
3GPP TSG-RAN WG4 #86BIS Meeting                                       
R4-1803998
Melbourne, Australia, 16 – 20 April, 2018
Agenda item:
6.15.1
Source: 
LG Electronics, Deutsche Telekom, T-Mobile US
Title: 
TP on self-desense analysis for V2X_28A-47A and V2X_71A-47A con-current operation
Document for:
Approval
1. Introduction

In the last RAN #79 meetings, RAN agreed new WI on V2X band combination for LTE in release 15 to add the new con-current V2X band combinations w/ or w/o self-interference problems as below Table. This contribution provide the new V2X operating band combination of V2X_28A-47A and V2X_71A-47A  and corresponding supported channel bandwidths for each V2X carrier.  Also provide self-desense problems by dual transmission of the each V2X band combinations. Furthermore, we analysed additional ILs if there is some harmonic impact to V2X band 47 and whether or not to define MSD requirements.
	V2X inter-band concurrent combination
	V2X Band
	Channel bandwidths [MHz]
	Interface
	Started from
	Target Completion date

	V2X_28_47
	28
	3,5,10,15,20
	Uu
	RAN #79
	RAN #80

	
	47
	10,20
	PC5
	
	

	V2X_71_47
	71
	5,10,15,20
	Uu
	RAN #79
	RAN #80

	
	47
	10,20
	PC5
	
	


2. Basic RF architecture and coexistence analysis

Table 1 shows the harmonics and IMDs problem by legacy LTE UL transmission or dual transmission with licensed band and unlicensed band. 
Table 1. Harmonics /IMDs impacts on own Rx bands

	Licensed Band
	B47 Range (MHz)
	Comments for harmonics/IMD problems

	
	5855 – 5925
	

	E-UTRA band
	UL Range (MHz)
	Harm. Order
	Harmonic Range (MHz)
	

	B5
	824 - 849
	7x
	5768 – 5943
	1) Harmonic into B47, No IMD problems

	B20
	832 - 862
	7x
	5824 – 6034
	1) Harmonic into B47, No IMD problems

	B28
	703 - 748
	8x
	5624 – 5984
	1) Harmonic into B47
No IMD problems

	B71
	663 - 698
	8x
	5304 - 5584
	No Harmonics/IMDs


The example RF architecture on V2X_28A-47A UE or V2X_71A-47A UE is shown in Figure 1. Whether or not use HTF will be determind by the analysis results of the harmonic problem with 8th order product into Band 47. For the V2X_71A-47A UE, RAN4 do not consider HTF usage.
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Figure 1. Example RF architecture for V2X_28A-47A con-current operation with harmonic trap filter 
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 2 is the common isolation assumption for the V2X_28A-47A UE FE components.

Table 2. 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 3 is the common parameters for MSD analysis for V2X_28A-47A.
Table 3. 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 3, MSD level for V2X_28A-47A is derived as below.

Table 4. Estimated MSD level at Band 47
	　
	Thermal
	W/ HTF
	W/O HTF

	
	
	H7 level (dBm)
	MSD (dB)
	H7 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


From the estimated MSD level at Band 47 by 8th harmonics from Band 28 is about 0dB when we consider the harmonics trap filter to mitigate the harmonics products.
Hence we propose as below to solve the harmonics problems for V2X_28A-47A UE
Proposal 1: For V2X_28A-47A band combination with harmonics problems, RAN4 should consider the harmonics trap filter to mitigate the harmonic products into Band 47 and protect the safety message.

To derive additional ILs by harmonic trap filter, we study the performance of the the commertial filter as below Table 5. 
Table 5. Harmonic Trap filter performance
	
	ILs for 

Band 28 Transmission
	ILs for 

Band 28 reception
	Attenuation on B47 (dB)

	Vendor A
	0.5
	0.52
	28

	Vendor B
	0.53
	0.47
	24

	Vendor C
	0.44
	0.42
	23

	Avg. Values
	0.49
	0.47
	25


As following shred pain approach in CA WI, we propose the additional ILs for V2X_28A-47A UE as below Table 6.

Table 6. Additional ILs for V2X_28A-47A UE
	Inter-band V2X con-current operation
	ΔTIB,c [dB]
	ΔRIB,c [dB]

	V2X_28A-47A
	0.2
	0.2


The following contents are related TP based on above analysis.

****************** Start of the TP in section 5, 6 of TR36.787 ************************
5.1.2
Summary of coexistence study
Table 5.1.2-1 summarizes the V2X band combinations with self-interference problems.
Table 5.1.2-1: Summary of Self-interference analysis for V2X band combination
	V2X con-current configuration
	Dual transmission
Configuration
	Harmonic

relation to own band
	intermodulation to own band 
without uplink
	interference due to small frequency separation
	MSD

	V2X_5A-47A
	V2X_5A-47A
	7th order harmonic into Band 47
	-
	-
	- 0.0 dB MSD w/ HTF 
Only allow Tib,Rib by HTF

	V2X_20A-47A
	V2X_20A-47A
	7th order harmonic into Band 47
	-
	-
	- 0.0 dB MSD w/ HTF 
Only allow Tib,Rib by HTF

	V2X_28A-47A
	V2X_20A-47A
	8th order harmonic into Band 47
	-
	-
	- 0.0 dB MSD w/ HTF 
Only allow Tib,Rib by HTF

	V2X_34A-47A
	V2X_34A-47A
	-
	-
	-
	- No harmonic/IMD issues

	V2X_71A-47A
	V2X_71A-47A
	-
	-
	-
	- No harmonic/IMD issues


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
6.x.2
Channel bandwidths per operating band

6.x.3
Coexistence studies

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


6.x
V2X_71A-47A

6.x.1
Operating bands for V2X comminication
6.x.2
Channel bandwidths per operating band

6.x.3
Coexistence studies

6.x.4
∆TIB and ∆RIB values

For V2X inter-band con-current operation for V2X_71-47, there was no harmonic/IMD problem by own transmission. Therefore, there was no need to define the additional ILs for V2X_71A-47A UE.
Table 6.x.4-1: ΔTIB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c [dB]

	V2X_71-47
	71
	0.0


Table 6.x.4-2: ΔRIB,c 

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

	V2X_71-47
	71
	0.0


****************** End of the TP in section 6 of TR36.787 ************************

