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ABSTRACT: The amount of data traffic is explosively growing because of the increase in video traffic and
spread of smartphones, and more high-speed and broadband wireless technologies are expected in future
cellular mobile systems, such as Long Term Evolution (LTE)-Advanced and fifth generation cellular
mobile systems (5G). The Heterogeneous Network (HetNet), where many small cells whose transmission
power is relatively small are located inside the area covered by a macrocell, and the Carrier Aggregation
(CA), which aggregates multiple frequency bands, are key technologies for LTE-Advanced. However,
such technologies complicate the cell structure and increase the inter-cell interference, which limits the
capacity and degrades the cell-edge user throughput. The conventional Signal-to-Interference plus Noise
power Ratio (SINR)-based control for the radio parameters (such as the transmission power, the
frequency allocation, and the direction of antenna pattern) is insufficient and the throughput-based
control is necessary to cope with the complicated inter-cell interference. This thesis explicates Inter-Cell
Interference Coordination (ICIC) technologies that control the radio parameters to improve both the
capacity and the cell-edge user throughput by applying an original low computational cost algorithm for
user throughput calculation. The proposed fast user throughput calculation method, which utilizes the
criteria for maximizing the Proportional Fairness (PF) utility function, is applicable to develop novel
ICIC technologies for future broadband mobile communication systems. This thesis is organized as
follows.

Section 2 describes the inter-cell interference conditions demonstrating the distribution of
SINR and that of user throughput in the conventional macrocell and HetNet. Section 2 also analyzes the
throughput performance achieved by the PF scheduling in both the single-cell and multi-cell
environments. The analysis reveals that the throughput-based PF scheduling automatically allocates
users to appropriate radio resources, such as connected cells and allocated frequency bands. This means
that the new ICIC schemes can be developed if user throughput is calculated by analyzing the resource
allocation ratio after the throughput-based PF scheduling.

Section 3 proposes a method that calculates the resource allocation ratio and user throughput
with low computational cost. Convex optimization using the Karush-Kuhn-Tucker (KKT) condition is
applied to solve the PF utility maximization problem in order to estimate the resource allocation ratio
that enables the user throughput calculation. The proposed method has a faster convergence speed than
the conventional “system level simulation” and can greatly reduce the computational time for the user
throughput calculation.

Section 4 describes three ICIC technologies that apply the proposed method for estimating the
resource allocation ratio and user throughput. The first technology is the “throughput-based small cell
design”, where the proposed fast user throughput calculation method is utilized to find better
combinations of radio parameters, such as the location of small base stations and the direction of

antenna patterns. The Greedy Algorithm is applied to decide the sub-optimum radio parameters that



maximize PF utility because these criteria take into consideration both user throughput and fairness.
The second technology is the “centralized ICIC using three dimensional (3D) beam-switching” that
controls the direction of 3D narrow beams for each frequency band of each base station. The centralized
controller calculates sub-optimum combinations of narrow beams so as to maximize the PF utility of all
users. The results of simulations confirm that the 3D beam-switching without user multiplexing
achieves about 1.5 times higher average user throughput and about 2.6 times higher cell-edge user
throughput. Moreover, with spatial user multiplexing, it achieves about 2.1 times higher average user
throughput and about 3.3 times higher cell-edge user throughput than the conventional macrocell. The
third technology is the “Centralized-Radio Access Network (C-RAN) base station using baseband
pooling”, where the resource allocation ratio calculated by the proposed fast user throughput calculation
method is utilized to reduce the necessary baseband resources deployed at the C-RAN base station. The
proposed scheme could achieve about 1.2 times higher average user throughput and about 2.2 times
higher cell-edge user throughput than the conventional signal strength-based method. The proposed
scheme can also achieve an effect on baseband pooling that reduces the usage rate of baseband resources
by about 25% for average user throughput, about 45% for median user throughput, and about 60% for
cell-edge user throughput compared with the conventional signal strength-based method.

As mentioned above, this thesis proposes a user throughput calculation method that applies the
convex optimization using the KKT condition in order to solve the PF utility maximization problem. The
proposed method calculates the resource allocation ratio that enables the estimation of user throughput
with low computational cost. The proposed method is applicable to develop ICIC technologies that
control the radio parameters on the basis of the user throughput analysis to mitigate the inter-cell
interference. Since the ICIC technologies demonstrated in this thesis achieve both higher capacity and
higher cell-edge user throughput, they can conceivably be applied to future broadband mobile

communications.
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Settings
Parameters
Macro cell Pico cell
19 cell sites, 3 sectors / site —
Cell layout
7 cell sites, 3 sectors / site 5 picos /sector
L 500 m (3GPP casel)
Inter-site distance (ISD) Random
1,732 m (3GPP case3)
Transmission bandwidth 10 MHz
Transmission power 46 dBm 30 dBm
Antenna gain 14 dBi 5 dBi

Antenna Pattern (Horizontal)

Ay (9)= —min[lZ(q):B JZ ,Am]

Qyqg = 70 degrees, A, =25dB

Omni directional

A (0)= —minllz(mj2 ,SLA‘,}

Antenna Pattern (Vertical) 348 None
0,5 =10, SLA,=20dB
Combining method in 3D ;
Alp,0)=—mini—|A 0)

antenna pattorn (p.6)=-min{-[Ay (p)+ A ()] Ay None

. 15 degrees (3GPP casel)
Antenna tilt angle None

6 degrees (3GPP case3)
Shadowing standard deviation 8 dB 10 dB

Shadowing correlation 0.5 (site), 1.0 (sector) 0.5 (pico)

UE distribution

30 UEs / sector, Uniform distribution (4 drops)

Minimum distance

Macro-Pico 75 m, Pico-Pico 40 m
Macro-UE 35 m, Pico-UE 10 m

Penetration loss

20dB

Other losses

9 dB (Noise figure, Cable loss, etc.)

Carrier frequency

2 GHz

Number of antennas

Tx: 2, Rx:2

128.1 + 37.6log(d) [dB]

140.7 + 36.7log(d) [dB]

Pathloss d: Distance in kilometers d: Distance in kilometers
Fading model None or flat Rayleigh fading
Traffic model Full buffer
Scheduling Throughput-based Proportional Fairness
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214, ~TrYV=T ARy FU—7 ® SINR 347
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HetNet @ SINR Al DWW THELET 5, T2 Tk, BV IR LE 1B LU ISD=500m O FA:T
FHEEAIT O, Fl2, BABDIRLE D TIXBAM TS E D7 X BRnt+0S 02 b, R
BRI 2T 272012 7 BLVETAVERAWDZ LIZT 5, 2EETIZ, BLEVIELE I,
ISD=500m, ~ 7 0B LDHEDOEMET, 19 BLET IV E 7T EALET LD SINR 55408 L O2—
AN—"T" NyAi e R LT R A X 2.1.4-1 EX 2,142 [ZZNEHoRT, AT LI
BoBIz, ENEWNTIH DN, 19 BLET IV E 7 BVETAVOSAITIEIER R L 725
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Al afm e EaREnEICERT 52— PO ELFHAE LR E7"T, CRE ©
7y hEMxbZ T v/uFhrbaetrza— RT 52 —FEREiNL Tns Z &
D5,

2.1.4-51Z, HetNet @ SINR AiDY I = b— g ViEREZRT, 2145 Tlk, v/
JRDFHDOEE (Macro) . ~ 7 v &y & B a)gnifE B R Z v 554 (Co-channel) . ~ 7 B 5
E VMRS EREE VDG (Orthogonal) @ 3 FEIEOFERZ R LTS, 2B, 22
TiE, WSFHIO 0, Ha— PR FEE LRV E R bRELTTY (THRICRD) & LT
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LTCW5%, —J. Orthogonal DAL, B @ICERT 25 Z & TSINR N&FET B2 —FNRGFAE
T 572, SINR 5Ai b B< 72> T %, 728, Orthogonal DAL, ~ 7 vuFe ¥ agEne
NOEIBIRZ 1212 L TWA 72D, BYEEE NI 21658 /1S % 2 512 LT SINR Z#HHE
LTW5b,

X 21483 ~NTuY=T ARy hU—F7 TOYaFLa—F 4550 DHF
(sta/er &, 30 22—k %)
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2.1.5-1 1X, BBz 2% EEEFENOF 7y MEZ, SINR A batE L2 —
PANV—T"y Ny DS 2 —F A —T > &R —F A —7 > b (5%CDF) %71
vy hLebDOTHD, FHa2—FAL—TFy ME, A7y F 0dB ORRRbEL, A7y
FRARELSBRDIZLEDBSTRTLTWS, 2L, 78y 2 RELTHZ LT 7 bt
RnbEai@Hict 7 e — K752 —F O SINR BHLTH7-O T TN T 74 v I7ET IV
23 Full buffer T, 2=V OEEERINIEDOA T TV a—1 U7 2FE LTV DA,
ZN—=""y MILTETTDZ &I D, —F, BMEa—F 2L —7y MI, A7y bR
0dB X 0 K& WHAITHRKER->TRBY A7y NOREESTFET D Z N5, 2L,
2144 (TRLIZE DT, PaRic_X T~ 7 a@ic#EiT 22 —TF0EEGNZ N =9,
5%CDF TEF# LIzt it —FiE~ 7 n /il 22— Thy, A7ty MEEZRELT
LT Baf~otr7n— RRhRICEY 7 a/icER L Thbsa—FDR—7y MR
FETBHDTHD, £ LT, Co-channel T4 7%~ MA 5dB 7%, Orthogonal TidA4 7+ v~ ME
14dB 23, ZhZin el —HF A —7y N Of#fa s /e > Thb, X 2.1.5-2 12 Co-channel
DEE 2.1.5-3 |2 Orthogonal DIFE DL —F 2 )N—T» NMyfizk_d, EHHL, ~7ad
H DA, HetNet TA 7% v b 0dB OFE . HetNet TE VG —F A /L—7"y MRRKERD
7%y hERWEGAORBEOHEZ R LTS, 2 DOFEENS . HetNet @ Orthogonal (2
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22, AHFVa—Y U T TNITY RALAN—TF >y NEEE

R Tl v VT RAREICB VT, B0 LEEE 2 72856 HetNet 2 W 2855 0
SINR i L NL—HF A L—T» 3DV I 2 b—ya URERER LN, A7V a—U v
ZNCB LTI, B B R IZ B L TV DB O 2 —F TR Y Y — R 2SR L TV D
ZEENE L, AHITIEX, £7. TN E D L T T vy IV EARE TOAL—T
> MEFHIZOWTHEIT L, PF A7V a—U v IRa—Y2aL—7y MIHE 2 HEBERT, £
7oe AN—Ty NOTREREZFEEY I 2 L — T a URER ST B, F LT, v A TF AR
BTOPF AV a— 7 Oa—F20—"7"y MNEEORKGEEE LT, VAT AL~ LI al

17



— g B AW EARRRHER L OER OB VTS IEET TH D FFR A L5 E D A v
— s NI OWTEZET S,

221. YUTNEARETOARN—T v MEFT
2211. PFR»Pa2—0 7

PF A7V a—VU i, AL—TF v h_X—2 L SINR R—2AD 20D FHERH L, A/L—
T hR—=ZADPF AT a—) Tl IRODEALAT Y NTCAFa—) o7& 52—
PRI Lo TRIRSNAH[11], 22T, Rn]iF=—HFkB3¥ A 21y bl 4T

BB LN AR AL —T Y hCTh D, 2. R [NIEA Ty b n OERTE TO2—H

k OFHAN—T"> b T, R ELITKGIC L VER SN D, R@EFRFFPEY (A5 Y2—1
> 7 BEDN DB E TONY)) ZEHE T 5T O R OB EE OFEXTH D, 1, [n]
IRV a— Y 72k pE0 Y TERL, R(6)TEEINDH, SINRX—RAD PF A7 a—1
YR, BEREAL—T"y R R [n] Z W SINR Z, [n]iZ, FEHAL—T"> FR[n]% ) SINR
ZyniczhZn@E iz izbobesd, AL, FH SINR [FRATVa—U 728 5% 04T
EIBARR S EH TE H DT, SINRX—AD PF TliE, I [n]IZHIZ1 L7225,

k" =argmax, R, [n]/ﬁk [n] (3)

