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Introduction
This agenda item will handle all contributions related to FS_NR_sub1GHz_combo_enh with the sub-topics of studying CA_n5A-n28A-n105A. The CR R4-2312937 for CA_n5-n28-n105 could be revised to coordinate more technical inputs from companies as the final outcomes of studying this CA combo. It’s highlighted that the maintenance CR R4-2312174 for CA_n26-n28 will be treated by Chairman directly during online discussion.

Topic #1: Studying CA_n5A-n28A-n105A
Main technical topic overview. The structure can be done based on sub-agenda basis. 
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2312174
	MediaTek Inc.
	To introduce some potential RF impacts according TP in R4-2303576 for CA_n26-n28

	R4-2311257
	Apple
	[bookmark: OLE_LINK1]In this contribution, we share our views on the potential architecture variants based on 2-antenna, 3-antenna, and 4-antenna implementations and their implications on UE RF requirements for CA_n5A-n28A-n105A.
Observation 1: For CA_n5A-n28A-n105A with 2-antenna implementation, the pentaplexer and hexaplexer with 5 and 6 closely spaced frequency ranges could be relatively challenging for filter implementation with acceptable insertion loss and isolation.
Observation 2: For CA_n5A-n28A-n105A with 2-antenna implementation, both main and diversity antennas need to cover the entire spectrum range of 282 MHz simultaneously, which is equivalent to a 37.5% bandwidth ratio and that would far exceed the bandwidth ratio for a typical planar antenna design in a smartphone. As a result, the radiative performance for the combination likely would be highly compromised.
Proposal 1: RAN4 to make an early decision on whether 2-antenna implementation shall be considered in the study item for CA_n5A-n28A-n105A.
Observation 3: For CA_n5A-n28A-n105A with 3-antenna implementation under architecture variant (a), the bandwidth ratio for all three antennas would far exceed the bandwidth ratio for a typical planar antenna design in a smartphone. As a result, the radiative performance for the combination likely would be highly compromised.
Observation 4: For CA_n5A-n28A-n105A with 3-antenna implementation under architecture variant (b), the main TRx front-end design is eased by leveraging the non-concurrent UL transmission configuration between n28 and n105.
Observation 5: For CA_n5A-n28A-n105A with 4-antenna implementation, there is no additional insertion loss in n8, n20, and n28 main signal paths as compared to single-band implementation since n8, n20, and n28 signals do not need to be conductively combined through a multiplexer.
Observation 6: Having 3 antennas in the main signal path not only avoids the more complicated multiplexer implementation and the associated additional insertion losses, but also allows narrower frequency coverage for each of the 3 antennas as compared to single-antenna implementation.
Proposal 2: Implementation of more than 2 low-band antennas in a smartphone needs to be investigated, with narrower bandwidth and regressed radiating performance expected due to the limitation in form factor.
Proposal 3: For CA_n5A-n28A-n105A, the REFSENS impact (MSD) due to cross-band interference between n5 UL and n28 DL, and IMD3 from UL CA_n5A-n28A to n105 DL needs to be addressed.
Observation 7: The MSD mechanisms are highly dependent on the multiplexer filter isolation to the aggressor UL bands and the IMD products in the victim DL bands which may only be available after the multiplexer feasibility studies.

	R4-2311755
	Skyworks Solutions, Inc.
	In this contribution, we have discussed the LBLBLB architecture and requirements for CA_n5-n28-n105 in comparison to its fallbacks and the LBLBLB example combination CA_n8-n20-n28 and make the following proposal.

Proposal for CA_ n5-n28-n105 ΔTIB,c and ΔRIB,c
	Inter-band CA
combination
	ΔTIB,c for NR bands (dB)
	ΔRIB,c for NR bands (dB)

	
	Component band in order of bands in configuration9

	CA_ n5-n28-n105
	0.7
	1.1
	1.1
	0.5
	0.7
	0.7



Proposal on n105 MSD from CA_n5-n28 UL IMD3:
	Band / Channel bandwidth / NRB / Duplex mode
	Source of IMD

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

	CA_n5-n28-n105
	n5
	826.5
	5
	25
	871.5
	N/A
	FDD
	N/A

	
	n28
	738.0
	5
	25
	793
	N/A
	FDD
	N/A

	
	n105
	N/A
	5
	25
	649.5
	30.3
	FDD
	IMD3





	R4-2312561
	vivo
	Observation1：3-antenna architecture could be a baseline structure for CA_n5A-n28A-n105A. 
	
