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LTE-Advanced CA Features in 3GPP REL-12 and its Future
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ABSTRACT

This paper investigates the standard features of Carrier aggregation (CA), the related UE RF requirements in
3GPP release 12 and estimated CA evolution in future. The main CA feature of 3GPP release 12 in WG4
perspectives includes 2Uplink(UL) CA, 3Downlink(DL) CA and TDD-FDD CA. To support these features in UE,
UE-to-UE coexistence problem and RF requirements generated by unwanted emissions such as inter-modulation

and harmonics are analyzed. Also, future CA technology such as LTE in unlicensed bands is described.
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. REL-1194 CA %3 2 A9 do =

1
Table 1. CA configurations and bandwidth combination sets for variable CA features in REL-11

Carrier Frequency
CA |/ Class Band Combination G : GHz Max. aggregated BW[MHz]
M : MHz
B7+B7 2.6G+2.6G 40
Intra-band Contiguous CA
(QULs/2DLs) B38+B38 2.6G+2.6G 40
B41+B41 2.5G+2.5G 40
Intra-band Non-contiguous CA B25+B25 1.9G+1.9G 20
(1UL/2DLs) B41+B41 2.5G+2.5G 40
B4+B13 2.1G+700M 30
B7+B20 2.6G+800M 30
B1+B19 2.1G+800M 35
B3+B5 1.8G+800M 30
B1+B18 2.1G+800M 35
Class Al B4+B5 1.7G+800M 20
B3+B20 1.8G+800M 30
B2+B17 1.9G+700M 20
B2+B29 1.9G+700M 20
Inter-band CA B4+B29 2.1G+700M 20
(1UL/2DLs) B4+B17 2.1G+700M 20
Class A2 B4+B12 2.1G+700M 20
B3+B8 1.8G+900M 30
B3+B7 1.7G+2.6G 40
B5+B12 800M+700M 20
Class A3 B4+B7 1.7G+2.6G 30
B5+B17 800M+700M 20
B8+B20 900M+800M 20
B11+B18 1.4G+800M 25
Class A3 B1+B21 2.1G+1.4G 35

*2ULs/2DLs inter-band CA
* IUL/3DLs inter-band CA
+ TDD-FDD CA

o374 3DLs CA & #|43}7] $Jal whzte] 7lea
27} oleflo] 3 29} 3ho] FPA o ® qiulo] EXick
= 7]2 LTE/LTE-A <l|419] s}3k=]= dolg] A5

& o Al QHELE ) 270”1 29|e] o] (Layer) A
73%- Z|d] 150Mbps (Category 4 UE)o]v, b 441
SHIUZE 4718l 48e]e] Zlgo] AL} 4241 gk} 270
°]a2 2 DL CAE *H& 7% =t 300Mbps
(Category 6 UE) o[t} 3|9k, 7|& whd 7l ae] 7
3} 8 Afoolli= HlolE] AEEo] 108 o]Ake] o]z}

Harmonic

Tx / Rx Low | Filter
Antenna Band |—— [\ —‘>—-B17 Rx
Low I
Bands \
— Switch [~ [\ <}»B17 Tx
Duplexer
RF Test /
Connector High
Diplexer Band |—— [\ _D_ B4 Rx
High I
Band.
ands Switch [ /—\ B4 Tx

a2l 2. Y 7 CA A2 FEjzelA)e] whd 7E 44 729 o

Fig. 2. Example of UE RF architecture in CA Class A2

Duplexer
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¥ 2. LTELTE-A £ 918 < 76z
Table 2. UE categories for LTE/LTE-A

Category 1 2 3 4 5 6 7 8 9 10
Peak Rate DL 10 50 100 150 300 300 300 3000 450 450
(Mbps) UL 5 25 50 50 75 50 100 1500 50 100
BW per CC 20MHz

