Fr i AOERREM B HEE R {iR

~ AR E 5 (Small Cells)
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FALT0%E_Z P @ % cnfedp oAl o ARF PN B Begp TALT A B 4o 3
90%,

C. ¥ifiscdping s d R R R S e m AR s TR SR
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P AT N B en7 T e 995 CISCO 4R 4 [2]2010 # T L& b i eh
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machine (M2M) 5l * #-§ 4 » B RIrE ¢ o & 2014 # # & » & &Rl
AR RER LY Bl MAZER IR A v i 5 2018 & ¢ i | T
ESES A#@y 14 4 78K E-2018 ##E 3] 100 g 7558 ¢ 2
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or - FEAFHFEEF P REAS 27CGB FTHE 0 I RAJIEERE

AR LA AREMRPR FACFABERE A EFRE
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d AT S @ R A AR R E A A AR L5400 &Y BAc
Bae 2 A AR SHRBFER M A F A ST R AR ST
% o it §_H CISCO e3pp|dd 4 # Mr‘ TOF AL B b o PRAR gl K
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A RERER DT F36G/4C E R G AL E Y Ao R A R R SR
e & defe b prid F 2B F P SPRGE o £ > de % H E T A1 B4 £ 3
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BAFHFE -RAEREFFEY A A EFEEGPRBEIR 2 i
PR PER AR S g
() AlAE o B o EE
B LTE %4 %% ¢ 4% 7 ®# F 9 HeNB (Home eNB) » % 1747 & g7 %
AL Sdpl o FEAF p\ LA A 1R ﬂﬁ/ % ()4 Closed Subscriber
Group> CSG) > & frigixa? HeNB b= 3 iv X213 &2+~ 3|+ S piddz o

BipEAF Y S AT RIEA S IV RE TRER DT ERIE - 2 LTER
* 10 § ¢ 4o » K3 Foend %&?F—,L(RelayNode RN) > RN ;ﬁd Unazsg i

& (radio interface):ft 35 7] - %22 ¢ =k ehfl 3 5 (Donor Node » DeNB) o j&_i#
FEERA T RNﬁhmé‘L d g il eNB o j& DeNB ek @ 3 o RNijz*u

G4 4 geafii- @7 F o & 3GPP R A 12 3] # I WP AAE o R
srensg i (Small Cells Enhancements) » 71 % 4™ @

A. TR 36.932 Scenarios and requirements for small cell enhancements for
E-UTRA and E-UTRAN > V12.1.0 (2013-03) ;

B. TR 36.842 Study on Small Cell enhancements for E-UTRA and E-UTRAN;
Higher layer aspects » V12.0.0 (2013-12) ;

C. TR 36.872 Small cell enhancements for E-UTRA and E-UTRAN - Physical
layer aspects > V12.0.0 (2013-12) -

TR 36.932[4]#%- % % ¢ t#F B 21 A+ 5 & E-UTRA(Evolved
Universal Terrestrial Radio Access)* E-UTRAN(Evolved Universal Terrestrial
Radio Access Network) ™ i * {312 7 fo 2 & 5 7 f&- ) A&+ &G F &
Bt & A AR SHFRT 3 F%f’j_F\m%‘ﬁ#&E“’t‘ff L @
F R ENF FH IR B o L_Ns'l““ F‘PLT C P PEL IR A RN
Foft s BEFLAR S X AB N RE o & 2 R

TR 36.842[5]/ 4 & = i BFT 5 = 46 A M 5 3
oo PP A A AR SRR S T g A g @R
Bt ;*”'J”t’"“']zi** CHEITADAPRAES L Fid g AT by BARE
SAlE PRI AR SHIFAIHESF X R R AT gy B4 79 fe :
.,'&%{#%—Ekléq*mfﬁl&émj 4o XDSL & & s 7 4 - TR36.842 %% 7 =

;R
B ¥ ap ek 51]%’:"1‘%\, TP o

TS36.872[6]4 & jE&- 12 A & RIFT 2 A1 AP s R ¥ 5 ¥
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0T AIAR SFET R PR

PR A P B FH- | FE- | F8=
Mobility Robustness Y Y Y
UL/DL imbalance between macro and Small Cells Y Y
Increased signaling load due to frequency handover Y Y Y
Difficult to improve per-user throughput by Y Y
utilizing radio resources in more than one eNB
Network planning and configuration effort Y Y Y

hEAE A PR LN
(Heterogeneous Network) » #i& £ 4 B

ﬂ”&ﬁéiﬁiﬁﬁﬁ
I N2} ARl : S N

@ g s REFF - w @ F1E 2T 044 F macro- ~ pico- -+ femto- #
BAE L2 Realy (rk & ArT) e
7 REpAAR S[T]

L @ 5y 5 RIpW ¥ 1§ )
Macro- BS 48 dBm Few km S1
Pico-BS 23-33 dBm <300 m X2
Femto- BS <23dBm <50m Internet IP
Relay 30 dBm 300 m Wireless

A. Macr- BS (Macro Base Station)
do— Bp ik SRR L] RS RIS PRI RE
FIF g RS2 0 T U PRI F e T B
¥4 9 48dBm (63 W) o & LTE ek 4t® » & & lMﬁu_,:.\ enhanced
NodeBs (eNBs) » f1#* S1 /i & w @3 & T 7w gt o

CF oY

B. Pico-BS
v* . macro-BS - pico-BS %4 |- # F (¥ 23-30 dBm) - Pico-BS ¥ %
KN AT hoPico-BS Az M R <Ei§§4cf§%—g§-§1‘o
2 o PRFEPF > pico-BS ¥ 3 ﬁrﬁg?l X » + 250mW F| 2W
(23-33dBm)-§ % p Ho3% o pico-BS 3 A ds 41 5 100mW (20 dBm)
2 E L M oPico-BSTHRIENT A 12 %mp;\ﬁ. F% X2 4 gD
macro- BS -
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C. Femto- BS
- 43% % _home BSs & £_home eNBs » & — 5 F i e A A
e A RFEE-EEFFMIRIFEE T AR RAL S 2 o Femto-BS
@@?Jxé F 5 0.2W (23dBm) » fRI% 4 ] %) 50 2 = v o Femto-BS
¥ 123 # DSL ~ cable & £_fiber g v BF o B F PRI
;¢ femto-BS ¥ mdg iT Ao B & F 448 ) > = Closed Subscriber Group -
CSG erfic;V ™ o

D. Relay
* 3 H G e 5 Relay - & uﬁ%ﬁz@@?]ﬁv—e N LA AR Sy
gL B R AAE S HAIERL - Relay § et Al
BOoRE B GRS A8 R (R ‘é‘i ML) 0 X R
(hotsport) 7 £ - #® il fiyid & 2 ki chig * 5% -

SARE SR E R B %ﬁ"%%ﬂ*ijq_ﬁ% E—#l‘l‘tuﬂtk—ﬁx’t/l’%
FRRRERES Al ST d R G K 2 SE(RP)ER B 0%
fe B R AR A B 5dE & 4 i (cell splitting) £ 2R H Uk v SRS B 2 R A

Bl 4D 2 plho g * F 9% 7 @fﬁéﬁm% 2B FAf e x ﬁi,‘rgo
3RS #—"— F1r P Al A S T L EF SRR AT b
B k5 §o MO AR T l‘z;ﬁn‘f';»’\m o ;‘L“{%Jﬁm@ e ’J‘ﬂ']
%M n BT LFEER GIE R F AR A S - e TR AR S

NI MR < S __”\F?*’3G/4G<’_1B£ ;"u;ﬁd AV AE 5
BRI LA ST i A S8 R TR A TR -
KA RE & B A2 o Femto-BS 8- & AEH P * =8 b Tw = b
BRLFERE TS FREROF T LR F AT 0 L AAY ST 2
ML g FE S Aot A A A Sk e AT F P A R R F ] A
AP AT E D HE SR B Bl F R BT AR
IR~ EEERLIR TR §E B M

(=) ) AN AR 52 Hgheds |

B A AR SRR E S A AR Mo R F LA AR L
A Y g 0 wlde if(handover) ~ 5L+ 3 ¥ 12 (interference

management) 7 ik & fe(resource allocation) ~ p #% ¢ I 4 §2 (SON) ~ {78 |+
(mobility) ~ = & 4] (backhaul)¥? + = & ﬁﬂ BRFE o T EAHNSE LR R
17
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1. ]} ATEE 2 #2457 (Small Cells Deployment Model)

- S A A SR TNE REF R AN PRI R B J:H
PE AR RE TR L LT AP ] AR Lt 2 TR
S VR —gm;ﬁ, REREH A ;,_m'F—i%;g s e o B 27 (&
BiRYFB®EA > AAR 2FEFET <24 L A2 (Residential
Deployment) ~ & ;’G(Enterprlse Deployment)-ki’ o X H-9r (Public area
Deployment)

-~ AN FEIFFEIRE DTN LRSS rﬂt”ﬁ& A o]
f’r:femto-BS’ & —‘ﬁ? LR T2 P’{:M—femto BS ift 4% 7] 7 ¥ DSL & 4§ 5
T ood 3 FE 'ﬁmuu Bw o ofrl A8 2ehfie 3 UHP SR AR
#H B A+ = # e (closed subscriber group - CSG)%s_‘\ o f§ @ % 2 > Femto-BS
#HHF ;‘%%Pﬁiz}mxﬁv%}? R e fder P S FT Nt s ¢ R o B 2897
PPN EE R G ARG L H Y i Jﬂf 1 ¥ @ 3% 3| 4p M o femto-BS -
4o w2 H ¢ > T A femto-BS(Ug) it » 4o Ume & Ups > + &2 475
Us, °

PARE SR Ao REE S RO SRR ETRE 2SR
CEAYRTAE  FFAAPRRY FFP T AR N0
B RREIPELCF TR B I it F R .d'.i L R
A 5 CSG 2 R {o oS (Hybrid) o R friicst 2§ %% € B & Rigipepepr o
FRIFRE PRSP ARAS Sorppt 2t FR0 FR BT
R AT R R P S, SRR S R gk
I

Airport

GPS signal

Poor indoor
GPS signal

JEEL

Hotel -
»
vim

Enterprise

Shopping mall
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- Macro user U,,,>

Femto user Ug,
o D——

C [T

~ Macro user U,,,3 _—
ot

Femto user Ugq S

>)~,-,_ B

Macro user U,,,>

Femto user Ug,

yien
Macro user U,,,, =4 =
&
= Macro user U,,,3 =
~_ =
0 g
~~ < ===
\'\ = ///
. _——
B o
== —
B

B 29 B 2z ;% #5~(Open Access Mode)

BNEELY G F N F AP e U B s RS
£ ﬁéﬁmfﬁfimz - R f%'**-*‘:gtﬂgr‘]g&’}—’"* » &P E\‘{(”ﬁ )iE b
Fro i ¥ rd e ] A AR AT R BLIS S0 8 B LR R e oD
W GRES ST YRR R R SR ) B () 29)f

B L ATPRFR Nt —‘[5‘ W AR L R S TS B R
SRHFE o AoIRIHF R <P TR A AR ofe s 0 £ FRd pico-BSs
EEAR O KB RT FREERA AR L
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Client relay

Coverage hole Femto-AP
* (indoor coverage and

Femto/WiFi-AP offload macro-BS)

(offload macro-BS)

¢//Macro k Aﬁé’

/ Pico-BS

//gﬁ A/;/\&m et
Lj

Mobile hotspot
Distributed antenna system
— Wireless access

------- = Wireless backhaul
Wired backhaul

B 30 2§ ,?.}%ﬁfé,‘?“ﬁi@ﬁ;fj

2. ?i‘i@ﬁﬁl (Backhaul)
3} e ﬂa@ﬁz%]’ e B A P R TA S AR E > Bixd v T T

SRR EEL Tk HE PR @@] B Hm T o TR AR S
%f_éﬁﬁl TEBH S Eh Ry 2 P4 chiE s g i
_,Lﬁ‘sﬂrrﬂ‘b.’ B @;Q;@@]_,L ﬁ,'aﬁ‘“ 3&}1»1[10]0 ﬂ@g&yﬁ /) ]th“ ;,
YR R BTA e WA B R S A AR S B G J“‘Jﬁg#i .
NEAPFRAELTF)Z R FIRI B F 2 PREAHERFZF £
mfp? ER st p8™ 2 RS v R B AR 5o A5 RALG

WG 5o R R RS &Py Sr @R A BRSO R SUK
4 f@ﬁﬁl(; K¥ i Y RE A ABE)IESFELEE DES o

3. ELF 3¢ = (Interference Management )
Bl 3l e Friepe? SHAMREEE? FELUD|ARAL 5> 3 RIFAE L

AL AR SiaE SRR %mwﬁzw AL S
7o ﬂ’ﬁfsﬁ‘»&xm:‘%x3 BRZE IR LFOIARTE TR

€I AR R e B ahE Mk ‘out‘ 4 F F R E 1 (frequency reuse)
R e 5% 5 4 3 (cell splitting) 2_~ A A 5 R F (cell planning)t’ H 4o 2
BERCFE-FEE Sl Ay Sl oI 2L R G E
TR AR L I 0 I e L P ARE KRR f{ﬁj*fg (120 B )iz
LRI FERA G v PG FRE I FTRL Y g R 2 B
T mE I (spatial reuse) » FTHEF TR Lo W 2 I 2 N RAE
FoR AN ROARFEORPET I ARG RY F IR LFHF T
s SR LU SRR P R R

¥
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Ay 5

S LA j’:l]ig@' P

y 1] L f}?"( A l?f’ s

. 11!] Ztil\y

BEARAT AT - 1L T i T I kIR

m%ﬁv(unplanned deployment) ~
=+ #& (power different between nodes) ~ - K+ = # Bl B

expanded users) -

A = 3 2 (CSG access) ~ 2L # 5

SR BT REGE M

T e /\;‘,_',[3] 2t 3 F.‘ﬁp,bl_
Z R

¢ % —“Ff (cell range

® 31 M*Mxr K

a) 3
CSG femtocell Y \
y |
_— < |} Picg UE
Femto| ' User T:cuoal;\ectéd
Ve < / Picocells coverage
macror_{II fL \ g
due to the- | Picocell limited in the
larger DL \ presence of the
[ macrocell
[ % / ) MUE \
| * Macrocell | ‘
' b) ' S B ‘
i [ i/ ‘\\‘
£ [ > WY
Successful user CSG femtocell [P |/ \

User in outage

I
.
g
= Strong carfier

= Strong interference
+- ) Weak interference

- Weak carrier M

picocell due to its
expanded coverage
range

Femto
UE

This user may suffer low
signal quality in the DL

W 32 BFgpl

femto-BS i * —‘5

F () ~AAF SR

BT ;“—‘La‘éié;‘ﬁz: @)= Az ot
% =3 (b) Femto-BS i *

ﬂ%%i@wU4%_
pico-BS A ¥ 5

£

¥

User connected to the |’

I
=

G

Picocell
PicoUE -~
due to the range expansion

+ (MUE)* 4

X BT %—r ;\.(DL)m.‘ AR B L
@mplco-BS #F F g ()

(1) 2t+g #p % 5 (Unplanned Deployment)
BEARL A S R AR G AN R e Y 32 L RE 2
Flifo 1 & R AL PREXCFEFD TR 20 T g L A0 st L
AZEFZNRED R EEFAEORA L TR EH éi*]n’fe’?ﬁﬁﬁx
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3)

FHPRFAR X o BAr AR AT L S 4o 2 A H Kf 2% (routers &
switches) » ¢ izt B (2 o & F o )R Sehd o P S E Pl
ARG REAF RO I RA o BT RRAET AR
KL ZAFRE T bldei T E 38R 0 ] A1 A# 5 (4 femto-BSs)
VIEFEBA L FS  dome il R PAAR S ET S AR
o E Rt 27 R e mEIR e )R IE TR i3
N ERRRFAWYAFIELR M A 2 EZIFH T A AEUELT IR o Flt o
SRRA I R B ARG S N e L AJLEAN AIEH
%%lﬁoﬂﬁlﬁﬁﬁ%ﬁﬁié%%’w%ﬁﬁ%ﬁalw
(localization) o & se3n 5L+ 48 ¢ T 8 7 jg B0 & SRR L 5L
(centralization) » & £ F BT > RPN FPFPF LS FLF L o Fl G
BRG] A S LA FEORGEFET I R L E G g
O VS

A % = 2 2 (CSG Access)

