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Inter-band 30DL CA (including intra-band non-contiguous

=4 (B3 +B7 + B20)

S) OPTENNI

Carrier Aggregation bands in 3GPP Rel-12
CA):
CA Band N 1

E-UTRA operating band Req

CA 1-3 5 1+3+5 SK |
cA_1-3-8 1+3+8 1 o
CA_1-3-19 1+ 3+ 19 NTT O ' 1 1
CA 1320 T+3 +20 Vo e N\ B3 B3 1 1
CA_1-5-T TG T L] ! } --
CA 1770 T=7 =20 o | TLHCAq BPF, ILRC A2 1 LN :
A 1-19-21 1419 + 21 NTTQO | 1 1
CA 1-42-42 1+42 + 42 NTTO ! B7 B7 | 1
cA_2-2-13 2+ 2-F13 Weriao -—-
CA 244 Fad 4 ™ | VLHce BPFg ILHce, 1 LNA :
CA 2-4-5 Z2+4+5 LS ! 1 I
CA _2-4-13 2+4 +13 Veriao 1 B20 BZOI 1
CA_2-512 2+5+12 Us ! 1 o
CA 21212 2+ 12+ 142 A ! 1 I
cA_2-12-30 2+ 12 + 30 A L )
CA 2-29-30 24+ 20+ 30 | mEm—————
CA 3-3-7 3+3+T7 Telid

5 = | +-'|' 4 F [lea
cCA 3-7-20 3+7+20 Vodafone
[ - T e a4+ 8+ 12 T
CA 4-4 13 A+4+493 Verizon Wirsless
CA 4-5-12 4+5+12 US Cellular
CA 4.5-30 44+ 5+30 ATET
CA 41212 44+ 12 +12 ATET
CA_4-12-30 4+ 12+ 30 ATET
CA 4-29-30 4+ 29 +30 ATET
CA_ 19-432-432 19+ 42 + 42 NTT DOCOMO
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o JPREARMIN R, REeVI#E]—AMH

| B3 ¢ N [ \ —\ B3
i ILEEE»A»] BPFA IEEE;AZ I
| \ J \, J —
i B7 ( ) [ ) ) B7
: ILE@EB»] BPFg ILEEBBQ
\ J
f ) ' ) B20

IT_EEEA_Q1 BPFc ILEEBCQ

— \ J \ J \ )

B20

t
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o WIPRA RUFHIMEE, witeRER. fHf

— B RIS BT

© HELUFHIR AR
— Band 3, JEiK#r B4328 (EPCOS)
— Band 20,E# 4% B4409 (EPCOS)
— Band 7,JE %% B4329 (EPCOS)
—  JF% SP4T BGSA14RN10 (Infineon)
— Infineon application note AN295 discrete bjt LNA
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SUBCKT SUBCKT

° H%—X"/f EE [I;Tg T;IZ‘ EI(J lzﬁil:ﬁ . II\IIDE=1§=6:'B4329_PM" :\?I;TS!"Export LNA"
. X
— B3:Z,=68 +j10 ﬂ% >—a<
> J 7 % PORT
- B20:Z5=74 +j10 SUBCKT 0N UsekT
ID=S2 ID=S3
> S A A S o : “Export LNA"
o JRSiEFEIENRA . fL b NETBezs P NETExport LA
4 o S =
7\550 Q Z=50 Ohm h X
D 1 3 + PORT
SUBCKT SUBCKT ;;go Ohm
II\IIDE_TSj'BZO 1 II\IIDE_TSj'Export LNA"

%

E/\F?@ﬁ?ﬁ} = E/\E%@ i ;igOOhm
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JECARE = UL HE 5% . OPTENNI

Non_CA Gain and NF Band 3
20 T
FEAPUE AL S R
° [~ A AT} }:
™~ At B °
15
10
Non_CA Gain and NF Band 7
20
5
15
Non_CA Gain and NF Band 20 o
20
1700 1750 1800 1850 1900 1950 2000
10 Frequency (MHz)
15
5
10
0
2500 2550 2600 2650 2700 2750 2800
5 Frequency (MHz)
0
650 700 750 800 850 900 950
Frequency (MHz)
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Optenni Labm] S N H TG FPIRAS 5RERL, FIEEAVIRS Wi Bt Bis (363
¥, LNAR#E A FHST)

Enter frequency bands

Add pass band... Start freq.  End freq. Type Target value Mame
1505 MHz 1880 MHz S21lpassband 0dB 3GPP band 3 downlink
1805 MHz 1830 MHz impedance; 522 658+ ;10 (weight 1) 3GPP band 3 downlink

Add stop band...