Multi-antenna configurations

2x2 MIMO N/A Mandatory

4x4 MIMO Not Applicable Mand-atory Optional Mand-atory Optional
8x8 MIMO Not Applicable Mand-atory| Not Applicable

orelL} 27 71522 3DLs CA &
Fo slek = dloly] AFES
450Mbpselct. o]l wie} ofefje} 22 A= UE
category 93} 10 ©] REL-12 ZF3ollA] A2 A=
9)2m REL-11 whaie] 42 5= glrk

2.1 2ULs/2DLs CHd ZF CA

whke] Ak |3 FA] A%<l 2ULs/2DLs tHY 7k
CAE =7 b 7} 35 olqpe} wbdt A7 S

ol4r 27FA17} EAlghe)

A WA i ZF FE oo 7% 2UL Y 7k
CA & nZ3}slr] A7R] 3GPPoIA]: Egt x|
WollA] A== Fub tjdwt BsE] S st
Ak AL 2UL oY 7F CA Zjtellrs M= ok
Aol A A== W Z3ho] & 33 o] &g
th 7l EAEHA 3R T AYS obEs
(Cross-Region) ™9 7F CA Z3to = ola] =] 7t
i TS 918 58P 3GPP A4 = o
Zhe gl e o5 s Adslr] sl 570 el Alk=ES
th A% B3 74E A = Fete] A=
3GPPoIA] A3t BE Fal tioo] B o r
AAE ol ol=et EH 838ty HES 2F S
AR 37 9EiA s 5SS B A
< A $18F dFom Aty TEsts A8t
A,

T WA o]9M= 2ULs/2DLs WY 7k CA H$-°0=
whiko] 2] A<x(simultaneous transmission)l] 2]k
Atk 7} *SHREFSENS degradation) ©]t}. o]
o Wi} AgollMs EAEA] st ol
ek Ha A Al o8 AE i o] A
Azl &ax] 27| At Flwr) A shE= |
Aoleh & 4olldE 2ULs i 7F CA F3hellA

2o
o, 2%
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o] 2z gk}, 3}#]4F Band 5(800MHz) 741 th<del]
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E 3. Rel-12¢14 2ULs/2DLs 9 7} CA %3+
Table 3. Dual-uplink inter-band CA band combination lists in Rel-12

Class Con]?;i];gtion Carrier Frequency Ma]);.v;[ghirgi?ted Regional Information
B1+B5 2.1G+800M 30 Region 1+2+3
B1+B19 2.1G+800M 35 Region 3
Class Al B3+B20 1.8G+800M 30 Region 1
B7+B28 2.6G+700M 35 Region 1+2+3
B2+B13 1.9G+700M 30 Region 2
B4+B13 2.1G+700M 30 Region 2
B3+B8 1.8G+900M 30 Region 3
Class A2 B4+B12 2.1G+700M 30 Region 2
B4+B17 2.1G+700M 20 Region 2
B1+B7 2.1G+2.6G 40 Region 1
B3+B7 1.7G+2.6G 40 Region 1
Ig?;ij;d])]i‘? Class A3 B4+B7 1.7G+2.6G 30 Region 1+2+3
B5+B12 800M+700M 20 Region 2
B5+B17 800M+700M 20 Region 2
B3+B5 1.8G+800M 30 Region 1+2+3
B1+B3 2.1G+1.7G 40 Region 1
B2+B4 1.9G+2.1G 40 Region 2
Class A4 B5+B7 800M+2.6G 30 Region 1+2+3
B7+B20 2.6G+800M 30 Region 1
B3+B26 1.8G+800M 35 Region 3
B3+B19 1.8G+800M 35 Region 3
Class AS B1+B21 2.1G+1.4G 35 Region 3
B19+B21 800M+1.4G 30 Region 3
* Ao ZF 239l W1 7 CAY A% HeE sl Ak siA wikk
- A D) AT AGTE FE olar =2l wskem® #E5 kA 9
- A 2) A 2 FE olare 3l olat *Zﬂfﬂ—c =7} Zhol| 4.
- T4 3) F AHellA wF HEdhe “H%ﬂ"ii oo g4
-4 T A F o= 7‘]"30] = BHEshe o BF BE doon il
- FA 5 F AGe] £33 EE B AMShs UEteld 83ks T Fell Rados A= A
Sk A= whd Fhelae]E AAshe Zlolsler, I Insertion loss)o| FepAm, 4F] A1 grel] whet $41
Aol A =2l% % 2004} 3Fo] AfRf whE FhE| 3 o F AS AH3 A o A AR odEs b
2] 99} 102 2014 3ol 373} <kE3}a, REL-11 7] wjEolet.
e vkedsr| 2 AA sl Al WA o|q= v RF % 774 A oldrolvk
i WA olqi= Al o] tE AS1sh] Sl ol+= Al whol] sl WhAIRE zs) Aol o8k 4l
T AdAlel 3 Alolok TAH e 19 33 3 A Aehs sfdshes WA ol 5 s3] $13
°] 715 wbd -3 (Reference UE RF architecture) S 2~ HRol| o3t 54 AdA o]t
e} Efo]Z@A(Triplexer)®] A3 739l 18] 3% 3DLs & A|¥18h= whde] RF 720
AALZE A (Hexaplexer) S ©]83F RF 7325 w733 gk gk ofjo]ct. o] ofloll4] 3DLs CA Band_x-y-z & A
AIA, o wd 2 AAH tlo|Za A<} ﬂ——aﬂ/ﬂ‘j} 3= %%’9‘ Al 7FA] 2DLs CA %33l Band_x-y,
£ 73E AR E AHsh= FAlotk o= 71E Band_y-z, Band_x-z % o= Sh}Z% Z9(fallback)
u x| wpe} 2= 3t ARy €—/‘E‘(Add1t1onal & 3)\5_% 2 afof et
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E 4. 20L HY 7F CAolA sledaelxe] dazsl vzt A 93 14
Table 4. Analysis of IMDs and harmonics induced by 2UL CA into own downlink bands

