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1. Introduction
In RAN#100 meeting, the SI [1] has been approved to complete the study of 3 bands combination: CA_n5A-n28A-n105A. The specific following UL configuration need to be studied: UL_ n5A-n28A, UL_ n5A-n105A, single UL in either n28 or n105. Power class 3 (PC3) is considered, and 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.
In this paper, we’d like to preliminary discuss the multiple potential UE RF architecture and MSD requirements for CA_n5A-n28A-n105A combination.
2. Discussion
2.1 UE RF architecture assumption
[bookmark: _Hlk142669143]The spectrum range of CA_n5-n28-n105 is shown in Figure 1, as can be observed that n28UL is adjacent to n105UL. Uplink transmission of CA_n28A-n105A will produce some apparent interference issues, like 2UL IMD products, cross band interference and so on. Therefore in the SI [1], UL combination of CA_n28A-n105A has been excluded. 
[image: ]
Figure 1. CA_n5A-n28A-n105A spectrum range
2.1.1 UE RF architecture with two antennas
[bookmark: _Hlk142644836]The potential RF architectures with two antennas for CA_n5A-n28A-n105A are showed below. The UL configuration of CA_ n28A-n105A will not be supported for this band combination in the SI [1]. To avoid interference issues, the related antenna structures covering both n28UL and n105UL in the same TRx are excluded. As can be seen in the figure 2, both of the Main TRx and Diversity Rx for architecture (a) and (b) need to cover the whole spectrum range from n105DL to n5DL, which is as long as 282MHz. It takes a huge challenge to the bandwidth ratio for a typical antenna design in a smartphone. And the design of pentaplexer need to aggregate five closely spaced spectrum ranges together, considering not only the strict filter isolation but also appropriate insertion loss. Therefore, it seems difficult to consider 2-antenna structure as the baseline architecture.
	
(a)                                     
	(b)




                  
Figure2. Potential UE architecture with 2 antennas, supporting CA_n5A-n28A-n105A 
2.1.2 UE RF architecture with four antennas
[bookmark: _Hlk142553810]The assumption RF architecture with four antennas for CA_n5A-n28A-n105A is showed below. Three main TRx antennas belong to three different frequency bands, avoiding combination of different signals. Hence the stress of multiplexer design can be reduced, and the frequency range covered by each antenna is shorter as well. However, the use of four antennas will inevitably take up more space of the smartphone, which should be further considered in practical application.


Figure3. Potential UE architecture with 4 antennas, supporting CA_n5A-n28A-n105A
2.1.3 UE RF architecture with three antennas
[bookmark: _GoBack]The potential RF architectures with three antennas for CA_n5A-n28A-n105A are showed below. The UL configuration of CA_ n28A-n105A will not be supported for this band combination in the SI [1]. To avoid interference issues, the related antenna structures covering both n28UL and n105UL in the same TRx are excluded. Compared with 2-antenna structure, 3-antenna structure could avoid complex pentaplexer, and the use of triplexer and quadplexer can ease the requirement of filter isolation and insertion loss to some extent. However, the challenge of wide spectrum range from n5DL to n105DL seems still unavoidable. Comparing with 4-antenna structure, 3-antenna structure occupies less space in the smart phone, reducing the difficulty of application. Therefore, 3-antenna architecture could be considered as a baseline structure for the study of CA_n5A-n28A-n105A.
[bookmark: _Hlk142589886]Observation1：3-antenna architecture could be a baseline structure for CA_n5A-n28A-n105A. 
	
