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Introduction
In this paper, we would like to introduce the framework for new sub-1GHz band combinations, i.e. CA_n5-n105, CA_n28-n105 and CA_n26-n28, based on the approved new SID [1].
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[bookmark: _Toc129096959]1	Scope
The present document is the technical report for the study on enhancement for 700/800/900MHz band combinations [2] and sub-1GHz NR band combinations [5] under R18 time frame. The purpose is to gather the relevant background information and studies in order to address the study on enhancement for 600/700/800/900MHz band combinations in Table 1-1.
Table 1-1: Band combinations in the SI
	Configuration
	Uplink configuration

	CA_n8-n20-n28
	CA_n8-n20, CA_n8-n28, CA_n20-n28

	CA_n5-n8
	CA_n5-n8

	CA_n5-n28
	CA_n5-n28

	CA_n5A-n105A
	CA_n5A-n105A

	CA_n28A-n105A
	CA_n28A-n105A

	CA_n26A-n28A
	CA_n26A-n28A

	CA_n5A-n28A-n105A
	CA_n5A-n28A

	CA_n5A-n28A-n105A
	CA_n5A--n105A

	CA_n5A-n28A-n105A
	CA_n28A-n105A
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In RAN#95e, SI “enhancement for 700800900MHz band combinations” was approved. The objectives of SI are as follows:
1	Investigate the feasibility and solutions to enable simultaneous transmission on two UL bands and simultaneous reception on two or three bands for the band combination of 700, 800 and 900MHz spectrum for smart phone form factor
2	The following band combinations will be considered. And the feasibility study on three band combination will start after the completion of feasibility study of all the fallback band combinations.

-	CA_n8-n20-n28 with uplink configurations of CA_n8-n20, CA_n8-n28, CA_n20-n28, and the fallback modes 
-	CA_n5-n8 with uplink configuration of CA_n5-n8, and the fallback modes
Note1: Spectrum restrictions should be studied to solve overlap of band n5 downlink and band n8 uplink
Note2: The current filter is used as the baseline. Further study whether or not to have new solutions.
-	CA_n5-n28 (full range) with uplink configuration of CA_n5-n28.
In RAN 99 a new SI [5] was approved.  This SI concerns the consideration of the APT 600 MHz band  (n105) that has been recently has been introduced into 3GPP specifications[6]. After the completion of APT 600MHz band, operators have the further demands to combine this 600MHz band with other sub-1GHz bands together to achieve a good performance for the real deployment. However, some challenges were identified for a device with a smart phone form factor to support the combinations of those low bands including 600MHz band. For example, UE RF architecture need to be further studied due to larger antenna size for 600MHz band and some RF requirements need to be evaluated, e.g. MSD. The previous SI on Enhancement for 700/800/900MHz band combinations didn’t include the evaluation and studies for 600MHz band. Additionally band 26 is also considered.

Summary of band combinations considered in the SI
	Configuration
	Uplink configuration
	Supported operators
	The status of fallback mode

	CA_n8-n20-n28
	CA_n8-n20, CA_n8-n28, CA_n20-n28
	Vodafone, Telecom Italia, Orange, Deutsche Telekom
	

	CA_n5-n8
	CA_n5-n8
	China Telecom, Spark NZ, China Unicom
	

	CA_n5-n28
	CA_n5-n28
	Spark NZ
	

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

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

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

	CA_n5A-n28A-n105A1
	CA_n5A-n28A
	Spark NZ
	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)

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

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



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 the above table. 


The following aspects need be studied
-	UE architecture including n-plexing, PA
-	Study feasibility of low band wideband antenna
-	Performance due to impacts including inter-modulation products
-	Method to manage the inter-modulation product impacts
Note: Revisit in RAN#98 whether additional aspects need to be added.

Power class 3 (PC3) is considered in this study
3) Identify potential impacts to relevant RAN4 requirements.
The present document is the technical report for this Study Item.

<<Next of Change>>
[bookmark: _Toc129096968]5.4	CA_n5-n105
[bookmark: _Toc129096969]5.4.1	General
In this configuration the uplink is also CA_n5A-n105A, but there are two fall back options:
· DL_n5A-n105A_UL_n5A_BCS0
· UL_n5A-n105A_UL_n105A_BCS0
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5.4.3	Common for 1 band UL and 2 bands UL of CA_n5-n105
According to the current spec TS 38.101-1, DL CA_n5A-n105A_BCS0 has been specified. Thus, some of RF requirements can be reused as below. 
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UE should support the full range of spectrum for single band operations on both n5 and n105
Use the following frequency ranges for further discussion for spectrum restriction to support uplink CA_n5-n105.
Table 5.4.3.1-1 frequency ranges of CA_n5-n105
	Band
	Uplink (UL) band
	Downlink (DL) band
	duplex mode

