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1 Introduction
In last RAN4 meeting, MSD, ∆TIB and ∆RIB values were discussed and captured in the TR for V2X_28A-47A. However, operating bands, channel bandwidth and co-existence study are still missing in the TR. This contribution provided corresponding TP for the missing parts for this V2X band combination.
2 References
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6
Con-current V2X operation with 2CCs: Specific Band Combinations Part

[Unchanged sections are omitted]
6.x
V2X_28A-47A

6.x.1
Operating bands for V2X comminication

Table 6.x.1-1: Inter-band con-current V2X operating bands for V2X_28A-47A
	V2X con-current configuration
	E-UTRA OperatingBand
	Interface
	Uplink (UL) band
	Downlink (DL) band
	Duplex Mode

	
	
	
	BS receive / UE transmit1
	BS transmit / UE receive
	

	
	
	
	FUL_low   –  FUL_high
	FDL_low   –  FDL_high
	

	V2X_28-47
	28
	Uu
	703 MHz
	–
	748 MHz
	758 MHz
	–
	803 MHz
	FDD

	
	47
	PC5
	5855 MHz
	–
	5925 MHz
	5855 MHz
	–
	5925 MHz
	HD


6.x.2
Channel bandwidths per operating band

Table 6.x.2-1: V2X inter-band con-current configurations and bandwidth combination sets for V2X_28A-47A
	E-UTRA CA configuration / Bandwidth combination set

	V2X inter-band Configuration
	E-UTRA operating  Band
	1.4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	Maximum aggregated bandwidth

[MHz]
	Bandwidth combination set

	V2X_28A-47A
	28
	
	Yes
	Yes
	Yes
	Yes
	Yes
	40
	0

	
	47
	
	
	
	Yes
	
	Yes
	
	


6.x.3
Coexistence studies

For own reception desensitization by dual transmission on V2X_28A-47A, RAN4 study up to 8th order harmonics and 2nd, 3rd, 4th and 5th order intermodulation products were calculated and presented in Table 6.x.3-1 and 6.x.3-2.
Table 6.x.3-1: Harmonics analysis for V2X_28A-47A
	UE UL carriers
	fx_low
	fx_high
	fy_low
	fy_high

	UL frequency (MHz)
	703
	748
	5855
	5925

	2nd harmonics frequency limits
	2*fx_low
	2*fx_high
	2* fy_low
	2* fy_high

	2nd harmonics frequency limits (MHz) 
	1406
	1496
	11710
	11850

	3rd harmonics frequency limits
	3*fx_low
	3*fx_high
	3* fy_low
	3* fy_high

	3rd harmonics frequency limits (MHz)
	2109
	2244
	17565
	17775

	4th harmonics frequency limits
	4*fx_low
	4*fx_high
	4* fy_low
	4* fy_high

	4th harmonics frequency limits (MHz) 
	2812
	2992
	23420
	23700

	5th harmonics frequency limits
	5*fx_low
	5*fx_high
	5* fy_low
	5* fy_high

	5th harmonics frequency limits (MHz)
	3515
	3740
	29275
	29625

	6th harmonics frequency limits
	6*fx_low
	6*fx_high
	6* fy_low
	6* fy_high

	6th harmonics frequency limits (MHz)
	4218
	4488
	35130
	35550

	7th harmonics frequency limits
	7*fx_low
	7*fx_high
	7* fy_low
	7* fy_high

	7th harmonics frequency limits (MHz) 
	4921
	5236
	40985
	41475

	8th harmonics frequency limits
	8*fx_low
	8*fx_high
	8* fy_low
	8* fy_high

	8th harmonics frequency limits (MHz)
	5624
	5984
	46840
	47400


Table 6.1.3-2: IMD analysis for V2X_28A-47A
	UE UL carriers
	fx_low
	fx_high
	fy_low
	fy_high

	UL frequency (MHz)
	703
	748
	5855
	5925

	2nd harmonics frequency limits
	2*fx_low
	2*fx_high
	2* fy_low
	2* fy_high

	2nd harmonics frequency limits (MHz) 
	1406
	1496
	11710
	11850

	3rd harmonics frequency limits
	3*fx_low
	3*fx_high
	3* fy_low
	3* fy_high

	3rd harmonics frequency limits (MHz)
	2109
	2244
	17565
	17775

	Two tone 2nd order IMD products
	|fy_low – fx_high|
	|fy_high – fx_low|
	|fy_low + fx_low|
	|fy_high + fx_high|

