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Introduction
In the last meeting, we started the discussion on the feasibility and solutions to enable CA_n8-n20-n28, CA_n5-n8, CA_n5-n28. These following aspects related to low band CA were discussed, RF requirement framework, spectrum restriction, UE antenna and RF architecture, CA configurations, impacted RF parameters, feasibility issues [1]. In this contribution, we will further discuss potential RF requirement impacts for low band CA combinations considering smartphone UE type.
Discussion
For low band CA band combinations SI, the following agreements were reached for CA_n5-n8, CA_n5-n28, CA_n8-n20-n28, as shown in Table 1.
Table 1. Summary on low band CA band combinations
	[bookmark: _Hlk115253336]Issues
	CA_n5-n8
	CA_n5-n28
	CA_n8-n20-n28

	Frequency Restriction
	Frequency 1 (800MHz)
UL:824MHz - 835MHz
DL:869MHz - 880MHz
Frequency 2 (900MHz)
UL: 904MHz - 915MHz
DL:949MHz - 960MHz
	N.A
	Use the follow frequency ranges for further discussion for n28 spectrum restriction to support CA_n8-n20-n28.
UL: 703MHz~733MHz
DL: 758MHz~788MHz


	Antenna&RF
	· 2-antenna
One Main Tx/Rx Antenna+One Diversity Rx Antenna
· 3-antenna
Two Main Tx/Rx Antenna+One Diversity Rx Antenna
    
	· 2-antenna
One Main Tx/Rx Antenna+One Diversity Rx Antenna
· 3-antenna
Two Main Tx/Rx Antenna+One Diversity Rx Antenna

	· 2-antenna
One Main Tx/Rx Antenna+One Diversity Rx Antenna
· 3-antenna
Two Main Tx/Rx Antenna+One Diversity Rx Antenna
· 4 antenna
Three Main Tx/Rx Antenna+One Diversity Rx Antenna

	CHBW config
	n5: 5, 10
n8: 5, 10

	n5: 5, 10, 15, 20
n28: 5, 10, 15, 20, 25, 30

	n8: 5, 10, 15
n20: 5, 10, 15, 20
n28: 5, 10, 15, 20


	UL configuration
	The CBW of UL configuration CA_n5-n8 is the same as the DL. The same RB allocation with single band REFSENS UL configuration is considered as the starting point.

	The CBW of UL configuration CA_n5-n28 is the same as the DL. The same RB allocation with single band REFSENS UL configuration is considered as the starting point.
	UL configuration of CA_n8-n20, CA_n8-n28, CA_n20-n28 are supported for CA_n8-n20-n28. The CBW assumption for UL and DL are the same. The same RB allocation with single band REFSENS UL configuration is considered as the starting point.


	Feasibility issues 
	· The MSD due to IMD and cross band isolation. 
· The impact on n5 out-of-band blocking requirement.

	· The MSD due to cross band isolation
· No IMD for 2UL CA n5-n28

	o	UL CA_n8-n20 (IMD3 and IMD5), UL CA_n20-n28 (IMD3). 
o	The impact on n20 and n28 out-of-band blocking requirement



It was also agreed the following RF requirement framework applies to CA_n5-n8, CA_n5-n28 and CA_n8-n20-28.
· [bookmark: _Hlk115274134]Operating bands for CA
· Channel bandwidths per operating band for CA
· UE co-existence requirement
· ∆TIB and ∆RIB values
· REFSENS requirements (MSD)
· Maximum output power
[bookmark: _Hlk115254787]For operating bands for CA, there are frequency restrictions included for CA_n5-n8 and CA_n8-n20-n28. For CA_n5-n8, only partial frequency spectrum for band n5 and n8 is assumed avoiding the conflict for band n5 DL and n8 UL. For CA_n8-n20-n28, only band n28A is considered for this band combination. Thus, the operating bands for CA can be updated as:
Table 2: Inter-band CA operating bands
	CA Band Combinations
	Uplink configuration
	NR Band
	Uplink (UL) operating band
	Downlink (DL) operating band
	Duplex Mode

