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1. Introduction

In the last RAN #76 meetings, RAN agreed to add new V2X band combinations for LTE in release 15. The revised objectives of new V2X 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. For the target completion date, RAN4 should guaranteed the minimum two RAN4 WG meeting from the starting for new band combinations.

	V2X inter-band concurrent combination
	V2X Band
	Channel bandwidths [MHz]
	Interface

	V2X_34_47
	34
	5, 10, 15
	Uu

	
	47
	10, 20
	PC5

	V2X_5_47
	5
	5,10
	Uu

	
	47
	10,20
	PC5


· 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.

· Based on agreed work plan (R4-1703287), the total number of carriers of LTE Uu CA and PC5 operation is restricted up to 3CCs in this WI.

· E.g. CA_XA-YA (Uu) + 47A (PC5) or XA (Uu) + 47B (PC5)
In this paper, we provide our REFSEN requirements by the self-interference problems of new V2X band combinations.
2. Basic RF architecture and coexistence analysis
The harmonic/IMDs problem can be impacted to the own Rx sensitivity level. So RAN4 considered HTF (harmonic trap filter) as shown in example RF architecture in Figure 1. 
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Figure 1 Example RF architecture of inter-band con-current operation with harmonic problems
In rel-15, RAN4 agreed as below to solve the harmonics/IMD problems for V2X operation.

· 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 the safety message.

· Proposal 2: If the MSD level is not guarantee 0dB for V2X band combination even if use harmonic trap filter, RAN4 shall define two minimum requirement. One is to guarantee 0dB MSD in a certain TX frequency band since the generated harmonics products will not impacted to receive the V2X safety message in Band 47. The other is defining of the A-MPR requirements to protect the safety message in the harmonic range. 
· 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.
Table 1 show the harmonics/IMD analysis results for new V2X band combinations.
Table 1. Harmonics /IMDs impacts on own Rx bands for new V2X band combinations
	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) 7th Harmonic into B47

2) No IMD problems in both Rx bands

	B34
	2010 – 2025
	3x
	6030 – 6075
	1) No Harmonics impacts in B47 
2) No IMD problems in both Rx bands


For the V2X_34A-47A band combinations, we can see that there was no harmonic/IMD problems into the own Rx band. 
Therefore, we can add the new V2X_34A-47A con-current operation in TS36.101 in rel-15 when we complete the TR works to include coexistence results.

However, the V2X_5A-47A band combination has 7th order harmonic problem into Band 47.

So, RAN4 should analyse the self-interference problems in Band 47

3. MSD analysis for V2X_5A-47A UE
For the new V2X band combination V2X_5A-47A, we derived the required MSD level for Band 47 by 7th harmonic from Band 5 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_5A-47A UE RF FE component isolation parameters

	
	Attenuation Value

	B5 Tx in PA output
	28

	B5 PA H7 attenuation
	69

	B5 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)

	B5 PA to B47 LNA isolation
	60


3.1 Harmonics problem on V2X_5A-47A
The 7th harmonics of Band 5 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_5A-47A.
Table 3. V2X_5A-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