(a)
	
(b)

	
(c)
	
(d)


Figure4. Potential UE architecture with 3 antennas, supporting CA_n5A-n28A-n105A
2.2 [bookmark: _Hlk142590313]2DL/2UL configurations
2DL_2UL cases are fallback configurations of CA_n5A-n28A-n105A, containing DL_n5A-n28A_UL_n5A-n28A and DL_n5A-n105A_UL_n5A-n105A, the interference issues have been evaluated minutely yet, such as harmonics and harmonic mixing, 1UL cross-band MSD and 2UL cross-band MSD, related requirements and text configurations are recorded in TR38.872 and will not be listed here. 
2.3 3DL configurations
2. [bookmark: _Hlk142573851]
2.1 
2.2 
2.3.1 Harmonics and harmonic mixing
The following table1 is UL harmonic products of CA_n5-n28-n105, and as can be seen there is no related harmonic interference need to consider further.
Table 1. Impact of UL/DL Harmonic
	
	
	
	
	
	2nd Harmonic
	3rd Harmonic
	4th Harmonic
	5th Harmonic

	Band
	UL Low Band Edge
	UL High Band Edge
	DL Low Band Edge
	DL High Band Edge
	UL Low Band Edge
	UL High Band Edge
	UL Low Band Edge
	UL High Band Edge
	UL Low Band Edge
	UL High Band Edge
	UL Low Band Edge
	UL High Band Edge

	n5
	824
	849
	869
	894
	1648
	1698
	2472
	2547
	3296
	3396
	4120
	4245

	n105
	663
	703
	612
	652
	1326
	1406
	1989
	2109
	2652
	2812
	3315
	3515

	n28
	703
	748
	758
	803
	1406
	1496
	2109
	2244
	2812
	2992
	3515
	3740


The following table2 is DL harmonic products of CA_n5-n28-n105, and as can be seen there is no related harmonic mixing interference need to consider further.
Table 2. Impact of UL/DL Harmonic mixing
	
	
	
	
	
	2nd Harmonic 
	3rd Harmonic 
	4th Harmonic 
	5th Harmonic 

	Band
	UL Low Band Edge
	UL High Band Edge
	DL Low Band Edge
	DL High Band Edge
	DL Low Band Edge
	DL High Band Edge
	DL Low Band Edge
	DL High Band Edge
	DL Low Band Edge
	DL High Band Edge
	DL Low Band Edge
	DL High Band Edge

	n5
	824
	849
	869
	894
	1738
	1788
	2607
	2682
	3476
	3576
	4345
	4470

	n105
	663
	703
	612
	652
	1224
	1304
	1836
	1956
	2448
	2608
	3060
	3260

	n28
	703
	748
	758
	803
	1516
	1606
	2274
	2409
	3032
	3212
	3790
	4015


2.3.2 1UL cross-band MSD
Based on TR 38.872, the present 1UL cross-band MSD test configuration could be a reference considering the impacts from band n5 UL to n28DL, n5 UL to n105DL, n105 UL to n5DL. 
Observation2: The present 1UL cross-band MSD test configuration of CA_n5-n105, CA_n5-n28 and CA_n28-n105 could be a reference.
[bookmark: _Hlk142573138]Table 3: CA_n5A-n28A-n105A 1UL cross-band MSD
	[bookmark: _Hlk142647188]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)
	

	n5
	n28
	834
	20
	15
	20 (RBstart=0)
	800.5
	5
	TBD
	ACLR2

	n105
	n5
	693
	20
	15
	20 (RBstart=86)
	871.5
	5
	TBD
	>ACLR2

	n5
	n105
	834
	20
	15
	20 (RBstart=0)
	649.5
	5
	TBD
	>ACLR2

	n105
	n28
	693
	20
	15
	20 (RBstart=86)
	760.5
	5
	TBD
	>ACLR2

	n28
	n105
	718
	30
	15
	25 (RBstart=0)
	649.5
	5
	TBD
	ACLR2



2.3.3 [bookmark: _Hlk142574441]IMD products
2.3.3.1 UL_n5A-n28A
Band n5 + Band n28 2UL bands CA 2nd, 3rd, 4th and 5th order IMD for the UE-to-UE coexistence analysis is listed below. As table 4 shows, there is no IMD issues for band n5 or band n28, however the two-tone 3rd order IMD products of UL_n5A-n28A will fall into Rx frequencies of band n105.
Table 4. Band n5 and Band n28 UL IMD products
	UE UL carriers
	fx_low
	fx_high
	fy_low
	fy_high

