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1. Introduction
This document considers the EN DC combination B41 + n79.  B41+ n79 MSD is very large for B41 TX 2nd harmonic and significant for TX n79 harmonic mixing in B41 RX (2RXLO).  However both cases only occur in a narrow range of operating frequencies in B41 and n79.  The document defines the MSD in the case of direct overlap and proposes a means to have MSD=0dB with asynchronous operation.

2. DC 41A + n79
As a preamble it is to be noted that the following analysis has been conducted for the maximum power of 23dBm for each CC. this is anyhow consistent with the fact that harmonic related issue occur with a single UL which can thus be at maximum power.

This combination suffers from 2nd harmonic B41 TX in victim n79 RX and n79 TX 2nd harmonic mixing with B41 RX – both over very narrow range of frequencies.
Observation 1: B41 TX HD2 MSD dominates
The 2nd harmonic of B41 TX (2496 MHz) falling into the very top of the n79 Rx (4992 MHz) is over a very narrow range B41 (2496 – 2500 MHz) and n79 (4992 – 5000 MHz).  
Table 1: 2nd harmonic B41 TX to n79 RX

	Thermal noise
	dBm
	-96.3
	-96.3

	Target
	dBm
	-112.3
	-112.3

	OOB noise in Victim Rx
	dBm
	-105.7
	-100.8

	IM2 noise
	dBm
	-136.7
	-128.8

	reciprocal mixing
	dBm
	-110.9
	-106.9

	Tx 2H noise in Victim Rx
	dBm
	-61.6
	-56.6

	(Total noise - thermal noise)
	dBm
	-61.6
	-61.6

	Total Noise at QLNA input (PRx)
	dBm
	-55.6
	-50.6

	De-sense
	dB
	34.7
	39.7

	PRx + DRx Sensitivity
	dBm
	-61.6
	 

	Desense (PRx+DRx)
	dB
	35.4
	 


Table 2: n79 TX on 2nd harmonic mixing of B41 RX
	Thermal noise
	dBm
	-99.3
	-99.3

	Target
	dBm
	-115.3
	-115.3

	OOB noise in Victim Rx
	dBm
	-116.3
	-116.3

	IM2 noise
	dBm
	-129.3
	-129.3

	reciprocal mixing
	dBm
	-99
	-99

	Harmonic Mixing (2xRxLO = Tx)
	dBm
	-83.8
	-86.5

	(Total noise - thermal noise)
	dBm
	-98.9
	-98.9

	Total Noise at QLNA input (PRx)
	dBm
	-83.5
	-86.1

	De-sense
	dB
	15.8
	13.3

	PRx + DRx Sensitivity
	dBm
	-86.3
	 

	Desense (PRx+DRx)
	dB
	13
	 


Table 3: MSD frequency range
	MSD Issue
	Band
	Frequency Low MHz
	Frequency high Mhz
	comments

	2nd harmonic B41 TX on n79 RX
	B41
	2496
	2500
	Small range of problematic frequencies but very large MSD (35.4 dB)

	
	n79
	4992
	5000
	

	n79 TX on 2nd harmonic mixing B41 RX
	B41
	2496
	2500
	Small range of problematic frequencies and significant MSD (13 dB)

	
	n79
	4992
	5000
	


2.1. B41 TX HD2 exclusion

If B41 TX 2496 to 2500 MHz and n79 RX 4992 to 5000 MHz are excluded from EN DC operation, the frequency separation, indicated in the diagram below, ensure asynchronous operation with MSD=0dB. 
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Figure 1: Possible B41 and n79 exclusion ranges
With this frequency separation, the integrated energy in the highest allowed n79 channel (BW=40MHz), is -43 dBc.

· Assumes, TX B41 = 2510MHz with 20MHz channel bandwidth
· HD2 = 5020 MHz.

