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Introduction
Considerations on CA_n5-n28-n105 are provided in this contribution.
SI description
· 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
	-
	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
	single UL in either n28 or n105 or n5 
	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
	-
	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
	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.

Discussion
Now that the study is completed for CA_n5A-n105A and CA_n28A-n105A it is possible to consider superset combination CA_n5A-n28A-n105A.
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
Frequency-wise there are many similarities to recently completed case CA_n8A-n20A-n28A. Two bands (8, 20 and 28, 105) are very close to each other and one band (8, 5) as a bit further away.
Reference architecture:
Three-antenna reference architecture seems to be best fit for this case:
· n28-n105 MPX
· n5 DPX
· n5-n28-n105 DRX
Notably, in this particular case UL’s are never transmitted from same antenna in UL CA as in CA_n28A-n105A it was agreed to use 1UL only.
Table 1 Three-antenna BW ratios
	Antenna
	F_Low
	F_High
	BW Ratio

	Main TRX
	612
	803
	27%

	Diversity TRX
	824
	894
	8.1%

	Diversity RX
	612
	894
	37.5%



Antenna BW ratios for Main TRX and Diversity RX are very high.
Other options exist as well, such as three-antenna with the following configuration:
· n105 DPX
· n5-n28 MPX
· n5-n28-n105 DRX
Table 1 Three-antenna BW ratios
	Antenna
	F_Low
	F_High
	BW Ratio

	Main TRX
	612
	703
	13.8%

	Diversity TRX
	703
	894
	23.9%

	Diversity RX
	612
	894
	37.5%



Antenna BW ratios for Diversity TRX and Diversity RX are very high.
Four-antenna architecture would, from pure antenna point of view be a good one, however due to practical constraints and so on, we do not propose to use that to specify the requirements.
Observation 1: Three-antenna architecture should be used as a baseline to derive requirements 
[bookmark: _Hlk142674496]Observation 2: Antenna BW rations for three-antenna cases are high, but still 3 antenna is preferred over 4 antenna when deriving 3GPP specifications
Cross-band MSD:
Given that 3GPP allows to use any feasible implementation, the cross-band analysis done for 2 band cases can be re-used for 3-band case.
Observation 3: Cross-band analysis done for 2-band cases are sufficient, and no new cross-band analysis are needed for 3-band case
Intermodulations:
IMD3 from n5+n28 UL CA is landing on top of n105DL. The exact impact is to be analysed, but here a lot from CA_n8A-n20A-n28A can be leveraged where similar MSD into non-UL band was in the order of 24..25dB 
Observation 4: IMD3 MSD for n105DL must be studied, with assumption that MSD would be close to 25dB

Conclusions
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
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  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  combinati on set  

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

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

CA_n28A - n105A  -  n28  5, 10, 15, 20, 25, 30  0  
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CA_n26A - n28A  CA_n26A - n28A  n26  5, 10, 15, 20, 25, 30  0  

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

CA_n5A - n28A - n105A 1  CA_n5A - n28A   CA_n5A - n105A  n5  5, 10, 15, 20  0  

n28  5, 10, 15, 20, 25, 30  
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     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 o n the frequency range and BCS proposed by  operators.  

