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1.
Introduction

As per the revised LTE Work Item entitled “Revised WI proposal: LTE-based V2X Services” [2], LTE-based V2X (i.e. vehicle-to-vehicle, vehicle-infrastructure or vehicle-to-pedestrian) functionality is to be defined as part of Release 14. 
This contribution discusses RAN4 V2V UE RF architectures for multi-carrier support of V2V in Release 14.

2.
Background

From [2], RAN4 has a mandate to investigate and complete the following objectives:

1) To specify other enhancements to PC5/Uu for V2X on the following aspects:
a) Support of UE maximum transmission power up to 33 dBm (considering the regulatory limit on the maximum e.i.r.p.) for PC5 in 5855 MHz ~ 5925 MHz [RAN4]
b) Simultaneous PC5 operations over multiple carriers that may or may not be adjacent [RAN4, RAN2].
c) Simultaneous Uu and PC5 operations in different carriers and configuring PC5 resources across carriers [RAN4, RAN1, RAN2]
2) To specify UE RF requirements including those for SL operation for licensed spectrum and for regional regulations [RAN4]
Observation 1 

· The V2X WID mandates the analysis in RAN4 of the support of simultaneous V2V PC5 and/or PC5 and Uu transmissions on one or more carriers. 

Furthermore, a previous LS from RAN1 on multi-carrier support [5] presented the guidance summarized below:
1. Overall Description:

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 [1], 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.

ETSI has developed specifications describing how the ITS station should select the transmission and how the ITS station is expected to continuously monitor the ITS safety channels in parallel [2]. 


It is necessary that multichannel operation for PC5 V2V is supported by LTE. Additionally, RAN1 has agreed that multicarrier operation with Uu and V2V should be supported:

Conclusion:

· RAN1 may investigate following coexistence issues of PC5-based V2V operation and legacy Uu operation 

· Inter-UE coexistence in the same carrier frequency

· This includes the case where in-band emission of PC5-V2V transmission from UE A interferes with UL transmission from UE B in the same carrier and vice versa.

· Intra-UE coexistence in the same carrier frequency

· This includes the following cases: 

· (1) a single UE is scheduled to transmit PC5-V2V and UL at the same time.

· (2) a single UE is monitoring PC5-V2V and DL simultaneously.

· Intra-UE coexistence in different carrier frequency

· This is similar to the issue of ‘intra-UE coexistence in the same carrier frequency’ but differs from the fact that the transmissions/receptions are in two different carrier frequencies.

· Note that existing scheme/solution is not precluded to solve coexistence issues

· If existing scheme/solution are not sufficient, detailed solutions are FFS

2. Actions:

RAN1 respectfully asks RAN2 and RAN4 to take the above into account in their work on V2X, especially with respect to study of RF requirements.

However, based on the LS from RAN1 [5], further discussion is merited on the requirements of V2V multi-carrier scenarios that RAN4 should consider as part of the agreed WF. 

3.
Discussion of V2X Multi-carrier Scenarios 
In [3] a number of V2V multi-carrier scenarios were identified and a number of aspects of these scenarios were discussed in the context of V2V adjacent channel co-existence. 
As noted in [3], multi-carrier scenarios for V2V can occur for both PC5 LTE-based licensed V2V, V2V over unlicensed carriers supporting ITS functionality as well as V2I over Uu. A plausible scenario is for LTE based V2V to be supported on a first serving carrier and legacy LTE supported on a second serving carrier. For example, this type of scenario is supported in D2D as specified in TS36.101 section 5.5.D.
Furthermore, TR36.885 [6] discusses the trade-offs of a number of factors including: 

Single versus Multiple Carrier Operation: Multiple carrier operation can support a number of configurations including for example: 

(a)  V2V communication over PC5 on multiple carriers; 

(b)  V2V communication over PC5 and V2I over Uu both on the same single carrier
(c)  V2V communication over PC5 and V2I over Uu, each on a separate carrier
In the context of the V2X WID [2] and the RAN1 LS [5],  multi-carrier V2V operation over both (i) PC5 and (ii) PC5 with Uu needs to be supported, as well as simultaneous transmission of V2V PC5 with Uu, and simultaneous reception of V2V PC5 and a WAN LTE DL transmission. 
3.1 Discussion of V2X UE Multi-carrier RF Architectures
From an RF design perspective, the need to support multiple channels of V2V over PC5 and/or simultaneously with Uu will potentially require a V2V UE architecture supporting multiple transmit and receive chains. Such a V2V UE architecture will potentially impact a number of V2V UE specifications including the transmit maximum output power, intermodulation requirements and reference sensitivity.
Similar considerations were addressed in RAN4 during the analysis for support of multiple carrier D2D [8]. Based on similar observations on possible multiple carrier architectures, Table 1 below captures possible transmit and receive architectures to support multiple carrier V2X implementations. Note that for TDD bands the F1 and F2 downlink columns in Table 1 are not applicable. The need for separate transceiver chains will depend not only on multiple carriers, but can also be dependent on the need to support multiple PLMNs across one or more carrier as well as the requirement to support safety applications. For example, safety related V2X transmissions will likely require a separate dedicated transceiver and not be shared in a half-duplex (HD) with any other transmissions.
Table 1: Potential WAN - V2X CA combinations
	Cellular-V2X CA options
	F1
	F1
	F2
	F2
	V2X UE Transmitter architecture
	V2X UE Receive architecture