(a)
	
(b)

	
(c)
	
(d)


Observation2: The present 1UL cross-band MSD test configuration of CA_n5-n105, CA_n5-n28 and CA_n28-n105 could be a reference.
	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
	TBD
	ACLR2

	n105
	n5
	693
	20
	15
	20 (RBstart=86)
	871.5
	5
	TBD
	>ACLR2

	n5
	n105
	834
	20
	15
	20 (RBstart=0)
	649.5
	5
	TBD
	>ACLR2

	n105
	n28
	693
	20
	15
	20 (RBstart=86)
	760.5
	5
	TBD
	>ACLR2

	n28
	n105
	718
	30
	15
	25 (RBstart=0)
	649.5
	5
	TBD
	ACLR2


Observation3: For CA_n5A-n28A-n105A, the two-tone 3rd order IMD products of UL_n5A-n28A will fall into Rx frequencies of band n105. The following test configuration could be a reference.
	Band / Channel bandwidth / NRB / Duplex mode
	Source of IMD

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

	CA_n5A-n28A-n105A
	n5
	826.5
	5
	25
	871.5
	N/A
	FDD
	N/A

	
	n28
	723.5
	5
	25
	778.5
	N/A
	FDD
	N/A

	
	n105
	N/A
	5
	25
	620.5
	TBD
	FDD
	IMD3




	R4-2313378
	Qualcomm France
	Considerations for CA_n5A-n28A-n105A were provided with the following observations
Observation 1: Three-antenna architecture should be used as a baseline to derive requirements 
Observation 2: Antenna BW rations for three-antenna cases are high, but still 3 antenna is preferred over 4 antenna when deriving 3GPP specifications
Observation 3: Cross-band analysis done for 2-band cases are sufficient, and no new cross-band analysis are needed for 3-band case
Observation 4: IMD3 MSD for n105DL must be studied, with assumption that MSD would be close to 25dB

	R4-2312937
	Huawei, HiSilicon
	To introduce some potential RF impacts and study outcomes for CA_n5-n28-n105.

	R4-2312979
	Huawei, HiSilicon, Spark NZ
	Observation 1: from UE implementation perspective, two-antenna RF architecture, three-antenna RF architecture and four-antenna RF architecture can be considered for CA_n5-n28-n105. But the implementation or the number of low band antennas have different advantages or disadvantages. 

1) For two-antenna UE RF architecture, although only two low band antennas are kept due to the compact size of smartphone, UE has to face the difficulties of wide bandwidth low-band antenna and complex multiplexer.
2) For three-antenna UE RF architecture, one more low-band antenna can help ease the design of wide bandwidth antenna and avoid to implement the most complex multiplexer comparing to two-antenna UE RF architecture.
3) For four-antenna UE RF architecture, even if UE can avoid implementing wide bandwidth low-band antenna and complex multiplexer, UE pays the price of space and antenna performance.

Proposal 1: it’s recommended to implement three-antenna UE RF architecture for CA_n5-n28-n105 as this implementation can balance the complexity of filter/antenna within the form factor of a UE.


Proposal 2: Comparing to the Tib and Rib of CA_n5-n28 and CA_n28-n105, the following Delta Tib and Rib values for CA_n5-n28-n105 can be considered.
Table 10 ΔTIB,c and ΔRIB,c for CA_n5-n28-n105
	Inter-band CA Configuration
	NR Band
	ΔTIB,c [dB]
	ΔRIB,c [dB]

	CA_n5A-n28A-n105A
	n5
	0.7
	0.2

	
	n28
	Max(0.7, the value from CA_n28-n105)
	Max(0.2, the value from CA_n28-n105)

	
	n105
	the value from CA_n28-n105
	the value from CA_n28-n105



Observation 2: there is no IMD interference which fall into Rx frequencies of third DL band n28 when CA_n5-n105 is the UL configuration.
Observation 3: 3rd order IMD may also fall into mobile receive frequencies of third DL band n105 when CA_n5-n28 is the UL configuration.

Proposal 3: It’s proposed to capture band n105 MSD due to IMD3 of Tx band n5 + band n28 as below.
	Band / Channel bandwidth / NRB / Duplex mode
	Source of IMD

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

	CA_n5-n28-n105
	n5
	845
	5
	25
	890
	N/A
	FDD
	N/A

	
	n28
	740
	5
	25
	795
	N/A
	FDD
	N/A

	
	n105
	686
	5
	25
	635
	22.9
	FDD
	IMD3



Observation 4: Generally, there are some network deployment methods to avoid the IMD product hitting the DL carrier directly. For example, if the UL carrier in band n28 is configured in 703~718MHz, no matter which UL frequency carrier in band n5 is configured, the IMD3 products will not hit the DL carrier in band n105 directly.


