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{METHOD AND APPARATUS FOR COEXISTENCE BETWEEN D2D AND CELLULAR COMMUNICATION
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< oo o] BEA AARGA /)3 BAT Ase B FE Pl
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[ 7 7] 2]

2 16 B2 AxE AEE olF 7 A0l Qe T4 doly =g g
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VMO R AGE T VAl Eoln ol dEe] FEAo R olfet ¢ 9,
2. DMRS (Demodulation Reference Signal): &3 thd® 2Jdlo] HAEHE

ZIEAlzoln e o)A doleE dAEet Ag-ont A

q%

Ak, DRSE = 871
DMRS portE&= o]Fo]& 4= v}, LTE/LTE-Ao) A= port 7o) A port 147}%] 7} DMRS
porto] st ZF portEL CDMEE FDME o] &sto] A= 7HE S D AA 71 A4 ¢
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<107> LTE-A/LTE-A Pro A|2=®Elo| Al 7]RA] & AFe] g olo] AladHe Fato] CSI-
RS #AF A=A AHx (CSI-RS resource configuration) & thdbo] Emal 4= 9t}

A}7] CSI-RS resource configuratione CSI-RS A& A Mo index, CSI-RS7} >}
sk port 7, CSI-RSY A% F7], A& @3=Al, CSI-RS AA AH® (CSI-RS
configuration), CSI-RS === EY 1D, QCL AR 5 xghett}y, FA2o= o
O (CSI-RS configuration®} CSI-RS7} 3£¢6l= port & ABE Zgslo] ojH REE
ol A CSI-RS7} A& w= A detst 4 Q.

Zo

<108> LTE-A/LTE-A Pro A]Z=¥lo] A 7]X]

Ol
=
ot
ol
LU
24

I}
o
=

ot

Iy

2

O
=
~
fie]

Ol

of 7|41 % (reference signal)E ©ER AFslH, ©de 7|X|3ro] HEoh=

’

CRS W= CSI-RSE ol &ate] 7|x =3 A2l Alole] Ad AeE S4dedvt. 37] A

of aldE IS FAHEStaL Bs/loE AAsoF gty ZA ¥ Es/lo= HolE A%
A, Ald =& A A AH(Channel Quality
Indicator, CQI)9 HE|= 7)Ao BERBEOoRHN 72| o] &3k oA o] ¢

ol ALHLER WA HES FATAE A 7 A ),
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<109>

<l10>

<111>

<112>

<113>

2016-05-12

i
E
é
A=
[t
%
o
2
E
o,
_O|L
o2
ot
[y
[~
)
N
ot
=2
i)
oo
et
&
3o,
o
S
rot
v
{]N

Wt s AR VAol dAEdhes VeAEE SAS A o] FEe AR
& LTE/LTE-A 3EEollA Aofshs Ju= 7|x=r o2 v=meivy, LTR/LTE-A A
o] =l AREE AA oo AVATE 9

- WA A A A(Rank Indicator, RI): wWito] dAje] xjd dejolA] G4l 4=
9= spatial layer®] 719

- 23 vEY A~ KA A (Precoder Matrix Indicator, PMI): who] & X
o] AEAE ol 4] AT 5= precoding matrixol] gk A AR}

- Ald #=2 A A|A}(Channel Quality Indicator, CQI): w4ito] @Al A
el Al Al = e Hd dlolH dEE (data rate). QI Hof dloly A
253 §A ek @49 J 9l SINR, HUle oFARA Basf (code rate) o

Fom gAE & gv.

e

Wwzx g, Faad volE &

71 RI, PMI, QI+ A= Adso] uE ztav. g o= LTE/LTE-Adl A
AP EF+= precoding matrixss rank®E&E YA AelwHo] Qlv}. wjiFel RIZF 19 #k
S 7 o PMI k3, RIZF 29 &S 7FE of PMI %2 1 ko] T dsitels o=
A sAe]l k. el whEo] (QIE AAT wox xplo] Z|A| T FHgh rank
L3 PMI gkol 7]A=rell A A8 = vk 7k e, &, o] RILX, PMILY, CQI_Z

2 VAo Ergr 49 rank’} RI_X©]3l precoding®] PMI_YY wj, CQI_Zoll &%
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= dolE] AFES wue]l FAT 5 drks e owatt. ojs} o] wue

CQIE At wol] Y] Xzl oj|l AEAe s A& Pddoens, g A

<114> 471 RE, PMIL, QQl= 52714 B w5714 g v g 5 Qi 714

(DCI, downlink control

information)ol] ¥gheE n|7]& =l JAXE 54 v]F7]4 d=ds 495}

=5 AAsto] sl de] AR vy AAEds s, 3] s v

kel

shato]  Abskel g AL F8loit), o 7|4 k= FDD(frequency division

=

duplexing)ol A= 40]™ TDD(time division duplexing)olAl+= <3 1>3} o] A9

.
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<116>

<117>

NAFY Aol g7 olge] otEte] AUe =3

2016-05-12

H 1. TDD UL/DL configurationOfjA| ZF AEHZ2{Q HE noj| CYst k T}

TDD UL/DL subframe number n

Configuratio ([0 |1|2|3(4|5|6|7|8]|9
n
0 -(-(6|74]-]-]|16|7]|4
1 -|-lela|-|-]-|6|4]-
2 S I 1 R I )
3 41414 - -
4 4|4 - - -
5 41 -1 - - -
6 71715 717 -