SH 5T ERL 2 CPAIARE & BHPF(CSO)RET 0 Rk

u

L

] EY
N Y TS L SRRt R PP P
Rerr SRR T £ OB ot LA A bl

;‘?%_ eI Fp i 2 R w hT S @@,] IR xR F 32 (b)
7 CSG #-5% e femto-BSs cafi-im™ » %5 fe‘ * BT E ¢t
m&«i’% SEIARFHE BB EOREY S BRI A AL S0 d
R FEALOR L T gL R § vt T CSG st 7 femto-BSs i o
$t femto-BS chip it 5L g+ H b KB REFH o Ht R FRET R
i@?*wﬁ*ﬂﬂ& PAIAS SE Al AS SRR T B EAS
SRPFRAT 0 LSRR LA SR AR S
W ELF 5+ 3 (Power Different between Nodes)
pico-BSs fr Relay if # ¢ 3K T B VBN T ATE * 2 F
PR P B P niE BT 0 T (DL) s g2 CSG
B F R PR e BRI BT o A E R R R AL
AP 5o Ra R FTERET o 4ok 2 B gl & (Received Signal
Strength-RSS) & %4 F1% § i & + 304 eni * & & RE g < AR 5
ARRFL RS SH AR LU RA F LR AR S
— At A A R SRS o Tt AR TR Y A A RER
< § & gk § (traffic loading) e 7 T {7 o 3 3+ ek R & £
A 5T UmURLEGE ) EPT ] A AR 5 SR F
i AL ﬁﬁf4% Bl 32() * M7~ A& 5T FuREE
3T pico-BS F BB o A @ dodk 4e b R RS @ﬁﬁ&@;@pﬁ%%ﬁv
pico-BS % i gk 2 4p 4= (path loss) & = i€ * H ¥ rdrs g iiens 5 b g
(UL) > 5 ki 9B 4 fot @34 o
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(4) | &3 - # B E (Cell Range Expanded - CRE)

hod G AR et Bp AR SRS LRI PR O
B LA A e o 2 R RIE P o pico-BS shk s L gy
PAREGE ST < AR o T U g B R TR ) AR S R
B FAF(CRE)IL] > g d 23~ A A3 &3 587 4o JRAE§ B D
SRS A R LB RRE AT PR A AR ST R RA
$O0H 32(d)7 o) A 5P FIE Y ehid v ¥ % = (pico UE)iEY
PiCO-BS i #7140 #THAT R nT LB APE I 0 £ A g ARARITeh Al
PoREFE

KA G HAHPSERE TRy LT R RFOTEFRLFHLE TG F
Bt 2 FE o TR A peeniffE F 3 LB & e TR fT T E R
(time domain) ~ #g #* (frequency domain) 2 7 [ & (space)$4 7 o PFi & fie ¥ ¢
SRR H AR RE f R o Bk A A 57 Ry 32
SARAE SPRIFNR Y FHARLERE R[N R FRREE DTS
FZ R AEBARAR SR ERATAIEY D EHEFFTINNF AT o4
B fenF iRA et mie B MR 3 B ARET 7 R Fu At

+I;3paﬁ5‘_gé °
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(Z) 1314 o Mas

{15055 | EP2465307A2 | ¥ 3R 5 EP ER N 1 2 4h

Method and apparatus for interference mitigation by puncturing transmission of
%4 &4 | interfering cells

R R AR SR Fia kR e R ek )

Y P 08/11/2010 “R[=2p 06/20/2012

Seong, Kibeom
Luo, Tao

£ 448 4 Qualcomm wp A Yoo, Taesang
Zhang, Xiaoxia
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PRAOELZR - INFRARAT R AFELAAAR ST @;
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% (Cell Range Expanded » CRE)F» ¢ i# = <~ 3] ¥ 5+ 3f o

1’311‘)'-

“‘“‘)&

3 Srak )
g (£ Th AP FudHmid > 7 A R #5:38  (Physical Broadcast
) Channel » PBCH) -+ 4 - B 4% if 3 & ¥t ie (7 cell search ¥ » 4
L A

3T FASEREFT LAY ehF G AR L F H.(Master
Information Block » MIB) » 2 & 3 4, B e 7 — & Sffci iR adH
=3 R ; oo F AL NFHEEST  PBCH év’ﬂg%%,{gf
RagE S U R T =3 S £

Bedrr | B PBCHBLE At iy o U R RdE, a0
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% il ¥ o U MOUBLE T R enlR o &% )¢ & 322 = PBCH

43




WL @ﬁi%]ﬂ I ehpuncturing pattern o :&42 #74% “7puncturing” &

A puncture” & 4p ' % @@?}ﬁ Foo T i o FHEas SiE
puncturing pattern 4=+ & :¥ PBCH symbol mﬂig?l MF LR g
s F 5 o & - PBCH symbol ﬁv@@?]xé Zd puncturing pattern ;&
¥_ b pattern ¥ % % — PBCH symbol g frame ¢ subframe
B S0 Y RE FRERRS for A o ID S Ak 5
ID # ¢ €_femto ~ pico & macro # 4| & = ID - & puncturing
pattern 4p e = ¥ 12 ;gp?ﬁ? ZEFRE O FHETIE
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~ ¢ #(Relay)

(-) ¢ P w5 B

¢ sk 3k ibo % £ 4 IEEE 802.16 [12]ch (735 f ¢ > 4% S b o
ML BHER Y o 4B 33 #ror c WIMAX @ 2=h kst e @ £ WIMAX
G SR E ko oAy @% W@ F o R AR WIMAX A5 SR FEF 8
PRATA S DY B ’%\'ﬂ\glﬂ‘g‘}’pm

3GPP[15] %2 LTE pF » ¢ MBH s 7| A% v N FH @ e

* 1 g et 3GPP ek o 3%} Bl 34 vt ok cn? ML HEL R o 49
v ¢ % (Repeater) 7 2 %30 5L 5 & & (Amplifier and Forward)
Layer 1 & ‘& @ %% > ‘f\-")sb Fa FE 18 i JL%{ % 75 4% @ (Decode and Forward)
Layer 2 & ‘& @ b ik 50>3GPP 3% & % 527 & ik Layer 3 k& Seenv Mxb 3 iy o
”Ei”*"*‘ FEPEREBRAEAS 07T {7 AEEY Wb b 3GPP P

° #Bﬁv B HRA PR AR SR AR S 0 3GPP ¢ %«&fﬁ
- i B Sy o

Cap = Site $2500
RS $1500
Line $0

Op : Site

$100/month

802.16] MR Conventional WiMAX

Conclusions:

- MR has significant advantage
in terms of CapEx

- MR has advantage in terms of
OpEx

- MR more likely to benefit from
lower line cost

equal
number
of users
over

CapEx OpEx

Cap : Site $70K
MR-BS $70K
Line $18K(0C3s) - $480K(T1s)
Op : Site $2K / month
Line $18K(0C3s) - $128K(T1s) /
month

$206K~$668K | $21K~$131K

Cap : Site $70K

BS $55K

Line $6K(0C3s) - $120K(T1s)
Op : Site $2K / month

Line $6K(0C3s) - $32K (T1s) /
month

MR

Conventional | $524K~$980K | $32K~$168K
WiMAX

B 33 802.16] MR 22 7 WIMAX %5 & ta# 2 & & A 45 [13]

(Z)7 #2 Hibep B

PoMgrk R ALE LR A i D3RR {45 R K m,m%ffﬂ oM B
(Qualcomm) & {[16]~ # % © & gLendjrfofig * (B 35)c % L ee Mk w
£ 4@ 33 977 0 AAT KR daié%s‘;f;.?wﬁ i E 0 R4 F (rural area) 2
HAARFHT il ifam,a M e FET o )% P ek R B E
(coverage extension) ; 2« F_i% i ¥ Heb KR 1S 2 e B 02 g A Re(wireless
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backhaul) % zf @ ¥ 528 ; » ] 5 3GPP ¢ k4% & éiﬂ* 53K A F A F]
BF ALt A A e i & FCELPF3E B TPk y SinE R As
TRps & 3 4 @@?Jé(urban hot spot) &« ¥_% p /& ¥ (indoor hot Spot)pF » ¢
RV M-k M o RO K ALE B T AR T R g & si(dead spot) 0+
SRUALE g M S A EE R EE SRR FUAE kL
g P EFRAETEF TR RARY FRE L P AP SRS
g w{u}ﬁ; v id ¢ MR R R (E H —“‘ﬁ& # ¥ 2% vE(group handover)
u,ﬁ‘»grl,j R

Radio relay o, Dicad

technology g Overview
+ Simple and inexpensive functions
+ Minimal impact on standard Repeater

Plus specifications (specifications on ~!-Downlink transmitted
repeater performance already = Dow“"“" received RFsignal  **esee >
Layer 1 relay defined in LTE Rel. 8) P RF SIsnal r—‘L] !
*+ Noise is amplified Paiesttion Power il
Minus simultaneously with desired H station
signals
Plus + Elimination of noise Iayer2 relay station
~b 25
* Processing delay dveto & . B
modulation/demodulationand SRy T, P g8y T, >
Layar 2 ralay Mi encoding/decoding e
"MUS . Radio control functions must be  Base station = = Mobile
added between base station and »| Demodulation/ |_’l Encoding/ H Power |_’. Stion
relay station Decoding Modulati: lification
Layer 3 relay station
+ Elimination of noise ~\- <
Plus * Small impactonstandard B e B s,
specifications 00 dSl 0 Uthtesssesen , 7 s LT >
3
Base station U = T = — Mobile
ser-data | ! ser-data station
Layer3 mlay * Processing delay due to J&" t issi
modulation/demodulation and protes:m ! P'0(°>"ng
Mi encoding/decoding I
NUS . Layer 3 processing delay (user- @ Demodulation/ | | Enrodmg/ Power e
data regeneration processing, Decoding iL Modulation [ |amplification
Gt Same functions as base station
oL\ sk
Bl 34 ¢ skep s & [14]
Scenario Deployment Number of hops
Extend coverage to mountainous regions
Rural area ‘ 1 ho
sparsely populated areas P
Extend coverage to mountainous regions .
Wireless backhaul L, 1hop, multiple ho
sparsely populated areas, remote islands Pr P ps
Emergency or Provide temporary coverage at times

temporary coverage

of disasters, events, etc.

Expand coverage and enhance throu

1 hop, multiple hops

Urban hot spot in urban areas with high concentrations of traffic L
Dead spot Fill coverage hole 1 hop, multiple hops
Expand coverage to indoor environments
indiaor hat spot and enhance throughput L
Group mobility Install relay stations in public vehicles to reduce 1 hop

handover and location-registration control signals
Bl 35 ¢ sk [14]

46



3GPP &% - 5% & (Release-10) ¢ B 43tk ¢ debendpis » poav 3GPP #7
P T M AR e

1. F a5t ¢ weeb(fixed Relay)# ~ ¥ &k E & F

3GPP *+ 2009 # - * ** @& =81 7 (RAN WGS) & = ¢ #shfT 5 5 f
(study item, SID) - #7 7 ©® M3 3= 5 PRIF OB o f Feo4p >0 R L 3GPP
ii%,,:,.vu’lif?f UHERFTERDE AR S o VERFEY B d @B
3GPP iéﬁé.?#ﬁ%«ﬂﬂj& 4@ 36 #7r > 3GPP ¢ Mk AL L ¢ M& Bh(Relay
node) » @ PRA% ¢ MExbefifli SHLG S P ek anii e L (DeNB o Donor eNB) -
Hoordk doeid KR BRAL G Donorcell o A3 S qr? Mkt * g A e AL
A UN G o fed EFE G A S B MR P F R A LR
R 3GPP# et ehUu G o

Relaying

B 36 TP HeR[15]

2. B#e 0¥ ek (Mobile Relay)#k & g i# # &5 4B 5% PR 7%

do? R BRERFY Rpod - MEZFAE AR R BEFRG
L2 RASGBFFL2 L RirFigd ez @ "E’ﬁ@@?]é{«?fro
Flp o EE B AE KT u#%l*—rs BABRE i 75‘ QR a) /R IR S

R TR % o T 0 o LTE-A shs 49 » 4 B T 12 (CATT) & 2011 &
#’t VT IR P P o aZ R MR B R ig4BE o . 3GPP he B¢ 0 3t
G R fofb 6 58 ¢ %8 gh(mobile Relay node) 2 e17 e £ 45 65 58 ¢ s
TP FIE LR R YRR BhF @ B E P 2R LA
BT AR SRS E mléq’f’k APPSR E S

fragi
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Flt o ffd R R AR BB TRER Y KR LB EY VB

L x

ed B ENe b h BRGNS A BTt i S el h A B
5 (DeNB) » Tt o [ AAE B He B T3S G oan g ik d 3 ;“ﬁfa%awﬂ
LA ,.:%z»:ew 7 O PReDHL I E B o

- NB Cell Coverage
Access Device - Access Device Coverage
o ' L Length of rain
' Overlapping arca
R Cell radius
ISD Inter Site Distance

Bl 37 B4t o 850 ¢ s [15]

3. P HAKT B BT
EE PR ST RS SN R RE A S
%) 15 i 2 (MTC, Machine Type Communication)k # { i 7 3GPP #£ & % i
i E o 4o 38 0 o B BAIML K K TS f B KT Em R > T 4
PR M e R F AW S o B B R - AR
PERABRDRES FTT AR TR e § A RA I RF R
% KA A AT L B e B awmg,% BAFED A1
R eAfiRed Z2oh REAE IBE REFRE %ﬁd j”f»“"rmr”&’\ v
Ml % KGR EF DT EFE A S mé{f’%’ff{:%\ "RREL AW
SFLFRE Lood A ET £ AR P %,ﬁ-@ CPER R ’*‘ﬂﬂr&m@ﬁﬁ/?]p‘}' ’
Fd FERS Y s J T R A R B GK R fp PER E
¥R %‘*‘” | i uvﬁm‘@lma\# 1 3GPP #£ i e pL T AT 4 B i
FAGLKA > BB f R A

B B A BEFE T - AR A FRfrRREA FR AR EFRTE
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A e R SR 2 4 (METIS, Mobile and wireless communications Enablers
for the 2020 Information Society):* & [17]- 48] 39 #77+ » METIS #-2¢ § 3GPP
SEFEEORET A FE RN AR M Al RS2 @
TR o METIS mgn s v sl o ¥ 3 BARM h% FAg- 4 -

Low cost MTC / MTC optimized RAN |
2

Smart monitoring Smart Building

Low cost
MTC devices

Relay Node
(Concentrator)

Relay Node
(Concentrator)

Group
Scheduling

-
Normal UE

B 38 A ¢ Mk L b e Ra[15]

Very high Further
data rate evolution d reliability

Disry, - new

> Plive 5., s xenson o

for raffic e;zn')org,ach = . Eapo\il‘\on fields
Sion :

Very low cost
and energy

B 39 3GPP i itfr METIS B 14[17]

3GPP %% -+ = v~ (Release-12) ® # 1 ™ K & HE FiL A Pjir *
Mg R g xS gt F R o METIS % Horizontal Topics(HT) 4%+ 2 &g
B+ #-37 Fid HA(D2D, Direct Device-to-Device communication)c &% 7
FFRfom R BRG] Y 2 TR F B @:ﬁﬂ?#‘ﬂ:&f e EL
doBl 40 2 B 4L #7F 0 BT R A fr g STk San ¥ 3GPP ahig

e Jedd UPHe > it 7 Mk 4R ;Y (D2D Relay) » # et E
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Pl R Y FRA BRI AR LA A AT frin E e Bl E Rl R
*HK A e B 42 BFn METIS &8 3330 3ukjieensg 33 4 4 4 47 (SWOT)
E]O

com;;’:."c'at. : /
Yl

Bl 40 @& ¥ e k(1]

Interference
management

Power control

D2D control Plane <----=---- >
D2D data (+ possible control) plane €———>

Bl A1 @& 7 % T sk 5 [17]
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© HTETEAVERG D205 - Lt - EEREELITHIIEEI > &

B R A S S MR AT 5 i TR S - YDA i 5 i B 2R D2 DR Al 40
FE o
- D20zl B AR S B A IS S
F(ESS -

o HPHEAD2DE T B A ENE o (ERUID2DRiT S SRR K
EHENEST - AR R E R B D2DR Y
«  D2DHYENAR S P S AR IS (A& B -
SR SR B FR ) BAZE oA HRE (3 o D2DIEEHEGT ARSI E— 25 - {5
i;ﬁ@@%@%ﬁ)%ﬁﬁ%ﬁﬁ%ﬁ% B H Atz i vl A (140 WLAN
SKHE - based) -

Bl 42 METIS sz £ 3 s SWOT B][17]

Be b P Y keI e AR RGE Y (Ao 487 iE)
ST K¢ § A 43 40T B B RTEKS Y 0 R T IR B 6
PP AR RS 850 P Mk BB B P e B o

iy
MWWmm« ) '

B 43 *F I E S ,
(i g FE IR 5 )

51



# B 3% e B BE(MN, Moving Networking) 7] & METIS € 2% E eh
B2 - 0 AR ER R AT ER
® NiiEiTh I frTi KR uf i
® Jituin et gy 2
® frinE2E A ER K2 X 2ApM BT (hE ¥ 1L
@ i 4cut B~ B RE A frif el e s 1 a2
® 3Ly E & A

METIS enf ;N it g % > & X Z @73 = v 3 3 4c7f%§réﬂ$fmﬁﬁﬁﬁi
M he@ 44 Sror o Bl 45 Bgor METIS B 43 3 kv SWOT B o
® MN-M(Mobility-robust high-data rate communication links)
® MN-N(Flexible and demand driven deployment of nomadic network

nodes)
® MN-V(V2X communications)