Band Harmonics Inter-Modulation
Class Combination
H2 H3 IMD2 IMD3 IMD4 IMD5
B1+B5 Yes
B1+B19 Yes
B3+B20 Yes
Al
B7+B28
B2+B13
B4+B13
B3+B8 Yes Yes Yes
A2 B4+B12 Yes Yes
B4+B17 Yes
B1+B7
Inter-band B3+B7 Yes
CA
(2UL/2DL) A3 B4+B7 Yes
B5+B12
B5+B17
B3+B5 Yes Yes Yes
B2+B4 Yes Yes
B7+B20 Yes Yes
A4
B3+B26 Yes Yes Yes
B5+B7 Yes Yes
B3+B19 Yes Yes Yes
B1+B21
A5
B19+B21
E 5. Band 5 + Band 7 CAclA] A&z A4 14
Table 5. IMDs products for Band 5+Band 7 CA combination
UE UL Carriers fx_low fx_high fy_low fy_high
UL frequency (MHz) 824 849 2500 2570
27%fx_1 - 2*fx_high 2%fy_l - 2*fy_high -
Two-tone 3rd order IMD products 2#hx_ o.w [2%tx_hig l2#1y.. O.W y-me
fy_high| fy_low| fx_high| fx_low
IMD frequency limits (MHz) 802 - 922 4151 - 4316
[fx_low - [fx_high - [fy_low - [fy_high -
Two-tone 5th order IMD products 4*fy_high| 4+fy_low] 4*fx_high| 4+£x_low|
IMD frequency limits (MHz) 9151 - 9456 726 - 896
[2*tx_low - [2*fx_high - [2*fy_low - [2*fy_high
Two-tone 5th order IMD products 3%fy._high| 3#fy_low] 3%fx_high| ~ 3fx_low|
IMD frequency limits (MHz) 5802 - 6062 2453 - 2668
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Lower band

o I

A
/// = Bz
/// . os mman

7 /

Very High band

72l 3. 3DLs CAE A¥sl= w# RF 71% 729 ¢
Fig. 3. Example of UE Architecture for 3¢! inter-band CA

