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1. Introduction

In the last RAN4 AH #3 meeting, RAN4 agreed to study on MSD between sub-6GHz  and mmWave DC band combinations to solve the self-desense problems by own single or dual uplink transmission as below. 

· 1st priority: LTE sub-6GHz (1CC) + NR mmWave (1CC) [1]
· DC_1A_n257

· DC_3A_n257

· DC_19A_n257

· DC_21A_n257

· DC_28A_n257

· DC_42A_n257

· 2nd priority: LTE sub-6GHz (2CC) + NR mmWave (1CC) [1]
· Band combos are FFS
· DC_1A-3A-n257A
To support dual connectivity between NR band at mmWave and LTE E-UTRA band at sub-6GHz, RAN4 should evaluate coexistence analysis for non-stand-alone (NSA) operation UE within some NR deployment scenarios. 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. Coexistence scenarios for NSA UE between sub-6GHz and mmWave
2.1. Harmonics/IMDs problems into NR new bands 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
	

	E-UTRA band
	UL Range (MHz)
	Harm. Order
	Harmonic Range (MHz)
	

	B1
	1920-1980
	14x
	26880 – 27720
	1) Harmonics into NR

2) No IMD in B1

3) 2nd IMDs into n257 ( No problem since simultaneous Tx/Rx operation is not allowed in TDD.

	
	
	15x
	28800 - 29700
	

	B3
	1710 - 1785
	15x
	25650 - 26775
	1) Harmonics into NR

2) No IMD in B3

3) 2nd IMDs into n257 ( No problem same as DC_1A-n257A

	
	
	16x
	27360 - 28560
	

	
	
	17x
	29070 - 30345
	

	B5
	824 -849
	32x
	26368 – 27168
	1) Harmonics into NR

2) No IMD in B5

3) 2nd,3rd & 4th IMDs into n257 ( No problem same as DC_1A-n257A

	
	
	33x
	27192 – 28017
	

	
	
	34x
	28016 – 28866
	

	
	
	35x
	28840 – 29715
	

	B7
	2500 – 2570
	11x
	27500 - 28270
	1) Harmonics into NR
2) No IMD in B7

3) 2nd IMDs into NR ( n257 problem same as DC_1A-n257A

	B8
	880 -915
	30x
	26400 – 27450
	1) Harmonics into NR

2) No IMD in B8
3) 2nd,3rd & 4th IMDs into n257 ( No problem same as DC_1A-n257A

	
	
	31x
	27280 – 28365
	

	
	
	32x
	28160 – 29280
	

	
	
	33x
	29040 – 30195
	

	B19
	830 -845
	32x
	26560 – 27040
	1) Harmonics into NR
2) No IMD in B19
3) 2nd,3rd & 4th IMDs into n257 ( No problem same as DC_1A-n257A

	
	
	33x
	27390 – 27885
	

	
	
	34x
	28220 – 28730
	

	
	
	35x
	29050 – 29575
	

	B20
	832 -862
	32x
	26624 – 27584
	1) Harmonics into NR
2) No IMD in B20
3) 2nd,3rd & 4th IMDs into n257 ( No problem same as DC_1A-n257A

	
	
	33x
	27456 – 28446
	

	
	
	34x
	28288 – 29308
	

	
	
	35x
	29120 – 30170
	

	B21
	1447.9 -1462.9
	19x
	27510.1 – 27795.1
	1) Harmonics into NR
2) No IMD into B21

3) 2nd & 3rd IMDs into n257 ( No problem same as DC_1A-n257A

	
	
	20x
	28958 - 29258
	

	B26
	814- 849
	32x
	26048 – 27168
	1) Harmonics into NR

2) No IMD in B26
3) 2nd,3rd & 4th IMDs into n257 ( No problem same as DC_1A-n257A

	
	
	33x
	26862 – 28017
	

	
	
	34x
	27676 – 28866
	

	
	
	35x
	28490 – 29715
	

	 B28
	703 - 748
	36x
	25308 – 26928
	1) Harmonics into NR

2) No IMD in B28
3) 2nd,3rd & 4th IMDs into n257 ( No problem same as DC_1A-n257A

	
	
	37x
	26011 – 27676
	

	
	
	38x
	26714 – 28424
	

	
	
	39x
	27417 – 29172
	

	
	
	40x
	28120 - 29920
	

	
	
	41x
	28823 - 30668
	

	B42
	3400 -3600
	8x
	27200 - 28800
	1) Harmonics into NR (worst case)
2) No IMD in B42
3) No IMD into n257