Flexible network deployment
based onnomadic nodes

MN-M MN-N MN-V
Bl 44 #HE N7 »[17]
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HTMN SIS TR E S - B ErE SR
TGS 4G+ [FH - 2 R R B TAEICTHE - (E2Lh -
R R 1T SR AR I 25 TR

il - TR AR -

MN FRER S BB TR IR IS« SRR s i sE G (EMNE
s > e B A ERE G AITEEOEEN » RS SHE
RN IAGEE o WAL 1RIE W SRR BN REET

SERE BT - EREIEE AR
Dt g EseE - ahEscEE o s O e R s
£~ RCRELE R A R SRR

Bl 45 METIS ch# #- A e im 3 > v [17]

d AT B SN e B BUTRER B p TR B 3V L R R AT A 2 R AR %g o
METIS ¥ enfp de ;S epepopir» ¥ J o2 B d 8P B2l X g B FA 4 o
ﬁﬁﬁ%ﬁ%°ﬁﬁﬁ$&ﬁﬁi?ﬁﬁ%}&ﬁﬁ—4%ﬁ§#@ﬁﬁ
(1000 times data volume) » 3 4v + & 3| - 7§ chig * —}‘;," TR @ﬁi%] #*(10-100
times user data rate) - j& > T & e a8 28 & % (5 times reduced E2E latency) -
SRR B uEA L r Rl i B A o Y “ﬁ TR B Aok KRR OUELIE
Foo ER Y ERG TR ABBRR L REHYT A AR frRRL

a2 %, 4L 27 T > [P A RN S
RNIOILS o s £ B OE & TH
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(Z) ¢ #8425 1)

1558

EP2548399A1 | ¥ 3R | EP % Bk Fav¢

ERIRS 2

Methods and apparatus for best-effort radio backhaul among cells on unlicensed or
shared spectrum

PN ARBELZIHHA L S we R R L kY 4 B AT v s 2 oK

B
2

E‘?ﬁﬂ

03/17/2011 SBIa2p 01/23/2013

_EF‘?{'IJ*E/\

Barbieri, Alan
Qualcomm A Bhushan, Naga
Gaal, Peter

B

US201113049773 ;

ERTE X

CN102792751 (A)
JP2013523024 (A)
KR20120140676 (A)
TW201204135 (A)
US2012063383 (Al)
W02011116240 (Al)

bt

ERFREORAET o dEd LA F AR Dt 2Tk
PRI c ARADERFET S AATROT RS TRE LE o
ﬂﬂ»W%m?ﬁ&ﬁii’ﬂpmﬂﬁiﬂf%*mg%*&ﬁ
#7 £ (Licensed Band) ¥ & (£ 7k & U L Bl B owh g ARAT £ i@
G RETEEY SEAS BN DERE S LI SRS RLE:
2o o

A X TR 1
(a3
1)

SRRARENE T RERE TR DR R FREY I LR
PFEE T B4 o LI T A5 unlicensed band ~ white space
channels ~ authorized shared multiuser (ASM) ~ industrial, scienctific and
measurement (ISM) channels or shared spectrume # ¢ 48k i 21¢ &

30— A S - PRl ¢ MEEs e SR B U
o B RS LR o A IR EAT LA RTRE - 2
ﬁﬁ?u@gg%j&~ﬁ%@%~&%ﬁ%§#ﬂﬂ%;iﬁ%
WEFT N BEg FHREFTR - IS ERET LRRBUYE P w D
AR iii‘ﬁﬁi‘a;; FAETPET UG PRAEATE o fpF W L RdF A
P c M ERB G OEAAAr SR LBEr BTN Z

shared channel link 4p & ~ shared channel link & i ~ ¢ #2k1= 4]0 5L
fe @ 48 radio bearer data ¥ > é’uﬂﬁ‘éféﬁﬁﬁi i 3% ¥ 11 ik 5 signal to
interference ratio(SINR) £ i 3§ 33t

£ o0 %

'I—i > ‘\_L
LS
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=~ %% &g i 3 (Device-to-Device
Communications, D2D)

3GPP #+ 2011 & 4 * »tpR3%1 1% %2 (SAL - Services Working Group) = =

ARITPRF%1 i®3E P (ProSe WID) » #= 3 ARITPRA:cnig * -3 (use case) & 2 &
TR P e ] i §d B (Qualcomm)irs B3 E o 351 1R P e

R PRI IR Y FREALAT R L LFR Y £ ﬁP e F(LTE) e
R RER I CRER IR T RN ﬂ EEE WOz N FLET
Fre 2 d Bo e s W EAITEE & (proximity discovery) 2 #5817 i 2 (proximity
communication) - & ** 3% LTE m#ﬂ$$ Feirg e TR E B Y
LERT TR AN T Z31 B RN R g a‘xiﬂ ITHF R B2 B Bl WPRAR o AR ¥
@ Sk =2k & (User Equipment » UE) % i 2k 3 & (eNB)IE 1 928 4 ~ ARIT R
i+(ProSe)x i ] 2 ATH T E & r@ﬁi;ﬁ \(dlrect mode) 7 1 - 3+ 2012 & - -
Wk K f#w iT %2 (SA2 - Architecture Working Group) 7= = = #RiTPRF%1 i%
PR AT IRARDE R RASE kAR (architecture)z f34-2 % 0 pom
1 iE e fd BN REEL FHP TFEF PR %_ g &R
BT R M fRA Ko v F R LTE Sy 8 m%ywﬁﬁ
CREE L =32 ot 'fi EE2Z B eanff 22233 P w © 5% 2 BRATIRFRZ. % 5
FHZE AR ARE Y & o

(-) ZREEEFEnp wgE
E

MEP UALBBARZ B 22 2 ppM LI E

E30 UL pBREFP AN, DE RG] Fl RERBE %‘ﬁ?f*";&" o T
N2 K LT Aox Rk @ AT U RHITOVRELRK A s & R gl ir o
Hia o do B LTE H* 2 02 % 23t s €8 o %3R4 2 L35
# W =nid su 4 ¢ (Federal Communications Commission » FCC)*+ 2011 # 1
125 pzo a2 B LTE #jisiT i @]'g\,&sm?f % fcEg(First Responders, FR)
FREAF A AR o R ¢ (FCC)2o 22 % Fég @& % 700 MHz 2. 2
L R RRRY LTERMFL S T 5 o id & il 258 xR
B2 3, R 46 S AF ML BERESELDEY RIS BH
CEL R R G BB E AL B PR Y o %E ¥ NPSTC ~ TCCA frgt i

L AR 842 TETRA $iied | ¢ cht 45 > LTE Hiire 5P a5
Tﬁﬁ%ﬁ%WF% DPRBODIREE L0 FIGRRE T C 3 R IR
B B PR haE ke R e PR L TS B ARER L S o
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CH. 62 CH. 63 CH. 64 CH. 65 CH. 66 CH. 67 CH. 68 CH. 69
64 1 ] T8 188 84 500 06
Bl 46 700 MHz z_ = £ % >#p:%
(%% : www.fcc.gov)

3GPP I &% -+ = x4~ (Release-12)4c % LTE $ril 8 v % &2 Bog 2 %
St R R AR T X 2 EET Y R CACL R o R o
MAITIE R B AEMNE el AP EF EN L PR R d N ER
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BEFFEL 73—"?71 B o ARITPRFS B 4310 20 $L4F 2 3 % 3d 20 BRI IR B
IART ERF CHFE v R F 2RBEH AR L E 8 TP K
FrAPM BT F R LTS A A A R R0 F B A @ 0
LTE 455 ﬁk&%’rfe‘ BFERHEBEAAMG LR ITEDAE 2 BG4
NEPRFRBEOTEFTLETSE SH AL T R N T DR L
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PAJE o4 i*a’?ﬂﬁiﬁiﬁwrﬁ 47 bLr—r~°n’1_‘—’J¥‘v'3” :
g o bl B«‘]fzfj—,j}m;:h; 2012 & h? A P sfulE dfodl lgi} I R RE
% (Middle Class Tax Relief and Job Creation Act of 2012)*> B] & 7 £ T3 ¢
72 2% F® (National Telecommunications and Information Administration > NTIA)
TR - B maf & TR e 8 B L% 4 (First Responder Network Authority -
FirstNet) » i* 53 % - B3 % Eﬁﬂifﬁﬂ'ﬁiT EReapeng @ 2 WE 2R o
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: NPBSN E‘Dg?\g?cress 1
I am - '
! = \ '
I = Fnl‘i?n_,r and Charging - 1R [ | | I
I I Rules Function = = = 1
User's Home Public | Home subscriber Charging Data Billing Domain I
Safety Broadband  y = Server (HS9) Y A =H SELI &0 !
(In US, NPSBN) ~ / (CDF/CGF) | /

L L N T L T % % N N %

Internet Packet ' {
(IPX) n |

— 3 3 3 » 3 3 3 3 3 0 5 & 0 & & 0 i3 il
commewﬁ LTE / N
Networ / |

/ | ‘
am / . i
" 1 i - DomainName / I ]
L /
u I I | ) — ,_ System (DNS) ;, : i
- - - S - |
' 1 P Mability S~ :. P ] 1
Management = -
LII_TE 1 I'm” Fnti?‘;&ihﬂJF} - - e - - :
ser
1 lﬂ - - -
I eNodeB SCI‘"IW;E_GEJ[{".'-':I'," \'Iél[(ﬂlt?aé%\lrlﬁ Data Billin: 3ECII'“J'I I
(SGW) unction/Charging |
Gateway Function
\( ommercial LTE Gateway Funct /
________________________________ -

B 47 59 LTE-A /R &2 5 % 2 3UR
(% : NPSTC)

E o HAEFEE LG UG R o AR S N A g
WP Wt BT ARE o T Y 3/'&3” - g /—‘Je(e.g. IEEE) ¢ & & J1f247 ot $jir
AT ARR o4 UL E PR "5"\5:- R fRAT 2 Hhei B Pl s B e
"}"F B s & LL:}i,{ﬁ’%j\"ﬂtf;—mPRﬂ‘—i"?ﬁ w15 e 2 3 et B

B o

2. % T3 E AR RLPOEF LARITPRFE (Proximity-based Service via
WLAN)

% Jp AT PRFE (ProSe)x i’nﬁ Bz P 251 (PP RF¥s® 255
FRBITNR AT 2 o T Fk et S R T eRgtELE fid 2 (direct mode
communication) > B 48 #7F o %1 i3 p W& L & 7 B IFHLTE
g h F TR A T A qﬁ'? RIEEER G TS 2
ProSe fJRix A £ ¥ 1 EEH & & R % 3 i (WLAN)Z LTE Bots s ek 7
TR ¥ % 18 LTE 4k % 5o k4] ?E‘fa'ﬂ‘éviéif#ﬁ{;(WLAN)FéP hE L 30 B 49
P05 o iR YR AT PRF%(ProSe) s Stage 1 2 Stage 2 2 B4 48 4 TR 22.803
2 TR23.703 > H 2Rt 8L d33d 3 0 FL i (data path) ¥ 45 3] & 50 % 2 e B
AR 7 (e Wi-Fi) - fe 17 3 518 LTE $pteE = B ¥4 i (control
path)o p = = % ﬁ&:rm{f%‘“] S gRpe i 0 LTE s @ SU% 2 3 1 (WLAN)
WAl gl Xl R RHE Bl 4 > RFR L P ER A
# LTE i & :ﬁ%ﬁﬁwﬁa Bei (T4rdl o 32 38— R M LTE i 475 B
I+ P A AR T R (WLAN)E (7 8 4247 % 2 R 305 *
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A g gty (network offloading) 2 i * 5t o e F] 5 2 mE R 4
¢ (FCC)e g4 2 £ % > (Public Safety)erie * M5 /i @ * W penLTE
o AR s R (WLAN) T 2 3 * 30 X % 22 gt o

Network

1
Network Cell
{| Assisted \ ) Site
Discovery
- : E Direct g
Locally Routed Communication UE Relay
B 48 RITHE & i
(%%=?i§%E%~”:i J%%gﬁﬁ@ﬁ)
A | [es
\
1. Decides to trigger the establishment of a
WLAN direct group

2a. WLAN Direct Group Setup Request (Assistance Informat}on)

2b. WLAN|Direct Group Setup Response

>
L

3a. WLAN Direct Group Setup Request (Assistance Information)

3b. WLAN Direct Group Setup Response

v

4. WLAN Direct group
establishment and WLAN Direct
communication

Bl 49 % AT IRFE P et (EPC) % 4%
(% : 3GPP)
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(C)EE & KE B L2 Jpm

BEAP W ARIRE LSy P o R K BG R4 Tk 5 R
B BRI OGHMH L A E Pk AT SRR o KEE KR
Bl 5 B4 3 5mR » 75 37 5 RIBEPRL P IR o

1000 times higher mobile data volume per area,

10 to 100 times higher typical user data rate,

10 to 100 times higher number of connected devices,
10 times longer battery life for low power devices,

5 times reduced EZ2E latency.

1. £ % &z %3 (Lawful interception issues)

%z 3GPP = i» <2 i+ TS33.106 TS 33.107 &2 TS33.108° &2 ¥ . =
Fﬁwﬂevﬁﬁiﬁﬁmiftﬁ%@@%&%ﬁﬂ%i%ﬁ?t@%ﬁ
HMGRIE p- BFRTHLRFEFTREDT R FR%&X@?Z‘F’SQ fo 59 o4 &
L {e(Lanul Interception » LI)sfde o § 5 3 [ iz gy iais o
FiRihe gy 2 A R WP Rl A ) F oG EZERERE S
o TP R 0 LT RIEZERSF N ] TR EYFREDRERIR
TRl w g \?411]!&_%&3,}‘;5—'{%: Z_ KR AN S i 2 8 4o 50 e
AER P H > (law enforcement agency > LEA)engigis » k3L F & m ik
Ja R PRAR R F R T BT M E B T ’H& EARE FCH L A B
TRPMF CFRIFLFQIIAAT 2 R ZAEETREFD 7 LR
¥ ARl o B gdek 1 QOS ~ i@ = PR Y 4 £ (latency of service) ) %
HUuXE# STV g RRBRF FAoe

H BB i (direct communication) iy 4 H#-i¢ H o R Ao e
BATER - §REEZTRM 50 340 - BT IR T R SR
ERA AT - BRI A AR IRERA N RFE R A o B
FERASHY P PEE R EARY T EARIT PRI T o Ao AR
(licensed spectrum) ~ 4. 24 Be 47 2% (unlicensed spectrum) ¢ H s 2@ 45 2% & 5 o
Ap B e EL I 4 (signaling) 4 2 B 4R G e RSP S8 2 FRE B -
BEMRDREEE o N LA TRHA NS B RwdpH =B 0 EARITIRAET 1Y
PRRERERG DR c RRHRIARTOERZ R T EF TG RRG
if‘ml“’ WA FREIREHEINFE b R E T\%“l’p%ta’g&ﬂm'”
EEAZHEEPTHER - B wREREINE o
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Authorized
device 3

Data path ‘

Device 2

B 50 X
(kiR : FREFY

2. HRITPRARF A Dk SLIE HE3K 3 (Architectural Reference Model)

3GPP i Xuflp % &2 T 3 4 L Exds ProSe PR3 EPC-level ProSe discovery ~
EPC support for WLAN direct discovery and communication ~ Direct discovery ~
Direct communication ~ UE-to-Network Relay - B] 51 g1 417 & 32 3837 PR A%
P I S AR o YR R VAR LB 6 BT RRE DD R

..... "
i WE T /,‘4 i ;_L o

3R S 5T (R ST AE £ Bk

B PC1 & 4 *t* * ProSe application = ProSe Application Server > # 14
STV SR TR S IE T

B PC2 E_/i ** ProSe Application Server §= the ProSe Function > 3GPP
EPS ;F’ggi ProSe Function # i¢ * »* EPC-level ProSe discovery

B PC3 &_/ ** UE {r the ProSe Function » # * X $:4# ProSe Direct
discovery 1+ 2 EPC-level ProSe discovery > fiz & ProSe Application
Code » #1235+ i PLMN % Z_s& ProSe direct discovery {
communication s 48 X vk o

B PC4a #_4 ** HSS ¥7 ProSe function &g gL ¥ 10 @ % ki i
subscription information 1 # 24 UE ¢ * ProSe direct
discovery % ProSE direct communication epR7%; b ¢h > & ¥ UK
ProSe function ¢ * * f£#2~ EPC-level ProSe discovery =13 4p i
subscription data -
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B PC4b #_4 »* SLP (SUPL Location Platform ) £# ProSe function =%
4 B> &_ProSe function § # LCSclient = i& * % -4 SLP server «h
¥ PRI o

