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1. Introduction

In the last RAN4 #AH-1801 meeting, RAN4 agreed to study on MSD between sub-6GHz  and mmWave DC band combinations to solve the harmonic/IMD problems by own single or dual uplink transmission as below. 

· TR37.863-01-01 [1]
· DC_n79A-n257A by 6th order harmonic problems
· TR37.863-02-01 [2] 
· DC_1A-42A_n79A: 3rd IMD from DC_42A_n79A and 5th IMD from DC_1A_n79A
· DC_3A-42A_n79A: 3rd IMD from DC_42A_n79A and 5th IMD from DC_3A_n79A
· DC_19A-42A_n79A: 2nd IMD from DC_42A_n79A

Hence, in this paper, we provide our coexistence analysis results to support DC operation even though the self-interference will be impacted own Rx frequency bands.
2. NR-NR CA UE between sub-6GHz and mmWave
2.1. Harmonics problems into NR band at mmWave
In General, the harmonics problem from legacy LTE bands are not critical impact to new NR receiving bands since the high order harmonic product (at least 7th harmonics order) will be impacted to the sensitivity of mmWave NR band as shown in Table 1.

Table 1. Harmonics /IMDs impacts for 5G NSA UE between sub-6GHz and mmWave

	LTE Band
	NR band (MHz)
	Comments for harmonics/IMD problems

	
	26500 – 29500
	

	NR band at FR1
	UL Range (MHz)
	Harm. Order
	Harmonic Range (MHz)
	

	n79
	4400 -5000
	6x
	26400 - 30000
	1) Harmonics into NR (worst case)
2) No IMD into n79
3) No IMD into n257


The worst case of DC band combination by harmonic problems is DC_n79A_n257A since the 6th harmonic will be fall into the own RX band at n257 in this Table1. 
So we should study for the 6th harmonics order for DC_79A-n257A band combination.
In the next section, we analyse the harmonic impact which may fall into NR bands at mmWave.
2.2. Harmonics Analysis in NR band (n257)
Currently the 4G and 5G modem will be separated developed and merged in phone factors. Also the antenna will be used separately between LTE bands and mmWave NR bands in a example RF architecture.

Based on the RF architecture, and PA characteristics of n78, we can derive MSD level in n257 by 6th harmonics products.
Table2 show the RF component isolation parameters to derive MSD level at mmWave. 
Table 2. DC_n79A-n257A UE RF FE component isolation parameters

	Parameter
	Option1: W/O HTF

	
	Primary

	
	Value
	H6 level

	n79 Tx in PA output
	28
	　

	n79 PA H6 attenuation
	65
	-37

	n79 duplexer H6 attenuation
	30
	-67

	Harmonic filter
	0
	-67

	HB switch H6
	-100
	-67

	Diplexer attenuation
	25
	-92.0

	Antenna isolation
	10
	-102.0 

	mmW switch attenuation
	0.7
	-102.7 

	mmW switch H6
	-110
	-102.0 

	n257 Rx filter atten.
	1.5
	-103.5 

	n257 Rx filter H6
	-110
	-102.6 

	n79 PA to  n257 LNA isolation
	60
	-97.0 

	Composite
	　
	-95.9


From the Table 2, MSD level for DC_n79A-n257A is derived as below Table 3. 
Table 3. Estimated MSD level for 50MHz CBW at NR Band 257
	　
	Thermal
	W/O HTF

	
	
	H6 level (dBm)
	Estimated Sensitivity (dB)

	Main Path
	-94.8
	-95.9
	-92.3

	Current sensitivity level at n257
	
	
	[-92.1 ~-85.7] dBm /50MHz


Based on this analysis, the MSD will be 0dB by 6th harmonic order from Band n79 for DC n79A-n257A UE as below,

Proposal 1: [0 dB] MSD will be specified for DC n79A-n257A UE by 6th order harmonic problems.
3. NR-NR CA UE between sub-6GHz and mmWave
3.1. IMD problems for EN-DC UE in TR37.863-02-01
· DC_1A-42A_n79A: 3rd IMD from DC_42A_n79A and 5th IMD from DC_1A_n79A
· DC_3A-42A_n79A: 3rd IMD from DC_42A_n79A and 5th IMD from DC_3A_n79A
· DC_19A-42A_n79A: 2nd IMD from DC_42A_n79A

Table 4 show the RF component isolation parameters to derive MSD level at sub-6GHz. 
Table 4: UE RF Front-end component parameters

	UE ref. architecture
	Triplexer-diplexer

Architecture w/ separate ant.

