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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]
Furthermore, based on a  previous LS from RAN1 [5] providing  guidance on multi-carrier scenarios, at RAN4#80bis it was agreed that the following multi-carrier scenarios should be prioritized [11]:
· Multi carrier operation with Band 47 (PC5 V2X) and licensed bands (Uu V2X) 
· Multi carrier operation at Band 47 (PC5 V2X)
· Multi carrier operation with Band 47 (PC5 V2X) and licensed bands (WAN)
In addition the combinations of bands 3, 8, 39 and 41 with unlicensed band 47 were agreed to an initial combinations supporting V2X functionality [13].
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.
Band 47 consists of 70 MHz of spectrum and can support up to seven 10 MHz carriers. Furthermore, 30 MHz of spectrum within band 47 is reserved for safety applications. It is proposed that 10 MHz carriers with band 47 be initially considered for multi-carrier analysis. Furthermore, given that bands 3, 8, 39 and 41 have been identified for V2X multi-carrier operation [13], it is proposed that these bands be considered for further analysis of V2X multi-carrier scenarios in RAN4.
From the V2X multi-carrier scenario priorities agreed to in [14] and noted above in Section 2, the following additional observations can be made

1. Multi-carrier operation with Band 47 (PC5 V2X) and licensed bands (Uu V2X)
Two variations of this scenario that can be considered include:

(i) a single PC5 carrier within band 47 and a single licensed band Uu V2X carrier. The single PC5 carrier can be either a safety or a non-safety carrier.
(ii)  Two or more PC5 carriers within band 47, paired with one or more Uu V2X licensed bands.

2. Multi-carrier operation at Band 47 (PC5 V2X)
Two variations of this scenario that can be considered include:
(i) Multiple contiguous 10 MHz carriers.

(ii)  Multiple non-contiguous 10 MHz carriers
3. Multi-carrier operation with Band 47 (PC5 V2X) and licensed bands (WAN)
Two variations of this scenario that can be considered include:

(i) a single PC5 carrier within band 47 and a single licensed band WAN carrier. The single PC5 carrier can be either a safety or a non-safety carrier.
(ii) Two or more PC5 carriers within band 47, paired with one or more licensed band WAN carriers.
Additional details and suggested relative priorities have been detailed in Table 1 of [14], which is summarized below for the suggested high priority use cases to be assessed in Release 14 for V2X.
Table 1: High Priority Candidate V2X Multi-carrier Scenarios for Release 14 (from [14])
	Scenario
	Unlicensed band 47
	Licensed Carrier (from bands 3, 8, 39 or 41)
	Priority

	1. Multi-carrier band 47 PC5 and licensed band Uu V2X
	Single 10 MHz PC5 carrier
	Single V2X Uu
	High

	2. Multi-carrier band 47 PC5 
	Two or more contiguous 10 MHz PC5 carriers
	none
	High

	2. Multi-carrier band 47 PC5 
	Two or more non-contiguous 10 MHz PC5 carriers
	none
	High


From Table 1, it is proposed that in Release 14, the high priority analysis focus on the following scenarios:

a) a single 10 MHz PC5 carrier in band 47 with a single licensed carrier supporting Uu V2X. 
b) multiple 10 MHz carriers in band 47 supporting PC5, for both contiguous and non-contiguous carrier allocations.
These priorities have been the agreed focus of discussion in [15].

3.1 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 2 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 2 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 carriers 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) mode with any other transmissions.
Table 2: 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;




Furthermore, RAN1 has provided guidance in the LS entitled “LS on V2X UE transmission chain” that architectures supporting both separate and shared transceivers for sidelink and cellular WAN UL transmissions be considered [12]. In this context it is proposed that RAN4 focus further RF analysis on V2X multi-carrier architectures that employ dual transceiver chains for sidelink and cellular WAN transmissions. 

Observation 1 

· RAN1 has provided guidance that V2X UE architectures supporting both separate and shared transceivers for sidelink and cellular WAN UL transmissions be considered.
Proposal #1
· For Release 14, RAN4 focus further RF analysis on multi-carrier V2X UE architectures that employ dual transceiver chains for sidelink and cellular WAN transmissions.

3.2 V2X UE RF Requirements for Carrier Aggregation
Based on the discussion in [15] related to transmit and receive UE requirements for inter-band and intra-band carrier aggregation, Tables 3 and 4 below summarize the UE RF transmit and receive requirements impacts respectively due to V2X supporting carrier aggregation functionality for both inter-band and intra band CA.