B PC5E_/i* 55 ProSe # s (nUE & > 123k = UE ¥ ProSe Direct
Discovery, ProSe Direct Communication and ProSe UE-to-Network
Relay PR 7% -

|
I
PC1
MME
S/PGW
ProSe ¥/
application
LTE-Uu S1 —T— Séa
E-UTRAN
HSS sLp
LTE-Uu
Pes PC4a _| pcab
PC3 ProSe
|| ProSe Function Application
PC2 Server
|
PC1

Bl 51 R 55y
(k% : 3GPP TS 23.303 version 12.2.0 Release 12)

3. 3GPP ARiTPRFRF i »t & Sy | = ek 3t
p A 3GPP 44 ARiTil iR | T e Vo B hE B (TR36.843) > 4

& it R AT B AT () 52) 0 B E B B 5 OARITHOE & ARIT A
4 2
UE1 [« » UE?2

(a) Scenario 1A
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UE2

UE2

UET [= > UE2

(d) Scenario 1D

Scenarios UE1 UE2

1A: Out-of-Coverage Out-of-Coverage | Out-of-Coverage
1B: Partial-Coverage In-Coverage Out-of-Coverage
1C: In-Coverage-Single-Cell | In-Coverage In-Coverage
1D: In-Coverage-Multi-Cell | In-Coverage In-Coverage

B 52 ARiFd i % Hs (%R : 3GPP TS36.843)

MITEOE L ¢ P R 1CEZ 1D * 2T iEd LTE g U ARE
PATO® Ao T AR ST AF E DR P TGRS
Eﬂ'ﬁ\;‘% oll'Lii/{’{E:IEEl 1&_3GPP:}“§E'§‘}51"J%[§IG g;}%’ ‘,);;lrﬂ/w\ﬁo’;}‘f';""—kalm
ﬂjih,gjaﬁa}é °

FREEM ¢ 7 RY R 1ALBIC ¥ 1D > * f"ﬁ,#“‘_’é;fgﬁ;mﬁw &
BT REN > A F A LTE epesd ki Bacdy > FIO0 7 "8 MR S anf
o R FTRSEREL 2 DRE D E LT i’\”" . m;m«;]o MR P I
R e R EREp DT RS B L PR E @w;";zi—; o
AaxZ ret ¢ o IAE IB R A ﬁ‘{r’ﬂiﬁ-b B ER
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B S R TR T (L A () gt L AT - S o

r2 b agRiTid 3 5% A 3GPP Release 12 5 1 f§ YK 3R Tl 0 BAYIR
+ 5 2 (QoS » Quality of Service)s2R i» & R12 ¥ K 34 » A ARiTH0F gk 3t
G 6o A RY R FF L NAEF IR S R Y F o HON T LR DI
AR OER BERUEA S G P EFEERIFE L F FF A T
FOF B R A AR RIRIEEH o o 3GPP Release 13 7 € § v PRI & B
R RADT e W MBI FLSRE T EL ARG R
% o FF BT AR §HEF IR LTEZ NPT R > Fltde
PEES U A T RO AR T P BT AR GRRAE -

4, EFHEEE B A RT g B AR

METIS & HT(Horizontal Topics)s4d] @ » #-B 3id M jes| & B8 B
g2 - AR AL Ao 0 A S T ERE R Y 1Y B R A E R o éiﬂ‘v
TR ERE BB B0 B 34 T B R PN
(D2D/IV2V) e e fh ot 38 30 o F i B 42 2 PAFT A 4o EEER 2 m@% 3= $:3
i ETA @ﬁﬁli_@ﬂ 5G e# ] (e ®we BB P F B m@%] 7 4% £ (1000 times hlgher
mobile data volume per area)) o p o METIS 6= 5 ¢ » &4 g 43t 6GHz eip]
PIRE T hfl g 5 ¢ ~ 48 Propagation ¥t #-7] (PSs, Propagation
Scenarios) » B w e 52 E %%:i e 414#&#&%] PS#9 ~ PS#10 ~ PS#13 = A ficfm 53] » 4
3 =

4 = METIS fs b3 [17]

Urban Micro 020 PS#1

Urban Micro O2I PS#2
; Urban Macro 020 PS#3
Ul) Urban Macro O2I PS#4
m Indoor Office PS#7

Urban 020 (also V2V) | PS#9
a Urban O2I PS#10
8 Indoor Office PS#13
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(E)RELEE FEAMas 1]

£ {15075 | US8548483B2 | ¥ K us e 1Y LA
L9l o g Feedback mapping for D2D control signals
KB 2L ¥ (DD 42 B w i i
P 10/04/2010 SR+ p | 10/01/2013
Phan, Vinh V.
% 414 ~ | Nokia Corporation A Hakola, Sami-jukka
Koskela, Timo K.
®ALE | US20100924749
US2012083283 (Al)
£ J172% | EP2625812 (Al)
W02012046173 (Al)
& D2D # & (cluster)sh & 5o @ dofe 5 »ed@ iy 413 BL8F 4 b 4ol ~ crfpd)
5L overhead @ R 4E7 3% T a0 B Lo P § AT F3U 5L T
Voo | R e p B AT J‘\(HARQ Hybrid Automatlc Repeat Request) » »
i gk )J-f{;s,% K E A D2D B F - &3 2 w4 HARQACK/NACK -
(A3 | deP g T 7 X 7 392 HARQ ACK/NACK + Jg 4 e 4 fie ¢
#i) | T 7(PDCCH £ PUCCH)F iR % % £ R ks o822 P w0 LTE Jk 5u¥ 5 343
PDSCH:» v w & % B HARQ # PDSCH # » e 3t 28§ 4 D2D 3 & # n
e A-FERERA TP R E D2D E R FR R

s ek Vi FRPUCCH)E 2 D2D 5 & @ - 3 EE - & D2D &
fd 7 Renpe B AP St (mapping) T i RS S ARM AR 2B
Booo#d T4y PDCCH 52 PUCCH - iz #rdg ihi= B &4 K R
D2D 3 & ¢ chip¥ti=% » =} ¥ H%ﬁﬂ Hi 5w D2D F 7 hXE T Ap4
i ares Fd A LS i fFE],ac Egi»: o ?J‘z,%‘ﬁ“d k- i
FaeT Ffevi- 8 HPUCCH a3t & -D2D 3 & ¥ enit B 7 1% & fe 3
e PUCCH F /& @i HARQ ACK/NACK -~ CQI 2 & 42 34 (scheduling
request » SR)EH s 2 H o
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i~ % BT

--------- CELLULAR CONTROL LINK

——— — —— D2D CONTROL LINK
D2D USER DATA

/ \

! \
'f PHY—-RRC \15-2
\
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=~ pR .E.%’Gf#ﬁ%(Self-organizing Networks » SON) £ %

vE.(Handover)

\\t

A% = (3G - third generation) & 4l M e auE ¥ {8 > ARNE M A X
Brb e RS AT ORI R B R F L S ﬁwﬁﬁ’ T A E A
S 23 2018 AR R4 D] 10 B o s FIEFEF L LK
T e g o FUR A KM bechit * & TR o LTE R T chindf {4 7)
SRR AR R ARAFRE > H I P A R BG PF R € P ARBLE o MR
FOFARA AR AR 05 F SO FEH AT AS CRFFEMELE S E
VEF B A R E R e A éF’*mJ%og% SuREFAET R
e BB R0 M AP R A R SRS BB EE Y
PRERZ REREMRE S U EXRE DR X 0% T BEEIF LA
TAF N FAF o Flotdeie ff 15K R @‘%Hﬂ 4B TF AR
POORBRE AR L RNt fop d it R o AERABAIFE T o F
Bpedpp(SON)RERILL » p A fﬁl&ﬁ)‘“‘ IRE 33 IENE E Bl
Rp ek BASED|EREGR R 2 7 UE R ERTRFRR T
Bt 3 A F A s A (Capital expenditure » CAPEX)z 2 § 38 £ )
(operational expenditure » OPEX) -

Y

() plamprp g R

3GPP £ % % ~ 4% (Release 8) = 54 SON H it 5 & & -3GPP SON
Bz 3 B A v B BT S9 8 /T R SON e st
fod e o 3GPP fds T k K A 45 5 B 27 40 55 SON 3 oo™ [18]:

% Release 8 ¥ > SON - B4~ & §_# 4v 33 LTE 4§ Enhanced Node
Base Station (eNB) &g s\ 2k =z (self-configuration) o £ H § 4= 4228 2k 3K 20 #
S

® &7 p(£)F 4 Automatic Inventory

® i f gt T ¢ Automatic Software Download

® p #i > ARt 5o 7 Automatic Neighbor Relation » ANR

® | # w2 yEaLgE & fie Automatic Physical Cell ID (PCI) assignment

7 Release 9 ¥ - ﬂ’# SON Hojiesi4e 5 BV EH st v ; L & L g
LTE 3887 4 - FLTE A
® [T H riqfr < ¥ E & it Mobility Robustness/Handover
Optimization - MRO
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® Fi% 5P ip B £ i Random Access Channel (RACH) optimization
®  {T g it it Load Balancing Optimization
® iy o Bt Inter-Cell Interference Coordination (ICIC)

Release 10 » > % macro fv metro zh 3 5 4§ 2 EH T SON Hjiess i
AR CBEEREE R AT tesE T ehi &b EEE T
ble g T ]

B F &% ¥kt Coverage & Capacity Optimization (CCO)

teip kb 5 343 $F Enhanced Inter-Cell Interference

Coordination (elCIC)

A oA plear i Cell Outage Detection and Compensation

p 74 J # & Self-healing Functions

B BRE 1 1T B RIR(2Y 0 B ] BLiRl)Minimization of Drive Testin

it & & % Energy Savings

% Release 11 4v 38 14 F #% 5%

® p diE > ARiT A L enBf % Automatic Neighbor Relations
f 3T #7h i - Load Balancing Optimization
2 £ & i Handover Optimization
% F 2% § s i iv Coverage and Capacity Optimization
it & & % Energy Savings
B b fap A P‘F\" e & 7 5 Coordination between various SON

Functions
® £ ] {72 ;p|3E Minimization of Drive Tests

Self- Plug and play

configuration Automated setup
and configuration

Self- Auto tune

optimization Real-time network
optimization

Self- Auto repair
healing ngt, autonomous
failure mitigation

Bl 53 f 2 @i (SON)L & = + # 4 [19]
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SR G B 3GPP R AT MpFR N AR A ST s L p K
¥ (Self-configuration)~ p #% i i* (Self-optimization) ~ p #% i2 42 (Self- healing) ~
* o2 R Frehid B g it (User Perceived Quality Enhancement) ~ & 7§ st ik ~
SON for Home eNodeB ~ ;2 & & 32 7 1 (Hybrid Management Archltecture)izf‘ 3R
oA 238 5 SON 2L & ez ~ # 5 [20]5]> @] 53 ¢ -

1. p 23K & (Self-configuration):
ﬁ,gﬁg_ ¥ ‘H@“ﬂ* (plug and play) HAEAE SPES f B AP S
%l,_ pd

(power M)t + 4 S5 5 L A AR SRR IR R & SR (2
2 X2 A G ) AT AR g B Rl BlheR B S XA R
FEOLBIZFRY - BRAR SO RMEE S R ADERTFER T ER 4
DERT T T Y LR S0 SRR R S -0 EICTY
Yok FlG - SRR LA FRABMITOAN SE-EFEATR OB #
I EE L T Fggéu;ﬁ&uéflj WEL G E#Fﬂffé“é
PRAbhie r FHR o MG FTRFEFET A EAET A o [20]

2. p ik i (Self-optimization):

M4 hot p $o F (auto tune) » FEd LB AL St 2 KR L 0
w2 Bk 5 i i i ANR(Automatically Neighbor Relations) p #5 i * 7%
AR LB o MEEY 2 KR Jﬁw‘ PR R p RS
BB S TR T E R bl R R PR
G p R PEIRA AR ST ﬁ% TR B AR B A SARIT AR Soh
S¥c o Blded s i Sand g I T3 & (electrical tilt)3 X AR E R
o kaiFp ot Ar o p.ﬂf'rﬁfwig;;ﬁ vw g R e pE s BT M B e e
cEBEARRE O AT RY ""‘L"‘J’Hﬁlﬂiﬁﬂéﬁwfﬁﬁ’ﬁéﬂ
R IR D B e —g PRABE S » DR
Sdc k2 3] f 4T #r(load balancing) sh# i - [20]

3. p #1324 (Self- healing):

M B0 B (auto repain) ff 0 f 8GR K0 TR AL LR
BB P P 4 & L0 2 PH RIS AR SRR T gL e
Toom e siialegacy e bs ¥ RELFEN FFHAY 5> L2 FTRK S hHE
B3 g o [20]
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Network Planning
and Management
System

Energy Saving,

Self Healing

Self-Configuration
of Base

Stations

Base Station

Neighbor List, Base Station Coverage

Optimization,

Handover Parameter
Optimization

Load Balancing

Bl 54 B FieBchp A s (SON)[19]

() B # Bk 2 SR

ik § % SON $rs B - i 8 e/ 5 > K_LTE 4 — 4 & B 40 0
SON 2 & Hjirer /i 53 o SON Ap B fjbri-¢ { BgH € R Fu|H oA kg » B
Fept ety iR E k- AR hAx% & o Ff . =3 G NI SR RUNE RPN
Hois fasg ] A Ay 5 blhodg i d] (picocell) ~ E ficiic 3] (femtocell) 2 ¢ #(Relay)

/‘;,Aﬁ_ﬂ?ﬁ'ﬁ#ﬁx IEA TR ESTE léq*ﬂ;,_.%? L..{'ﬂ’?”ﬁf‘
BTy A AR fFElE S B AR S ek RIEAIAFEX
A - A SR E AT e & - B S JE 49 p B R IP address
qE T AT R A S @R Sl T D B8R RRIE - Key
Performance Indicators (KPIs) £ £_i¢ * EEES EER . ¥ b A A A
o ER R CEFAER T ,;H#W, B A AR Stz 2
P R e 2 2 FAE RS Bl AR S B Bl B e L
AR FoHRIIRBET GRS FN O TR EFT RRY T R
PR RERRAS LML AAR ST HT AT R T AR AT
NRERBCR B B E R o IR A Tt DR R ;ﬂ; ks S AR
oo BRI e F E X o SON i LTE 5™ e X T4 § chE 4R o
B A kB gty > SON Fprerdbdiy v E¥ jt | ARk o Fzm
R o & TR SON 41‘#? v S A B R 1 A 45t (distributed) -
£ 7 3%(centralized) SON & £;7 & ;% (hybrid) SON- f§fm 3 2 » 5 # & & 5 %
RS s8] AR &R ??"-H%#f# s A% SON BAFJ F 1 2 T Agm
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BTl e i RE AL ) 4o § 233 @ ¥ 3 #a(traffic imbalance) & i % pT
(handover failures) & ¥ %4z % & ¥ (local) ] 2] 2k &+ 5 e ic e 4 (Dl dr e i n
PR igﬁé BN R Sl f 7 54 SON @@t’pr’% S AE o
;ﬁﬂ AR TR H R R ERTAEERA LAY S B S -
g; o .\ SON f£ % iff sge 5t 2 %_ah%»sp PEATBI Y LR EE
(network management) X % > £ d ¢ kR pELE SRR L L Y § 1
XY R R E G RN MR R IR R T R 8 S
SON fr P2 5 B ¢ 2204758 SON # iy o T 343 & f F 8 SON HjFi

Bz A

1. pAx%E (Self configuration)
VEEAF L E DAY SERT gtk o gK 0 A St E o o
VR TRN ;Tng_l\w DPE O B P K TLH AT ende TR R 3% B F//»\(Physmal
layer Cell Identity » PCI) ~ A& HUE 2 R 4 pe(radio resource management)
;Jé; Sl H A S5 E B E RN R S E - A3GPPLTE: % 5P
7 504 =t 12 R (Phy5|cal layer » PHY layer) im #z 2 % #5 (Cell Identity » Cell
ID) o @ 5042 cell ID* A = 1683 ¥z 35 %) 5 3 (cell ID group) » #714& 3 £
P EE e B AR ST o PClKE £ X yche B AR
PERT o AR A AR WA €3 SPClKE 3 & #TUPCIEZAF 8 * B4
Refro d PPCIE* kK7 — A 5o U3 [ Mgt —g'a R H R
el Lo FIpaRiTeng SPCIR E 8 7 B 2 b B UM ELFR B
558 7% (collision-free¥z confusion free) - p A %k T PCIE S| FF » & JF 4 g iR
¥ T*u{aw ik A e § A ApRPCIAR Lo R Ap IR hEEgE S R R
MEMELFFEERA L 7Y %‘gc} iF > AR A 534 (neighbor cells
Ilst)s@iPCIi@ AT o 3 *v?ii © R AL o d A e Sent e LRyt 2

oy
\4-\

7 okm M “ﬁ?’rﬂ‘“ ® A Eﬁﬁmﬁfxilﬁwwlmﬁé’u bapkiR
FTEE L 2 ~ﬂ'%%;:u/EB%ﬂﬁwﬁ%_,}E‘IA:\ﬁc»u;;}«- W IR LR

