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1   Introduction and Scope 
In the previous RAN4 meeting (#110, Athens, Greece, February 26 – March 1, 2024), discussions were held on proposals related to the REFSENS for the Rel-18 PC2 HPUE WID which was updated with several additional band combinations during the RAN#102 meeting [1]. It was agreed to capture the REFSENS for 1Tx and 2Tx in a single table and using suffixes and notes to highlight the difference between the two values. Below is the summary of the WF on how to handle the inter-band cases [2]:  
WF3 on inter-band CA REFSENS tables:
For inter-band CA, capture the 1Tx and the 2Tx FDD PC2 REFSENS requirements into a single table for:
2 MSD due to UL harmonics,
3 MSD due to Rx harmonic mixing
4 MSD due to cross-band isolation,
The PC2 FDD table number uses the PC3 Table number and suffix “a”.
The 1Tx vs 2Tx MSD test points are distinguished using footnotes.
For CA_n3-n78 MSD due to Harmonic interference UL2/DL1, merge Table 7.3A.4-2a and Table 7.3A.4-2b into Table 7.3A.4-2a and adopt footnotes “X” and “Y” to distinguish 1Tx vs 2Tx MSD.
Table 7.3A.4-2a: Reference sensitivity exceptions and uplink/downlink configurations due to UL harmonic from a PC2 aggressor NR UL band for NR DL CA FR1. for UE not supporting Tx Diversity
	UL band
	DL band
	UL BW
	SCS of UL band
	UL RB Allocation
	DL BW
	MSDX
	MSDY
	UL/DL fc condition
	UL/DL harmonic order

	
	
	(MHz)
	(kHz)
	LCRB
	(MHz)
	(dB)
	(dB)
	
	

	n3
	n78
	5
	15
	25 (RBstart=0)
	10
	27.1
	32.3
	NOTE 2
	UL2/DL1
direct hit

	n3
	n78
	10
	15
	50 (RBstart=0)
	100
	16.6
	N/A
	NOTE 2
	UL2/DL1
direct hit

	



NOTE 2:	The requirements should be verified for UL NR-ARFCN of the aggressor (high) band (superscript HB) such that in MHz and  with carrier frequency in the victim (lower) band in MHz and  the channel bandwidth configured in the higher band.
NOTE X:  Applicable to UE supporting PC2 with single Tx. 
NOTE Y:  Applicable to UE supporting PC2 with dual Tx.



In this contribution paper, we will present the results of our MSD analysis for the CA combination PC2 CA_n25A-n77A.  
2   Discussion
As shown in Figure 2-1, the n25 UL second harmonics land within the n77 DL. MSD specification is therefore needed to prevent n77 receiver desensitization due to the interference from n25 UL second harmonics. We will consider two RF front-end architectures for the MSD analysis: The first architecture with n25 1TX enabled to achieve PC2 power level requirement (26dBm), and the second architecture with n25 2TX where two n25 UL paths are enabled with PC3 power level on each path to achieve the required 26dBm for PC2 (23dBm+23dBm = 26dBm). For the second architecture, one n25 PA will be in the main path while the second PA will be in the diversity path. 

[image: ]
Figure 2.1: Spectrum overlapping between n25 UL 2nd harmonics and n77 DL

2.1   Case # 1: PC2 on n25 UL with 1TX

For the MSD analysis, we will first consider the architecture shown in Figure 2.1-1 below for the case of n25 UL PC2 with 1TX. The  worst-case assumptions for the RF front-end component isolation and linearity performance are shown in Table 2.1-2. 
	
[image: ]
						Figure 2.1-1: Front-end architecture used for CA_n25A-n77A MSD analysis for 1TX
	
	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 triplexer H2 level
	-70
	dBm

	sPnT H2 level
	-65
	dBm


		Table 2.1-2: RF front-end rejection and linearity assumptions for CA_n25A-n77A 






Given the assumptions highlighted above, the harmonic level and MSD analysis are summarized in Table 2.1-3 and Table 2.1-4 below respectively:
			
	Main Path Parameters
	Value (dBm)
	Diversity Path Parameters
	Value (dBm)

	n25 UL 2nd Harmonic Level Analysis

	H2 at PA output
	-7
	H2 at antenna
	-79.7

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

	H2 n25 duplexer output
	-57.8
	Div. Filter H2 at antenna
	-80

	H2 level at sPnT output
	-57
	LNA H2 at antenna
	-81

	H2 level at antenna
	-69.7
	PCB coupling at antenna
	-77

	PCB coupling at antenna
	-77
	Composite H2 at antenna
	-72.1

	LNA H2 at antenna 
	-65
	
	