	
	
	

	
	
	


Open issues summary
Before f2f meeting, moderators shall summarize list of open issues, candidate options and possible WF (if applicable) based on companies’ contributions.
Sub-topic 1-1 RF architecture for CA_n5A-n28A-n105A
Sub-topic description: Referring to the previous study of CA_n8-n20-n28, two-antenna RF architecture, three-antenna RF architecture and four-antenna RF architecture can also be considered and studied for CA_n5-n28-n105. However, different implementation or the number of low band antennas have different advantages or disadvantages. Most of companies showed the dramatic challenges of two-antenna RF architecture implementation. A company proposed to specify Delta T and Delta R based on the two-antenna RF architecture implementation in the future.
Open issues and candidate options before f2f meeting:
Issue 1-1-1: Two-antenna RF architecture
Candidate types for Two-antenna RF architecture :
Type 1A: (R4-2311257, R4-2311755)
[image: A diagram of a diagram of a number of triangles

Description automatically generated]
Type 1B: (R4-2311257, R4-2312561, R4-2312979)
[image: ]
Type 1C: (R4-2311755, R4-2312561)


· Observations
· Observation 1: 
· For CA_n5A-n28A-n105A with 2-antenna implementation, the pentaplexer and hexaplexer with 5 and 6 closely spaced frequency ranges could be relatively challenging for filter implementation with acceptable insertion loss and isolation.
· For CA_n5A-n28A-n105A with 2-antenna implementation, both main and diversity antennas need to cover the entire spectrum range of 282 MHz simultaneously, which is equivalent to a 37.5% bandwidth ratio and that would far exceed the bandwidth ratio for a typical planar antenna design in a smartphone. As a result, the radiative performance for the combination likely would be highly compromised.
· Observation 2: 
· Covers 282MHz at the bottom of LB for both antennas for a two-antenna design, making their designs even more critical
· Uses the lower the entire band n28
· Need the two most critical low bands n28 and n105 in terms on BW and duplex gap
· No gap between n105 and n28
· No option for co-banding
· n5 very close to n28 (even more if implemented with a band 26 filter)
· Observation 3: For two-antenna UE RF architecture, although only two low band antennas are kept due to the compact size of smartphone, UE has to face the difficulties of wide bandwidth low-band antenna and complex multiplexer.
· Observation 4: All of RF architectures need to cover the whole spectrum range from n105DL to n5DL, which is as long as 282MHz. It takes a huge challenge to the bandwidth ratio for a typical antenna design in a smartphone. And the design of pentaplexer need to aggregate five closely spaced spectrum ranges together, considering not only the strict filter isolation but also appropriate insertion loss.

· Proposal: RAN4 to make an early decision on whether 2-antenna implementation shall be considered in the study item for CA_n5A-n28A-n105A.
· Option 1: 2-antenna implementation shall be considered in the study item for CA_n5A-n28A-n105A.
· Option 2: 2-antenna implementation shall NOT be considered in the study item for CA_n5A-n28A-n105A.
· Option 3: Others.

· Recommended WF
· Based on the above observations, the feasibility with 2-antenna implementation for the combination is highly questionable. At current stage, 2-antenna implementation for CA_n5A-n28A-n105A is not recommended for UE implementation from RAN4’s perspective, but Delta Tib and Rib can be discussed separately assuming a future two-antenna architecture.

Issue 1-1-2: Three-antenna RF architecture
Candidate types for Three-antenna RF architecture :
Type 2A: (R4-2312979, R4-2312561)
[image: ]
Type 2B: (R4-2311257, R4-2312561)


Type 2C: (R4-2311257, R4-2312561, R4-2312979, R4-2313378)
[image: C:\Users\z00471447\AppData\Roaming\eSpace_Desktop\UserData\z00471447\imagefiles\29DDAD60-7CF7-4F32-8CA7-9B4BDA7CA9D5.png]
Type 2D: (R4-2312979) No support UL CA avoid to implement the most complex multiplexer
[image: ]
· Observations
· Observation 1: 
· For CA_n5A-n28A-n105A with 3-antenna implementation under architecture variant Type 2B, the bandwidth ratio for all three antennas would far exceed the bandwidth ratio for a typical planar antenna design in a smartphone. As a result, the radiative performance for the combination likely would be highly compromised.
· For CA_n5A-n28A-n105A with 3-antenna implementation under architecture variant 2C, the main TRx front-end design is eased by leveraging the non-concurrent UL transmission configuration between n28 and n105.
· Observation 2: For three-antenna UE RF architecture, one more low-band antenna can help ease the design of wide bandwidth antenna and avoid to implement the most complex multiplexer comparing to two-antenna UE RF architecture.
· Observation 3: Compared with 2-antenna structure, 3-antenna structure could avoid complex pentaplexer, and the use of triplexer and quadplexer can ease the requirement of filter isolation and insertion loss to some extent. However, the challenge of wide spectrum range from n5DL to n105DL seems still unavoidable. Comparing with 4-antenna structure, 3-antenna structure occupies less space in the smart phone, reducing the difficulty of application.
· Observation 4:Antenna BW rations for three-antenna cases are high, but still 3 antenna is preferred over 4 antenna when deriving 3GPP specifications

· Proposal: it’s recommended to implement three-antenna UE RF architecture for CA_n5-n28-n105 as this implementation can balance the complexity of filter/antenna within the form factor of a UE.
· Option 1: Three-antenna architecture should be used as a baseline to derive requirements.
· Option 2: Others.