(5 Fads3rav] ¥ S2eNB)» # FEHEF R T 58 c e p /¥ S p A%
A * ,1' | # Network-llstemngzﬁi i# :m A AR R R B o ;ﬁ
dip 2 A7 iRt e 53 Lmjﬂkr'g o hn e PR A e @@Jﬁ » AR

5 ,&»ﬁofﬁﬁi g1 “Hyw‘rﬁ._ki% SUERE TR o

2. p g (Self-optimization)

AP LA A B T2 S ST A AR Y ERY PRI A
B WAL PR A RRRE Y RROREE T F‘L pI o DL
ERFRRY A DRFER P AR Y L& 0 3R[21]
LTE-Advancedtk % # SONHL ¥ ehp it Fpee 7 CCO ~ MRO ~ Mobility
load balancing£? interference control - 2 @ % R B ¥ & £ & gni 4 A 47 3t

71



oo~ BB RRE

B #i-58 (Sleep Mode)

Al 2 | SL ¥ & (Small Cells controlled sleep mode)

ﬁ " ,.J&ﬁ;;#;';%f: SL % i (Core Network controlled sleep mode)

g —"ﬁ#;‘;ff:'l SL 7 & (US controlled sleep mode)

1) @ R HCc3Y (Sleep Mode)
F‘ ’t’ﬂ Ff'mﬁrsaﬁﬁﬁ 'U/F'Wﬁl“";)ﬁ /}E\‘ J"Jzﬁ“ 5 ﬁ”sa/}ﬁhﬁ %i* °
—drd Tl A A Lot g G E fz:}fg,é% ZTRSEITER

ERE CARBREREIFPEFE TS ﬂ&ﬂé’ﬁﬁﬁiﬁﬁﬁ
FolP AR o F EE R R AR IR o - P Al AR o R
i 4 & f8k ik READY state (RE) ~ SLEEP state (SL) » # RE jk i ¢ >
FAIAE SRS IBH R R R B R S o ASLRREY
LA SR R AR 2 ST ML AR o e b pE
ARG A RS s EF AR AT LT R4 A AR G
FRER e~ REGR AL > mAABEE g ad S ARy B o T o wr AR] A A
oo £ R BEEMER DL T 4L = B4

SLk s~ M5t P3RS o~ e R A S HRY F[22] -

G

ﬁ
)

PABS GEAISLRE: L AkS LR T ]2
E%’&%?Jl}*“’*l%nb%ﬂ—ﬁ?ﬁkﬂ*ﬂh,@%,?m-‘;%’,?* ok A AR B
BLRE B AR E SRELRE Y o) &&JSF%#ﬁéwaﬁ%ﬁﬁ
S sl e B LIRS S g RERE A AR BT kK

{3

A 2R JOM Ao A AR SRS 2 IR F A e A A
Booih e dok B 2 BRS PAIRE SR BB FiR

P BT HISLR A o Pro BB SL A L REKE X Fd w
@ e B4 3% of AREE 4] 20 55 (wake-up control message) ; § 4 2 i * iﬂ" Bz
F P RS P R § AFERRIA R SRR F hx A A o
L ssgier o [ AR SHE 0T L ARS SLRS
i ® ¥ 0t $e F 5 4 (Mobility Management Entity » MME) % 1
ARLL A R g F TR P AIAE S P RRT Bl
bl :%’?‘u?ﬁﬁ*z"é‘ﬁﬂ"ﬂ%” S RE;-P fi o 18 % Pro R
SL;[;L B T R ® 30 APERAY L AR S Fd] SLR R et o o AR B

T p TR «ﬂxw Hd pe SR LT o 0 LT 0T R
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T

UESTE Tt SIEES Rab SRR S e R I
n%?—*ﬁm;g,‘%p 2 e JRTEE R K o P oL P B L A% S
F ot LR RIEE » bl n SRR TR Jfd i sy
[ E\; ¥ ll—"'r';ﬁ,}’&!ﬁ&ﬁﬁm}g]ikfg SoiEm AT IR A B S W AR

RN E RS LR -

:‘ré“
—
|

__r“,;.

*"‘:.#lf'* J":}"’#J SLRRGE: &ifs— B4 8- SL ki ig et
R H :b‘ﬂ#n%’*—““ﬁﬁﬂ}"ﬁi’mafvﬁ tigzzg) '
b ;’LSL,?L,@:; e » REJRMGE « 3 WM™ N A RA G - L4y
i ﬁ% T BE e PR 5 ) A AR ST € ek i T RE R
fio kBEECPAIAR SR XPFHRLER T KB ks SR F A
i)é"’*‘sé%ﬂ-mﬂ SRR AR R ’ﬁ’ﬁ*n‘fr“‘“'g &k R
Wbkl # L AR SRFEF r’sfwﬁﬁ‘ﬁ”—“?gﬁﬁj KR
WEL AR AL ek o BEHEN T} U i Al Aot 5 B I 30 4
LF % AR SRR R
PRI oavk s se e F15 - Bl 3 AR O
R 5 A TR B AT B AR R T AL
gpRRE AR T RY

(2 2t

§OTE - AH SR G OB R Y AL BT RRAR
BEHeR2EILEPETET AR ‘Fé‘*ﬁ,ﬁg:iigﬂﬁiﬁw?ﬁn’v v & e
SRR TT SRS T i g3 (40 GSM S UMTS) » & seeh s 3 &
B g e ﬁvs‘ﬁﬁs‘s PO T R R AR R AT S /,,\;:Ft;gzg« [ &Ry

-k & 2 f(Horizontal Handover): 4p fe {2 5 & & e e @ % :# i
Hi- BAR SHE DT - BAE 5 Hl4eWimax 7 3% 3] Wimax & ¥ &
WiFi *7 3 5] WiFi > & sLph 72 #E(Intra-RAT Handover)-£ 5 40 I & ﬁfﬂoﬁ
£ H i (Radio Access Technology » RAT) ‘m#e B e (7 ™ H_4p e 4R &
B AR AT S

&3 2 3f(Vertical Handover): £ 5t & s pe i * g L~ s
AT E A A 2 AR R 9T S ST R R R R
& Jﬁ F XA A e R ARBCPRIE 0 Tk AL en R vf(Inter-RAT
Handover)-7# & 308 3 e im e B i vE(% T A7 AR ) 0 bldef
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UMTS 2 £ 3 GSM/GPRS et o H P K SLph e X ¥ | Ao =
fe %47 < 1f(Intra-Frequency Handover) 2 7 & 4 < & (Inter-Frequency) -

#t & 2 ¥f(Diagonal Handover): 2 YEPRFFE P i € AL ¢ 5 7K

T g e o

PR Z BHM(AE 1) ik
REEE VTR SR R 3

% #45 2 (Handover Phase) w3

REUN e Bl S Ik

L i

EREFRRED BAPM O L L P T iR
75§ 55 ¢ - @B 55 2 m&a < ¥4 41 (handover control) f § < L8
A2y P oeehe 1 1T o e 5 e R £ 4 Bt 2 v (mobile
assisted handover) &% 2_d % i #f 24 < ¥E(network assisted handover) ; 4%~
% 82 EH ,%(handover procedure) £ ii-%_% vhinie * 5 (mobility
scenario) o % % * L ika bk o BT kAR * 48R YRR % (soft
hard 2« seamless <w) i 49 % aﬁsﬁc‘  H iRy - 2tk
mgflnu AT F R IAE fSh Fo p ATIR B DR R R Ay

O T A MEE LERET R Y i i S

A. 5% & (Received Signal Strength Indicator’RSSI): q - B
¥ AArR 5 ¥ chdpil BRI CR R oo g AR s8R
i :}zﬁpg}gﬁ@g& s BT gl B AR > #1 RSSI - 22§ 3
@mﬁﬁqpé MONTERR P & MR Y FIER 5Bk
GRETH B AR SRFE o

B. g §*(Network Load): 7 I @#5L &“1F ShipB FRA o b
-%%ﬁﬁﬂﬁﬁi%ﬁﬁwﬁ—@ﬁmmn*x%a@ ket o
ATT R R T IRG AT T AR ST R LR
R S A

C. FR#§ F(Monetary Service Cost): & E Rl SRR SE7 & o 1
@%ﬁ%@%%f%ﬁ@ﬁﬁﬁoﬁ%4§§¢ﬁﬂ’%f
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-

p
EI/
1

GREZES R R A SR S R (S
2 iﬁ.hf@(Handover DeIay/Latency): 2 vhut B - A B A R
?oLayer-2 § 1= = A paia BAr A 4 e ¥ o ¥t a AR (delay
sensitive) i * BF - gt sgae B € F MORIE T o
& * 4 eng 47 (User Preference): &/ & = & > — xig * F i 4F
WG RE DY E DR DR RIS it K g
=% o
2t & 2 helic® (Number of Unnecessary Handover): > 7
& & IEARR v A R M S T > FIE G
E \&‘LE;‘JE PR AR LIRS FIRERE AN A o et AR K
AL Jﬂf».’\"‘“élif—:?ﬁ”f‘:?fu'f’i%?*—‘ﬁ?&%)i@%:;g_b%@;
2= AU B AENEY A AP S B KRG
BARIT en B 5 AT T B i %{f@)i g ?bﬁf BT o B D
7

)

\v

o

P

~

() 3\
T8 B
=g oo N

bt e B B A B

v

3ﬁ*§%°ﬂﬁ%@ﬁﬁﬁ%’?ﬂﬁ*é%iﬁ@ﬁo
2 ¥R 4 pr e & (Handover failure probability): 2 4 pre
R E P - K SxA mbﬁi}—% s ek R YEAR S F G
L ERTIRE PATOE AR K FP RS L U(drop) ¥y - f&
‘E{iﬁ‘;’?‘u*mus@%ﬁ;’%v*’%?* (a® #apper @ & A
i mﬁémﬁ v)E BB AT S .‘rﬁﬂﬁiz;gwﬁl

% (Security Control): d & - fA 53 H % fifa_'rm? >

»RREB A %ﬁﬁiw@ﬁéﬂ»%%¢ﬁ

Qimﬁﬁﬁolk&£®$w7W%wigiﬁﬁa @
g B oo AT IR AR Y RAc P o R R R S R S
e ik o
Jﬂz 7o & (Throughput): - ¥ =g * & 3 *3 né;ﬁ%]?\q‘—’fé_m
%%’wuﬁﬁ*f BRI P L 27 RF P ESE
245 (BitError Rate): d g ien T e~ m
B4 > S QOS - AR 2 WY LRI A S
12 e B2, o

R
by

¥

A~} an\

2

B % A= N (Slgnal to Noise ratio): 7 5Ligan b % it fen s +
B B FML B BN B ffb; 2% QoS § i ik o

2\ iz 42 (Self- healing)
Vig 4R enp e R0 A 4 et e R R R il R %?l?ﬁ#”fi‘?
o BHReRLehp N34 F AT R f21]:
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Cell outage detection : # FRicfenfis 5 o

Cell outage recovery : 2 4f &% ¥ 4 xR ez 5 o
Cell outage compensation : # ¥ 5 % B2 548 F o
Return form cell compensation : W 4 4= 454 i o

B 55 2 ifip B AE[23]
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CONFIGURING THE AT LEAST ONE SMALL-
COVERAGE BASE STATION TO OPERATE ON A
GIVEN CHANNEL

902
e

v

DETECTING USAGE INFORMATION OF THE AT
LEAST ONE SMALL-COVERAGE BASE STATION
ON THE GIVEN CHANNEL
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)
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ADJUSTING AN OVERALL TRANSMIT POWER
OF AT LEAST ONE LARGE-COVERAGE BASE
STATION IN THE COVERAGE AREA BASED AT
LEAST IN PART ON THE USAGE INFORMATION

END

FIG. 9
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Determine a mobility state of a radio node as one of a moving
mobility state and a non-moving mobility state.

IR

!

Determine control information relating to UE cell (re-)selection
and/or handover behavior based on the determined mobility
state of the radio node.

-.-\.._./SZ

'

Control UE cell (re-)selection and/or handover behavior in
relation to the radio node based on the determined control

information.

™_ §3

Figure 2
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?%%’F’E%fliﬁf%q*ﬁ%ﬁxhl e F (Ql%?—‘ﬁxiffr?giﬁnl,% —"‘:}ﬁﬁ’@‘
TR A TR I T ol 2 MBLAE 3 R A2 F R IeIT i A
TRMT FPRERFEHEL MIMO ;A ke & 3 E48% -
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j;;; WO02013110777A1 | ¥ % e PE e T LA 2
P Support of mobile-terminated service delivery over a multi-rat and/or multi-domain
, ... | mobile network
s ASERMT FPRME N S EAAB AR R TR R IR EE L 3R
;ﬁ% 01/25/2013 2@/>4p | 08/01/2013
£ . DREVON, Nicolas
Alcatel Lucent wR A
A THIEBAUT, Laurent
L | EP20120290034
i
%41 | EP2621227 (Al)
U TE N R P R R P B R PR o - A 2 B Rt ig
WELT &R AN ERBEBARR 0 bldox 2 2 e P 7 CN(Core
¥ arir 2h | Network) & ghezrp > = MSC/VLR (in CS domain), SGSN (in
(£ % $4+) | GPRS/UMTS PS domain, or in EPC accessed by GERAN/UTRAN),
MME (in EPC accessed by E-UTRAN) o 4rim A B b est & 859 P47 B
7z T P iF PRR T o

RS

»';i R :-L
B2 ==

AP AR ERAUET D 2 P2 BT %3 2 CN
& Bh(node)it {7 75 B~ F)t & JF % B 7 oac4aiE UE 0 CN &gk
P B A S B CON & BP0 2 R ERAKT m(termination
selection support information) » @ # :R:E# L L FMR| ¢ 7 FE -
BERT 3R UEHF -
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REQUEST FOR ANSWER TOREQUEST
MOBILE-TERMINATED | _ ¢ (PREFERRED SERVING
SERVICE 7 CN NODE AND/OR DOMAIN

__| creaTioN orMooiFICATION —— HSS/HLR
1~{_OF USER SUBCRIPTION

2~ SELECTING A MODE |

2
oD
]

N

4~ DYNAMICALLY CHANGING MODE |

g1 DETERMINATION OF A PREFERRED
SERVING CN NODE AND/OR DOMAIN

SERVING
CN NODE
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~ ZSEHED & (Soft Cell)

ARTAEAPFE SR NEPFFE 7 2 TR GO A e A
KT 1‘“:}7;.\. #*(Cisco System) e 4F 1 it 4p 15 (Vlsual Networking Index)
FERARL 01 2018 E 2 (Al e B 2 E£4F & 2 £ F(CAGR)% & 61% >

& —"Fa“\qufa_ i7 16 EB (Exabytes) » & fgﬂ&;@@ 190 EB > ¢ *+ 1EB 4p ¥
L % GB (Glgabytes) PR OBR AR F A2 VRGBT 4B
ARMET 0 4 2000&%ﬁfﬁfip RMETh R L ’LAq‘»IMﬁJ,ﬁgleO

T 24 ft NTTDOCOMO 7 3f 5 » fok ket & » (78 FoL

B £33 500 2 5 ¥ 2020 £ > F AAE S sE g chlic B AT AR > b

A BT EH L TREE LR (P m@ﬁ%*{ﬂb R SRR A it g

r—‘g‘ﬁ 5GF%13~’fﬂfn;:;f‘»@ﬁ;?ﬂ?fg#‘:ﬁ‘igﬂol‘ziﬁ\; R

EMRE SRR AP RFUEUN AT T CHEFTHRI ;i;gi%]
"llﬁiﬁrgf?z?’w@%lé“ﬂﬁﬁ? MRS 0 ¢ A L F ki

Il )

E f‘f"u@ﬁ%}? B e g~ A s A A 5 (macro Cell)
2 % A1 K 5 (Small Cells » # &c %_micro Cell ~ pico Cell & femto CeII)

RSB S KRR G2 GEF AR R
AEEALURS SRE RS RREARAAT T wﬁ«v?«’ﬂz&%
CAFEREFFEORE INFMEASF L) FRE D VT R G b
M%mw- MRS G TR T RS A S 5 B
Grh o FLRF RSB RIS RS RRIAFRFELATEORE

I/E\ﬂfz‘y‘ A A SRR f A

FEt A A LS T 58 d %4\7 TPl ot ek Rl ol F) A
Pooo AkEREIINEE RS RRERA TR T B (Heterogeneous
Network > HetNet) » & 4 ‘1 ER A ELE rﬂz‘v @ F 2 BApEsE o R Y iofE
PR R TR Al N RER Y FIRERRIR VRS E e ff g
g o X FHR B LD %-’Eﬁk}s\ﬁ I R G I o R A T
TV IR RER AT fé_ﬁ»ﬁ? B LEALE R BB A N B
%‘r%;&&ﬁzpjaﬂ ar[g] 56 “757 o BE ARO[ A LB 5T ,‘#F,[g],]\ B IR F HE AL

i @ﬁiﬂ ki Mms i DT G TR R R T A
SR AR EARV a4t e 1B 4 (packet loss) @ﬁ;f]%ﬁ’(overhead)i% dv 22 R
i35 B (QOS) T eh% B e

