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1. Introduction
In RAN-P#99, a new SI was approved to further study on more L-L-L band combination cases[1]. In this contribution we provide our study on CA_n28-n105
2. Discussion
2.1 RF Architecture
The operation frequency of CA_n28-n105 is listed below
	n28
	703 MHz – 748 MHz
	758 MHz – 803 MHz
	FDD

	n105
	663 MHz – 703 MHz
	612 MHz – 652 MHz
	FDD
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There may be two feasible RF architecture to realize the carrier aggregation: 2-antenna and 3-antenna architecture:
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Figure 1. Three antenna architecture
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Figure 2. Two antenna architecture
[bookmark: _Hlk132039378][bookmark: _Hlk132039434]Similar to the antenna configuration discussed for CA_n5-n28, 3-antenna architecture is easier for UE implementation but may be challenge for smart phone form factor antenna design due to limited space. 2-antenna architecture is easier for antenna design but would be quite challenge for UE implementation on both  passive component design and UE RF design from baseband to radio transceiver. The passive component feasibility of dual-band triplexer needed to be studied first. There are more implementation issues on sharing TX path due to the uplink frequency range of the two bands are consecutive. If UE is configured UL CA, single band MPR/AMPR may not be applicable and the applicable MPR/AMPR may need to be characterized. The two transmit bands may need to be synchronized, to apply intra-band NRCA requirement may be needed. Further, TX AGC control of the two transmit bands could be another issue if the two transmit band requires different uplink power.
Observations regarding 2-antenna architecture:
Observation 1: The passive component feasibility of dual-band triplexer needed to be studied first
Observation 2: If Tx path is shared by the two bands, single band MPR/AMPR may not be applicable and the applicable MPR/AMPR may need to be characterized
Observation 3: For shared TX path, TXAGC control as well as synchronization requirement of the two transmit bands could be another issue if the two transmit band requires different uplink power
Observation regarding 3-antenna architecture:
Observation 4: The antenna design for 3 low band antenna may be challenge for smart phone form factor implementation.
Proposal 1: Considering feasibility on UE implementation, 3-antenna architecture is baseline assumption for CA_n28-n105. Other architectures are not precluded
2.2 MSD due to dual-uplink IMDs
The IMD frequency analysis is listed in the table:
Table 1 IMD interference analysis for CA_n28-n105 with 2 ULs
	UE UL carriers
	fx_low
	fx_high
	fy_low
	fy_high

	UL frequency (MHz)
	663
	703
	703
	748

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

	2nd harmonics frequency limits (MHz) 
	1326
	1406
	1406
	1496

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

	3rd harmonics frequency limits (MHz)
	1989
	2109
	2109
	2244

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

	4th harmonics frequency limits (MHz)
	2652
	2812
	2812
	2992

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

	5th harmonics frequency limits (MHz)
	3315
	3515
	3515
	3740

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

	6th harmonics frequency limits (MHz)
	3978
	4218
	4218
	4488

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

	7th harmonics frequency limits (MHz)
	4641
	4921
	4921
	5236

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

	IMD frequency limits (MHz)
	85
	0
	1366
	1451

	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)
	578
	703
	703
	833

	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)
	2029
	2154
	2069
	2199

	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)
	170
	0
	2732
	2902

	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)
	1241
	1406
	1406
	1581

	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)
	2692
	2857
	2772
	2947

	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)
	2329
	2109
	2109
	1904

	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)
	3475
	3695
	3355
	3560

	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)
	918
	703
	703
	493

	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)
	3435
	3650
	3395
	3605



From the above table, it can be found the CA combination is subject to MSD due to dual-uplink IMD3 and IMD5 on both bands.
Proposal 2: Proposed test points for MSD due to dual-uplink IMDs
	Band / Channel bandwidth / NRB / Duplex mode
	Source of IMD

	NR CA band combination
	NR band
	UL Fc 
(MHz)
	UL/DL BW 
(MHz)
	UL 
CLRB
	DL Fc (MHz)
	MSD 
(dB)
	Duplex mode
	

	CA_n28-n105
	n28
	745.5
	5
	25
	800.5
	[TBD]
	FDD
	IMD3

	
	n105
	690.5
	5
	25
	639.5
	N/A
	FDD
	N/A

	
	n28
	745.5
	5
	25
	800.5
	N/A
	FDD
	IMD3

	
	n105
	694.5
	5
	25
	643.5
	[TBD]
	FDD
	N/A

	
	n28
	715
	5
	25
	770
	[TBD]
	FDD
	IMD5

	
	n105
	687.5
	5
	25
	636.5
	N/A
	FDD
	N/A

	
	n28
	715.5
	5
	25
	770.5
	N/A
	FDD
	IMD5

	
	n105
	690
	5
	25
	639
	[TBD]
	FDD
	N/A



3. Conclusion
Observations regarding 2-antenna architecture:
Observation 1: The passive component feasibility of dual-band triplexer needed to be studied first
Observation 2: If Tx path is shared by the two bands, single band MPR/AMPR may not be applicable and the applicable MPR/AMPR may need to be characterized
Observation 3: For shared TX path, TXAGC control as well as synchronization requirement of the two transmit bands could be another issue if the two transmit band requires different uplink power
Observation regarding 3-antenna architecture:
Observation 4: The antenna design for 3 low band antenna may be challenge for smart phone form factor implementation.
Proposal 1: Considering feasibility on UE implementation, 3-antenna architecture is baseline assumption for CA_n28-n105. Other architectures are not precluded
Proposal 2: Proposed test points for MSD due to dual-uplink IMDs
	Band / Channel bandwidth / NRB / Duplex mode
	Source of IMD

	NR CA band combination
	NR band
	UL Fc 
(MHz)
	UL/DL BW 
(MHz)
	UL 
CLRB
	DL Fc (MHz)
	MSD 
(dB)
	Duplex mode
	

	CA_n28-n105
	n28
	745.5
	5
	25
	800.5
	[TBD]
	FDD
	IMD3

	
	n105
	690.5
	5
	25
	639.5
	N/A
	FDD
	N/A

	
	n28
	745.5
	5
	25
	800.5
	N/A
	FDD
	IMD3

	
	n105
	694.5
	5
	25
	643.5
	[TBD]
	FDD
	N/A

	
	n28
	715
	5
	25
	770
	[TBD]
	FDD
	IMD5

	
	n105
	687.5
	5
	25
	636.5
	N/A
	FDD
	N/A

	
	n28
	715.5
	5
	25
	770.5
	N/A
	FDD
	IMD5

	
	n105
	690
	5
	25
	639
	[TBD]
	FDD
	N/A



Reference:
1. RP-230789 Study on enhancement for sub-1GHz NR band combinations
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