· Integration region 4952 to 4992 MHz (40MHz,  ignoring SCS=15kHz spectrum utilization)
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Figure 2: PSD of HD2 from B41 TX , the red lines indicate the region of in band energy at frequency offset -28 MHz to -68 MHz
As the in band energy in the offset regions from HD2 center frequency is -43dBc and the MSD for a direct overlap is 35.4 dB, the MSD at the offset region drops to 0dB.  Note the same performance can be obtained by simply extending the exclusion region for B41 to 2504 MHz.  If you add a couple of MHz for margin, then exclude B41 TX from 2496 to 2506 MHz.
Observation 2: If UL is excluded from Band 41 frequency range of 2496 to 2506 MHz there is enough guard band to B41 H2 such that there is no MSD in n79.
2.2. B41 TX HD2 Adjacent Channel

The other option is that there is no exclusion in n79 and the only exclusion would apply to B41 TX (from 2496 to 2500 MHz).  If n79 operates up to the maximum frequency possible (5000 MHz), TX HD2 looks like adjacent channel signal at n79.  However the adjacent channel signal is +35.4 dB greater than the ACS spec (+33dB) and in band energy from B41 ACLR is also significant.  
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Figure 3: PSD of HD2 from B41 TX , the red lines indicate the region of in band energy for the channel adjacent to HD2.
Overall the MSD would be non zero:

· MSD due to ACS = 2.4dB

· MSD due to in band energy (HD2 ACLR) = 2.3 dB

· Overall MSD is approximately 4.2 dB.

2.3. B41 usage in various regions.

As the lower end of B41 is not used in various regions of the world, excluding some of these frequencies to solve EN DC 41A_n79 harmonic related MSD issue does makes sense.  
Looking at the regions where n79 is currently defined, the lowest Band 41 frequency currently in use is:

· 2545MHz in Japan

· 2555MHz in china (Note that 2500  2555 MHz is reserved for TDD but not in use today)
A simple solution is to increase the exclusion region for B41 to >2504 MHz, thus no exclusion would then be required for n79 as this gives the same 0dB MSD. 
It is to be noted that using the same exclusion range for DL also means that there is no Band 41 MSD due to harmonic mixing.
Operation between 2500 and 2506 MHz is possible in the future, provided MSD is accounted for both n79 due to Band 41 UL harmonic 2 and Band 41 due to harmonic mixing.
Proposal: for EN DC B41+n79 operation, band 41 UL and DL operation is restricted to the 2506 to 2690MHz frequency range consistent with current regional spectrum where band n79 is available and no MSD need to be specified for Band 41 and Band n79.
3. Conclusions
The direct overlap MSD from B41 TX HD2 is 35.4 dB and for the range of frequencies affected, operation would be severely degraded.  The direct overlap MSD from n79 2nd harmonic mixing in B41 RX is 13 dB and for the range of frequencies affected, operation would be impacted but not severely.  B41 TX HD2 MSD dominates and hence fixing or improving this performance would indirectly minimize n79 2nd harmonic mixing in B41 RX
A number of ways to get asynchronous operation of EN DC B41_n79 where studied in this paper.  Two provide MSD =0dB and one requires MSD =4.2dB but all require some exclusion of B41 or n79 frequencies of operation.

The possibilities considered above are listed below:
· Exclude operation B41 2496 – 2500 MHz and n79 4492 – 5000 MHz with no MSD
· Exclude operation B41 2496 – 2500 MHz and allow MSD =5dB

· Exclude operation B41 2496 – 2506 MHz with no MSD
The following proposal is suggested
Proposal: for EN DC B41+n79 operation, band 41 UL and DL operation is restricted to the 2506 to 2690MHz frequency range consistent with current regional spectrum where band n79 is available and no MSD need to be specified for Band 41 and Band n79.
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6.53 DC_41A-n79A
3.1.1. 6.53.1
Operating bands for DC
Table 6.53.1-1: DC band combination of LTE 1DL/1UL + one NR band

	E-UTRA and NR DC Band
	E-UTRA and NR Band
	Uplink (UL) band
	Downlink (DL) band
	Duplex

mode

	
	
	BS receive / UE transmit
	BS transmit / UE receive
	

	
	
