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Introduction
Considerations on CA_n5-n105 are provided in this contribution.
Discussion
The objectives of SI 
The objectives of SI are as follows:
· Investigate the feasibility and solutions to enable simultaneous transmission on two UL bands with 2Tx and simultaneous reception on two or three bands for the following sub-1GHz band combinations for smart phone form factor
Table 1: Summary of band combinations considered in the SI
	Configuration
	Uplink Configuration
	fallback configurations (Status)
	Supported operators

	CA_n5A-n105A
	CA_n5A-n105A
	DL_n5A-n105A_UL_n5A_BCS0 (New)
DL_n5A-n105A_UL_n105A_BCS0 (New)
	Spark NZ

	CA_n28A-n105A
	CA_n28A-n105A
	DL_n28A-n105A_UL_n28A_BCS0 (New)
DL_n28A-n105A_UL_n105A_BCS0 (New)
	Spark NZ

	CA_n26A-n28A
	CA_n26A-n28A
	DL_n26A-n28A_UL_n28A_BCS0 (Completed in RAN4#106)
DL_n26A-n28A_UL_n26A_BCS0 (New)
	Telstra

	CA_n5A-n28A-n105A1
	CA_n5A-n28A
	DL_n5A-n28A_UL_n5A-n28A_BCS0 (Ongoing in a separate WI)
DL_n5A-n28A-n105A_UL_n5A_BCS0 (New)
DL_n5A-n28A-n105A_UL_n28A_BCS0 (New)
	Spark NZ

	CA_n5A-n28A-n105A1
	CA_n5A-n105A
	DL_n5A-n105A_UL_n5A-n105A_BCS0 (New)
DL_n5A-n28A-n105A_UL_n5A_BCS0 (New)
DL_n5A-n28A-n105A_UL_n105A_BCS0 (New)
	Spark NZ

	CA_n5A-n28A-n105A1
	CA_n28A-n105A
	DL_n28A-n105A_UL_n28A-n105A_BCS0 (New)
DL_n5A-n28A-n105A_UL_n28A_BCS0 (New)
DL_n5A-n28A-n105A_UL_n105A_BCS0 (New)
	Spark NZ



Table 2: Bandwidth combination set for each band combination
	· NR CA configuration
	· Uplink CA configuration or single uplink carrier
	· NR Band
	· Channel bandwidth (MHz)
	· Bandwidth combination set

	CA_n5A-n105A
	CA_n5A-n105A
	n5
	5, 10, 15, 20
	0

	
	
	n105
	5, 10, 15, 20, 25, 30, 35
	

	CA_n28A-n105A
	CA_n28A-n105A
	n28
	5, 10, 15, 20, 25, 30
	0

	
	
	n105
	5, 10, 15, 20, 25, 30, 35
	

	CA_n26A-n28A
	CA_n26A-n28A
	n26
	5, 10, 15, 20, 25, 30
	0

	
	
	n28
	5, 10, 15, 20, 25, 30
	

	CA_n5A-n28A-n105A1
	CA_n5A-n28A
CA_n5A-n105A
CA_n28A-n105A
	n5
	5, 10, 15, 20
	0

	
	
	n28
	5, 10, 15, 20, 25, 30
	

	
	
	n105
	5, 10, 15, 20, 25, 30, 35
	



· The following aspects need be studied
· UE RF architecture including n-plexing, PA
· Study feasibility of low band wideband antenna and multiple low band narrowband antennas.
· Evaluate the MSD requirements if needed.
· Evaluate if UE complexity can be reduced based on the frequency range and BCS proposed by operators.
· Power class 3 (PC3) is considered in this study

· Identify potential impacts to relevant RAN4 requirements.

NOTE 1: The study of 3 band combination can only start after completion of 2 bands fallbacks
NOTE 2: Check at RAN4#107 whether CA_n5A-n28A-n105A could be included in the SI based on study progress for the fall back combinations listed in Table 1. 

RF architecture considerations
The frequency ranges for the superset of this CA combination under study is shown below for illustration.
[image: ]
Figure 1 CA_n5A-n28A-n105A bands and frequency ranges
n105 and n5 have certainly enough frequency separation to be implemented using a quadplexer
[image: ]
Figure 2 Quadplexer implementation for CA_n5-n105 with two antennas
Problems with this architecture are related to antenna BW rations and the fact that both UL’s in UL CA would be transmitted from same antenna.

	Antenna
	F_Low
	F_High
	BW Ratio

	Main TRX
	612
	894
	37.5%

	Diversity TRX
	612
	894
	37.5%


Figure 3 Antenna BW Ratio's for Quadplexer solution with two antennas
Looking at figure 3, the antenna BW ratios are extremely high, much higher than in CA_n28-n105
Observation 1: The antenna BW ratios are so high in Quadplexer solution with two antennas that the feasibility should be justified before making requirements
Another option to implement two antenna solution is to use two triplexers.
[image: ]
Figure 4 Two-Triplexer solution for CA_n5-n105 with two antennas
Benefit of this is that the UL’s can be transmitted from different antennas, helping to optimise the TRP for each UL. However, similar to the Quadplexer case above, the antenna BW’s ratios are extremely high.

	Antenna
	F_Low
	F_High
	BW Ratio

	Main TRX
	612
	894
	37.5%

	Diversity TRX
	612
	894
	37.5%


Figure 5 Antenna BW Ratio's for Two-Triplexer solution with two antennas
Observation 2: The antenna BW ratios are so high in Two-Triplexer solution with two antennas that the feasibility should be justified before making requirements
Three-antenna solution would consist of n105 TRX, n5 TRX, and n5-n105 DRX each in own antenna.
[image: ]
Figure 6 Three-antenna solution for CA_n5-n105
Observation 3: Three-antenna solution is one option for CA_n5A-n105 RFFE Architecture
Again, the UL’s would be transmitted from different antennas. The antenna BW ratios in TX capable antennas would be naturally equal to the antennas used in devices today as Main TRX and Diversity TRX have only one band. The antenna BW ration in DRX antenna is still very high, potentially degrading OTA performance to some extent.
	Antenna
	F_Low
	F_High
	BW Ratio

	Main TRX
	612
	703
	13.8%

	Diversity TRX
	824
	894
	8.1%

	Diversity RX
	612
	894
	37.5%


Figure 7 Antenna BW Ratios for Three-antenna
Three-antenna solution seems easiest solution from antenna BW ratio perspective if 3 LB antennas are supported by the device.
Observation 4: The antenna BW ratios for TRX antennas are normal, only the DRX antenna has extremely high BW Ratio with three antennas
Intermodulation aspects
This combination does not have any IMD’s to own 2UL72DL bands.
Observation 5: CA_n5-n105 does not have any IMD’s in 2UL/2DL CA
Conclusions
Initial considerations of CA_n5-n105 was provided with the following observations
Observation 1: The antenna BW ratios are so high in Quadplexer solution with two antennas that the feasibility should be justified before making requirements
Observation 2: The antenna BW ratios are so high in Two-Triplexer solution with two antennas that the feasibility should be justified before making requirements
Observation 3: Three-antenna solution is one option for CA_n5A-n105 RFFE Architecture
Observation 4: The antenna BW ratios for TRX antennas are normal, only the DRX antenna has extremely high BW Ratio with three antennas
Observation 5: CA_n5-n105 does not have any IMD’s in 2UL/2DL CA
Reference
[1] [bookmark: _Hlk859252]RP-230789, “Study on enhancement for sub-1GHz NR band combinations”, Spark NZ, Huawei, HiSilicon
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