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1. [bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Introduction
	In the last RAN4 #96-e meetings, RAN4 has discussed the additional ILs and self desense issues by 3rd order harmonic from LTE Band 20 of V2X_20A_n38A. RAN4 specified additional 0.2dB insertion loss terms with square braket by Harmonic Trap Filter (HTF), however, DC_20A_n38A might not consider HTF since 0.3dB Tx ILs (due to Diplexer) was specified for DC_20A_n38A in Table 6.2B.4.2.3.1-1 in TS38.101-3. Also the specified MSD levels for DC_20A_n38A by 3rd order harmonic problems is quite low level compare to MSD results in [2][3].
In this paper, we provide our views on the additional ILs by HTF and analyse self-interference problem into the own received n38 band based on the candidate RF architecture for NR con-current V2X UE.
2. Candidate RF architectures for con-current V2X UE
For 5G V2X service in Rel-16, RAN4 can consider example RF architecture as shown in Figure 1 to support SL operation in licensed band. 
[image: ] 
(a) Shared Antenna RF architecture                       (b) Separate Antenna RF architecture
Figure 1. Example NR V2X UE RF architectures for inter-band con-current operation in licensed band
As shown in Figure 1, RAN4 can consider harmonic trap filter for V2X_20A_n38A UE to reduce the 3rd harmonic problem from LTE Band 20 transmission for both shared antenna RF architecture and separate antenna RF architecture.
In last RAN4 meeting, we specified the both ΔTIB,V2X and ΔRIB,V2X as 0.2dB with square bracket for V2X_20A_n38A UE based on commercial filter performance as shown in Table 1.
Table 6.2C.4.2-1: ΔTIB,V2X for inter-band con-current V2X operation (two bands)
	V2X con-current operating band Configuration
	Operating Band
	ΔTIB,V2X [dB]

	V2X_20_n38
	20
	[0.21]

	Note 1: The ΔTIB,V2X is applied on top of ΔTIB,c of DC_20A_n38A when use harmonic trap filter to reduce 3rd harmonic impact from Band 20.



Table 7.3C.2.3-2: ΔRIB,V2X (two bands)
	V2X inter-band con-current band Combination
	V2X operating Band
	ΔRIB,V2X [dB]

	V2X_20_n38
	20
	[0.21]

	Note 1:	The ΔRIB,V2X is applied on top of ΔRIB,c of DC_20_n38 when use harmonic trap filter to reduce 3rd harmonic impact from Band 20.



Table 1. Commercial harmonic trap filter’s characteristics
	Vendor
	tech
	IL
	Attenuation@2500~2620

	
	
	freq [MHz]
	typ.
	Max.
	typ.
	min.

	A
	HPF
	673~2690
	0.37
	0.5
	42
	35

	A
	HPF
	699~2690
	0.23
	0.4
	29
	23

	B
	HPF
	673~2690
	0.45
	0.5
	45
	37

	C
	HPF
	698 ~ 960
	0.28
	0.45
	35
	25



RAN4 can remove square bracket in both delta Tib and delta Rib for V2X_20_n38 UE. One raised problem is the RF architecture alignment between DC_20_n38 UE and V2X_20_n38 UE.
In TS38.101-3, RAN4 did not consider HTF in DC_20_n38, so RAN4 need to revise the additional ILs term. Specifically, RAN4 make consensus to consider HTF in DC_20_n38 UE, we can just update delta Tib/Rib in DC_20_n38 UE, and we can define 0dB additional ILs for V2X_20_n38 UE.
Proposal 1: RAN4 need to align the RF architecture for DC_20_n38 and V2X_20_n38. Based on the aligned RF architecture, RAN4 can decide the same additional ILs for both DC_20_n38 UE and V2X_20_n38 UE.

2.1 Self-interference analysis for V2X_20A_n38A
The V2X_20A_n38A has self desense problem as like 5G DC_20A_n38A as shown in Figure 2. This analysis apply for DC_20A_n38A and V2X_20A_n38A.
[image: ]
Figure 2. 3rd harmonic issues in V2X_20A_n38A con-current operation in licensed band

To analyse the 3rd order harmonics problem in own SL reception in NR n38, we consider both RF architectures as below
· Option1: Separate Ant. Architecture for inter-band con-current V2X operation
· Option 1-1: Separate ant. with HTF
· Option 1-2: Separate ant. without HTF 
· Option2: Separate Ant. Architecture for inter-band con-current V2X operation
· Option 2-1: Shared ant. with HTF
· Option 2-2: Shared ant. without HTF 
RAN4 consider 4 candidate RF architectures for V2X_20A_n38A UE as shown in above options. Following Table 2 and Table 3 are analysed the required MSD values according to above candidate RF architectures. 

