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1. Introduction
In previous RAN4 meeting, it has been discussed whether the MSD due to 4th order receiver harmonic mixing might be needed and was agreed to be kept. In this contribution, we provide evaluation for the 4th order receiver harmonic mixing analysis w.r.t whether MSD is needed.
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The combo is a L+UHB band combination that the aggressor is in UHB bands n77/n78. There may be impact on the victim bands in the LB range such as B19, n5 and n26. The parameters of the evaluation we use are listed in the table 1.
	Parameter
	Value
	Unit

	Antenna isolation 
	10
	dB

	B19/n26 DUP Rx 4th order harmonic rejection (min)
	40
	dB

	Receiver LNA wideband selectivity
	25
	dBc

	4th order receiver harmonic conversion rejection ratio
	40
	dBc

	Front-end loss 
	4
	dB

	PCB isolation 
	70
	dB

	PA RXBN noise
	-130
	dBm/Hz

	Thermal noise at LB RX ANT port
	-165
	dBm/Hz

	Transceiver effective phase noise 
	-150
	dBc/Hz

	SNR requirement for QPSK
	-1
	dB


Table 1 Receiver performance parameters for MSD analysis

With above parameters, we calculate MSD due to cross band isolation as below:
	Direct Signal Path

	Parameter
	Main
	Diversity
	 

	n77 TX power at antenna port (Primary path)
	23
	23
	dBm

	n77PA output level at LB ANT input port
	-30
	-30
	dBm/5MHz

	n77 noise level at LB ANT input referred after down conversion
	-95
	-95
	dBm/5MHz

	Thermal noise at RX ant port
	-165
	dBm/Hz

	Total noise level refer to LB ANT input port
	-93.2
	-93.2
	dBm/5MHz

	Combined

	MSD (5MHz BW)
	4.8
	dB



Table 2 Link analysis for LB REFSENS calculation
With the above analysis we found that due to limited isolation from aggressor to victim band receiver port, a typical total rejection is around 115dB. If one requires no MSD for this case, the total rejection may need to be as high as ~130dB or larger. This would be challenge for UE receiver technology. Although the isolation can be further improved with external filter component, this approach would bring larger path loss on low-band RX path or TX/RX path loss on common antenna path. A few dB MSD shall be allowed to accommodate different UE implementations. Similar results can be applied for the CA/DC combos such as DC_19_n77, CA_n5-n77, CA_n5-n78, CA_n26-n77, CA_n8-n77, CA_n8-n78 and CA_n18-n77. With note 10 in table Table 5.2A.2.1-1 in TS38.101-1, there’s no need to specify the 4th order receiver harmonic MSD for CA_n18-n77.
Observation 1: For MSD due to 4th order receiver harmonic mixing for a low-band + C band CA/DC, a few dB MSD may be needed for typical UE receiver design.
Proposal 1: Agree on the R4-2309346	CR to R15 TS38.101-3 for addition of missing MSD as is
Considering REFSENS of n5/n26 and n8 for CBW >=20MHz, there are more impact due to self-band uplink TX noise rather than that of the 4th order receiver harmonic mixing, it is also proposed to consider the MSD only for 5MHz CBW. And our intension is not to re-characterize existing specs thus we propose values according to existing values in the spec mostly and the changes start from Rel-17 based on new format of MSD tables. When UL aggressor power level on n77/n78 is raised to PC2, due to 3dB larger on the aggressor and more impacts, we propose still keep existing requirements on CA_n5-n77 and also add missing requirements on CA_n5-n78 and CA_n8-n78.
As for PC1.5 MSD table, since these combos does not require the UL power level so there’s no need to change existing MSD tables for PC1.5.
Proposal 2: MSD due to 4th order receiver harmonic mixing for CA_n5/n26-n77 and CA_n8-n77 are proposed to be changed as below and start from Rel-17:
Table 1. Reference sensitivity exceptions and uplink/downlink configurations due to harmonic mixing from a PC3 aggressor NR UL band for DL NR CA FR1
	UL band
	DL band
	UL BW
	SCS of UL band
	UL RB Allocation
	DL BW
	MSD
	UL/DL fc condition
	UL/DL harmonic order

