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Introduction
Analysis and proposals on CA_n5-n28 are provided in this contribution.
Discussion
The objectives of SI [1] are as follows:
· Investigate the feasibility and solutions to enable simultaneous transmission on two UL bands and simultaneous reception on two or three bands for the band combination of 700, 800 and 900MHz spectrum for smart phone form factor
· The following band combinations will be considered. And the feasibility study on three band combination will start after the completion of feasibility study of all the fallback band combinations.
· CA_n8-n20-n28 with uplink configurations of CA_n8-n20, CA_n8-n28, CA_n20-n28, and the fallback modes 
· CA_n5-n8 with uplink configuration of CA_n5-n8, and the fallback modes
Note1: Spectrum restrictions should be studied to solve overlap of band n5 downlink and band n8 uplink
Note2: The current filter is used as the baseline. Further study whether or not to have new solutions.
· CA_n5-n28 (full range) with uplink configuration of CA_n5-n28.

Summary of band combinations considered in the SI
	Configuration
	Uplink configuration
	Supported operators

	CA_n8-n20-n28
	CA_n8-n20, CA_n8-n28, CA_n20-n28
	Vodafone, Telecom Italia, Orange, Deutsche Telekom

	CA_n5-n8
	CA_n5-n8
	China Telecom, Spark NZ, China Unicom

	CA_n5-n28
	CA_n5-n28
	Spark NZ



· The following aspects need be studied
· UE architecture including n-plexing, PA
· Study feasibility of low band wideband antenna
· Performance due to impacts including inter-modulation products
· Method to manage the inter-modulation product impacts
Note: Revisit in RAN#98 whether additional aspects need to be added.

· Power class 3 (PC3) is considered in this study
· Identify potential impacts to relevant RAN4 requirements.

WF from RAN4#105
Issue 2-1: The two antenna reference architecture
· Proposals
· Option 1:  Architecture a and b (Apple R4-2218368, Skyworks R4-2218387) 
· [image: ]
· Option 2: Only architecture a (Xiaomi R4-2219260, Huawei R4-2219617)
· Option 3: Only architecture b (Qualcomm R4-2219873 provided analysis for architecture b)
· Recommended WF
· Option 1 for further feasibility study. 
· Need to check the n28 (dual duplexer) can be supported with Quadplexer in architecture A.
· Need to check the n28 (dual duplexer) can be supported with Triplexer in architecture B.

Issue 2-2: The three antenna reference architecture
· Proposals
· Option 1: The following architecture (Apple, Skyworks, Xiaomi, Huawei, Qualcomm)
[image: ]
· Recommended WF:
· Option 1.
For n28 implementation, consider separate RF chain for band n28A (703 to 733 MHz / 758 to 788 MHz) and n28B (718 to 748 MHz / 773-803 MHz).
Issue 2-3: Tib/Rib for three antenna reference architecture
· Proposals
· Option 1: all are zeroes (ZTE)
[bookmark: _Hlk119585621]Table 9: ΔTIB,c
	Inter-band CA Configuration
	NR Band
	ΔTIB,c [dB]

	CA_n5A-n28A
	n5
	0

	
	n28
	0



Table 10: ΔRIB,c
	Inter-band CA Configuration
	NR Band
	ΔRIB,c [dB]

	CA_n5A-n28A
	n5
	0

	
	n28
	0



· Recommended WF
· For CA_n5-n28 with 3 antenna implementation, the TIB,c and RIB,c values are shown below.
Table 9: ΔTIB,c
	Inter-band CA Configuration
	NR Band
	ΔTIB,c [dB]

	CA_n5A-n28A
	n5
	0

	
	n28
	0


Table 10: ΔRIB,c
	Inter-band CA Configuration
	NR Band
	ΔRIB,c [dB]