Re[n+1]=R, [n]+ @/m(R,[n]1 [n]- R [n]) @)

Re[n+1]=R,[n]+ (1/to)(R [n]1,[n]- Ry [n]) )
if k=k”

Ik[n]:{(l) it kk’ ©

221.2. VT NVENVBRETOAN—Ty MENT L

VUTNBNAREIZE TS PF ATV a— Y T OAN—Ty MENT TEZLLTICHENT 5,
PLTFL Cﬂ?ﬁ““/‘/ﬁ/I/-IZ/I/IJ%fﬁ“C‘@ﬁﬁﬁﬁ%%J:Uﬁ%ﬁﬁ%% I, SCER[11]Z2 B &I LB RGETH
%o SINKRX—ZADPF ATV a—U U VHRETHEPF AN v/ K TREND, (&
YT NENIROTSINRIZSNR EELYVY,) 22T, ARV FE L T, a2 —F X
N—"T"y FIR—EEIZRDETCEE LTLRBERE L. XA LAy NOA T v 7 An ZEM
T 5,
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nzhmgdd=£ﬁ
e Z [n] Z,

@

Iz, =P R —7"» bR IX SINR Z, OEFEMEASIC /25 Z &nn K7LV RIET,
D% E LTRE®)D L oickE, T 1FZ20MiEEEE LTXO)D LI IZERBLTE 5,

R, =£(Iy) ®)

N =¢"(Re)=5(Re) )
70, bHAT Y FTa—F K NRY Va—U vV En5iER% PAT, >T} & LI2BA,
I, =max{[},--.[\ .T,,DyJ EEREND, 22T N IZRAFPa—1 v FiGoa—3Eg
Thd, LT, I, Ocdf 53z F_ (1), Ty, @ pdf 5% fr () & Liza, 2—FkoEK
MOFE 22— 2 L—7" T 1EXA0) TR NS,
g(®)

To= [&)fr, OF (bt (10)

s(0)

L. B —FD SINR B/NARRE Ty RUA 7 THRED SNR ZFEHfEE LTLA U —5340
LTWBEFAERET S, OO PF A ) v T, 3R TO2—FTRUET 225 &3

D&, Ty O pdf 70 fr () &0 T, @ cdf 0l B (D) 1%, T2 (1DE LOXA2)D £ 512

Kb,

) for t>0 (11)

||~

(D)= %exp(—

Fo (t)= (1 - exp(—%D NI for 20 (12)

Z LT, KaoycXan &Rz A L TRA)YBELND,

5(®) 1 t t N1
T = I §(t)?exp T 1—exp T dt (13)

5(0)
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ZZT, SNR B A=y h~OHEE Q) ERBRICY v ) v e _—2 L LER14)TE
T A®ITXAHD L HITRBLTHZ LN TE 5,

R, =Wlog2(1+ZK—kj (14)
W 7,

XAHZR)RAT D L 2= Kk ORXEOFH2—F 2 —7"y MIHA(16) TEHIN D,

I @+:4J i-et)Nat
>

() s B

ZIZT, VUL LT 2212-1 IRTET N EE R D, HEHMFEFOIZEED O
BANIZ—FR—ERIZ A LTV D & L, ZEHF D OREED ONrEOREXE SNR % 0 &3
Do Flo, NAR ADHEMRRREZ ab L, 2= kDY NUA I E&BZ s LT D&,
FHJSNR Z, 1F(17) TEREIND,

(16)

N\é N\é

Z,=p(D/d,)s, (17)

IR, BELWITRIEEAZAM T D03, HllE W TEB L L= v 7 BT OB/ AL —
7 b Tenld. BRI =4 OFHTIE, RAYD LI IZEHHE SN D,

NI
Tean = NVIZ( J((ml-i?l)( +v;)

m=0
B,, =In(1+b,, )+2b.? -arctan(b}?) (18)
by = (v,p) (K(M+1))

TIT, v =14, v, =0.82, v, = (In10/20)(0, /27 ) ILEEEH OB CHE LD & Th 5,
Flo, o3V RUA VT OERERETH D,
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X 2.2.1.2-1 YU INAEBAETA (2—F4HF L SNR)

221.3. VI NVENVRETOAN—T > MEFER

TARNOZ—VEN Z4f s U<, RAYo ERbk e AL—Ty 2T ny LS T 7%
22.1.3-1 (Analysis D) (Z”T, 22T, ¥ RUA T DOEHERZ 0 =8dB, /LG TO
SNR 0 =-3dB, #(15)® SNR 756 AL —7" > b ~DOHRN THEESH L E R IR K=2.0 & LT
%o 22.13-1 DFERNSL 1D LT, 2—FHIIE U TEALZRL—Ty FBE KL TED,
2= PFEXAN=FREPFENTND Z LRG0 D,

FRNTHE DBV RGET D72, K 2.2.1.3-1 Tl #HE#I I 2L —Yva v ofRL T a v
FLTWS, ¥Ia2lb—ya T, 3. BRI N 2—F%2 5 0 X A—FENm S8, &
2—PONRZABR LY YA T EFHET S, 2L T, £Ary T, 2a—FHITMNLR LA
V=T 2=V 7% 527006, XB)EHW -2 —FRIRE LX) %2 AW B —F 21
—7y bOEHFHEIT Y, 22—V OFEEZ 1,000 BTV, Z—PFEEREIC 10,000 A2 v RO AT
Va—l T EERL, 22—V ORHAL—T v FEHELTWS, £/m, AL—T v h_—
A (TP-based) & SNR ~X—Z (SNR-based) @ PF A7 P a—U IO EFDOYI 2L — g
fEikZ 7y hLTEY, SNRX—ATIFFYE SNRIINRABA LYy RUA U7 bEbLLD
EICEEL TS, K 22131 o008 910, GRS I 2 L—1 3 LITBWTH, fiftl
EE R — XA NR— FRERELNTWD, £/, AL—T > EX—2ZD PF OF N,
SNR X—2®D PF LV b AL—Ty FAELS, IFEISIVE S 70> T D, ZOEWT,
AT a— I EDEIERICELIbDEFEZOND, 2 —% k OEHMFN O OHEEE
d, =k(D/N) E{EL., v RUA 7 LOFKNET, 22— (k=1~20) OFEI4HFEE I =
L=y g UMBROIEERZM 22132 1877, AL—7y hX—2® PF Ti&, SNR 23EW
FE RN EWTE) BIEERER>TWVWD, —F, SNRX—ZD PF TiE, HIYMEX, &
TOZ—FTH 120 LR CEICR > TW5, ZOFMAIE, SNR 25 A/—TF v b ~OHRIZHK
(IHZEHNTWDL =D EEZ NS, X(1H)DRDVIZ, A—T"» F23 SNRIZY =T (5
LR ERWS L AL—Ty FAR—ZADOEE T SNR X— R L[ERIC—EDMH L 725,

22.13-1 TiE, 7=—V 7 LITERKRICAr y MEICIEFIC2—F2H D B TS
Round Robin (RR) DAF Y a—U v 7 NI ALZHNEYIalb—ya U fRbAhET
7y L TW5hD, RRAZVa—U v/ Tila—HF A = FRFEELNT, B A L—
7y MIa—PENICEST ZEFRCMEE 2> TND,
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2221. VAT ALETIL

P32l —yarETUI2I1EBLRILCLOEHAWS, BAEKIZ., 702 L0HD TR
VX3 AT, BRI LT 1 &5, K 222.0-1 IZA vy MERZRT, JEREE
B 780 Ric, BERIZ A oy McZEREFRSEIENTRBY ., 17 vy 7% 1 S0O8ERY

Ve AL LT, Y ) — R ORI a— ) ) 2 —FE YK CEITH, Te—T T
T, fEOZOERY Y — RIS LA ) —T ==V U T ERRET S,

Sub-band q
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X 2.2.2.1-1 Ruy MERR

2222 VAFAL_INYI2L—T g rUiER

4 2.222-112, v VTFEALETIITEBNWT, ANV—T> hR—ZADPF A7V a—1 7 %T
STEGEDYIab—ra URERERT, Y7 RIT 1 L LTERY ., 87240 oa—P¥
ZREERE LT, IX3 B2 ZDEHILEAL ZL—TF v FOYHEEZ Ty FLTWS, 72—
YFVA N =T 2=V U T ERELTOWOAN BELVOFRBEZICORT = —2 7 &N
LTEY, M VPRI "An AL vy RUA U T OREZBEL, 72— 7ML TN
2V, EFlol RR A7 V2=V U Z7ORREEDLETRLTWD, M 2222-1 OFfERIT, K
2213-1 DT TNENLORERITGEWVEE 78> TEBY , v 7BV ET LV ERKRIC VTRV
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— a3 VEIFIZBWTEFE O SINR AN £ FLVMEIZ 2> TWe7edThH D,

23



—fl—TP-bassed PF (Sim)

== Round Robin (Sim)
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Da2—W Z2)—7" v k% FET 5 Fractional Frequency Reuse (FFR) & FEEIL 5 & /LT
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EN B IEERY B, 2O EZBIZFFR EMERZ LIZT 5, X 2.2.3.1-1 1 FFR OJFELLH]
MThD, 387 ZHET EAMDIRLOEEEER Y 4 TE2MNTEY | JEREmEERIL3 N
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ENEDTUWLNUNIRL 225, — K, FEEIOERN AL RTHE, FrEES LUK B
B 7 2o DT L~ UEEL< 2D, ZOKE, BV (B2 ) FERATTICWS TR LG —)
EREEBNOBNAY RIZEY Y TCEH LA YVa—Y 7L, BRIV IEICND [+
Nba—Y ) ZEEENOERNAY RICAT V2= 7352 LT, erpha—Fe L
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DI % mEICFR T S 2 L7 ERFREIC A2 B,

3.2.1.1. KKT &1 & 5 Bk 0EH

AIEIOFEAN D, PF A Va2 — 1 v 7 2 ME L7244 Ci, PF Utility O KABITEZ fiE < =
LIZE S THEA—FDORN—Ty AR TELZ LB oTz, 22T xXMUMEL S F
& LT, Karush-Kuhn-Tucker (KKT) ZRF[291% VN5, Z2HAS nfll, RZEHKIN m AD i
KRN TR END,

max f(x, -,

Xy )
st. gy(X, %, ) =0 27

gm(xll'”’xn )ZO

f 2MBATH 255G, KKT SFAFERQ) TR END, TR, K, X, 3B f OMKA T
Bt RQ8)DHIKILMEAW =T Ay, Ay WIFAET 5. A% Lagrange T4 & I %,

of . ~ 0 . . ~ 0 . .
_(Xla"'axn)_{_ﬂ'l&(Xla"'vxn)“'_‘_ﬂmg—m(xla"',xn)zo
0%, X 0%,
of . . ~ 09, . . ~ 0g . .
Ry, X )+ A —— (R, X )oeet A —0 (R, %) =0
E)xn( 1 n) 1 6xn ( 1 n) m Gxn ( 1 n)
A9 (&%) =0 (28)
imgm()’zlv"'ﬂxn)=0
A 20,420
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KKT Z&f:% H1v T PF Utility D RACTEZ RN TTT<[30], 4. 2—F kD ZL—7"> kT
W R Y — 2 m ~OEER g LERRY Y —Am TEONET — X L— b Rn Bl TH
&b & LEESA. PF Utility UIEEQ9)D L 512725, 2Ty Neldz—H%k, Ny i3 Y v
— 2 Th D,

Ny Ny Np
U= Zlog(Tk )= Zlog[z Pym Rk,m] (29)
k=1 k=1 m=1

Full buffer #RE L TWA7=H, BHY V—2micBIF A58 —FOEYROAEIT 11T 5,
Fiz, BILRFIOULETHDLZ EnD, B0)EXBCHDOHIKIFERELND,

Pem 20 (kK=1L---,N, m=1---,Np) (30)
N
D Pem=1 (Mm=1-Np) (1)
k=1

KBO)DHiFKIZAE D Lagrange ¥z Ay NG DHIFIZAE D Lagrange ¥z p, TR LIZHE,
K(28)D KKT GF:ffi%, KB32)EXB)DEX L, KB EXBSHDREX L2 D,