The worst case of DC band combination by harmonic problems is DC_42A_n257 since the 8th harmonic will be fall into the own RX band at n257 in this Table1. But the lowest harmonic order is 7th order harmonics when we consider all of DC band combinations in TR37.863-01-01 as shown in Table 2.
Table 2. Worst DC case for Harmonics problems for DC UE between sub-6GHz and mmWave

	Combination
	Contact name, company
	contact
email
	other supporting companies
(min. 3)

	LTE bands
 
	NR1
(Frequency range/LTE bands)
	
	
	

	7
	24.25 – 27.5 GHz (n258)
	Nick Tompson
Telstra
	nick.a.tompson@team.telstra.com
	Telecom Italia, Ericsson, Nokia, Samsung

	7
	26.5-29.5GHz (n257)
	Joonyoung Shin
SK telecom
	joon0.sin@sk.com
	LG U+, LG Electronics, Telecom Italia, [Deutsche Telekom]


So we should study for the 7th harmonics order for DC_42A-n258A band combination.
And the IMDs products also impact to the only NR band as shown in Table 1. However the Tx/Rx simultaneous transmission is not allowed in TDD system. So the IMD do not have any problems to NR Rx frequency bands. So we can provide our observation1 and 2 as below
Observation 1: For DC UE between sub-6GHz and mmWave, there was no IMD problems. 

Observation 2: For DC UE between sub-6GHz and mmWave, high order harmonic (at least 7th harmonic) products fall into the own NR mmWave band. 

In the next section, we analyse the harmonic impact which may fall into NR bands at mmWave.
2.2. Harmonics problems analysis in NR new band at mmWave
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, we can derive MSD level in n258 by 7th harmonics products.
Table3 show the RF component isolation parameters to derive MSD level at mmWave. 
Table 3. DC_42A-n258A UE RF FE component isolation parameters

	Parameter
	Option1: W/O HTF

	
	Primary
	Diversity

	
	Value
	H7 level
	Value
	H7 level

	B42 Tx in PA output
	28
	　
	28
	　

	B42 PA H7 attenuation
	70
	-42
	70
	-42

	B42 duplexer H7 attenuation
	30
	-72
	30
	-72

	Harmonic filter
	0
	-72
	0
	-72

	HB switch H7
	-100
	-72
	-100
	-72 

	Diplexer attenuation
	25
	-97.0
	25
	-97.0 

	Antenna isolation
	10
	-107.0 
	10
	-107.0 

	mmW switch attenuation
	0.7
	-107.7 
	0.7
	-107.7 

	mmW switch H7
	-110
	-105.7 
	-110
	-105.7 

	n258 Rx filter atten.
	1.5
	-107.2 
	1.5
	-107.2 

	n258 Rx filter H7
	-110
	-105.4 
	-110
	-105.4 

	B42 PA to NR B258 LNA isolation
	60
	-102.0 
	60
	-102.0 

	Composite
	　
	-100.4
	　
	-100.4 


From the Table 3, MSD level for DC_42A-n258A is derived as below Table 4. 
Table 4. Estimated MSD level at NR Band 258 (DC_42A-n258A)

	　
	Thermal
	W/O HTF

	
	
	H7 level (dBm)
	MSD (dB)

	Main Path
	-97
	-100.4
	0

	Diversity Path
	-97
	-100.4
	0

	After MRC
	
	
	0.0


Based on the harmonic analysis, we can proposed as follow
Proposal 1: For DC UE between LTE sub-6GHz and NR mmWave, RAN4 only focus on harmonic problems into NR new bands at mmWave.

Proposal 2: Based on harmonics analysis, RAN4 do not allow sensitivity degradation by the high order harmonic problem (at least 7th harmonic order) in mmWave NR bands. For the lower order harmonic problem, RAN4 need further evaluation.
3. Conclusions


In this contribution, we provide initial 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, we provided our observations and proposals as below 
Observation 1: For DC UE between sub-6GHz and mmWave, there was no IMD problems. 

Observation 2: For DC UE between sub-6GHz and mmWave, high order harmonic (at least 7th harmonic) products fall into the own NR mmWave band. 

Proposal 1: For DC UE between LTE sub-6GHz and NR mmWave, RAN4 only focus on harmonic problems into NR new bands at mmWave.

Proposal 2: Based on harmonics analysis, RAN4 do not allow sensitivity degradation by the high order harmonic problem (at least 7th harmonic order) in NR bands at mmWave. For the lower order harmonic problem, RAN4 need further evaluation.
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