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1. Introduction

In the last RAN4 #80BIS meetings, RAN4 agreed the priority of multi-carrier V2X operations. Also RAN4 had consensus how to specify the high power V2X UE with positive antenna gain. The con-current operation will be considered intra-band at Band 47/inter-band con-current V2X operation between Band 47(PC5 operation) + Licensed band (Uu operation)
In this paper, we provide our views on how to define general RX requirements to support high power V2X UE and con-current V2X operation.

2. Basic RF architecture for V2X UE
For LTE-based V2X service in Rel-14, RAN4 can consider example RF architecture as shown in Figure 1. 


[image: image1.emf]DIP

Low 

bands

switch

Mid 

bands 

switch

DIP

High 

bands 

switch

Ultra 

High 

bands 

switch

RFIC

S/W

V2V (Uu operation) in Band 3

D

U

P


Figure 1 Example RF architecture of LTE-based V2X UE
According to agreement, operator can provide the candidate Uu operation in licensed bands for V2X service. Currently, one operator requested to include con-current operation with V2X ITS spectrum and some licensed LTE bands (e.g Band 3, Band 8, Band 39 and Band 41). So RAN4 can define V2X UE Rx requirements based on the candidate con-current rception operation between ITS band and licensed operating bands.

3. Receiver requirements for V2X service
Table 1 summarizes V2X Rx requirements for single-carrier receptions at Band 47 with high power UE. Also con-current V2X operation with intra/inter-band combinations.
Table 1: Estimated UE Rx RF requirements for multi-carrier receptions
	Section / Clause
	Current Description
	Comments

	7.3.1G
	Reference sensitivity for V2V
	- Need to define REFSENS requirements in 7.3.1G to support new inter-band con-current band combination.
- Whether or not reuse the V2V REFSENS for intra-band multi-carrier operation at Band 47

- Whether or not reuse the V2V REFSENS for high power V2X UE

	7.4.1G
	Maximum input level for V2V
	- Keep the same requirements per carrier
- Need further discussion for intra-band multi carrier operation at Band 47

	7.5.1G
	ACS for V2V
	Keep the same requirements per carrier

	7.6.1G
	In band blocking for V2V
	Keep the same requirements per carrier

	7.6.2.1G
	Out-of-band blocking for V2V
	Keep the same requirements per carrier

	7.6.3.1G
	Narrow band blocking for V2V
	Keep the same requirements per carrier

	7.7.1G
	Spurious response for V2V
	Keep the same requirements per carrier

	7.8.1G
	Wide band intermodulation for V2V
	Keep the same requirements per carrier


For single carrier operation in Band 47 (ITS spectrum), RAN4 already defined REFSENS requirements for power class 3 UE in V2V WI. For the high power V2X UE, RAN4 need to decide whether or not reuse the existing REFSENS requirements for new power class. Also RAN4 should consider how to apply the REFSENS requirements for intra-band multi-carrier operation at Band 47.
For the inter-band multi-carrier V2X operation of B3/B8/B39/B41 (Uu V2X operation in licensed band) and Band 47 (V2X in ITS spectrum), there was no harmonics/IMDs problems at the own Band 47 frequency range (5855~5925MHz).
In Figure 2, we described V2X transmission & reception signal in each V2X operating band according to 3 cases as below.

· Case 1: Single/Multi-carrier operation in ITS spectrum (Band 47 (5855~5925MHz)) for high power V2X UE
· Case 2: Multi-carrier operation on both licensed band and ITS spectrum

· Case 2A: TDD-FDD inter-band con-current operation (E.g. B3 + B47 or B8+ B47)

· Case 2B: TDD-TDD inter-band con-current operation (E.g. B39 + B47 or B41 + B47)

· Case3: V2X on Pcell/Scell in licensed band : No V2X scenarios in Rel-14
The Case 1 for high power V2X UE considers single carrier operation in ITS spectrum. Basically, there was no difference the target SNR level and noise figure at Band 47 between power class 3 and new power class (e.g power class 2 +positive ant. gain). 

Also the REFSENS requirements for multi-carrier operation at Band 47 can be tested per carrier. Therefore RAN4 can reuse the same sensitivity requirements for Case1.
The Case 2 shows con-current operations for LTE-based V2X service. In the last RAN4 meeting, the multi-carrier priority were agreed to support inter-band con-current operation with Band 47 (PC5 V2X) and licensed bands (Uu V2X). So RAN4 need to define the REFSENS requirements for LTE-based V2X service with inter-band multi-carrier operation in Case 2.