R
K A — 4y =0 (32)
T, ’

Pim * Akm =0 (33)

A 20 (34)
>0 (35)

Rk m
pk,m Hm — ; =0 (36)

R
K(30) £ K362 5. Py >0 DRRT g, — Tk’m =0L7R2BZEnb, B, BRENTRENS,

k

1 1
Pkm=—- Pi.i Ry 37
" Hm Rk,m i=1,§m I I
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R
E72, P =008, g - Tk”“ >0&HZLEBET DL, B, KGO L D IcHKE D,

k

1 1 ™
P m = max3 0,— — D bR (Mm=L-Np) (38)
Hm Rk,m i=1,i#m

%Iz, G EXGB) AL HLE THBY)NEHED,

N N

K. 1 1 m
> max]0,——-—— 3 p, Ry b=1 (m=1 N, 39
max{ Ren 2 Py R } ( ) (39)

3.2.1.2. HAEHEIC X 3EHROME

KGBYIF, FEAEHEZHNTHS ZENTE S, 4. EHRY Y —2 mHICK 32.12-1 DL D
TRKFEE N ET D, AT —FE N OREIIZ 0T Y . —3 k OREI O KFE O K i D
1

Nm
> PRy £F % Eio, AMICESNDADRS (ML) 134T

k,m i=1,izm

Da—HFOFKCTELL Yu, £T5, ZORE, F2—VOFIBICEITHKOEmE OO KR
DHEDEE) Na—FOEIYE p ., LD, LER- T, AICESKkOBREIL, RBHDOSKME
Mo 1 ERD,
FREOHEKERE AN T2—FDEY L pn KD LTV TY XNFTLLT L2 D,

Pim D HIE A 1Ny & T 5,

a2—WFHEOKMEOIKE DR S ZHET 5,

o— % KA D JE T O S AMEWIER IS X D,

KA ZHR | DKETEE pyn ZRTHET 5,

O~@%EHY KT Z & Tpn PEEFEFHT D,

mS (M bm) %

© e 006

— " a KO K O S AMEVIEISIE OV 2 2 BT R 1| DK ZEE D 2R DKDE
S py ZEHHICHATE D LT DD TH D, AEOIERE O m S AR 2 —F DNEFIZK
EESZETHRE 1 OKREEZKEZ TR TOKROE S 1 gy DEHICRE D, ZORE, KED
JEFAKORES L0 bEWZ—FOEMEp 130 &7 D,
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X 8.2.1.2-1 HAEHEDIHAK

3.2.1.3. H/KEERFE OUREHE

2232 ETATH 127 =— Y 77 LTO FFR D A )v—7F » Mt ZFW T, BAKEBEE O
IR 2 G~ T, B 3.2.1.3-1 13, FEKEHE O K UK Z2 R LT, P2 —P 21—
v FOFRRERENC T n Y L bOTH D, Fio. K 32132 1%, i B — 3
AN—Ty "7y hLEbDTHD, ZNHDOVIab—ra UFERTIE, MVIKLE 10
[FIFEEE CIRITIR L TWD Z L3 hnd, s, BDURBOFEMERIL, kO AT AL~ Ly
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SLS OULHFFEIZ DWW T B[R CRFTHlA L, HEAKRERZ WD RETFIEL O E1T 7,
B 32.1.3-3 £[X] 3.2.1.3-4 1%, SLS OFtHE A v MIAMEEIC LT, EhH2—PFRL—T v B
LT —F AL —T y ORI EZ ENEN Ty R LT D TH D, SLS Tl 5ER
AR DM 2121F 10,000 A vy MREDOFRNMLEL 2> TWD, T I T, HEAKEHDM:
VIR LEE ZAV—T"y MR OFATRM ORRZ X 3.2.1.3-5 12, SLS OFtHR A1 v ML AL
— 7y PO ETHR OB EM 3.2.13-6 ICENFIRT, HEAREHEZHWHIREFETIE
M0 L 10 [ O FHRIRH L 2 BFREE, SLS OFFRIEHHIE 10,000 2 = R T 150 BPFEEE & 72 -
TW5b, 2O X5, |ETIEIL, SLS ITHA_TEOWEFMTHONE Lz 2 v—7" > b OFHHEiE
RPEONDZ ENynD, 728, PF A MY v 7 2% SLS OFHE R L= — it il
D0, MBEFETIHIKEHFAR I —TFHO Y — FEEA TN D120, 2—FHRZ W51
SR LEMT 5, LER-oT, AROYIal—va v {EThir s X240 30 2—F D
B, METFEOAN—T"> FNtREOFATREFIX SLS @ 75 00 1 BEICEf SN TWDH 59
ZEMTED,

AL, EFETHSTH, 2—FPFHTELERY ¥ —222IKVAETIT, vIab
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T2 BRICIREFELZTEHNT 2208 TE 5, 205G, 2 ORTF A—FDOMBEDED
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WHIEEAN ) ICBIEHCE 2 B2 615,

33. HBIEDELY

ARETIE, £, PFRATVa—U 7O MES LI, PF A7 Y a—1U 7 PF Utlity D
BRACMEZ MR Z & LHEMTH D Z L AR Lz, £ LT, PF Utlity 2R Y vV — 2 fFD
— PRI RE LB AL —T y MZX o TEHE IS Z &b, PF Utility D KILREZ < 2
LT, PF AT va—U r ZHOERY Y — 2O —FEERB IR —F 21—7y &R
3% [KKT &2 W2 v—7"y FEHRFE] 2RE L, BEFIE T, PF Utlity D
KALRE%E KKT &ECERMb L, Z0EHRZHKERT LY AT FIETHY , 76k
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7y NEHEOFEITREZ 75 0D 1 BREICEM CE 522 2n L, o, EFEOFEHE L
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T2 HEM~OBEH D ATREMEIZ DWW T HBE LT,
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METV, BRETEB L OO AGOFIMEERGEET 5,
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TAE A )N—T7 v bEEBEL L VBT SEIE~O®EH

AIFETIL, PF A7 ¥ a— U 7 THRLNL—TEINEL LORAL—T Y Mm@ R T
% TKKT &2 MW e A=y FEIRFE] Z2RE L, AETIE, TowEMAfE LT, &
IVERBTEEEC T A 7 AEMHIZ, PF Utility iR & 725 K 9 ICHRR ST A — X2 OIRESTEHi &
179 TRARTFEHEIEEN ] ([COWTHRRT 2, BRNIZIE, 2=y hafiffe Lo 2%
—/VRVERER, NV REIZT T T OfRmMEA D 2 5 TERHIER =Kot — A AL v F
7 BRI =N R EEHD Y £ — NaZ H\W o [Centralized-Radio Access Network

(C-RAN) AUELHIFIZEBIT 2 _X—A N0 R =V 7| OB SEETIEOA N % KRGk
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BHEC 72 T —ZBEN—EAOFLE 255 5 IRBENRGE 2 40 &3 5 NS ihiaE
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41. BERGIL : AV—Ty FERIEL LA E— /L EARE

PERO~ 7 B TIE, =R E W THETED SINR 27T (IS PEERT D)
ZEEBAELLT, ﬁ% SINR % #5715 & LfC'E/I/an+75)?fbﬂTl/\Z) LU D, ENA L
WEOTMRIE, FFEGENDT —HBEICEDSTETEY, 7T—XBREDONT 7 4 v 7 b
LTWAHZ Enb, A{ﬁ I, A=y AR L LR VREMThND Lo 1c s &S
N5, AEiCIE, HIETRE L [KKT &£V AL—T7y FEHREFIE] 2EA LA
=T FR—=ZADENVRGFIEI DN TR T 2,

411, AN—7y FREEL LB VRGN OLEME

A — /L& /LR HetNet 72 & D LUWVE R TIE, 5215 SINR (A D> TAL—T "y b &if
e LI B VRGINRE LD, 22, UTO2 2008ENEZ NS, 1 DHOHBIT
HHEF v XN EHNLT —ZBETIE. 2—F5HC N7 7 4 v 7106 U THE LD B HEN
BEoLDThoD, T7bb, Z[ESINRTEF TR, =T AZEFLRNEIELVE
JVEREHITE 2, 2 2H OB AL, &4 HARUBEOEL T AT A TIE, 22— R@ELED
BRI DEHOERY Y — 2 ZHAT 2 EHEE T AP RA SN D 2 L2 b, %15 SINR 7217 Tl
A—YPRBONDBERE (AV—Tv ) ZIELS FRHITERWEDTH L, BHEROERY
— 2 ZF AT 2 EHMI2IE, BT EE THA L 7= FFR 72 £ O & LR B 5475, Carrier Aggregation
(CA) LFREN D EE DB E N FOIE 7S % E5%{5 T 584K, Coordinated Multi-Point
transmission (CoMP) & FE(THL 5 BT 5 DR 3 F— D2 —FITk L TR L <7 —#
ERETDHMN R ER D D, D X5 etz M0 556 ., B Y Y — 2 FO 2 —HF OEFER
SPBRFE, BEHEELZIELS FRHITE 202D, IELWRAVRE DS HEEC 22,
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HATER S KD o T2 b BRAY = OB T ANV—Ty MR EZ®RD KT, 2O, 1[EO
AN—"" NHE O Z A TEIE, BAVRGHIET 2R b B C& 2 L. &b OBE
NG — R DT A—Z DR AT 2 L TRV BRIV VG FREIC R D,
L7eBo T BIETRE LI AV—Ty hOEBEGEFENGNIC /D, RIS, 5L
T 5 EMREC 2 — PR ERRx I SRS T 2 O T REBIZIR. b — 2 L OFHRIR R A3 52
MW Z2H I E 2 L 91T, JWBARE =BT N TY AL A7V a—Y v G —
PERET Do

FORDT=RTORB T — 2 FHE Lk > 72112, PF Utility Bix K E 72 53T A—H %
ZOWBETORME/NF — E LTIRET D, 22T, FRAXY =V EHI L TWA D, B
IEEEITE LNV, BL, DBRIORT VI 2 —ya UEERMAD L BdENALND 2
EMD, HOIREREIZIVVNT A= I/ TNDLEB2 HND, £o, BWEREEEHZ
T THHEONDBERDMEDNRGE T RN ERR TR ONTE T A =2 Th ARG L

e BEZ L TED,

4.1.3. BRENZ— 2 OEIRITIE

Bt 537 A =2 OBFNRE — L OHIEFIEZOWTEET D, 4, BARGFEITO Y
THIZ.NEOREMBRHY . 1 DOEMBIIEIMBEONR RRH D kff%ﬁo SISO
Ny NI EGE R TV N (7 o7 FORAEF ORI 2RO L5655 2 5, TV MO
AT TR PEY & LTzhE 2 COMBAEDLEERRET 5121 P E (P O MXN F[H)
DYRZI L 702, Zhu \ﬁﬁébﬁ%ﬁmwﬁﬁﬁ%b ETOMAEDLEEHERET 20X
LB DR EEBEEIC R DO BN TIE eV, KRG CTILEAKE (Greedy algorithm) (2 K
DRPHRREAT) 2L T RN — 2T 2 2 L 2 AR L5, BAANIZIE, 5 15D
N RICRHLTTF NV ME P BEYEE LT, fdHMIEES RO RE 22TV MZIERT 5,
ZOFNMIFRE LT LD E LT, RO ROF IV MORBELEIA2 217> T\, Zh
k0, BRTHMAEDEEIT, PXMXN BIZHIRES D, ZOHETIE, RERE GEHE
BEIL1 2 THY , ZORENLTHINT 5 L 8T A—FEET L AT dbliFEIC
PF Utility, P ANL—7"v b, BAGGL—H A/L—7"> k| Fairness 72 EMNEZ HNLDHM, T
SIZOWTIIREITELRT D, ARKIETIE, T A—F & 1 DTO LR LW =D, o
NT A= ZDPAHEIZERT 256 70 £ I REMIIE ST g LG oy, FBhhe
PR T4 Tdo 2 2 OHWT I LS BREF = U 7 N OFHIFERE DY & 2 FEEE R E VIS L
TWUE, BN asBRAT2 A v MI+mtdd L5215,

