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1	Introduction and Scope 

During the recent RAN plenary meeting (3GPP TSG-RAN Meeting #102, Edinburgh, Scotland, December 11-15, 2023),  the WID for Rel-18 HPUE (power class 2) for a single FR1 NR FDD band in UL of inter-band CA/DC (acronym: HPUE_FR1_FDD_NR_CADC_R18) [1] was modified by adding several more band combinations [2]. Most of these new band combinations could experience receiver desensitization issues, therefore requiring some MSD specifications. In this discussion paper, we present the results of our MSD analysis for two of those band combinations with UL harmonic issues, namely CA_8A-n41A, and CA_n25A-n77A. Two front-end architectures are considered, one with 1Tx where only the transmitter for the FDD band is ON, and 2TX where both transmissions are ON.   
2 Discussion
2.1 MSD analysis for CA_n8A-n41A
As shown in Figure 2.1-1, a portion of n8 UL third harmonic overlaps the upper area of te n41 band. MSD is therefore needed to prevent these n8 UL third hamonics from desensitizing n41 receiver. We will consider two cases: One with n8 1TX enabled to achive PC2 power level requirement (29dBm), and another case with n8 2TX where two n8 UL paths are enabled with PC3 power level (26dBm). For the second case, one n8 PA will be in the main path while the second PA will be in the diversity path. 
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Figure 2.1-1: Spectrum overlapping between n8 UL 3rd harmonics and n41 DL

2.1.1 Case # 1: PC2 for n8 UL with 1TX

For the MSD analysis, we will consider the architure shown in Figure 2.1.1-1 below for the case of PC2 with 1TX. The  worst-case assumptions for the RF front-end component isolation and linearity performance are shown in Tablle 2.1.1-1. 
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						Figure 2.1.1-1: Front-end architecture used for CA_n8A-n41A MSD analysis for 1TX

	Parameter
	Value
	Unit

	Antenna isolation
	10
	dB

	PCB isolation
	70
	dB

	Front-end loss
	4
	dB

	Triplexer isolation
	20
	dB

	n8 harmonic filter attenuation on n8 H3
	30
	dB

	n8 duplexer attenuation on n8 H3
	30
	dB

	PCB isolation
	70
	dB

	n41 BPF attenuation on  n8 H3
	50
	dB

	N8 PA output power
	29
	dBm

	Duplexer IP3
	75
	dBm

	Harmonic filter / diplexer IP3
	80
	dBm

	sPnT switch IP3
	70
	dBm

	LNA IP3
	0
	dBm

	PA output power
	29
	dBm

	DL channel bandwidth
	10
	MHz

	Duplexer H3 level
	-60
	dBm

	Harmonic filter and diplexer H3 level
	-70
	dBm

	sPnT H3 level
	-65
	dBm


					Table 2.1.1-1: RF front-end rejection and linearity assumptions for CA_n8A1-n41A 

Given the assumptios highlighted above, the harmonic level and MSD analysis are summarized in Table 2.1.1-2 and Tablle 2.1.1-3 below respectively:
			
	Main Path Parameters
	Value (dBm)
	Diversity Path Parameters
	Value (dBm)

	n8 UL 3rd Harmonic Level Analysis

	H3 at PA output
	-10
	H3 at antenna
	-79.4

	H3 at n8 harmonic filter output
	-45
	sPnT H3
	-85

	H3 n8 duplexer output
	-60
	Div. Filter H3 at antenna
	-80

	H3 level at sPnT output
	-58.9
	LNA H3 at anttena
	-81

	H3 level at antenna
	-69.4
	PCB coupling at antenna
	-75

	PCB coubpling at antenna
	-75
	Composite H3 at antenna
	-71.9

	LNA H3 at antenna 
	-59
	
	

	Composite H3 at antenna
	-58.5
	
	


Table 2.1.1-2: n8 third harmonic level analysis for PC2





	Parameter
	Unit
	Main Path
	Div. Path

	Total H3 level at antenna
	dBm
	-58.5
	-71.9

	Thermal noise
	dBm
	-93.8
	-93.8

	Composite noise
	dBm
	-58.4
	-71.8

	Composite noise after MRC
	dBm
	-69.8

	MSD
	dB
	24


Table 2.1.1-3: MSD Analysis for 1Tx

2.1.2 Case # 2: PC2 for n8 UL with 2TX

For 2TX, we propose the architecture shown below in Figure 2.1.2-1. We use two n8 PC3 (26dBm) PAs, one in main path and one in diversity path to achieve 29dBm (PC2) at the antenna. We can first perform the H3 analysis for the main path with PC3 (see Table 2.1.2-1 below) and then assume similar results for the diversity path. 


[image: ]
Figure 2.1.2-1: Front-end architecture used for CA_n8A-n41A MSD analysis for 2TX

	Main Path Parameters
	Value (dBm)
	Diversity Path Parameters
	Value (dBm)

	n8 UL 3rd Harmonic Level Analysis

	H3 at PA output
	-13
	H3 at antenna
	-85.3

	H3 at n8 harmonic filter output
	-48
	sPnT H3
	-88

	H3 n8 duplexer output
	-66
	Div. Filter H3 at antenna
	-85

	H3 level at sPnT output
	-64.8
	LNA H3 at anttena
	-84

	H3 level at antenna
	-75.3
	PCB coupling at antenna
	-75

	PCB coubpling at antenna
	-75
	Composite H3 at antenna
	-74.1

	LNA H3 at antenna 
	-65
	
	

	Composite H3 at antenna
	-64.2
	
	