*mﬂ

w» .
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S assEEsENREEREE . el
oLl T T L L

Bl 56 R faepidd T LW
(FRKR: FRES S5 Frra Ly i)

SPLIT!!
i s"’/a,,/ N
N e

Phantom cell
(high frequency)

Macro cell
(low frequency)

N . SRR

-

Bl 57 Phantom Cell #-#1]31 55

(-) At O9 0 55 R
SfRAERAE 0 RS B REH R AL %9 TSoft Cell | HiFfiE
ST A L ANTE P | FaR Y Sl Ak 5 #8434 (control
% #7241 & (control plane)

A2
signaling ) & — 4 L @A B o 0 < AR 5k
g3 ] A A SRR F 2 T G (user plane) iR B L 0 BB stk s
F N R DB AL - BAN ST BTN
FE AR R RV AT AL AR S AU T 4R B

Eo R RIARRE T EA
R L enyop @St - o {7 MRRGE S & o Ligipgle s # &

nd
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& 4 & # o enSoft Cell» # & 44L& 4544 #A 3 5 (Phantom Cell) ~ 1 %% 2
o~ & 3% Ak S(shared cell) ¥ - % iidpdn e ek iepe g -

B~ 3 A o2 SoftCell hjp 3 2T F T FERRRY H &
#8552, 7 e d(seamless) 7 > @ KR FAARE > HAFRTA§
AR Sy kg ATR Ao B ) g ST I e he Wi fpfze T 0 i@ ¥
Jﬁ'#‘ ¢ PP E D] 7 B WIFi 5 7 o BT WIFi 5L ¢ 5 4pid =+ 4k
B o R ©E o WIF @ % i F R T AL
B G EATH AR 0 SR SRR R Y e S Rl o

Soft Cell >t 4- B3 B F 75 3% § Ffadamgig > ¢ 1 2 A4 5
w2 F 27 Soft Cell i 17 & 122 ~ Flirdl e 2 T g A 2 & i 5l 2in
PO R T LT R R T B S BT AR R
Soft Cell e73 &> 12 j&_Soft Cell # 1z 74 ~ % =428 % &7 Soft Cell & 7 F 4L Ip
# B AL o

gﬁ,ﬁsmcmﬁwwwm»ﬂﬁag’%ﬂaﬁsmcwwwﬁ
PR T R ] e 3GPP 2.t v F R BRAF C 2
(Ericsson)[61] ~ p A & % ¥ &7 NTT DOCOMOI[62] ~ s T 7 ¥ & # &
%+ (LG U+)¢r SK Telecom % F% i 3+ fo ¥ #& ) 4 i Soft Cell shgtispe &
TR 524 M R Rt s 2 A e B X S iR 2 4 Soft Cell
Fivar ] Al AR S E AR SRBLEF RGBT e T o
LR =i For AT @D o T RESTEER
A fgﬁgzﬁa&»’;@ﬁﬁlﬁiﬁé °

B HE 4 % NTT DOCOMO #73# s Phantom Cell =% 4 [63] £.# ¢ #-
Hoasg Y o s Bapdiusig TR @R & 2T 4 (downlink(DL)) £ 1+ g
(uplink(UL)) o b4 B BB 4 305 7 (B 57) macro cell 3 45 & ¢
%;f 1% & 4 (low frequency)#t i & ~ 7822 | ¥ 5 I B¥ macro cell » + i %,
G- PP A ELE BT T %? Small Cells i& * % 3 4z (high
frequency)ie 5 7 @iz T o i3 ﬁ mjﬂ:ﬁiﬂ%%ﬁ Plde e B OFRET 40l R R
Phantom Cell 3t > Small Cells & /f & %F B B auik it - 2 J_ ¢ » B4

B FoR @I B TR > ol g TR @ﬁﬂ » Small Cells 7 12 Lt & 4% 55 B 4%
AR B SLFE D T AR o ¥ 02 B 42 macro Cell s 4> @ macro Cell %ﬁ
d ¢ gl ddem B L a7 v i Small Cells § @ @:E -

iﬁ‘;'/w\rg—ringw@ vl u*n%gg“a_@m A iﬁjgﬁaf?;&,o
T}IJ_&‘-_»"}; 5 iﬁi"% \; i’&’h" ‘_:v 1 ‘f—},\—ri\‘ é” - = 5 I' [§ o,TTm,% # F]
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de xR »F-,?rv)’li— [ ‘—“‘Kg *REol {—QF%A\PB—[;\I}J g i
o r F T AR L AR 2T AR -

She

(= ) ZL4 A1 b 2 B

SCGPP s 5 FIE A k(78 TR E R HDG 2 > 24T
Release 12 s 475 B~ e je LR 45 22 3GPP RANTSG ¢ » #5+ B F e j
PLITH LB 22 4o 55 A g BB T3 P~ e0 LTE HI (LTE Hotspot/indoor » 7+ £ &
Enhanced Small Cells) ¥ £ & ¢ fedsidim » 5 52 R R4 Ll X E B
FIE R OF R4 B A Release 12 7 13 it (7 { MR » AT 3R 0 @
G AT @@?J fenSoftCell 5 & g/ LTEHI Sip M8 - 3
i*ﬁiwﬂumﬂ%%ag#°@«%¢wb sk g L e ¥ 214~ Soft Cell
e E L BT L B4AcER 58 417 0 R p e SREFET - B LA
Ay sga o) AR 54 B b ehdh s 53 170 Soft Cell sz & 35
BFTOoZBAR SVRECEARERORFETRL - B AR S
£ 4 o

N~

PSSA/SSSA, CRSA, MIBA/SIBA ...

PSSB/SSSB, CRSB,
.VMIBB/SIBB.‘..

PSSc/SSSc, CRSc,
_MIBC/SIBC ...

Independent Cells

PSSA/SSSA, CRSA, MIBA/SIBA .

Soft Cell

M 58 b kst &g Soft Cell 7 LW
7

(FAR KR FRES S5~ v Ema g i)
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Soft Cell e 4] w2 H4o B 59 #F77 - Soft Cell #8% 0~ 41 &3 53
RPN AT e @ A1 A e o f g 3L @ EUELE F (coverage)
2 AR g #5412 (mobility handling) & » & & pE7n w5 1 0 R4 e
B Aot M S (low-rate) s 5 % 7 4L F F(high-reliability) % = 5
il %‘%1‘#* fm A 57 % TARF o A 3GPP Release 8 T 11 engh A
o 1E 1% o

m SoftCell %38 2 FFeng Ao PI:2i7* =T g g0l 2 > Soft
Cell # R F e dpdlilgingd > 40 AR PHMEEH NG
(Primary Synchronization Signal/Secondary Synchronization Signal - PSS/SSS) ~
£ ¢ % 5. (Cell Reference Signal » CRS) ~ 2 & s 5 F 3 (Mater Information
Block » MIB) ~ % #& % *L% 31 (System Information Block - SIB) % - £2 & s F
Jr -+ (Radio Resource Control » RRC)4p i e7342 /& 4o @ Soft Cell 22 % =3 % %
2 e f FhE 2 2 e d A A1 A S g2 SoftCell % =8%%
#ik- BT ‘}’@ﬁﬂ‘gi o Soft Cell f& -+ A A 5 i?ﬁ'“é—*z EE - AN e
Soft Cell AL 5 mRAS & & daf AR &y Flo gt 4T 1 Soft Cell # i
* 4o Release 12 1 F 373k 2R erv ] Al Ay 5 oo

He cn¥ahty 848 %+ B i 4 (dual connectivity) > &2 < A1 A&
¥ 5318 anchor carrier #4c kAL F I E 34 F 4L 0 & Soft Cell 2 F""mé#&
1>+ booster carrier » ic 12 # -] 0@ 4 (overhead) k &4+ & g FoRLF * 2
AL Aot - ko ol i“g'ﬁ"#ﬁf‘é‘éi/%lii’—;‘ B SIS SR IL%%imﬁ."g
EHE e f« Al 542 B % A& ¥R F (ultra-dense deployments) -
%% 4 4 & booster carrier mji& vl R A A Al Ll ’H’%@P\ ’
anchor carrier v ¢ % ¥ » ¥ ¥ 4. & i 5 2 pr(radio link failure » RLF) 7
R 1iE 2 RF A B 48 i & (mobility robustness)

16*

® 59 Soft Cell & 2] % £
(FR KR FRED A% 75 B2 5 9)
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?E«é“ﬁﬁi@ﬁi%ﬁ@;“ By AR
(1) Soft Cell i pF "% tx7s F g o + A 5 @ﬁi&lu FREEE

F A1 522 Soft Cell & * 4p Fe 7 5 24 4p 5 %2 (set of
frequencies)¥+ ¥ =3 % B 2 73 > ¥ v € R F 4 4 5 Ericsson 7
# Soft Cell 47 B 2 $1(US2013/0310059A1)[61] { .34 % s AL - fR ik~
T R LR B R R 0 % Soft Cell (% 574 & (transmission power)
B S EFRRET AL AAY St d? o v a4

SEARFNREHET T S22 RS 2 BEHITRAE - 5
x> Soft Cell ¢ " i<x & > $204p 4 317 Soft Cell shst 47 2 > &

R F 3 Soft Cell s giim v ao g~ Al A+ 5 k@5 LLEEH A&+ 5
i @%J\ 7t @ d Soft Cell kit & o i 16 Soft Cell "% <5 F &% #f o4 i@

(aSS|sted transmission)en{7 5 > KFE iR+ Al A L aig @J J %ﬁﬁ“ L%
"*’;*.a_/u\1 A AP S B TR R

(2) SoftCell @& * { & 4 £t 3 & ¥ @ﬁl?ﬁ:ﬂﬁ

Berb s g A4S (4o 35GHZ & B) % & Soft Cell 5%
< F R @%Jsb C ZRBRUE G R AR LY R RO S (et 2
GHz) } i {73 - Soft Cell pl ¢ * { B g £ @ﬁ%ﬁjﬁi,ar@ 60 7 o
AR S TR AT G RS A SRR A RE RS
Fk R A RS SHGUERIT A B S0l R 7 4 Soft Cell
Pl & % 30 % 2 T g FEEERS TR p‘}*@@?l'_"f | # E //Saifé,\
,’?’f{é‘;%i“‘]ﬁ%ﬁ’!@ﬁ;ﬁ%ﬁ}i"_‘*‘f]’g'i\gﬁp'fﬁ;’?l“"'_a_o&i;!_, B4R D
W Cedo @l 61 47T o FURARGE TR RS 0 AR RIS~ LA
Wens o g B

At e pF o iF F Soft Cell sid 2 2 EHET O RG AR pBAR L2/
X2 A T ALY A F B FEATe A A S
FFr 2T e AR o2 BAEATPERA G AR N G AP

HRAL -

New interface ?

B 60 SoftCell & * 7 F#fg & i 7 ;
(FRXR:FTREL Z8w ﬁiiﬁlﬁﬂi
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existing Bands higher frequency Bands

—r -~ % Beyond
Very wide Superwide Release 13
(e.2.>3GHz) (e.g.> 10GHz)

i ‘ /) i{@éﬁ’;_ﬁlequenu

(S

B 61 A KT i@ * aupE T X
(FA kR TRES B5 ~ FaFmaigi)

(3) * AIAE &gt % x8ie 7 Soft Cell 45 %

Soft Cell 1>t % =h % enw Apbd < A4 5§ Fapd] < A
cRESFER WS T LIER Soft Cell» gt v 5 Mg B "
Mg T &g T 4 4R B 62 #75r - NTT DOCOMO *+ 3GPP
RAN TSG[64] shl it % (R1-120398)4p 1 » 2 2 =4 K ¥ 47 % Soft Cell

s BY TR R A AT TR R A ’é{(dlscovery signal) » ¥ i #3508
A R AR Tk A ifuv R F] 973 4p 48 Soft Cell e3F RIEL »
H#F B3 2= (subframe) #-02 dp F £ aiF E R iE > Aot B 0

BOMABRH TGRS RBEE R A BRI T Y R
* g_i* 4% 3 F(positioning reference signal » PRS) » H i# %JE%FE'P A
VA fR g B 128 fyrs b s - T R ,ﬁ%gw{ﬁv@gﬁlpw,fﬁ;;t
(mapping pattern)éc Mg o @ HPE S SV SRR 0 LB E PR
i1 Soft Cell & si42 i 4 (collision) -

discovery
signal

sas®

o aanssananssal

62 AR o mer R gE % Soft Cell
(FH&m: FRESB% - FrmpLaigy)



2. ?E%ﬁ'f@ﬁﬁ]#\ RV a0 w BARR
AT A %426 ARIBK % 7 72020 and Beyond AdHoc | 343 ¢ » 12

315G & Ml Ak IR - m AT PO AR MR E 0 NTT
DOCOMO[65]*+ ¢+ #& v+ Soft Cell w7 +%< 205G e * H8 > A~ 24
BRI AAIAR L2 P ElpiRE R MDA A AR &0 I
e 7 gAp S HenSoftCell v 3|2 B chE e > @ B4 L g
ﬂwﬁigﬁﬁf’v@ﬁa@i@oﬁﬁﬁgéﬁ+yﬂﬁéﬁr%%
Soft Cell ; g7 4 » ¥ i @ 45 * #7 5 5 3 GHz 3] 30 GHz =4z § 47 (super
high frequency> SHF)~ 2 30 GHz 12 * % 3 #g (extremely high frequency - EHF)

Al 5o Bp < g R e Soft Cell> & %) fe § 3~ B il 38 %J(ﬁr.
i S B)RLHBFNE R MR L - HAERAEL REF PTG
Wi ¥ o FIH L Soft Cell PFiRfI* F2 i * FenBd )% 6 4
od A AE S BEFTIRAEE MO FE > e &5 Soft Cell 4~ e
R PERF R

Bk R 5G & ARl ‘fu-*aff#v’ B e pe 2 Soft Cell #-8.7 7 & 44
R AEBT T oA AR~ 2 2B A3 P~ 3 B4 (Cloud Radio Access Network >
Cloud RAN) &8 2 35§ p o & f;z BLHOE T L 0 2 2 ek h Cloud RAN
i FIEVRFAFZE Y T RBYEPIEIRML A FHRLTEF R
By iE > AR L G R ehE £ H-F o @ A %k Advanced Cloud
RAN shi-F ¢ > B E R TRp R G AR ERERE JRFE 7
i & 11 Soft Cell Boirias B e ﬁmﬁ.u 2R A AR SR i
2 R At 1 AR m@%l » @ Soft Cell ¥ ;ﬁc} B AR K g@]% SR 1
ﬁﬂ?ﬂ@ﬁﬁi*ﬁﬁo

perk s K AN A S SoftCell { 7 % & g\ &_& (Carrier Aggregation -
CA) B jirps3a 38 17 >+ A1 k3 5 27 Soft Cell ~ &% Soft Cell 22 Soft Cell 2_ & ¢
q*i\/ﬁtmém R AEHRBETER B FAFE -2 4 Soft Cell #
HEe S5 R ARG FER MILE DR MR B HRF R R RG] Lnp
%

o
Vs

Fls A R+ & FHFREE R 500 3o o B RE AT E K
TF 1‘*@31315‘ £ @%ﬁ&i SIS R SER R € L S ant
%”f S «u@ﬁ%]”‘ﬂfﬂ”‘ e poom BOF RS id %‘ﬁ%@‘hb‘ﬁkrs 2RlH

F]m Tiogk b é-*&'?"iw'* %i’(?ﬁﬂ*w’}ﬁl'ﬂ E’r‘l%i"" > Flptoz B 4y Soft Cell
PG T E R R R enf# -2 % o Soft Cell m:}i,{ﬁrf“u,u = ood 2 AR
POE TS OBE ARTRREEBEEE L RFMF AR
R S AR el th B R S T A A A
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RS F M F - R FRER AR EE R R GES A o

Soft Celll 4= E > v F a‘i DR Al S 4w &2 Soft Cell
BEERE A S 2 TR S A S5 Soft Cell @i %835
WAL e B F @ B B8 o m Soft Cell ey %3 % R4
FfzA > p & 3 Ericsson[66][67] ~ NTT DOCOMO -~ LG U+#2 SK Telecom
3 BR S RUS AR~ A9 MR R 2 R R R B A h 5G Mk
poSoftCell jisride B LR EF S8 Ly E-FRAER g —*ﬁ%ﬁ'% ’
PR M A A Al SHETE S RRFEZEAEFN AT R § N EY

‘o 4 5G AT AT R e

VNP S N 2T mfi-"_‘?\: B 'JlOOI—-m

f*ﬁvwf@%] ~10 2 100 i e A% A FAL RS R P o £ fher

@&&@ﬁﬁ@o

d 3P 5 5G & Nz FirmE ~ B BT REFEH Rt P SRR

=511 IL'\})J\bk’ﬁ‘Q%ﬂ_g‘E ‘ﬂqﬁbﬁ?,i

WA T 5 Ak 5G f  H R

% i 5G MaEH i Soft Cell /i o > YA WP KA TR FERFPE A
RoESCTAFTE BARE > T2 S P AR TS K F AR - HEE

