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1 Introduction
WF on MSD due to harmonic and IMD issue was agreed in [1]. LTE Band 3 and NR band n78 DC is a main LTE-NR DC combination both in region 1 and region 3. The desensitivity caused by self-interference such as 2nd harmonic, intermodulation will impact the performance and is concerned by most of companies. This contribution discusses the harmonic issue and gives a proposal on MSD for this band combination.
2 Discussion

LTE CA_3-42 band combination has the same harmonic issue and the sensitivity is specified in TS 36.101 as below:
Table 1 B42 REFSENS in TS 36.101 due to 2nd harmonic

	Channel bandwidth

	EUTRA CA Configuration
	EUTRA band
	1.4 MHz
(dBm)
	3 MHz
(dBm)
	5 MHz
(dBm)
	10 MHz
(dBm)
	15 MHz
(dBm)
	20 MHz
(dBm)
	Duplex mode

	CA_3A-42A9,10
	3
	
	
	-96.8
	-93.8
	-92
	-90.8
	FDD

	
	
	
	
	-99.520
	-96.520
	-94.720
	-93.520
	

	
	42
	
	
	-71.7
	-71.7
	-71.7
	-71.7
	TDD

	CA_3A-42A11
	3
	
	
	-96.8
	-93.8
	-92
	-90.8
	FDD

	
	
	
	
	-99.520
	-96.520
	-94.720
	-93.520
	

	
	42
	
	
	-97.1
	-94.7
	-93.2
	-92.5
	TDD

	NOTE 9:
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 and a range FHD above and below the edge of this downlink transmission bandwidth. The value FHD depends on the E-UTRA configuration: FHD = 10 MHz for CA_3A-42A, CA_1A-3A-42A, CA_2A-48A, CA_2A-48C, CA_3A-19A-42A, CA_1A-3A-19A-42A and CA_3A-28A-41A-42A. FHD = 0MHz for CA_11A-28A.
NOTE 10:
The requirements should be verified for UL EARFCN of the aggressor (lower) band (superscript LB) such that 
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NOTE 11:
The requirements are only applicable to channel bandwidths with a carrier frequency at 
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are the channel bandwidths configured in the aggressor (lower) and victim (higher) bands in MHz, respectively.


	E-UTRA Band / Channel bandwidth of the high band / NRB / Duplex mode

	EUTRA CA Configuration
	UL band
	1.4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	Duplex mode

	CA_3A-42A
	3
	
	
	12
	25
	36
	50
	FDD


The different sensitivities for Band 42 in above table are for harmonic and harmonic side lobe individually which is illustrated as below figure.
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Figure 1 Harmonic and harmonic side lobe in TS 36.101
It should be noted that in current specification, the harmonic side lobe defined in the reference sensitivity is not the immediate adjacent channel of harmonic but with some offset.
For NR, same UE reference architecture and analysis method can be reused from [3] and [4]. However, it should be discussed whether some of the parameters can be improved for NR than LTE.
It is very difficult to improve PCB isolation which is a main dominant factor on the harmonic interference. But it is possible to reduce the harmonic product at PA output to some extent, through some harmonic filter within the PA, e.g. from -10dBm to -20dBm. This will improve the MSD very significantly.
Table 2 updates the MSD calculation for harmonic issue.
	Table 2 MSD calculation for harmonic interference
　
	Primary
	Diversity

