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1 Introduction

Currently, 5.9GHz is adopted / being discussed as ITS spectrum in different regions, e.g., US., Europe, China [1]

 REF _Ref450826521 \r \h 
[2], where LTE network coverage (which is normally deployed at ~2GHz band nowadays) is not expected at the moment.
Considering all the on-going discussions in other 3GPP WGs, they all rely on RAN control on the PC5 carrier (e.g., 5.9GHz band) to take effect.

· In RAN1#85, agreements on mode-1/2 configuration of PC5, includes following  [3];
· Support cross carrier scheduling for sidelink SPS and dynamic scheduling for V2V with mode-1

· PC5-based V2V design will support the multiple-operator scenario but not be optimized for it.

· Details FFS, e.g.,
· How to handle timing difference between eNB timing and PC5 timing, when it exists

· PC5 resource partitioning among multiple operators
· Resource coordination across operators is out of 3GPP scope.
· In SA2, the discussion on QoS handling for PC5 based messages TR 23.278;

This paper focuses on how to enable the cross-carrier sidelink communication configuration in V2x in RAN2, as described in the following figure, where it is assumed 
· On 5.9 GHz band: it is used for ITS traffic relying on PC5 interface only, no LTE networks coverage present;
· On ~2 GHz band: there is LTE network coverage available, on which the UE is camped on, and communicate with RAN using Uu interface;
Among such scenarios, it is interesting to investigate the case in which cross-carrier scheduling is performed on a carrier where there is no LTE coverage.
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Figure 1 Scenario of cross-carrier sidelink communication configuration

Proposal 1 RAN2 should study the case in which no RAN cells are deployed in the ITS spectrum, e.g. 5.9 Ghz.
2 Discussion
2.1 Cross-carrier sidelink communication configuration 

According to TS 36.304, in-coverage / out-of-coverage detection fully depends on whether network coverage is available on the target sidelink carrier, so the UE would base the cell search operation on for example the presence of a cell at 5.9GHz ITS spectrum, in order to evaluate the S-criterion. However, since there is no 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 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 hard to expect at the moment wide LTE network coverage at 5.9GHz band at the moment; 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, as typical ITS spectrum nowadays. However, sidelink operations only based on pre-configurations might not be desired since RAN control is important here 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-1/mode-2 operations over the 5.9Ghz band as long as there is available LTE cellular network coverage in other bands. 
Proposal 2 Network controlled PC5 multi-carrier operation (mode-1, mode-2) is allowed for out-of-coverage scenario (e.g., 5.9GHz ITS spectrum) provided that the UE is in coverage on another carrier.
If scenarios in which cell deployment at 5.9 GHz are possible, we believe that it is beneficial if the UE can signal to the LTE cell in which the UE is camping that whether there is no cell in the interested 5.9 Ghz band. In this way, the eNB can provide the proper sidelink resource configuration for that cell or not. Obviously, if a cell is present in the band of interest, the UE would just need to follow the sidelink resource configuration (mode-2/mode-1) provided by that cell. To implement this, A4 event measurement report can be reused.
Proposal 3 A4 event measurement report can be reused by UE to report its coverage status with respect to a carrier of interest, in order to enable the serving eNB to decide whether to provide cross-carrier sidelink configuration for the interest carrier.

Besides the measurement report on Uu coverage status, it is also beneficial to report PC5 activity status, i.e., the CBR (channel busy ratio), to optimize network control on sidelink resources utilization, especially for mode-1 type scheduling. It is not only for cross-carrier case, but also for self-carrier case. More details are given in [4].

On the other hand, as proposed in our companion paper [4], in case the UE does not have any cell coverage at all, pre-configuration can be used. Such pre-configuration can follow for example a resource partition of the spectrum of interest according to regional regulation.

Proposal 4 Resource pre-configuration can be used if no cell coverage is detected neither in a serving carrier nor in a non-serving V2X carrier of interest.
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.

Based on the discussion in section 2 we propose the following:
Proposal 1
RAN2 should study the case in which no RAN cells are deployed in the ITS spectrum, e.g. 5.9 Ghz.
Proposal 2
Network controlled PC5 multi-carrier operation (mode-1, mode-2) is allowed for out-of-coverage scenario (e.g., 5.9GHz ITS spectrum) provided that the UE is in coverage on another carrier.
Proposal 3
A4 event measurement report can be reused by UE to report its coverage status with respect to a carrier of interest, in order to enable the serving eNB to decide whether to provide cross-carrier sidelink configuration for the interest carrier.
Proposal 4
Resource pre-configuration can be used if no cell coverage is detected neither in a serving carrier nor in a non-serving V2X carrier of interest.
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