In Case 2A, the uplink transmission of licensed band can be effected as interference to receive the V2X signal in ITS spectrum. So these test configurations only applicable to TDD-FDD con-current V2V operation such as Band 3 + Band 47 or Band 8 + Band 47. In Case 2B, there was no uplink transmission in licensed band but the uplink test configuration could be defined based on the legacy TDD-TDD CA test configuration. Therefore, for both Case2A and 2B, RAN4 should define uplink configurations and REFSENS requirements for con-current V2X operation. 
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Figure 2 V2X UE Tx/Rx operation in single operation and multi carrier operation
Table 2 and Table 3 propose the uplink test configurations for multi-carrier V2X REFSENS requirements. For the uplink configuration, RAN4 consider 10MHz Channel bandwidth.
Table 2: Uplink configuration for reference sensitivity at Band 47
	Inter-band E-UTRA V2X /E-UTRA configuration
	E-UTRA UL band / Channel BW / NRB / Duplex mode

	E-UTRA V2X band (PC5)
	E-UTRA band (Uu)
	E-UTRA UL band
	Channel Bandwidth (MHz)
	NRB 
	Duplex Mode

	47
	3
	3
	10
	50
	TDD-FDD

	47
	8
	8
	10
	50
	TDD-FDD

	47
	39
	39
	10
	50
	TDD-TDD

	47
	41
	41
	10
	50
	TDD-TDD


Table 3: Uplink configuration for reference sensitivity at Licensed band
	Inter-band E-UTRA V2X /E-UTRA configuration
	E-UTRA UL band / Channel BW / NRB / Duplex mode

	E-UTRA V2X band (PC5)
	E-UTRA band (Uu)
	E-UTRA V2X band (PC5)
	Channel Bandwidth (MHz)
	NRB 
	Duplex Mode

	47
	3
	47
	10
	50
	TDD-FDD

	47
	8
	47
	10
	50
	TDD-FDD

	47
	39
	47
	10
	50
	TDD-TDD

	47
	41
	47
	10
	50
	TDD-TDD


To define the REFSENS requirements in LTE-based V2X communication scenario, RAN4 have to consider Tx leakage when the V2X TX frequency close to V2X Reception frequency. However, the worst Tx/Rx frequency gap between Band 47 and Band 41 is 3165MHz as shown in Figure 2, so the Tx leakage impact can be ignored. Therefore, we propose the REFSENS requirements for con-current V2X operation as Table 4 below.

Table 4 is proposed V2X UE REFSENS requirements with multi-carrier reception for LTE-based V2X operation.
Table 4: Reference sensitivity for V2X Communication QPSK PREFSENS 

	Inter-band V2V reception
	Channel bandwidth

	E-UTRA V2X Band
	E-UTRA band
	E-UTRA band
	1.4 MHz
(dBm)
	3 MHz
(dBm)
	5 MHz
(dBm)
	10 MHz
(dBm)
	15 MHz
(dBm)
	20 MHz
(dBm)
	Duplex Mode

	Band 47
	Band 3
	3
	
	
	
	-94
	
	-91
	TDD-FDD

	
	
	47
	
	
	
	-90.4
	
	-87.5
	

	Band 47
	Band 8
	8
	
	
	
	-94
	
	-91
	TDD-FDD

	
	
	47
	
	
	
	-90.4
	
	-87.5
	

	Band 47
	Band 39
	39
	
	
	
	-97
	
	-94
	TDD-TDD

	
	
	47
	
	
	
	-90.4
	
	-87.5
	

	Band 47
	Band 41
	41
	
	
	
	-95
	
	-92
	TDD-TDD

	
	
	47
	
	
	
	-90.4
	
	-87.5
	


In summary, we propose as follow, 

Proposal 1: RAN4 reuse the existing REFESENS requirements for high power V2X UE at Band 47.

Proposal 2: For the intra-band multi-carrier V2X operation at Band 47, the same REFSENS requirements will be applied per each CC. 

Proposal 3: For the inter-band multi-carrier V2X operation between Band 47 and licensed bands, the proposed REFSENS requirements and uplink configurations will be considered.  
4. Conclusions


In this contribution, we provided our view for V2V UE receiver requirements. From the analysis, we propose as follow and provide corresponding TP on V2V UE Receiver requirements in next section.
Proposal 1: RAN4 reuse the existing REFESENS requirements for high power V2X UE at Band 47.