I 6. Band 5+Band 7 CA°A] A" Als Wz w4
Table 6. Measured IMD levels for Band5+Band7 CA
combination

facc(::)lrplégé) Desensitization by PA(dB)
IMD3 IMD5 IMDS5 at
at 882MHz | at 886MHz | 2668MHz
40 39.48 33.78 0.63
50 29.70 23.87 0.61
60 20.37 14.01 0.58

a8 3] AAEAAE ARSshe Aot #e], o
v o 2 REF 2x7) Edksl Fxoxe] Akglssalo)
7] wite]l 2DLs CAoIA= FFEExie} ol ZeA]
7} Ak A =EH4(Quadplexen) S ©]-8sh= v
T35 wEsisitk 3DLs CA Absledde 13 39
15 o 2ol wmet A=, =gk AAd Ak
AlS 2DLs CAR Zald A o2 §x%c)

Q\I

¢

2.3 TDD-FDD CA
TDD-FDD CA-L— 712 TDD 2-2 FDDolA{qt %]
A3 CA 7Es AR PE tEst WAz E
R R I e H&A‘Olﬂi TDD ¢} FDD F35 =
T BREE ARIAEEe] B oS AE8A R AR
317] $lell o] Alxk=| gl . TDD-FDD CAE ¢
3]+ TDD-FDD A3 = 5A Aol &gk RF
oJ3kw wejElojo} B}A|NE 3GPP WG4 A= 54
HEel o3t A = 7] FE ol B Al '
o 7tw AsLE wiAlEly] 9ld), skEFE= cAQl
1UL/2DLs TDD-FDD CA %+2- REL-120l|4] w23}

www.d

High band

712 spdeil

% 4= TDD-FDD CA 2% AlUg]| 29 g o2
A, 2GHz °]3}e] AehA o vk Skl FDD tf
o] vj=Z A(Macro Cell)S 83}, 2GHz o4
o] Ao e Fis4ql TDD velel= TDD
43 Al(small cell)S CAE ZAdslo] &3k k2]
olct.

RAN WG4 Rel-12¢4] 3% 83} 7¥o|, TDD-FDD
CA of 3t thed =3hs 47le] 9= gdsle]
T-5}91.2m, Band 8+Band 40 , Band 1+Band 42 CA
Z3oll el EFSHE skEEIaL VA 23S
t}2 TDD-FDD #l= %33} 37 Rel-1304] o173
oﬂ;a]o]q_[lﬁ,m.

%8 5-(a) + Low +High TDD-FDD CAY 7%
ARSE = T RF 7% 722 & oflE vehict o]

TZolAM= TDD Tl 37142l FEj7} glem, of
JéEi% TDD 3 ®= whd 413} FDD 313 &=

FOD ToD
macra cell small cell

D7
P,

T2l 4. TDD-FDD CA & Ale]e o
Fig. 4. Use case scenario for TDD-FDD CA
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¥ 7. 3DLs CA W= x3H'?
Table 7. 3DLs CA band combinations''?’

Max. Max.
Band Combination Carrier Frequency aggreagated Band Combination Carrier Frequency aggre?jgated
BW[MHz] BW[MHz]

