[bookmark: _Ref399006623][bookmark: _Toc92513360]3GPP TSG-RAN WG4 #92 meeting                                      R4-1908940
Ljubljana, Slovenia, 26th – 30th August, 2019

Source: 	Huawei, HiSilicon
Title: 	Discussion on MSD and updated TP for TR 37.716-11-11: DC_1_n41
Agenda Item:	10.3.2
Document for:	Approval
Introduction
The WID for NR DC was updated in RAN #84 meeting. This contribution provides an updated TP for DC_1_n41 for TR 37.716-11-11 and analysis MSD for DC_1_n41. 
Discussion
Cross band isolation issue for band1
We use main/diversity antenna topology as RF front-end architecture in our analysis, as shown in figure 2-1. A diplexer is adopted to combine the two bands, it is used to estimate the MSD due to cross band isolation. Table 2-1 show the calculation for cross band isolation issue for band1.


Figure 2‑1 RF front-end architecture for DC_1_n41
If n41 UL RB is confined to 128RB/30KHz (BW=50MHz), the spectral regrowth is measured as -121dBm/Hz based on R4-1907461.
Table 2‑1 MSD calculation for cross band isolation issue for band1
	Item
	Unit
	parameter
	Main
	Diversity

	B41 TX power at antenna port (Primary path)
	dBm
	23
	
	

	B41 PA output noise power at B1 freq
	dBm/Hz
	（50MHz UL）
	-121
	-121

	Antenna isolation Primary <-> Diversity
	
	10
	
	

	B1 Rx bandwidth
	MHz
	5
	
	

	B41 PA output noise power
	
	
	-54.0103
	-54.0103

	B41 SAW TX to COM port on B1 RX freq
	dB
	20
	
	

	Diplexer loss, dB
	
	1.5
	
	

	diplexer out of band isolation
	dB
	10
	
	

	B41 PA noise power at DUP- COM port
	
	
	-84.0103
	-95.5103

	front end loss
	
	4
	
	

	B41 PA noise power at ant port
	
	
	-80.0103
	-91.5103

	noise figure dB
	dB
	9
	
	

	Thermal noise at RX ant port(dBm/Hz)
	
	-165
	
	

	Thermal noise, dBm
	
	
	-98.0103
	-98.0103

	TX IM2 noise dBm
	
	
	-94
	-116

	totle noise, dBm
	
	
	-79.77467
	-90.62

	　
	
	
	
	

	combined REFSENS(5MHz BW), dBm
	
	
	-90.96384
	

	MSD
	dB
	
	9.0361605
	



[bookmark: OLE_LINK13]MSD values which are chosen are shown in below Table 2-2 and 2-3.
Table 2‑2 Reference sensitivity exceptions due to cross band isolation for EN-DC in NR FR1
	
	
	E-UTRA or NR Band / Channel bandwidth of the affected DL band

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

	n41
	1
	UL 30
	9.1
	9.1
	9.1
	9.1
	
	
	
	
	
	
	
	

	NOTE 1:	 Applicable only when harmonic mixing MSD for this combination is not applied.	



Table 2‑3 Uplink configuration for reference sensitivity exceptions due to cross band isolation for EN-DC in NR FR1
	
	
	E-UTRA or NR Band / Channel bandwidth of the affected DL band

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

	n41
	1
	UL 30
	128
	128
	128
	128
	
	
	
	
	
	
	
	

	NOTE 1:	The UL resource blocks shall be located as close as possible to the downlink operating band but confined within the transmission bandwidth configuration for the channel bandwidth.



Cross band isolation issue for band n41
Table 2-4 show the calculation for cross band isolation issue for band n41.
Table 2‑4 MSD calculation for cross band isolation issue for band n41
	　
	parameters
	B1 main path
	B1 diversity path

	transmit power for B1, dBm
	　
	23
	23

	B1 Diplexer loss, dB
	1
	　
	　

	Diplexer isolation at B1 uplink freq，dB
	12
	　
	　

	antenna isolation, dB
	10
	　
	　

	B1 receival singal at ANT port, dBm
	　
	12
	1

	n41 diplexer loss, dB
	0
	　
	　

	n41 filter rejection at 1920~1980MHz, dB
	25
	　
	　

	signal After n41 filter, dBm
	　
	-13
	-24

	Typical receiver IIP2, dB
	50
	　
	　

	TX IM2 noise level refer to RX LNA input, dBm
	　
	-76
	-98

	B1 front-end loss 
	4
	　
	　

	TX IM2 noise level at ANT port, dBm
	　
	-72
	-94

	　
	　
	　
	　

	noise figure dB
	9
	　
	　

	Thermal noise at RX ant port(dBm/Hz)
	-165
	　
	　

	BW(MHz)
	10
	　
	　

	Thermal noise, dBm
	　
	-95
	-95

	B1 PA noise power at ant port, dBm
	　
	-81
	-92.5

	Total noise level at ANT port
	　
	-71.466
	-88.939

	SNR requirement for QPSK
	-1
	　
	　

	REFSENSE (referred to antenna)(10MHz BW)
	　
	-72.466
	-88.939

	combined REFSENS(10MHz BW), dBm
	-89.04
	　
	　

	MSD
	6.0641
	　
	　



MSD values which are chosen are shown in below Table 2-5 and 2-6.
Table 2‑5 Reference sensitivity exceptions due to cross band isolation for EN-DC in NR FR1
	
	
	E-UTRA or NR Band / Channel bandwidth of the affected DL band

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

	1
	n41
	UL 15
	
	6.1
	6.1
	6.1
	
	
	6.1
	6.1
	6.1
	6.1
	6.1
	6.1

	NOTE 1:	 Applicable only when harmonic mixing MSD for this combination is not applied.	



