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Introduction
[bookmark: _Hlk115189237]In R4#105, the CA_n8-n20-n28 RF front-end architecture and the two UL IMD3 MSD issues were discussed and a way forward [1] was agreed upon for baseline architecture for MSD evaluation. In this contribution we provide our feasibility assessment on isolation to third band for different architectures and derive IMD3 related MSDs to third band accordingly.
Discussion
Agreed assumptions and analysis
The way forward [1] first provided agreements on architecture and components performance assumptions.

Way forward:
· Provide MSD analysis for the TR (Technical Report)
· Assuming it is the worst case, analysis is prioritized for 3 antenna architecture based on: 
· n28UL/n20+n28DL/n20UL triplexer on antenna 1
· n8UL/n8DL duplexer on antenna 2
· n20+n28DL/n8DL duplexer on antenna 3
· For comparison purpose, analysis of alternate two or three antenna solutions are not precluded, and if a worse case is found it can be discussed regarding whether it should be used for the MSD feasibility.
· 10db antenna isolation is used for MSD calculations
· The normal Tx/Rx 50dB isolation is used between UL and DL of the same FDD bands for duplexer/triplexer/quadplexer. If higher insertion loss is needed to meet the 50dB it can be accounted in DeltaT/R
· For different FDD bands within triplexer/quadplexer companies are encouraged to provide feasible isolation between ULs and DLs
· For diversity path, the DL filter provide at least 40dB of Rejection of the UL of the same band and companies are encouraged to provide feasible rejection for UL of other bands.
· Companies are encouraged to provide input on the feasibility of such values

The UL CA_n8-n20 IMD3 in n28 DL MSD test point was provided:

Way forward on IMD3 of CA_n20-n8 UL in n28 DL:
· 5MHz n8 UL at 887.5MHz with 25RB0
· 5MHz n20 UL at 834.5MHz with 25RB0
· 5MHz n28 DL at 781.5MHz
· IMD3 MSD is evaluated by calculation, simulation, or measurement

The UL CA_n20-n28 IMD3 in n8 DL MSD test point was provided (with a typo corrected on second bullet):

Way forward on	IMD3 of CA_n20-n28 UL in n8 DL:
· 5MHz n20 UL at 834.5MHz with 25RB0
· 5MHz n28 UL at 715.5MHz with 25RB0
· 5MHz n8 DL at 952.5MHz
· IMD3 MSD is evaluated by calculation, simulation, or measurement

For this last test point it should be noted that using 951.5MHz for n8 DL would have the IMD3 centred.
Two antenna case
As agreed above, the baseline architecture is based on 3 antennas with n20+n28 triplexer, an n8 duplexer and a diversity triplexer. Only the isolation in the third band is left open for feasibility input. 
It shall be noted however, that the two-antenna case involving a quad-plexer with n20/n28UL on one antenna and a tri-plexer with n8 UL is not precluded and thus, even if this solution may take time to mature, it is important that the MSDs that will be specified at a later stage (during the WI as this is not in scope for the current study) is future proof for such an approach.
Proposal 1: During WI phase, the specified MSD should enable a two-antenna solution described in [1] in the future. 
Three antenna case
First it should be noted that this three-antenna architecture can reuse existing components for the n20/n28 triplexer from devices already supporting CA_n20-n28 or DC_20_n28, but also for the band n8 duplexer and thus related isolations can be used as assumptions. 
In this case, only the band n8/n20/n28 diversity triplexer may be considered as a new design and it can be further simplified by using a duplexer with one filter covering n28+n20 DL and the other covering n8 DL.
Proposal 2: An alternative three-antenna architecture is considered to establish MSD where the band 8/20/28 triplexer is replaced by a duplexer where band 20 and 28 DL ranges are consolidated into one filter.
Four antenna case
This four-antenna solution is not considered as feasible for all UEs as it requires three UL antennas and the fourth antenna carrying the n8 DL filter could be easily added to one of the antennas supporting either n28 or n20 UL. In any case it is not anticipated that this solution brings benefits in terms of MSD but does help in terms of tunning bandwidth for each antenna.
MSD test points and values
When comparing the two-antenna and three-antenna architectures, one can observe that from an UL perspective it is very similar (n20 and n28 UL on one antenna and n8 UL on another one); thus, the IMD3 levels for CA_n8-n20 or CA_n20-n28 UL will be the same. 
The only difference comes from the fact that the diversity paths for other bands do not benefit from the additional 10dB antenna isolation and from a potential reduction of the UL filter rejection into the victim band as it is part of a more complex n-plexer. However, the DL filters in the diversity path are usually not designed as tightly as the DL filters in the main path as they do not need to handle the UL power. Therefore, unless we take a very tight number for the UL rejection of other bands, it should be feasible to agree upon which MSD numbers enable a two antenna solution in the long-term. 
Observations:
· From a two UL perspective and generation of the 3rd order IMDs, the two and three antenna cases are very similar
· To enable the two-antenna case in the long term, the other band UL rejection assumptions should be reasonable so that the lack of additional 10dB antenna isolation can be compensated for.

