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Introduction
In the case of 2 UL, this contribution provides the MSD analysis for CA_n28-n50. The co-existence analysis for CA_n28-n50 has been provided in the contribution.
· [bookmark: OLE_LINK31][bookmark: OLE_LINK28]2nd order harmonic generated by n28 may fall into n50.
· 2nd order IMD generated by dual uplink of Band n28 and n50 may fall into Band n28.
· 4th order IMD generated by dual uplink of Band n28 and n50 may fall into Band n28.
· 5th order IMD generated by dual uplink of Band n28 and n50 may fall into Band n28.
We can also note that in the case of single UL:
· There is no interference in the case of the single n50 UL,
· There is only an interference made by “2nd order harmonic generated by n28 may fall into n50” in the case of single n28 UL.
Discussion
UE schema

As listed in the introduction, there are several interferences made by the harmonic and IMDs. Thus, it is proposed the schema for the UE radio:
[image: C:\Users\z00471447\AppData\Roaming\eSpace_Desktop\UserData\z00471447\imagefiles\252CBB9D-5DE4-4D6A-A94D-A1A423CF9432.png]
Figure 2.1-1 main/diversity antenna topology

Harmonic issue
A diplexer is adopted to combine the two bands, i.e. diplexer + duplexer architecture is used to estimate the MSD due to 2nd order harmonic. Table 2.2-1 show the calculation for harmonic interference.
Table 2.2-1 MSD calculation for harmonic interference
	
	primary
	diversity

	Parameter
	value
	H2 level
	value
	H2 level

	B28 PA output power, dBm
	27
	
	
	

	B28 Duplexer IL, dB
	2.5
	
	
	

	antenna switch IL, dB
	0.7
	
	
	

	Diplexer IL,dB
	0.8
	
	
	

	B28 PA H2, Attenuation,dBc
	40
	
	
	

	B28 PA H2, dBm
	
	-13
	
	

	B28 Duplexer Rejection,dB
	48
	
	
	

	B28 H2 output at duplexer,dBm
	
	-61
	
	

	B28 H2 output at antenna switch,dBm
	
	-61.7
	
	

	Diplexer Rejection&isolation,dB
	15
	-76.7
	
	

	Antenna isolation, dB
	
	
	15
	-91.7

	antenna switch IL, dB
	0.7
	-77.4
	0.7
	-92.4

	B50 filter IL, dB
	2
	-79.4
	2
	-94.4

	PA to LNA PCB isolation, dB
	70
	-83
	70
	-83

	Single Chip DA to LNA,dBm
	-90
	-90
	-90
	-90

	Composite H3 at LNA port,dBm
	
	-77.5712556
	
	-81.95523

	Chip Noise Figure, dB
	4
	
	
	

	Noise Floor(10M), dBm
	
	-100
	　
	-100

	Composite noise
	　
	-77.5465001
	　
	-81.88764

	MSD, dB
	　
	22.45349988
	　
	18.112364

	CBW,MHz
	10
	　
	　
	　

	Combined MSD, dB
	19.7617
	　
	　
	　



Reference sensitivity exceptions for CA_n28-n50 are proposed in table 2.2-2 with uplink configuration specified in Table 2.2-3.
Table 2.2-2: Reference sensitivity exceptions due to UL harmonic for NR CA FR1
	UL band
	DL band
	5 MHz
(dB)
	10 MHz
(dB)
	15 MHz
(dB)
	20 MHz
(dB)
	25 MHz
(dB)
	30 MHz (dB)
	40 MHz
(dBm)
	50 MHz
(dBm)
	60 MHz
(dBm)
	80 MHz
(dBm)
	90 MHz
(dBm)
	100 MHz
(dBm)

	n28
	n501,2
	
	19.8
	18.0
	16.8
	
	
	13.8
	12.8
	12.0
	10.8
	
	

	NOTE 1:	These requirements apply when there is at least one individual RE within the uplink transmission bandwidth of the aggressor (lower) band for which the 2nd transmitter harmonic is within the downlink transmission bandwidth of a victim (higher) band.


NOTE 2:	The requirements should be verified for UL NR-ARFCN of the aggressor (lower) band (superscript LB) such that in MHz and  with[image: ] carrier frequency in the victim (higher) band in MHz and [image: ] the channel bandwidth configured in the lower band.



Table 2.2-3: Uplink configuration for reference sensitivity exceptions due to UL harmonic interference for NR CA, FR1
	NR Band / Channel bandwidth of the high band

	UL band
	DL band
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	25 MHz
	30 MHz
	40 MHz
	50 MHz
	60 MHz
	80 MHz
	90 MHz
	100 MHz

	n28
	n50
	
	25
	25
	25
	
	
	
	
	
	
	
	

	NOTE 1:	15 kHz SCS is assumed for UL band.
NOTE 2:	The UL configuration applies regardless of the channel bandwidth of the low band unless the UL resource blocks exceed that specified in Table 7.3.2-3 for the uplink bandwidth in which case the allocation according to Table 7.3.2-3 applies.


