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1. Introduction
During the previous email discussion [1] and V2X reference call [2] about multi-carrier, some progress has been achieved on inter-carrier configuration. However, there are still some issues left to be FFS. In this paper we will discussion the following issues and give our solutions:

· How to define the carrier used to carry inter-carrier configuration

· UE how to select the multiple TX/RX corresponding to multiple V2X carriers

· Enhancement of UESidelinkInformation due to inter-carrier configuration
Besides, the impact of inter-carrier configuration on power control of PC5 TX will be considered in this paper.
2. Discussion
2.1. Carrier Used to Carry Inter-carrier Configuration

It is highly debated that how to prioritize the Uu carrier carrying inter-carrier configuration. According to the discussion, there are two options which are more preferred by the companies:

· Option 1: To rely on pre-configuration by V2X control function, USIM and / or ME

· Option 2: To follow legacy LTE procedure to select the preferred Uu carrier

In our opinion, option 1 is more reasonable, because it is more efficient for UE to find the carrier used to carry inter-carrier configuration. It has been pointed out that the benefit of option 2 is no specification impact introduced. However, if the Uu carrier selected following legacy procedure does not provide inter-carrier configuration, UE would use the pre-configured TX/RX resource pool. In this light, UE is more likely to use the preconfigured resource pool in Option 1 compared with Option 2, which will decrease our effort on inter-carrier configuration. 
Proposal 1: The carriers used to carry inter-carrier configuration are pre-configured to V2X UEs.
Furthermore, when UE becomes interested to perform V2X communication, the serving cell would not be appropriate (e.g. serving cell is not on V2X carrier or pre-configured carrier used to carry inter-carrier configuration). In this case, the cell selection/reselection due to performing V2X should be processed. For the V2X UEs cannot find a suitable cell on the frequency it is interested to perform V2X communication on, the pre-configured carrier(s) used to carry inter-carrier configuration should be prioritized for cell selection/reselection. When the serving cell is not appropriate for V2X communication, V2X UE performs cell/reselection following the priority:
· To search a suitable cell on the V2X frequency UE is interested to perform V2X communication on (priority 1)
· To search a suitable cell on the pre-configured frequency used to carry inter-carrier configuration (priority 2)
Proposal 2: In case the serving cell does not provide V2X configuration on concerned frequency or UE does not have a serving cell, V2X UE performs cell selection/reselection following the priority:
· To search a suitable cell on the V2X frequency UE is interested to perform V2X communication on (priority 1)
· To search a suitable cell on the pre-configured frequency used to carry inter-carrier configuration (priority 2)
2.2. Selection of TX/RX Resource

According to the V2X reference call [1], the following issue is listed as FFS:

	For inter-carrier configuration of mode-4, the selection of the carrier and corresponding TX/RX resource pool is up to UE implementation.   FFS if some additional mechanisms/configuration is needed.


Considering V2X reception, if the multiple V2X carriers and corresponding RX resource pools are indicated in the cell selected to monitor V2X. In principle, UE should monitor all the RX resource pools provided in SIB21, otherwise V2X message sent by UEs in vicinity would be missed. However, the number of RF chains is FFS and it might at least equal to the number of safety-related ITS carriers according to previous RAN2’s work assumption. In this light, UE should select at least all the RX resource pool on safety-related ITS carriers. Based on the discussion above, the following proposal is made:
Proposal 3: If multiple RX resource pool corresponding to different dedicated V2X carriers are provided, the UE should 

· select all RX resource pool corresponding to safety-related dedicated V2X carrier (high priority)

· select RX resource pool corresponding to other dedicated V2X carrier as much as possible based on UE’s implementation

Based on this, UE must be able to distinguish the safety-related dedicated V2X carriers. Since the usage of dedicated V2X carriers highly depends on ITS. Therefore, for eNB and UE, the usage of each dedicated V2X carrier would be pre-defined.
Observation 1: The usage (e.g. safety/non-safety) of each dedicated V2X carrier is pre-defined for eNB and V2X UEs.

As for the selection of multiple TX resource pools provided, in our opinion, it is can be left for UE implementation. However, some impact due to inter-carrier configuration should be considered as well. Previously, UE selects the TX resource pool provided by serving cell/primary cell only if it is on the frequency which UE interested to perform V2X on. Now, UE should further judge whether serving cell carriers the inter-carrier configuration it is interested in. With respect to this, we further propose:

Proposal 4: UE can use the inter-carrier configuration of TX resource provided by serving cell, no matter whether the serving cell is on a V2X carrier.

Proposal 5:   If multiple set of valid TX resources corresponding to different V2X carriers are provided, the selection is based on UE’s implementation.
Inter-carrier configuration of TX resource can be provided by SIB21 (mode-4) or dedicated RRC signalling (mode-3 or mode-4). If the TX resource pool is provided in SIB21, of course, UE can use it directly. Otherwise, whether UE should enter RRC_CONNECTED to require inter-carrier configuration? One potential solution is that SIB21 indicates for which V2X frequency inter-carrier configuration is supported. In this way, RRC_IDLE UE can enter RRC _CONNECTED to request TX resource, if serving cell’s SIB21 indicated the inter-carrier configuration is supported for the interested frequency. Otherwise, UE can be based on cell reselection to find an appropriate cell.
Proposal 6: SIB21 can indicate for which V2X frequency the inter-carrier configuration is supported.
With inter-carrier configuration, UE could use network-configured TX/RX resource even on V2X frequency where no eNB deployed. However, in current specification, if UE is out of coverage on the V2X carrier, it will always use the preconfigured TX/RX resource pool. To handle this problem, there are two potential alternatives:

· Alt1: Modify the V2X resource acquirement behaviour of OOC

· For OOC V2X UE, if it can find any suitable serving/primary cell support inter-frequency configuration for the concerned frequency. It use the network-configured TX/RX resource provided by the serving/primary cell

· Otherwise, it use the pre-configured TX/RX resource pool

· Alt 2: Modify the criteria of OOC for V2X communication

· If the UE does not detect any cell on the frequency(s) which UE is configured to perform V2X sidelink operation fulfilling the S criterion and UE does not detect any cell can provide inter-carrier configuration on the frequency(s) which UE is configured to perform V2X sidelink.
Proposal 7: Use Alt1 or Alt 2 to guarantee the inter-carrier configuration is applicable for UE interested to perform V2X communication on 6GHz (where no eNB is deployed).
2.3. UESidelinkInformation

During the reference call, the following agreement about UESidelinkInformation enhancement due to inter-carrier configuration has been made:

	Enhance SidelinkUEInformation signalling to allow UE to report multiple interested carriers for V2X sidelink transmission/reception.  FFS what and how this information is used or chosen by the UE (e.g. safety/non-safety).


Accordingly, the usage of multiple interested carriers reporting in SidelinkUEInformation is not clear. Some indicates that the interested carriers can be chosen based on UE needs to perform safety or non-safety service. In our option, it is not very significant for UE to report multiple interested carriers. Because, eNB is aware of the frequencies UE can perform V2X communication on based on UE capability, in addition, eNB knows the frequencies used for safety/non-safety service. However, UE reports its interest on safety/non-safety is necessary. This can help eNB to provide corresponding V2X resource to UE or handover UE to an appropriate cell.

Proposal 8: UE should indicate whether it is interested in safety or non-safety service, this can be indicated individually or with the corresponding frequency information.
2.4. Power Control

With introduction of inter-carrier configuration, there is a new case of PC5 control as for legacy sidelink PC5 and Uu transmission on shared frequency or PC5 transmission is out of coverage. Specifically, three case of PC5 power control exist in V2X:
· Legacy case 1: Uu and PC5 communication on shared carrier. As specified in D2D, PC5 power control use the same parameter “ PCMAX” as indicated by SIB1 of serving cell or by Handover command. In order to avoid Uu TX from being interfered by PC5 TX, here a common PCMAX.
· legacy case 2: PC5 communication is out of coverage (no inter-carrier configuration is found). In this case, the parameter “ PCMAX,PSSCH” is pre-configured (i.e. in SL-Preconfiguration).
· New case 3: PC5 communication is performed on 5.9GHz where no eNB is deployed while the sidelink resource is configured by a cell on 2.6GHz. The PC5 TX and Uu TX are performed on different frequency. In this case, it is not necessary to relate PC5’s transmitting power to Uu’s transmitting power. And it is better to allow transmitting power of PC5 to be 23dBm (max transmitting power of V-UE) when congestion does not occur, which is beneficial for the reliability of V2X. With respect to this, in case of inter-carrier configuration, the “ PCMAX,PSSCH” used for PC5 TX should be independently with that “ PCMAX” of Uu TX.
Proposal 9: In case of inter-carrier configuration/scheduling, the “PCMAX,PSSCH” should be configured independently with current “PCMAX” in SIB1/handover command.
Proposal 10: For the “PCMAX,PSSCH” dedicated for inter-carrier configuration, it can be configured by SIB1, Handover command or SIB21.
3. Proposal
In this contribution, we discuss the inter-carrier configuration in V2X. The following proposals and observations are made:
Proposal 1: The carriers used to carry inter-carrier configuration are pre-configured to V2X UEs.
Proposal 2: In case the serving cell does not provide V2X configuration on concerned frequency or UE does not have a serving cell, V2X UE performs cell selection/reselection following the priority:

· To search a suitable cell on the V2X frequency UE is interested to perform V2X communication on (priority 1)

· To search a suitable cell on the pre-configured frequency used to carry inter-carrier configuration (priority 2)

Proposal 3: If multiple RX resource pool corresponding to different dedicated V2X carriers are provided, the UE should 

· select all RX resource pool corresponding to safety-related dedicated V2X carrier (high priority)

· select RX resource pool corresponding to other dedicated V2X carrier as much as possible based on UE’s implementation

Observation 1: The usage (e.g. safety/non-safety) of each dedicated V2X carrier is pre-defined for eNB and V2X UEs.

Proposal 4: UE can use the inter-configuration of TX resource provided by serving cell, no matter whether the serving cell is on a V2X carrier.

Proposal 5: If multiple set of valid TX resource provided, the selection is based on UE’s implementation.

Proposal 6: SIB21 can indicate for which V2X frequency the inter-carrier configuration is supported.

Proposal 7: Use Alt1 or Alt 2 to guarantee the inter-carrier configuration is applicable for UE interested to perform V2X communication on 6GHz (where no eNB is deployed).

Proposal 8: UE should indicate whether it is interested in safety or non-safety service, this can be indicated individually or with the corresponding frequency information.

Proposal 9: In case of inter-carrier configuration/scheduling, the “PCMAX,PSSCH” should be configured independently with current “PCMAX” in SIB1/handover command.

Proposal 10: For the “PCMAX,PSSCH” dedicated for inter-carrier configuration, it can be configured by SIB1, Handover command or SIB21.
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