I 2%
34 BB 5G TR R m [68]
5G ##E rEFRM

1000 times higher mobile data
volume per area

e m B MR S H 4 1000 R 0
T n R A L 100Gpbs/km? s T 3ok

1“%‘*—?{4 e £ 5 500GB

10 to 100 times higher typical user
data rate

PLIR {7 e B @ﬁs:] # B E-10 1 100
% s 7T=7P,§’3+—4F]17 —r;\. i ,g 1OGbps

IV

10 to 100 times higher number of
connected devices

AR S R RO 2 K 4 10 2 100
» 3] 500 T 5000 fiy 5 i § il 2K &

-

10 times longer battery life for low
power devices

SAERKF T FAFTRRS
L0 g a2 T ET
10 & » T30 %[ A1 A8 & E M AL

¥

5 times reduced E2E latency

‘ﬁ}k‘ﬁﬁ @ﬁ%ﬁii}iﬂg_m i“ﬂ{ ﬁ;l\éﬁ? i~
Lo T AR T A 1
x5

(FR xR :

TR € F > 2014 &)
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(2 )28 B E a2 1

j;;; US20130310059A1 | ¥ B % us e 1 N
£ 41 | Soft Cell Inter-Layer Interference Handling
AR | EHEGE A K F T R
: T | 073012012 NI | 11/21/2013
Parkvall, Stefan
Astely, David
Dahlman, Erik
% 4] | TELEFONAKTIEBOLAGET LM . .
A Hammarwall, David
# 4 | ERICSSON i
Lindoff, Bengt
Sorrentino, Stefano
Wilhelmsson, Leif
B
b US201213640337
% 4] | US2014233539 (Al)
7% | W02013170911 (A1)
?E*ﬁvffu’ﬁﬂ@ﬁ%ﬁ&?% g% e AR AR TR o < F A
cBESFURE il g ) A AR SR FRETRE R
y sk oo A RABEE Y Ay S AlAR S BESFRSLE A AR S g
N e ot EERL LASERET S
oo i A AR S FEEY A EbrR s 2 ) A Ak 0T
(7 S Flt g ST AR A AR ST R T B
EGE: B S &
Forend A AN Ay SEAIEAC] A AR FHEER o B R b Sk
e hae o A Al Sl AR 5o 2 RikayE (D)
2% s Al A o8] A A L (B]4e pico node) PR x4 [ £ g i o o)
WA o %ﬁlaﬁéﬁf**éw“%wrﬁ%%mﬁﬂﬁw

et

PN
e B RF -

(time interval) » #F f &g pFRFF IR 4 € 2 83 (reduced)ﬁ
FLEEERRE? c I o irg g FREFIET 2 o ) A1 A8 S p
FERARA(rule) & £ 4245 ~ Al Ay 53 B s Eﬁfﬁz\ (signal
schedul) o M B X pFAZ 4 (signal schedul)¥ 2 & 2L i #(semi static) &
F_## fi (static) srpF iz & - ﬁ*{— AP L ¢ AN TR AL

(% A1 5 FpER BT L) PR (B TDTE R PFAR) o P71Y

BASHERET P AAK D OES TR fRRE ¥ LT 8
B gek oo v g kG e AR BEPPER IR  PAAR S ¢
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B AR O BE PR R A D R fh(normal) 7 5 B i S5
i‘%‘—iﬁ é’— l«L F,&Prx“ F\ ﬁ lﬁ 1$ K§ I'ﬂ(l’@duced);é m TL%,'ED ° %ﬁ Lb Kéz; IK«JJH'J‘ ‘3‘1
fﬂ_&é@1¥#’:ﬁ,"lm§;¥uiﬁw, I“szjs‘u Lh’ll;j-é

NO

TERMINAL
IN RANGE?

510
DETERMINE PROTECTED
TRANSMISSION TIME INTERVALS
Y 520
TRANSMIT NODE-SPECIFIC DATA TO MOBILE
TERMINAL DURING NON-PROTECTED INTERVALS

# 530

DURING PROTECTED INTERVALS,
TRANSMIT SAME DATA TRANSMITTED
BY SECOND TRANSMITTING NODE

Y

ALL INTERVALS
ARE NON-PROTECTED
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Ve

v %A% ;{_ﬁ] Aﬁ] Jy g (Massive Multiple-1nput

Multiple-Output » Massive MIMO)

Massive-MIMO (massive multiple-input multiple-output)(+ 4] % £ ﬂi%] » ﬁi%]
1)k Bk p »t MIMO (multiple-input multiple-output)( % %] >3 %] ) e ko
F]pt gx 7 % massive-MIMO i su JE A T 2 MIMO i %o 12T -y i MIMO

SR > 1B 25 A massive-MIMO i sten A # o

(=) <25 E®m P n R

MIMO i bieh- 4 %k 5 @i B2 2y Bi0E 4 5 B % s [60][70] » %
PROFHETOBEET U F B BE S RBE S BF TR (sub-stream)
FICFER T %ﬁr’ PR R MR T S B PR BT B R M
3 x WA 2 % % (fading) s7:d g 3 F (channel gain)3= % 3 4pjb = > Byt
MIMO & sueng + % fi'r}i“g; (maximum diversity gain) 3 # ¥ X A p 2 2
Yo AP 2R A 0 A F R l(diversity) ® F b 5 E A W & Be[71]
APt FR SR REFTE2 sk T2 kT UK R LR
TR T R R AR R T R R e gl
FHEDEREFLHMMO fix 2 EFF o 43 FenE o 5 HRET
5 MIMO %z & fI#k o e MIMO % % Wi %8 4 itenvw LR > A
PE oAl MIMO k5L 7 fpeni@iE X R E 7 et FTARIRD RS Bk
Jz % ‘ﬂ»#@&”l( MEEFTEREEBELBERN, T B B F‘ q‘»m » gt Ty
e B % 1 (spatial multiplexing)[72] > z B 5 1 7 s TR BE 5 > e d
N iE R s;auf;t?r WG o F —}»,,, LR R R f,ﬁ 4 (transmit
diversity) > H B+ F M3 F B R ARt X M2 P > R LRV LR
EEEAEADREB > BARh 2R 512 SHEPA N ﬁ#fr'e‘;[?s], [74] -
H4e 7z & % 14 F (spatial multiplexing gain) ® r4 3 4o 3ok @ 1% 5 {e 40 i<
1% R F (diversitygain) 22 2 T AR R4 S RMERE T RS
AR AR AR RS AME NIRRT ES G
EiptRT R B F gl g RN AP U F IR E
MR A T AL E S e F i E RN GREFEAPT U SR E U RF L
SV AR AT EZEARE W G > APT UFREE R AR
xRS0 R iE 7 e R BE 1F B 3 47 % (optimal tradeoff) 2 i i Fadkx
2 F M enF W*J d1 & ac 48201 3 % £ (channel capacity)[75], [76] -

TAE MIMO 3veng B A 4 0 — Bt > A3 A2 F i+ *"{fé_’
‘"*p&%éz“r#ﬁ’»;%—%*pwwfmfw—gm%&whii*ﬁﬁﬁ Bz
# e MIMO i Sk 4L 5 MU-MIMO (multi-user MIMO)( % i€ * % % ﬁiﬂ ﬁia?]
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1) & A[77] 0 MU-MIMO Jx %8 % ik AL 5 B % o MIMO & % » )% v %
?@#Eﬁﬁ%%ﬁfﬁﬁﬁmi;Mmoxmf;ﬁ RS B
B E2 BT EISE G § B A2 B MIMO i SLRIAAE S point-to-point
MIMO (@é%“fff@é%’?ﬁa?]?\ ;ﬁgjb.),, Fojm MIMO i bz gt anfy i 7 g
31> point-to-point MIMO ik st2 i 3 7 £ € "EF B3 % AP 2 Hic* Rk
Pz4rm Ao B n R I EHMELFHZI P2 An R 5 HRENE
Brh A REEFEED G WAL EHI AN T G M
(correlation) » B]H i .@ g ] £ H F A LOS (line-of-sight) (4R 5% 2 4R)
BRI T 0 ¢ T LA 2 K4 g sf(scattering) m @ i iE B F okt P2 4p
B s R ERAEFFEE S T A kR > MU-MIMO Jk 5z &
Bigr FREA R R T A EHET AR T A L R
+ 5tk (user diversity)enip gk, ® H 2 B 5 1 F T UAL L g H R
d 3t E g o Ferik 2 ik s MU-MIMO i Sudg 7] ~ 3G ~ 4G 2 WLAN i

i 1k A _SU-MIMO - SU-MIMO 45 - i &% & 57 &
;AR ﬁ%l o k2. & MU-MIMO 55T B 63> - B o
[ f%ﬁé%tﬁi@fﬂ’@‘fg’a@ﬁ%ﬁr‘f'* 'ff‘«:” v — £ 5 MIMO # i eifk
i LR Fd KR Gt B A S RIFRALIO F
T AR o &% MU-MIMO B jisp $23t SU-MIMO 5 11 T 4% g
® FEFmAEMM AT ERT A @ﬂiﬂ@ﬁ# i FRB Rws
sk BHef d R TiT A A m“r‘,'fi Poorfgm A, 5 £ R 43_@%113 EIRGo
@%J SELX TR B Bl Al B F o MU-MIMO  4p #3t
SU-MIMO € i 42tk 8 e 58 o
® MU-MIMO ¥ & % 7 & % 1 3 & (Spatial multiplexing gain){f-z &
& &3 £ (Spatial Diversity gain) - MU-MIMO + 12 %ﬁ“d £33 @‘313] » 31?] el
AP cEINFEFIAHE T EEEXETAIFEG S ‘a‘%]/\%]“"ﬁnb °
PE RS il AR DR AR S A o

J Y,J

Y] Xx =
Tx { Rx1 ﬁ:

4

L

(a) Single User MIMO, 4 streams (b) Multi User MIMO, 2 users, 2 streams each

B 63 MU-MIMO /s %[78]

Rx2
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1245 3GPP
7) 4 ﬁfl]

3G 5 £ AT FEPEEHF E[79] 0 % - 2~(Release
‘5@1%@1»1 PWE T EE S ‘B%@R(ZXZMIMO)O i ;@‘@?J

IS ﬁz%l Dw ol % a4p B M (diversity) '# i43d sg % ¢ (channel fading) 2 5

;gr} & % % £ 73 P~(spatial division multiple access’ SDMA)H#{ 4v 4 kL5 b & o
AT S L PR S IR B J)i & = 35 (Beamforming) v % % %14
(sectorization) e jd & = ;¥ 12 &3 F A T A IR H e F A mE R o

Z B % 1 (Spatial multiplexing) 5 '_é:ﬁisrl » sﬁsrl Pt ;ﬁ d Fé.‘ﬁ.:a)iséi‘“'l z
AF 1@ * A 3% 7 JR(spectral resources) ¥/ 32 3 FTALE o bilde- X AT @ﬁi&lﬁv?
#2144 Mbps> ie fid 2R F 1000 T RF e Bl RS 7 e 0§ LR (data
streams) Tt 3L A% L 28.8Mbps o i i ik 3 4 (Channel State
Information > CSI){%%E! g ¥ J" UE % #38 iE 3 4 B A ; ol B el

(signal to noise ratio * SNR) ~ “§ i 3.?, % (Fading) #2 5 »
o 1k mﬁa—"ﬁ‘% fgi‘!\:}i/{r’rh"

.

Vi}{&&-?ﬁ

‘aig%c:}'&‘i{ %%’{rﬂw?ﬁ‘&
PRQLETGI‘)E\‘-%F-FF "?Ygf’

3R BENS

% 3 4o i E’méﬁ%{‘f ,4 LTS

F R -~ &1 7 /4 B (Spatial Diversity)»z 5 5
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% +- v MIMO 242 & LTE > LTE-A = #[80]
Svalom asnact E-UTRAILTE IMT-Advanced LTE-Advanced LTE-Advanced feature set to
y P (3GPP Rel-8) requirements (3GPP Rel-10)  exceed IMT-Advanced requirements
327.6 Mbps
(Peak)data | D" | wxwwo.eicam | 1 Ghps (high mobility) 1 Gbps . .
rates 86.4 Mb 100 Mbps (low mobility) CAmAragaregation MIMCQ
! s
uL e 500 Mbps
sl:ﬂ::;zlt’:‘e up to 20MHz up foomsif\}le up to 100MHz Carrier aggregation
15 bps/Hz 15 bps/Hz
ek DL e caggw = o Emm 30 bps/Hz 8x8 DL SU-MIMO
ea
3.75 hpsMHz 6.75 bpsMHz
g UL | S Catel;w . 5 o g 15 bps/Hz 4x4 UL SU-MIMO
.“-:‘ DL| 1.87bpsHz 2.2 bps/Hz 3-&}’5;’52 CoMP, MIMO
L] Average
g uL 1.4 bpsMHz zkgxm?n/gz MIMO, UL enhancements, CoMP
@
2 0.06 bpsMHz 0.06 bpsHz 0.12 bps/Hz
0 Cell edge DL (42 MllaMO) (42 M?MO) (44 MII)MO) COMP’ MIMO
0.03 bpsMHz 0.03 bpsMHz 0.07 bpsMHz
uL s M'?MO) o it MIMO, UL enhancements, CoMP
U-plane latency less than 30 ms less than 10 ms less than 10 ms
C-plane latency less than 100 ms less than 100 ms less than 50 ms
% -7 f Releases8 fr 9 44 ¥ R ¥ & % H (User
Equipment-UE) 3 % = &L 4% i 5 7 MM EFH XS R 2A BT ¥ 4
Releases8 fr 9 A FdHXE N3 - A MFHF <~ Fig a2
X AL e A F1 Single-User MIMO (SU-MIMO) & % + 3t (7855 %
e £.F A 3 Multi-User MIMO (MU-MIMO) + @[81] - # 4G i 2t 1%



¢ > LTE-Advanced M ATehiR LR FH AR 7 < R -
(2)* 2 % £~ 85 0 2 Hepe

B AG e M MR 5 X Adcd ¥ 8x8 ® A o 4 5G e
T » Massive MIMO ( % fﬁig. %ﬂa DEnR AR MdF R 4 0 B4 E_ 128
x :»‘:1‘,5’5{5 ALY o r} *?% MR efc > Ft Massive MIMO » #i+ 3]
= Ml i si(large-scale antenna array systems) - very large MIMO » Hyper
MIMO - 4= Full dimension MIMO -

g @ e MU-MIMO Jx 3v» B ;}g#«' SR FBeERR ] A 10 B enR R F)
PCHAE T W T i R L SRR % 7 AZiE 100 B R Rk R
= & % %i(Large-Scale Antenna Systems » LSAS) & 4% 3% 1[82] - 1245 Marzetta
2 FR A UE % aE v 18 25 (random matrix theory) sz @ > 3 — i MIMO [k 42w
Pen® AHch &K T g~ o KA 4 0T 507 4p B 22 (uncorrelated noise)
Z o] ® g R % % (small-scale fading) 2 »< & € 4% ;‘}J"‘,ﬁi R - 2 KK
P gz >imre2 ~ o] v B - B iaar g 2 Lg% iy £ (transmitted energy)
g4 2R g &G E DR E I (linear signal processing)( & 4r 1z 7 fe
6% B (Matched Filter » MF) 5 A # 2. 8 RI/FE L 50mg) v £ 5| 3 B8 &
BARAFIFELHEZ AP NG LT € R T EF AP 2@
%%5'?5”‘#’ <o i /,%rfﬁv’l 2% < X AP 2 massive-MIMO i Suergg

o 3% Marzetta 2. 77 7 % % > & IRF @ 3% (realistic propagation) 2. X T >
e MF 2 A # 2 2= £ i (non-cooperative) simassive-MIMO ¢ 32 2 F ¥ 12

& UL (uplink)(+ 4&§2)2 DL (downlink)(™ 4&§t) > v 2. 20 MHz i ig ¢ i 3
40 Bz * Hd xR FIHLG 17 Mbps enFR By o ¥ B g o)
- w2 & 5 730 Mbps 2 li‘ﬁ*wﬂk,;{ 26.5 bps/Hz 2. B8 AF 3% 2 % »
L massive MIMO s soi & 4 it iRacd chife Bl 4p $£20 & 4p e 2%t 2 SISO
(single-input single-output) ,% %fu B2 CSITH 23 HBX 2 g% ﬁ =g
BESFELF AL S22 X RHP A R | T F(scaledown) > @ B R E
LCSIT’.,E,’,?Ellﬁ%fsﬁl?\x%’*ﬁm@ﬁﬂ CEREEF AR 52 X AP T
= $3(square root) @ = b | T *% 5 iz F vk F massive-MIMO i SR E G (3B e
e [83] -

@ AL X A E FEILT VG i gk
A <A mEEe s F i‘g AR S eE H P B Rk o
B. =+ Al AEk i ik op d & (degree of freedom) 3 23 5 it
BAp P PR B TR T ORI S ik h K o
C. *3AMELT UHFHFaF L ERFL* L E2m7 ¢
B EF L R g EE RESF -
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Massive-MIMO x sige &

A=

A AEE e 3D R R AT R F e plk K % Fl
RRE G G eh T IR REd kA dp e (steer) T R 0 IR R AT 3
S

Hofe dF i 27 1% » f§ 1 multiple-access layer fr#®
IR VRS

7R AT 2 SRR m%,ﬁ‘;\!@ e AR IR R

—=\

* b g*F Va3 l}]gp:o

A.

