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1 Introduction

This paper focuses on how to enable the cross-carrier sidelink communication in V2x. For V2X, two possible frequency deployment scenarios can be considered:
· On 5.9 GHz band: which is considered the candidate ITS spectrum in different regions (e.g. US, Europe, China) [1]
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[2]. This band is likely meant to be used for PC5 only and it is not necessarily expected to have RAN cells deployed;
· On ~2 GHz band: this is the classic LTE band in which RAN cells can support V2V operations both over PC5 and Uu.
Among such scenarios, it is interesting to investigate the case in which cross-carrier configuration is performed on a carrier where there is no LTE coverage, as for the 5.9Ghz band case. An illustrative example of this operating scenario is provided in Figure 1.
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Figure 1 Scenario of V2x sidelink communication cross-carrier configuration

Proposal 1 To cover the case when there is no RAN cell deployed in the ITS spectrum, e.g. 5.9 Ghz, RAN2 should study how to provide cross-carrier configuration.
2 Discussion
2.1 Cross-carrier configuration for sidelink
According to TS 36.304, in-coverage / out-of-coverage detection depends on whether network coverage is available on the target sidelink carrier, so the UE would base the cell search operation on the presence of a cell at 5.9GHz ITS spectrum and evaluate the S-criterion accordingly. However, since it is not expected to have cellular coverage at 5.9GHz, the UE would conclude that it is out of coverage on the 5.9GHz ITS spectrum.  Hence, according to TS 36.331, for an out-of-coverage carrier, although sidelink communication transmission is allowed, the UE would rely on pre-configuration. Therefore, even though the UE is in coverage on an LTE carrier at ~2Ghz, it is not possible given current specification to cross-schedule the carriers at 5.9 Ghz, neither in mode 1, nor in mode 2 fashion.
Observation 1 Current specification does not allow to perform sidelink configuration (neither mode-1 nor mode-2) on a carrier, e.g. 5.9 GHz ITS spectrum, where there is no cellular coverage.
As previously mentioned, it is not expected at the moment to have wide LTE network coverage at 5.9GHz band; and even if available, it would be hard to achieve seamless coverage, meaning that sidelink operations in such band will be out-of-coverage in most cases. Therefore, the pre-configuration would be the only way for MNO to impose control on the resource usage on 5.9GHz. However, sidelink operations only based on pre-configurations might not be desired since RAN control is important to improve QoS perception of LTE based vehicle communication, compared to fully autonomous access scheme, e.g., IEEE 802.11p system. Therefore, we believe that it is beneficial if a V2X LTE system can support mode-3/mode-4 operations for a UE over the 5.9Ghz band, as long as the UE has available LTE cellular network coverage in other bands. 
Proposal 2 Network controls the UE’s PC5 operation for V2V (mode-3, mode-4) in out-of-coverage carriers (e.g., 5.9GHz ITS spectrum) provided that the UE is in coverage on another carrier.
2.1.1 Parameter provisioning
One question that arises is how the UE gets to know the Uu carrier in which PC5 cross-carrier configuration is performed.
· One baseline solution is to rely on UE itself to search all supported RF channels, to identify E-UTRAN cell where the cross-carrier configuration is provided in an authorized PLMN. The eNB can indicate in SIB whether cross-carrier configuration is provided or not for a certain frequency, e.g. by indicating the frequency in the resource pool configuration, and the eNB might also indicate the neighbouring frequencies (possibly belonging to another PLMN) in which sidelink cross-carrier configuration is provided;

· Another possible solution is to pre-configure the Uu frequency carrier providing cross-carrier scheduling information. One way is to do this via the authorization/provisioning procedure defined by SA2 in TS 23.285 where radio parameters are provisioned to RAN:
· The UE gets authorization to use V2X communications over PC5 reference point on a per PLMN basis in the serving PLMN by the V2X Control Function in the HPLMN.
If cross-carrier configuration is allowed for specific PLMN, the Uu carrier information can be included in the provisioned parameters sent from V2x control function in HPLMN. This is helpful for the UE to optimize the PLMN selection and cell search procedure by prioritizing the searching of Uu carriers which provide cross-carrier scheduling. In this way, the latency and complexity for UE to identify the Uu carrier is minimized.
Observation 2 Two solutions might be available for UE to identify the frequency carrier carrying V2x sidelink cross-carrier configuration: it can be either provisioned to UE via V3 interface beforehand, or it relies on UE itself to search it out.
Then for the two solutions, possible enablers are identified accordingly.