Add impedance target...

Edit \
Optimal Zg for Band 3

Delete

Clear

Select Impedance Configuration for this Frequency Configuratior |RFC-RF1 =

8 ©2018 Optenni Ltd. All rights reserved. www.optenni.com




JECA %L Optenni Lab ® orrenni

» . — Y N o ; :
J:O ten nl Q Z\jJ /_‘\}52 % /I\ EA/_‘\ E(] EEE% Genera-l mul-tlport matchl-ng . .
1 p [ =25 v Pi: P2:SRSBSR, P3:5B, P4:5B, P5:

P1:, P2:5LPCSBSLPC, P3:SB, P4:SB, P5:

P1:, P2:SCPLSBSLPC, P3:SB, P4:SB, P5:

b = Q M. B3 P1:, P2:PCPLSBSLPC, P3:SB, P4:SB, P5:
E‘r TEI ﬁ EE E% /H/ﬁ: EI/‘J ﬁ B P1:, P2:PLSBSLPC, P3:5B, P4:SB, PS:

P1:, P2:PLSCSBSLPC, P3:SB, P4:SB, P5:

I P1:, P2:5SCSLSBSLPC, P3:SB, P4:SB, P5:

P1:, P2:SLPCSBRCSL, P3:SB, P4:SB, P5:

P1:, P2:PLSCSBPCSL, P3:SB, P4:SB, P5:

P1:, P2:5SCPLSBPCSL, P3:SB, P4:SB, P5:
Tl P1:, P2:PLSBPCSL, P3:5SB, P4:SB, P5:

P1:, P2:PCPLSBPCSL, P3:SB, P4:SB, P5:

P1:, P2:SLPCSBPCPL, P3:SB, P4:SB, P5:
T 1 2 I 0 Port 2 P1:, P2:SLSBSLPC, P3:5B, P4:58, P5:

Automatic Automatic P1:, P2:PCSLSBSLPC, P3:SB, P4:SB, P5:
i fRESERIR P1:, P2:PLSBPCPL, P3:SB, P4:SB, PS:

2 components el 2 components P1:, P2:PLSCSBPCPL, P3:SB, P4:SB, P5:

P1:, P2:PCPLSBPCPL, P3:SB, P4:SB, P5:

BPE3 P1:, P2:SCPLSBPCPL, P3:5B, P4:SB, P5:
P1:, P2:SLPCSBPC, P3:5B, P4:SB, PS:

P1:, P2:SLPCSBSCSL, P3:SB, P4:SB, P5:
P1:, P2:SLPCSBSL, P3:5B, P4:58, P5:

P1:, P2:SLPCSBPLSC, P3:SB, P4:SB, P5:

P1:, P2:SLPCSBSCPL, P3:SB, P4:SB, P5:
P1:, P2:SLPCSBPL, P3:5B, P4:5B, PS5:

HE2AHE, LRI T DL, P2-5LPCSESC, P3.58, PSS, P:
IT_E Eﬁ P1:, P2:SCPLSBSL, P3:5B, P4:5B, PS:
P1:, P2:PLSBPC, P3:SB, P4:SB, P5:

[

. R
o R R
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JECARZ{: Optenni Lab

BRI AT B B UL AL BT

10

Port 1
B—1a [2]
Port 33: 1.3 nH £2% 21
= -
| 3] [4]
B20 filte

2
rizg.g nH +2%

——

[ —

(5]

[51'

L1:3.15 nH £2% |1_ ort 2
lm
B3 filter
|0.598 pF 22 %
L4: 2.28 nH +2% 1 Zogrt 4
e
B7 filter

10.432 pE +2 %

©2018 Optenni Ltd. All rights reserved.
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JECAH I Optenni Lab ® orrenn
B R T L BB D ECC I

Transfer circuits ta CST DESIGN STUDIO SUBCKT
ID=S1
TranS'FEr Slﬂg'E ﬂrﬂ“t to CST DESIGN S'I'UDID NET="BGSA14RN10_RF1ON_RFC_RF1_RF2_RF3_RF4"
e = r s ::OfT T
- 1 =
Transfer drecuits to Microwave Office 580 onm > o SUBCKT SUBCKT
: ’ g 1 - ID=S_S" . ID=S_7" :
Transfer dircuits to ANSYS Electronics Desktop Do 2 sastsoasoozase = " NET="Export LNA
weal IND 2 4 r‘\%v/
Transfer drcuits to FEKO and quit B ID=L1 el i) :} —~=
=ooommT L=3.14639676224948 ikt 1 PORT
3 = P=4
o % a i 2250 Ohm
m C=0.482348782774951 pF
- cAp
ID=C1
C=0.598052753731756 pF
SUBCKT B SUBCKT
PORT ID=S5 IND 1D=s4
P=3 NET="Export LNA" ID=L3 NET="B20"
Z=50 Ohm L=1.29895651904225 nH
X
\p o
; N
- IND
ID=L2

