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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]

 REF _Ref450826521 \n \h 
[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

2 Discussion
2.1 Cross-carrier configuration for sidelink
According to TS 36.331, for mode-3, v2x-InterFreqInfoList in RRCConnectionReconfiguration gives a definition of CIF to be used in DCI format 5A, which can be used to schedule V2x sidelink communication transmission on carriers which can be different from the frequency of serving cell.
Observation 1 Current specification only allows cross-carrier sidelink scheduling for mode-3 V2x communication transmission.
Therefore, in order to impose network control in a cross-carrier manner for not only network scheduled resource selection, but also autonomous resource selection, it has to extend the cross-carrier configuration capability to mode-4. Furthermore, since cross-carrier configuration is implemented for transmission, it would necessary that it is extended to reception configuration as well. This is similar to the solution used for inter-PLMN discovery defined in Rel-13.
Proposal 1 Extend cross-carrier sidelink configuration from mode-3 to mode-4.
Proposal 2 Extend cross-carrier sidelink configuration to reception pool configuration.

2.2 Cell re-selection procedure
One question that arises is how for the UE to camp on the Uu carrier in which cross-carrier configuration is performed. If UE follows the legacy LTE cell re-selection procedure to camp on a cell. The result would be 

1) If SIB is used to prioritize the carrier where the cross-carrier configuration is delivered: this would cause both V2x and non-V2x UEs to camp on the same Uu carrier, i.e., unnecessarily high load at the Uu carrier.

2) Else if the camped cell is not on the carrier where the cross-carrier configuration is delivered: the UE would have to follow pre-configuration to performance V2x sidelink communication at the ITS spectrum. This would prevent the operator to control the V2x sidelink communication, and furthermore, would cause the scenario where some UEs using pre-configuration co-exist with some other UE using cross-carrier configuration to performance V2x sidelink communication, although both types of UEs are within cellular coverage at ~2GHz frequency carrier.

3) Else if RRCConnectionRelease is used to prioritize the carrier where the cross-carrier configuration is delivered: this would result in unnecessary signalling overhead for every V2x UE, which is not resource efficient considering the large traffic load of vehicles in urban scenario TR 36.885.
Observation 2 The legacy LTE cell re-selection mechanism cannot support cross-carrier configuration of V2x sidelink communication efficiently.
According to the current specification TS 36.304, highest priority would only be given to the frequency carrier where the V2x sidelink communication is performed, e.g., the 5.9GHz.

	[…]

If the UE capable of V2X sidelink communication is configured to perform V2X sidelink communication and can only perform the V2X sidelink communication while camping on a frequency, the UE may consider that frequency to be the highest priority.
[…]


To solve the problem stated above, the sidelink carrier prioritization can be extended from self-carrier to cross-carrier case, i.e., 

1) Highest priority can be given to the carrier where the V2x sidelink communication is performed;

2) Or if no cellular coverage detected at the carrier, second highest priority can be given to the carrier where the cross-carrier configuration is delivered;

3) For other frequency carriers, follow the legacy LTE cell reselection procedure;
Please note that the proposal here does not revert the R-criterion which is used to rank the cells on the frequency carriers having same priority levels.

Proposal 3 Enhance the cell reselection to prioritize the carrier where the cross-carrier configuration is delivered.
2.3 Parameter provisioning
Given proposal of prioritizing the carrier where the cross-carrier configuration is delivered, the next question is how for the UE to know which carrier that is.

· One baseline approach is to rely on UE itself to search all supported RF channels, to identify E-UTRAN cell where the cross-carrier configuration is provided (e.g., in SIB21) in an authorized PLMN. 
· This solution requires no further signalling support, but is power and latency consuming since it fully relies on the UE to do exhaustive searching.

· Another possible approach is to pre-configure the Uu frequency carrier where the cross-carrier configuration is delivered, i.e., if cross-carrier configuration is allowed for specific PLMN, the Uu carrier information can be included in the provisioned parameters in UICC and/or ME or by V2x control function.
· In this way, the latency and complexity for UE to identify the Uu carrier is minimized.
Therefore, we prefer the latter option.
Proposal 4 The information of frequency carrier carrying the cross-carrier configuration is preconfigured.
Since it is the scope of SA2 to define parameter provisioning solutions, given the above proposal, an LS is needed to ask confirmation from SA2 on it. A drafted LS is available in [3].
Proposal 5 RAN2 send LS to SA2 asking to add this carrier information into the parameter provisioned.
2.4 Out-of-coverage criterion

If there is no cellular coverage in the ITS spectrum, and the UE is not provided with any sidelink cross-carrier configuration by E-UTRAN, pre-configuration can be used. 
Proposal 6 Pre-configuration is used if the UE does not find any cell where V2x sidelink communication can beperformed, or any cell where the cross-carrier configuration is delivered.
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.

Therefore, the definition of ‘not served by E-UTRAN’ in TS 23.285 which is used as applicable condition for pre-configuration, has to be clarified, considering that for ProSe it is limited to coverage status on the PC5 carrier only,
	If the UE intends to use radio resources (i.e. carrier frequency) for V2X service that are not operated by the UE's serving cell or if the UE is out of coverage, the UE shall search for a cell in any PLMN that is operating the provisioned radio resources (i.e. carrier frequency) as defined in TS 36.300 [10] and TS 36.304 [22], and:
[…]

-
If the UE does not find any such cell in any PLMN, then the UE shall consider itself "not served by E-UTRAN" and use radio resources provisioned in the ME or the UICC. If no such provision exists in the ME or the UICC or the provision does not authorize V2X communications over PC5 reference point then the UE is not authorized to transmit.


And further 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.


Therefore, it is proposed to send LS to SA2 to clarify it for V2x, for which a drafted LS is available in [3].
Proposal 7 RAN2 send LS to SA2 to indicate 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 only allows cross-carrier sidelink scheduling for mode-3 V2x communication transmission.
Observation 2
The legacy LTE cell re-selection mechanism cannot support cross-carrier configuration of V2x sidelink communication efficiently.


Based on the discussion in section 2 we propose the following:
Proposal 1
Extend cross-carrier sidelink configuration from mode-3 to mode-4.
Proposal 2
Extend cross-carrier sidelink configuration to reception pool configuration.
Proposal 3
Enhance the cell reselection to prioritize the carrier where the cross-carrier configuration is delivered.
Proposal 4
The information of frequency carrier carrying the cross-carrier configuration is preconfigured.
Proposal 5
RAN2 send LS to SA2 asking to add this carrier information into the parameter provisioned.
Proposal 6
Pre-configuration is used if the UE does not find any cell where V2x sidelink communication can beperformed, or any cell where the cross-carrier configuration is delivered.
Proposal 7
RAN2 send LS to SA2 to indicate change of the ‘not served by E-UTRAN’ definition in TS 23.285.
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