	
	
	
	BS receive / UE transmit
	BS transmit / UE receive 
	

	
	
	
	FUL_low – FUL_high
	FDL_low – FDL_high
	

	[bookmark: _Hlk110354894][bookmark: _Hlk115269259]CA_n8-n20-n281
	[bookmark: _Hlk110522651]CA_n8-n20
	n8
	880 MHz
	–
	915 MHz
	925 MHz
	–
	960 MHz
	FDD

	
	CA_n8-n28
	n20
	832 MHz
	–
	862 MHz
	791 MHz
	–
	821 MHz
	FDD

	
	CA_n20-n28
	n28
	703 MHz
	–
	748 MHz
	758 MHz
	–
	803 MHz
	FDD

	CA_n5-n82
	CA_n5-n8
	n5
	824 MHz
	–
	849 MHz
	869 MHz
	–
	894 MHz
	FDD

	
	
	n8
	880 MHz
	–
	915 MHz
	925 MHz
	–
	960 MHz
	FDD

	CA_n5-n28
	CA_n5-n28
	n5
	824 MHz
	–
	849 MHz
	869 MHz
	–
	894 MHz
	FDD

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

	NOTE 1: 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.
NOTE 2: The frequency range in band n5 is restricted for this band combination to 824 - 835MHz for the UL and 869-880 MHz for the DL; the frequency range in band n8 is restricted for this band combination to 904 - 915MHz for the UL and 949-960 MHz for the DL.



For NR CA configurations, it is summarized in table 3 with supported channel bandwidths per CA band combinations.

                                                              
Table 3. NR CA configuration for CA_n8-n20-n28, CA_n5-n8, CA_n5-n28
	NR CA configuration / Bandwidth combination set

	NR CA configuration
	Uplink CA configurations
	NR band
	Channel bandwidths for carrier (MHz)
	Maximum aggregated 
bandwidth (MHz)
	Bandwidth combination set

	CA_n8A-n20A-n28A
	CA_n8A-n20A
	n8
	5,10,15
	35
	0

	
	
	n20
	5, 10, 15, 20
	
	

	
	CA_n8A-n28A
	n8
	5,10,15
	35
	

	
	
	n28
	5, 10, 15, 20
	
	

	
	CA_n20A-n28A
	n20
	5, 10, 15, 20
	40
	

	
	
	n28
	5, 10, 15, 20
	
	

	CA_n5A-n8A
	CA_n5A-n8A
	n5
	5,10
	20
	0

	
	
	n8
	5,10
	
	

	CA_n5A-n28A
	CA_n5A-n28A
	n5
	5, 10, 15, 20
	50
	0

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

	
	



[bookmark: _Hlk110522897][bookmark: _Hlk110523140]For CA band combination CA_n8-n20-n28 with UL CA_n8-n20 configuration, the coexistence study is in Table 4. We can observe that IMD3 of band n8 and n20 would fall into n8 DL and n20 DL. IMD5 of band n8 and n20 would fall into n8, n20, n28 DL. Further study on MSD requirement is needed after RF architecture assumption is decided.
Table 4: Band n8 and Band n20 UL IMD products
	UE UL carriers
	fx_low
	fx_high
	fy_low
	fy_high

	UL frequency (MHz)
	880
	915
	832
	862

	3rd order IMD products
	|fy_high – 2*fx_low|
	|fy_low – 2*fx_high|
	|2*fy_low – fx_high|
	|2*fy_high – fx_low|

	IMD frequency limits (MHz)  
	898
	998
	749
	826

	Two-tone 5th order IMD products
	|2*fx_low – 3*fy_high|
	|2*fx_high – 3*fy_low|
	|2*fy_low – 3*fx_high|
	|2*fy_high – 3*fx_low|