1) Option 1 : Separate Ant. RF architecture
Table 2. V2X_20A_n38A UE RF FE component isolation parameters
	Parameter
	Option1-1 : W/ HTF
	Option1-2: W/O HTF

	
	Primary
	Diversity
	Primary
	Diversity

	
	Value
	H3 level
	Value
	H3 level
	Value
	H3 level
	Value
	H3 level

	B20 Tx in PA output
	27.5
	　
	27.5
	　
	27.5
	　
	27.5
	　

	B20 PA H3 attenuation
	50
	-22.5
	50
	-22.5
	50
	-22.5
	50
	-22.5

	B20 duplexer H3 attenuation
	35
	-57.5
	35
	-57.5
	35
	-57.5
	35
	-57.5

	Harmonic filter
	25
	-82.5
	25
	-82.5
	0
	-57.5
	0
	-57.5

	LB switch H3
	-95
	-82.3
	-95
	-82.3
	-95
	-57.5
	-95
	-57.5

	Diplexer attenuation
	20
	-102.3 
	20
	-102.3 
	20
	-77.5
	20
	-77.5 

	Antenna isolation
	10
	-112.3 
	10
	-112.3 
	10
	-87.5 
	10
	-87.5

	Diplexer pathloss
	0.7
	-113.0 
	0.7
	-113.0 
	0.7
	-88.2 
	0.7
	-88.2 

	UHB switch attenuation
	0.7
	-113.7 
	0.7
	-113.7 
	0.7
	-88.9
	0.7
	-88.9 

	UHB switch H3
	-125
	-113.4 
	-105
	-104.4
	-125
	-88.9 
	-105
	-88.8

	n38 Rx filter attenuation
	1.5
	-114.9 
	1.5
	-105.9 
	1.5
	-90.4 
	1.5
	-90.3 

	n38 Rx filter H3
	-105
	-104.6 
	-105
	-102.4 
	-105
	-90.3 
	-105
	-90.1 

	B20 PA to n38 LNA isolation
	65
	-87.5
	65
	-87.5 
	65
	-87.5 
	65
	-87.5 

	Composite
	　
	-87.4
	　
	-87.4
	　
	-85.7 
	　
	-85.6 

	MSD level after MRC
	10.9 dB (10MHz)
	12.6 dB (10MHz)



1) Option 2 : shared Ant. w/o HTF
2) Table 3. V2X_20A_n38A UE RF FE component isolation parameters
	Parameter
	Option2-1 : W/ HTF
	Option2-2: W/O HTF

	
	Primary
	Diversity
	Primary
	Diversity

	
	Value
	H3 level
	Value
	H3 level
	Value
	H3 level
	Value
	H3 level

	B20 Tx in PA output
	27.5
	　
	27.5
	　
	27.5
	　
	27.5
	　

	B20 PA H3 attenuation
	50
	-22.5
	50
	-22.5
	50
	-22.5
	50
	-22.5

	B20 duplexer H3 attenuation
	35
	-57.5
	35
	-57.5
	35
	-57.5
	35
	-57.5

	Harmonic filter
	25
	-82.5
	25
	-82.5
	0
	-57.5
	0
	-57.5

	LB switch H3
	-95
	-82.3
	-95
	-82.3
	-95
	-57.5
	-95
	-57.5

	Diplexer attenuation
	20
	-102.3 
	20
	-102.3 
	20
	-77.5
	20
	-77.5 

	Antenna isolation
	0
	-102.3 
	0
	-102.3 
	0
	-77.5 
	0
	-77.5

	Diplexer pathloss
	0.7
	-103.0 
	0.7
	-103.0 
	0.7
	-78.2 
	0.7
	-78.2 

	UHB switch attenuation
	0.7
	-103.7 
	0.7
	-103.7 
	0.7
	-78.9
	0.7
	-78.9 

	UHB switch H3
	-125
	-103.6 
	-105
	-101.3
	-125
	-78.9 
	-105
	-78.9

	n38 Rx filter attenuation
	1.5
	-105.1 
	1.5
	-102.8 
	1.5
	-80.4 
	1.5
	-80.4 

	n38 Rx filter H3
	-105
	-102.1 
	-105
	-100.7 
	-105
	-80.4 
	-105
	-80.4 

	B20 PA to n38 LNA isolation
	65
	-87.5
	65
	-87.5 
	65
	-87.5 
	65
	-87.5 

	Composite
	　
	-87.4
	　
	-87.3
	　
	-79.6 
	　
	-79.6 

	MSD level after MRC
	11.0 dB (10MHz)
	18.5 dB (10MHz)



From the MSD results, the 3rd harmonic may impact to the NR Band n38 SL receiver sensitivity levels for both RF architectures. Also the harmonic trap filter will improve the sensitivity level up to 8dB when RAN4 consider the share antenna RF architecture.
[bookmark: _GoBack]However, for MSD value is 10.3 dB for DC_20_n38 in 10MHz CBW in TS38.101-3, so the MSD level can updating as average manner with 11.0dB. 
Based on the REFSENS analysis results, we propose as follow

Proposal 2: RAN4 specify MSD levels for 10MHz CBW with 10.7dB = (10.3dB + 11.0dB)/2 based on shared antenna RF architecture with HTF for both DC_20_n38 UE and V2X_20_n38 UE.

3. Conclusions
	In this contribution, we provide our views on candidate RF architecture to reduce 3rd harmonic problems and propose delta Tib/Rib levels and required MSD values when RAN4 consider harmonic trap filter to reduce the harmonic issues in the own Rx reception frequency ranges.
Above analysis in session 2, we propose as following

Proposal 1: RAN4 need to align the RF architecture for DC_20_n38 and V2X_20_n38. Based on the aligned RF architecture, RAN4 can decide the same additional ILs for both DC_20_n38 UE and V2X_20_n38 UE.
Proposal 2: RAN4 specify MSD levels for 10MHz CBW with 10.7dB = (10.3dB + 11.0dB)/2 based on shared antenna RF architecture with HTF for both DC_20_n38 UE and V2X_20_n38 UE.
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