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1. Introduction

In the last RAN #75 meetings, RAN agreed new WI on V2X band combination for LTE in release 15 to add the new con-current V2X band combination w/ or w/o self-interference problems. The objectives of new band WI are below
· Concurrent operation of additional LTE Uu frequency bands and PC5 operation on Band 47

· Highest priority, and target for RAN#76 completion, shall be given to the following combination:

	V2X MCC Band
	V2X Band
	Channel bandwidths
	Interface

	V2X_20_47
	20
	5, 10, 15, 20
	Uu

	
	47
	10, [20]
	PC5


· Other LTE Uu frequency bands are not precluded

· Concurrent operation of LTE Uu Carrier Aggregation and PC5 operation on Band 47. Proposed combinations to be proposed during the work item in line with the CA basket WID approach.
So, Operator can request to add new V2X band combination regardless of self-interference problems to own receiving frequency bands for LTE Uu or LTE Uu CA on licensed bands and PC5 on Band 47. In this paper, we provide our views on how to solve the self-interference problems by harmonics and IMD products from own transmissions of inter-band con-current V2X UE.
2. Basic RF architecture and coexistence analysis
For LTE-based V2X service in Rel-14, RAN4 considered example RF architecture as shown in Figure 1. 
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Figure 1 Example RF architecture of inter-band con-current operation
In rel-14, RAN4 only added V2X band combination without harmonics/IMDs problem to own V2X received frequency bands based on the agreed WF in rel-14 as below
Agreed WF: For introducing new license bands for V2X operation, RAN4 agreed the follow phased approach
· Due to time limitation to complete at March 2017 in rel-14, the phased approach proposed to add new licensed bands as below
· 1st phase, Add new licensed bands w/o harmonics/IMD problems into Band 47.

· So Band 3/7/8/39/41 are added for the new inter-band con-current V2X operation in V2X WI.
· 2nd phase, RAN4 study how to solve the harmonics/IMDs problems of multi-carrier V2X band combination.

Hence, RAN4 need to study how to solve the harmonics/IMD problem into the own receiving frequency bands for inter-band con-current V2X operation.
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)
	

	B3
	1710 – 1785
	3x
	5130 – 5355
	No Harmonics/IMDs 

	B7
	2500 - 2570
	2x
	5000 - 5140
	No Harmonics/IMDs

	B8
	880 -915
	6x
	5280 – 5490
	No Harmonics/IMDs 

	B39
	1880 - 1920
	3x
	5640 – 5760
	No Harmonics/IMDs

	B41
	2496 - 2690
	2x
	4992 – 5380
	No Harmonics/IMDs

	B1
	1920 - 1980
	3x
	5760 – 5940
	1) Harmonic into B47

2) 5th IMD into B47

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

	B19
	830 - 845
	7x
	5810 – 5915
	1) Harmonic into B47
No IMD problems

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

	B21
	1448 - 1463
	4x
	5792 – 5852
	1) Side-lobe into B47
2) 4th IMD into B21

	B26
	814 - 849
	7x
	5698 – 5943
	1) Harmonic into B47
No IMD problems

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

	B31
	452.5 – 457.5
	13x
	5882.5 – 5947.5
	1) Harmonic into B47 but 13th harmonic impact can ignore.
No IMD problems

	B65
	1920 - 2010
	3x
	5760 – 6030
	1) Harmonic into B47
2) 5th IMD into B47 and B65

	The other Licensed bands
	-
	Xx
	-
	No Harmonic impact. But need to IMD analysis into Band 47 and own licensed operating bands


Based on the analysis Table1, we summary the coexistence problem to own V2X Rx bands as below

· Issue 1: Harmonics problem into Band 47

· Issue 2: IMD problem into Band 47 ( Not occurred issues
· Issue 3: IMD problem into licensed band (Band 21, Band 65)

However, the issue 2 is not occurred for inter-band con-current V2X UE including Band 47. Since Band 47 could not receive signal during Band 47 sidelink transmission as shown in Figure 2. Therefore, we can summary two major problems for inter-band con-current V2X operation to define new V2X band combinations.
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Figure 2. 3 problems for inter-band con-current V2X operation
3. Candidate solution for harmonics/IMD problem for V2X service
For the new V2X band combination V2X_20A-47A, we derived the required MSD level for Band 47 by 7th harmonic from Band 20 transmission.
The basic UE RF architecture in Figure1 and harmonic trap filter are considered to analyse the de-sense level in Band 47.
Table 2 is the common isolation assumption for the V2X UE FE components.