IMD issue
[bookmark: OLE_LINK20][bookmark: OLE_LINK30]This inter-band NR CA combination is subjected to the 2nd, 4th and 5th order IM issues. The frequency points related to the MSD test conditions are summarized as the following table.
Table 2.3-1 MSD test conditions for CA_n28-n50
	NR CA
	UL CA
	IMD
	UL Fc [MHz]
	UL BW [MHz]
	UL  [RB]
	DL Band
	IMD center [MHz]
	DL BW [MHz]

	CA_n28-n50
	n28
	IMD2
	|fn28 –fn50| 
	730
	10
	50
	n28
	770
	10

	
	n50
	
	
	1500
	10
	50
	
	
	

	CA_n28-n50
	n28
	IMD4
	|3* fn28 - fn50|
	740
	10
	50
	n28
	770
	10

	
	n50
	
	
	1450
	10
	50
	
	
	

	CA_n28-n50
	n28
	IMD5
	|3* fn28 – 2*fn50|
	740
	10
	50
	n28
	780
	10

	
	n50
	
	
	1500
	10
	50
	
	
	



We use main/diversity antenna topology as RF front-end architecture in our analysis, as shown in figure 2.1-1. The component linearity assumptions are listed in table 2.3-2, and the component attenuation and isolation values are listed in table 2.3-3.
Table 2.3-2 General linearity parameters
	Component
	IP2(dBm)
	[bookmark: OLE_LINK25]IP4(dBm)
	IP5(dBm)

	Antenna switch
	112
	56
	53

	Diplexer
	115
	55
	53

	Duplexer
	110
	55
	53

	PA forward mixing
	28
	30
	28

	PA reverse mixing
	40
	30
	30

	LNA
	5
	-6
	-10






Table 2.3-3 Attenuation and isolation values
	Attenuation and Isolation Parameter
	Value (dB)
	Comment

	Antenna ISO
	15
	Main antenna to diversity antenna

	L-M Diplexer IL
	0.8
	

	Antenna switch IL
	0.7
	

	PA gain
	25
	

	PCB isolation Paout-Pain
	70
	PCB isolation (PA forward mixing)

	Duplexer IL
	2.5
	

	B50 filter IL
	2
	

	Diplexer isolation T1-T2
	50
	



Table 2.3-4 and table 2.3-5 summarize the MSD analysis results for CA_n28-n50.





Table 2.3-4 MSD calculation for victim Rx of band n28
	Component
	IMD2(dBm)
	IMD4(dBm)
	IMD5(dBm)

	
	Main_@Antenna
	Div_@Antenna
	Main_@Antenna
	Div_@Antenna
	Main_@Antenna
	Div_@Antenna

	n28 PA Forward mixing interference
	-72.3
	
	-85.8
	
	-134
	

	[bookmark: OLE_LINK26]n50 PA Forward mixing interference
	-91.7
	
	-206
	
	-204
	

	n28 PA Reserve mixing interference
	-96.9
	
	-98.9
	
	-163
	

	n50 PA Reserve mixing interference
	-123.1
	
	-266
	
	-272
	

	n28 Duplexer
	-124.4
	
	-131.4
	
	-215.8
	

	n28 LNA via filters
	-75.7
	
	-94.2
	
	-125.5
	

	n28 LNA via PCB coupling
	-89.3
	
	-147.8
	
	-172.7
	

	Diplexer (L-M)
	-73.4
	-104.2
	-81.8
	-149
	-108
	-186

	Antenna switch
	-84.6
	-102.1
	-97.6
	-144
	-136.5
	-189

	interference From main path
	
	-83.6
	
	-95.0
	
	-122.9

	Total
	-68.6
	-83.3
	-80.2
	-95.0
	-107.9
	-122.5



Table 2.3-5 MSD requirements for CA_n28-n50
	NR CA
	UL CA
	IMD
	UL Fc [MHz]
	UL BW [MHz]
	UL  [RB]
	DL Band
	IMD center [MHz]
	DL BW [MHz]
	MSD[dB]

	CA_n28-n50
	n28
	IMD2
	|fn28 –fn50| 
	730
	10
	50
	n28
	770
	10
	15.3

	
	n50
	
	
	1500
	10
	50
	
	
	
	

	CA_n28-n50
	n28
	IMD4
	|3* fn28 - fn50|
	740
	10
	50
	n28
	770
	10
	6.0

	
	n50
	
	
	1450
	10
	50
	
	
	
	

	CA_n28-n50
	n28
	IMD5
	|3* fn28 – 2*fn50|
	740
	10
	50
	n28
	780
	10
	0.5

	
	n50
	
	
	1500
	10
	50
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