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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. 

WF from RAN4#106bis-e
Applicable frequency range of band n28 in CA_n26A-n28A
Further discuss the two cases in next meeting: 
Case 1: lower 30MHz of n28 (UL: 703~733MHz, DL: 758~788MHz) is supported.
Case 2: entire n28 frequency range (UL: 703~748MHz, DL: 758~803MHz) is supported.
<Way forward>: Further trade-off these two cases based on pros and cons. FFS whether and/or how to do the down-selection in the future.
RF architecture
Three potential UE RF architectures for CA_n26A-n28A case 1 and case 2 can be considered as shown below.


	RF architecture
	Case 1
	Case 2

	Architecture 1:
Quadplexer solution for CA_n26-n28 with two antennas
	[image: ]
	[image: ]

	Architecture 2:
Triplexer solution for CA_n26-n28 with two antennas
	[image: ]
	[image: ]

	Architecture 3:
Three-antenna solution for CA_n26-n28
	[image: ]
	[image: ]




<Way forward>: Further trade-off these architectures in next meeting. Baseline architecture for UE RF requirements development will be further discussed.
Potential issues
	MSD category
	Case 1
	Case 2

	Harmonic/ Harmonic mixing issue
	There is no such issue

	Cross band isolation issue
	The 2nd adjacent channel leakage may fall into n28A DL frequency range (774~788) when 20MHz UL CBW is assumed for band n26.
[image: ]
	The 1st adjacent channel leakage may fall into n28 DL frequency range (796~803) when 20MHz UL CBW is assumed for band n26.[image: ]

	Two UL intermodulation issue
	CA_n26-n28 with lower 30MHz of n28 does not have any IMD issues
	CA_n26-n28 with entire n28 has IMD3 landing on top of n26 DL when n26DL BW is 25MHz or 30MHz



<Way forward>: FFS these potential MSD issues mentioned in the table.

Analysis
Applicable frequency range for n28:
Key factors when deciding applicable frequency range for n28 are Operator interest, RF filter feasibility, and feasibility from deployment perspective. In our view, as demonstrated by a few analysis in RAN4#106bis-e, the MSD would be huge in case the entire n28 were applicable. If the entire n28 is applicable, there is also IMD3 landing on top of 25/30MHz n26 DL.
From pure RFFE point of view, things would be a lot easier if only lower portion of n28 is applicable, as then one does not need “dual triplexers” in main branch (n28A DPX+n26 RX and n28B DPX+n26 RX) but instead n28A DPX+n26 RX is sufficient. In addition to that there are much more technical challenges associated if entire n28 is supported. One specific issue to mention is due to the 11MHz separation between n26 TX and n28 RX with entire n28, getting enough attenuation in n28 RX branches at n26 TX is quite challenging. 
Observation 1: There are much more technical challenges in RF FE components if entire n28 is applicable compared to only lower 30MHz of n28 being applicable
Before the start of this SI, CA_n26A-n28A was specified with entire n28, however the UL was restricted only to n28 to avoid MSD. 
On high level, there seems to be four options:
1) Keep current CA_n26A-n28A with entire n28 frequency range and specify n26 UL and UL CA support for entire frequency range
2) Modify current CA_n26A-n28A to include only lower 30MHz of n28 and specify n26 UL and UL CA support for lower 30MHz frequency range
3) Keep current CA_n26A-n28A with entire n28 frequency range and specify n26 UL and UL CA support for lower 30MHz frequency range
4) Combination of options 1 and 3
Each of the options have their good and bad sides. 
Option 1 might look lucrative from specification point of view however then Note 19 in Table 5.2A.2.1 would be very confusing. If the note is removed, then what would be the consequences? Would the UE’s built to support CA_n26A-n28A signal just support of n28 UL as originally intended, or would they not indicate the support of CA_n26A-n28A at all, if also n26 UL support is required? How would the operators manage devices which support n26 UL and which do not?
Option 2 would perhaps be the clearest alternative, but only if acceptable by the proponent operators. This option would always be consistent with n28 frequency range support.
Option 3 tries to use the benefits of the legacy and new, by keeping the existing specification as is and specifying new things in a different way. In this case, current Note 19 specified for CA_n26A-n28A needs modifications, for instance as shown below.
	NR CA Band
	NR Band
(Table 5.2-1)
	DL interruption allowed (Note 8)

	CA_n26-n2819, 20
	n26, n28
	

	NOTE 19: Uplink is only in n28 for CA_n26-n28 when the entire n28 frequency range is supported for this band combination
NOTE 20: The frequency range in band n28 is restricted for this band combination to 703-733 MHz for the UL and 758-788 MHz for the DL when n26 UL or UL CA is supported



[bookmark: _Hlk135050233]Option 4 could basically specify two options for CA_n26-n28 with n26 UL/UL CA; one with lower 30MHz of n28 and one with entire n28. While this would offer the most implementation freedom, as drawback it would also add a lot of fragmentation into device ecosystem. 
[bookmark: _Hlk134543166] Proposal 1: RAN4 to agree which of the options should be picked for CA_n26A-n28A
1) Keep current CA_n26A-n28A with entire n28 frequency range and specify n26 UL and UL CA support for entire frequency range
2) Modify current CA_n26A-n28A to include only lower 30MHz of n28 and specify n26 UL and UL CA support for lower 30MHz frequency range
3) Keep current CA_n26A-n28A with entire n28 frequency range and specify n26 UL and UL CA support for lower 30MHz frequency range
4) Combination of options 1 and 3