Proposal 2: For the intra-band multi-carrier V2X operation at Band 47, the same REFSENS requirements will be applied per each CC. 

Proposal 3: For the inter-band multi-carrier V2X operation between Band 47 and licensed bands, the proposed REFSENS requirements and uplink configurations will be considered.  
****************** Start of the TP in cluase 8 of TR36.786 ************************
8
High power vehicle receiver characteristics 


For the V2X UE RF receiver requirements, RAN4 can refer the 2DL inter-band CA to define general UE RF Rx requirements for V2X UE.

Table 8-1 summarizes V2X Rx requirements for multi-carrier receptions which are operated separately at licensed band and ITS spectrum.
Table 8-1: Estimated UE Rx RF requirements for V2X multi-carrier operation
	Section / Clause
	Current Description
	Comments

	7.3.1G
	Reference sensitivity for V2V
	- Need to define REFSENS requirements in 7.3.1G to support new con-current band combination.

- Need to whether or not reuse the V2V REFSENS for intra-band multi-carrier operation at Band 47

	7.4.1G
	Maximum input level for V2V
	- Keep the same requirements per carrier
- Need further discussion for intra-band multi carrier operation at Band 47

	7.5.1G
	ACS for V2V
	Keep the same requirements per carrier

	7.6.1G
	In band blocking for V2V
	Keep the same requirements per carrier

	7.6.2.1G
	Out-of-band blocking for V2V
	Keep the same requirements per carrier

	7.6.3.1G
	Narrow band blocking for V2V
	Keep the same requirements per carrier

	7.7.1G
	Spurious response for V2V
	Keep the same requirements per carrier

	7.8.1G
	Wide band intermodulation for V2V
	Keep the same requirements per carrier


8.1
REFSENS for high power V2X UE at Band 47
For single carrier operation in Band 47 (ITS spectrum), RAN4 already defined REFSENS requirements for power class 3 UE in V2V WI. For the high power V2X UE, RAN4 need to decide whether or not reuse the existing REFSENS requirements for new power class. Also RAN4 should consider how to apply the REFSENS requirements for intra-band multi-carrier operation at Band 47.

In Figure 8.1-1, we described V2X transmission & reception signal in each V2X operating band according to 3 cases as below.

· Case 1: Single/Multi-carrier operation in ITS spectrum (Band 47 (5855~5925MHz)) for high power V2X UE

· Case 2: Multi-carrier operation on both licensed band and ITS spectrum

· Case 2A: TDD-FDD inter-band con-current operation (E.g. B3 + B47 or B8+ B47)

· Case 2B: TDD-TDD inter-band con-current operation (E.g. B39 + B47 or B41 + B47)

· Case3: V2V on Pcell/Scell in licensed band : No V2X scenarios in Rel-14

The Case 1 for high power V2X UE considers single carrier operation in ITS spectrum. Basically, there was no difference the target SNR level and noise figure at Band 47 between power class 3 and new power class (e.g power class 2 +positive ant. gain).

Also the REFSENS requirements for multi-carrier operation at Band 47 can be tested per carrier. Therefore RAN4 can reuse the same sensitivity requirements for Case1 as below.
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Figure 8.1-1 V2X UE Tx/Rx operation in single operation and multi carrier operation
When E-UTRA high power V2X UE is configured for E-UTRA reception non-concurrent for E-UTRA V2X operating bands at Band 47, the throughput shall be ≥ 95% of the maximum throughput of the reference measurement channels. 

Table 8.1-1: Reference sensitivity for high power V2X Communication QPSK PREFSENS 

	Channel bandwidth

	E-UTRA 

V2X
Band
	1.4 MHz
(dBm)
	3 MHz
(dBm)
	5 MHz
(dBm)
	10 MHz
(dBm)
	15 MHz
(dBm)
	20 MHz
(dBm)
	Duplex Mode

	47
	
	
	
	-90.4
	
	-87.5
	TDD

	NOTE 1:
Reference measurement channel is A.8.2 

NOTE 2:
The signal power is specified per port


8.1.1
REFSENS of inter-band multi carrier operation
The Case 2 in Figure 8.1-1 shows con-current operations for LTE-based V2X service. In the last RAN4 meeting, the multi-carrier priority were agreed to support inter-band con-current operation with Band 47 (PC5 V2X) and licensed bands (Uu V2X). So RAN4 need to define the REFSENS requirements for LTE-based V2X service with inter-band multi-carrier operation in Case 2.