[0115]

A7) AEAR A D BRE Felelr] 9ete] dR cHHUE HGa)

i

}

rr

7]

e

o
-

T

Ao 29l

o
M

charo] e Bestk glok. o2 9)ato] LTE-A ProolAlE ahvbe] CSI-RS A9

AW L e Al 9T ) EE el Y HvEEs 248 5 9

R AT ), 2By A 2BelR Al 2elm ARF Ao uuEE A4

5ol F71E 4 Yrk. FAIA O R LTE-A Pro Release 139A41= 5 714 &9

A HA WH LS non—precoded CSI-RSE (Class A CSI reporting® ¢]gF CSI-

RS), 7)1A)| =& whol Al Sfu olAte] 4, = 8§ ¥ E (SI-RS I El L thdo) A AA

atal Zd7] AAE CSI-RS HEES 2ete] 87 o] CSI-RS ZEES FAlEE

AAe= Aol 7bseld). A C=Z, {1, 2, 4, 8)-port CSI-RSY] 7 7]1&3}

O mapping rule® WZm, 12-port CSI-RSS Zd-¢- 370¢] 4-port CSI-RS pattern
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o] ZeO0 T (aggregation) TA %3, 16-port CSI-RSe] 4% 2709 8-port CSI-RS

pattern®] Zgtow FAFECE, wol LTE/LTE-A release 1394+ 12-/16-port CSI-
RSol] thslo] Zo] 2 T 49 AwAB A= (0CC, orthogonal cover code)ZE ©]&
o9 CDM(code division multiplexing)-2 B+ CDM-4Z5 A Yot} A7) = 2c9] A
WO CDM-2& 7|Wko = gb CSI-RS 3¢ H-2d¥o figh Aoz, A7) Ay up=

CDM-2 7|9+ 12-/16-port CSI-RSell tigt full power utilization2 <¢]&}o] PDSCH of
H] Z|t] 94B2] power boosting®| ZHQe}A #Htr}. o]= CDM-2 7]¥WF 12-/16-port

CSI-RSE 29 A] full power utilization® ¢]slo] 71€ ti¥] 12459 hardware

il

7} BQaoke onmslt}, LTE-A Pro Release 1394+ o]& 1 sle] CDM-4 7]4ko]
12-/16-port CSI-RSE Z=slgov] o] A9 7]&7} 2 GdB power boosting® &

&tod full power utilizationo] 7Fsall <A Hct.

-—

<118> T HA HPH S beamformed (BF) CSI-RSZ (Class B CSI reporting2 <]gt

e

1]

ol

CSI-RS), 7]A]=2& t}4<9] TXRU(transceiver unit)E°l] 549k beams 2 -&
wro] tigee] TXRUS Shbe] CSI-RS Y= Q14187 ahi 2o] AAsad. 7145o)
Abdel ko] Ad ARE 4 QS A V1A= ALY TXRUO 7] Ald A
wo| Agek Rlo] H8¥ A5 CSI-RS v AAT 4 uh, ® thE A2 7]
AL oA 87 o]ake] CSI-RS XEES ¥ gtshs th2] CSI-RS resource
configurationE®& AAe 4= Ao}, oju] 7|2 =& CSI-RS resource configuration
MR AR G WY Bs ALt A7) CSIRS 2ESS WMxyshs Zlo] Zbs

o). & 24 BF CSI-RS €99 deE =Astn Yu). = 248 #x3hd 7| A=
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(2d-01)S A= t}& "WeEo 7 heamforming® A 7] CSI-RS(24-02, 2d-03, 2d-

04)5 ©EE(2d-05, 2d-06)lA A 4= o}, ZZFe] CSI-RS A4 2d-02, 2d-
03, 2d-04 & s}v} o]Ate] (CSI-RS TEEL x3otst 4 Q). v 2d-05% AA

¥ CSI-RS A9 2d-02, 2d-03, 2d-045ol thste] Aqd Ae) Ar=2 YAsL 1

ofX

Aalo] Mg &= CSI-RS AH 9] @19l~2 CRI (CSI-RS Resource Indicator)E Sal
of 7Aoo ®ask 4 Qi) = 249 oA A i 2d-057} CSI-RS resource
2d-035 Mz ¢ 2d-030] WSt JAY~E s AT wBaeh Zlojan,
2d-067} CSI-RS A 2d-022 AZ & 79 2d-020] d|Fal= el A 7 x=ko]] ®

arek Ao,

<119> A+7] CRI&= LTE-A Pro Release 135 7]

HN
lo
it
i
s
ey
N
N
o3l
L
fol
o
rr
o
=
1o

CSI-RS Qldgjzof] djeh Big A @apA|Rt of= g o] Hoshi= CSI-RS <l

Mg xFrow

1

= o] Jhssith. dE =0

Ay

W 2d-057F 7H Ao st

= 7 /el CSI-RS AFo] 24-037} 2d-044 4% 2d-05= 3F CSI-RS AHLE2] <

g2 7 e A RasiA B W CSI-RS AHYER A= Has A A8t

= U AE WA= Aol Ybedlt}. ol= AE Q] angular spread’} ®AY o]&

Aol w2 WEES tofgl Wgke] Mlom XA A& tHE TRP(transmission
and reception point)olA AEE = E4=2] CSI-RSe] gt AL XYst= 5 v
*et 585 7hssAl 7] flghel .