B1+B3+B5 2.1G+1.8G+800M 50 B3+B3+B7 1.8G+1.8G+2.6G 60
B1+B3+B8 2.1G+1.8G+900M 50 B3+B3+B8 1.8G+1.8G+900M 50
B1+B3+B20 2.1G+1.8G+800M 45 B3+B7+B7 1.8G+2.6G+2.6G 60
B1+B3+B26 2.1G+1.8G+800M 50 B3+B7+B20 1.8G+2.6G+800M 50
B1+B3+B19 2.1G+1.8G+800M 55 B3+B8+B27 1.8G+900M+800M 40
B1+B5+B7 2.1G+800M+2.6G 50 B3+B42+B42 1.8G+3.6G+3.6G 60
B1+B7+B20 2.1G+2.6G+800M 45 B4+B4+BS5 2.1G+2.1G+800M 50
B1+B18+B28 2.1G+800M+700M 45 B4+B4+B7 2.1G+2.1G+2.6G 40
B1+B19+B21 2.1G+800M+1.4G 50 B4+B4+B12 2.1G+2.1G+700M 50
B1+B41+B41 2.1G+2.6G+2.6G 60 B4+B4+B13 2.1G+2.1G+700M 50
B1+B42+B42 2.1G+3.6G+3.6G 60 B4+B5+B12 2.1G+800M+700M 40
B2+B2+B5 1.9G+1.9G+800M 50 B4+B5+B13 2.1G+800M+700M 40
B2+B2+B12 1.9G+1.9G+700M 50 B4+B5+B30 2.1G+800M+2.3G 40
B2+B2+B13 1.9G+1.9G+700M 50 B4+B7+B12 2.1G+2.6G+700M 40
B2+B4+B4 1.9G+2.1G+2.1G 60 B4+B12+B12 2.1G+700M+700M 40
B2+B4+B5 1.9G+2.1G+800M 45 B4+B12+B30 2.1G+700M+2.3G 40
B2+B4+B12 1.9G+2.1G+700M 50 B4+B29+B30 2.1G+700M+2.3G 40
B2+B4+B13 1.9G+2.1G+700M 50 B7+B8+B20 2.6G+900M+800M 40
B2+B5+B12 1.9G+800M+700M 40 B19+B42+B42 800M+3.6G+3.6G 55
B2+B5+B13 1.9G+800M+700M 40 B26+B41+B41 800M+2.6G+2.6G 55
B2+B5+B30 1.9G+800M+2.3G 40 B39+B41+B41 1.9G+2.6G+2.6G 60
B2+B12+B12 1.9G+700M+700M 40 B41+B42+B42 2.6G+3.6G+3.6G 60
B2+B12+B30 1.9G+700M+2.3G 40 B40+B40+B40 2.3G+2.3G+2.3G 60
B2+B29+B30 1.9G+700M+2.3G 40 B41+B41+B41 3.6G+3.6G+3.6G 60

R |

o
—~ \ / 0

FDD Tx —»% = o FDD Rx 4————————|
o

/ }
TDD Rx #4—m————

SPDT

(a) Low+High band combination (b) Low+Low/ High+High band combination

3%l 5. TDD-FDD CAE AYshk= o RF 7% +&
Fig. 5. UE reference architecture for TDD-FDD CA
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able 8. Example band combination for TDD-FDD joint operation
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(2.1GHz) (3.5GHz) Absl=Al 3k AA (ATIB,c = 0.8dB, ARIB,c = 0.5dB in Band42)
3 40 _
i i Z3 715 F2lA Tri ARE- of %7} AA =R ok
(1.8GHz) (2.3GHz) High + High band 33} |5 =4 Triplexer A& o347} =R
8 40 Low/High band zfﬂo]wl aFIYAFTHFO o8 odgko] ¢l 2DLs Wl 7+ CA Class
(800MHz) (2.3GHz) Al9] wht 25 APARSE 4= 9)S. (ATIB,c = 0.3dB, ARIB,c = 0dB in Band 8 and 40)

r_,TL

i ale] FAlef o] o] A uf, TDD $+4l Al5e]
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48 7]% 2DLs WY ZF CA Fell AlelA] AR
AR EAE A= ARsiin)

3% 5-(b)= High + High W*l¥} High + very
High (3.5GHz) t%] Z3lellx 2] 7|5 e 730]v,
o] Wiz Zox Erfo]Zalx AREelFrl HED
7§74EP<1 oFokom, mwal 8- EnfolZad gk
gl B4 2 Ak 4 5o AHHr) Sl o R o

TE|ofok 3t

es|

.

