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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 interference issues by 3rd order harmonic from LTE Band 20 of V2X_20A_n38A. RAN4 specified additional 0.2dB insertion loss terms with square bracket by Harmonic Trap Filter (HTF) for V2X_20_n38 UE[1], 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].
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 DC_20_n38 UE.
2. RF architectures and harmonic problem for DC_20_n38 UE
In last RAN4 meeting, some companies provide MSD results for V2X_20A_n38A with considering example RF architecture as shown in Figure 1. 
[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
For both DC_20A_n38A and V2X_20A_n38A might consider same RF architecture except HTF since there was no difference for DC operation and V2X con-current operation.
However, in here, the 3rd harmonic from Band 20 fall into n38 receiving operating frequency for both DC_20A_n38A and V2X_20A_n38A. In DC_20A_n38A, the additional ILs was specified as follow. 
Table 6.2B.4.2.3.1-1: ΔTIB,c due to EN-DC(two bands)
	Inter-band EN-DC configuration
	E-UTRA or NR Band
	ΔTIB,c (dB)

	DC_20_n38
	20
	0.3

	
	n38
	0.3



The 0.3dB IL level is generally derived by diplexer insertion loss term which is added in single band n38 UE or Band 20 UE to support inter-band DC combinations.
So, in DC_20A_n38A, RAN4 did not consider Harmonic trap filter even though the 3rd harmonic from Band 20 transmission will be impact to the n38 receiving frequency band.
Observation1: For DC_20_n38 UE, RAN4 did not consider Harmonic trap filter based on the delta Tib/Rib levels for DC_20_n38 band combinations.

Furthermore, RAN4 specified MSD level in TS38.101-3 by 3rd harmonic problem as follow
Table 7.3B.2.3.1-1: Reference sensitivity exceptions (MSD) due to UL harmonic for EN-DC in NR FR1
	E-UTRA or NR Band / Channel bandwidth of the affected DL band / MSD

	UL band
	DL band
	5 MHz
(dB)
	10 MHz
(dB)
	15 MHz
(dB)
	20 MHz
(dB)
	25 MHz
(dB)
	30 MHz (dB)
	40 MHz
(dB)
	50 MHz
(dB)
	60 MHz
(dB)
	80 MHz
(dB)
	90 MHz
(dB)
	100 MHz
(dB)

	1, 3
	n772,13
	
	23.9
	22.1
	20.9
	
	
	17.9
	16.8
	16.0
	14.8
	14.3
	13.8

	
	n773
	
	1.1
	0.8
	0.3
	
	
	
	
	
	
	
	

	2
	n482,13
	27.3
	24.4
	22.4
	21.2
	
	
	18
	17.1
	16.3
	15
	14.5
	14

	
	n483
	1.9
	1.4
	0.9
	0.4
	
	
	0
	0
	0
	0
	0
	0

	…
	…
	…
	…
	…
	…
	
	
	…
	…
	…
	
	
	

	20
	n388,9
	12.9
	10.3
	8.4
	7.4
	
	
	
	
	
	
	
	



However, the 10.3dB MSD level for 10MHz CBW is quite different with MSD results from interested companies for V2X_20A_n38A.
In [2], 18.5dB MSD level is proposed when V2X_20A_n38A UE do not consider HTF with shared antenna RF architecture which is same architecture of DC_20A_n38A UE in TS38.101-3.
But, when RAN4 consider HTF as same V2X_20A_n38A UE architecture, the required MSD level is 11.0dB by 3rd harmonic problems.
So, RAN4 can decide additional ILs and MSD levels according to preferred example RF architecture for each DC_20A_n28A or V2X_20A_n38A UE. But current RAN4 specification for DC_20A_n38A UE did not consider HTF but the required MSD levels are quite low MSD values compare to the analysed MSD values in [2].
Observation2: Even though DC_20_n38 UE without HTF, the required MSD level by 3rd harmonic problems is quite lower values compared in [2]
To solve this problem, there are three candidate options for both DC_20A_n38A UE and V2X_20A_n38A UE as follow