	IMD frequency limits (MHz)
	5107
	5222
	6558
	6673

	Two-tone 3rd order IMD products
	|2*fx_low – fy_high|
	|2*fx_high – fy_low|
	|2*fy_low – fx_high|
	|2*fy_high – fx_low|

	IMD frequency limits (MHz)
	4359
	4519
	10962
	11147

	Two-tone 3rd order IMD products
	|2*fx_low + fy_low|
	|2*fx_high + fy_high|
	|2*fy_low + fx_low|
	|2*fy_high + fx_high|

	IMD frequency limits (MHz)
	7261
	7421
	12413
	12598

	Two-tone 4th order IMD products
	|3*fx_low – fy_high|
	|3*fx_high – fy_low|
	|3*fy_low – fx_high|
	|3*fy_high – fx_low|

	IMD frequency limits (MHz)
	3816
	3611
	16817
	17072

	Two-tone 4th order IMD products
	|3*fx_low + fy_low|
	|3*fx_high + fy_high|
	|3*fy_low + fx_low|
	|3*fy_high + fx_high|

	IMD frequency limits (MHz)
	7964
	8169
	18268
	18523

	Two-tone 4th order IMD products
	|2*fx_low – 2*fy_high|
	|2*fx_high – 2*fy_low|
	|2*fx_low + 2*fy_low|
	|2*fx_high + 2*fy_high|

	IMD frequency limits (MHz)
	10214
	10444
	13116
	13346

	Two-tone 5th order IMD products
	|fx_low – 4*fy_high| 
	|fx_high – 4*fy_low|
	|fy_low – 4*fx_high|
	|fy_high – 4*fx_low|

	IMD frequency limits (MHz)
	22672
	22997
	3113
	2863

	Two-tone 5th order IMD products
	|fx_low + 4*fy_low|
	|fx_high + 4*fy_high|
	|fy_low + 4*fx_low|
	|fy_high + 4*fx_high|

	IMD frequency limits (MHz)
	24123
	24448
	8667
	8917

	Two-tone 5th order IMD products
	|2*fx_low – 3*fy_high|
	|2*fx_high – 3*fy_low|
	|2*fy_low – 3*fx_high|
	|2*fy_high – 3*fx_low|

	IMD frequency limits (MHz)
	16069
	16369
	9466
	9741

	Two-tone 5th order IMD products
	|2*fx_low + 3*fy_low|
	|2*fx_high + 3*fy_high|
	|2*fy_low + 3*fx_low|
	|2*fy_high + 3*fx_high|

	IMD frequency limits (MHz)
	18971
	19271
	13819
	14094


When V2X inter-band con-current operating UE is operating with other systems such as WiFi, Bluetooth and GNSS system, the harmonics and intermodulation products can have impact on these systems. Table 6.x.3-3 lists if up to 3rd order harmonics and IMD up to 5th order falls into one of these receiving bands.
Table 6.x.3-3: Harmonic and IMDs analysis of V2X_28A-47A UE for ISM and GNSS bands

	Victim Systems
	Frequency range [MHz]
	Impact
	Regions
	Comments

	COMPASS
(Beidou)
	1559
	-
	1591
	No
	
	

	Galileo
	1559
	-
	1591
	No
	
	

	GLONASS
	1591
	-
	1610
	No
	
	

	GPS
	1563
	-
	1587
	No
	
	

	ISM band
 (2.4GHz)
	2400
	-
	2483.5
	No
	US/Europe
	

	
	2400
	-
	2494
	No
	Asia
	

	ISM band
 (5GHz)
	5150
	-
	5925
	YES
	US
	HD8, IMD2

	
	5150
	-
	5350
	YES
	Europe
	IMD2

	
	5470
	-
	5725
	YES
	
	HD8

	
	5150
	-
	5825
	YES
	Asia
	HD8, IMD2


Based on the harmonics/IMD analysis tables, the 8th harmonics product will impact to the own reception of V2X_28A-47A UE. This impact will be studied to solve the self-interference problems.