Proposal 3 The eNB may indicate in SIB21 the resource pool configuration to be applied in a certain sidelink carrier.
Proposal 4 The eNB may indicate in SIB21 the neighbouring frequencies (that may belong to another PLMN) in which resource pool configuration for a certain sidelink carrier is provided.

Proposal 5 If pre-configuration of Uu carriers that provide cross-carrier scheduling is considered beneficial, RAN2 send LS to SA2 asking to add this information into the parameter provisioned by V2X control function. 
2.1.2 Out-of-coverage criterion

In case the UE is not provided with any sidelink cross-carrier configuration by E-UTRAN, either because there is no cell coverage at the ITS spectrum or the serving cell does not provide any cross-carrier configuration or it does not indicate any neighbouring frequencies (of any PLMN) where resource pool configuration for a certain sidelink carrier is provided, pre-configuration can be used. This is different from ProSe case, where the pre-configuration can simply be used where there is no coverage on the ProSe carrier, i.e., cross-carrier configuration from E-UTRAN is not taken into account.

Proposal 6 Resource pre-configuration can be used if the UE is not provided with any sidelink cross-configuration by E-UTRAN in any authorized PLMN.
In any case, the above proposals does not seem to have impact on the TS36.304 and it is proposed to keep the legacy out-of-coverage definition therein. 
Proposal 7 Keep out of coverage definition in TS 36.304.

However, the definition of ‘not served by E-UTRAN’ in TS 23.285 which is used as application condition for pre-configuration, has to be clarified, considering that for ProSe it is limited to coverage status on the PC5 carrier only, i.e., from TS 23.303:

NOTE 2:
The "not served by E-UTRAN" cover the cases when the UE is not served by the E-UTRAN cell operating on the carrier frequency provisioned for ProSe Direct Communication.
Proposal 8 RAN2 send LS to SA2 to indicate possible change of the ‘not served by E-UTRAN’ definition in TS 23.285.
3 Conclusion

In section 2 we made the following observations:
Observation 1
Current specification does not allow to perform sidelink configuration (neither mode-1 nor mode-2) on a carrier, e.g. 5.9 GHz ITS spectrum, where there is no cellular coverage.
Observation 2
Two solutions might be available for UE to identify the frequency carrier carrying V2x sidelink cross-carrier configuration: it can be either provisioned to UE via V3 interface beforehand, or it relies on UE itself to search it out.

Based on the discussion in section 2 we propose the following:
Proposal 1
To cover the case when there is no RAN cell deployed in the ITS spectrum, e.g. 5.9 Ghz, RAN2 should study how to provide cross-carrier configuration.
Proposal 2
Network controls the UE’s PC5 operation for V2V (mode-3, mode-4) in out-of-coverage carriers (e.g., 5.9GHz ITS spectrum) provided that the UE is in coverage on another carrier.
Proposal 3
The eNB may indicate in SIB21 the resource pool configuration to be applied in a certain sidelink carrier.
Proposal 4
The eNB may indicate in SIB21 the neighbouring frequencies (that may belong to another PLMN) in which resource pool configuration for a certain sidelink carrier is provided.
Proposal 5
If pre-configuration of Uu carriers that provide cross-carrier scheduling is considered beneficial, RAN2 send LS to SA2 asking to add this information into the parameter provisioned by V2X control function.
Proposal 6
Resource pre-configuration can be used if the UE is not provided with any sidelink cross-configuration by E-UTRAN in any authorized PLMN.
Proposal 7
Keep out of coverage definition in TS 36.304.
Proposal 8
RAN2 send LS to SA2 to indicate possible change of the ‘not served by E-UTRAN’ definition in TS 23.285.
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