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Introduction
Considerations on CA_n28-n105 are provided in this contribution.
Discussion
The objectives of SI
The objectives of SI [1] 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

Case n28-n105 has similarities with recently studied CA_n71-n85, as in both combinations the UL’s are adjacent to each other. Because of this, it is not possible to implement CA_n28-n105 using a quadplexer at least in case when the entire n28 is supported (i.e “n28A” and “n28B”) 
Observation 1: CA_n28-n105 cannot be implemented using a quadplexer as there is no sufficient separation at least in case when the entire n28 is supported
One obvious problem with CA_n28-n105 is that the UL’s are adjacent to each other. Basically the TX filter on n105/n28 would have no attenuation close to edge of n28/n105 causing for instance some loading impacts even with 10dB antenna isolation, in addition to IMD’s that we discuss later in this contribution. This could potentially be avoided if only upper 30MHz of n28 is supported as in that case it might be possible to achieve proper isolation between the TX bands
Observation 2: UL CA for n28-n105 is challenging due to no gap between TX paths, at least unless n28 is restricted to upper 30MHz only
In Two-antenna solutions a Triplexer approach could be used, that is to combine n105 TRX with n28 RX, and to combine n28 TRX with n105RX.  
[image: ]
Figure 2 Two-Triplexer implementation for n28-n105 with two antennas
Please note that Figure 2 is a simplification as for instance n28 is drawn as a single component while in practice it is often implemented using n28A and n28B in which case the actual implementation is more complex. Some extra allowance for ΔTIB and ΔRIB must be warranted.
Observation 3: Two-Triplexer implementation is one option for CA_n28A-n105 RFFE Architecture
Antenna BW rations are extremely high.
	Antenna
	F_Low
	F_High
	BW Ratio

	Main TRX
	612
	803
	27%

	Diversity TRX
	612
	803
	27%


Figure 3 Antenna BW Ratio's for Two-antenna

Observation 4: The antenna BW ratios are extremely high in Two-Triplexer solution with two antennas
Three-antenna solution would consist of n105 TRX, n28 TRX, and n28-n105 DRX each in own antenna.
[image: ]
Figure 4 Three-antenna solution for n28-n105
Observation 5: Three-antenna solution is one option for CA_n28A-n105 RFFE Architecture
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.
	Antenna
	F_Low
	F_High
	BW Ratio

	Main TRX
	612
	703
	13.8%

	Diversity TRX
	703
	803
	13.3%

	Diversity RX
	612
	803
	27%


Figure 5 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 6: The antenna BW ratios for TRX antennas are normal to LB antennas, only the DRX antenna has extremely high BW Ratio with three antennas
Intermodulation aspects
This combination is very tricky in the sense that there is both IMD3 and IMD5 into both DL’s, even if the n28 support is restricted to upper 30MHz. Especially IMD3 is very problematic as usually LB-LB IMD’s MSD is in the order of 25dB or so. Notably, other 2UL fallbacks in CA_n5A-n28A-n105A do not have IMD’s in 2UL/2DL. One solution, if agreeable to proponent operators, is not to specify UL CA for n28-n105.
[bookmark: _Hlk131673712]Observation 7: 2UL/2DL CA_n28-n105 has IMD3 and IMD5 issues into both DL bands significantly degrading REFSENS in UL CA configuration even if n28 support is restricted to upper 30MHz only
Observation 8: One solution to avoid IMD MSD is to specify only DL CA for CA_n28-n105, if agreeable to proponent operator
Other considerations
Based on the observations above, supporting UL CA for this combination is challenging due to adjacency of TX bands as well as IMD problems. Based on these, we have the following proposal:
Proposal 1: Specify only DL CA for CA_n28A-n105A
Even if superset CA_n5A-28A-n105A is not active in the SI yet, we notice that neither CA_n5A-n105A nor CA_n5A-n28A have the same issues in UL CA, so restricting CA_n28A-n105A to DL CA only would not restrict the usage of superset combination. 
Conclusions
Initial considerations of CA_n28-n105 was provided with the following observations and proposal
Observation 1: CA_n28-n105 cannot be implemented using a quadplexer as there is no sufficient separation at least in case when the entire n28 is supported
Observation 2: UL CA for n28-n105 is challenging due to no gap between TX paths, at least unless n28 is restricted to upper 30MHz only
Observation 3: Two-Triplexer implementation is one option for CA_n28A-n105 RFFE Architecture
Observation 4: The antenna BW ratios are extremely high in Two-Triplexer solution with two antennas
Observation 5: Three-antenna solution is one option for CA_n28A-n105 RFFE Architecture
Observation 6: The antenna BW ratios for TRX antennas are normal to LB antennas, only the DRX antenna has extremely high BW Ratio with three antennas
Observation 7: 2UL/2DL CA_n28-n105 has IMD3 and IMD5 issues into both DL bands significantly degrading REFSENS in UL CA configuration even if n28 support is restricted to upper 30MHz only
Observation 8: One solution to avoid IMD MSD is to specify only DL CA for CA_n28-n105, if agreeable to proponent operator
Proposal 1: Specify only DL CA for CA_n28A-n105A
Reference
[1] RP-230789, “Study on enhancement for sub-1GHz NR band combinations”, Spark NZ, Huawei, HiSilicon
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Configuration  Uplink  Configuration  fallback configurations (Status)  Supported operators  
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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  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 - n105A 1  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  

