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Introduction
In the last RAN4#109 meeting, the WF [1] was approved to provide the missing MSD requirements for higher order combinations whose fallbacks support simultaneous Rx/Tx operation, which have not been specified. 
In this contribution	we evaluate IMD calculation and resulting MSD for higher order combinations of CA_n40A-n41A/CA_n39A_41A, in other words CA_n39A-n40A-n41A.
Discussion
IMD and MSD calculations
Below IMD relations can be observed for CA_n39A-n40A-n41A whose fallback combinations support simultaneous Rx/Tx operation.

A. IMD3 between n39 UL and n40 UL is falling into n41 DL
B. IMD3 between n40 UL and n41 UL is falling into n39 DL
C. IMD5 between n40 UL and n41 UL is falling into n39 DL


Reference architecture and assumptions
WF [2] agreed that 3GPP specifies RF front-end and antenna structure agnostic MSD for simultaneous Rx-Tx requirements for higher order band combinations. It should be noted that this band combination is MB-HB-HB combination so different from other higher order combinations whose fallbacks support simultaneous Rx/Tx operation in terms of RF front end architecture. The band combinations in [3] are MB-HB or HB-HB + LB or UHB, so we have two options of RF front end architectures – shared antenna and separate antenna. However, CA_n39A-n40A-n41A should be supported by using only shared antenna structure since separating antenna for MB and HB leads to increase of UE antenna especially considering MHB MIMO operation.

Observation 1: CA_n39A-n40A-n41A should be supported by using only shared antenna structure since separating antenna for MB and HB leads to increase of UE antenna especially considering MHB MIMO operation.

Figure 1 shows two different options using shared antenna structure. Figure 1(a) separates n41 PA from n39 PA and n40 PA and Figure 1(b) separates n39 PA from n40 PA and n41 PA. There might be LB-MHB diplexer just before the antenna but there would be no impact on the MSD because there is no attenuation between MB and HB. 
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Figure 1. Two reference architecture options using shared antenna, (a) and (b)

Also, it should be noted that the insertion loss of the triplexer is increased compared to single filter to have sufficient attenuation level between bands. So the ΔTIB,c and ΔRIB,c due to CA_n39-n40-n41 are updated as in Table 1 and Table 2 respectively.

Table 1 ΔTIB,c due to CA_n39-n40-n41
	Inter-band CA combination
	ΔTIB,c for NR bands (dB)9

	
	Component band in order of bands in configuration10

	CA_n39-n40-n41
	0.3
	0.6
	0.6

	NOTE 8:	“-” denotes ΔTIB,c = 0.
NOTE 9:	The component band order in the configuration should be listed by the order of NR bands, such as for CA_n1-n3-n5 the band order from left to right is n1, n3 and n5.



Table 2 ΔRIB,c due to CA_n39-n40-n41
	Inter-band CA combination
	ΔRIB,c for NR bands (dB)7

	
	Component band in order of bands in configuration8

	CA_n39-n40-n41
	0.3
	0.6
	0.6

	NOTE 9:	“-” denotes ΔRIB,c = 0.
NOTE 10:	The component band order in the configuration should be listed by the order of NR bands, such as for CA_n1-n3-n8 the band order from left to right is n1, n3 and n8.



Proposal 1: The ΔTIB,c and ΔRIB,c due to CA_n39-n40-n41 are updated as in Table 1 and Table 2 respectively since triplexer insertion loss is increased compared to single filter.


We performed IMD calculation based on the below linearity parameters (IP3), filter attenuation, diplexer isolation and PCB and antenna isolation which are presented in Table 3 and Table 4.

Table 3 Intercept point parameters
	　
	IP3

	PA forward
	30

	PA reverse
	29

	Switch
	68

	Filter (Triplexer)
	74 

	LNA
	-5




Table 4 Filter(triplexer) attenuation/isolation, PCB and antenna isolation
	n39 filter attenuation at n40
	40

	n39 filter attenuation at n41
	40

	n40 filter attenuation at n39
	35

	n40 filter attenuation at n41
	40

	n41 filter attenuation at n39
	35

	n41 filter attenuation at n40
	35

	Isolation btw n39 and n40 at n39
	45

	Isolation btw n39 and n40 at n40
	40

	Isolation btw n39 and n41 at n39
	45

	Isolation btw n39 and n41 at n41
	40

	Isolation btw n40 and n41 at n40
	40

	Isolation btw n40 and n41 at n41
	40

	
	

	Antenna isolation
	15

	PCB isolation
	60



IMD and MSD calculation
IMD and corresponding MSD performance was calculated after correlated MRC for each band combinations. The correction factors were included in the resulting IMD calculation to account for the differences between CW based IMD calculation and modulation IMD calculation. The correction factor is highly dependent on the two ULs bandwidth (or UL configuration), DL BW and IMD order because the partial portion of the full IMD product is failing in the victim DL bandwidth.

Table 5 and Table 6 summarizes the resulting IMD and MSD of option (a) and option (b)








Table 5 Results for IMD calculation and MSD for CA_n39A-n40A-n41A – option (a)
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Table 6 Results for IMD calculation and MSD for CA_n39A-n40A-n41A – option (b)
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Therefore, we propose to use below table for RF requirement of MSD for CA_n39A-n40A-41A supporting simultaneous Rx/Tx by averaging MSD values in mW (linear scale) from two options.

Table 7 3DL/2UL MSDs for CA_n39A-n40A-n41A
	Band / Channel bandwidth / NRB / Duplex mode
	Source of IMD

	NR CA band combination
	NR band
	UL Fc 
(MHz)
	UL/DL BW 
(MHz)
	UL 
LCRB
	DL Fc (MHz)
	MSD 
(dB)
	Duplex mode
	

	CA_n39-n40-n41
	n39
	1917.5
	5
	25
	1917.5
	N/A
	TDD
	N/A

	
	n40
	2302.5
	5
	25
	2302.5
	N/A
	TDD
	N/A

	
	n41
	N/A
	10
	N/A
	2685
	31.6
	TDD
	IMD3

	
	n39
	N/A 
	5
	N/A
	1917.5
	31.6
	TDD
	IMD31

	
	n40
	2302.5
	5
	25
	2302.5
	N/A
	TDD
	N/A

	
	n41
	2685
	10
	50
	2685
	N/A
	TDD
	N/A 

	NOTE 1:	This band is subject to IMD5 also which MSD is not specified.




Proposal 2: Use Table 7 for the RF requirements of MSD of higher order combinations of CA_n39A-40A-41A supporting simultaneous Rx/Tx.

Conclusion
In this contribution, we presented the IMD relations for CA_n39A-40A-n41A supporting simultaneous Rx/Tx determining the IMD downlink overlaps and resulting MSD, which has not been specified yet. With the introduction of the result, missing RF requirement can be identified by making the following proposals.

Observation 1: CA_n39A-n40A-n41A should be supported by using only shared antenna structure since separating antenna for MB and HB leads to increase of UE antenna especially considering MHB MIMO operation.

Proposal 1: The ΔTIB,c and ΔRIB,c due to CA_n39-n40-n41 are updated as in Table 1 and Table 2 respectively since triplexer insertion loss is increased compared to single filter.

Proposal 2: Use Table 7 for the RF requirements of MSD of higher order combinations of CA_n39A-40A-41A supporting simultaneous Rx/Tx.
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