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1 Introduction

In [1], multi-carrier operation for PC5 interface is captured as one aspect of Scenario 1 and Scenario 3 as follows.
· (Aspect 3) Multi-carrier operation

· Case 3A: UEs communicating over PC5 across a single carrier.

· Case 3B: UEs communicating over PC5 across multiple carriers.

In RAN2#95bis, the following agreement was reached;
	Agreements:

· Working assumption: For sidelink V2V, we assume that the number of receiver chains is at least equal to number of ITS dedicated carriers (FFS if this is for safety only carriers or for all dedicated carriers) in addition to the receiver chain required for Uu. 


In RAN2#96, a LS [3] is sent to SA1 and SA2 (CC to RAN1 and RAN4), raising the question that:
	What is the maximum number of carriers of PLMNs in which the UE should receive V2X messages via Uu interface or PC5? Or are there any guidelines or requirements on the number of carriers/PLMNs in which the UE should receive V2X messages via Uu interface or PC5?


In this paper, we focus on remaining issues of the multi-carrier operation for PC5 based communication. 
2 Discussion
In this section we describe the impact from multi-carrier operation on two aspects, the impact on network configuration, and the impact on UE capability signalling.
According to the updated WID from RAN#74 [4], the objective of PC5 multi-carrier is limited to band 47.

f) Simultaneous PC5 operations over multiple carriers that may or may not be adjacent [RAN4, RAN2].
[…]

For objectives f and g, the following prioritization shall be considered:

i) Specify the following scenarios with first priority.

(1) Band 47 + Band 47 (Contiguous concurrent operation), Band 47 + Band X (Uu for V2X service), Band 47 + Band  Y (Uu for non-V2X service)
Observation 1 The study on simultaneous PC5 operations over multiple carriers is limited to 5.9GHz (band 47) in Rel-14 V2x WI.
2.1 Impact on network configuration
2.1.1 RX pool configuration

At least for the safety services, it is important that each UE does not miss any message from transmitting UEs in the proximity. This mandates that the receiver chain(s) must be activated at least on every safety carrier which might be used by transmitter(s) in order to avoid packet loss. 
Observation 2 It is important to minimize packet loss for V2x safety service.
In more details, it requires:

· If more than one carrier has to be used for the safety service, the UE must be capable of simultaneously receive in multiple carriers (possibly belonging to different operators) to avoid packet loss;

· To ensure a consistent service among UEs in a cell and across neighboring cells, the decision which carriers to monitor cannot be made dynamically by the UE or at the eNB. Instead we assume that the carriers used for safety services are fixed by regional regulation, which is also the assumption in RAN4 based on the current status of ITS spectrum regulation by FCC and ETSI [2].
Proposal 1 Network can configure mandatory reception pools for receiving V2X sidelink communication over multiple carriers.
In order to support RRC_IDLE UEs and out-of-coverage UE, the RX pool configuration should be included in SIB and pre-configuration. And as stated above, the RX pool should be a common configuration instead of UE-specific configuration, it does not have to be included in RRC dedicated signalling.

Proposal 2 It should be possible to indicate reception pools for V2x sidelink communication for multiple carriers in SL-V2X-ConfigCommon and SL-V2X-Preconfiguration.
2.1.2 TX pool configuration
Since the high load challenge for V2x is due to the high UE density instead of bandwidth requirement per UE, there is no need for a single UE to support simultaneous PC5 transmission on multiple carriers for V2x sidelink communication.
Proposal 3 RAN2 not work on simultaneous transmission on multiple carriers for V2x sidelink communication.
In order to support RRC_IDLE UEs and out-of-coverage UE, the TX pool configuration on different carriers should be included in SIB and pre-configuration. Besides, indication in RRC dedicated signalling is useful to support mode-3 as already defined in TS 36.331, and it is also helpful for mode-4 UE of RRC_CONNECTED since network can further optimize carrier selection based on UE capability signalling and SidelinkUEInformation signalling containing frequency interest.
Proposal 4 Indicate transmission pools for V2x sidelink communication over multiple carriers in SL-V2X-ConfigCommon, SL-V2X-ConfigDedicated and SL-V2X-Preconfiguration.
2.2 Carrier selection for transmission
Given that TX resource pool are provided on multiple carriers yet transmission is only to happen on one carrier, one question here is how for the UE to select from multiple carriers.
2.2.1 Mode-3
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 multiple carriers. In this way, the carrier selection is controlled by network side.
Observation 3 Mode-3 already supports carrier selection for V2x sidelink communication transmission under network control.
2.2.2 Mode-4
For mode-4, considering RRC_IDLE UEs and out-of-coverage UE which is out of network control, the carrier selection can be decided by UE implementation, i.e., it is up to UE implementation to decide which carrier to select when multiple is provided. There is no need to specify the procedure of UE implementation of carrier selection for mode-4 in specification.
Proposal 5 For RRC_IDLE UE and out-of-coverage UE in mode-4, it is up to UE implementation to do carrier selection for V2x sidelink communication, within the carrier(s) included in SL-V2X-ConfigCommon.
When it is fully to up implementation to select carriers when the UE is in RRC_IDLE state or out of coverage, the network can optimize the carrier selection for RRC connected UE, where the network can obtain UE capability information and frequency interest information, and it is benefit to balance / optimize the system load by network control. This can be easily implemented by include a single / fewer carrier(s) in RRC dedicated signalling. And if more than one carrier is provided in RRC dedicated signalling, it is up to UE implementation to decide which carrier to select, similar to the case for RRC_IDLE UE and out of coverage UE.
Observation 4 For RRC_CONNECTED UE in mode-4, network can control the carrier selection for V2x sidelink communication using SL-V2X-ConfigDedicated.