Based on the above, we suggest adopting a 30dB rejection of the other UL band instead of 40dB for the same band in the three-antenna case, thus a 40dB isolation of the same case for the two-antenna n-plexer can be targeted. Note that this is very similar to many of the 2DL/2UL IMD3 for FDD-FDD cases with close band proximity already specified in 38.101-1 that are listed in Table 1, while the only case with 3DL/2UL where the 3 bands are within the same band range is provided in Table 2.

Table 1: 2DL/2UL IMD3 MSDs for bands in close proximity.
	Band / Channel bandwidth / NRB / Duplex mode
	Source 

	NR CA band combination
	NR band
	UL Fc
	UL/DL BW
	UL
	DL Fc (MHz)
	MSD
	Duplex mode
	 of IMD

	
	
	(MHz)
	(MHz)
	CLRB
	
	(dB)
	
	

	CA_n1-n3
	n1
	1950
	5
	25
	2140
	23
	FDD
	IMD3

	 
	n3
	1760
	5
	25
	1855
	N/A
	TDD
	N/A

	CA_n2-n66
	n2
	1855
	5
	25
	1935
	20
	FDD
	IMD3

	 
	n66
	1775
	5
	25
	2175
	N/A
	FDD
	N/A

	CA_n5-n14
	n5
	836
	5
	25
	881
	25
	FDD
	IMD34

	 
	n14
	791
	5
	25
	761
	N/A
	FDD
	N/A

	 
	n5
	826.5
	5
	25
	871.5
	N/A
	FDD
	N/A

	 
	n14
	795.5
	5
	25
	765.5
	25
	FDD
	IMD3

	CA_n25-n66
	n66
	1775
	5
	25
	2175
	N/A
	FDD
	N/A

	 
	n25
	1855
	5
	25
	1935
	20
	FDD
	IMD3

	 
	n66
	1712.5
	5
	25
	2112.5
	23
	FDD
	IMD3

	 
	n25
	1912.5
	5
	25
	1992.5
	N/A
	FDD
	N/A



Table 2: 3DL/2UL IMD3 MSDs for bands in close proximity.
	Band / Channel bandwidth / NRB / Duplex mode
	Source 

	NR CA band combination
	NR band
	UL Fc
	UL/DL BW
	UL
	DL Fc (MHz)
	MSD
	Duplex mode
	 of IMD

	
	
	(MHz)
	(MHz)
	CLRB
	
	(dB)
	
	

	CA_n1-n7-n40
	n1
	1970
	5
	25
	2160
	N/A
	FDD
	N/A

	
	n7
	2510
	5
	25
	2630
	23
	FDD
	IMD3

	
	n40
	2390
	5
	25
	2390
	N/A
	TDD
	N/A

	
	n1
	1930
	5
	25
	2120
	16.4
	FDD
	IMD3

	
	n7
	2530
	5
	25
	2650
	N/A
	FDD
	N/A

	
	n40
	2310
	5
	25
	2310
	N/A
	TDD
	N/A



Observations:
· IMD3 MSD levels for 2DL/2UL are in the range of 20-25dB
· The CA_n5-n14 case is the only LB-LB case and it also assumed separate UL antennas
· For CA_n1-n7-n40 the n7 MSD is 23dB the case is interesting as it is a two-antenna case but seem to assume additional rejection due to a MB/HB diplexer.