	Parameter
	Value
	H2 Level
	Value
	H2 Level

	B3 PA output power, dBm
	28
	　
	28
	　

	B3 Duplexer IL, dB
	2.5
	　
	2.5
	　

	Harmonics Filter IL, dB
	0.5
	　
	0.5
	　

	HB Switch IL, dB
	0.7
	　
	0.7
	　

	Triplexer IL, dB
	1.3
	　
	1.3
	　

	B3 PA H2, dBm
	48
	-20.0 
	48 
	-20.0 

	B3 Duplexer Rejection, dB
	30
	-50.0 
	30 
	-50.0 

	B3 Duplexer H2, dBc
	90
	-62.0 
	90 
	-62.0 

	H2 at Duplexer output, dBm
	　
	-49.7 
	　
	-49.7 

	Harmonics Filter Rejection, dB
	25
	-74.7 
	25 
	-74.7 

	HB Switch H2, dBc
	100
	-75.7 
	100 
	-75.7 

	H2 at HB Switch output, dBm
	　
	-72.2 
	　
	-72.2 

	Triplexer Rejection&Isolation, dB
	15
	-87.2 
	20 
	-92.2 

	Antenna Isolation, dB
	　
	　
	10 
	-102.2 

	UHB Switch IL, dB
	1
	-88.2 
	1 
	-103.2 

	B42 Saw Filter IL, dB
	2
	-90.2 
	2 
	-105.2 

	PA to LNA Isolation, dB
	70
	-90.0 
	70 
	-90.0 

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

	Composite H2 at LNA port, dBm
	　
	-85.3 
	　
	-86.9 

	Chip Nosie Figure, dB
	4
	　
	4
	　

	Noise Floor (10M,52RB), dBm
	　
	-100.3 
	　
	-100.3 

	Composite noise, dBm
	　
	-85.2 
	　
	-86.7 

	MSD, dB
	　
	15.1 
	　
	13.6 

	CBW
	
	10
	
	

	combined MSD
	
	14.27549279
	
	


Table 3 updates the MSD calculation for harmonic side lobe issue. The calculation is for the immediate adjacent channel of harmonic without any offset and assumes the immediate adjacent harmonic side lobe product is 25dB lower than harmonic product.
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Figure 2 Harmonic and harmonic side lobe for NR
	Table 3 MSD calculation for harmonic side lobe interference
　
	Primary
	Diversity

	Parameter
	Value
	H2 Level
	Value
	H2 Level

	Composite H2 at LNA port,dBm
	　
	-85.3 
	　
	-86.9 

	Composite H2 side lobe at LNA port,dBm
	　
	-110.3 
	　
	-111.9 

	Chip Nosie Figure,dB
	4
	　
	4
	　

	Noise Floor (10M,52RB),dBm
	　
	-100.3 
	　
	-100.3 

	Composite noise
	　
	-99.9 
	　
	-100.0 

	MSD,dB
	　
	0.4 
	　
	0.3 

	CBW
	
	10
	
	

	combined MSD
	
	0.350540695
	
	


For LTE Band 3, the UL aggressor channel bandwidth is up to 20MHz, which means the harmonic bandwidth is up to 40MHz. However, for NR 3.5GHz band, the DL victim channel bandwidth is up to 100MHz. It means for victim channel bandwidth larger than 40MHz, not all the RBs are interfered by harmonic or harmonic side lobe product. There are three options to specify the reference sensitivity for larger victim channel bandwidth:
1. Not specify reference sensitivity for channel bandwidth larger than 40MHz due to harmonic.

2. Only specify the reference sensitivity for partial RBs which are interfered by harmonic or harmonic side lobe product;
3. Specify the reference sensitivity for full RBs with only partial RBs interfered;
We are open to discuss which option should be specified but prefer option 1 or 2 because it is a little easier.
Table 4 MSD for each channel bandwidth

	Uplink Aggressor CBW (MHz)
	10
	15
	20
	20
	20
	20
	20
	20

	Uplink configuration (RBs)
	26
	40
	53
	106
	106
	106
	106
	106

	Downlink Victim CBW (MHz)
	10
	15
	20
	40
	50
	60
	80
	100

	Downlink sub-carrier spacing (kHz) [6]
	15
	15
	15
	15
	15
	30
	30
	30

	Downlink total RB number (RBs) [6]
	52
	79
	106
	216
	270
	162
	217
	273

	Downlink configuration (RBs)
	52
	79
	106
	212
	212
	212
	212
	212

	REFSENS for harmonic (dBm)
	-81.7
	-81.7
	-81.7
	-81.7
	-81.7
	-81.7
	-81.7
	-81.7

	REFSENS for harmonic side lobe (dBm)
	-95.6
	-95.6
	-95.6
	-95.6
	-95.6
	-95.6
	-95.6
	-95.6


It should be noted that the REFSENS in the table assume the same value with LTE; it should be updated once the NR REFSENS is fixed.

Conclusion
This contribution discussed and proposed the reference sensitivity definition for harmonic issue for LTE B3+NR n78 in Table 4. It should be noted that the REFSENS in the table assume the same value with LTE and it should be updated once the NR REFSENS is fixed.
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