<120> LTE-A Pro Release 137FA|o| A CSI-RS+= 7] Al 1 AA] do)A] Arggh npe}

2ol A9 #lolo] A1 (higher layer signaling H+= RRC signaling)oll 2]&}o]
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<121>

<122>

<123>

<124>

<125>

<126>

<127>

2016-05-12
Wb A A0 2 (semi-static) Al A gr5o] AWATE, A7) LTE-A Pro Release 13

7} A1 2] CSI-RS resource configuration® Tf2-3f - AHw

il
e
Rl

grae.

1. Number of CSI-RS ports: &F}e] CSI-RS resourceol] *239+= = CSI-RS

ke
[

&

2. CSI-RS configuration: Number of CSI-RS ports?} ¢+7A] CSI-RS REE 9
HAE A= AA L.

3. CSI-RS subframe configuration, Zes-as: CSI-RS Z% F7], Tesi-as Tesi-as
@} CSI-RS subframe offset, des-zs S X|A|E}= A=A 3k,

4. CSI-RS power boosting factor, Pe: PDSCH ti®] CSI-RS A% 39 H]
of thek UIE 714.

5. Scrambling 1D, ™»

6. QCL (quasi co-location) AH

thd o A7) RRC signaling & 1. Number of CSI-RS ports % 2. CSI-RS

configuratione W}¥O & (CSI-RS7} A4 xE= A4 RE Y X& etk 4= v}, o

- =

0%

g% normal cyclic prefixE A&t AF ©e % 2eE5 #Ze}o] Number of
CSI-RS ports 2 CSI-RS configurationol] we} k' 7 17 & & 4= Q). o]7]A4 &k
3 1 & ZFZ; CSI-RS AFY o] AlZF sub-carrieret A2 OFDM A& 1XE 7187l
o). FAZAHSE number of CSI-RS ports”} & 7 o]etd o, CSI-RS port '™ME poll

w2 CSI-RS REQ] sub-carrier 1€l ko} OFDM A& 1dlA | & k2] | =

e
e
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alo] ga) v},

R

<128> [5Fak2] 1]

~0 for p e {15,16},normal cyclic prefix
-6 forpe {1 7.1 8}, normal cyclic prefix
-1 forpe {19,20}, normal cyclic prefix
ke Eslomed” 7 forpe {2 1,22}, normal cyclic'preﬁx
-0 forpe {1 5,16}, extended cyclic prefix
-3 forpe {1 7.1 8}, extended cyclic prefix

{

-6 forpe 19,20}, extended cyclic prefix

-9 forpe {21,22},extended cyclic prefix
[ CSI reference signal configurations 0-19, normal cyclic prefix
I =10'+42I" CSI referencesignal configurations 20 -31, normal cyclic prefix
I CSI reference signal configurations 0-27, extended cyclic prefix
1 pef(1517,19.21}
Wye = e
(-1 pef16.182022}
I'=0.1

m=01.. .Nps -1

m'=m+[_————l RB 3 __RB

[0129]

et

<130> Bk 20-/24-/28-/32-port CSI-RS & 167 ©]Are] CSI-RS portES AA
o A 7hsgl A T gb 7FR = full power utilization® 9]¢k CSI-RS power

boosting®|t}. @A LTE-A/LTE-A Pro ZFolA]9} #Zo] CDM-2 B CDM-4E 7w

T

O 7 20/24/28/32 N2 CSI-RS portE-2 mapping®t 749 7|3 22 6dB CSI-RS
power boosting2 Eg¢t full power utilization©] E7}&3HA Hrl. o & Eo] 32

port CSI-RS9] 74 9dB2] CSI-RS power boosting® =as}o]oF full power

i

e
rlo

utilization® F3st+= #o] 7}ssir}. oA 5§ F9, o= & 6dB 9]

f

o] CSI-RS power boosting= Q173 data REJ|A 2] A=z} CSI-RS RE A2 #

ol

AE7 v¢- & #ZolE LA ®ok. o= Z1A =Y power ampol] & FEe

opx
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A == aQlolm] Q1A date RES] 41 Aol F&S v 5 = Sl At

<131> A 2-2
<132> B A oo AlE CSI-RS CDM-2 mappings Z9Hdho] theFgh CSI-RS CDM-4

Hh?_lj o A 6}1:}

mappinge 7Ad %= " ! o] ] YWt ow AuH o &L dold

7}

filo
EN
=
o
£
An)
™~
i
el
e
Y
El
Ky
Iy
il

AW Hd=E 7}A = component CDM pattern

A= target CDM patternS TAahs Fxboz ofdlgt 4= grh. ol osl= &

<133> 7] Ama vpep o] CSI-RS Aol CDM-28 ARG Z39- g RB oA
M) REZF hebe] CSI-RS port Aol AHE@Th weka 12 port] CSIRS A& A
full power utilization® <9]3l 10logw12/2=7784RS] power boosting®] 2R &}m