1=29.9187308057904 nH

11 ©2018 Optenni Ltd. All rights reserved. www.optenni.com




JFCABL: VLHC FE %

. OPTENNI

H R A T 28
Ny ULECHLES, £ (PR )
Non_CA Gain and NF Band 3
20 T
15
Non_CA Gain and NF Band 7
20
10
15
5
Non_CA Gain and NF Band 20 A
20 10
0
1700 1750 1800 1850 1900 1950 2000
15 5 Frequency (MHz)
10 0
2500 2550 2600 2650 2700 2750 2800
Frequency (MHz)
5
0
650 700 750 800 850 900 950
Frequency (MHz)
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CARSET: T 75 FH [RIRF 1 UL Fc Fi 2 2 @ orrenns

o PR UIRBIASF BPIRESE,  ARCARIZ R VL AC i i i w] FH 2

| RFFE  RFIC
i ) [ h i
Y MN, 4 ~[BPFA} —LNA
Antenna f MNj —[BPF% —{LNAS
i MN ——[BPF(} —|LNAZ
VN — \ y .
Multi-throw 1
SPNT

Can we use setup that
already works at non-CA?

13 ©2018 Optenni Ltd. All rights reserved.
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CANZ: A8

TRFE

o JFIQAT A 1) e 280 HAth 3

VLEC B CANRE R

RFFE

UGN Y

HILNAJFIT 5 2215 BT

. RFIC

| — |
| ———{VNA1|—+BPEJ —{LNA
Antenna | c |

A S
Multi-throw
SPNT

14

[;n;'£ ['opt i

[,,: non-CA

I all-on CA

. OPTENNI

Non-CA vs CA

7
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CAR: 7] H
Hoe R I, 530 35 P,
Band 3 )%

1Y

[%AK 7 15db !

E@ﬂ 1&%? (0 OPTENNI

20

Non_CA and CA Gain and NF Band 3

1700

1750 1800 1850
Frequency (MHz)

1900 1950 2000

Pink solid line: NF in CA mode

Blue solid line: Gain in CA mode
Pink dashed line: NF in non-CA mode = ===ssessrsaanennes
Blue dashed line: Gain in non-CA mode  ==s=ssemsassass

15

©2018 Optenni Ltd. All rights reserved. www.optenni.com




{ECA 5 CAR LA @ orrenn

» ARCA R UL A FL S AE CARR 22 58 & TE R
¢ CA*%I—EE
—  VLHC HL A ATRECE A R SOIRGES R HERICR , AR ARCA #25(
KM Optenni Lab AIRA R AIMERX Z 00 2 HPTHI T ] A
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ULEC A, IFEPT/EBand B, Ca& LB K
BEAN 73 3L AN 2 5 3 FLAth ) AL B
TFIRABEALAZRAL 25 AT IR

17 ©2018 Optenni Ltd. All rights reserved.
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Optenni Lab :

Band 3 JEyk s HULHED

(a OPTENNI

\}—L A} — .
Wit H s
o o = N — Start freq.  End freq. Type Target value Mame
Band 3 Tﬂﬁﬂi J (821 O db) 1805 MHz 1880 MHz S21 passband 0 dB 3GPP band 3 downlink
- IKHTE%EBand 7, Band 20 %%Baﬁ 2620 MHz 2690 MHz impedance: 511 1.£0° (weight 1) 3GPP band 7 downlink
— Qﬂ{t’:%ﬁ%? Topology ? 791 MHz 821 MHz  impedance: 511 1.20° (weight 1) 3GPP band 20 downlink
: ot I N > P1:3, P2:3
Opten nl E/‘j g Z\jJ {:[\}Ekj:ij( : P1:PCSLPC, P2:PLSCPL
P1:PCSLPC, P2:5CPCSL
— UFBHE RSN (BN, BED) P1:PCSLPC, P2:PCSLSC
A S E U H b Geiic T . L
He LY 2 P1:PCSLPC, P2:PCSCSL %ig o :?73 .
)| T o= Rrerangys > : : )
— APkt AR L, PRACRA PLRCSLBC, b3 SCPLSC e
P1:PCSLPC, P2:PL5C BPFQ
P1:PCSLPC, P2:5L
P1:PCSLPC, P2:PCPL
P1:PCSLPC, P2:PL /
P1:PCSLPC, P2:
P1:PCSLPC, P2:5CPCPL
18 ©2018 Optenni Ltd. All rights reserved. www.optenni.com