Proposal 6 For RRC_CONNECTED UE in mode-4, it is up to UE implementation to do carrier selection for V2x sidelink communication, within the carrier(s) included in SL-V2X-ConfigDedicated.
When it is up to UE implementation to select and re-select carriers for V2x sidelink communication transmission, we should avoid increased resource re-selection in the system, which is harmful for the stability of interference environment – that is the premise of sensing-based resource selection scheme in mode-4. Therefore, carrier re-selection should NOT be seen as an additional trigger for resource re-selection for sensing-based resource selection in mode-4, i.e., resource re-selection can only be triggered by the defined conditions given in current MAC specification TS 36.321. When resource re-selection is triggered, the carrier can be selected or re-selected by UE implementation, but not further changed until next resource re-selection being triggered.
Proposal 7 Carrier re-selection can only be done when resource re-selection is triggered, and the selected carrier should not be further changed until next resource re-selection being triggered.
2.3 Impact on UE reporting
UE capabilities for ProSe operations have been specified in 3GPP Rel-12. UE signals its transceiver capabilities by indicating to the eNB 
1) The band(s) in which ProSe operations are supported. 
2) For each band combination of Uu operation, which are the ProSe bands in which simultaneous reception (and possibly transmission) of PC5 and Uu is supported. 

Therefore, with current capability signalling, the UE cannot indicate 
1) which are the PC5 bands in which simultaneous transmission/reception over multiple carriers on the PC5 bands are supported. 
2) Whether Uu operation is supported, in those bands in which the UE supports simultaneous PC5 transmission/reception over multiple carriers.
Enhancing capability signalling is thus needed in order to allow the eNB to perform a proper multi-carrier scheduling, for which a CR [5] is provided.
Proposal 8 Enhance UE capability signalling to indicate the Tx / Rx chain capability of V2x sidelink communication over multiple carriers. 
Furthermore, similar to Rel-13 inter-PLMN discovery where the SidelinkUEInformation was enhanced to include TX frequency interest on multiple carriers, similar enhancement for V2x communication would benefit network control on carrier selection. One example is that the UE may indicate whether it is interested in non-safety message or not, which is to be carried on specific carriers.
Proposal 9 Enhance SidelinkUEInformation to indicate UE interest of support V2x sidelink non-safety communication over specific carrier(s). 
3 Conclusion

In section 2 we made the following observations:
Observation 1
The study on simultaneous PC5 operations over multiple carriers is limited to 5.9GHz (band 47) in Rel-14 V2x WI.
Observation 2
It is important to minimize packet loss for V2x safety service.
Observation 3
Mode-3 already supports carrier selection for V2x sidelink communication transmission under network control.
Observation 4
For RRC_CONNECTED UE in mode-4, network can control the carrier selection for V2x sidelink communication using SL-V2X-ConfigDedicated.


Based on the discussion in section 2 we propose the following:
Proposal 1
Network can configure mandatory reception pools for receiving V2X sidelink communication over multiple carriers.
Proposal 2
It should be possible to indicate reception pools for V2x sidelink communication for multiple carriers in SL-V2X-ConfigCommon and SL-V2X-Preconfiguration.
Proposal 3
RAN2 not work on simultaneous transmission on multiple carriers for V2x sidelink communication.
Proposal 4
Indicate transmission pools for V2x sidelink communication over multiple carriers in SL-V2X-ConfigCommon, SL-V2X-ConfigDedicated and SL-V2X-Preconfiguration.
Proposal 5
For RRC_IDLE UE and out-of-coverage UE in mode-4, it is up to UE implementation to do carrier selection for V2x sidelink communication, within the carrier(s) included in SL-V2X-ConfigCommon.
Proposal 6
For RRC_CONNECTED UE in mode-4, it is up to UE implementation to do carrier selection for V2x sidelink communication, within the carrier(s) included in SL-V2X-ConfigDedicated.
Proposal 7
Carrier re-selection can only be done when resource re-selection is triggered, and the selected carrier should not be further changed until next resource re-selection being triggered.
Proposal 8
Enhance UE capability signalling to indicate the Tx / Rx chain capability of V2x sidelink communication over multiple carriers.
Proposal 9
Enhance SidelinkUEInformation to indicate UE interest of support V2x sidelink non-safety communication over specific carrier(s).
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