gap to V-UE, V-UE may receive V2X message from other carriers during the V2X gap.
Proposal 4: In order to improve V2X reception performance, the V2X gap may be designed to support the multiple carrier scenarios.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Conclusion
In this contribution, we analyze whether multiple-carrier and multiple-operator scenario for V2X could be supported by current specification. Following observations and proposals are provided to guide the further study.
Observation 1: The multi-carrier operation case 3B, the operating case 4B and 4C in Scenario 1 is in fact not supported by the R12 sidelink communication which assumes a single Public Safety ProSe carrier.
Observation 2: From the perspective of RAN, the multi-carrier and multi-operator operation for scenario 2 could be supported by existing LTE implementation. 
Observation 3: In order to facilitate the downlink reception across multiple carriers, it is suggested that the UE is capable of CA or dual connectivity.
Proposal 1: In order to support V2X communication via multiple carriers, Sidelink communication should be enhanced on three aspects as list below: 
For transmission in Scheduled resource allocation mode, eNB should consider support inter carrier scheduling.
For transmission in autonomous resource selection mode, eNB should offer resource pools per carriers basis.
For monitor, eNB should offer monitor resource per carrier basis.
Proposal 2: Rule out dedicated share downlink case of 4C.
Proposal 3: In order to facilitate monitor of non-serving carrier V2X message, Serving cell offers scheduling control information or detail monitor resource of neighbour non-serving carrier of different operators.
Proposal 4: In order to improve V2X reception performance, the V2X gap may be designed to support the multiple carrier scenarios.
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