16 port€] CSI-RS A< A] full power utilization® <|gt power boosting level

10log,o 16/2 =9 ¢ 7]_ %r;}

op

<134> AhE CSI-RS Aol CDM-45 AME2 A9 & RB oA o] 7)9] REZ}F &htel
CSI-RS port #Agol AFEHT}. o] B 12 port9 CSI-RS A% Al full power
utilization® 9|al] 10legic12/4=477¢R ] power boosting®] ZL&}™ 16 portY

CSI-RS  #<% Al full power utilization® <]+ power boosting level &

10logy 16/4 =68 7} WTE, o] (D48 9]

et

79 @A LTE/LTE-A Eaoll A 871

CSI-RS ol A2 %+ power boosting level¥ #Z& 212 12 TE 16 portol
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<135>

<136>

sk full power utilization® A Qe

2016-05-12

&9 vy,

32

AA LTE-A/LTE-A Prooll A= &= 2e 2 ok 19] wrd F3&lo] CSI-RS X E

Hoo] wel do] 29 Al IE=E mapping® T Ut dE Eol = 2f9] CDM-2

T1E 2f-010) = 20 Al 18 J)Fo R OHUEE X9} X+1°] mapping H oY

thal ZpAska. oju] FHUNE X Auna= [1 118 Fabe], 1e]a ey

kel

E X+l Aus= [1 -118 &8t mapping™ o] lS Zlojv}. o]e} FALSHA = 2f

mapping oIt 7FEEAE. oju] QtHIUYEE Yi= Huas [1 118 Foho], 1

2] a1

A CDM-4 12o] #HActa 7FAsHA. A7) AAE (DM-4 18 5 oF F3

A

oL} ¥ E Y412 Hua= [1 -1]18 %53} mapping® o] dS Ao},

ol gl 7)ol 9&}o] CDM-2 18 2f-013 2f-027} %o 47]9] RER o] Fo]

HA CDM-2 L5 2f-012 7] C & 2f-02¢] @9y Husase BeE npto]

NE Aol 2 A ;=G MOR AE do] 4 Au wES AYsE o] 7}

T
5 O

Y+1

CDM-

)

N

ghe). oS Eo] A WHA CDM-2 1F 2f-019= &= o™y ZE X, X+1, Y,

o gl 719 Aw == [1 113 [1 -1]18 A4

et
-
32
)
rE
ne
-n
'
=2

2 2% 2[-020]= CHeL} 2 E X, XtlolE 7]€9 Anw A= [1 113} [1 -1]12

Soh= W bl FE Y VIl 21E3 RE vk (-1 -103 (-1 1L
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A7) CM-4 2550 vl H&= Zo] 7hEélth. = 2folAe 5§ 712 CDM-2 mapping

o] A= T}E sub-carrier ! OFDM symbolol] £Agte AL 7P o1} oo =

oF& A] kil 2 sub-carrier HE 752 OFDM symbolol] <Ak 4= Ql&o] A5}

<137> BoaAoA] etev} X E Qda X, Y Ao #HolE Yol 1y|=EM ok

ATt

<138> AAld] 2-3

<139> B A4 do A= CSI-RS CDM-2 mapping B+ CSI-RS CDM-4 mapping® =@
&lo] theksl CSI-RS CDM-8 mappings A& HIHHE A siv),

<140> = 2g% CSI-RS CDM-2 mapping® Z®ts}o] CSI-RS CDM-8 mapping® TA &=

e AeE w5

oy

Tolt)h, & 20041 dl e CDM-2 mapping®] A]&= T}

g
m[o

sub—carrier 2 OFDM symbolol] €A43l= A

Aot ool A ek
29 sub-carrier T ZHE OFDM symbolol] €4k <= §l8-o] X} s}y,

<141> FA LTE-A/LTE-A Prooll A= &= 2e Bl 7 9b2 19] wed Folo] CSI-RS £ E
HGo| wef do] 29 AW FAE=E mapping® F Y. & Eo] = 2g2 CDM-2
1% 2f-010] X 2% Gk 1S Vo R QFEVEE X@F Xt10] mapping ¥ o9

ohil kA, olw <t E X& Auss (1118 Fete], 2 <rEy 2

E Xt AuaE [1 -1]& &89 mapping HoIAthal 7HgskAf. ook fpAlsH)
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T 2g9 CDM-2 I3 2g-020] <QtE|YEE Yo} Y+1o], 2g-030] QFEHIVIEZE Vel

V+lo], 2g-04¢) <FEIVFEE Wb Wilo]l Z44f mapping o Athal 7pEkxf, ojuf <F
HUXE Y, V, W& Hua= [1 118 53Fo], Z8a QrEy XE Y+1, Vi1, W
2 AWF= [1-1]E E3F}o] mapping H il 714 6FA).