Our slight preference would be to adopt option 3. The MSD would be very high if Option 1/entire n28 is supported with n26 UL or UL CA. Another point is that the frequency arrangement to support entire n28 in CA with n26 is requiring quite special RF FE technologies which may not be adopted at least in large scale while CA_n28A-n26 (lower 30MHz n28) can be done using mainstream technologies. Based on the discussions in previous meeting option 2 may not be acceptable by the operators.
Option 4 can also be discussed however our concern there is that there would be too many different options for CA_n26-n28 given that one option is already specified that is CA_n26A-n28A with entire n28 using n28 UL only. We recognize operator feedback here is very important so that RAN4 can make well-justified decisions.
RF Architecture:
Our view is that 3GPP specifications should enable feasible implementations. In spirit of this, the requirements should be specified allowing both 2 and 3 antenna implementations. In practice this means that the dTib, dRib, MSD are specified according to worse case among Architectures 2 and 3. In practice, it seems that Architecture 2 would result as worse case, unless someone justifies that the MSD using Architecture 3 is larger than that using Architecture 2.
Proposal 2: Use Architecture 2 as baseline to derive requirements unless the MSD using Architecture 3 is larger than the respective MSD in Architecture 2
MSD:
We provided initial MSD analyses in previous meeting, which are shown below for convenience. Please note there was a bug in the previous MSD analysis for the case of entire n28 which is now corrected. Also some ΔTIB and ΔTIB numbers are modified.
Conventional 3GPP assumptions for the TX for the PA noise measurements were used, 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. One key difference to CA_n5A-n28A is that as n28 DRX may often be implemented using a single filter, with n26-n28 there is only 11MHz separation between n28 upper end and n26 TX while in n5A-n28A with full n28 DRX the separation 21MHz. We have addressed this difference as lower DRX attenuation at n26 TX frequency. 
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=0.5dB
· n28 ΔTIB=0.5dB
· n26 ΔRIB=0.3dB
· n28 ΔRIB=0.3dB
· 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:
	UL band
	DL band
	UL Fc
	UL BW
	SCS of UL band
	UL RB Allocation
	DL Fc
	DL BW

	
	
	(MHz)
	(MHz)
	(kHz)
	LCRB
	(MHz)
	(MHz)

	n26
	n28
	824
	20
	15
	25 (RBstart=0)
	785.5
	5



Observation 2: dTib and dRib for the case of lower 30MHz n28 are evaluated as below:
	Inter-band CA combination
	NR Band
	ΔRIB,c (dB)
	ΔTIB,c (dB)

	CA_n26-n28
	n26
	0.3
	0.5

	
	n28
	0.3
	0.5




[image: ]
Figure 1 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:
	UL band
	DL band
	UL Fc
	UL BW
	SCS of UL band
	UL RB Allocation
	DL Fc
	DL BW

	
	
	(MHz)
	(MHz)
	(kHz)
	LCRB
	(MHz)
	(MHz)

	n26
	n28
	824
	20
	15
	25 (RBstart=0)
	800.5
	5



[image: ]
Figure 2 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 1 and Figure 2, 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, at least if the deployment scenario would be similar as in the MSD test point.
Observation 3: MSD is about 15-20dB higher if the entire n28 must be supported, compared to case when only lower 30MHz of n28 is supported  

Conclusions
Further considerations on 2UL/2DL CA_n26A-n28A are provided, with the following proposals and observation
Observation 1: There are much more technical challenges in RF FE components if entire n28 is applicable compared to only lower 30MHz of n28 being applicable
Proposal 1: RAN4 to agree which of the options should be picked for CA_n26A-n28A
1) Keep current CA_n26A-n28A with entire n28 frequency range and specify n26 UL and UL CA support for entire frequency range
2) Modify current CA_n26A-n28A to include only lower 30MHz of n28 and specify n26 UL and UL CA support for lower 30MHz frequency range
3) Keep current CA_n26A-n28A with entire n28 frequency range and specify n26 UL and UL CA support for lower 30MHz frequency range
4) Combination of options 1 and 3
Proposal 2: Use Architecture 2 as baseline to derive requirements unless the MSD using Architecture 3 is larger than the respective MSD in Architecture 2
Observation 2: dTib and dRib for the case of lower 30MHz n28 are evaluated as below:
	Inter-band CA combination
	NR Band
	ΔRIB,c (dB)
	ΔTIB,c (dB)

	CA_n26-n28
	n26
	0.3
	0.5

	
	n28
	0.3
	0.5



Observation 3: MSD is about 15-20dB higher if the entire n28 must be supported, compared to case when only lower 30MHz of n28 is supported  

	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)
	

	n26
	n28
	824
	20
	15
	25 (RBstart=0)
	785.5
	5
	17.0
	ACLR2

	n26
	n28
	824
	20
	15
	25 (RBstart=0)
	800.5
	5
	33.7
	ACLR
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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)     Bandwi dth  combinatio n 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   –   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    