2o ety T g 0 massive-MIMO Jk suend B G
A oo HE BRA F AR SBE R BB ARG
BOELRIT 0 A B AL RIE R R R S it H A e R
(computational complexﬂy) o
4oan 2 #rit s @ massive-MIMO ik Stay i B 7 8P 20 4 3 o chaR
M I Hjr2. — SIS o IR Y A 5 DL
A - Am 3 o R 4R (link) > e 22 CSI KB 7 3F L ¥ fg
‘J i B iE (V48R D B 2 3K 0 & massive-MIMO i si¢ s Ed A
- DL @iz ol gi(pilo)f d @ * HH#-frerif2 DL w

< e
had
Y T
Bt

CSI w2l A SRV FIAR S22 XAEPEFEF A R wp
& DL * » 9 CSl 4 3 pFaxis(timeliness) » ] massive-MIMO %

SAF R € B 4 PFEED (time division duplexing » TDD)#25¢ » gt
Hosie oo o ﬂ UL @BEE Il d A D27 A UL w2
CSlenipt» Ay SfI* g3t arif2 & UL » » aCSI kit {7
DL 2 3F £ %45 » &4 A" & TDD #i58 ¥ 2 i@ i 4p 3 14 (channel
reciprocity) sk » At Bk ® oUL 2. CSI4t: 5 &> DL 2 CSl »
e he[12] 47t 0 BB B2 EY > AR SR B EEEF 2 o B
f4 48 (hardware chain) ¥ it & ;2 i 3| 4p 3 {4 (reciprocity) » i&#-% 3%
UL z CSI # 2 %> DL 2_ CSI» 7]t i {7 4p 3 H4& 1 (reciprocity
calibration) -

BT TREL # 51 5 7| (pilot sequence) g 3 4p I+ >
(orthogonal) > z8 = & 4 &% J& 7 7 4875 % (uncontaminated)2. CSI iz
o AR EZ RHEMETT I ApE 2 Wi A A hlp £ FH
#]» F]pt 2L % (non-orthogonal)z. F 31 5 7] ¥ ap AL @ * % ARiT fm e
(neighboring cell)z_ i * F’ v ipHERE S 55 2 (pilot
contamination) » gt ¢k > X FUATiE iE 2 {4 & pF R (coherence time) > @
PHBEZ EIAST A REITAPE A G EIARE R
R3E o

4e[77], [82]-[85]#7i » massive-MIMO i st & 3 ;T e B g Rt
Fz2 ipBbom e A GO A S ERBE LY QAE’ T3
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HEHEPL I R SR EART SRS m R
PIBB o RRBP PR OEEY A A S ) o Ao[12]¢ 2 e B Bl AT o
massive-MIMO [ sev st & Jf A ? B A2 B R E AT
%“ﬁbﬁﬂwﬂsbem%ﬁ’w%*ﬁ}«ww%% B -
{2 P Bk o
SRR My S P ERFIF AT A AR
(sector Antenna)# % e F 5 o fe g & % X AL X Mk A
fer ARAP S P ERDIRNBEE LW K€ 0 BT 4 AP
X M eh3 4p 48 & (mutual couplings) s % SF 3 5 R AL o F]p A
Nl (s sl I M G iy pﬁé‘] io i P X A5 R R s A
[86] -
i i #4] (Channel Models) © i i #2341 * 3 i cniiztF ko 47
e fpr%( BoAl e 2 AR N - kA R S ae A S
fe b 3o R e SRS RIRE R T X ME HF P U OR R
& ﬂ% > FD-MIMO =~ Z]* 51 % A el 3f $03] -4 5 4 f& 0 B =
AEAE G = mond g A o
22 Small Cells + 3% @ A & % 348 % s4-¢ 22 Small Cells % 3% >
Rm ¥ G SmaIICeIIs Bxtgol ke Lo MF A AlEL I M7 ¢
Egoct SmallCells @ v g3c A1 S Hig e I &40k
Fpeied AHEMTE P B E o s BE A R K AR - A PR o
TR TR AP E R A FEEHE A R aAp S o
FliBHFRAEET LR ) X A J AMT Y ATHEE
AT RIMELAR L LRAF R0 UL Apg F o s
HAAMAT AR R R RF IR E M E TR E TR
[87] -

I

=

\Fﬂb =

Massive-MIMO & s >t 5 B Fisip - AL E 2 27 g Y
4e[77], [82]-[85] #7iF » # & Link oping University (Sweden) ~ Lund University
(Sweden) ~ Bell Labs/Alcatel-Lucent (USA) ~ IIT/Delhi (India) ~ Rice University
(USA) ~ Georgia Institute of Technology (USA) ~ University of California, Irvine
(USA)\ University of Singapore (Singapore) % Intel 324 &+~ 3 massive-MIMO

,J ’/L"'V

WA F AR R

1. aﬁ%ﬂ%éﬁﬁﬁ*%**P &%
Massive-MIMO s ez p o jig* B2 7 AR 0 & A H 9 BBz 91

Rl F

BT BRhiE S SR WP o
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(1) 7 irskjs

Massive-MIMO s 5.2 4 74t e 45 A H & 2 £ fc % 30 45 (signal
processing) ~ A& 52 % B ELAIL ~ i 3+ (channel estimation) ~ 4p 3
BRE 2 5150505 42 e o

VAV I - k- - Y e

Massive-MIMO x 3v2_ L3 5 endc B A8 (7 2 5L(symbol) 2z i 5 &
FARFAELASE - H p hadk B UL 2 SINR (signal to
interference-plus-noise ratio)(3t 5%+ + #& ;3 vt @) % i< UL 2. BER (bit
error probability) (=~ 45 348 ) » F15 A S E G S BAMA & F W
EFHEBIR T H 2 ?H{)%@‘i’ & 5B S 5 & (maximum ratio
combining » MRC) ~ 3 i¢ W F (zero forcing » ZF) % B | T 35T = 4528
(minimum mean squared error » MMSE) % 5g 3] 2. A 4 5 e » H ¢
MRC 2 17 MF & A A2 % 50 i Pl el LT 0 P ip i A5 T

smrz o+ & (intra-cell interference) <+ 3§ e+ (interference suppressmn)

fv ? 0 P PEAC[8D] it 0§ A 520 X REP R AR H WP PFo 2
* MRC -~ ZF 2 MMSE % 34 2. R 5 a2 v i D375 i
(nearly optimal)z_ »xag » gt b > 4o[77] %73 > MMSE #f 3] 2. 3 5L a2 v
v gtﬁ b2 X mid ‘vJ 22 MRC #f 4] 2. 3 5L 4P e esiit 0 e

FF MMSE 33 ML E F dnz B+ 4R (inter-cell interference) s+ 3%
Frdlan 4 o
B. A 5z @i B Age

Massive-MIMO i s2? » A S B 5 5 % sum i@ * —‘F%T‘é‘ﬂ’ﬁ H B
s Fpt A B S g aE e £ RE =R TN ) —i‘mirr?p E Sy 1 SR 1?‘—'3‘; %
B2 A2 B LG @ iE gk &2 A (transmit beamforming) > ¢ T4t G 3% 8L
H A2 Hpeadks DLz SINR i< DL 2 BER» 7 * 2
MELJE @ 3B~ v 5 8% (Maximum Ratio Transmission » MRT) ~ ZF
2 MMSE Z#g3] 2. S5 a2 B¢ MRT 2 2 MF 5 AA# 2 # 3%
A S AG RS ) T SR ABLASE B § m e p R eh T e
e KRG H B v&f[??]b“ri » H ‘w7z (single-cell)z ¢ £
kB B2 Ermre PR 2 de% & e i B (7 CSI 2 23 BlF g
* %tz (multi-cell) 2 g L g i mie FF F P (7 F Pdrd) - 7 4
Bk & & A 5] 20 85 AU (array signal processing) s4F i ¥ @ fﬁ
S EGFT ORI RRILLA D - BEIA AL RS TR

EE BB v 4 1 SINR & B fLrv]zI'Ja—'La‘é[88]—[90] o

B
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C. @yt

hom 2 #rif > massive-MIMO i 527 ip € #% % TDD #5538 > Bt st e o
i%“ﬁé_ULfﬁﬁé%%lﬁfdﬁéé% o7 UL 3 w2 CSI et
A S pgtar@ 2 UL 2w e CSI kig {7 DL 20 3f L %t > 11
MMSE % ;A2 i R B il * »t L gl emid i 3% > FIEv
Z o MAFRRR ehdF i Aran R R T A i 2 ok 0 Tt A
massive-MIMO & 3@ >z 5727 50 ¢ % 00 MMSE 5 A #F 2 i i 3t
2 kB A UL 2 e CSI i DL 235 £ %t o

D. #p3 fet

dow 2 SR 0 B 52 S 1 B UL 2w et S CSI ki

7 DL 2 77 % %u#B £ %0 & TDD $35 ¥ 23 49 7 HLeniB » b B

ﬁa,ULicyﬁmﬁﬁﬁDcha’@E?%i@ﬁﬂ’ULi

CSlx 7 %3 DL 2 CSI» Fpt Fie{i4p 3 il » L AApT BRI A
HAL(cost) > 2R FEPER R T R R R £ 450 F 2 410

A A2 Fb P #erim § £BE A F R A I R 2 AT B

E. #3554 2 ¥4

W51287F 4 7 A E_massive-MIMO ik seB B ® R R0 OB U i

it B B[O 1 B B S i 2 B L
T ALO]Y # 4 f et b % e -

(i) = z(protocol) % 5&7 =
SIS A i S 2 BB H e 2 A S

€ 4§ @ * (frequency reuse) s\ *% < i * 2L 2 H Il B 5|2 @ * Feliep o
B 2 E ¥ U aE B 18 ¥ % 2 (transmission protocol) ki = 5 A% f’v*ﬁ i
* ﬁixégféf}%(transmlssmn timing):& 744 » & i * ﬁ IR =
PR BEESI R L ESINEE 4 -

(i) 3¢ L %2 2

dom 2 Arik o e S B ariE 2 A UL 2w en CSI ki 7 DL
ZLIE R Y 0 FIPL AW ST AGERETR Y 2L e
(precoding matrix)# S W& 3t o BF S KT ESIAE G 4 A WHH
‘m ¥ (other cells)z i *  #Tig = ch+3f > B 0§ H mbe 2 57 L Ssg > 2
E 5 fmie 2 FF L YkB 2 h 0 TE MBS Lok A S 2 B
o

(iii) 2 AOA (angle of arrival)(#&é dR)G A2 2

R T2 AHE R 5 & AOA 2 85 % & I dic(probability
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density function > PDF) » F]pt = & & @& * 5 25 2 3 4p £ dp(mutually
non-overlapping)z. AOA 7 PDF > B % i * —"Ff FIf @ * Ap e enEE ] B 7
2 B2 g F AP EIIELS 4 0 P oA F 133 (coordination) 2. %
TR D g A DRI RS LG Fiml% * e

(iv) & B (blind)z = %

BB 2 2 E A A3 7 4 3 (subspace partitioning) sk 30 ¢
SIELTS it frig & 2 B E T oo gt 2 2 anfl A 1EE B Ap
Je Pl T et e (7 CSl g3t » B3t P 1A 2 (g B
(ambiguity) ¥ 1« ;fﬁ d AR L P g e (network cell)z. T 4p 2 % enlmbe
¥ 515 7 (cell pilot sequence) * J& {8 iz /4 -

(2) 7 wpz

% TR TS HE F 0 massive-MIMO i e RIRIEE Y F B 8 s
Wy H 2 2P iR F Y 4o[84] #7if - Link oping University (Sweden)
Lund University (Sweden) ~ Bell Labs/Alcatel-Lucent (USA) ~ Rice University
(USA)3=% E 7 — & massive-MIMO i “Lea ] (prototype) 14 i& {7
massive-MIMO i sued BRIGE o o it F RRIGEM-G BAASE A T R
massive-MIMO s 5t 8 _F E ehl 5 a2 f RS iR g o

2. *AFEEEAALT R F RS

4@ 2 #7if > massive-MIMO i 3L B 2 S iR Bk s Flpt B - B
Benfid PR R F TGRS 2 M K E licp BT
massive-MIMO & stm + tg3f e > o PFH AR s A7 G 2t MehEE T h ek
enzf Y& 5 pL¢k > massive-MIMO i % F oA RS iR BE 5 B M
% % (low power device) & { £ ch@ # & & » & 11 #rit > massive-MIMO
ki B4t BG 2 R e A o

o
B
\\ I

4o 2 #7it > massive-MIMO |k B M R G RS ik Bk
fefo— @AMA A KPR > BAAEUL > w2 DL = % 35 flwie FF T 4f o0
R * 2 A&DL3 % R* K0 F HBISR A H we2 L 5%IERZ
Ffolme B FP o e B R L B o e AR R P
d A AMAE? A DL % DL a T g UL o § & { 4 c9f
B FIt R BT e 3R 0T R P4 $-E_massive-MIMO %
2 A kg R 3 2w o 1245[54], [55], [69], [60], [91]:#7 5 B & - R &
Flosf e Rl E 7 F 4R TG TR Sandp M Fjsh e A0 2t Ap B3
PO B (T AT F I A 2 ARSI RIL ] F R
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:Iés—ilg’g?\m ig”‘*mwj»; @iz m

e & massive-MIMO s 5@ > & * ﬁ TEFHBAAR oHERER JF‘f
£ E I AT Fe X AP B i e B R 7 R Pl AL
FAGER Y F LG BRI BT RS AR
massive-MIMO & sien— B3 & > § RiEHx § prd g ¥ ﬁéj};&% SRz
FHEATHEL I A Al 310 7 i massive-MIMO ik stzo B3 el A TR
;Qz“;’;j\,éﬁ&;{— ® F* 48 > 1245 massive-MIMO i 32 32 24[10] »
massive-MIMO ¢ 32 8 A 7 dph et et B T2 D H B g g > 2w
LA #E-Fl”ﬁ iR @ massive-MIMO ket B 5 ApRE 2 F3ETR B T ¢

e T AR EF G ¢t A massive-MIMO ik iz 123 mzl_uk BT

‘&y ﬁ

RS ]tl;mtmﬂiﬁf’«g s > massive-MIMO ik St Bl - BE 7 #icg 2t

F A2 M A H FHL T 2 1 MU-MIMO ,J“:,?fwi’éfﬁ’sff%'% W g
GRECE AR RN BRI AR EE o S s
FIE I EOR R AR ‘Fﬁéif‘lﬁi‘“tmﬁﬁ”a‘ RS et g &

Y N LY ST
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(2)= 4] 5 iﬁ%»ﬁ%ﬂ!%%%ﬂ

% {1588 | WO2014008072A1 | ¥ M % | WO e ad
Supporting measurments and feedback for 3D MIMO with data transmission
& {1 &4 | optimization
LEFp@EL Gl i S EERIE vk
- 06/26/2013 ~Fl=~2 p | 01/09/2014
CHEN, Xiaogang
DAVYDOQV, Alexei
LI, Qinghua
ZHU, Yuan
£ 414 ~ | Intel Corp. P A MOROZOQV, Gregory V.
FWU, Jong-Kae
HAN, Seunghee
NIU, Huaning
YANG, Rongzhen
(O US201261667325P
AU2012333172 (A1)
AU2012333237 (A1)
AU2012333239 (A1)
AU2013211872 (Al)
AU2013211927 (A1)
AU2013212088 (A1)
AU2013212110 (A1)
AU2013246041 (A1)
AU2013251441 (A1)
BE1020890 (A5)
£ {1 %2% | BE1020891 (A5)
CA2850124 (A1)
CA2853238 (A1)
CA2853239 (A1)
CA2861484 (A1)
CA2862374 (A1)
CA2863424 (A1)
CA2863618 (A1)
CN103368940 (A)

CN103369467 (A)
CN103379599 (A)
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CN103428659 (A)
CN103517327 (A)
CN103532680 (A)

¥4 BT

HHS —%T’T/},}’ f%!’—.
(9 $ 1)

Mofehzky o b EKF S F ¢ X ihdp e (2 X & (sector antenna)#k
EAFEROREF oL AT M R R A RAR o
ETAER R BRG] M€ 6 TRR Y AR AT T Apde
& (mutual couplings)¥ = & i =+ 4§ (interference) & R* 4 - F]t e
RAATE A S L AR oA PR AL SR s ot

EAIN R FRALIEE LD S A i+ (vertical directional
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