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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 this paper, we focus on the multi-carrier operation for PC5 based communication. 
2 Discussion
In this section we describe the impact from multi-carrier operation on three aspects. These aspects are the impact on the number of receiver chains in the UE, the impact on differentiation of safety services, and the impact on network control.

2.1 Impact on the number of receiver chains in the UE
The first step to look into PC5 multi-carrier issue is to clarify the applicable scenario. Considering the operating scenarios included in [1]:

-
(Aspect 4) Operating scenarios

-
Case 4A: Single operator operation
-
Case 4B: A set of PC5 operation carrier(s) is shared by UEs subscribed to different operators. This means that UEs belonging to different operators may transmit on the same carrier. 
-
Case 4C: Each operator is allocated with a different carrier. This means that a UE transmits only on the carrier allocated to the operator which it belongs to.
-
FFS: Case 4D: No operator operation 
Based on the requirements on the UE receiver chain, there could be mainly two types of scenarios where the PC5 multi-carrier operation should be investigated respectively.
Table 1 Two scenarios of PC5 multi-carrier operation

	
	Requirement on UE receiver chain
	Motivation
	Applicable cases of ‘Operating scenarios’

	Scenario 1
	Additional receiver chain to allow simultaneous reception at multiple carriers
	To enhance system capacity using more spectrum
	Case 4A, Case 4B

	Scenario 2
	Can be implemented by switching existing receiver chain between different carriers
	Either to allow inter-PLMN PC5 reception when each operator is allocated with a different carrier / carriers
	Case 4C


2.2 Impact on differentiation of safety services
According to [3], RAN4 confirms that multi-carrier operation for V2x communication is to be supported in Rel-14 and that the ITS band is made up of mixture of channels dedicated to ITS safety and non-safety services. 
According to RAN 4, spectrum regulatory bodies are in the process of allocating multiple channels for V2V operation in the 5.9GHz and 700MHz bands. Both FCC and ETSI [2], for example, are currently considering 

· 3x10MHz channels for ITS safety V2V services;

· 2x10MHz channels for non-safety ITS services.
· 2x10MHz channels reserved for future use.

While it is important to ensure that the UE has capabilities to simultaneously receive at least on carriers where non-safety services are transmitted, there seem to be no need to mandate simultaneous transmission on multiple carriers.
Proposal 1 No need to mandate simultaneous transmission capabilities on multiple carriers.
2.2.1 For the safety services
For the safety services, it is important that each UE does not miss any message from the 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 1 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 pre-configured, which is also the assumption in RAN4 based on the current status of ITS spectrum regulation by FCC and ETSI [2].
Proposal 2 A UE shall support simultaneous reception on carriers intended for V2V safety services over PC5.
2.2.2 For the non-safety services
Compared to the safety services, non-safety services have looser requirements on e.g. reliability and latency. Therefore, we can consider that to minimize the UE complexity and power consumption, the UE should be not be mandated to monitor the carrier for V2V non-safety services. 
Proposal 3 A UE shall optionally support reception on carriers intended for non-V2V safety services over PC5.
2.3 UE capability reporting
UE capabilities for Prose operations have been specified in 3GPP Rel.12. UE signals its transceiver capabilities by indicating to the eNB the band(s) in which ProSe operations are supported. Additionally, the UE indicates to the eNB for each band combination 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 which are the PC5 bands in which simultaneous transmission/reception over multiple carriers on the PC5 bands are supported. Similarly, there is no way to indicate if in those bands in which the UE supports simultaneous PC5 transmission/reception over multiple carriers, also Uu operations are supported.

Enhancing capability signalling seems to be needed in order to allow the eNB to perform a proper multi-carrier scheduling. 
Proposal 4 Enhance UE capability signalling to support sidelink operation on multiple carriers. 
3 Conclusion

In section 2 we made the following observations:
Observation 1
It is important to minimize packet loss for V2x safety service.


Based on the discussion in section 2 we propose the following:
Proposal 1
No need to mandate simultaneous transmission capabilities on multiple carriers.
Proposal 2
A UE shall support simultaneous reception on carriers intended for V2V safety services over PC5.
Proposal 3
A UE shall optionally support reception on carriers intended for non-V2V safety services over PC5.
Proposal 4
Enhance UE capability signalling to support sidelink operation on multiple carriers.
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