	Component
	DC_1A-42A_n79A, DC_3A-42A_n79A, DC_19A-42A_n79A

	
	IP2 (dBm)
	IP3 (dBm)
	IP4 (dBm)
	IP5 (dBm)

	Ant. Switch
	112
	68
	55
	55

	Triplexer
	115
	82
	55
	55

	Quadplexer
	110
	72
	55
	52

	Diplexer
	115
	87
	55
	55

	Duplexer
	100
	75
	55
	53

	PA Forward
	28.0
	32
	30
	28

	PA Reversed
	40
	30.5
	30
	30

	LNA
	10
	0
	0
	-10


Table 5 show the isolation levels according to the RF component. 
Table 5: UE RF Front-end component isolation parameters

	Isolation Parameter
	Value (dB)
	Comment

	Antenna to Antenna
	10
	Main antenna to diversity antenna

	PA (out) to PA (in)
	60
	PCB isolation (PA forward mixing)

	Triplexer
	20
	High/low band isolation

	Quadplexer
	20
	L-L or H-M band isolation

	Diplexer
	25
	High/low band isolation

	PA (out) to PA (out)
	60
	L-H/H-L cross-band

	PA (out) to PA (out)
	50
	H-H cross-band

	LNA (in) to PA (out)
	60
	L-H/H-L cross-band

	LNA (in) to PA (out)
	50
	H-H cross-band

	Duplexer
	50
	Tx band rejection at Rx band


Based on these assumptions, we proposed the MSD levels as below.
Table 6: MSD results for EN-DC UE at TR37.863-02-01
	E-UTRA Band / Channel bandwidth / NRB / Duplex mode
	Source of IMD

	EUTRA/NR DC
	EUTRA/NR band
	UL Fc
	UL/DL BW
	UL
	DL Fc (MHz)
	MSD
	Duplex mode
	

	DL Configuration
	UL Configuration
	
	(MHz)
	(MHz)
	CLRB
	
	(dB)
	
	

	DC_1A-42A_n79A
	DC_42A_n79A
	1
	1975
	5
	25
	2165
	16.2
	FDD
	IMD3

	
	
	42
	3402.5
	5
	25
	3402.5
	N/A
	TDD
	N/A

	
	
	n79
	4640
	40
	216
	4640
	N/A
	
	N/A

	
	DC_1A_n79A
	1
	1977.5
	5
	25
	2167.5
	N/A
	FDD
	N/A

	
	
	42
	3490
	5
	25
	3490
	4.5
	TDD
	IMD5

	
	
	n79
	4420
	40
	216
	4420
	N/A
	
	N/A

	DC_3A-42A_n79A
	DC_42A_n79A
	3
	1760
	5
	25
	1855
	17.1
	FDD
	IMD3

	
	
	42
	3402.5
	5
	25
	3402.5
	N/A
	TDD
	N/A

	
	
	n79
	4950
	40
	216
	4950
	N/A
	
	N/A

	
	DC_3A_n79A
	3
	1780
	5
	25
	1875
	N/A
	FDD
	N/A

	
	
	42
	3500
	5
	25
	3500
	3.9
	TDD
	IMD5

	
	
	n79
	4420
	40
	216
	4420
	N/A
	
	N/A

	DC_19A-42A_n79A
	DC_42A_n79A
	19
	842.5
	5
	25
	887.5
	20.6
	FDD
	IMD2

	
	
	42
	3517.5
	5
	25
	3517.5
	N/A
	TDD
	N/A

	
	
	n79
	4420
	40
	216
	4420
	N/A
	
	N/A


4. Conclusions


In this contribution, we provide MSD analysis results based on separated antenna RF architectures to support NSA DC operation between sub-6GHz and mmWave. Based on the analysis in session 2 and 3, we provided our observations and proposals as below 
Proposal 1: [0 dB] MSD will be specified for DC n79A-n257A UE by 6th order harmonic problems.
Proposal 2: The remaining MSD results by IMD problem for EN-DC (2DL at LTE and 1DL at NR) UE are proposed in Table 6.
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