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Introduction
A new SI: Study on enhancement for 700/800/900MHz band combinations was approved for Rel-18 [1]. This SI was aimed at investigating the feasibility and solutions to enable CA_n8-n20-n28, CA_n5-n8, CA_n5-n28. Also, the objective was to identify potential impacts on RF requirements for these low band CA combinations. In this contribution, we give our initial thoughts on RF requirements for 700/800/900MHz CA band combinations.
Discussion
Framework for inter-band CA with 2UL bands
[bookmark: _Hlk110441581][bookmark: _Hlk110521940]In this SI, the following CA band combinations are considered for smartphone UE factor, CA_n8-n20-n28, CA_n5-n8, CA_n5-n28 as shown in Table 1.
Table 1: 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]CA_n8-n20-n28
	[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-n8
	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


These band combinations can fall into the framework of inter-band CA for 2/3 DL bands with 2UL bands. In NR Rel-16 and Rel-17, we’ve studied NR inter-band CA for 2/3 DL bands with 2UL bands, and the technical reports were in reference with TR 38.716-02-00 and TR 38.716-03-02. The inter-band CA study framework created in Rel-16/Rel-17 can still apply to 700/800/900 MHz CA band combinations. For the CA bandwidths studied in this SI, these following RF requirements framework can still apply:
· [bookmark: _Hlk110520947]Operating bands for CA
· Channel bandwidths per operating band for CA
· Co-existence studies
· [bookmark: _Hlk110520673]∆TIB and ∆RIB values
· REFSENS requirements
Before we further discuss these items, we should come to a consensus on the typical antenna/RF architectures for these band combinations. ∆TIB and ∆RIB values highly depend on the RF architecture. The co-existence studies should be specific to 2UL bands transmission. Based on the outcome of co-existence studies, we can decide whether MSD requirements are needed.
Proposal 1: The following RF requirements framework can still apply for 700/800/900 MHz NR inter-band CA:
· Operating bands for CA
· Channel bandwidths per operating band for CA
· Co-existence studies
· ∆TIB and ∆RIB values
· REFSENS requirements
[bookmark: _Hlk110521959]Co-existence study for CA_n8-n20-n28, CA_n5-n8, CA_n5-n28 
For CA_n5-n28, the 2UL bands coexistence study is shown in Table 2.
[bookmark: _Hlk106789632]Table 2: Band n5 and Band n28 UL harmonics and IMD products
	[bookmark: _Hlk106789666][bookmark: _Hlk106789689]UE UL carriers
	fx_low
	fx_high
	fy_low
	fy_high

	UL frequency (MHz)
	824
	849
	703
	748

	2nd harmonics frequency limits
	2* fx_low
	2* fx_high
	2*fy_low
	2*fy_high

	2nd harmonics frequency limits (MHz) 
	1648
	1698
	1406
	1496

	3rd harmonics frequency limits
	3* fx_low
	3* fx_high
	3*fy_low
	3*fy_high

	3rd harmonics frequency limits (MHz)
	2472
	2547
	2109
	2244

	4th harmonics frequency limits
	4* fx_low
	4* fx_high
	4*fy_low
	4*fy_high

	4th harmonics frequency limits (MHz)
	3296
	3396
	2812
	2,992

	5th harmonics frequency limits
	5* fx_low
	5* fx_high
	5*fy_low
	5*fy_high

	5th harmonics frequency limits (MHz)
	4120
	4245
	3515
	3,740

	6th harmonics frequency limits
	6* fx_low
	6* fx_high
	6*fy_low
	6*fy_high

	6th harmonics frequency limits (MHz)
	4944
	5094
	4218
	4,488

	7th harmonics frequency limits
	7* fx_low
	7* fx_high
	7*fy_low
	7*fy_high

	7th harmonics frequency limits (MHz)
	5768
	5943
	4921
	5,236

	2nd order IMD products
	|fy_high – fx_low|
	|fy_low – fx_high|
	|fy_low + fx_low|
	|fy_high + fx_high|

	IMD frequency limits (MHz)
	76
	146
	1,527
	1597

	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)  
	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 4th order IMD products
	|2*fx_low –2* fy_high|
	|2*fx_high – 2*fy_low|
	|2*fx_low +2* fy_low|
	|2*fx_high +2* fy_high|

