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1. Introduction
The CA_n78-n79 has been introduced in Rel-15 NR CA combinations. It was not considered to have simultaneous RX/TX operation when the CA combination was approved. The contribution is to revisit the combination whether there should be MSD due to cross band isolation when considering simultaneous RX/TX operation.
2. Discussion
Since n78 and n79 are TDD bands, the REFSENS was defined not including impairments due to TX side [3][4]. So MSD due to TX impairments for CA_n78-n79 operating with simultaneous RX/TX shall be revisited [2]. The analysis of separate antenna and shared antenna are performed below.

2.1 Separate antenna:
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Figure 2.1-1 Reference architecture for CA_n78-n79 MSD with separate antenna

	Parameter
	Value
	Unit

	Antenna isolation 
	10
	dB

	n79 filter rejection on n78
	[25]
	dB

	n78 filter rejection on n79
	[25]
	dB

	n78/n79 front-end loss 
	4
	dB

	Thermal noise at n78/n79 RX ANT port
	-165.5
	dBm/Hz

	Typical transmitter / receiver phase noise
	-150
	dBc/Hz

	SNR requirement for QPSK
	-1
	dB


Table 2.1-1 Typical receiver performance parameters for MSD analysis

In ref[2], the total isolation was assumed more than 55dB. We surveyed filter vendors, listed in table 2.1-2 and table 2.1-3, and found that the assumption is not realistic filter performance today. The filter rejection of n78/n79 from vendors and TR 38.814 are listed below:
	n78 Filter

	4.4-5.0 [GHz]
	TR38.813
	Vendor A
	Vendor B
	Vendor C
	Vendor D

	Attenuation [dB]
	22
	10
	23
	N/A
	>32



Table 2.1-2 n78 Filter out of band rejection performance parameters for MSD analysis

	n79 Filter

	3.3-3.8 [GHz]
	TR38.814
	Vendor A
	Vendor B
	Vendor C
	Vendor D

	Attenuation [dB]
	>15
	8
	23
	>28
	>35



Table 2.1-3 n79 Filter out of band rejection performance parameters for MSD analysis
From data from filter vendors, we have observation 1 as below,
Observation 1: From table 2.1-2 and 2.1-3, it is very difficult to achieve 40dB minimum isolation for filter vendors today.

	Direct Signal Path

	Parameter
	Main
	Diversity
	 

	n79 TX power at antenna port (Primary path)
	23
	23
	dBm

	n79 PA output noise power at n78 freq
	-130
	-130
	dBm/Hz

	n79 noise power at n78 PRX ANT port
	-92.7
	NA
	dBm/10MHz

	n79 noise power at n78 DRX ANT port
	NA
	-92.7
	dBm/10MHz

	Combined thermal noise at RX ant port
	-159.5
	dBm/Hz

	TX IM2 in n78 LNA input port
	-76
	-76
	dBm

	Total noise level refer to receiver LNA input port
	-75.8
	-75.8
	dBm

	Combined

	MSD (10MHz BW)
	18.3
	dB



Table 2.1-4 Link analysis for n78 10MHz REFSENS calculation
	Direct Signal Path

	Parameter
	Main
	Diversity
	 

	n78 TX power at antenna port (Primary path)
	23
	23
	dBm

	n78 PA output noise power at n79 freq
	-130
	-130
	dBm/Hz

	n78 noise power at n79 PRX Filter-ANT port
	-86.2
	NA
	dBm/40MHz

	n78 noise power at n79 DRX Filter-ANT port
	NA
	-86.2
	dBm/40MHz

	Combined thermal noise at RX ant port
	-159.5
	dBm/Hz

	TX IM2 in n79 LNA input port
	-76
	-76
	dBm

	Total noise level refer to receiver LNA input port
	-75.1
	-75.1
	dBm

	Combined

	MSD (40MHz BW)
	12.6
	dB



Table 2.1-5 Link analysis for n79 40MHz REFSENS calculation

From the above analysis, we can see large MSD due to cross band isolation. Even with best isolation numbers of the filters (32dB for n78 filter and 35dB for n79 filter), the MSD on n78/n79 would still be high to 10.9/5.9 dB.
Observation 2: Separate antenna would result in large MSD for CA_n78-n79 with simultaneous RX/TX operation.

2.2 Shared antenna:
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Figure 2.2-1 Reference architecture for CA_n78-n79 MSD with Shred antenna

	Parameter
	Value
	Unit

	Antenna isolation 
	10
	dB

	Diplexer out of band isolation
	15
	dB

	n79 filter rejection on n78
	[25]
	dB

	n78 filter rejection on n79
	[25]
	dB

	n78/n79 front-end loss 
	4
	dB

	Thermal noise at n78/n79 RX ANT port
	-165.5
	dBm/Hz

	Typical transmitter / receiver phase noise
	-150
	dBc/Hz

	SNR requirement for QPSK
	-1
	dB



Table 2.2-1 Typical receiver performance parameters for MSD analysis


	Direct Signal Path

	Parameter
	Main
	Diversity
	 

	n79 TX power at antenna port (Primary path)
	23
	23
	dBm

	n79 PA output noise power at n78 freq
	-130
	-130
	dBm/Hz

	n79 noise power at n78 PRX ANT port
	-91.9
	NA
	dBm/10MHz

	n79 noise power at n78 DRX ANT port
	NA
	-102.9
	dBm/10MHz

	Combined thermal noise at RX ant port
	-159.5
	dBm/Hz

	TX IM2 in n78 LNA input port
	-76
	-98
	dBm

	Total noise level refer to receiver LNA input port
	-75.8
	-92.1
	dBm

	Combined

	MSD (10MHz BW)
	3.2
	dB



Table 2.2-2 Link analysis for n78 10MHz REFSENS calculation
	Direct Signal Path

	Parameter
	Main
	Diversity
	 

	n78 TX power at antenna port (Primary path)
	23
	23
	dBm

	n78 PA output noise power at n79 freq
	-130
	-130
	dBm/Hz

	n78 noise power at n79 PRX Filter-ANT port
	-85.4
	NA
	dBm/40MHz

	n78 noise power at n79 DRX Filter-ANT port
	NA
	-96.4
	dBm/40MHz

	Combined thermal noise at RX ant port
	-159.5
	dBm/Hz

	TX IM2 in n79 LNA input port
	-76
	-98
	dBm

	Total noise level refer to receiver LNA input port
	-75.1
	-86.6
	dBm

	Combined

	MSD (40MHz BW)
	2.3
	dB



Table 2.2-3 Link analysis for n79 40MHz REFSENS calculation
From above analysis we can see, even with shared antenna architecture (with the help of diplexer), the MSD would still be innegligible.
Obervation 3: Even with shared antenna architecture, MSD is still innegligible.
With the observation 1 and 2, we can see no matter what architecture the CA combination adopts, the MSD would be always required once the CA requires simultaneous RX/TX operation.
Proposal 1: MSD is needed for CA_n78-n79 if it requires simultaneous RX/TX operation.

Reference:
1. R4-1906224 Handling of filter assumption of n77 and n78, WG4 Meeting #91 
2. R4-1800251 TP for TR 37.865-01-01 2DL/1UL CA_n78A-n79A
3. TR 38.813 New frequency range for NR (3.3-4.2 GHz)
4. TR 38.814 New frequency range for NR (4.4-5.0 GHz)
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