· Option 1: Consider same RF architecture without HTF
· Keep additional ILs but need to revise MSD level for DC_20A_n38A and apply both DC_20A_n38A and V2X_20A_n38A.
· Higher MSD level is expected to both DC_20A_n38A and V2X_20A_n38A.
· Option 2: Consider same RF architecture with HTF
· Need to revise the additional ILs and MSD for DC_20A_n38A, then apply to V2X_20A_n38A
· Lower MSD level is expected to both DC_20A_n38A and V2X_20A_n38A but 0.2dB ILs will be added in DC_20A_n38A.
· Option3: Consider different RF architecture
· For DC_20A_n38A, keep the additional ILs without HTF but revise MSD level for DC_20A_n38A UE without HTF. 
· Consider HTF for V2X_20A_n38A UE based on RAN4 agreements, define additional ILs on top of ILs of DC_20A_n38A and the new MSD levels with HTF applied to V2X_20A_n38A.

Among the 3 candidate options, we prefer option2 and option3 to finalize the RF architecture and MSD requirements for both DC_20A_n38A and V2X_20A_n38A. Because the harmonic trap filter will improve the sensitivity level up to 8dB enhance the REFSENS requirements with the share antenna RF architecture to solve the 3rd harmonic problems.
Based on the analysis results, we proposed as follow
Proposal 1: RAN4 shall consider option2 or option3 to solve the RF architecture and MSD problems for DC_20A_n38A UE and V2X_20A_n38A UE.

3. Proposed requirements in TS38.101-3 for DC_20A_n38A UE
When RAN4 make consensus with option 2 in section 2, then we can update the related RF requirements in TS38.101-3 
============== Start of Specification change w/ option2 in TS38.101-3   ===========
Table 6.2B.4.2.3.1-1: ΔTIB,c due to EN-DC(two bands)
	Inter-band EN-DC configuration
	E-UTRA or NR Band
	ΔTIB,c (dB)

	DC_20_n38
	20
	0.53

	
	n38
	0.3

	…
	…
	…

	DC_1-20_n38
	1
	0.5

	
	20
	0.53

	
	n38
	0.5

	…
	…
	…

	DC_3-20_n38
	3
	0.5

	
	20
	0.53

	
	n38
	0.5

	…
	…
	…

	DC_1-3-20_n38
	1
	0.5

	
	3
	0.5

	
	20
	0.53

	
	n38
	0.5



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_20A_n38A
	20
	[0.021]

	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 7.3B.2.3.1-1: Reference sensitivity exceptions (MSD) due to UL harmonic for EN-DC in NR FR1
	E-UTRA or NR Band / Channel bandwidth of the affected DL band / MSD

	UL band
	DL band
	5 MHz
(dB)
	10 MHz
(dB)
	15 MHz
(dB)
	20 MHz
(dB)
	25 MHz
(dB)
	30 MHz (dB)
	40 MHz
(dB)
	50 MHz
(dB)
	60 MHz
(dB)
	80 MHz
(dB)
	90 MHz
(dB)
	100 MHz
(dB)

	1, 3
	n772,13
	
	23.9
	22.1
	20.9
	
	
	17.9
	16.8
	16.0
	14.8
	14.3
	13.8

	
	n773
	
	1.1
	0.8
	0.3
	
	
	
	
	
	
	
	

	2
	n482,13
	27.3
	24.4
	22.4
	21.2
	
	
	18
	17.1
	16.3
	15
	14.5
	14

	
	n483
	1.9
	1.4
	0.9
	0.4
	
	
	0
	0
	0
	0
	0
	0

	…
	…
	…
	…
	…
	…
	
	
	…
	…
	…
	
	
	

	20
	n388,9
	132.49
	10.73
	8.54
	7.74
	
	
	
	
	
	
	
	



[bookmark: _Toc52353263]7.3C.2.3.1	Reference sensitivity 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 7.3C.2.3.1-1 with uplink configuration of the aggressor band (low) specified in Table 7.3C.2.3.1-2.
Table 7.3C.2.3.1-1: 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)

	
	20
	n38
	[102.70]
	[97.70]
	[57.81]
	[46.70]