	B5 Tx in PA output
	28
	　
	28
	　
	28
	　
	28
	　

	B5 PA H7 attenuation
	69
	-41
	68
	-41
	69
	-41
	69
	-41

	B5 duplexer H7 attenuation
	15
	-56
	15
	-56
	15
	-56
	15
	-56

	Harmonic filter
	20
	-76
	20
	-76
	0
	-56
	0
	-56

	LB switch H7
	-120
	-76
	-120
	-76
	-120
	-56
	-120
	-56

	Diplexer attenuation
	25
	-101
	25
	-101 
	25
	-81
	25
	-81

	Antenna isolation
	10
	-111
	10
	-111
	10
	-91
	10
	-91

	Diplexer pathloss
	0.7
	-111.7 
	0.7
	-111.7 
	0.7
	-91.7 
	0.7
	-91.7

	UHB switch attenuation
	0.7
	-112.4 
	0.7
	-112.4 
	0.7
	-92.4 
	0.7
	-92.4 

	UHB switch H7
	-130
	-112.3 
	-110
	-108.0
	-130
	-92.4
	-110
	-92.3

	B47 Rx filter attenuation
	1.5
	-113.8 
	1.5
	-109.5 
	1.5
	-93.9
	1.5
	-93.8

	B47 Rx filter H7
	-110
	-108.5
	-110
	-106.7 
	-110
	-93.8
	-110
	-93.7

	B20 PA to B47 LNA isolation
	60
	-101.0
	60
	-101.0 
	60
	-101.0
	60
	-101.0

	Composite
	　
	-100.3
	　
	-100.0
	　
	-93.0
	　
	-93.0


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
	-100.3
	3.44
	-93.0
	8.69


	Diversity Path
	-101
	-100.0
	3.61
	-93.0
	8.75

	After MRC
	
	
	0.51
	
	5.71


From the estimated MSD level at Band 47 by 7th harmonics from Band 5 is about 0dB when we consider the harmonics trap filter to mitigate the harmonics products.

4. Conclusions


In this contribution, we provide our analysis results on V2X_5A-47A UE sensitivity level by self-interference problems. Based on the analysis in session 3, we propose TP as below
<Start of TP>
6.x.5
REFSENS requirements for V2X_5A-47A
The 7th harmonics of Band 5 is would interfere the reception of the Band 47. To analyse the self- desense level, RAN4 consider two option as below

· Option1: Separate Ant. Architecture w/ HTF

· Option2: Separate Ant. Architecture w/o HTF

The Table 6.x.5-1 is the common parameters for MSD analysis for V2X_5A-47A.

Table 6.x.5-1. V2X_5A-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

	B5 Tx in PA output
	28
	　
	28
	　
	28
	　
	28
	　

	B5 PA H7 attenuation
	69
	-41
	68
	-41
	69
	-41
	69
	-41

	B5 duplexer H7 attenuation
	15
	-56
	15
	-56
	15
	-56
	15
	-56

	Harmonic filter
	20
	-76
	20
	-76
	0
	-56
	0
	-56

	LB switch H7
	-120
	-76
	-120
	-76
	-120
	-56
	-120
	-56

	Diplexer attenuation
	25
	-101
	25
	-101 
	25
	-81
	25
	-81

	Antenna isolation
	10
	-111
	10
	-111
	10
	-91
	10
	-91

	Diplexer pathloss
	0.7
	-111.7 
	0.7
	-111.7 
	0.7
	-91.7 
	0.7
	-91.7

	UHB switch attenuation
	0.7
	-112.4 
	0.7
	-112.4 
	0.7
	-92.4 
	0.7
	-92.4 

	UHB switch H7
	-130
	-112.3 
	-110
	-108.0
	-130
	-92.4
	-110
	-92.3

	B47 Rx filter attenuation
	1.5
	-113.8 
	1.5
	-109.5 
	1.5
	-93.9
	1.5
	-93.8

	B47 Rx filter H7
	-110
	-108.5
	-110
	-106.7 
	-110
	-93.8
	-110
	-93.7

	B20 PA to B47 LNA isolation
	60
	-101.0
	60
	-101.0 
	60
	-101.0
	60
	-101.0

	Composite
	　
	-100.3
	　
	-100.0
	　
	-93.0
	　
	-93.0


From the Table 6.x.5-1, MSD level is derived as below.

Table 6.x.5.2. Estimated MSD level at B47

	　
	Thermal
	W/ HTF
	W/O HTF

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

	Main Path
	-101
	-100.3
	3.44
	-93.0
	8.69

	Diversity Path
	-101
	-100.0
	3.61
	-93.0
	8.75

	After MRC
	
	
	0.51
	
	5.71


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

Table 6.x.5.3: Proposed MSD values for V2X_5A-47A
	V2X con-current configuration
	LGE
	Company 2
	Company 3
	Avg.

MSD [dB]

	V2X_5A-47A
	0.51
	TBD
	TBD
	TBD

	
	
	
	
	

	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 


<End of TP>