	
	Uplink
Cellular UL
	Downlink
Cellular DL
	Uplink

V2V UL
	Downlink

DL
	
	

	Single Carrier WAN-V2X
	Single receive chain UE
	WAN UL or V2X TX and RX
	WAN DL or no DL if V2X Rx
	N/A
(CC2 is not configured)
	Single tx chain for WAN and V2X
	1 RX chain is shared between WAN DL and V2X RX

	
	Dual receive chain UE 
	WAN UL or V2X transmit and receive
	WAN cellular DL
	
	Single tx chain for WAN and V2X
	2 RX chains, one dedicated to WAN DL and one to V2X reception on the UL

	Dedicated Carriers for Cellular and V2X
	Single transmitter V2V UE
	HD WAN cellular UL
	WAN cellular DL
	 Half duplex V2X transmit or receive
	N/A
(dedicated V2V carrier)
	Transmission will need to be half duplex switched between the cellular and V2X carriers. Not a recommended solution
	2 Rx CA is required to support simultaneous WAN DL and V2X receive

	
	 Dual transmitter V2V UE
	WAN cellular UL 
	WAN cellular DL
	V2X transmit or receive
	N/A
(dedicated V2V carrier)
	A 2 transmitter UE implementation is required to support simultaneous WAN UL and V2X tx
	2 Rx CA is required to support simultaneous WAN DL and V2X receive

	2 CA solution with WAN on both carriers and V2X on one 
	WAN on both V2X and cellular band 
	WAN cellular UL  
	WAN cellular DL
	WAN transmit or V2X transmit or receive
	WAN DL 
	A 2 transmitter UE implementation is required to support simultaneous WAN UL and V2X tx
	3 Rx CA is required to support simultaneous WAN DL (V2X and cellular) and V2X Rx;




Observation 2 

· The need to support simultaneous V2V PC5 and/or PC5 and Uu transmissions on one or more carriers may require that the V2X UE support multiple transmit and/or receive chains.

Observation 3 

· The need to support simultaneous V2V PC5 and/or PC5 and Uu transmissions on one or more PLMNs may require that the V2X UE support multiple transmit and/or receive chains.
Observation 4 

· The need to support safety related V2V transmissions over PC5 and/or PC5 and Uu may require dedicated transceivers in the V2X UE.

3.2 V2X Multi-carrier Adjacent Channel Co-existence Considerations
As noted in the LS [5], for the unlicensed band at 5.9 GHz, it may be possible to have simultaneous transmissions on more that one V2V band such as LTE-based ITS (i.e. V2V) or 802.11p based V2V. For example, V2V communications could be supported on a first serving carrier acting as a Pcell, in combination with one or more additional carriers supporting V2V communication as Scells. It is proposed that a scenario with V2V simultaneously transmitting on multiple bands be considered as an aggressor network for co-existence analysis with legacy LTE as a victim network. For scenarios in which simultaneous transmission of V2V messages occur on multiple carriers, the level of interference to victim networks could increase. In particular RAN4 should assess, from an adjacent channel co-existence perspective, the potential impact to co-located legacy LTE networks from multiple aggressor V2V transmissions. 
Co-existence with Uu communications: V2V communication over PC5 and/or V2X over Uu can co-exist with legacy Uu communication on the same carrier or on different carriers.
For the adjacent channel co-existence and RF requirements analysis in RAN4 for Release 14, it is proposed that V2V operation over PC5 and V2X over Uu is assumed to be on the same carriers. Scenarios with V2V operation over PC5 and V2X operation over Uu with separate multiple operators can also be considered as a second priority.
Based on the discussion above, Table 1 below summarizes high priority V2V licensed multi-carrier scenarios for consideration in RAN4 that were originally discussed in [3]. In Table 2 we have highlighted high priority unlicensed V2V multi-carrier scenarios. Note that for each scenario the impact on RF requirements will potentially need to be assessed separately.  
Based on the possible multi-carrier scenarios identified above, Table 1 and Table 2 below summarize possible specific multi-carrier scenarios that will have an impact on V2V adjacent channel co-existence analysis in licensed spectrum and unlicensed spectrum, respectively, and proposes priorities for analysis in RAN4. 
Table 2: Candidate V2V Licensed band Multi-carrier Scenarios for Adjacent Channel Co-existence Analysis 
	Scenario
	Licensed vs unlicensed
	Aggressor Network
	Co-existing Victim Network
	Priority