<142> o] 7S npgo R, ojwgh 7o ofste] A7) vl el CDM-2 1% 2g-

01, 2g-02, 2g-03, 7123l 20-047} %o 870¢] REE o]F o]zl (M-8 1ES YA st

oy

Aol 7p5sit). A7) 7]Ee CM-2 L8 A9 #@olo] Al1ds 4], (DM-2
1559 CSI-RS configurationd] digt @&/ X5, A WA CM-2 135 (2g-
D& 7IFoi ste Fa5/A A8 & dde AAES 288k slo] 7Hest

ok, A7) AAE -4 1 F gk R

2
il
il

Ed A HA ODM-2 1 F 20-01&
1oz YA A A CM-2 18 2¢-02, 2g-03, 2g-040)] @ s= Auzso X

58 o] 7]Ee ol 2 Am ;=g /Mo ARE Ao] 8 Aw u=g Y4

< E S0l 3 WA (M2 1F 2g-010) ko] A FHE F Y REol: w

aly

orevF X E X, Y, V, W 283 X+1, Y+1, V+1, WH1lol] diste] 7)€ AHu 3=

et

[1 1134 [1 -11 22 A8 4 Aot wbd 5 i -2 715 2g-02¢] ©]8}o]

X

A Q5= F )] REAl= <SHHIVF ZE X, Y 2¥]Al X+1, Y41 o= 7]Ee A

Ky

= [1 113 [1 -1]& 44 AEgs= vl orgyy XE vV, W 183 V+l, Wl =
713 B v [-1 10139 [-1 118 A8 5 o, ol HAHE AX A

WA Zela T oAl D2 LEE(2g-01, 2g-02)9] 2late] XM E = dl A REE
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<144>

<145>

2016-05-12
A9 oL XE X, Y, V, W 283 X+1, Y+1, V+1, W+1o] ot CDM mapping® 24

A . olek pAbeAl Al WAl s ] A COM-2 Tl 2)ske] A1A
Hi= o) ) REEOIAIQ] FEIV EE X, Y, V, W @3 X+1, Y41, VHL, Wilol] o gk
CDM mappinge AAT 4 drh. <rHev ZE X, X+1, V, V+12] 45 Al WA CDM-2
1 2g-039) 2Jsle] AAHE T /) REEC] A WA CDM-2 1E 2g-010] )&}
AAEE T /) RES] stgE Aw 3zl Hogh 3= 2835, u WA COM-
2 715 2g-04°] 9t NAHE= F o) REEC] T OHA (M2 TLF 2g-020] <]}
A= ) REEC] 29E Aal AEe et A5 Agett, v Qhey
EE Y, Y4, W, WH19] A9 A WA M2 1w 2g-039 2)3ke] XA EE o)
RES] 3 wa CDM-2 “1§ 2g-010] ¢Jalo] AAHE 7 7] RES] st Au 51
=op o7k ubd (ZF ol 10 FajAl) sEs Agekal, o HA -2 T

2g-04°0 o)t A G = F 7 RESl 5 HA CM-2 Z1 2g-020] 2fsto] #]74d =

oy

F ) RESel wabel Aa mesh REk vkl (7 Qe -10] weld) m=g

B odAo)A S FE QulA X Y, V, W= Ade HE Qg HU|EA
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I
B 2. A 3 A4 ojo]A CDM-2 group?| Z¢o] m}Z CSI-RS CDM-8 mapping of| Al

CSI-RS port index Corresponding CDM pattern

X 11111111

X+1 [1-1 1-1 1-1 1-1]

Y 111 1-1-1-1-1]

Y+1 [1-1 1-1-1 1-1 1)

\Y 1 1-1-1 1 1-1-1]

V+1 [1-1-1 1 1-1-1 1]

w 1 1-1-1-1-1 1 1)

w+1 [1-1-1 1-1 1 1-1]

[0146]

<147> T 2h ¥ 2i= CSI-RS CDM-4 mapping® Z%}e}o] CSI-RS CDM-8 mapping® T
Hobe wppel eAES WAsH: mwelth, 7] AWe vheh ol LTE-A Pro

release 13°A= 5 71#] #|©9 CDM-4 mappingS A|&sich, A WHA| WHE 4-
port CSI-RS patternol] 7]WF&}lo] CDM-4 groupe Ao el wWhHolw, F WHA HHH
2. Q1A% 47 REE 9] CDM-4 group & A odl= WHHoltd, = 2h 2 2i9] A
= T 79 CDM-4 mapping®] A% ©E sub-carrier 2 OFDM symbolol] &Ael= #
S 7HATIY Oy oo TolE x| a1 2 sub-carrier Hi= 2 OFDM symbol o]

A 5 Y&l Ay,

<148> = 2hE= 4-port CSI-RS patternol] 7|®¥té}l= CDM-4 mapping® Ze+alo] A=

L
ol

& (SI-RS CDM-8 mappingS TFAsH= WS wAss “yolt), & 2hE Fx2shy

4-port CSI-RS patternol] 7]|¥téel= R HA CDM-4 155 2h-010] <UAEIVYEE X, Y

T2]aL X+1, Y+1 ©] mapping HolYvkal Zpge = Qv ojuf QFEHIVAEE X A
WA= (111118 8o, 282 ¢y XE X+1& Aw+a= [1-11-118 %

&to] mapping Holga, SHVEE Y= Aws= [1 1 -1 -118 %slo], a8
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oten}t ¥ E Y412 A= [1 -1 -1 11% 599 mapping S ol thar 74 &)