	IMD frequency limits (MHz)
	152
	292
	3054
	3,194

	Two-tone 4th order IMD products
	|3*fx_low –1* fy_high|
	|3*fx_high – 1*fy_low|
	|3*fy_low – 1*fx_high|
	|3*fy_high – 1*fx_low|

	IMD frequency limits (MHz)
	1,724
	1844
	1260
	1420

	Two-tone 4th order IMD products
	|3*fx_low +1* fy_low|
	|3*fx_high +1* fy_high|
	|3*fy_low + 1*fx_low|
	|3*fy_high + 1*fx_high|

	IMD frequency limits (MHz)
	3175
	3295
	2933
	3093

	Two-tone 5th order IMD products
	|fx_low – 4*fy_high|
	|fx_high – 4*fy_low|
	|fy_low – 4*fx_high|
	|fy_high – 4*fx_low|

	IMD frequency limits (MHz)
	1988
	1963
	2693
	2548

	Two-tone 5th order IMD products
	|fx_low + 4*fy_low|
	|fx_high + 4*fy_high|
	|fy_low + 4*fx_low|
	|fy_high + 4*fx_high|

	IMD frequency limits (MHz)
	3636
	3841
	3999
	4144

	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

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

	IMD frequency limits (MHz)
	3757
	3942
	3878
	4043



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.
[bookmark: _Hlk110523110]Observation 1: For CA_n5-n28, with 2UL bands transmission, there is no potential interference for DL n5 and n28.
For CA_n5-n8, the DL part of n5 overlaps with the UL part of n8 UL. It is suggested for RAN4 to identify the frequency restriction for CA_n5-n8.


Figure 1. Frequency Layout for CA_n5-n8
[bookmark: _Hlk110522897][bookmark: _Hlk110523140]For CA band combination CA_n8-n20-n28 with UL CA_n8-n20 configuration, the coexistence study is in Table 3. We can observe that IMD3 of band n8 and n20 would fall into n8 DL and n20 DL. Further study on MSD requirement is needed after RF architecture assumption is decided.
Table 3: 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



[bookmark: _Hlk110523205]For CA band combination CA_n8-n20-n28 with UL CA_n8-n28 configuration, the coexistence study is in Table 4. We can observe that IMD3 of band n8 and n28 would not interfere with the DL reception for this CA band combination. Thus, no MSD requirement is needed.
Table 4: 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
	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|

	IMD frequency limits (MHz)  
	1012
	1127
	491
	616


For CA band combination CA_n8-n20-n28 with UL CA_n20-n28 configuration, the coexistence study is in Table 5. 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 5: 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
	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|

	IMD frequency limits (MHz)  
	916
	1021
	544
	664


[bookmark: _Hlk110523374]Observation 2: For CA_n8-n20-n28 with UL CA_n8-n20 configuration, IMD3 of band n8 and n20 would fall into n8 DL and n20 DL.
Observation 3: For CA_n8-n20-n28 with UL CA_n8-n28 configuration, IMD3 of band n8 and n28 would not interfere with the DL reception for this CA band combination.
Observation 4: For CA_n8-n20-n28 with UL CA_n20-n28 configuration, IMD3 of band n20 and n28 would fall into n8 DL.

 Conclusion
This contribution discusses the potential impacted RF requirements for 700/800/900MHz low band CA. The following observations and proposals are made:
Proposal 1: The following RF requirements framework can still apply for 700/800/900 MHz NR inter-band CA:
· 	Operating bands for CA
· 	Channel bandwidths per operating band for CA
· 	Co-existence studies
· 	∆TIB and ∆RIB values
· 	REFSENS requirements
Observation 1: For CA_n5-n28, with 2UL bands transmission, there is no potential interference for DL n5 and n28.
Observation 2: For CA_n8-n20-n28 with UL CA_n8-n20 configuration, IMD3 of band n8 and n20 would fall into n8 DL and n20 DL.
Observation 3: For CA_n8-n20-n28 with UL CA_n8-n28 configuration, IMD3 of band n8 and n28 would not interfere with the DL reception for this CA band combination.
Observation 4: For CA_n8-n20-n28 with UL CA_n20-n28 configuration, IMD3 of band n20 and n28 would fall into n8 DL.
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