BHEOHRE E LT, AfKEZEHEEV IR LZY | BREORKROIEE %27 o X AICET L
0T LHEREZOND, o, ARKIETNATA—FZRELIIZIC, KR A L) B
DIRTA—=BH NINVER D70 L 2 2L EDONTG A —Z HRIFRFCEE T H3EZITO 2 & T, F7F
ﬁ%@ﬁé%K&%L&w#%%ﬁéﬁ%%%k%ﬂé
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Do RRENLE Z R DI21E, REBEMHEOE RN VLETH D, EHREZRETE 25HE, ©
NV EREREE 7R EIZIR B D T8 BIHNFH A 2170 FEHUR S ER (& FTRE 72 Al 18 A Fh i T 5,
ZOBE, BEANLE A % <M LT, 2O b EGE 2R ES T A RR T 5, 4L &= ) THNO
FEH R ORR EEAINLEZ K FETH L7 &35, 2218, N HORME 2R E T HI12iE, &k
ETIEINNK — DEIOBEBERLE D, £, —2OEMFBEZRET HEHICT IV NA% P i@
D ORNLFREEST D & LG A OBRRERUL, P-YINGK - DEIE RS,

1EIOBRE TITH AN—""y FNHEOFER T R ) THICEET 22—V HIC L - T
HLWRKTD, 22— RZEEFENOR L REVWEMBONR REZT EEBETD EME LRSS
ILEHRERM A R b EHFLD, 2 —FREEO NV FE@ET S CAZRBET L2560, =—1
DR OEMR & BET 5 CoMP ZARET 256 12IE. TOHFIRIFHMDALEIZR D, ZD X
N, 22— EL OEE D FEHRE DO IERR Y Y — R LBET D AR H 2 55 1T, 8%
SV T AORTO—YEERY YV —2ADE) L THEME (7Y a—1 75 GeleEm) (275
T X, BRI N D BE TIFNETH D, 07D, B ¥V — A HITHE T 5 TaefED
bHa—Y (R Y a—) v IG5 2 Poikiitd BV, BRI, ZEREEENR
SINR ICBEEZ T T, HOLMNICEOERY Y —22FA LW E PREND2—F 2 A Vo
— U U I RGERMD DR D X D12 5,

4.1.4. NF—URRITBIT D FHbTEE

Z 2T B NT A=A RBROT2 O OFHIFRIRIZ OWTHEET 5, H I3 ETRE L TKKT
SR WAL= FEHEFE] E. PF AT Y a—U U EEE LTS8, PF Utility
Z AL & U CRORALIREEZ RN Tz, Lo T, BARFHIBWTYH, K 4.1.2-1 (272
#HLTW\WD X HIZ, PF Utility & dHlFEIE & U Ciciti7e /X7 A — X B RBT D HIENRBWEE X
S5, L, BILRFOFEHEE & L Tid, PF Utility IS OFEEAZ WD Z L b AHETH 5,
ZZ T, ARETIE, BAERFHOY I 2 b= a UHIER LN S, FEHEREOEWIC X D FHERE
BIZOWTERZITH, UTITTRT 4 >OFMEEEIC OV T AT~ 7,

PF Utility
S A N—T s b
g —Y 2 —7 > b (5% CDF TEH

® 060

Fairness

Fairness |320(40) CEF SN [34], £ —HF D A/L—7 > F R4 LWEEIZ Fairness 135 KIETH
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F[n]=(§§k[n]J2/(Nki§k[n]zj (40)

UTICBAREDOY I ab—ra flzmd, YIalb—a VFEEEER 2111 SEERT
PR~ 7 0w LVOBNHHEDOTD, £ 4141 1ZHDOTYI2b—a Fbaa#ds, 7 ¢
V@2l EZY) O~ e ERT, FEMFBOANY FEIE3 L LTWD, Sy REOTF VL
F030p I NT A =2 L L WIHME 157 IS/ L T 11,13, 15,17 O 4 235 — 2 OFPHN Tl
bEAT 9, BNV RORBEENIETHLT, 2=zt 7240 10 L LTWD, RF—r
BEFITITEIEZ A, 21 £ 27 & X330 R X4 88— OAF 252 BIOBEHR (AVv—TF v Rt
B) 2179, ZOWFEE 2EHERVIK LT, fHEFREENR KR E R DT A—=Z B RET D, A/—
7'y FEFRICIE, BTETHM L7 TKKT &2 HWic 21—y RHRFE] 20 TEY
T x— T TIEBE L TORWAL L FHIHEES R R L 22D /8T A =& (RN RO F L )
ZIRGE LT21412, 23 REEIZMANT 7R Flat Rayleigh fading #/12 C, Y AT LAL~ULY 2 2 b—
2 NCEKD ATy FEEEZ I L T\ D, SENXEHOZHIZ, Flat Rayleigh fading % H1»
TWAED, AT NRAT 2=V TET NV ERND I ELAEETH D,

#4141 VIal—TarE&

Parameters Settings
Cell layout 7 cell sites, 3 sectors / site
Inter-site distance (ISD) 500 m (3GPP casel)
Transmission bandwidth 10 MHz
Transmission power 46 dBm
Antenna gain 14 dBi

Antenna Pattern (Horizontal)

il

Q34 = 70 degrees, A, =25dB

Antenna Pattern (Vertical)

3dB

A (0)= —min[lZ[%]z ,SLA\,}

0,56 =10, SLA,=20dB

Combining method in 3D antenna
pattern

Alp,0)=—min{-[A, (0)+ A (O)] A, }

Antenna tilt angle

15 degrees (3GPP casel)

Shadowing standard deviation

8 dB




Shadowing correlation 0.5 (site), 1.0 (sector)

10 or 30 UEs / sector
Uniform distribution (4 drops)

UE distribution

Minimum distance Macro-UE 35 m
Penetration loss 20 dB
Other losses 9 dB (Noise figure, Cable loss, etc.)
Carrier frequency 2 GHz
Number of antennas Tx:2,Rx:2

128.1 + 37.6log(d) [dB]

Pathloss d: Distance in kilometers
Fading model None or flat Rayleigh fading
Traffic model Full buffer
Scheduling Throughput-based Proportional Fairness

R ALA2 ISR RO Y I 2 b—ya URERE E L O TRT, £72, £ 4143 IZHRFIE
& LT, k&7 O AIOPIHIREE 3 N ROF L MAIZETIS ) OAL—Tw ML
F MZEE LT FFR O AV—""y MEkEEZZNZEhRT, TV MAZEE LT FFR TiL,
2231-1 TR T MG —F AN ROTF L MME 137 12, ZRUSNOANY ROF IV M %
17° ICEELTWD, (AL, REBHIETONR FTHLE LTS, £ 4142 T, ik
Bi] LR L TWVORERIE, 72—V 7 2BELRVWRAETRDIZANL—=Ty FOETH Y |
ETORREKRT LI OMETH D, DR TIEH 208, W TN OGS T H M EEIC L7 8E (K
FORE) NEKICRD X OICHI ST D, T g) LR L TV DRERIEL, BRRKT
BTDONTGA=BERHA LRI, 72—V U T EBELEVAT ALY I 2 b—T g U &E
i U7k R CH D, PF Utility ZiHIFEEEIC LI25A801E, Ea2—VF 2 L—T v b L2 —
PAN—=T"y b OGN RIUREIZIR > TN D, FHAL—T Y &R L LEGA1E, =
— P2 =Ty FOFERNEL . B —F 2L —7y NEFHEEEIC LI2SGE1E, B
— P2 —T FBRRWEER L 725 TW5, —J5, Fairness Z i HlifEIEIZ L7256 1%, =2 —
PFAN—Ty b= 2 L—7y FbdHED BRI RWFERIZR>TND X 4.14-112,
ENZNOREFRIRIC &> TR LN RE(LED AN—T" Y OB Z R~ T, ZORRND,
Fairness Z aHIfEIE & L7256, A—7» bBEFICEHNLZ—F DA L—T > RBRFFICET L
TWAZENGND, Thbb, 2—FHoOoALV—T > hDEE/INE L $ % Z & T Fairness % [1]
ELTEY, ZORRE LT, FY2—YF 2L —T v b LM —F 2V —Ty O34
fbLizbDEEZXLND,
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£ 4.14.2 FEHEEEOVIaL—Ta /R
RIE{LREDY | Fi{bRED & it DY | &bk O
Efie BiE(bRED | Bz —P 2L | i —P R | RO | Bz —F 2 | e — R
o PF Utility —7y k| A—F v b Fairness —7y bk | A—F v b
(kbps) (kbps) (kbps) (kbps)
PF Utility 5.208 2397.8 342.8 0.585 3075.9 631.2
A —T
q:t/jy K 5.131 2524.1 251.2 0.496 3091.2 497.8
B 204 4152 2724
Z Ty b 5.055 043.7 5. 0.556 724.6 633.0
Fairness 5.085 2004.6 303.4 0.669 2712.5 567.8
£ 4143 HRFEORLV—T» M
S —F 2 | g —F S — 2 | g —F
TR PF Utility =Ty K | AV—T> } Fairness =Ty K | AV—Tv k
(fading 72 L) (kbps) (kbps) (fading 72 L) (kbps) (kbps)
(fading 72 L) | (fading 72 L) (fading V) | (fading H V)
IR AE 15° 4981 1899.1 328.1 0.565 2896.5 748.3
& & FFR
13° 17 5.291 2497.9 575.1 0.551 3195.7 982.9
1 —
1 Fairness \
0.9 7 \
0.8 7 Average
0.7 + Cell-edge
0.6 PF utility
8 0.5 /s
. /4 -
0.4 ST{EFE4Z: PF utility B
0.3 ST{H+54Z: Average throughput H
0.2 l ST{E$E4Z: Cell-edge UE throughput
0.1 +— S $E4Z: Fairness H
0 |
0 5000 10000 15000
User throughput [kbps]

4.1.4-1

FHEEEFEDO AN—T > b O RENA

# 4142 OFEREFE 4143 LT 5 & PF Utility 2 3RS & L7 ABIEIC LD/ —
VERFRIZE o T WIHIREBIZ LR T, B —F R —T  RBRBF T TR >TWEHDOD,
Bao—H 21 —7 "R RKREL B ELTWDZ ENSh 5, B L, FFR OFFE|IZESWTF L

N % BT 5 [EE FFR 25 & | PF Utility %

O, BETIILT L REMPELNTWRNWI L b 005,
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4.2, ERAGI2  EFRHEB=ZRITE—DAL v F T

FFR 72 & ORER OB AT HHIEENL, Y —Y O L—F v ham 452 E0E
HIOTHY, ZOTDBNVFEDAN—T MPEEIEIC /D Z L BB o7, REITIE, F3FET
R L7 [KKT &tz HWz A=y NETIE] OV AT L@ T O VT EHIEA~O
WAL LT, EFHERZ ATy RRICT U7 T ORAEEZYI 0 B2 5 [HEPHIER =%k
TLE—L AL v F 7| [ZOWTHET 2[35], ZOHEZ, BAVETHEBELRNLT T
FOIEEMEEZHIET 2 = LT, A — 2 L—TF v L HIT, 2 —F R L—T b D
Kig7em Bz BEELTWD, BUTFIC, MERHIER =Kt — L2 v F 7] IZOWTHFELL
T %,

421, EFFHIERE=ZRTE—DAL v F VTR OYE R

T—=H2 77 4 v 7 OIS D720 A% OBENEE TiE, @5 A7 LAOREEEN
KOHLNTND, RERIIZIIKREL 320FERDH D, —2 BT TEEREFRIHZEOm 1) T,
ZAUCITBAE LT e £ OB LWEEFEHT MIMO OZEB O & OIFIENE 2 Hivb,
TR TR THY, ZHUIBERREICEN 0 Y4 TS EEEEHRIE 2 T 2 L A BT
%, BUEIX UHF # OB BERE b T b2, 4% SHF #X° EHF #72 S o@n
BN BEBE COEbd L oicks L TRENE, =2 Ve THY, =—F
DEENELS, Z< DT 7 4 v I PRET DY T ORFEITIT, b H CREERFIET
HD, LhLAaenn, HIZISD 2/ S LCHEMRBORBEREEZ FIF T, '/ B
BEEDLIENRTFHY I 7y RREBIZZR 5 & SINR Em ELR< 2%, Z0OZ &I,
ISD=1,732m @ 1 & /L# 0 i L D SINR 534f (X 2.1.2-2) &, ISD=500m ® 1 & /L1 i L SINR
oA (H02.1.2-3) & T 2 &000, o, IMEMUIZ X > TERFO I "= U 723k <
TR T A TE T RALERY Y OFEITHE KT 508 EABERTEA L=y RPMRONT Y 7 R6T
BAETLHEELH D, TOD, IS ERS %G, VTSI 12 R B 2 AE 2 1
rEEBEZILND,