	IMD frequency limits (MHz)
	826
	666
	1081
	916



[bookmark: _Hlk110523205]For CA band combination CA_n8-n20-n28 with UL CA_n8-n28 configuration, the coexistence study is in Table 5. We can observe that IMD3 of band n8 and n28 would not interfere with the DL reception for this CA band combination. 
Table 5: Band n8 and Band n28 UL IMD products
	UE UL carriers
	fx_low
	fx_high
	fy_low
	fy_high

	UL frequency (MHz)
	880
	915
	703
	733

	3rd order IMD products
	|fy_high – 2*fx_low|
	|fy_low – 2*fx_high|
	|2*fy_low – fx_high|
	|2*fy_high – fx_low|

	IMD frequency limits (MHz)  
	1027
	1127
	491
	586


For CA band combination CA_n8-n20-n28 with UL CA_n20-n28 configuration, the coexistence study is in Table 6. We can observe that IMD3 of band n20 and n28 would fall into n8 DL. Further study on MSD requirement is needed after RF architecture assumption is decided.
Table 6: Band n20 and Band n28 UL IMD products
	UE UL carriers
	fx_low
	fx_high
	fy_low
	fy_high

	UL frequency (MHz)
	832
	862
	703
	733

	3rd order IMD products
	|fy_high – 2*fx_low|
	|fy_low – 2*fx_high|
	|2*fy_low – fx_high|
	|2*fy_high – fx_low|

	IMD frequency limits (MHz)  
	931
	1021
	544
	634



For CA_n5-n8, frequency restriction was introduced. The co-existence study is in Table 7. It can be observed that for CA_n5-n8, with 2UL bands transmission, there is no potential interference for DL n5 and n8.
Table 7: Band n5 and Band n8 UL IMD products
	UE UL carriers
	fx_low
	fx_high
	fy_low
	fy_high

	UL frequency (MHz)
	824
	835
	904
	915

	3rd order IMD products
	|fy_high – 2*fx_low|
	|fy_low – 2*fx_high|
	|2*fy_low – fx_high|
	|2*fy_high – fx_low|

	IMD frequency limits (MHz)  
	733
	766
	973
	1006



For CA_n5-n28, the 2UL bands coexistence study is shown in Table 8.
[bookmark: _Hlk106789632]Table 8: Band n5 and Band n28 UL IMD products
	[bookmark: _Hlk106789666][bookmark: _Hlk106789689]UE UL carriers
	fx_low
	fx_high
	fy_low
	fy_high

	UL frequency (MHz)
	824
	849
	703
	748

	3rd order IMD products
	|fy_high – 2*fx_low|
	|fy_low – 2*fx_high|
	|2*fy_low – fx_high|
	|2*fy_high – fx_low|

	[bookmark: _GoBack]IMD frequency limits (MHz)  
	900
	995
	557
	672

	3rd order IMD products
	|2*fx_low + fy_low|
	|2*fx_high + fy_high|
	|2*fy_low + fx_low|
	|2*fy_high + fx_high|

	IMD frequency limits (MHz)
	2351
	2446
	2230
	2345

	Two-tone 5th order IMD products
	|2*fx_low – 3*fy_high|
	|2*fx_high – 3*fy_low|
	|2*fy_low – 3*fx_high|
	|2*fy_high – 3*fx_low|

	IMD frequency limits (MHz)
	596
	411
	1141
	976



For CA band combination CA_n5-n28, IMD component is outside the band. There is no potential interference for DL n5 and DL n28. Therefore, no extra MSD is needed for DL n5 and DL n28.
 Conclusion
This contribution further clarifies the potential impacted RF requirements for 700/800/900MHz low band CA and summaries the operating bands for CA, CA bandwidths configurations and co-existence studies. The following proposal is made:
Proposal 1: To endorse the following contents for 700/800/900 MHz NR inter-band CA in the TR:
· Operating bands for CA (Table 1)
· Channel bandwidths per operating band for CA(Table 2)
· UE co-existence requirement (Table 3~Table 8)
· ∆TIB and ∆RIB values
· REFSENS requirements (MSD)
· Maximum output power
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