The impact on ISM band at 5GHz was already covered in 2DL/2UL CA WI in rel-12 which was solved by in-device coexistence solution such as TDM or FDM operation between dual uplink in licensed band and reception in unlicensed band.
6.x.4
∆TIB and ∆RIB values

For V2X inter-band con-current operation for V2X_28-47, RAN4 agreed to use the harmonic trap filter to mitigate the harmonic interference level in Band 47. So the additional IL will be increased as below Table 6.x.4-1 and 6.x.4-2.
Table 6.x.4-1: ΔTIB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c [dB]

	V2X_28-47
	28
	0.2


Table 6.x.4-2: ΔRIB,c 

	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB,c [dB]

	V2X_28-47
	28
	0.2


6.x.5
REFSENS requirements

The 8th harmonics of Band 28 is would interfere the reception of the Band 47. To analyse the self- desense level, we consider two option as below

· Option1: Separate Ant. Architecture w/ HTF

· Option2: Separate Ant. Architecture w/o HTF

Table 6.x.5-1 is the common isolation assumption for the V2X_28A-47A UE FE components.
Table 6.x.5-1. V2X_28A-47A UE RF FE component isolation parameters

	
	Attenuation Value

	B28 Tx in PA output
	28

	B28 PA H8 attenuation
	70.2

	B28 duplexer H8 attenuation
	15

	Harmonic filter
	20 or 0  (w/ or w/o)

	LB switch H8
	120

	Diplexer attenuation
	25

	Antenna isolation
	10

	Diplexer pathloss
	0.7

	UHB switch attenuation
	0.7

	UHB switch H8
	130/110 (primary/secondary)

	B47 Rx filter attenuation
	1.5

	B47 Rx filter H8
	110/110 (primary/secondary)

	B28 PA to B47 LNA isolation
	60


The Table 6.x.5-2 is the common parameters for MSD analysis for V2X_28A-47A.
Table 6.x.5-2. V2X_28A-47A UE RF FE component isolation parameters

	Parameter
	Option1 : W/ HTF
	Option2: W/O HTF

	
	Primary
	Diversity
	Primary
	Diversity

	
	Value
	H8 level
	Value
	H8 level
	Value
	H8 level
	Value
	H8 level

	B28 Tx in PA output
	28
	　
	28
	　
	28
	　
	28
	　

	B28 PA H8 attenuation
	70
	-42
	70
	-42
	70
	-42
	70
	-42

	B28 duplexer H8 attenuation
	15
	-57
	15
	-57
	15
	-57
	15
	-57

	Harmonic filter
	20
	-77
	20
	-77
	0
	-57
	0
	-57

	LB switch H8
	-120
	-77
	-120
	-77 
	-120
	-57.0
	-120
	-57.0

	Diplexer attenuation
	25
	-102.0
	25
	-102.0
	25
	-82 
	25
	-82

	Antenna isolation
	10
	-112.0
	10
	-112.0
	10
	-92
	10
	-92

	Diplexer pathloss
	0.7
	-112.7
	0.7
	-112.7
	0.7
	-92.7
	0.7
	-92.7

	UHB switch attenuation
	0.7
	-113.4
	0.7
	-113.4
	0.7
	-93.4 
	0.7
	-93.4

	UHB switch H8
	-130
	-113.3
	-110
	-108.4
	-130
	-93.4
	-110
	-93.3

	B48 Rx filter attenuation
	1.5
	-114.8
	1.5
	-109.9
	1.5
	-94.9
	1.5
	-94.8

	B48 Rx filter H8
	-110
	-108.8
	-110
	-106.9 
	-110
	-94.8
	-110
	-94.7

	B28 PA to B48 LNA isolation
	60
	-102.0
	60
	-101.9 
	60
	-102.0
	60
	-101.9

	Composite
	　
	-101.2
	　
	-100.8
	　
	-94.0
	　
	-93.9


From the Table 6.x.5-2, MSD level for V2X_28A-47A is derived as below.

Table 6.x.5-3. Estimated MSD level at Band 47
	　
	Thermal
	W/ HTF
	W/O HTF

	
	
	H8 level (dBm)
	MSD (dB)
	H8 level (dBm)
	MSD (dB)

	Main Path
	-101
	-101.2
	2.98
	-93.8
	7.86

	Diversity Path
	-101
	-100.8
	3.17
	-93.7
	7.93

	After MRC
	
	
	0.06
	
	4.88


Based on the MSD analysis, RAN4 recommend shall consider the harmonic trap filter to protect Band 47 for vehicle safety message.

Table 6.x.5.4: Proposed MSD values for V2X_28A-47A
	V2X con-current configuration
	LGE
	Avg.

MSD [dB]

	V2X_28A-47A
	0.06
	0.0

	Note 1: For the V2X con-current configuration UE with harmonic problem into Band 47, harmonic trap filter should be considered to protect the V2X safety message in Band 47
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