FFR 72 & OHER DB AT SHIEEANIC OV T, AFRSCTHE L T D28, e —
PANL—T >y MIKET D HOD, FE2—F 2L —T v "D EixdH T 0 RidHian, 5k,
INE AL EED BICH T2 > TIE, BABERTO A L—TF v MOIKT 2T 5 & R, FHR
RAN—Ty Nl bS5 2 E TRERBEFEBT D Z LB ROHND, KL TIE, D7k
DO LBV TS & LCL oy kTRt e — A E WD 2 LT, kvl
—P 22—y METF TR, EYAL—T v FOKRIERB EEZBIEL TV,
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4.2.2. E£FHER=RITE—LRA[ v F U T OBE

EHHER =R — LA A vy F 7 (B, 2% ICIC) TiE, N REIZZEAENMILO
fErtEEZ RO — A% B ¥ TH, 7T T OfRmMEE, EPHEEC L > TEABTBAESEL
TRESND, —KNZHWON D E—LT 4 —I IR — L AL v TF 7 LRI D L,
il %2 D= DZAZE I ETITZME SINR BELS R D KT T FOfRAMEZIRET 528, Z
DX 7 —FEBIOHIETIE, eV ~DOREBEL R ED->TLE S 72, AT %]
BT 52 LITTERY, BEICIC IE, 22— FEBIOHIE TIZZR <, EHHHEIZ LD N RIS
T T T ORAMEERET S Z LT, B AMTHOREZ R T 5, 2F ICIC T, 1ROk
WE—AZEEMICHNS Z L2508, N FEOEBOE—LE2HWAHZ T, B2
THNOH Ny DEHETH, SHIC, FEICIC TiX, EORNE—LZHWV DR E4ENL
T, 120y RIZEHEOE—LEEI0 Y THHELRET 5, ZAUZED, 7EKkO FFR O
THo AN —T v M EKRIEICH ES® 5 L FRFICE AL —F Z—T y & m B &
LI EEAET, "B, 10Oy FITEKOE—L2H D Y TLHHE, B0 YT —AM
THLFURRAET D, TOD, KT, FIV B THE—L2HUIR K2 & L, kO
FEWETH S PF Utility 2320 L 72 WIGH (IZHE L TWA5EE) 1%, o —2%F0 YT
TRz izl Tna,

LTE-Advanced Tl¥, 2.1.4 f#i Tl L7z & 912, HetNet D RAE— LAV HILD,
HetNet Tld, &R (C-plane) Z~27 o ANBEEL, T—FE#H (U-plane) & AE—/L
YD BEET D C/U 4B (C-plane/U-plane split) & FEHEIN 2 EEFiELREI SN TV D,
FICIC TiX, ROPLNE—LEZRE—/LEVZEEH L, T2 EREEOHRNE — LD %
FL. HlEEREERDE 7 27 T bkET 5 C/U HEEOREFIELZHE L TV D,

2 Z ICIC Tl HLHHlE LB e Rz P HER TIET 5, INET 201K mKRICH T
LZAEBINMETH Y | WKL OEMBONRY R« ©— LABEOZEBI NV L 25, EFH
BRI, BEELEZEEBENEREZ L LI, KOZAWTT T FOfRakEEEE L5500
FIARDZIE SINR Z5tH T 5, £ LT, ftHE L7 SINR ZXQUICRATHZ LT, ATV a—
U TEID S THTONTBEOREZL—Fy NE2FHET S, S50, BEI3ETHRELE
[KKT &b HWizAv—7 MHRFE] 20T, Fa—¥FRBond ALv—7y it
B 5, EPHBORNSRE RS ETOREMBONY REOT 7 EmikE, 412 HToiA L
P2 (A= NEFEIEE LT ViG] &R UFEE VT, FHMIHEEN R R & 72 b 34—
ERFET D, T T HHREMET 2 — ORI L o Tl 734 — U BB T 5720, 2% ICIC
TIXT v 7 HRIAEZ ERNICT v 7T — N T2 X OIS BIE AT LAOEM T OfGE L S pE
272 %,

HEHHIER T, ZEBNEREZIET DX 3 SOFEREZBND, 1 OB, BuRNH
ELIETO )7 OZEENEEZ LV Y 7 OEREET ¥ 2V EAWTEMFICT — KNy s
THHETHD, ZOFETROERRFIETH DN, 74— Ky 7T HHERENZ VAP
74— KRy 7 OFPNENEAIC, BV s OEEEEAE S EE LT LEIMERD S,
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ZOHEZ, E0 Yy LY Yy TR S EHE 5 Frequency Division Duplex (FDD)
FRIZBWCHEHAT 2 HIETH S, 2 0HIE, BHREBHEN SO LY Y 7 OZEE % JE
THZETTVY I OZEENEMHET D HIETHD, ZOFEX, E0 V27T o7
TRl U & 4% % f# 5 Time Division Duplex (TDD) F X & HWAEAICHN R FiETHD, 30
BT, AR OBNFHRZ b &1, R LR OMOBIHBR AL G I 2L —2a itk - T
SR L TRDDHETH D, FINLIZIE, SRICHE# S5 Global Positioning System (GPS) % ]
WD FIER BlUR TORFRRN N 260 0 FIERBZ 6D, st I 2 b— 3 T, #
TR O =R THE#RZ D L1, LA ML= E2HWCHET D HIERD D, 20Kk
V%, ZEEOHEEREEIZHEN B 523, 22— Ak LTe R E N B ST X — &2 HilfEAs
H CHIITDITTERATE 2 HEEZE 2 OIS, el R TiE, B/VRITEHEHEIR O 5
KRMRET 21T 9 7o, ZEENERITHENEOND Z L2 HE L TWD, L, % ICIC
DERMBRFIO—2 & LT ZEEBNE T 4 — RNy 7 3 5 MR A HIR L7256 ORHEIZ DN
THEEL TV D,

423. VI21—YgrEFTL

TR ICIC ORRZRFIET HT20DY I 2 b— g VBT MOV THAT 5, K 4.23-1 (2
BRICIC DY AT IMEREZTT, TRAX3®7 ZOEF 21 27 X DR T, Wrap around
DELEFNLERNTNG, 2070, 21 EANETETREES L TR, EPHENS YL
EFERI RV O DBFLE U722 WA 22 55 1F & 72 o T D, lEIFEX S W MFLE LT3 D
HENTOWTIE, #BE ICIC OFEMMMEFTO—IHE & LTEEELITI, K 423-1 1%, =—Vii
KCTHELIZESRE 7 4 — RN 7T 56 2R L TW5D, 2—FIXELOIEH R OZ(EE S %231
EL, Bt 2K RICT7 4 — Ry 735, 74— KN\ y 7 SREZEEERIZ. x> U
— 7 Z N L CEFHBERICED NS, K 4232 [CZRITE—L AL v F o T OWERKZ277,
EEICIC Tlix, NV FRICEHEOE—2A0HE I, A v FIZLoTHOV B 65720
Z2—FIEETON ROETOE—LDOZEENEWEL T T 4 — Ry 735, 207, [F
— R RORRHE—LNHEAZ LY 77 LA EBEREEENDL L HREL TS, U T
7 VO AME R R EAZSEDITIE, JEEEL R B a— R ETEET L HENRH LN, 22
TIEZEEBNIHBNICHETE 2 L2 RET D,

# 423112, BEICIC OBREBGFEICHWEY R a2 b—va V&M ERT, @Eor s 27 v
T FTIHACEF AR 70° FREO E— A% V503, #2% ICIC TR FJ7 IS HElE 23
70° LFOE—L%2 W5, £ 42311707 % = OXRELH L TEY, KEHFHOE
— LD AENE X Paqp TR IV, TEE S0 B — L OYAEIE L0305 TR ELD, T I T, @agpld/Y
T A= T10~70" OHIFATAIZE L L, B3451F 10° IZEEL TV 5D,

AEFHOE—LDEE L, ¥Z7 XOERZ 0° & LIEAEQuimun CRIND, £o, EH
HEDOE—LMAE (F M) 1F, i EAKREOREEZ 00 & L, AENDS FESICHNT 54
JE0, CERIND, FERICIC TiX, AKFEHMNZ9 AT 7 WEFFIZ 4 AT v 7 OEF 36 i
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HORRIENE Y = BARET D, BARMINZIE. @zimuen!$-53.3, —40,-26.7,-13.3, 0, 13.3, 26.7, 40,
533° D9 AT v 04T 11,13,15,17° D4 2T v 7 & LT Qupimurnl s —60~+60° D& 7
B ERE IN—F D120 DT A= FITH D, 0, 1%, ISD=500m OHELEAE 157 (SCHA[2]L )
EEHlZ4 AT v 7L LTS, FRIEED R — U BRZNE L EOMPWEEN TE 28, 4%
E—ANDHERET DY 77 LU REEOMN, MR THIET 2IEROEM, RN LD 7 4 — K
Ny 7 O, MG DR NY — U RBROWEN e E2BET L ATy T EHE D £
RET DI EIXTERNY, B, KL TiE, 28 —207 4 (&KTA U BILOYA
PD%fVNW)%K¥Eﬁ®E%A%%wCWT%#:ED@&LTbéO:h . KEF
D — AlE@zqp 2 B TCOIRMF, 2TONRY RTHEONRT A—Z L LTWDHEZDH, SHEOD
INCTFHV I Ty Ry Ialb—varRfETRE—LADT A U2 E— LRI U TREL
THRADRELEDLLRNWEDTHD, £lo, E—LRIIS U T A 2B LTLED &,
E— AEZ T OB CERNI E b E—LDRKRTA EBEEICLIZEBATH D,

ST NRAET L, BRI O E— MO EZET D720, EMRT 7 F TOKFES M
DAESH DI EBEST HET VEH W, CHB6I L, /T 7 kT 5~ /1T /3%
DRI H T T T AN EARE L, TOMERN Y ZERERE S & Lz, Tz, FH)E
DO SR RICEIET 2~ VT NAOHE 5 & L. ZNENDOEMF NG OIS AELZ

T AATHER LT, 2 O FEHUR &SR O AA DR FITMANL e 5 S A DA %23 E LT,
Tz, SANAOEBNTETELVE L, MEEENZ SESLTHD, RAEOENT 7T
DFRIAMFRIE A R LT,

T o7 RO EEIE K —F N D T = RNy 7 ENDZEEIERE D LIATO
DT ==V VEBITERS R, BL, RE(EEOANL—Ty MEEOFETIE, 72—
VI HREBERE LIV ATALAULY R 2 b= a EAVTN D, KT, Bk 57
T RIAMERIEONRERIET 2 Z DR TH DD VAT ALy I a2 b—T g D
WD 72—V 7iE, N R, XA LAB Y Mg, 7S AEITMAL 7R Rayleigh fading % (K E
LTk, KR B ORI 7 = — D U ZITBE L Tveuy,
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Collect received signal strength Centralized controller
of all UEs at controlled cells \

Sector 1

UE measures received signal strength
for all beams of adjacent cells

X 4.2.3-1 #FRICIC DI AT LHERL

Beam

%v
/%v selector

\
i

Band 1 Band2 Band3

Beam #1
Beam #2
Beam #3

Beam #n

X 4.2.3-2 =WRILE—LRAL vF o T DORER

# 42381 VIal—ia gt

Parameters

Settings

Cell layout

3 sectors x 7 cell sites

Inter-site distance (ISD)