Table 2.1.2-1: n8 third harmonic level analysis for CA_n8A-n41A PC3

	Parameter
	Unit
	Main Path
	Div. Path

	Total H3 level at antenna
	dBm
	-64.2
	-64.2

	Thermal noise
	dBm
	-93.8
	-93.8

	Composite noise
	dBm
	-64.1
	-64.1

	Composite noise after MRC
	dBm
	-65.1

	MSD
	dB
	28.7


Table 2.1.2-2: MSD Analysis for 2Tx



2.2 MSD analysis for CA_n25A-n77A
As shown in Figure 2.2-1, the n25 UL second harmonis overlap with a portion the n77 DL. MSD specification is therefore needed to prevent n77 receiver desnesitization due to the n25 UL second harmonics. 
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Figure 2.2-1: Spectrum overlapping between n25 UL 2nd harmonics and n77 DL

2.2.1 MSD Analysis

To derive the MSD requirements for the CA_n25A-77A, we will follow the same method that we used above for the CA_n8A-n41A case. Figures 2.2.1-1 and 2.2.1-2 show the architectrures that we cann use for the 1TX and 2TX respectively. The second harmonic level and MSD analysis are shown in the corresponding tables.
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Figure 2.2.1-1: Front-end architecture used for CA_n25A-n77A MSD analysis for 1TX
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Figure 2.2.1-2: Front-end architecture used for CA_n25A-n77A MSD analysis for 2TX

	Parameter
	Value
	Unit

	Antenna isolation
	10
	dB

	PCB isolation
	70
	dB

	Front-end loss
	4
	dB

	Triplexer isolation
	20
	dB

	n25 harmonic filter attenuation on n25 H2
	30
	dB

	n25 duplexer attenuation on n25 H2
	25
	dB

	PCB isolation
	70
	dB

	n77 BPF attenuation on  n25 H2
	50
	dB

	n25 PA output power
	29
	dBm

	Duplexer IP2
	75
	dBm

	Harmonic filter / diplexer IP2
	80
	dBm

	sPnT switch IP2
	70
	dBm

	LNA IP2
	0
	dBm

	PA output power
	29
	dBm

	DL channel bandwidth
	10
	MHz

	Duplexer H2 level
	-60
	dBm

	Harmonic filter and diplexer H2 level
	-70
	dBm

	sPnT H2 level
	-65
	dBm


Table 2.2.1-1: RF front-end rejection and linearity assumptions for CA_n25A-n77A 


	Main Path Parameters
	Value (dBm)
	Diversity Path Parameters
	Value (dBm)

	n25 UL 2nd Harmonic Level Analysis

	H2 at PA output
	-7
	H2 at antenna
	-74.8

	H2 at n25 harmonic filter output
	-37
	sPnT H2
	-79

	H2 n25 duplexer output
	-58.8
	Div. Filter H2 at antenna
	-80

	H2 level at sPnT output
	-58.4
	LNA H2 at anttena
	-81

	H2 level at antenna
	-64.8
	PCB coupling at antenna
	-70

	PCB coubpling at antenna
	-70
	Composite H2 at antenna
	-68.3

	LNA H2 at antenna 
	-65
	
	

	Composite H3 at antenna
	-63.6
	
	


Table 2.2.1-2: n25 second harmonic level analysis for PC2





	Parameter
	Unit
	Main Path
	Div. Path

	Total H2 level at antenna
	dBm
	-63.6
	-63.6

	Thermal noise
	dBm
	-91.8
	-91.8

	Composite noise
	dBm
	-58.0
	-68.2

	Composite noise after MRC
	dBm
	-66.5

	MSD
	dB
	25.2


Table 2.2.1-3: MSD Analysis for CA_n25A-n77A 1Tx


	Main Path Parameters
	Value (dBm)
	Diversity Path Parameters
	Value (dBm)

	n25 UL 2nd Harmonic Level Analysis

	H2 at PA output
	-10
	H2 at antenna
	-79.4

	H2 at n25 harmonic filter output
	-40
	sPnT H2
	-85

	H2 n25 duplexer output
	-60
	Div. Filter H2 at antenna
	-80

	H2 level at sPnT output
	-58.9
	LNA H2 at anttena
	-81

	H2 level at antenna
	-69.4
	PCB coupling at antenna
	-75

	PCB coubpling at antenna
	-75
	Composite H2 at antenna
	-71.9

	LNA H2 at antenna 
	-59
	
	

	Composite H2 at antenna
	-58.5
	
	


Table 2.2.1-4: n25 second harmonic level analysis for PC3



	Parameter
	Unit
	Main Path
	Div. Path

	Total H2 level at antenna
	dBm
	-58.5
	-58.5

	Thermal noise
	dBm
	-91.8
	-91.8

	Composite noise
	dBm
	-58.4
	-58.4

	Composite noise after MRC
	dBm
	-59.4

	MSD
	dB
	32.4


Table 2.2.1-5: MSD Analysis for CA_n25A-n77A 2Tx

3	Conclusion
In this contribution, we shared the result of our MSD analysis due to TX harmoni intereference for two band combinations with HPUE for the FDD bands (CA_n8A-n41A and CA_n25A-n77A): We will make the following proposals for MSD requirements for those 2 band combinations:
Proposal 1: For CA_n8A-n41A with PC2 1TX on n8, the proposed MSD value is 24dB as shown in Table 2.1.1-3. 
Proposal 2: For CA_n8A-n41A with PC3 2TX on n8, the proposed MSD value is 28.7dB as shown in Table 2.1.2-2.
Proposal 3: For CA_n25A-n77A with PC2 1TX on n25, the proposed MSD value is 25.2dB as shown in Table 2.2.1-3.
Proposal 4: For CA_n25A-n77A with PC3 2TX on n25, the proposed MSD value is 32.4dB as shown in Table 2.2.1-5.
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