	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 7.3C.2.3.1-2: 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 operation
	10
MHz
(LCRB)
	20 MHz
(LCRB)
	30 MHz
(LCRB)
	40 MHz
(LCRB)

	20
	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



Table 7.3B.3.3.1-1: ΔRIB,c due to EN-DC(two bands)
	Inter-band EN-DC configuration
	E-UTRA or NR Band
	ΔRIB,c (dB)

	…
	…
	…

	DC_20_n38
	20
	0.2

	
	n38
	0.0

	…
	…
	…

	DC_3-20-38_n78
DC_3-20_n38-n78
	3
	0.2

	
	20
	0.2

	
	38 or n38
	0.4

	
	n78
	0.5

	…
	…
	…

	DC_1-3-20-38_n78
DC_1-3-20_n38-n78
	3
	0.2

	
	20
	0.2

	
	38 or n38
	0.4

	
	n78
	0.5



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
	[0.021]

	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.



==============   End of Specification change w/ option2 in TS38.101-3   ===========

When RAN4 make consensus with option 3 in section 2, then we can update the related RF requirements in TS38.101-3 
==============  Start of Specification change w/ option3 in TS38.101-3   ===========

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_20A_n38A
	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 7.3B.2.3.1-1: Reference sensitivity exceptions (MSD) due to UL harmonic for EN-DC in NR FR1
	E-UTRA or NR Band / Channel bandwidth of the affected DL band / MSD

	UL band
	DL band
	5 MHz
(dB)
	10 MHz
(dB)
	15 MHz
(dB)
	20 MHz
(dB)
	25 MHz
(dB)
	30 MHz (dB)
	40 MHz
(dB)
	50 MHz
(dB)
	60 MHz
(dB)
	80 MHz
(dB)
	90 MHz
(dB)
	100 MHz
(dB)

	1, 3
	n772,13
	
	23.9
	22.1
	20.9
	
	
	17.9
	16.8
	16.0
	14.8
	14.3
	13.8

	
	n773
	
	1.1
	0.8
	0.3
	
	
	
	
	
	
	
	

	2
	n482,13
	27.3
	24.4
	22.4
	21.2
	
	
	18
	17.1
	16.3
	15
	14.5
	14

	
	n483
	1.9
	1.4
	0.9
	0.4
	
	
	0
	0
	0
	0
	0
	0

	…
	…
	…
	…
	…
	…
	
	
	…
	…
	…
	
	
	

	20
	n388,9
	17.26
	14.4
	12.5
	11.4
	
	
	
	
	
	
	
	



7.3C.2.3.1	Reference sensitivity 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 7.3C.2.3.1-1 with uplink configuration of the aggressor band (low) specified in Table 7.3C.2.3.1-2.
Table 7.3C.2.3.1-1: 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)

	
	20
	n38
	11.0
	8.0
	6.1
	5.0

	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 7.3C.2.3.1-2: 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 operation
	10
MHz
(LCRB)
	20 MHz
(LCRB)
	30 MHz
(LCRB)
	40 MHz
(LCRB)

	20
	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



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.



==============   End of Specification change w/ option3 in TS38.101-3   ===========

4. Conclusions
	In this contribution, we provide our views how to align the additional ILs and MSD levels for DC_20A_n38A and V2X_20A_n38A to reduce 3rd harmonic problems and propose 3 candidate options in session2. Based on two candidate options such as option2 and option3, we propose the revised additional ILs and MSD levels for both DC_20_n38 and V2X_20_n38.
Above analysis in session 2 and 3, we propose as following
Observation1: For DC_20_n38 UE, RAN4 did not consider Harmonic trap filter based on the delta Tib/Rib levels for DC_20_n38 band combinations.
Observation2: Even though DC_20_n38 UE did not consider HTF, the required MSD levels by 3rd harmonic problems is specified as low MSD values compared in [2]

Proposal 1: RAN4 shall consider option2 or option3 to solve the RF architecture and MSD problems for DC_20A_n38A UE and V2X_20A_n38A UE.
Proposal 2: Based on RAN4 consensus, the proposed contents in section 3 according to candidate option2 or option3 will be applied for DC_20A_n38A and V2X_20A_n38A UE in TS38.101-3.
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