	FUL_low – FUL_high
	FDL_low – FDL_high
	

	DC_41A-n79A
	41
	2496 MHz 
	–
	2690 MHz
	2496 MHz 
	–
	2690 MHz
	TDD

	
	n79
	4400 MHz 
	–
	5000 MHz
	4400 MHz 
	–
	5000 MHz
	TDD


3.1.2. 6.53.2
Channel bandwidths per operating band for DC
Table 6.53.2-1: Supported bandwidths per DC band combination of LTE 1DL/1UL + one NR band 

	DC operating / channel bandwidth

	E-UTRA and NR DC Configuration
	E-UTRA and NR Band
	Subcarrier spacing

[kHz]
	5

MHz
	10

MHz
	15

MHz
	20

MHz
	40

MHz]
	50

MHz
	[60

MHz]
	80

MHz
	100 MHz
	Maximum aggregated bandwidth

[MHz]

	DC_41A-n79A
	41
	15
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	
	120

	
	n79
	15
	
	
	
	
	Yes
	Yes
	
	
	
	

	
	
	30
	
	
	
	
	Yes
	Yes
	Yes
	Yes
	Yes
	

	
	
	60
	
	
	
	
	Yes
	Yes
	Yes
	Yes
	Yes
	


3.1.3. 6.53.3
Co-existence studies

Table 6.53.3-1 lists up to 7th order harmonics and 2nd, 3rd, 4th and 5th order IMD for the UE-to-UE coexistence analysis for Band 41+Band n79 2UL DC.

Table 6.53.3-1: Band 41 and Band n79 UL harmonics and IMD products
	UE UL carriers
	fx_low
	fx_high
	fy_low
	fy_high

	UL frequency (MHz)
	2496
	2690
	4400
	5000

	2nd harmonics frequency limits
	2*fx_low
	2*fx_high
	2* fy_low
	2* fy_high

	2nd harmonics frequency limits (MHz) 
	4992-5380
	8800-10000

	3rd harmonics frequency limits
	3*fx_low
	3*fx_high
	3* fy_low
	3* fy_high

	3rd harmonics frequency limits (MHz)
	7488-8070
	13200-15000

	4th harmonics frequency limits
	4*fx_low
	4*fx_high
	4* fy_low
	4* fy_high

	4th harmonics frequency limits (MHz)
	9984-10760
	17600-20000

	5th harmonics frequency limits
	5*fx_low
	5*fx_high
	5*fy_low
	5*fy_high

	5th harmonics frequency limits (MHz)
	12480-13450
	22000-25000

	6th harmonics frequency limits
	6*fx_low
	6*fx_high
	6*fy_low
	6*fy_high

	
	14976-16140
	26400-30000

	7th harmonics frequency limits
	7*fx_low
	7*fx_high
	7*fy_low
	7*fy_high

	7th harmonics frequency limits (MHz)
	17472-18830
	30800-35000

	2nd order IMD products
	|fy_low – fx_high|
	|fy_high – fx_low|
	|fy_low + fx_low|
	|fy_high + fx_high|

	IMD frequency limits (MHz)
	1710-2504
	6896-7690

	Two-tone 3rd order IMD products
	|2*fx_low – fy_high|
	|2*fx_high – fy_low|
	|2*fy_low – fx_high|
	|2*fy_high – fx_low|

	IMD frequency limits (MHz)
	8-980
	6110-7504

	Two-tone 3rd order IMD products
	|2*fx_low + fy_low|
	|2*fx_high + fy_high|
	|2*fy_low + fx_low|
	|2*fy_high + fx_high|

	IMD frequency limits (MHz)
	9392-10380
	11296-12690

	Two-tone 3rd order IMD products
	(fx_low – max BW fy)
	(fx_high + max BW fy)
	(fy_low – max BW fx)
	(fy_high + max BW fx)

	IMD frequency limits (MHz)
	2396-2790
	4380-5020

	Two-tone 4th order IMD products
	|3*fx_low –1* fy_high|
	|3*fx_high – 1*fy_low|
	|3*fy_low – 1*fx_high|
	|3*fy_high – 1*fx_low|

