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1. [bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Introduction
	In the last RAN4 #95-e meetings, RAN4 has discussed the additional ILs and self desense issues by 3rd order harmonic from LTE Band 20 of V2X_20A_n38A. we proposed 0.2dB additional ILs by Harmonic Trap Filter (HTF), however, RAN4 do not make consensus the delta Tib and Delta Rib levels. Also companies encourage to analyse MSD levels by 3rd order harmonic problems even though RAN4 considered the harmonic trap filter to reduce the self desense impact.
In this paper, we provide our views on the additional ILs by HTF and analyse self-interference problem into the own received n47 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 discussed that RAN4 shall specify the MSD requirements based on the self desense analysis results even though the HTF is considered for V2X_20A_n38A UE.
In LTE V2X, RAN4 also specified the delta Tib and Rib in TS36.101 by using of harmonic trap filter which would reduce harmonic interference problem as follow 
Table 1. Delta Tib/Rib for LTE V2X con-current band combinations in TS36.101
	V2X con-current band Combination
	E-UTRA or V2X
Operating Band
	ΔTIB,c / ΔRIB,c [dB]
	Harmonic order into B47

	V2X_3-47
	3
	0.0
	N/A

	V2X_5-47
	5
	0.2 /0.2
	7th order

	V2X_7-47
	7
	0.0
	N/A

	V2X_8-47
	8
	0.0
	N/A

	V2X_20-47
	20
	0.2 /0.2
	7th order

	V2X_28-47
	28
	0.2 /0.2
	8th order

	V2X_34-47
	34
	0.0
	N/A

	V2X_39-47
	39
	0.0
	N/A

	V2X_41-47
	41
	0.0
	N/A

	V2X_71-47
	71
	0.0
	N/A



In LTE V2X UE, the specified additional ILs were raised by 7th & 8th harmonics problem from the LTE Uu transmission in LTE V2X operation such as V2X_5-47, V2X_20-47 and V2X_28-47. Hence, RAN4 do not specify the MSD requirements in the own Band 47 reception since the 7th order harmonic impact were eliminated by using of harmonic trap filter.
However, lower order harmonic problem is more impacted to the own n38 reception of inter-band con-current V2X_20A_n38A UE. 
So RAN4 need to study both the additional ILs and the self-interference problems in own n38 SL reception by 3rd harmonic from the Band 20 transmission. We can re-consider the shared pain approach to derive delta Tib/Rib based on the current commercial filter ILs same as LTE V2X.
In the next session, we propose the required delta Tib/Rib and MSD levels for V2X_20A_n38A UE. 

2.1 Delta Tib/Rib for V2X_20A_n38A
When RAN4 consider commercial filter characteristics as shown in Table 2, RAN4 shall consider shared pain approach as same LTE V2X to derive HTF’s delta Tib/Rib based on the filter’s additional ILs
Table 2. 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



Based on the filter charateristics, the maximum ILs is about 0.5 dB for both Tx/Rx part, so RAN4 reuse the delta Tib/Rib with 0.2dB by shared pain approach. 
 * Shared pain approach means that total ILs will be shared to Operator and UE Vendors as compromised solution in LTE CA (e.g. average IL is 0.46dB. the half and half will be applied to UE vendor and operator, then delta Tib/Rib will specify with 0.23dB 0.2dB)
Also, the harmonic trap filter’s attenuation level to protect n38 operating frequency, we assume 25dB attenuation level when HTF is considered. It will use to derive MSD level according to RF architectures.

Based on the above RF architectures and filter characteristics, we propose as follow
Proposal 1: RAN4 allow 0.2dB Delta Tib/Rib values for V2X_20A_n38A UE. This is applied to the maximum output power and REFSENS relaxation as same LTE V2X UE.

2.2 Self-interference analysis for V2X_20A_n38A
The V2X_20A_n28A has self desense problem as like LTE CA_20A-38A as shown in Figure 2.
[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. Table 2 show the detail isolation parameters for RF components of specific V2X_20A_n38A band combination whether consider HTF or not.

1) Option 1 : Separate Ant. RF architecture
Table 3. 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
	10.8 dB (10MHz)
	12.6 dB (10MHz)



1) Option 2 : shared Ant. w/o HTF
2) Table 4. 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
	-103.7 
	-105
	-101.3
	-125
	-78.9 
	-105
	-78.9

	n38 Rx filter attenuation
	1.5
	-105.2 
	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
	11.6 dB (10MHz)
	19.2 dB (10MHz)



From the 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 enhance the REFSENS level when RAN4 consider the share antenna RF architecture.

Based on the REFSENS analysis results, we propose as follow

Proposal 2: RAN4 specify MSD levels for 10MHz CBW with 12dB based on shared antenna RF architecture with HTF.