It is proposed that the recommendations in Tables 3 and 4 be employed as a basis for defining the UE RF requirements for V2X inter-band and intra-band carrier aggregation.
Table 3: RF Transmit Requirements for V2X UE’s supporting carrier aggregation

	Requirement
	 Impact for inter-band CA
	Impact for intra-band CA
	Reference in TS36.101

	Transmit Power
	The current specified UE maximum output power for power class 3 is 23 dBm, however the maximum output power tolerance may be impacted by additional switches in the transceiver to accommodate multiple V2V and cellular transmit capabilities as well as multiple carrier transceiver architectures. For multi-carrier implementations the requirements for power class 3 are to be employed as per the agreement in [15]. The configured maximum power will also have to be finalized
	Support power class 3 for 10 + 10 MHz as per [15]
	6.2

	MPR and A-MPR
	Proposed MFR and A-MPR agreed to in [15].
	Proposed MFR and A-MPR agreed to in [15].
	6.2

	Power Dynamics
	No impact expected
	No impact expected
	6.3

	ON/OFF Time mask
	Review as discussed in [15].
	Review as discussed in [15]
	6.3.4

	Power Control
	No impact expected
	No impact expected
	6.3.5

	Transmit signal quality including EVM
	Apply current requirements on a per carrier basis.  
	Apply current requirements on a per carrier basis.  
	6.5

	Spectral emission mask and Additional spectrum emission mask
	No impact expected. Apply on a per component carrier basis
	Requires further analysis to align with Region 1 harmonized requirements
	6.6.2.1 and 6.6.2.2

	ACLR
	Re-use V2X requirements on a per component carrier basis
	Re-use intra-band CA E-UTRA ACLR of 30 dB as per [15]
	6.6.2.3

	Transmit intermodulation
	Transmit intermodulation impacts will need to be assessed for the agreed multi-carrier combinations.
	Transmit intermodulation impacts will need to be assessed for the agreed multi-carrier combinations.
	6.7

	Timing alignment error
	No impact expected
	No impact expected
	6.8


Table 4 below summarizes the UE RF receive requirement impacts due to V2X supporting carrier aggregation functionality for both inter-band and intra band CA.
Table 4: UE RF Receive Requirements for V2X 

	Requirement
	 Impact for inter-band CA
	Impact for intra-band CA
	Reference in TS36.101

	Reference Sensitivity
	REFSENS may need to be revised to address the possible impact of additional device insertion losses to support V2V reception in the FDD UL band. REFSENS may also be impacted by additional insertion losses to support multiple carrier receive architectures [6]. 
	Apply V2X REFSENS on a per component carrier basis.
	7.3

	Maximum input power level
	The maximum input power level may be impacted depending on the agreed minimum physical vehicle to vehicle separation. A value of 22 dBm has been agreed to in [10]. As per the discussion in [15] no additional change in the requirement is proposed.
	Re-use -22 dBm requirement on a per component carrier basis
	7.4

	ACS
	Adjacent channel co-existence simulation results show impacts to legacy LTE performance. As per [15], re-use the current ACS requirement on a per component carrier basis. 
	Re-use current ACS requirement on a per component carrier basis
	7.5

	In-band blocking
	In-band blocking requirements may be impacted by V2X in-band emissions. Furthermore, the V2X RAN4 in-band blocking requirements need to be aligned with the ETSI in-band blocking requirements in the Region 1 unlicensed band. Impacts to  ΔRIB needs to be assessed.
	FFS
	7.6.1

	Out-of-band blocking
	No additional change required. For inter-band CA, per component carrier requirements can apply. Possible impacts to ΔRIB need to be assessed.
	FFS
	7.6.2

	Narrowband blocking
	No additional change required. For inter-band CA, per component carrier requirements can apply.
	Re-use the existing requirement on a per component carrier basis.
	7.6.3

	Spurious Response
	No additional change required. For inter-band CA, per component carrier requirements can apply. Possible impacts to ΔRIB need to be assessed
	Re-use the existing requirement on a per component carrier basis.
	7.7

	Intermodulation
	Impact to reference sensitivity needs to be investigated for inter-band CA. 
	Re-use the existing requirement on a per component carrier basis.
	7.8

	Spurious emissions
	No additional change required. For inter-band CA, per component carrier requirements can apply.
	Re-use the existing requirement on a per component carrier basis.
	7.9


Proposal #2
· It is proposed that the recommendations in Tables 3 and 4 be employed as a basis for defining the UE RF requirements for V2X inter-band and intra-band carrier aggregation.
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 

· RAN1 has provided guidance that V2X UE architectures supporting both separate and shared transceivers for sidelink and cellular WAN UL transmissions be considered.
Proposal #1
· For Release 14, RAN4 focus further RF analysis on multi-carrier V2X UE architectures that employ dual transceiver chains for sidelink and cellular WAN transmissions.

Proposal #2
· It is proposed that the recommendations in Tables 3 and 4 be employed as a basis for defining the UE RF requirements for V2X inter-band and intra-band carrier aggregation.
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