	IMD frequency limits (MHz)
	2488-3670
	10510-12504

	Two-tone 4th order IMD products
	|2*fx_low –2* fy_high|
	|2*fx_high –2* fy_low|
	
	

	IMD frequency limits (MHz)
	5008-3420
	

	Two-tone 4th order IMD products
	|3*fx_low +1* fy_low|
	|3*fx_high + 1*fy_high|
	|3*fy_low + 1*fx_low|
	|3*fy_high + 1*fx_high|

	IMD frequency limits (MHz)
	11888-13070
	15696-17690

	Two-tone 4th order IMD products
	|2*fx_low +2* fy_low|
	|2*fx_high +2* fy_high|
	
	

	IMD frequency limits (MHz)
	13792-15380
	

	Two-tone 5th order IMD products
	|fx_low – 4*fy_high|
	|fx_high – 4*fy_low|
	|fy_low – 4*fx_high|
	|fy_high – 4*fx_low|

	IMD frequency limits (MHz)
	17504-14910
	6360-4984

	Two-tone 5th order IMD products
	|2*fx_low - 3*fy_high|
	|2*fx_high - 3*fy_low|
	|2*fy_low - 3*fx_high|
	|2*fy_high -3*fx_low|

	IMD frequency limits (MHz)
	10008-7820
	730-2512

	Two-tone 5th order IMD products
	|fx_low + 4*fy_low|
	|fx_high + 4*fy_high|
	|fy_low + 4*fx_low|
	|fy_high + 4*fx_high|

	IMD frequency limits (MHz)
	20096-22690
	14384-15760

	Two-tone 5th order IMD products
	|2*fx_low + 3*fy_low|
	|2*fx_high + 3*fy_high|
	|2*fy_low + 3*fx_low|
	|2*fy_high + 3*fx_high|

	IMD frequency limits (MHz)
	18192-20380
	16288-18070


Based on Table 6.53.3-1, the 2nd harmonic may fall into Band n79. The 2nd, 3rd, 4th and 5th order IMD may fall into Band 41 and 3rd, 4th,5th order IMD product may also fall into Band n79. However it should be noted that IMD will not be an issue for TDD bands (no self-interference for the TDD band)  even through the IMD products may fall into the concerning band. 
When 2UL inter-band DC UE is operating with other systems such as WiFi, Bluetooth and GNSS system, the harmonics and intermodulation products can have impact on these systems. Table 6.53.3-2 lists if up to 7th order harmonics and IMD up to 5th order falls into one of these receiving bands.
Table 6.53.3-2: Band 41 and Band n79 harmonic and IMD for ISM and GNSS bands
	Victim Systems
	Frequency range [MHz]
	Impact
	Regions
	Comments

	COMPASS
(Beidou)
	1559
	-
	1591
	Yes
	
	5th IMD

	Galileo
	1559
	-
	1591
	Yes
	
	5th IMD

	GLONASS
	1591
	-
	1610
	Yes
	
	5th IMD

	GPS
	1563
	-
	1587
	Yes
	
	5th IMD

	ISM band
 (2.4GHz)
	2400
	-
	2483.5
	Yes
	US/Europe
	2nd, 3rd, 4th, 5th IMD

	
	2400
	-
	2494
	Yes
	Asia
	2nd, 3rd, 4th, 5th IMD

	ISM band
 (5GHz)
	5150
	-
	5925
	Yes
	US
	2nd harmonic, 5th IMD

	
	5150
	-
	5350
	Yes
	Europe
	2nd harmonic, 5th IMD

	
	5470
	-
	5725
	Yes
	
	5th IMD

	
	5150
	-
	5825
	Yes
	Asia
	2nd harmonic, 5th IMD


Table 6.53.3-3 lists the protected bands required for the dual connectivity configuration.