· Recommended WF
· Option 1.

Issue 1-1-3: Four-antenna RF architecture
Candidate types for Three-antenna RF architecture :
Type 3A: (R4-2311257, R4-2312561, R4-2312979, R4-2313378)
[image: ]
· Observations
· Observation 1: 
· For CA_n5A-n28A-n105A with 4-antenna implementation, there is no additional insertion loss in n5, n105, and n28 main signal paths as compared to single-band implementation since n5, n105, and n28 signals do not need to be conductively combined through a multiplexer.
· Having 3 antennas in the main signal path not only avoids the more complicated multiplexer implementation and the associated additional insertion losses, but also allows narrower frequency coverage for each of the 3 antennas as compared to single-antenna implementation.
· Observation 2: For four-antenna UE RF architecture, even if UE can avoid implementing wide bandwidth low-band antenna and complex multiplexer, UE pays the price of space and antenna performance.
· Observation 3: Three main TRx antennas belong to three different frequency bands, avoiding combination of different signals. Hence the stress of multiplexer design can be reduced, and the frequency range covered by each antenna is shorter as well. However, the use of four antennas will inevitably take up more space of the smartphone, which should be further considered in practical application.
· Observation 4: Four-antenna architecture would, from pure antenna point of view be a good one, however due to practical constraints and so on, it’s proposed not to use Four-antenna RF architecture specify the requirements.

· Proposal: 
· Option 1: it’s proposed not to use Four-antenna RF architecture specify the requirements.
· Option 2: Others.

· Recommended WF
· Option 1

Sub-topic 1-2 Delta Tib and Rib for CA_n5A-n28A-n105A
Issue 1-2-1: Delta Tib and Rib
· Proposals
· Option 1: 
	Inter-band CA
combination
	ΔTIB,c for NR bands (dB)
	ΔRIB,c for NR bands (dB)

	
	Component band in order of bands in configuration9

	CA_ n5-n28-n105
	0.7
	1.1
	1.1
	0.5
	0.7
	0.7



· Option 2: 
	Inter-band CA Configuration
	NR Band
	ΔTIB,c [dB]
	ΔRIB,c [dB]

	CA_n5A-n28A-n105A
	n5
	0.7
	0.2

	
	n28
	Max(0.7, the value from CA_n28-n105)
	Max(0.2, the value from CA_n28-n105)

	
	n105
	the value from CA_n28-n105
	the value from CA_n28-n105



· Recommended WF
· TBA

Sub-topic 1-3 MSD issues for CA_n5A-n28A-n105A
Issue 1-3-1: MSD due to cross band isolation
· Proposals
· Option 1: Cross-band analysis done for 2-band cases are sufficient, and no new cross-band analysis are needed for 3-band case
· Option 2: the REFSENS impact (MSD) caused by cross-band interference between n5 UL and n28 DL may need to be revisited as the 3-band filter implementation could be different from that of the fallback combination CA_n5A-n28A.
· Recommended WF
· Option 1


Issue 1-3-2: MSD in DL band n105 due to IMD3 from UL CA_n5-n28
· Proposals
· Option 1:
	Band / Channel bandwidth / NRB / Duplex mode
	Source of IMD

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

	CA_n5-n28-n105
	n5
	826.5
	5
	25
	871.5
	N/A
	FDD
	N/A

	
	n28
	738.0
	5
	25
	793
	N/A
	FDD
	N/A

	
	n105
	N/A
	5
	25
	649.5
	30.3
	FDD
	IMD3



· Option 2:
	Band / Channel bandwidth / NRB / Duplex mode
	Source of IMD

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

	CA_n5-n28-n105
	n5
	845
	5
	25
	890
	N/A
	FDD
	N/A

	
	n28
	740
	5
	25
	795
	N/A
	FDD
	N/A

	
	n105
	686
	5
	25
	635
	22.9
	FDD
	IMD3


In addition, generally, there are some network deployment methods to avoid the IMD product hitting the DL carrier directly. For example, if the UL carrier in band n28 is configured in 703~718MHz, no matter which UL frequency carrier in band n5 is configured, the IMD3 products will not hit the DL carrier in band n105 directly.

· Option 3: IMD3 MSD for n105DL must be studied, with assumption that MSD would be close to 25dB based on the similar MSD 24.25dB for CA_n8A-n20A-n28A.
· Option 4: Others

· Recommended WF
· Capture the technical observations and issues into TR 38.872 and further discuss requirements in detail during the succeeding WI phase.
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