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Introduction
Considerations on CA_n26-n28 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. 

Considerations
This combination has quite a bit of similarities with 2UL/2DL CA_n5-n28 which has been studied recently and is now under WI Phase [2]. The frequency ranges are show in figure below.
[image: ]
Figure 1 CA_n26-n28 Bands and frequency ranges
One of the obvious challenges in CA is if the bands are very close to each other, especially when aggressor bands UL is close to victim band DL. In this case, even when good cross-band isolation is achieved the TX noise dominates and causes MSD at victim band.
In case of CA_n5A-n28A the entire n28 is supported, in which case there is 21MHz distance between n5 UL and n28 DL. The MSD currently specified for 5MHz n28 DL in this case is 17.5dB. We note that the specified MSD may or may not change due to introduction of UL CA for CA_n5A-n28A [3]
The WI for 2UL/2DL CA_n26-n28 does not specifically state if the entire n28 is supported, or only the lower 30MHz portion of it. If the entire n28 is supported, then the gap in between n28 DL and n26 UL is only 11MHz as illustrated above. If only the lower 30MHz of n28 is supported, then the gap in between n28 DL and n26 UL is 26MHz as illustrated above. 
RF Filtering would be very challenging for the case of entire n28, requiring further studies on feasibility and on the applicable filter technology.
RAN4 should conclude in this meeting where the study should be done for the case of entire n28, or for the lower 30MHz of n28 only. Making agreement on this would help RF architecture study in May meeting.
We did PAmeasurements and analysed MSD for both cases. We used the conventional 3GPP assumptions for the TX for the PA noise measurements, as well as in factoring the CIM3/CIM5 contributions:
· 20 MHz 100RB DFT-s-OFDM 
· 30dBc ACLR
· 4dB Post-PA loss
· Image -28dB
· LO -28dBc
· CIM3 -60dBc
· CIM5 -70dBc

For the case of lower 30MHz n28, we used the same RF filter characteristics as in CA_n5A-n28A study as the frequency arrangements are rather similar. Please note that the RF filter characteristics are initial and may change to either direction after more detailed study, directly impacting the resulting MSD.
The initial RF component analysis results are valid for the case of lower 30MHz of n28 for both n26 TRX+n28 RX Triplexer as well as for n26+n28 quadplexer.
· n26 ΔTIB=0.8dB
· n28 ΔTIB=0.8dB
· n26 ΔRIB=0.8dB
· n28 ΔRIB=0.8dB
· Cross band TX isolation at n28 RX ≥45dB
· Cross band RX isolation at n28 RX ≥45dB
· n26 TX/RX isolations adequate to meet n26 REFSENS
· n28 TX/RX isolations adequate to meet n28 REFSENS
For the analysis we used the following MSD test point:
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	15
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Figure 2 n28 Cross-band MSD for lower 30MHz of n28
To evaluate the MSD for the very challenging case with entire n28, we did PA measurements and MSD analysis using the same RF filter characteristics as used for the case of lower 30MHz of n28. Please note that this is just theoretical analysis with possibly too optimistic assumptions for RF filters.
For the analysis we used the following MSD test point:
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	DL band
	UL Fc
	UL BW
	SCS of UL band
	UL RB Allocation
	DL Fc
	DL BW
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Figure 3 n28 Cross-band MSD for entire n28
The MSD is extremely high, and as said above the RF filter characteristics may be optimistic for this case.
Comparing initial MSD analysis results in Figure 2 and Figure 3, one can see that case when entire n28 is supported is substantially more challenging, and the MSD is kind of prohibitively high for real deployment.
Observation 1: MSD is very high if the entire n28 must be supported, due to IM3 and ACLR of the RB allocation landing on top of n28 DL
Another aspect different for lower 30MHz of n28 and entire n28 is that in case of lower 30MHz n28, there are no IMD’s for CA_n26-n28 in 2UL/2DL CA. For the case of entire n28, there is IMD3 landing on top of n26 DL when n26 DL BW is 25MHz or 30MHz.
Observation 2: CA_n26-n28 with lower 30MHz of n28 does not have any IMD issues
Observation 3: CA_n26-n28 with entire n28 has IMD3 landing on top of n26 DL when n26DL BW is 25MHz or 30MHz
Based on these observations, the following is proposed:
Proposal 1: RAN4 should agree that for 2UL/2DL CA-n26A-n28A, only the lower 30MHz of n28 is supported
Conclusions
Initial consideration on 2UL/2DL CA_n26A-n28A are provided, with the following observations and proposal.
Observation 1: MSD is very high if the entire n28 must be supported, due to IM3 and ACLR of the RB allocation landing on top of n28 DL
Observation 2: CA_n26-n28 with lower 30MHz of n28 does not have any IMD issues
Observation 3: CA_n26-n28 with entire n28 has IMD3 landing on top of n26 DL when n26DL BW is 25MHz or 30MHz
Proposal 1: RAN4 should agree that for 2UL/2DL CA-n26A-n28A, only the lower 30MHz of n28 is supported
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  Table 2: Bandwidth combination set for each band combination  

   NR CA  configuration     Uplink CA  configuration   or  single uplink carrier     N R  Band     Channel bandwidth (MHz)     Bandw idth  combinati on set  

CA_n5A - n105A  CA_n5A - n105A  n5  5, 10, 15, 20  0  
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n105  5, 10, 15, 20, 25, 30, 35  

     The following aspects need be studied  