Optenni Lab : Band 7 . Band 20

19

Band 7 : A %E - 3

Band 20 : H{}-41= — 4

s gy @ ormenn

Port 2

) BPF, )

E?rt 1 C1:1.94 pF £2 %
B : ] =; —1] 2

cL2 i1

i 12.1 nH £2% 37.48 nH +2%

BPF,,

Port1 C2: 0.634 pF 2% C1: 0.668 pF+2 %
> ] i | [1] [2]

rL2 eL1

izza MH =2 30 nH £2%

©2018 Optenni Ltd. All rights reserved.
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A I AT+ 4L

o AR
— 1‘%@7 TETIRES:
Band 3 (FECAELZD)
« Band 7 (ECAELHD
- Band 20 (JECAR=D
- Band 3+ Band7
« Band 3 + Band 7 + Band 20

o Pt B UL B FE

20 ©2018 Optenni Ltd. All rights reserved.
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NIlIpA

21

IR+

Bt Hbs: B IOIRES:
— ANF AR EAT (R HURE 2 IUE & ILNAR AP

@ Enter Frequency Data ?
B3 B7 B20 B3 + B7 B3 + B7 + B20
Enter frequency bands for frequency configuration 'B3 + B7 + B20'
Add pass band... Start freq.  End freq. Type Target value Name
1805 MHz 1880 MHz S21 pass band 0 dB 3GPP band 3 downlink
Add stop band...
2620 MHz 2690 MHz 531 pass band 0 dB 3GPP band 7 downlink
Add impedance farget... | 700 MHz 810 MHz S41 passband 0 dB 3GPP band 20 downlink
Edit 1805 MHz 1880 MHz impedance: 522 68+ j10 (weight 1) 3GPP band 3 downlink
2620 MHz 2690 MHz impedance: S33 56+ j6 (weight 1) 3GPP band 7 downlink
Delete
790 MHz 810 MHz  impedance: 544 74+ j10 (weight 1) 3GPP band 20 downlink
Clear
Select Impedance Configuration for this Frequency Configuration RFC-all x

©2018 Optenni Ltd. All rights reserved.
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N

R+

Port 1 11:4.29 nH £2%

1 ort 2

[ [ Tt

[1.1pF£2 %

[126 pF 22 %

BPF 3

Port 21 G3: 2.53 pF £2 % _ C4: 0.528 pF +2 % C5: 0.531 pF 2 % L ort 4
] I Bl [ i i |
L3 L2 L4
REFE §6.38 nH £2% i9.41 nH £2% 519.9 nH +2% B0
—5]
| 1)
22 ©2018 Optenni Ltd. All rights reserved.
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CA 15 VLEC 4,

;i BHT

(a OPTENNI

B3 for CA states B20 for CA states
— — B3 -~ — B20
— B3 +B7 — B3 + B7 + B20
— B3 + B7 + B20 /
B7 for CA states
P S —
— B3 + B7
— B3 + B7 + B20 }\
1_‘opt opt
B20 noise match OK
B3 noise match OK
1_‘opt

23

B7 noise match OK

©2018 Optenni Ltd. All rights reserved.
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CA 30

JLBCES R 114G

B3 insertion loss for CA states

/

4R

B3
——ERi BT

— B3 + B7 + B20

(a OPTENNI

B20 insertion loss for CA states

4

S parameters [dB]
=
o

-20 .
1.7 1.75 1.8 1.85 1.9 195 2
Frequency [GHz]
24

S parameters [dB]
[y
o

]
[y
1%

-20
25 255 26 265 2.7 275 2.8
Frequency [GHz]

B S
b
B7 insertion loss for CA states
0 T,
] F—« = —B3+87
5' \ — B3 +B7+8B20

Frequency [GHz]

0.7 0.75 0.8 0.85 09 0.95

— B20

— B3 + B7 + B20

©2018 Optenni Ltd. All rights reserved
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JLEC 2 B - e 125 (B3) @ OPTENNI

CA Gain and NF Band 3
20 8
2: .
?;35601l\glgz Blue: Gain non-CA
7. .
15 6 Red: Gain CA B3+B7
10 4 Pink: NF nonCA
Brown: NF CA B3+B7
%15:0 MHz
5 2.172 dB 2
0 A 0
1700 1750 1800 1850 1900 1950 2000
Frequency (MHz)