500 m
System bandwidth 10 MHz
Transmission power 46 dBm

Antenna gain

BS: 14 dBi, UE: 0 dBi

Shadowing standard deviation

8 dB

Shadowing correlation

0.5 (site), 1.0 (sector)

Correlation distance: 50 m
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10, 30 UEs/sector
UE distribution

Uniform distribution (8 drops)

Minimum UE distance from BS 35m
[ 2
; P — Pazimuth
A =— 12| — 2 |
BS antenna pattern (horizontal) w(p)=—min ( D8 J Am}
A,=25dB

BS antenna pattern (vertical) 3dB

A, (8)=—min 12(6%}2,3%}

O™ 10 deg., SLA,=20dB

BS antenna pattern (3D) A((D, 9) = —min{— [AH (‘/’)+ A (9 )], An}
UE antenna pattern Omni directional
Antenna height BS:32m, UE: 1.5m
Penetration loss 20 dB
Noise figure 9dB

128.1 + 37.6log(d)
Pathloss

d: Distance in kilometers

Laplace distribution (5 paths),
Multi-path angle spread at BS (horizontal)

Standard deviation: 5 degrees

Flat Rayleigh fading
Fading model
(Independent for each band)
Traffic model Full buffer
Scheduling Throughput-based PF

4.24. ToTTRAMEOBERRETLVIY XA

R ICIC O# 7 VT Y ALE, 41 ETHHALE (20— AR E LIt XAE—1k
NEREH ERIUTHD, Z 2T, #BE ICIC OLEORNEK 42.4-1 ZHWTHAT 5, &)
DIFETIE, N RO T o7 FHEEMEDOHEUE AR E T D, Bk L7z X 512, KFEIT MmO E
Pazimuen | F—53.3, 40, -26.7,-13.3,0, 13.3,26.7,40,53.3° DIAT v T b F /b M A0 3 11, 13,
15,177 ©4 27 v 7TNBRIRS L, ZRIGOIRAPER RO 5D, 0y DPIHIMEIL 15° & L.
Pazimuen PVHMEIX, & HEHBIZE Y B TONLIEBOE— L0387 ¥ RIEELFIIHAN—T 5
EONTRIE LT KL THO T Quzimuen PPIMEZ R 4241 I2F 05, 1 DD/ RIZ2
SDOE—LzH ) R TLHHAE. 2 E—2BOMHEEZ W5, 7ok, WIHMERER (SRR
REATO T2, AIHMEOROCH XS IF EEETITRY, 2FEB O TIL, FEbERIZB N T
TUT TR A AT T ORI E N RERET D, T T, BRI L D0 MU, K&
HF2 0 DN REEE Nopang & LT E L Npang X21 725, 3FEH OMEECTIL, HERIIHD
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ROT T HRIAEZEETSH, 120/ RIZ1 2O —A%2E 0 Y THEE (11 ZEM
CIER) BHATF v THIL36 THY, 1ODONRY RIZ2 o0 —A%E0YTHES [24H
i) OETAT v 78T 72 705, 4FHONHE T, H3ETIRE L [KKT &M% vz
AN—T"y FHEFE] EHNWT, A7V a—) VI BOa—FAL—T Y NERHET S, 5F
H O TIL, Sl fbOFHEFRIE T 5 PF Utility Sk & 725 7 > 7 HREEOM AL DY %
REFT 25, 2L T, DOA—7% [1ZHK) ([236[F], [2ZFEKF) IC72EEVIKL, ()DL
— 7" % Npang X 21 [BI#8 ) 39~ Z & T, PF Utility 23K & 72 5 /37 A —%  (ZHfili#xt G0z o
N REOT T RN Z2RET D,

Initialize beam pattern
for each band of all cells

v
Set band #k of cell #] |«

v

Change beam pattern #m

v

Throughput calculation
using KKT condition

v

Store beam pattern which
maximizes PF utility

Search all beam?

Yes

Search all bands?

Yes

A

(@) |((b)

X 4.2.4-1 RFICIC DBRERT7T NI XL
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£ 4.2.4.1 KEHFBEDAEQqimuen P PIEE

AN ¢ 1 e—AHOREME () 2E—LHOHHIE )
1 0 26.7
2 —26.7,26.7 0,53.3
3 -26.7, 0, 40 26.7,53.3,-26.7
4 —40,-13.3,13.3, 40 ~13.3,13.3, 40, -53.3
5 —40,-26.7, 0, 26.7, 40 ~13.3,0,26.7,53.3,-53.3
6 -53.3,-26.7,-13.3,13.3,26.7, 53.3 -26.7, 0, 13.3, 40, 53.3, —40
7 ~53.3,-26.7,-13.3,0, 13.3, 40, 53.3 -26.7,0, 13.3,26.7, 40, -53.3, -40

ENDRY RH0, N2 R#lL, N2 F#2 OIEOWIHME 2 £,

2 ZEMT, T 424-1 OUHE 7o —%2HWT, FAV RIS T 2008 —L%2LH LT
BA DRGNS — 2 BRIRT D, ZO%, K 4242 OIBNAHE T 0 —%&FWT, %30 RigE
DVETHE—LHE LITHOTINE I DERET D, M 4242 D 2%\ OLE T RIZED
BTCHNZ2OOE—LDELL)N%E OFF ICL, 3BHOUBT2LEEY 1 ZEIIHO LY
A ? PF Utility #5545, £LC, 4&FHOUHET, 2ZEOEA, 1ZEROE—L%FEL
A, 2Z2EHOE—LEE LG AD 334 —2OH) D PF Utility M bR E {72 B /3%
—URET D, E—ADOHEEN KX WVBEAITE— LTS KX 257720, BN 7 o —
DFEFR, 1 ZEMNERSND ZENEL 2D,

Set band #k of cell #] |«
v

Turn off either beam [«

v

Throughput calculation
using KKT condition

Adopt beam off
if PF utility improves

heck both beams?

Yes

Search all bands?

Yes

(@) |[(®)

X 4.2.4-2 2Z%HERFEOBINOMET o—
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425 TIal—aUuiERLES

RITE CRL L7 ALBE 7 0 — [ TRRE T LTV X LO—HITiEd 25 Kim L TIEZ oK 7 v
URLZEHANZV ab—a k- T, BEICIC OREMGEE £ L7, LLF Tk, 2%
ICIC DFEARKMEL LT, [FFR £ DM, T30 FEOFE | B — L EORE | LN
DFEE IZONWTENENEBLET L, 5T, BEICIC OFEMMMFEL LT, [ZEEHOWE
BIMEORE |, ABEORE | [HEENGREMFOEE] IOV THLENTNBEREITH,

4.251. FEARFM : FFR & O

4 4251-11287 #2480 10 2—FDOHED, v/ nk/, FFR, X ICIC (1£H), #%
ICIC (2%HH) ODANL—Ty MEZ T my M5, Ml FY2—F 2 r—7y M T, fiffhi
5%CDF CTEHE LItV —FAL—7y b ThD, £7o, K 425121287 %40 30 2—
PORAEDAN—T" MEEEZTT, =27 28 TR @uimuen=0" « ©3q5=70° + 8py=15" I
WNRIA=ZEEELTEY, 2TONY RTRILEEZ AW TS, 223 ST LEZLD
N REAEEZ THANL—Ty MEHEIZED B2, L, BEICIC IZEhE Ty R U
4 THELTWD, &% ICIC O/ FEUE, Dl Ay RETHO R ERR O L /3T A —
2L L Ta4lZliz, iz, ERICIC TiXEsq5=30° & L. Quzimuth & Orie [TEFHIETG TH /K
—URRICE > THEAZRET D, 2B, BEICIC TRETDH/8T A —ZIZOWTTKRETREL
<FET %, FFR O 2 REE, X 2.2.3.1-1 Tl L7k z v b7-% 3 £ LTW\%, FFR
T Qazimuen=0" « ©3q5=70° IZEELTEY, F/ ML, Bl —FE2EID Y TH
RTO=13" « TNLID /N RTOy=17" E LTS, T2, Bl —HFE2E D YK THN
v REZENLDSNON ROEIET 9dB & LTW5D, 2B, KHMFET 7 TOS LT /RAD
LR Y OEERAL S L LTnD,

VIalb—va VRS, R ICIC TiX, FFR &R TH P —F 2 L—TF > h kL
Uit — PR N—T" O GTTTA U BBFEONTNDZ ENgND, £, 1 DO/ RITREK
2E—L2ZEV Y TH2L2EEHANDLI LT ELICKRERTA URHELNTN D, BRI,
7 Z2%Y 10UE O%EE, 2% ICIC (1£HE) Tk, w7 recst LT, Fha—HF 21—
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AIZKHIGELTEY, fl E R DOELLN 1 D50 CC 2o THETLIZELTESLL, WD
CC ZFMFICHE->CHETHZ LB TED, ZOH, ~7 i/ RRH T CA 21795 2 &

AlRe & 3%, UE 13867 5 C-BBU 23l 52 TH CC LlBET 52 &N TE, ERRIZED
CC %A 9 /L C-BBU DA ¥ a—F 03 REL UE IZHAT 5, KNim oz EE Icc
7 A > . CC assignment] & FES,

73



\

Macro-base station

N
Centralized BBU

~~Macrocell

Centralized BBU

BBU#1

BBU#2

BBU#3

BBU#n

Optical fiber

SW

X 4.8.2-2 C-BBU ¢~ 7 uiHEE L O RRH Ot

74



[~ [~
UE# | UE#2 | |

~ ~
/ [\
Assignment process for CCs

RRH el / RR;\\

I 1 I
I 1 I
On \Off Off | |0n On Off
l : i
1 L 1
[ Allocation process for CCs ]
I I I
BBU# BBU#2 BBU#n
Centralized BBU

X 4.8.2-3 CCEIYWYTE CCTHA T

# 432.1 12, 2% Pooling DIV R 2L —v g U &EERT, ~ 7 nliiimoik
E¥ /1% 46dBm, RRH D45 /71% 30dBm & LT\ 5, RRHITEZ ¥NIZT v ¥ AIZELE X
DM, RRH Z8%E T 5 72O ORFHERE (v 27 v & OERE, M2 RRH & OFRE, UE & OFEHEE)
DIHESINTWD, #£% Pooling Tlid, AN—7 v MafEE L U-dffiiRRIc L > T, TCcCH
WAET) & ICCTHA ] ZRIFFTIRET D, £LT, IRELL ICCHIVHT) & IcCTH
A2 OEFEZHNT, VAT AL~V 2 b—3 g 280 Z—TF y MEMEZ T 5,
7B, TICCHIVET) & ICCTHA ) OIREIR 72—V 7R LOFMETIT, ZDOH%D
VAT ALY al—varyTE T ==Y ETVE LT EPA SHz D /LT /RAT = —

D TETNAERNWD,

#4321 VIal—iarf&t

Parameters Settings
3 sectors x 7 sites
4 RRHs or 10 RRHs /sector.

