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Introduction
In the RAN4#88meeting we provided our contribution [1] to discuss the simultaneous RxTx capability for several DC/CA combinations. In this contribution we concentrate the discussion on the SUL combination DC_20_SUL_n78-n83 and DC_20_n78.
Discussion
In this contribution we concentrate the discussion on the SUL combination DC_20_SUL_n78-n83 and DC_20_n78. The first subsection provides a summary of the current definition of REFSENS and MSD for the bands 20, 42 and n78 and the second subsection shows an analysis of the harmonics and intermodulation for band 20 and n78.
Reference Sensitivity and MSD
FDD band B20 and TDD band B42 (frequency range between 3400 to 3600 MHz) can be compared to combination of B20 and TDD band n78. In TS36.101 for CA_20A-42A an exception due to harmonic issue for the reference sensitivity has been defined. The reference sensitivity of B42 has been modified in between 14.2 dBm and 8.5 dBm depending on the bandwidth as shown in Table 2.
Table 1: Reference sensitivity QPSK PREFSENS 
	E-UTRA Band
	5 MHz
(dBm)
	10 MHz
(dBm)
	15 MHz
(dBm)
	20 MHz
(dBm)
	Duplex Mode

	20
	-97
	-94
	-91.2
	-90
	FDD

	42
	-99
	-96
	-94.2
	-93
	TDD



Table 2: Reference sensitivity for carrier aggregation QPSK PREFSENS, CA 
(exceptions due to harmonic issue)
	EUTRA CA Configuration
	EUTRA band
	5 MHz
(dBm)
	10 MHz
(dBm)
	15 MHz
(dBm)
	20 MHz
(dBm)
	Duplex mode

	CA_20A-42A12,13, CA_20A-42A-42A12,13
	20
	-97
	-94
	-91.2
	-90
	FDD

	
	4233
	-84.8
	-84.7
	-84.6
	-84.5
	TDD



In TS38.101-3 MSD values have been considered for dual uplink operation between B20 and n78 as in Table 3. An 4th order intermodulation issues fall into RX B20, however the case for 4th harmonic when B20 is transmitting and n78 is receiving has not been taken into account. 
· MSD Definition only for 2UL: Reference sensitivity exceptions for intermodulation interference due to dual uplink operation for EN-DC in NR FR1 involving two bands (38.101-3)
	NR or E-UTRA Band / Channel bandwidth / NRB / MSD

	EN-DC
Configuration
	EUTRA or NR band
	UL Fc 
(MHz)
	UL/DL BW 
(MHz)
	UL 
LCRB
	DL Fc (MHz)
	MSD 
(dB)
	Duplex mode
	IMD order

	DC_20A_n78A, 
DC_20A-SUL_n78A-n82A
	20
	850
	5
	25
	810
	21.7
	FDD
	IMD44

	
	n78
	3360
	10
	50
	3360
	N/A
	TDD
	N/A



Harmonics and intermodulation analysis 
In TS38.0101-3 was only defined the MSD for dual uplink for DC_20A_n78A and DC_20A_SUL_n78A-n82A. However, it has not been analysis the 4th harmonic for the case where B20 is transmitting and n78 is receiving, which can be for the DC_20_n78, DC_20_SUL_n78-n82 and DC_20_SUL_n78-n83. The table below shows the case where B20 is UL and n78 is DL and provides with a “TRUE” for the case harmonic or intermodulation occurs.
Table 3: B20 and n78 harmonics and IMD
	UE UL carriers
	fx_low
	fx_high
	fy_low
	fy_high

	UL frequency (MHz)
	832
	862
	3300
	4200

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

	2nd harmonics frequency limits (MHz) 
	1664
	1724
	6600
	8400

	 
	FALSE
	FALSE 
	FALSE
	 FALSE

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

	3rd harmonics frequency limits (MHz)
	2496
	2586
	9900
	12600

	 
	FALSE
	 FALSE
	FALSE
	 FALSE

	4th harmonics frequency limits
	4*fx_low
	4*fx_high
	4*fy_low
	[bookmark: _GoBack]4*fy_low

	4th harmonics frequency limits (MHz)
	3328
	3448
	13200
	16800

	
	FALSE
	TRUE
	FALSE
	FALSE

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

	IMD frequency limits (MHz)
	2438
	3368
	4132
	5062

	 
	2438
	3368
	4132
	5062

	 
	FALSE
	 
	FALSE
	 

	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)
	2536
	1576
	5738
	7568

	 
	1576
	2536
	5738
	7568

	 
	FALSE
	 FALSE
	FALSE
	FALSE 

	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)
	4964
	5924
	7432
	9262

	 
	4964
	5924
	7432
	9262

	 
	FALSE
	 FALSE
	FALSE
	 FALSE

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

	IMD frequency limits (MHz)
	8264
	10124
	4876
	6736

	 
	8264
	10124
	4876
	6736

	 
	FALSE
	 FALSE
	FALSE
	 

	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)
	1704
	714
	9038
	11768

	 
	714
	1704
	9038
	11768

	 
	TRUE
	 FALSE
	FALSE
	 FALSE

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

	IMD frequency limits (MHz)
	5796
	6786
	10732
	13462

	 
	5796
	6786
	10732
	13462

	 
	FALSE
	 FALSE
	FALSE
	 FALSE

	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)
	15968
	12338
	148
	872

	 
	12338
	15968
	148
	872

	 
	FALSE
	FALSE 
	TRUE
	 FALSE

	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)
	14032
	17662
	6628
	7648

	 
	14032
	17662
	6628
	7648

	 
	FALSE
	FALSE 
	FALSE
	FALSE 

	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)
	10936
	8176
	4014
	5904

	 
	8176
	10936
	4014
	5904

	 
	FALSE
	 FALSE
	FALSE
	 FALSE

	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)
	11564
	14324
	9096
	10986

	 
	11564
	14324
	9096
	10986

	 
	FALSE
	 FALSE
	FALSE
	FALSE 



The analysis results showed that there is not only an issue for 4th order intermodulation and 5th order intermodulation but also for the 4th harmonic. Therefore, we propose the study of the MSD for the 4th harmonic for the EN-DC combination when B20 is UL and n78 is DL.
Observation 12: The analysis showed a 4th harmonic issue when B20 is transmitting and n78 is receiving.
Proposal 1:	The study of the MSD for the 4th harmonic for the EN-DC combination B20 and n78.
Conclusion
In this contribution, we provide an analysis of the harmonics and intermodulation for B20 and n78 and propose the following:
Observation 1: The analysis showed a 4th harmonic issue when B20 is transmitting and n78 is receiving, besides the 4th order intermodulation issue for dual uplink.
Proposal 1:	The study of the MSD for the 4th harmonic for the EN-DC combination B20 and n78.
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