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 allow 0.2dB Delta Tib/Rib values for V2X_20A_n38A UE. This is applied to the maximum output power and REFSENS relaxation as same LTE V2X UE.
Proposal 2: RAN4 specify MSD levels for 10MHz CBW with 12dB based on shared antenna RF architecture with HTF.


======================== TP proposal in TR38.886 ============================
<Start of TP>

[bookmark: _Toc36034862][bookmark: _Toc42537462]10.2	NR V2X SL operation and LTE/NR Uu operation both in licensed band for FR1
[bookmark: _Toc36034863][bookmark: _Toc42537463]10.2.1 Tx requirements for inter-band con-current V2X operation
[bookmark: _Toc36034864][bookmark: _Toc42537464]10.2.1.1 Maximum output power
For the inter-band con-current V2X operation at licensed bands in FR1, the following V2X UE Power Classes define the maximum output power for any transmission bandwidth within the channel bandwidth. The period of measurement shall be at least one sub frame (1ms).
Table 10.2.1.1-1: Con-current V2X UE Power Class for uplink inter-band combination (two bands)
	V2X con-current operating band Configuration
	Class 1 (dBm)
	Tolerance (dB)
	Class 2 (dBm)
	Tolerance (dB)
	Class 3 (dBm)
	Tolerance (dB)
	Class 4 (dBm)
	Tolerance (dB)

	V2X_20A_n38A
	
	
	
	
	23
	+2/-34
	
	

	NOTE 1: The con-current band combinations is used for NR V2X Service.
NOTE 2: PPowerClass is the maximum UE power specified without taking into account the tolerance 
NOTE 3: For inter-band con-current aggregation the maximum power requirement apply to the total transmitted power over all component carriers (per UE).
NOTE 4:	4 refers to the transmission bandwidths (Figure 5.6-1) confined within FUL_low and FUL_low + 4 MHz or FUL_high – 4 MHz and FUL_high, the maximum output power requirement is relaxed by reducing the lower tolerance limit by 1.5 dB


[bookmark: _Toc36034865][bookmark: _Toc42537465]10.2.1.2 UE maximum output power reduction
For the inter-band con-current V2X operation, the allowed maximum power reduction (MPR) for the maximum output power shall be applied per each component carrier based on the legacy MPR requirements per CC for inter-band EN-DC at licensed bands.

[bookmark: _Toc36034866][bookmark: _Toc42537466]10.2.1.3 UE maximum output power with additional requirements
For the inter-band con-current V2X operation, the allowed additional maximum power reduction (A-MPR) for the maximum output power shall be applied per each component carrier based on the legacy A-MPR requirements per CC for inter-band EN-DC at licensed bands.

[bookmark: _Toc36034867][bookmark: _Toc42537467]10.2.1.4 Configured transmitted power 
For the inter-band con-current V2X operation, the configured transmitted power requirements for V2X UE shall be applied per each component carrier. The legacy LTE or NR configured transmitted power for inter-band EN DC shall be decided by MPRc and A-MPRc of each CC. 
If the total transmitted power is over the power class of the V2X UE or given PEMAX,c for NR V2X service, the UE shall compare the priority between the legacy LTE service on licensed band and NR SL V2X service at licensed band. Based on the priority, the configured transmitted power will be decided which transmission will be applied on power scale down or dropping between the legacy LTE Uu transmission and NR V2X SL transmission at licensed band.
The ΔTIB,c in Table 10.2.1.4-1 is applied to derive the total configured maximum output power PCMAX for each operating band when a UE is configured for inter-band con-current operation bands specified in Table 10.2.1.1-1

Table 10.2.1.4-1: ΔTIB,c for inter-band con-current V2X operation (two bands)
	V2X con-current operating band Configuration
	Operating Band
	ΔTIB,c [dB]

	 V2X_20A_n38A
	20
	0.2



<Unchanged sections are omitted>

10.2.2 [bookmark: _Toc36034884][bookmark: _Toc42537484][bookmark: _Toc36034885][bookmark: _Toc42537485]Rx requirements for inter-band con-current NR V2X operation
10.2.2.1 REFSENS
For the V2X UE RF receiver requirements, RAN4 can refer the 2DL inter-band CA to define general UE RF Rx requirements for inter-band con-current V2X UE.