. CA E= Zst
I gl REL-12 7H4|9] CA 54 ¥ i+ 25
7 o]5 A|shr] 913 "I RF 75, 290 3
Al A S Rkl s dobrgiet. o] 7]
Hho g - Aelrl= - CA EF A3 Wake =2
staLzb gheh
ARiARES] A ekt B AR M vt

Elo 2 Al5f ‘%]EL CA Hri= 1= CAdl digh 3
Aol AdiHew  Erh olF wlEeR, 3F
1UL/4DLs CA % 1UL/3DLs TDD-FDD CA el of
g T A13hE Ak 5 ook 22 AR 7 B4l
o «16& ek 23 Edd SR <ls] 2ULs/3DLs
CA, 2ULs/2DLs TDD-FDD CA 5| o3l 4% &
whs] Z18d o2 o dEich AlA| 2t 20144 8
RAN WG4 o4 AT&TE H|FE3F 2v] A[gizE0]
1UL/4DLs CA ©l| T3k WI(Work Item)S AFsled
om0 ole]] Tk EF =9]% Rel-13¢]4] o] FoiA
Aot

W3 djd7} ¥] W dd(Unlicensed spectrums)

ool
m

7ke] CA =3 A28 x13}e] whsko|n], LTE-UZ %
sl o] 7148 20143 69 Zaks ETSI HAollA
32l 3GPP LTE-U Y4k E&?! Z=d Apsiat
o} A|ZAR] w2 S Elgk uf 9ot o] -
Ik ow 2713 Zlow oty AMAL Bl
W3] H(Licensed Spectrum)3Fo2 =83}7] o8]
th= gt sloll, WiFivh S-FF2x(Bluetooth) 5<] 5~
2 AREE= ¥] W3] tl9d(Unlicensed Spectrum) 2.2
o] B3}l Bl g AbleE AEE ALY rslels

Aok

T3 6oll4] AR wlsk o] i) dhele] uig
S e 2] vk el shel M 0

SR shaL vHE oS - akgatE A |
3] o] ¥.3 ¥l (License Assisted Manner) 2.2 A}
$3h= Zo] & ell7b = 5 Pl =3t v iy
o2 ALl BAlS e W= A B 5
otk

A W] delAut ARSET LTE whdo] H]
ME g FEHoR Alkgslr) -?/]5]]/( L Zare)
A9} Al (Regulation)ol] g+ A3hs F}otsla, o]l
gk 714 T 7FsAdel w‘d A Eo]o} gk
w3l 7129 WiFi ¥ legacy systemS 233 5 9l
+ LBT(Listen-Before-Talk) ¥} 22 ZZ2 &F-2- &
3l7] Sl A whalel] gt A E E3kshe 3= W
Alef] thgk A7t AdsjE]ejo} gk o] & $]8 RAN
WGl ellM= vHs] o] 53t shdels &9
5.8GHz WiFi "hhS H33l] 918l Ee] Al
Al od A3y} Fagk Aol digh A7 H sk
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Secondary Carrier
Unlicensed Spectrum

Primary Carrier
Licensed Spectrum

T2 6. LTE-U ¢ CA AH& o,
Fig. 6. Example of LTE-U as License Assisted CA

delzle] RE 74 248} 2 2heds AlsiAE S
-8 Aol dig 9] So] A& 4 ek
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R =tol|A]= 3GPP WG4 I ol|4] REL-12 CA
7] =99 5 o)+, ¥ RF 1%, 3¢ ol
RF &7 A1} 34 4 FFolMe] 288 Aujrgt
th =3 CA EF Al3tel] tigh o5 024 slefe=a
o] E¥ Zh= $3F 1UL/4DLs CA, 1UL/3DLs
TDD-FDD CA, A% #=9 EY FuE S
2ULs/3DLs CA, 2ULs/2DLs TDD-FDD CA 5% 1
Zsisick vixeho 2 we Aldzle} Al Z:AFEL] A
< Wk gl WE o v djedte] cA”l
LTE-UE A5 RS} o] 5 x33le] CA A8k A
o] @A o2 FDD A% T vge] 584 A}
45 918l A H= e 18 9=3), TDD
Fa2] FDD 313F &3 AR} 212 vlefsh el 2
Z13sk 7o 2 ofAkEc)
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