Cell layout

Inter-site distance (ISD) 500 m
Component carriers 5 MHz x 2 CCs
. Macro: 46 dBm
Transmission power/CC
RRH: 30 dBm
. Macro: 14 dBi
Antenna gain i
RRH: 5 dBi
M :8dB
Shadowing standard deviation acro
RRH: 10 dB

Macro: 0.5 (site), 1.0 (sector)
RRH: 0.5, CC: 1.0
10, 20, 30, 50 UEs/sector
Uniform distribution (4 drops)

Shadowing correlation

UE distribution
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Macro-RRH 75 m

Minimum distance i 40m
Macro-UE 35 m
RRH-UE 10 m
Penetration loss 20 dB

Macro: 15 d
Antenna tilt angle acro egree

RRH: none
Carrier frequency 2 GHz
Number of antennas Tx:2,Rx: 2
Macro: 128.1 + 37.6log(d)
Pathloss Pico: 140.7 + 36.7log(d)
d: Distance in kilometers
Fading model Extended Pedestrian A (fd = 5.55 Hz)
Traffic model Full buffer
Scheduling Joint PF scheduling across CCs

433. CCEIVYUTL CCTHAVDORBEERTNLIY XA

f[CC &I 2T) & ICC 7Y A ] ORIEMEIRRZAT O T2 DAN—T"y FEHEIZIZ, ¥ 3
HECHB L7z [KKT &2 HWicAv—""y NOFETFE] 2 W5, #% Pooling Tlk, &7
HZNIZ4HO RRH #i%iE T 58546, C-BBU ([Zid~ 7 v itz 3 =2 %4y & 12 5O RRH 2385
T 5720, AR 30O CCRFIET D, LIz -> T, A—T v FHEFIEICE T, Ny f@o

MR Y Y — A% 30 D CCICE &z CRETIIZEW,

WIZE BV BB EEZOT LY ZLICOWTEAT 5, &HIC C-BBU IZEIEI T
% BBU O ZHETH, T LT, #IHMREL LTBBU LRIUHED CC %7 ¥ AT LT
NIZL, VDD CC% OFF 2§ %, Z2C, w7 aiFo CCH Y 4Tz oW Ciddm{b o
HREGFTICETE & T 5, R LT~ 7 nE T fl © CCEZFHIZONIZL, 2D CC &5
{2 OFF |29 %, ZAUCX Y., RRH TiE 2 D CC 28 ON (2720 09 < 725 A%, RRH MO T340
KEL< =72 tDTWIR/NSWVRRH TIEfl D CCRONIZRDZ L +aEZBND,

WHLRREN IR E 5725, DLFICRT 3 2OHKET NI Y XL FIRFICHEAT 5,

O ZHEEH  ON D CC & OFF O CC # ANz %
@ OFF#%#% : ON ® CC % OFF |27 %
3 ONEF : OFF ® CC # ON 127 5

Bz 1E, C-BBUIZFE# S5 BBU 28 12 5C, RRHZY 12 A (CC A3 24 ) D54, ON Ok
@ CC 1% 12 & T OFF mﬁﬁé@ CClX12flL 725, ZoHE., ODORMIRZDMAADEIT 12
X 12 @ 144 38D fF{E L, @@ OFF PEFRIX ONIRAED CC ¥ LRI 1230 L 725, @D ON £

FIZ@TOFF &72% CCNFEAEL.BBU U Y —ZARR > TWABE DRI SN 5, #22 Pooling
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TliE. O~Q@DAHZ 20 FIff: 0 i L7273 6, FHlifEHE Td 5 PF Utility 235 b K& <72% CC D
ON/OFF /% — B BERT 5, £ 433112, ETCOMAEOEZEEIRT D Exhaustive search &
&4 Pooling DYRFRIEIFL D L % 779", Exhaustive search O¥RZREIL, 24 HOHF NG, 0 H %22
SHAE DR, | HEZRSHASDE, « « - 24 flZRSEASDEOEFHMETH Y . HEH
26 2 D 24 Fil ) OMAA DI/ D, R Pooling DAL HOEEIL, AHAIERD 144 18D
& OFF D 1238 Y OFEFRZ 20 [E#E VIR L-EEE 725, 20X 512, 2% Pooling DEEFREL
XEANZREEKICMZ 5N THNDE Z ER™ 015D,

# 4.3.3.1 RREHKD LB

Search method Number of search procedures

Exhaustive search

(Ncc =24)

Proposed search algorithm

(NCC_ON: 12, NCC_OFF: 12, (12><12+ 12))(20:3,120
Number of iterations = 20)

2% =16,777,216

B THRIZE LT CC O ON/OFFIREER TCCEIV M Ty s, /-, O CCEIDY
TORIETIT) ANV—T» FtRFIETHONLIE2—FOEHY Y —RE ML p &b LI

[CCTHA ] ZUTDOLITKDD,

* >0 DA CCHm X UBHK 12T VA 95,

o >0 & 72 D[R UERED CC DD D56 pum PIED R H R E V) CCHm % UE#K 127

AT 5,

o CCHm D pn R T 0 DA, CCHm DZAFE NIV BREVWUEILT A T2,

[cCEIn YTy L ICCTH Ay BkESTEDL, VAT ALY Ialb—vailioaT
Ha—PFDANL—TF v N EFHET D,

434, VIl —TaUoEREEE

|/

2% Pooling 12X »> T [CCEIVYT) & [CCTHA 2 21TH HikE, ZEETH ST
[CCEV YTy & ICCTHA ) %2175 HEDANL—T » MM EL ~_— 2,3 K Pooling D%
REVIal—va ko Tk LT, ZEENTHESHEL UTOFIETITY & L,

lll

O A TORRH & UE DMAGDLEOH NG, ZIEEIDVEHRKEVRRH & UE O AG O
ZBRINT D,

© OTERENTZRRHIZCCR)ZHIV BT, OTERINZ UEIZ CC(R)ZT A T 5,

@ @OIZBWT RRH OZAFENND~ 7 n MR OZEEN LY b REWEA, RRH (2 CC(fl)
ZE Y YT, UEIZCCENET A 15,

77



FRRO~@iX, C-BBUEEICHE SN/ BBU Y VY — AR 5 E TRV KIS LD, Z0OEID
Y CTHIEEHITIED D20, Kim X TIEZEENTESSHBHEOBGIEEL LTRA L,

434-112, BZ Z4¥0ORRHEN 10 T, £ 7 #2450 O UE N 30 DHFEDOV I 2 b—
3 UEERART, KO PF based 1Z#2 % Pooling % E W1 5, 4342137 %% 0 O UE
2320 DGEDOFERTH 5D, Average [ L) —H Z)—7" k| Median |3 50%CDF O = —H 2
J—"7"> ., Celledge I% 5%CDF O& Vit —H A —TF > N EZNZNEKRLTWD, FEiho
Resource usage rate £ C-BBU %% & N CRE L T\ % BBU DR E2F L TW\5, C-BBU X3 &7
Z53ORRH Z2> b —/L 3 50T, RRHEEZ 240 10 DA, At 60CC 5 C-BBU 12
SN Cnb, Bz, C-BBU H#iEND BBU #4% 30 D4 T, 30 &£ CT0 BBU 2 E# L T
VB RED Resource usage rate 1X 0.5 St S5, I 2 b— 3 > Tik, BBU % 0,6, 12,18,
24,30,36,42,48 L& %2 T % (10RRH/EZ Z DRE), (AL, TSI X > TIE4To BBU
DB L7272, BBU H3Z% < TH EEROBBI )3 > T Resource usage rate D71~ M
BN SNFITTN TN S, 4.3.4-1 OFERH 5| Resource usage rate 73 0.3 OE T 5
& 1% Pooling D A/L—"7" MM, ZEENNTES S FIEICH LT, a2 —F 21—
v T 22%, Median A /L—7" kT 53%, AL —F 2L—T> T 115%[A ELTWS, £
72. BBU 77—V > 7 Cix, FHa2—HF 2 L—7 b 3,000kbps TilAli L7234 25%. Median =
— W 2 )L—"7" |k 2,000kbps Talli L7258 45%, &G —% Z2)L—7"> | 500kbps Tl L
72%56 60%, BBU U Y —AZHIHT HEBHF LTV D,

6000
—@—— Proposed method (PF based)
5000 4 ---€--- Signal strength based method
@ 4000
0
=
2 3000
Ny
[eT]
>
e
£ 2000
. Celledge
1000 o N
e
oo
0 T

0 0.2 0.4 0.6 0.8 1

Resource usage rate

K 4.3.4-1 Z/L—7F v MM E(10 RRHs/sector, 30 UEs/sector)
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8000

—@—— Proposed method (PF based)
7000 4+
---@--- Signal strength based method
6000
— Average
g 5000
2 &
- &>
é 4000 Pt HE;;‘ °
2 /.// &,—" Median
2 3000 ~-
< »
- / .'/’
2000 z
Celledge
1000 A
0

0 0.2 0.4 0.6 0.8 1

Resource usage rate

K 4.3.4-2 Z)L—7F v MEMEEE(10 RRHs/sector, 20 UEs/sector)

4.3.4-3 12, 2% Pooling & (58 /11233 < J71E® PF Utility O bigis 4 7~r9°, PF Utility
Iy lalb—ra O —HFOANL—7y FOEZRQNITRA L TRDTND, KRN,
Resource usage rate 2MEVGEIZ, $£2 Pooling @ PF utility 28, (5B IZES < FIEIZHART
KEL 2o TND T EMynD, -4 Pooling 1X SINR 25 L T4 728, /LT 2 K
L. 2=P 0= TV RICRE LRI R > TS ZENRZOHERNLEEZ bR D, 2D Z
L BRI D72, % 5T EIT D CC 48D Resource usage rate & CC 5D 37 WA > UE $ &
T L72. 3% 4.3.4.1 |Z Resource usage rate 73 0.3 OIGH OFEF % % 4.3.4.2 |2 Resource usage rate
N 0.8 DBEDFERAZ F L=, CCHDIT~ 7 v iEHF THEDLILTWAH 728, RRH TIEEMRIC
CCR)DEISFENEL 72> T 5D, F72, Resource usage rate 75 0.3 355, ZEEINTHES L ik
TlE. CCR)EBEMITEIV B THT AT LD, CC(R2)DT ¥+ UE B KX <
BoTRY, B—= AT AR BN TRV &N U,
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4.0

3.8 4| —O— Proposed method (PF based)
36 4 ---0--- Signal strength based method
3.4 w
32 J
A

3:0 0/0'
A

. /”,
2.6 ‘
!’

2.4

PF Utility

2.2

2-0 T T T
0 0.2 0.4 0.6 0.8 1

Resource usage rate

X 4.3.4-3 PF Utility ® tt#:(10 RRHs/sector, 30 UEs/sector)

#* 4.34.1 CCHEODEIY Y TEDLHHT (Resource usage rate: 0.3)

Resource usage rate Average L5 7
Method of UEs/CC

CC(1,f2) | CC(f1) | CC(f2) [ CC(f1) | CC(f2)

Proposed (PF based) 0.30 0.10 0.50 3.23 5.96

Signal strength based 0.30 0.26 0.33 2.38 9.00

*& 4.3.4.2 CCHEHDHID B TEDLHT (Resource usage rate: 0.8)

Average number
Method Resource usage rate of UEs/CC
CC(f1,£2) | CC(f1) | CC(f2) | CC(f1) | CC(f2)
Proposed (PF based) 0.80 0.71 0.89 1.79 3.37
Signal strength based 0.79 0.64 0.94 1.79 3.18

434412, B 2K ARRHBL OB Z 4D 10UE ZEELIZGEOYIab—va v
fER A9, C-BBU ZEEITITAH T 24 @ CC 38kt 41, BBU % 0,3,6,9, 12,15 DEETE
nEn7oy hLTW5b, 27 Z%4 0D 10RRH OEFAICH~D & 4RRH TIEHEZ Pooling D %hF-
MRS o T0D, ZHUE, BZ #2240 O RRHMAE D Z & T, RRHESX°RRH &£~ 1
EHURE CAE L 2 VTSR LB X HND,
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8000

—@— Proposed method (PF based)
7000 4
---@--- Signal strength based method
6000
- Average
& 5000
=
2 4000 e
an & -7
> prs .
3 3000 - - Median
<
l_
2000
Celledge

1000

iy
O T T T T
0 0.2 0.4 0.6 0.8 1

Resource usage rate

X 4.83.4-4 Z)L—F v MNEMEB(4 RRHs/sector. 10 UEs/sector)

%I C-BBUDBHIEIT 22U 712k D Z—T" MREMEDEWICHOWTELZET 5, X 43.4-5
TlE, C-BBU %3 3 £ 7 # N RRH Z il § 5555 (3 cell pooling & 7Cfk) & 12 ZNd RRH
Z 3253554 (1 cell pooling & Fidk) DOFEMELLIRAIT 572, T Z TiX. Pooling DZhH: % KRk
TDH70, 87 ZH# O2—F$E 10, 87 Z#2 O2—V5%E 30, B 7 Z#3 O —V5E 50 &
WY ZF-d TN A2 —FE2EEL TS, YIalb—ra UERTIE 2T EKR
ERAETIE R -2, TEEY C-BBU ORI U 7 RNEWIEE A L—T y MR LU —
VDo TDOMRDPRELL RS TNDLZ EDB DD,
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6000

—@— Proposed method (3 cell pooling)