25
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CA =0

JLRC&h 5R ¢ e

CA Gain and NF Band 7
20 8
m3:
. e . Blue: Gain non-CA
Red: Gain B3+B7 CA
Green: Gain B3+B20+B7 CA
10 - 4 _
- 60 Mz Pink: NF non-CA
3183d8B Brown: NF B3+B7
5 2
0 0
2500 2550 2600 2650 2700 2750 2800
Frequency (MHz)

26
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CA Rl 28

VLACZS R -

ey, 1

CA Gain and NF Band 20

20

15

10

mb5:
800 MHz
15.68 dB

\

m6:
800 MHz
2.872 dB

650

700

750

800

850

Frequency (MHz)

900

950

27
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28

(a OPTENNI

bR TR A . JFOCHILNA, VLS H ES K 2 B, B RIE N 7
B A VL FEL i

Optenni Lab [ H zh& BVL B3R AF 0T % FH i85 i 24

A IR 5 £ ANPCB 5 7Y

1 S A\PCB HIEM{; E 45

HFEIFER AR, FATKH Murata LQWO3AW_00 HE Fil GIM03 L&
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AN

KHTER R 458

HOEBEASE, RS AR, RS ESE T AR,
MG R FELHS S BR3P

29

Optenni Lab ] H 373 87 B A 1 F B 0 2844 2 22 B BURK L

Port

1

BPF 7

L1: 3.940.2 nH 1
Port 1 i o (Murata) ort 2
[ Cl1: 1.3+0.05 pF
J: P BPF 3
L(Murata)
L2: 1+0.2 nH C2: 3.1£0.05 pF L3: 6.8 nH £5% 1
(Murata) (Murata) (Murata) ort 4
v\—{ v
B3] 4 [ C3: 1.240.05 pF
BPF 20
I(Murata)
—5I
o—[5]'

©2018 Optenni Ltd. All rights reserved.
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AN

BRI

éi‘% (BB) . OPTENNI

CA Gain and NF Band 3 Blue: Ga_m non-CA
20 . 8 | Red: Gain B3+B7 CA
M2 e Green: Gain B3+B20+B7 CA
17.61 dB
15 6 )
- Pink: NF non-CA
15728 — Brown: NF B3+B7
10 326305 4
1: . ' .
. fsfg’z“ggz ) Solid line: ideal components
' Dashed line: library components =sssssasasuans
0 : 0
1700 1750 1800 1850 1900 1950 2000
Frequency (MHz)
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RAM B R 45 (B
1T B Ay )T é ¥4
CA Gain and NF Band 7
20 T 8
m3:
2660 MHz
15 14.43 dB 6
me6: mb:
2660 MH
141168 377608
10 4
mé4:
2660 MHz
3.183 dB
5 2
0 0
2500 2550 2600 2650 2700 2750 2800
Frequency (MHz)
31 ©2018 Optenni Ltd. All rights reserved.
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Blue: Gain non-CA
Red: Gain B3+B7 CA
Green: Gain B3+B20+B7 CA

Pink: NF non-CA
Brown: NF B3+B7

Solid line: ideal components
Dashed line: library components ===s==s=s=sssse.
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KT ER . 455 (B20) @ orrenn

CA Gain and NF Band 20
20 r 8 _
mS: : Blue: Gain non-CA
800 MHz ]
15.68 dB \ \
15 I — ~ 6
800 MHz ) Pink: NF non-CA
15.35 dB
m7:
800 MH
10 3473 4B 4
mé: Solid line: ideal components
800 MHz . .
2.872dB Dashed line: library components ===s==sessesaan
5 2
Note: NF at zoomed scale
0 0 | on the right
650 700 750 800 850 900 950
Frequency (MHz)
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X A Optenni Lab ¥4 ® orrenn

v’ fiili Request Free Trial, $H
f e
@)+ ovtenni mitst g

Customer Login
(‘ OPTENNI _® Seard 7'y
3 o k=

o HEMY

v ﬁl}'ﬂi , jfl:‘li‘dijz‘ ﬁ%‘éi—l}j{’ﬁ: @ ® License Status ? «

_@ »! Store computer info...

License type Network license status

> O @ & www.optenni.com X k= L e

a

v BB A B AL NG EIyp

v' giifiStore Computer Info, fifi £”computerinfo”, —@ ————rrr— > Browse...
?Ei«‘Zi*l:Ul %‘é{i\ francis.Ieong@optenni.com License server

v @%W?Ul/ﬁﬁ E‘Jﬁﬁﬂﬂlicense, ?jﬁ)ﬁ]i% O Floating IP address 1.1.1.1 SIest
license HJE&4E Port 6200
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