Table 6.53.3-3: Protected bands for the dual connectivity configuration
	E-UTRA DC Configuration
	Spurious emission

	
	Protected band
	Frequency range (MHz)
	Maximum Level (dBm)
	MBW (MHz)
	NOTE

	DC_xA-yA
	E-UTRA or NR Band A
	FDL_low
	-
	FDL_high
	
	
	

	
	Frequency range
	
	-
	
	
	
	

	NOTE N:



3.1.4. 6.53.4
∆TIB and ∆RIB values
For DC_41A-n79A, the (TIB,c and (RIB values are given in Table 6.53.4-1 Table 6.53.4-2 for UEs not supporting simultaneous Tx/Rx.

Table 6.53.4-1: ΔTIB,c
	Inter-band DC Configuration
	E-UTRA and NR Band
	ΔTIB,c [dB]

	DC_41A-n79A
	41
	0.3

	
	n79
	0.8


Table 6.53.4-2: ΔRIB
	Inter-band DC Configuration
	E-UTRA and NR Band
	ΔRIB [dB]

	DC_41A-n79A
	41
	0

	
	n79
	0.5


3.1.5. 6.53.5
MSD

Text will be added.

6.53.6

Self-interference analysis

This section provides the formulation to determine whether the DL carriers would be impacted by UL harmonics, 2UL inter-modulation products (IMD), or DL harmonic mixing with UL interferer based on UL and DL channel combinations. The potential self-interference mechanism has been identified in section 6.53.3 co-existence studies except for harmonic mixing which are used to generate an interference mixing coefficient table for this DC combination, as shown in Table 6.53.6-1.

Table 6.53.6-1: Band 41 and Band n79 interference mixing coefficients
	EUTRA-NR DC
Configuration
	EUTRA/NR
Band
	UL
Coefficient
	DL
Coefficient
	Harmonic/IMD
Order
	Victim
Band
	Interference
Type

	DC_41A_n79A
	41
	a
	2
	b
	0
	2
	n79
	Harmonic

	
	n79
	c
	0
	d
	-1
	
	
	


Equations (1) and (2) below are used to calculate the interference center frequency (fINT) and its effective bandwidth (BWINT) where coefficients a, b, c, and d are defined in Table 6.53.6-1 and CBW stands for channel bandwidth.
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Formula (3-1) and (3-2) below are then used to indicate when the interference is overlapping with RX1 and RX2, respectively.

                        
[image: image6.wmf]2

|

|

1

RX

INT

INT

CBW

BW

f

+

<

                                (3-1)

                        
[image: image7.wmf]2

|

|

2

RX

INT

INT

CBW

BW

f

+

<

                                (3-2)

For DC 41A-n79 there are two options for operation, synchronous and asynchronous operation.  Synchronous operation has no issue with MSD as TX and RX slots between B41 and n79 are aligned.  For asynchronous operation, there are a small range of frequencies for DC 41A-n79 where large MSD occurs. The two types of MSD, B41 TX 2nd harmonic falling on n79 RX and TX harmonic mixing, n79 TX harmonic mixing with B41 RX – the latter is worse.  Asynchronous operation with no MSD with frequencies excluded in Table 6.53.5-1.
Table 6.53.5-1: DC_41A-n79A frequencies to avoid
	E-UTRA and NR DC Band
	E-UTRA and NR Band
	Uplink (UL) band
	Downlink (DL) band
	Duplex

mode

	
	
	BS receive / UE transmit
	BS transmit / UE receive
	

	
	
	Frequencies to avoid
	Frequencies to avoid
	

	DC_41A-n79A
	41
	2496 MHz 
	–
	2506 MHz
	2496 MHz 
	–
	2506 MHz
	TDD

	
	
	
	
	
	
	
	
	


1
10

_1568320034.unknown

_1568321680.unknown

_1580028038.vsd
n79


4.4 GHz


5.0 GHz


4.992 GHz


Frequencies to avoid


Frequencies to avoid


2.496 GHz


2.5 GHz


2.69 GHz


Adjacent to direct overlap region (BW = 40 MHz)


TX B41 20 MHz


TX 2nd harmonic B41



_1568321179.unknown

_1568319796.unknown