5000 4 ---A--- Proposed method (1 cell pooling)
Average
4000 S
== Median
3000 e -\

2000

Throughput [kbps]

1000

0 0.2 0.4 0.6 0.8 1

Resource usage rate

X 4.3.4-5 =Y 7 DEE(0 RRHs/sector, 10/30/50 UEs/sector)

4.3.5. #&ZFE Pooling DE & ®

HI3ETHRE L KKT &ha vz z2r—7F y FEHEFE] 027 2EM T om e &
L . C-RAN %1 LTE-Advanced FEFIZEBIT H_X—A N R7P—Y U TIZOWTHRF LTz, &
ZTIE, w7 e s B atlod HetNet AUICHIIZ T, SRk MEE D R & RIRREE 21T 9
CAMBAZAT 22 LB HEL TR, KKT &£FEEZ MW AL—Ty FEFRFE] X CAZH
WD VAT MMIHEMFRETH D Z &R LTc, ARFITIE 2 CCOVAT LEEL, AE
—/LE/L (RRH) f#IZ CC(f1)& CC(R)DELHLEHEIV Y TH, HDHWELHAFIV B TH0%E
R LB, 41D [A—TF 'y MERIE L LIz AT — /LR VG FIE # W,
VIialb—va URERNG | IRTFIETH HZEENCES CCHID Y TITHAT, Fy
—HF 2 L—Ty N TR 125, BEAM—F 2L —TFy N ORI 22 50 BT 2 & AR LT,
R=2ANY RT =Y U T OHPTIE, E2—F2L—T F & —FIZ LTHA TN 25%0
RN R Y —=2%HCE | A —F 2 L—T Y & —FIZ LTEHEITIER 60%0
NR=2ZAN R Y —=2AZHHTEDZ LR LT,
FLREBEFEZNND ZETUERY Y —2AHICH{A—FORIEREHET L LN TE D,
C-RAN HULHIR TIZ, ZOa—PEIEROFEMREZ S L0, BRY Y —2AHIATY2—
YIRBDOA—F LR ([CC THA ) ITHY) T752&T, AFyva—) 7oA RE
HIS 2 Z &R TE D, FRIZ, ARFO X 512, £< D CC ZFIJH LT CA MREZ MV 5 #HE7R
VAT LTI, 2 VPEILELE TOHETE DARFIEIIANTH 5,
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44, BAEDILD

ABETIE, HIETIRELEZPF A7 Y a—1 U 7 &ME L [KKT &2 VWA v—7

FEFREFE] O 3 OOBHABNZ OV TR ZITV., A—7 > MEFRIE & 7o TRV T
1 OFMER L OEAEEZHER L,

1 OWEAFITIX, AH%ROBENERE AT AT, KO SINR R—2DEVEFHIRDY |
AN—"T" NEFREE L LT AT — /LR VRGN EEILR D & OFELEN G, PF Utility 23K & 72
%X ICHER TG A —Z OFIEERITH Z LT, AT LB LOBFMNELCEEE S, 7T e
[FPE7R E DR T X — 2 Z it § 2 FIEEME LTz, $io. BT 2R ER AT A —H

DIAEDEDOHF DG | BRRIEZ WD 2 LT, ERMNRIREREEC, TRz Ko 5 B>
WTHRRET LTz,

%2 O B TIE, B — 2L —Ty T TR B2 L—T y R EKIRIC
A T & 2 VM sfy & LT TRPHERN =Roc e — LA A v F 7| 2OV TR
L7z, ZOHETIE, £PHEREZHWD Z LT, EHROEED > Fioxt LT, B RTH
BB LT T THRIAMED RN T A —ZEIREAT I, RNTA—FONNF— R TIE, H1
DOEAE & FED HFEEZRNTND, v alb— g URERND, THEPHRIER =R/t — 5 A
AL F U T BRANAZ LT HERD~ Y Bk LT B2 —F 2 —TF v R T2 {50 E,
AL =P AL —T > N T3EU LA A U EOND 2 & 2R LTz, 7. AR
Z T, EREOBET BTV, BEROBENC L > T A —F ZL—7 > bR Lo i\
WooZ xR L. 7T RO EF AN O TER LI,

3 OWHEITIL, TKKT &2 Wiz 20—y FEHETFE] ICBWTERY YV —2FD L
—PEPYRPRED A Y v FEIEH L2 [C-RAN RUEHRIC 1T 5 _R— 2 R F—1 v 7|
IZOWTHF L7z, ZOHETIE, 2—PFEIEELE L LIRELE ICCHIV LT 2L, B
BIHELCCLEBHITERWVWCCERET DI ET N—ANV RSV 7 EE T 5, £z,
2= PEYRE G LICRE L [CCTHA ) IZRY, =Rk T 5 CC kD iATe Z &
T, A7 va— U U TOUEBEHIEN AR THLZ EER LT, YIab—ra UERND
[C-RAN BUELHI BT D=2 R 7=V 7| 1 d, (EROZEENCHESL CC HID Y
THIBIZHART, Ea2—F 2—T > N TR 12 52, B —F A L—7"> h T 2.2 %
A ET2Z LR Lz, £7o, =AY RT—U U TOMETIE, FH2—FAL—T >
k& —TIZ LT HEITH 25%, B —F A L—7"y h & —EIZ LTZEAITH 60%0D<— 2
NURY Y —=2AZHIWTE D2 & 2R LT,

PLED I, H1 0w HFITIXTKKT &2 e 2y —7 MR FEI 2RI LT, Vit atEe
BECOAN—T"y MARKEL LT IR ST A—Z DR b AN FTREZR 2 &, B2 L OVEE 30 Al Tl
AT IGE IR ST A—Z D Ec @il A FTRE/R 2 & 22 N ENHALNII LT, KR TR LTI A
N—"T"y NEFREE L LTz R VI T WA, B AR BRG] 0 OIS R T —
ZENF—ERAOHLERDE 5 HHRBEIBE LG LT 5AFRBEHIEE IS THED L
LM EBEZ OND,
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BOE i

AL, 7T—H% 8T 7 4 v 7 OEINCKHGT 2 7212, L7 BEERE > AT LAOKE R
EBT L ECTEEL LB AMTWEIEEINCBE T MR L £ L Db D TH D IERD
YU TSI AT I, Fractional Frequency Reuse (FFR) [ZfAFR &5 L 912, BABERICZEIT
LZEESSE (SINR) 2 T2 28T, EAa—YF2L—Ty MR ESEHIFTH
Do AWML TIE, A% AR EMT 25 5 AR ENRIE 2 4he & 3 2 RN Bhil(E % kf
Gl L, 2—FPEEOERY Y —2ZFIH LR REL TRDILD AL — T o M fRRE & LT 5
IRTA=ZDFE N EEII R HEOEBELZICHESE B TBBEE VAT AMB N Ta—H
AN—T"y NERET D [ATTa—Y 7 LYY — A0 2 —PEYFEORIR T ONTE
21L7-, LT, BT BENEA(E > AT A T—HAY72 Proportional Fairness (PF) A% ¥ a—1 v
TEBELIZGEO—YF 2 V—T"y N @iRICEH R T 5 FIEZRE L IREFIEL B VRGE
BEds KOV 27 L oIS T 9 2 B VTSI (2 D W TRET 2 AT - 7o, AFE DR &
BEMIELODLELUTOL TS,

2T, AT OREARNRERL LT, kO~ 7 m e L5 %E KBS RIAEI D~
TRY=T AFy RU—7 (HetNet) 128115 SINR & A /L—"" > NAIZ DWW TE &2 00T
iTol, . VI ABABIOYATFEABEICBWCPF AV a—U v V52 E L
BBDOAN—T" > FOIEARFHERS XN FFR 2 A L7285 A O A V—7" v NRHEONT 21T - 72,
TR, FFR DXITIEEE I DR DEHOERRY) Y — AR T 256 KR Y — R ZE D
A EE Y THNETORDTIRI, ZD2—FE TAT Y 2=V 7 %47 RN — KT
BHoTe, RETIX, PO —RZEY THZ—F 2RO TENRTH, AL—TF vk
—AD PF A7V a—0r 7 EFE T HIE T, MR — A C e = —EID 2 TON B B
ITONDZEER UL, ZOBLEND, EFE I NERLDEHO TR Y — AP FET DL M
RN TS, PF A7V a—Ur VOEHTIZ XY | EHRY Y — 2o 2 —FERE R o —
PN —T Y N FH R CEL LA MER LT,

BI3ETIE, BL2EOEBRIIESE, AN—T Yy M—RADPF AT Va— I v 7EBELE
A VBB Y Y — 2O —FEY R L 2 —F 2L —T y b EERICEHET 2 FIEIC OV TR
MEIToTo, RETIE, 7. PF A7 Va—U 70X EEL &, PF A Ya—U 7R
PF Utility D RALFIEZ i< Z & E 5 TH D 2 & Mgl L7z, % L C. PF Utility 235 U >
— AFDO L=V EIY R EGERFA L —T > MZEVRED Z &5, PF Utility O g KAV % fi
{ZLT. PF AT Pa— U JHOER) ) —2EOa—PELRB L P2 —F ZL—F » b
ZREHTHFREEZER LI, EFIEIT. PF Utlity D KMERIEZ KKT &fEceibL., 2o
BHARZEAKRERT LAY ALTRS FETHY ROV AT ALy I ab—va kD
HIHBH , BZ7F2 4D 30 2—FDEE AN—7"y MNHROFEITRE A 75 530 1 FREIHE
MCEDZ L a2MR LI, BETIEIL, KEBHORLRDEHOMERRY V) —ARFE L, AN
ZFNHEBOERY V) — A Z BRI S & 5 2R VRERICBOTHEH T 5 Z &M
AHETHD, B, METIEL T ==V L IR LOKFEERHRE LIERHRFIETH 0, 1
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72 VRT3 1 D BN T A — 2 OFIHEENEZE EELS R T ==V U ZIZET
BT DHENRNT LD IREFEL BB WHEEMICEHT 5 Z & 1d+arETH 5,
FATETIE, HIWTRE LR IKKT £HFEEHWZAL—T"y NHEFE] & 7o S
FA—ROEELOMAB E LT, £, [RA—T v NEEEL L AE— LB L& 125
WTHRFRT LTz, T2AV—T 'y R EFRIE L Lokt Sk, EROZ(EERIRE S SINR OFF
A 2T Ny VERRIET D3RG ITRR Y R LN ST A —Z DR E — B
REATWRNG, PF AT Y a—U v 7 %Oa—F 2—T v M OER S5 FHlEEZ2 &K
IET2RFTETH D, AETIE, WL O OFHBFEIE 2 el U755, PF Utility % 3 FAfh FE S
ELTHWAD FIEN, a2 —F 2L —Ty b Lo —F 2 —7y O &m EXd5
BLECROLEBNRLTWDLZ Ea2MER LT, o, [AV—Ty MEIBIEE LB AGREH Tk, &
WL AR R T A — X OFBE DR ERRT D 7O OB 2SR & 72 5, [KKT 5% v ic
AN—""y FFHEFEIICLD ZA—T"y NOFERHEZEMHTE 50, TN THLHIHET
WRRT A =R DOETOMBEDOEEHERT D Z LIFBLEMNTIXRV, £ 2T, RiwsCTiE, &gk
B N— A LT RET N A Y AN RY R E5 2 TiEEZ TS, 72, B4 =TI,
TKKT §:fhx iz 2v—7"y NEHRFE] oA E LT, IMERHIETR =Ko — A A1 v
Fo ) b TC-RAN RIHEHISIZ 31T 5 _R— ANy RS — VU v 7| [ZOWTELE LT, [HEHIE
B=RLE— LA v F 7| TE E£THIEREZ WS Z & T BHFOEE DS Figs L
T, BAMTWEZE LT o7 FRAMERIE 175 2 & T, g —F A L—7y F2IFT
72, =2 —T R RIEIZA ETEDZ L AR U, THEPHIER =Ko — AR
Ay F 7] TE, w7kt LT, FE2—F R L—7y S T2/ B, B — X
N—""2 NCIHEU LD A 2G5 2 ENTE, [C-RAN BULHFIZ BT 5 X—A R R
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