	
	
	
	
	

	V2V on PC5 with 2 or more V2V carriers
	licensed 
	V2V
	Legacy LTE on Uu
	High

	V2V on PC5 with 2 or more V2V carriers
	licensed
	V2V
	D2D on PC5 sidelink in a legacy licensed LTE network
	medium


Table 3: Candidate V2V Unlicensed band Multi-carrier  Scenarios for Adjacent Channel Co-existence Analysis 
	Scenario
	Licensed vs unlicensed
	Aggressor Network
	Co-existing Victim Network
	Priority

	V2V on PC5 with 2 or more V2V carriers
	unlicensed 
	LTE-based V2V (safety)
	V2V 802.11p (safety)
	High

	V2V on PC5 with 2 or more V2V carriers
	unlicensed 
	LTE-based V2V (non-safety)
	V2V 802.11p (non-safety)
	High

	V2V on PC5 with 2 or more V2V carriers
	unlicensed
	V2V 802.11p (safety)
	LTE-based V2V (safety)
	High

	V2V on PC5 with 2 or more V2V carriers
	unlicensed
	V2V 802.11p (non-safety)
	LTE-based V2V (non-safety)
	High


In Table 1, it is proposed that for licensed band V2V systems employing multi-carrier scenarios acting as aggressor networks impacting a single legacy LTE network and D2D on a legacy LTE network be investigated.
In Table 2, it is proposed that unlicensed band multi-carrier V2V systems acting as an aggressor network into an unlicensed band V2V victim network be investigated for both LTE-based V2V and 802.11p networks, for both non-safety and safety scenarios.
Based on the summaries in Tables 1 and 2, the following proposals are made.
Proposal #1
· For Release 14, RAN4 investigate RF and adjacent channel co-existence requirements for multi-carrier scenarios with V2V on separate carrier(s) from the serving LTE carrier. 

Proposal #2
· For Release 14, RAN4 investigate adjacent channel co-existence for multi-carrier scenarios with V2V transmitting simultaneously on separate carrier(s) acting as an aggressor network to a victim legacy LTE network in licensed bands. 
Proposal #3
· For Release 14, RAN4 investigate adjacent channel co-existence for multi-carrier scenarios with V2V transmitting simultaneously on separate carrier(s) acting as an aggressor network to a victim LTE networks supporting D2D on PC5 in licensed spectrum. 
Proposal #4
· For Release 14, RAN4 investigate adjacent channel co-existence for multi-carrier scenarios with V2V transmitting simultaneously on separate carrier(s) acting as an aggressor network to a victim 802.11p networks supporting V2V and vice-versa, for unlicensed spectrum. 
3
Conclusions
The following observations and proposals should be taken into consideration when defining the Release 14 V2X RF and adjacent channel co-existence requirements for multi-carrier scenarios:

Observation #1 

· The V2X WID mandates the analysis in RAN4 of the support of simultaneous V2V PC5 and/or PC5 and Uu transmissions on one or more carriers. 
Observation #2 

· The need to support simultaneous V2V PC5 and/or PC5 and Uu transmissions on one or more carriers may require that the V2X UE support multiple transmit and/or receive chains.

Observation #3 

· The need to support simultaneous V2V PC5 and/or PC5 and Uu transmissions on one or more PLMNs may require that the V2X UE support multiple transmit and/or receive chains.
Observation #4 

· The need to support safety related V2V transmissions over PC5 and/or PC5 and Uu may require dedicated transceivers in the V2X UE.
Proposal #1
· For Release 14, RAN4 investigate RF and adjacent channel co-existence requirements for multi-carrier scenarios with V2V on separate carrier(s) from the serving LTE carrier. 

Proposal #2
· For Release 14, RAN4 investigate adjacent channel co-existence for multi-carrier scenarios with V2V transmitting simultaneously on separate carrier(s) acting as an aggressor network to a victim legacy LTE network in licensed bands. 
Proposal #3
· For Release 14, RAN4 investigate adjacent channel co-existence for multi-carrier scenarios with V2V transmitting simultaneously on separate carrier(s) acting as an aggressor network to a victim LTE networks supporting D2D on PC5 in licensed spectrum. 
Proposal #4
· For Release 14, RAN4 investigate adjacent channel co-existence for multi-carrier scenarios with V2V transmitting simultaneously on separate carrier(s) acting as an aggressor network to a victim 802.11p networks supporting V2V and vice-versa, for unlicensed spectrum. 
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