Overall and without trying to derive exact MSD numbers from Simulation/Measurements and detailed filter performance, a 25dB value can be considered as the lowest bound for CA_n8-n20-n20 2UL IMD3 MSDs and should be achievable for both a two-antenna and a three-antenna architecture. We thus propose the following MSD test point (slightly modified from [1] to better center the IMD3 product) and values.

Proposal 3: CA_n8-n20-n28 2UL IMD3 MSDs are as proposed in Table 3 and enable a two-antenna architecture in the long-term.
Table 3: 3DL/2UL IMD3 MSDs for CA_n8-n20-n28
	Band / Channel bandwidth / NRB / Duplex mode
	Source 

	NR CA band combination
	NR band
	UL Fc
	UL/DL BW
	UL
	DL Fc (MHz)
	MSD
	Duplex mode
	 of IMD

	
	
	(MHz)
	(MHz)
	CLRB
	
	(dB)
	
	

	CA_n8-n20-n28
	n8
	N/A
	5
	25
	951.5
	[25]
	FDD
	IMD3

	 
	n20
	834.5
	5
	25
	793.5
	N/A
	FDD
	N/A

	 
	n28
	717.5
	5
	25
	772.5
	N/A
	FDD
	N/A

	 
	n8
	887.5
	5
	25
	932.5
	N/A
	FDD
	N/A

	 
	n20
	834.5
	5
	25
	793.5
	N/A
	FDD
	N/A

	 
	n28
	N/A
	5
	25
	781.5
	[25]
	FDD
	IMD3


Delta TIB and Delta RIB values
In a three-antenna solution, as suggested in the last meeting by another company, the Delta TIB and Delta RIB for DC_8A-20A_n28A could be reused for CA_n8-n20-n28 which is highlighted in yellow in Table 4 (and corresponding 2 band fallbacks in Table 5). Table 4 and Table 5 also provides values of other LB-LB or MB-MB-MB for three band and two band combinations respectively. 
Table 4: ΔTIB,c/ ΔRIB,c for 3 band cases with 3 bands in the same band cluster
	Configuration
	Component band in order of bands in configuration

	
	ΔTIB,c
	ΔRIB,c

	CA_n1-n3-n7
	0.6
	0.6
	0.6
	
	
	

	DC_1-3_n41
	0.5
	0.5
	0.33 / 0.84
	-
	-
	03 / 0.54

	DC_1_n3-n41/CA_n1-n3-n41
	0.5
	0.5
	0.33 / 0.84
	-
	-
	03 / 0.54

	DC_1-41_n3
	0.5
	0.33 / 0.84
	0.5
	-
	-
	03 / 0.54

	DC_5_(n)12
	0.8
	0.4
	0.4
	0.5
	0.3
	0.3

	DC_8-20_n28
	0.6
	0.5
	0.5
	0.2
	-
	0.1

	DC_12_(n)5
	0.8
	0.4
	0.8
	0.5
	0.3
	0.5


Table 5: ΔTIB,c/ ΔRIB,c for 2 band cases with 2 bands in the same band cluster
	Configuration
	Component band in order of bands in configuration

	
	ΔTIB,c
	ΔRIB,c

	DC_5_n12/ CA_n5-n12
	0.8
	0.4
	0.5
	0.3

	DC_8_n20/ CA_n8-n20/ DC_20_n8
	0.4
	0.4
	
	