	Composite H3 at antenna
	-63.5
	
	


Table 2.1-3: n25 second harmonic level analysis for PC2

	Parameter
	Unit
	Main Path
	Div. Path

	Total H2 level at antenna
	dBm
	-63.5
	-62.1

	Thermal noise
	dBm
	-91.8
	-91.8

	Composite noise
	dBm
	-63.4
	-62.0

	Composite noise after MRC
	dBm
	-65.8

	MSD
	dB
	26.0


Table 2.1-4: MSD Analysis for CA_n25A-n77A 1Tx
2.2   Case # 2: PC2 on n25 UL with 2TX 
For 2TX, we propose the architecture shown below in Figure 2.2-1. We use two n25 PC3 (23dBm) PAs, one in the main path and one in the diversity path to achieve a total power of 26dBm (PC2) at the antenna. 

      [image: ]
Figure 2.2-1: Front-end architecture used for CA_n25A-n77A MSD analysis for 2TX

As can be observed from the figure above, the n25 Tx from the main path is similar to the n25 Tx for the diversity path. Therefore, to derive the MSD for the 2 TX architecture, we can use the same PC3 n25 UL second harmonic link analysis for the main path (when the main path is transmitting) and for the diversity path (when the diversity path is transmitting). The MSD is then evaluated assuming that both paths are transmitting at the same time, which implies that both the main and diversity receiver inputs will be subjected to the same level of n25 UL second harmonic interference. 
Table 2.2-1 below shows the PC3 n25 composite second harmonic level to be -58.5dBm. This level is then used to compute the required MSD level for 2 TX as shown in Table 2.2-2.
Observation #1: For the 2TX case, the UL chains for the main path and diversity path are similar. Therefore, to derive the MSD value for this case, we can use the same PC3 UL harmonic level analysis for both paths and assume that the receiver inputs will be subjected to the same level of harmonic interference when both transmitters are ON at the same time to achieve the PC2 output power level. 

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

	n25 UL 2nd Harmonic Level Analysis

	H2 at PA output
	-13
	H2 at antenna
	-79.4

	H2 at n25 harmonic filter output
	-43
	sPnT H2
	-85

	H2 n25 duplexer output
	-59.4
	Div. Filter H2 at antenna
	-80

	H2 level at sPnT output
	-58.3
	LNA H2 at antenna
	-81

	H2 level at antenna
	-69.4
	PCB coupling at antenna
	-80

	PCB coupling at antenna
	-80
	Composite H2 at antenna
	-71.9

	LNA H2 at antenna 
	-59
	
	

	Composite H2 at antenna
	-58.5
	
	


Table 2.2.-1: 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.-2: MSD Analysis for CA_n25A-n77A 2Tx

Observation #2: The MSD value for n77 DL due to n25 UL second harmonics increases by 6.4 dB for n25 PC2 with 2Tx compared to the value for PC2 with 1Tx.  
3	Conclusion
In this contribution, we shared the results of our MSD analysis for n77 DL due to PC2 n25 UL second harmonics interference for 1Tx and 2Tx. 
Observation #1: For the 2TX case, the UL chains for the main path and diversity path are similar. Therefore, to derive the MSD value for this case, we can use the same PC3 UL harmonic level analysis for both paths and assume that the receiver inputs will be subjected to the same level of harmonic interference when both transmitters are ON at the same time to achieve the PC2 output power level.
Observation #2: The MSD value for n77 DL due to n25 UL second harmonics increases by 6.4dB for n25 PC2 with 2Tx compared to the value for PC2 with 1Tx.  
Proposal: Adopt CA_n25A-n77A MSD Levels proposed in Table 3-1 shown below.

	UL band
	DL band
	UL BW
	SCS of UL band
	UL RB Allocation
	DL BW
	MSD1
	MSD3
	UL/DL fc condition
	UL/DL harmonic order

	
	
	(MHz)
	(kHz)
	LCRB
	(MHz)
	(dB)
	(dB)
	
	

	n25
	n77
	5
	15
	25 (RBstart=0)
	10
	26.0
	32.4
	NOTE 2
	UL2/DL1
direct hit

	



NOTE 2:	The requirements should be verified for UL NR-ARFCN of the aggressor (high) band (superscript HB) such that in MHz and  with carrier frequency in the victim (lower) band in MHz and  the channel bandwidth configured in the higher band.
NOTE 1:  Applicable to UE supporting PC2 with single Tx. 
NOTE 3:  Applicable to UE supporting PC2 with dual Tx.


Table 3-1: Proposed MSD value for n77 with PC2 n25 UL for 1Tx and 2Tx 
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