	UL frequency (MHz)
	824
	869
	703
	748

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

	IMD frequency limits (MHz)
	166
	76
	1527
	1617

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

	IMD frequency limits (MHz)
	900
	1035
	537
	672

	Two-tone 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
	2486
	2230
	2365

	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)
	1724
	1904
	1240
	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
	3355
	2933
	3113

	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
	332
	3054
	3234

	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)
	2168
	1943
	2773
	2548

	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
	371
	1201
	976

	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
	3861
	3999
	4224

	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
	3982
	3878
	4103


2.3.3.2 UL_n5A-n105A
[bookmark: _Hlk142405144]Band n5 + Band n105 2UL bands CA 2nd, 3rd, 4th and 5th order IMD for the UE-to-UE coexistence analysis is listed below. As table 5 shows, there is no IMD issues for band n5, band n28, or band n105 with UL_n5-n105 configuration. 
Table 5. Band n5 and Band n105 UL IMD products
	UE UL carriers
	fx_low
	fx_high
	fy_low
	fy_high

	UL frequency (MHz)
	663
	703
	824
	849

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

	IMD frequency limits (MHz)
	121
	186
	1487
	1552

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

	IMD frequency limits (MHz)
	477
	582
	945
	1035

	Two-tone 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)
	2150
	2255
	2311
	2401

	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)
	1140
	1285
	1769
	1884

	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)
	2813
	2958
	3135
	3250

	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)
	372
	242
	2974
	3104

	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)
	2733
	2593
	1988
	1803

	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)
	1221
	1066
	461
	291

	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)
	3959
	4099
	3476
	3661

	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)
	3798
	3953
	3637
	3807


[bookmark: _Hlk142589946]Observation3: For CA_n5A-n28A-n105A, the two-tone 3rd order IMD products of UL_n5A-n28A will fall into Rx frequencies of band n105. The following test configuration could be a reference.
Table 6. 3DL/2UL IMD3 MSDs for CA_n5A-n28A-n105A
	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_n5A-n28A-n105A
	n5
	826.5
	5
	25
	871.5
	N/A
	FDD
	N/A

	
	n28
	723.5
	5
	25
	778.5
	N/A
	FDD
	N/A

	
	n105
	N/A
	5
	25
	620.5
	TBD
	FDD
	IMD3



3. Conclusion
Observation1：3-antenna architecture could be a baseline structure for CA_n5A-n28A-n105A. 
	
(a)
	
(b)

	
(c)
	
(d)


Observation2: The present 1UL cross-band MSD test configuration of CA_n5-n105, CA_n5-n28 and CA_n28-n105 could be a reference.
	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)
	

	n5
	n28
	834
	20
	15
	20 (RBstart=0)
	800.5
	5
	TBD
	ACLR2

	n105
	n5
	693
	20
	15
	20 (RBstart=86)
	871.5
	5
	TBD
	>ACLR2

	n5
	n105
	834
	20
	15
	20 (RBstart=0)
	649.5
	5
	TBD
	>ACLR2

	n105
	n28
	693
	20
	15
	20 (RBstart=86)
	760.5
	5
	TBD
	>ACLR2

	n28
	n105
	718
	30
	15
	25 (RBstart=0)
	649.5
	5
	TBD
	ACLR2


Observation3: For CA_n5A-n28A-n105A, the two-tone 3rd order IMD products of UL_n5A-n28A will fall into Rx frequencies of band n105. The following test configuration could be a reference.
	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_n5A-n28A-n105A
	n5
	826.5
	5
	25
	871.5
	N/A
	FDD
	N/A

	
	n28
	723.5
	5
	25
	778.5
	N/A
	FDD
	N/A

	
	n105
	N/A
	5
	25
	620.5
	TBD
	FDD
	IMD3
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