	DC_8_n28/ CA_n8-n28
	0.6
	0.5
	0.2
	0.1

	DC_12_n5
	0.4
	0.8
	0.3
	0.5

	DC_12_n71/ CA_n12-n71
	1
	1
	0.8
	0.8

	DC_20_n28/ CA_n20-n28 / DC_28_n20 / DC_28_n5 / DC_71_n5
	0.5
	0.5
	
	

	DC_28_n8
	0.5
	0.6
	0.1
	0.2

	CA_n28-n71
	1.1
	1.1
	0.7
	0.7



Observation: 
· The Delta TIB/RIB values for DC_8-20_n28 are lower than some LB-LB cases although they require 3 low bands and thus n-plexing unless four antennas are used.
· Delta RIB is zero on band 20 for DC_8-20_n28 while band 20 and 28 DL use a consolidated filter and band n28 has 0.1 dB
· Only LB-LB combinations DC_12_n71/ CA_n12-n71 and CA_n28-n71 seem to properly account for the LB-LB quad-plexing challenge
· The Delta TIB/RIB values for DC_8-20_n28 do not enable a two-antenna solution in the long term as it does not account for additional loading loss of n-plexers.

Given the above observations, we suggest that band 20 shares the same Delta RIB than n28 and that an additional 0.2dB is added to all to enable the two-antenna n-plexers in the future.

Proposal 4: CA_n8-n20-n28 ΔTIB,c/ ΔRIB,c are as proposed in Table 6 and enable a two-antenna architecture in the long-term.
Table 6: ΔTIB,c/ ΔRIB,c for CA_n8-n20-n28
	Configuration
	Component band in order of bands in configuration

	
	ΔTIB,c
	ΔRIB,c

	CA_n8-n20-n28
	[0.8]
	[0.7]
	[0.7]
	[0.3]
	[0.2]
	[0.2]



Conclusions
In this contribution, we have discussed the possible antenna and RF front-end architecture assumptions for CA_n8-n20-n28 2UL IMD3 MSDs evaluations. Based on these evaluations, we make the following proposals.

Proposal 1: During WI phase, the specified MSD should enable a two-antenna solution described in [1] in the future. 
Proposal 2: An alternative three-antenna architecture is considered to establish MSD where the band 8/20/28 triplexer is replaced by a duplexer where band 20 and 28 DL ranges are consolidated into one filter.

Proposal 3: CA_n8-n20-n28 2UL IMD3 MSDs are as proposed in Table 3 and enable a two-antenna architecture in the long-term.
Table 3: 3DL/2UL IMD3 MSDs for CA_n8-n20-n28
	Band / Channel bandwidth / NRB / Duplex mode
	Source 

	NR CA band combination
	NR band
	UL Fc
	UL/DL BW
	UL
	DL Fc (MHz)
	MSD
	Duplex mode
	 of IMD

	
	
	(MHz)
	(MHz)
	CLRB
	
	(dB)
	
	

	CA_n8-n20-n28
	n8
	N/A
	5
	25
	951.5
	[25]
	FDD
	IMD3

	 
	n20
	834.5
	5
	25
	793.5
	N/A
	FDD
	N/A

	 
	n28
	717.5
	5
	25
	772.5
	N/A
	FDD
	N/A

	 
	n8
	887.5
	5
	25
	932.5
	N/A
	FDD
	N/A

	 
	n20
	834.5
	5
	25
	793.5
	N/A
	FDD
	N/A

	 
	n28
	N/A
	5
	25
	781.5
	[25]
	FDD
	IMD3



Proposal 4: CA_n8-n20-n28 ΔTIB,c/ ΔRIB,c are as proposed in Table 6 and enable a two-antenna architecture in the long-term.
Table 6: ΔTIB,c/ ΔRIB,c for CA_n8-n20-n28
	Configuration
	Component band in order of bands in configuration

	
	ΔTIB,c
	ΔRIB,c

	CA_n8-n20-n28
	[0.8]
	[0.7]
	[0.7]
	[0.3]
	[0.2]
	[0.2]
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