	CA_n5A-n28A
	n5
	0

	
	n28
	0



[bookmark: _Hlk119673340]Issue 2-4: 1UL cross band MSD issue
· Proposals
· [bookmark: _Hlk119491017]Option 1: Apply single UL MSD specified in 38.101-1 for dual UL MSD for CA_n5-n28 (Murata R4-2218129)
· Option 2: The MSD requirement for DC_28-n5 can be reused for CA_n5-n28 with 2UL. (Xiaomi R4-2219260)
· Option 3: MSD proposal in R4-2219617 (Huawei)
Table 1 MSD due to cross band isolation for CA_n5-n28
	UL band
	DL band
	UL Fc
	UL BW
	SCS of UL band
	UL RB Allocation
	DL Fc
	DL BW
	MSD
	Cross-band
Interference
source

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

	n5
	n28
	834
	20
	15
	20 (RBstart=0)
	800.5
	5
	17.5
	ACLR2

	n5
	n28
	834
	20
	15
	20 (Rbstart=0)
	888
	30
	2.9
	ACLR2



· [bookmark: _Hlk119491083]Recommended WF
· Issue 2-4: 1UL cross band MSD issue
· Based on the agreed CR R4-2206134, one MSD test configuration (n28 30MHz) can be a reference considering the impacts from band n5 UL. 
Table 5.2.2.5-1 MSD due to cross band isolation for CA_n5-n28
	UL band
	DL band
	UL Fc
	UL BW
	SCS of UL band
	UL RB Allocation
	DL Fc
	DL BW
	MSD
	Cross-band
Interference
source

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

	n5
	n28
	834
	20
	15
	20 (Rbstart=0)
	800.5
	5
	17.5
	ACLR2



[bookmark: _Hlk127355758][bookmark: _Hlk119673180]Issue 2-5: 2UL cross band MSD issue
· Proposals
· Option 1: Two UL n5 and n28 combined MSD for n28DL is further studied for different DL channel bandwidths and UL allocations, in order to define a specific 2UL cross-band MSD for n28 DL under the combined interference on n28 and n5UL. (Skyworks R4-2218387)
· Recommended WF
· The following reference exception can be further studied.
Table 5.2.2.5-1 MSD due to two UL band cross band interference for CA_n5-n28
	UL band
	DL band
	UL Fc
	UL BW
	SCS of UL band
	UL RB Allocation
	DL Fc
	DL BW
	MSD
	Cross-band
Interference
source

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

	n5
	n28
	834
	20
	15
	20 (Rbstart=0)
	TBD
	TBD
	TBD
	TBD

	n28
	
	TBD
	TBD
	15
	TBD
	
	
	
	




1.1. Considerations
The two antenna reference architecture
[image: ]
· Recommended WF
· Option 1 for further feasibility study. 
· Need to check the n28 (dual duplexer) can be supported with Quadplexer in architecture A.
· Need to check the n28 (dual duplexer) can be supported with Triplexer in architecture B.

Architecture A:
I high level illustration of Architecture A is shown below. Main TRX and Diversity RX are named according to figure in WF. Please note that n28 dual duplexer is intentionally drawn in a way that no additional switch throws are needed in either PA/LNA or in combining. Please note that the n28 dual duplexer illustration would look the same irrespective of aggregation with n5. 
[image: ]

One of the key challenges irrespective of the quadplexer frequency arrangements is to transmit Two non-adjacent UL’s from same antenna (i.e. Inter-band UL CA). 
CA with lower n28 (n28A) and n5 is feasible as there as sufficient frequency separation.
n5 UL and upper end of n28B RX are only 21MHz away, which poses challenges for cross-band isolations. On the other hand, DL CA_n5A-n28A is specified using entire n28 frequency range, with [17.5dB] cross-band MSD. 
We expect to provide our simulation results for n5-n28B by the next meeting.
Observation 1: Currently specified DL CA_n5A-n28A uses entire n28 frequency range and has [17.5dB] cross-band MSD specified with the assumption of 45dB cross-band RX isolation. 
Observation 2: At least 45dB Cross-band isolations are needed for n5-n28 quadplexer using dual n28 duplexer in to maintain currently specified [17.5dB] MSD for CA_n5A-n28A 
Observation 3: Quadplexer n5-n28B in Architecture A is challenging due to close-proximity of n28B and n5, and achieving sufficient cross-band isolations is TBC
Architecture B:
A high-level illustration of Architecture B is shown below. Main TRX and Diversity TRX are named according to figure in WF
[image: ]
An advantage on this architecture over architecture A is that the UL’s are transmitted from different antennas, enabling better tuning of TRP for each UL. 
Main TRX in this architecture has similar challenges as in architecture A, i.e. the n28 DL is just 21MHz away from n5 UL. Diversity TRX is perhaps easier when there is no issue with n5TX-n28B cross-band isolation. Our analysis for n5 TRX+n28RX and n28B TRX+n5RX are still ongoing, and we expect to provide our simulation results by the next meeting. 
Observation 4: At least 45dB Cross-band isolations are needed for n5-n28 triplexer using dual n28 duplexer to maintain currently specified [17.5dB] MSD for CA_n5A-n28A 
Observation 5: At least Triplexer n5TRx+n28RX in Architecture B is challenging due to close-proximity of n28B and n5, and achieving sufficient cross-band isolations is TBC