2}, o9} FAVEA = 2he] F WA CDM-2 18 2h-020] QHEIVUEE V., W 184l

<149> o 71gE migow, ojugk 7|50 2sfe] A7 7 e CDM-4 15 2h-
017} 2nh-027) %o 8719 REZ o]F o]z M-8 132 AAs= Ao| 7bssic). A

7] 7S M4 159 A9 dlolo] Aladd &4, CDM-4 9] CSI-RS

i
~
=
ait)
24
a
P
=

configurationo] tjgl < A COM-4 15 (2h-01)L 7]=o = 3}

= FIE/ARE AR 5 v dAsES A8ske Zlo] Jbesid. 3] A

=)
e
rE

COM-4 1% & ¢ F+t, dE = 7 CDM-4 71§ 2h-01& 7]Fo= urA|
CDM-4 7155 2h-020] 29== Auar=e K25 vpyo] 7|9 4ol 4 AHw A=

g Jmom Q=S do] 8 Au =B AYohE o] AFedie.

<150> & Eo] A WA (DM-4 1% 2h-019] &8} XA &= Hl 7|9 REol&= X

aly

oML XE X, Y, V, W 2183 X+1, Y+1, V+1, Wtlol] disfo] 7]<=2] CDM-4 #

Rl
'_1
Iy

1, [11-1-11, [1, -1, 1, -1, =282 [1, -1, -1, 112 &

71 MM LA A8 = vk Wi S HA (M4 L 200200 ejeke] A

A= ] /9 RENE ¢telv}F X E X, Y 183 X+1, Y+1 o+ A7) 7149 CDM-4

e

Aw &= [1111], [11-1-11, 1, -1, 1, -1], =2g)a [1, -1, -1, 1=
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a2 A&sts vk QFHV X E VW aglal V1, Wlddle A7) 7HE I Rt

vl -1 -1 -1 -11, [-1-11 11, [-1, 1, -1, 11, 293 [-1, 1, 1, -1152& 2

g 44 @

o}

32

<151> AzpHor B Aol rely XE X, Y, V, W T1Z]3 X+1, Y+1, V41, W1
5o <Ot 28 Fxael A7) -8 2R W HE o) Asal,

<150 E oo AolA] oY ZE QYA X, Y, V, W AWe HE gt mr)EHN

AV @, A= g2 5 thekek 8Qle ardeto] Adde mAeR dAE

AA
B 3. A 3 A4 ofoflA CDM-4 group?] ZF§oll m}= CSI-RS CDM-8 mapping Cfl A

CSI-RS port index Corresponding CDM pattern
X 11111111
X+1 1-1 1-1 1-1 1-1]
Y 1 1-1-1 1 1-1-1]
Y+1 1-1-1 1 1-1-1 1]
\ 111 1-1-1-1-1]
V+1 1-1 1-1-1 1-1 1]
w 1 1-1-1-1-1 1 1]
W+1 1-1-1 1-1 1 1-1]

[0153]
<154> T 2ie AR AT 4 e REER 7%= CDM-4 mappingS Z=98to] Al

28 CSI-RS CDM-8 mapping2 A8t ®HIHHS LA}

oy

Lolth, & 2io] &gk

Zb QFElv X E W AWIAE mapping H 29 Y¥le = 2hE R A Ad

T

%

mp- frAbEtE R Agetes gtk = 219 Ao A HA CDM-4 1 2i-013%

T HA CDM-4 1w 2i-02% 7| A= 9 ko] Bae s 3¢ Elo] CDM-8 mapping o

ofr

2 ZIEAL u 7]€9 8—port CSI-RS patternd} FUsI=Z= A oly]

oy

A 7}

ey,
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<155> A Ao 2-4

<156> 2 AA] oo A= higher layer signalingS E3&}o] CSI-RS A4 CDM-4 &=
+= CDM-8Z mappingsts= WS Awsic},

<157> A oA W2 1 bit indication B9 FIF/AF WO R AuAE
A& AAeh= WHolth, B oA wrEw 712 S RRC configuration 59

higher layer signaling= %d&lo] 7]&<9 CDM-25 9ot Zo] 29 Am = [1 1]
T (1 -8 Fa/AR B8 T ool Hor AAAE AAslo] D4
mapping W& thdo Al FA] e} CDM-8 mapping W& oAl A 4= 3
o}, o]e} FALSHAl 7] A =2 RRC configuration 59| higher layer signaling® =

sfo] 7]Eo] CDM-4E Qg 4ol 49 2w == [1 11 1], [11-1-11, [1-11

<158> % 2ja= 1 bit indication

fllo
off
%
N
5=
&
~
>,
)
ol
ol

O
u
o
0y
El
kU
Iy
—l |
>
ol

Hol A s ZAElE E=dolth, & 2jolA4E CDM-2 mapping #ol] 2olgk CDM-4
mapping A S TA|eFF o o= e WHOZ CDM-2 mapping #-dol )¢k CDM-
8 mapping©|t} CDM-4 2ol )¢k CDM-8 mapping®] A& %= Zlo] 7}sslt).