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

	n77
	n5
	5
	15
	25 (RBstart=0)
	5
	5.7
	NOTE 8
	UL1/DL4

	n77
	n5
	20
	15
	100 (RBstart=0)
	20
	2.7
	NOTE 8
	UL1/DL4

	n77
	n8
	5
	15
	100 (RBstart=0)
	20
	5.7
	NOTE 8
	UL1/DL4

	n77
	n8
	20
	15
	100 (RBstart=0)
	20
	2.7
	NOTE 8
	UL1/DL4

	n77
	n26
	5
	15
	25 (RBstart=0)
	5
	5.2
	NOTE 8
	UL1/DL4

	n78
	n5
	5
	15
	25 (RBstart=0)
	5
	5.7
	NOTE 8
	UL1/DL4

	n78
	n8
	5
	15
	25 (RBstart=0)
	5
	5.7
	NOTE 8
	UL1/DL4

	n78
	n26
	5
	15
	25 (RBstart=0)
	5
	5.2
	NOTE 8
	UL1/DL4



Table 2. Reference sensitivity exceptions and uplink/downlink configurations due to harmonic mixing from a PC2 aggressor NR UL band for DL NR CA FR1
	UL band
	DL band
	UL BW
	SCS of UL band
	UL RB Allocation
	DL BW
	MSD
	UL/DL fc condition
	UL/DL harmonic order

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

	n77
	n5
	10
	15
	25 (RBstart=0)
	5
	8.1
	NOTE 5
	UL1/DL4

	n77
	n5
	20
	15
	20 (RBstart=0)
	20
	4.3
	NOTE 5
	UL1/DL4

	n78
	n5
	5
	15
	25 (RBstart=0)
	5
	8.1
	NOTE 5
	UL1/DL4

	n78
	n5
	20
	15
	20 (RBstart=0)
	20
	4.3
	NOTE 5
	UL1/DL4

	n78
	n8
	10
	15
	25 (RBstart=0)
	5
	8.1
	NOTE 5
	UL1/DL4

	n78
	n8
	20
	15
	20 (RBstart=0)
	20
	4.3
	NOTE 5
	UL1/DL4


3. Conclusion
Observation 1: For MSD due to 4th order receiver harmonic mixing for a low-band + C band CA/DC, a few dB MSD may be needed for typical UE receiver design.
Proposal 1: Agree on the R4-2309346	CR to R15 TS38.101-3 for addition of missing MSD as is
Proposal 2: MSD due to 4th order receiver harmonic mixing for CA_n5/n26-n77 and CA_n8-n77 are proposed to be added as below:
Table 1. Reference sensitivity exceptions and uplink/downlink configurations due to harmonic mixing from a PC3 aggressor NR UL band for DL NR CA FR1
	UL band
	DL band
	UL BW
	SCS of UL band
	UL RB Allocation
	DL BW
	MSD
	UL/DL fc condition
	UL/DL harmonic order

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

	n77
	n5
	5
	15
	25 (RBstart=0)
	5
	5.7
	NOTE 8
	UL1/DL4

	n77
	n5
	20
	15
	100 (RBstart=0)
	20
	2.7
	NOTE 8
	UL1/DL4

	n77
	n8
	5
	15
	100 (RBstart=0)
	20
	5.7
	NOTE 8
	UL1/DL4

	n77
	n8
	20
	15
	100 (RBstart=0)
	20
	2.7
	NOTE 8
	UL1/DL4

	n77
	n26
	5
	15
	25 (RBstart=0)
	5
	5.2
	NOTE 8
	UL1/DL4

	n78
	n5
	5
	15
	25 (RBstart=0)
	5
	5.7
	NOTE 8
	UL1/DL4

	n78
	n8
	5
	15
	25 (RBstart=0)
	5
	5.7
	NOTE 8
	UL1/DL4

	n78
	n26
	5
	15
	25 (RBstart=0)
	5
	5.2
	NOTE 8
	UL1/DL4



Table 2. Reference sensitivity exceptions and uplink/downlink configurations due to harmonic mixing from a PC2 aggressor NR UL band for DL NR CA FR1
	UL band
	DL band
	UL BW
	SCS of UL band
	UL RB Allocation
	DL BW
	MSD
	UL/DL fc condition
	UL/DL harmonic order

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

	n77
	n5
	10
	15
	25 (RBstart=0)
	5
	8.1
	NOTE 5
	UL1/DL4

	n77
	n5
	20
	15
	20 (RBstart=0)
	20
	4.3
	NOTE 5
	UL1/DL4

	n78
	n5
	5
	15
	25 (RBstart=0)
	5
	8.1
	NOTE 8
	UL1/DL4

	n78
	n8
	10
	15
	25 (RBstart=0)
	5
	8.1
	NOTE 5
	UL1/DL4

	n78
	n8
	20
	15
	20 (RBstart=0)
	20
	4.3
	NOTE 5
	UL1/DL4
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