Table 2‑6 Uplink configuration for reference sensitivity exceptions due to cross band isolation for EN-DC in NR FR1
	
	
	E-UTRA or NR Band / Channel bandwidth of the affected DL band

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

	1
	n41
	UL 15
	
	100
	100
	100
	
	
	100
	100
	100
	100
	100
	100

	NOTE 1:	The UL resource blocks shall be located as close as possible to the downlink operating band but confined within the transmission bandwidth configuration for the channel bandwidth.
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[bookmark: _GoBack]6.1.20.5	MSD analysis for DC
For 2UL/2DL UE coexistence study 2nd, 3rd, 4th and 5th order harmonics and 2nd, 3rd, 4th and 5th order intermodulation products were calculated and presented in Table 6.1.20.5-1
Table 6.1.20.5-1: Harmonic and IMD analysis

	UE UL carriers
	fx_low
	fx_high
	fy_low
	fy_high

	UL frequency (MHz)
	1920
	1980
	2496
	2690

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

	2nd harmonics frequency limits (MHz) 
	3840
	3960
	4992
	5380

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

	3rd harmonics frequency limits (MHz)
	5760
	5940
	7488
	8070

	UL
	f1_low
	f1_high
	f2_low
	f2_high

	 
	1920
	1980
	2496
	2690

	DL
	f1_low
	f1_high
	f2_low
	f2_high

	 
	2110
	2170
	2496
	2690

	Two tone 2nd order IMD products
	(fx_low – fy_high)
	(fx_high – fy_low)
	(fx_low + fy_low)
	(fx_high + fy_high)

	IMD frequency limits (MHz)
	516
	770
	4416
	4670

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

	IMD frequency limits (MHz)
	1150
	1464
	3012
	3460

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

	IMD frequency limits (MHz)
	6336
	6650
	6912
	7360

	3rd order IMD products
	(fx_low – fy_high + fy_low)
	(fx_high + fy_high – fy_low)
	(fy_low – fx_high + fx_low)
	(fy_high + fx_high – fx_low)

	 
	1726
	2174
	2436
	2750

	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)
	1840
	2060
	2476
	2710

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

	IMD frequency limits (MHz)
	3070
	3444
	5508
	6150

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

	IMD frequency limits (MHz)
	1032
	1540
	 
	 

	Two-tone 4th order IMD products
	(3*fx_low + fy_low)
	(3*fx_high + fy_high)
	(3*fy_low + fx_low )
	(3*fy_high +fx_high)

	IMD frequency limits (MHz)
	8256
	8630
	9408
	10050

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

	IMD frequency limits (MHz)
	8832
	9340
	 
	 

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

	IMD frequency limits (MHz)
	8004
	8840
	4990
	5424

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

	IMD frequency limits (MHz)
	3528
	4230
	948
	380

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

	IMD frequency limits (MHz)
	11904
	12740
	10176
	10610

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

	IMD frequency limits (MHz)
	11328
	12030
	10752
	11320




Based on the table 6.1.20.5-1:
·  2nd order harmonic products may also fall into Rx frequencies of band  46, n77, n79
· 3nd order harmonic products may also fall into Rx frequencies of band 46 
· 2nd IMD products may also fall into Rx frequencies of bands 12/n12, 13, 14, 17, 28/n28, 29, 44, 67, 68, 71/n71, 85
· 3rd IMD products may also fall into Rx frequencies of bands 1/n1, 2/n2, 3/n3, 4, 7/n7, 9/n9, 10, 25/n25, 33, 34/n34, 35, 36, 37, 38/n38, 39/n39, 41/n41, 42, 45, 50/n50, 51/n51, 65/n65, 66/n66, 69, 70/n70, 75/n75, 76/n76, n77, n78, 
· 4th IMD products may also fall into Rx frequencies of bands  11, 21, 24, 32, 42, 45, 46, 50/n50, 51/n51, 74/n74, 75/n75, 76/n76, n77, n78
· 5th IMD products may also fall into Rx frequencies of bands 8/n8, 22, 42, 43, 46, n77, n78, n79
In the table above, it the edges of each frequency band which are took in the study. If we take into account the maximum channel bandwidth of band 1 (20MHz) and of band n41 (100MHz), the IMD3 highlighted in table just above is all the time outside the Rx band 1. Thus, there is no IMD3 in the band 1.
Table 7.3B.2.3.4-1: Reference sensitivity exceptions due to cross band isolation for EN-DC in NR FR1
	E-UTRA or NR Band / Channel bandwidth of the affected DL band

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

	n41
	1
	9.1
	9.1
	9.1
	9.1
	
	
	
	
	
	
	

	1
	n41
	
	6.1
	6.1
	6.1
	
	6.1
	6.1
	6.1
	6.1
	6.1
	6.1



Table 7.3B.2.3.4-2: Uplink configuration for reference sensitivity exceptions due to cross band isolation for EN-DC in NR FR1
	E-UTRA or NR Band / SCS / Channel bandwidth of the affected DL band

	UL band
	DL band
	SCS of UL band (kHz)
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	25 MHz
	40 MHz
	50 MHz
	60 MHz
	80 MHz
	90 MHz
	100 MHz

	n41
	1
	30
	128
	128
	128
	128
	
	
	
	
	
	
	

	1
	n41
	15
	
	100
	100
	100
	
	100
	100
	100
	100
	100
	100



<End of TP >
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