The legacy REFSENS requirement will be applied on each CC of NR licensed bands if there was no self-interference problems in own receiver frequency band by own uplink and sidelink transmission.
Table 10.2.2.1-1 and Table 10.2.2.1-2 propose the uplink test configurations for inter-band con-current V2X REFSENS requirements. For the uplink configuration, RAN4 consider 10MHz Channel bandwidth.
Table 10.2.2.1-1: Uplink configuration for reference sensitivity of V2X UE (PC5)
	Inter-band V2X con-current band configuration
	LTE or NR UL band / Channel BW / NRB / Duplex mode

	V2X band (PC5)
	LTE or NR band (Uu)
	LTE or NR UL band
	Channel Bandwidth (MHz)
	SCS (kHz)
	NRB
	Duplex Mode

	n38
	B20
	B20
	10
	15
	50
	FDD



Table 10.2.2.1-2: SL Tx configuration for reference sensitivity of V2X UE (Uu)
	Inter-band V2X con-current band configuration
	LTE or NR UL band / Channel BW / NRB / Duplex mode

	V2X band (PC5)
	LTE or NR band (Uu)
	NR V2X band (PC5)
	Channel Bandwidth (MHz)
	SCS (kHz)
	NRB 
	Duplex Mode

	n38
	B20
	n38
	10
	15
	[502]
	HD

	
	
	
	
	30
	24
	

	
	
	
	
	60
	10
	



Table 10.2.2.1-3 is proposed the REFSENS requirements with inter-band con-current V2X UE reception without any self-interference problem.
Table 10.2.2.1-3: Reference sensitivity for V2X QPSK PREFSENS 
	Inter-band V2X reception
	Channel bandwidth

	V2X Band
	LTE or NR V2X band (Uu)
	LTE or NR Band
	SCS (kHz)
	5 MHz
(dBm)
	10 MHz
(dBm)
	15 MHz
(dBm)
	20 MHz
(dBm)
	30 MHz (dBm)
	40 MHz (dBm)
	Duplex Mode

	n38
	B20
	B20
	15
	-97
	-94
	-91.2
	-90
	
	
	FDD

	
	
	n38
	15
	
	[-976.08]
	
	[-93.78]
	-91.9
	[-90.6]
	HD

	
	
	
	30
	
	[-97.1]
	
	[-934.90]
	-92.2
	[-90.7]
	

	
	
	
	60
	
	[-97.95]
	
	[-94.12]
	-92.4
	[-90.9]
	



Table 10.1.2.2-4 is proposed additional Rx insertion loss according to harmonic trap filter to reduce the harmonic problem based on specific self desense analysis according to specific NR V2X inter-band con-current operation.
Table 10.2.2.1-4: ΔRIB,c (two bands)
	V2X inter-band con-current band Combination
	V2X operating Band
	ΔRIB,c [dB]
	Note

	V2X_20_n38
	20
	[0.2]
	3rd harmonic from B20 impact into n38



10.2.2.1.1  REFSENS exception due to UL harmonic problem
Sensitivity degradation is allowed for a band if it is impacted by UL harmonic interference from another band part of the inter-band con-current V2X UE. Reference sensitivity exceptions (MSD) for the victim band (high) are specified in Table 10.2.2.1.1-1 with uplink configuration of the aggressor band (low) specified in Table 10.2.2.1.1-2.
Table 10.2.2.1.1-1: Reference sensitivity exceptions (MSD) due to UL harmonic for inter-band con-current operation
	V2X inter-band con-current band combinations
	Operating Bands / Channel bandwidth of the affected DL band / MSD

	V2X_20_n38
	UL band
	SL operation
	10 MHz
(dB)
	20 MHz
(dB)
	30 MHz (dB)
	40 MHz
(dB)

	
	B20
	n38
	12.0
	9.0
	7.1
	6.0

	NOTE 1:	These requirements apply when there is at least one individual RE within the uplink transmission bandwidth of the aggressor (lower) for which the 3rd transmitter harmonic is within the sidelink transmission bandwidth of a victim (higher) band.




NOTE 2:	The requirements should be verified for UL EARFCN of the aggressor (lower) band (superscript LB such that  in MHz and  with the carrier frequency in the victim (higher) band in MHz and  the channel bandwidth configured in the low band.
NOTE 3: The MSD level applied to all supported SCSs in victim band.



Table 10.2.2.1.1-2: Uplink configuration for reference sensitivity exceptions due to UL harmonic interference for inter-band con-current V2X in NR FR1
	E-UTRA or NR Band / Channel bandwidth of the affected DL band / UL RB allocation of the agressor band

	UL band
	SL band
	10 MHz
(LCRB)
	20 MHz
(LCRB)
	30 MHz
(LCRB)
	40 MHz
(LCRB)

	B20
	n38
	25
	50
	50
	50

	NOTE 1:	The UL configuration applies regardless of the channel bandwidth of the UL band unless the UL resource blocks exceed that specified in Table 7.3.1-2 in TS 36.101 [4] or Table 7.3.2-3 in TS 38.101-1 [2] for the uplink bandwidth in which case the allocation according to Table 7.3.1-2 in TS 36.101 [4] or Table 7.3.2-3 in TS 38.101-1 [2] applies



[bookmark: _GoBack]<End of TP>
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