Table 2. V2X_20A-47A UE RF FE component isolation parameters

	
	Attenuation Value

	B20 Tx in PA output
	28

	B20 PA H7 attenuation
	69.8

	B20 duplexer H7 attenuation
	15

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

	LB switch H7
	120

	Diplexer attenuation
	25

	Antenna isolation
	10

	Diplexer pathloss
	0.7

	UHB switch attenuation
	0.7

	UHB switch H7
	130/110 (primary/secondary)

	B47 Rx filter attenuation
	1.5

	B47 Rx filter H7
	110/110 (primary/secondary)

	B20 PA to B47 LNA isolation
	60


3.1 Solution1: Harmonics problem on V2X_20A-47A
The 7th harmonics of Band 20 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

The Table 3 is the common parameters for MSD analysis for V2X_20A-47A.
Table 3. V2X_20A-47A UE RF FE component isolation parameters

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

	
	Primary
	Diversity
	Primary
	Diversity

	
	Value
	H7 level
	Value
	H7 level
	Value
	H7 level
	Value
	H7 level

	B20 Tx in PA output
	28
	　
	28
	　
	28
	　
	28
	　

	B20 PA H7 attenuation
	69.8
	-41.8
	69.8
	-41.8
	69.8
	-41.8
	69.8
	-41.8

	B20 duplexer H7 attenuation
	15
	-56.8
	15
	-56.8
	15
	-56.8
	15
	-56.8

	Harmonic filter
	20
	-76.8
	20
	-76.8
	0
	-56.8
	0
	-56.8

	LB switch H7
	-120
	-76.8
	-120
	-76.8 
	-120
	-56.8
	-120
	-56.8 

	Diplexer attenuation
	25
	-101.8 
	25
	-101.8 
	25
	-81.8 
	25
	-81.8 

	Antenna isolation
	10
	-111.8 
	10
	-111.8 
	10
	-91.8 
	10
	-91.8 

	Diplexer pathloss
	0.7
	-112.5 
	0.7
	-112.5 
	0.7
	-92.5 
	0.7
	-92.5 

	UHB switch attenuation
	0.7
	-113.2 
	0.7
	-113.2 
	0.7
	-93.2 
	0.7
	-93.2 

	UHB switch H7
	-130
	-113.1 
	-110
	-108.3
	-130
	-93.2 
	-110
	-93.1 

	B47 Rx filter attenuation
	1.5
	-114.6 
	1.5
	-109.8 
	1.5
	-94.7 
	1.5
	-94.6 

	B47 Rx filter H7
	-110
	-108.7 
	-110
	-106.9 
	-110
	-94.5 
	-110
	-94.4 

	B20 PA to B47 LNA isolation
	60
	-101.8
	60
	-101.8 
	60
	-101.8 
	60
	-101.8 

	Composite
	　
	-101.0
	　
	-100.6
	　
	-93.8 
	　
	-93.7 


From the Table 3, MSD level for V2X_20A-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
	-101.0
	3.08
	-93.8
	8.06

	Diversity Path
	-101
	-100.6
	3.27
	-93.7
	8.12

	After MRC
	
	
	0.16
	
	5.08


From the estimated MSD level at Band 47 by 7th harmonics from Band 20 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 into Band 47
Proposal 1: For V2X band combination with harmonics problems, RAN4 should consider the harmonics trap filter to mitigate the harmonic products into Band 47 and protect safety message.
Proposal 2: If the MSD level is not guarantee 0dB for V2X band combination even if use harmonic trap filter, RAN4 need further discussion how to protect the safety message on Band 47
3.2 Solution2: IMD problems on licensed band
This IMD problem into the own receiving Band XX can be raised by dual transmission from the V2X_21A-47A UE and V2X_47A-65A UE in Table1. 
The problems on the own licensed Band is quite similar to inter-band CA combination. So this IMD problem can be easily solved by following dual uplink CA band combination. 
In dual uplink CA, RAN4 define MSD requirements to allow sensitivity degradation in own receiving frequency band. 
Hence, we propose as below to solve the IMD problems into licensed Rx Band.

Proposal 3: For V2X band combination with IMD problems by dual transmission, RAN4 define MSD level to allow sensitivity degradation in own receiving frequency band.
1. Conclusions


In this contribution, we provide our views on how to treat harmonics/IMD problem for new V2X band combination with self-desense problems. Based on the analysis in session 3, we propose as below
Proposal 1: For V2X band combination with harmonics problems, RAN4 should consider the harmonics trap filter to mitigate the harmonic products into Band 47 and protect safety message.

Proposal 2: If the MSD level is not guarantee 0dB for V2X band combination even if use harmonic trap filter, RAN4 need further discussion how to protect the safety message on Band 47.
Proposal 3: For V2X band combination with IMD problems by dual transmission, RAN4 define MSD level to allow sensitivity degradation in own receiving frequency band.
****************** Start of the TP in cluase 5 of TR36.XXX ************************
5
Additional UE RF: General part
5.1
UE RF requirements


For LTE-based V2X service in Rel-14, RAN4 considered example RF architecture as shown in Figure 5.1-1. 