<159> a & So] XA 04 A ole Fu wWEro =z o shak

o
et

o

J
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013} 2j-02+= T3 W&oz Fo] 4719 REZ o] Fo]xl CDMN-4 2Fo] Ec}. o]uj

2i-01% 2j-02%= A& t}E subcarriero] &A1}, 2i-013 2j-027F AW = 7]

Fo T CM-2 2% F A187F € % 9 3L legacy CSI-RS 4 port mappingT} 70|

e}

671 subcarrier (FAOR Folx = Jhgetth. A7l AdE -4 15l

<160> T2 dAlZ A A 1Y A9 AR Rk o R g ofund & Q. o]
A9 F o] AlZE sko R Q1Hgh 2 e REE o]Folx CDM-2 15 2j-033 2j-
047 AlF ko R Fol 4719 RER o] Folxl CDM-4 “1&°o] v, ojuf 2j-032}
2j-04+= A= & OFDM symbolell EAlghct, 2j-03% 2j-047F AE ¥ = 7|&S F
COM-2 I+ 7F AY7F € % o = v)g] X A% OFDM symbol poolS 7|50
2 AYE e Qut. A7) AAE M4 150 mapping® &= QHIVEE X, X+1,
Y, YH1& 9t o] 4 Hum=s A Al o 2¢9F BE wHow AE F
A}, = 2j= 7o) 29 component CDM pattern® 7]WFO 2 CDM-4 pattern® YA
gl dAlE mAEFA O o] AlghE x| ¢Fa o] 2 Hi= Ao] 49] component
CDM patterne 7]¥FO = CDM-8 pattern? AT A= FASHA A 8o 7Fs
aprf. wheR 2 o] (DM-8 15 mappingdll AMEE= g o] 8 FHuss
mapping ‘Al WO m ] A of 33 e WHEe] H8E 5 9.

<161> Higher layer signaling® %3&}o] CSI-RS HZol] CDM-4 HX CDM-82
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<162>

<163>

<165>

port CSI-RS pattern® 7|WFO & 16-port CSI-RS7} aggregation®

2016-05-12

mappingsls 7 HA WHLS bhitmap indication® o]&dl= Aotk ddEE 7]A =
©- higher layer signaling® %&@}9] CSI-RS port numbering =412} CDM-4 mapping

ruled] tigh W= xgtal= o] L bitmape ©Eo] THaH= o] 715 ditt,

otte]  oA®E 2-port CSI-RS mapping pattern® 7]¥Fe=®  (CSI-RS

aggregation®] o]Fojxtia Jpgst 4 Q). oju] vhga #2 Zo] L=329] H|E

M (B=+= alphabet sequence)©] CSI-RS aggregation® ¢|&}o] A e&xH (CSI-RS XY E

2]%], port numbering rule, CDM-4/CDM-8 mapping rule® Xg+at 4= Qlt}. o]7]

A L=32% & 2e0 A 2XE Z]5=0F 32719 CSI-RS resource Y A& A4t 4= 9l
&8 3Ee AAo|BmE FD i D S ndd A9 g 2A 2449 5 9l

*

IporMapping=[X1 X2 X3 ... X31]
A1, A2, B1,B2,C1,C2, (Dl, D2 for 16 port) for selected resources
, Where x; €

0 for other resources

T2 2004 x;v I 2e9] CSI-RS configuration 0~313} 1 H&= 27| XEE

ok columnol] &lste] XA %= CDM-2 150 <3l REE©] CSI-RS aggregation

Aol AR HEA/EA S o, ada AR Hrkd ojw g #AE CDM-

A/CM-8 155 AAeteA ol gt ArE wa gl dapllolty, Faka 2 2-

uls
o
o
i
N
)
ox,
ol

2ol | 167) o]4te] CSI-RS X EZF A= H9 'selected resource' WERY7]
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<166>

<167>
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oF haplo] D ol dem #AE 4 QlSo] Agsith, wef 7k 09 A = Zeol

STHIUEE 1 B+ 22 99t columol A i ®HA] CSI-RS configuration®] 7}&]7]

RES CSIRS ZFoll AREH A =th. wHoF x7F 00] obd Xy= A Al# 25

200 A SHHIUAEE 1 = 25 95k columolA i HA CSI-RS configuration©]

7F 7= REE 2 CSI-RS AEoll AR&-#TE. ojm) 7] Xyol Al Xi= A, B, C, D & 3}

VR AAEP v 1 EE 22 AAE 5 gk A7 A, B, €, D EE 1, 28 TR

gq

s

Z}o

E

A= TSRS AR GUE ¢ xY X7F 2 AS T AARTE 7HE T E 400

REZO] shte] CM-4 e dAehs zle=m of&He 4 g}, It

rol‘

7 A =k

T2 AR TE x9] vy 10]1a x99 y7F 29 A AT AA] o 200A419] o A9}

I xiZb 770 REGIA: 719 Anasr) adie AME A, x7h 7kl gl

& Eo] x=Bl o]i x;=B2 o A$ 1A= e xo x7 71T 4

Mol REZE 57 WAl CM-4E 7 es & o qlvk. om 37] AAE (-4 15l

mapping¥+= FH U 4709 AEHIYUXEES 95k Aol 4 AudAT= 7] AA] o 29

Fakal 29F 7o # e bitmap(XEE alphabet sequence)® Al-&3sk 79 7t
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x; dol FHd eV ZastA Fo] WA BE (Y= alphabet sequence) I3