In Case 2A, the uplink transmission of licensed band can be effected as interference to receive the V2X signal in ITS spectrum. So these test configurations only applicable to TDD-FDD con-current V2V operation such as Band 3 + Band 47 or Band 8 + Band 47. In Case 2B, there was no uplink transmission in licensed band but the uplink test configuration could be defined based on the legacy TDD-TDD CA test configuration. Therefore, for both Case2A and 2B, RAN4 should define uplink configurations and REFSENS requirements for con-current V2X operation.
Table 8.1.1-1 and Table 8.1.1-2 propose the uplink test configurations for multi-carrier V2X REFSENS requirements. For the uplink configuration, RAN4 consider 10MHz Channel bandwidth.
Table 8.1.1-1: Uplink configuration for reference sensitivity at Band 47

	Inter-band E-UTRA V2X /E-UTRA configuration
	E-UTRA UL band / Channel BW / NRB / Duplex mode

	E-UTRA V2X band (PC5)
	E-UTRA band (Uu)
	E-UTRA UL band
	Channel Bandwidth (MHz)
	NRB 
	Duplex Mode

	47
	3
	3
	10
	50
	TDD-FDD

	47
	8
	8
	10
	50
	TDD-FDD

	47
	39
	39
	10
	50
	TDD-TDD

	47
	41
	41
	10
	50
	TDD-TDD


Table 8.1.1-2: Uplink configuration for reference sensitivity at licensed band
	Inter-band E-UTRA V2X /E-UTRA configuration
	E-UTRA UL band / Channel BW / NRB / Duplex mode

	E-UTRA V2X band (PC5)
	E-UTRA band (Uu)
	E-UTRA V2X band (PC5)
	Channel Bandwidth (MHz)
	NRB 
	Duplex Mode

	47
	3
	47
	10
	50
	TDD-FDD

	47
	8
	47
	10
	50
	TDD-FDD

	47
	39
	47
	10
	50
	TDD-TDD

	47
	41
	47
	10
	50
	TDD-TDD


To define the REFSENS requirements in LTE-based V2X communication scenario, RAN4 have to consider Tx leakage when the V2X TX frequency close to V2X Reception frequency. However, the worst Tx/Rx frequency gap between Band 47 and Band 41 is 3165MHz as shown in Figure 2, so the Tx leakage impact can be ignored. Therefore, we propose the REFSENS requirements for con-current V2X operation as Table 8.1.1-3 below.

Table 8.1.1-3 is proposed V2X UE REFSENS requirements with multi-carrier reception for LTE-based V2X operation.
Table 8.1.1-3: Reference sensitivity for V2X Communication QPSK PREFSENS 

	Inter-band V2V reception
	Channel bandwidth

	E-UTRA V2X Band
	E-UTRA band
	E-UTRA band
	1.4 MHz
(dBm)
	3 MHz
(dBm)
	5 MHz
(dBm)
	10 MHz
(dBm)
	15 MHz
(dBm)
	20 MHz
(dBm)
	Duplex Mode

	Band 47
	Band 3
	3
	
	
	
	-94
	
	-91
	TDD-FDD

	
	
	47
	
	
	
	-90.4
	
	-87.5
	

	Band 47
	Band 8
	8
	
	
	
	-94
	
	-91
	TDD-FDD

	
	
	47
	
	
	
	-90.4
	
	-87.5
	

	Band 47
	Band 39
	39
	
	
	
	-97
	
	-94
	TDD-TDD

	
	
	47
	
	
	
	-90.4
	
	-87.5
	

	Band 47
	Band 41
	41
	
	
	
	-95
	
	-92
	TDD-TDD

	
	
	47
	
	
	
	-90.4
	
	-87.5
	


Also the intra-band multi-carrier V2X operation at Band 47, the same REFSENS requirement in Table 8.1-1 will be applied per carrier.
8.2
Maximum input level for V2X UE

[Editor Note]: RAN4 need further discussion for high power V2X UE.
8.2.1
Maximum input level of multi carrier operation

[Editor Note]: RAN4 need further discussion for intra-band multi-carrier V2X operation at Band 47.  No need to define additional requirements for con-current inter-band V2X operation since UE shall meet the requirements per each carrier while all downlink carriers are active. 
8.3
The other Rx requirements for V2X UE

The other Rx requirements for high power V2X UE can be reused the legacy requirement level in V2X power class 3 UE since there was no difference on UE receiver aspect.
8.3.1
The other Rx requirements of multi carrier operation

[Editor Note]: No need to define additional requirements for con-current V2X operation.
<End of Changes>
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