[image: image3.emf]DIP

Low 

bands

switch

Mid 

bands 

switch

DIP

High 

bands 

switch

Ultra 

High 

bands 

switch

RFIC

S/W

V2X (Uu operation) in Band XX

D

U

P


Figure 5.1-1 Example RF architecture of inter-band con-current operation
In rel-14, RAN4 only added V2X band combination without harmonics/IMDs problem to own V2X received frequency bands based on the agreed WF in rel-14 as below

Agreed WF: For introducing new license bands for V2X operation, RAN4 agreed the follow phased approach
· Due to time limitation to complete at March 2017 in rel-14, the phased approach proposed to add new licensed bands as below
· 1st phase, Add new licensed bands w/o harmonics/IMD problems into Band 47.

· So Band 3/7/8/39/41 are added for the new inter-band con-current V2X operation in V2X WI.
· 2nd phase, RAN4 study how to solve the harmonics/IMDs problems of multi-carrier V2X band combination.

Hence, RAN4 need to study how to solve the harmonics/IMD problem into the own receiving frequency bands for inter-band con-current V2X operation.
Table 5.1-1 shows the harmonics and IMDs problem by legacy LTE UL transmission or dual transmission with licensed band and unlicensed band. 
Table 5.1-1. 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)
	

	B3
	1710 – 1785
	3x
	5130 – 5355
	No Harmonics/IMDs 

	B7
	2500 - 2570
	2x
	5000 - 5140
	No Harmonics/IMDs

	B8
	880 -915
	6x
	5280 – 5490
	No Harmonics/IMDs 

	B39
	1880 - 1920
	3x
	5640 – 5760
	No Harmonics/IMDs

	B41
	2496 - 2690
	2x
	4992 – 5380
	No Harmonics/IMDs

	B1
	1920 - 1980
	3x
	5760 – 5940
	1) Harmonic into B47

2) 5th IMD into B47

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

	B19
	830 - 845
	7x
	5810 – 5915
	1) Harmonic into B47
No IMD problems

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

	B21
	1448 - 1463
	4x
	5792 – 5852
	1) Side-lobe into B47
2) 4th IMD into B21

	B26
	814 - 849
	7x
	5698 – 5943
	1) Harmonic into B47

No IMD problems

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

	B31
	452.5 – 457.5
	13x
	5882.5 – 5947.5
	1) Harmonic into B47 but 13th harmonic impact can ignore.

No IMD problems

	B65
	1920 - 2010
	3x
	5760 – 6030
	1) Harmonic into B47

2) 5th IMD into B47 and B65

	The other Licensed bands
	-
	Xx
	-
	No Harmonic impact. But need to IMD analysis into Band 47 and own licensed operating bands


Based on the analysis Table 5.1-1, we summary the coexistence problem to own V2X Rx bands as below

· Issue 1: Harmonics problem into Band 47

· Issue 2: IMD problem into Band 47 ( Not occurred issues

· Issue 3: IMD problem into licensed band (Band 21, Band 65)

However, the issue 2 is not occurred for inter-band con-current V2X UE including Band 47. Since Band 47 could not receive signal during Band 47 sidelink transmission as shown in Figure 5.1-2. Therefore, we can summary two major problems for inter-band con-current V2X operation to define new V2X band combinations.
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Figure 5.1-2. 3 problems for inter-band con-current V2X operation
5.1.1
Candidate solution for self-interference issues


5.1.1.1 Solution1: Harmonics problem on Band 47

The 7th harmonics of Band 20 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

The Table 5.1.1.1-1 is the required MSD level for V2X_20A-47A is derived as below.

	Table 5.1.1.1-1. Estimated MSD level at Band 47 (V2X_20A-47A)
　
	Thermal
	W/ HTF
	W/O HTF

	
	
	H7 level (dBm)
	MSD (dB)
	H7 level (dBm)
	MSD (dB)

	Main Path
	-101
	-101.0
	3.08
	-93.8
	8.06

	Diversity Path
	-101
	-100.6
	3.27
	-93.7
	8.12

	After MRC
	
	
	0.16
	
	5.08


From the estimated MSD level at Band 47 by 7th harmonics from Band 20 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 into Band 47
· Proposal: For V2X band combination with harmonics problems, RAN4 should consider the harmonics trap filter to mitigate the harmonic products into Band 47 and protect safety message.

· Proposal: If the MSD level is not guarantee 0dB for V2X band combination even if use harmonic trap filter, RAN4 need further discussion how to protect the safety message on Band 47.
5.1.1.2 Solution2: IMD problem on licensed Bands

The IMD problem into the own receiving Band XX can be raised by dual transmission from the V2X_21A-47A UE and V2X_47A-65A UE in Table 5.1-1. 

The problems on the own licensed Band is quite similar to inter-band CA combination. So this IMD problem can be easily solved by following dual uplink CA band combination. 

In dual uplink CA, RAN4 define MSD requirements to allow sensitivity degradation in own receiving frequency band. 

Hence, we propose as below to solve the IMD problems into licensed Rx Band.

· Proposal: For V2X band combination with IMD problems by dual transmission, RAN4 define MSD level to allow sensitivity degradation in own receiving frequency band.
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_20A-47A
	V2X_20A-47A
	7th order harmonic into Band 47
	-
	-
	- TBD by harmonic product
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