	
	BS receive / UE transmit
	BS transmit / UE receive
	

	
	FUL_low – FUL_high
	FDL_low – FDL_high
	

	n5
	824 MHz
	–
	849 MHz
	869 MHz
	–
	894 MHz
	FDD

	n105
	663 MHz
	–
	703 MHz
	612 MHz
	–
	652 MHz
	FDD



5.4.3.2	Channel bandwidths per operating band for CA

Table 5.4.4.2-1: 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
	



5.4.3.3	Identify the potential MSD issues due to harmonic/harmonic mixing/cross band isolation

5.4.3.4	∆TIB,c and ∆RIB,c values

5.4.3.5	REFSENS exception evaluation for one UL band

5.4.4	Specific for 2 bands UL of CA_n5-n105
5.4.4.1	Maximum output power for inter-band CA
Power class 3 is assumed for UL CA_n5-n105
5.4.4.2	UE co-existence studies

5.4.4.3	REFSENS exception evaluation for two UL ba5.5	CA_n28-n105
5.5.1	General
In this configuration the uplink is also CA_n28A-n105A, but there are two fall back options:
· DL_n28A-n105A_UL_n28A_BCS0
UL_n28A-n105A_UL_n105A_BCS5.5.2	UE RF architecture assumption
5.5.3	Common for 1 band UL and 2 bands UL of CA_n28-n105
5.5.3.1	Operating bands for CA
[bookmark: _Hlk130991924]Table 5.5.3.1-1:  CA band combination of band n28+n105
	[bookmark: OLE_LINK2]NR Band
	Uplink (UL) band
	Downlink (DL) band
	Duplex
mode

	
	BS receive / UE transmit
	BS transmit / UE receive
	

	
	FUL_low – FUL_high
	FDL_low – FDL_high
	

	n28
	703 MHz
	–
	748 MHz
	758 MHz
	–
	803 MHz
	FDD

	n105
	663
	-
	703MHz
	612
	-
	652MHz
	FDD



5.5.3.2	Channel bandwidths per operating band for CA
Table 5.5.3.2-1: 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_n28A-n105A
	CA_n28A-n105A
	n28
	5, 10, 15, 20, 25, 30
	0

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


5.5.3.3	Identify the potential MSD issues due to harmonic/harmonic mixing/cross band isolation
There are two cases to consider:
One UL
Two Up links
5.5.3.4	∆TIB,c and ∆RIB,c values

5.5.3.5	REFSENS exception evaluation for one UL band

5.5.4	Specific for 2 bands UL of CA_n28-n105
5.5.4.1	Maximum output power for inter-band CA
Power class 3 is assumed for UL CA_n28-n105

5.5.4.2	UE co-existence studies

5.5.4.3	REFSENS exception evaluation for two UL bands


5.6	CA_n26-n28
5.6.1	General
In this configuration the uplink is also CA_n26A-n28A, but there are two fall back options:
· DL_n26A-n28A_UL_n28A_BCS0 (already completed)
· UL_n26A-n28A_UL_n26A_BCS0

5.6.2	UE RF architecture assumption
5.6.3	Common for 1 band UL and 2 bands UL of CA_n26-n28
5.6.3.1	Operating bands for CA
Table 5.6.3.1-1:  CA band combination of bands n26+n28
	NR Band
	Uplink (UL) band
	Downlink (DL) band
	Duplex
mode

	
	BS receive / UE transmit
	BS transmit / UE receive
	

	
	FUL_low – FUL_high
	FDL_low – FDL_high
	

	N26
	814MHz
	-
	849MHz
	859
	-
	894MHz
	FDD

	N28
	703
	-
	748 MHz
	758 MHz
	-
	803 MHz
	FDD



5.6.3.2	Channel bandwidths per operating band for CA
Table 5.6.3.2-1: 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_n26A-n28A
	CA_n26A-n28A
	n26
	5, 10, 15, 20, 25, 30
	0

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

	
	
	
	
	

	
	
	
	
	



5.6.3.3	Identify the potential MSD issues due to harmonic/harmonic mixing/cross band isolation

5.6.3.4	∆TIB,c and ∆RIB,c values

5.6.3.5	REFSENS exception evaluation for one UL band

5.6.4	Specific for 2 bands UL of CA_n26-n28
5.6.4.1	Maximum output power for inter-band CA
Power class 3 is assumed for UL CA_n26-n28

5.6.4.2	UE co-existence studies

5.6.4.3	REFSENS exception evaluation for two UL band


[5.7	CA_n5-n28-n105]
Editor’s note: Check at RAN4#107 whether CA_n5A-n28A-n105A could be included in the SI based on study progress for the fall back combinations.
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