2UL cross band MSD issue
We begin by recapping the issue. For n5-n28 there is no MSD due to 2 UL intermodulation products, but there is single UL MSD due to cross-band isolation.
The reference sensitivity for 2UL Intermodulations is only specified at the test point specified in 38.101. This means that for a 2UL Inter-band CA combination which has no non-zero 2 UL Intermodulation MSD specification, 0dB MSD is assumed no matter how wide and where the CC’s are located within each band.
This obviously is very problematic for this combination (or any other combination with similar issues), as the cross-band MSD is clearly visible if second UL is activated. The currently specified [17.5dB] MSD would go down a bit when the UL aggressor UL power is decreased by 3dB, however the decrease is not necessarily equal to that because the RX band noise may not scale directly proportionally to TX power. Please note that unless we create a test point for 2UL MSD due to cross-band isolation, the UE meeting 1UL specs would not meet 2UL specs as the MSD would be assumed 0dB for 2UL.
In our view, the most straightforward way would be to use the same test point for 2UL MSD due to Cross-Band Isolation as has been used for 1UL Cross-band Isolation. 
Proposal 1: Use the following test point for 2UL Cross-band MSD
	UL band
	DL band
	UL Fc
	UL BW
	SCS of UL band
	UL RB Allocation
	DL Fc
	DL BW
	MSD
	Cross-band
Interference
source

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

	n5
	n28
	834
	20
	15
	20 (Rbstart=0)
	800.5
	5
	17.5
	n5 ACLR2

	n28
	
	5
	5
	15
	25 (Rbstart=0)
	
	
	
	








Conclusion
Considerations on CA_n5A-n28A based on WF form RAN4#105 was provided with the following proposals:
Observation 1: Currently specified DL CA_n5A-n28A uses entire n28 frequency range and has [17.5dB] cross-band MSD specified with the assumption of 45dB cross-band RX isolation. 
Observation 2: At least 45dB Cross-band isolations are needed for n5-n28 quadplexer using dual n28 duplexer in to maintain currently specified [17.5dB] MSD for CA_n5A-n28A 
Observation 3: Quadplexer n5-n28B in Architecture A is challenging due to close-proximity of n28B and n5, and achieving sufficient cross-band isolations is TBC
Observation 4: At least 45dB Cross-band isolations are needed for n5-n28 triplexer using dual n28 duplexer in to maintain currently specified [17.5dB] MSD for CA_n5A-n28A 
Observation 5: At least Triplexer n5TRx+n28RX in Architecture B is challenging due to close-proximity of n28B and n5, and achieving sufficient cross-band isolations is TBC

Proposal 1: Use the following test point for 2UL Cross-band MSD
	UL band
	DL band
	UL Fc
	UL BW
	SCS of UL band
	UL RB Allocation
	DL Fc
	DL BW
	MSD
	Cross-band
Interference
source

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

	n5
	n28
	834
	20
	15
	20 (Rbstart=0)
	800.5
	5
	17.5
	n5 ACLR2

	n28
	
	5
	5
	15
	25 (Rbstart=0)
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