=

B2 ANFES Foly] A9 Wgel Aasith. 4] AAd 1, ANz, EE AN

o 39 W F sh)E Ealo] 87 o]AFe] CSI-RS H4E 93k RE YA E0] AAY

il

Nl 7Pkt ojuf Ar] AAE REEY A= = 79 HYEE 1 Es 2

235 columoll 4] CSI RS configurations E3dlo] ¥ A A7) 7Fsslt). o &

i

1270 CSI-RS portZ 9|5t resource?} A= 79 671 CSI RS configuration® &
g 671 CM-2 1wE9 HXE vEd & vk, oju ZF (-2 Lws b #A+=

Ut 22 Aol Npo] HJERI(EEE alphabet sequence)® WERd 4= v}, o] 7]A

Np+= aggregation ¥+ CSI-RS ¥ E 4= o]t}

<168> [75k2] 3]

[0169] Iportmapping=I[x1 X2 X3 ... xy,,], where x; € {A1,A2,B1,82,C1,C2,(D1,D2 for 16 ports)}

<170> kAl 3o 9k CDM-4 1 Aol gk AWFFo] 127] CSI-RS XE

pr

& Al 3%6=18 W|E=, 167§ CSI-RS EE HFA] 3#8=24 VW|ER 52 2 tfv] =4

=ols F Ay, F92] 32 2-port CSI-RS pattern® 7]WFS & 16-port CSI-RS7}

Il

aggregation¥ = A& 71t 2ol 167] o]42] CSI-RS XEV} AAE 74
‘selected resource’ & YERYZ] 9ok &upwlo] D oo w shgdE 4 Qlgo] A}

g

Ol

et

<171> T tE g A]E legacy 4 port CSI-RS mapping pattern® 7|WFO & (CSI-RS

232-71
Samsung Exhibit 1013, Page 73 of 469
Samsung Electronics Co., Ltd. v. Asus Technology Licensing Inc.
IPR2024-01273



<172>

<173>

<175>
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aggregation©] °o]Fojzltia vpAer 4= Q). o] A9 CM-4 1w AAst= sy

9] o)Al 4 port CSI-RS mapping patternol] &]&l] XA %= 47] REZ CDM-4 “1&<

MAsHE Aolvt. 7)€ 4 port CSI-RS mapping patterns F+ 702 CDM-2 1&S A
A== oxpelE o] g}, A7) 71 4 port CSI-RS mapping patternC @ A4 4

=T e CDM2 Sh s AT AA o 29F ARk WS gte] G4 Lo
Folis Aol 7he st

Legacy 4 port CSI-RS mapping pattern= 7]WFS & (CSI-RS aggregation©] ©]
Fold u M4 152 AASH: & Y8 oials= ¥ EW(EE alphabet sequenc
e)E AMESE Aolvt. v 7o o] =169 ¥ EW (B alphabet sequence)
o] OMR A4S 9slo] Ae® CSI-RS AYE9 94, port numbering rule, CDM—4

mapping rules Xgtst = v}, A7]A =162 = 2e0A 43X E 7]507 1679

CSI-RS resource YA = AA 4 924 1wyl AAolvwx FDD B TDD TS
ek 4G gl wA 24E ¢ Q.

[7ak2] 4]

Al, A2, B1,B2 for selected resources

IportMapping=[X1 X2 X3 ... X16l, where x; €
0 for other resources

[0174]

oA 44 7 MBS o ubd 20k fAbekeh, RobA 4d4 ki

= 2e9] CSI-RS configuration {0~9, 20~25} ¥} 47} X EZE 2|gF columnol] 2]}

A% = CDM-2 230 &8 REE©] CSI-RS AFo] AbE A Hx =X, 1

ol
it

2]al AR HJrpd ojwel AR CDM-4 152 PAash=Ad ek ARE WA gl
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4o+Al 4= 4-port CSI-RS pattern® 7|¥FO = 16-port CSI-RS7}

O

= &alolr
aggregation¥ = A5 7Fdgr 2o, 167 o]Ae] CSI-RS X E7} AAE -4

'elected resource' YWENNZ] £|gF 2dujwlo] B o]itow 2

JX%‘

4

5
32,

lo
-~
N
od

ol
o

o}, & 2kE FFeto9] legacy 4-port CSI-RS pattern 2k-013} & 925 78] 7]

= xi/F Alo® AW, legacy 4-port CSI-RS pattern 2k-043} 2 QA& 7}

I x7h 22 AR 7 skAk. olm 2k-01¢] A HA CDM-2 "1 2k-029}

2k-042] = WA CDM-2 1% 2k-057} Fo] shvbe] (-4 135S FAlstes of%d
At ook FARSHAl 2k-012] - WA CDM-2 15 20039k 2k-042] - WA
CDM-2 71§ 2k-06°] %o B b2 (-4 152 YA3=S 452 5 v 37

A Zzke] M4 2FOIA EE W A Aa e WG PEe 3] AN

<176> Al 49} 2+ & 9 bitmap(¥ = alphabet sequence)® AF&sh ¢ 7}

B OARGES Foly] f1gk Wo] desiu. ] AAdl 1, A2, B 44

o]Abe] CSI-RS A4S gt RE 9x1E0] AAH

(OS]
o
ol
ofN
_o|L
X
il
of
_O|L
2
co
=

thar 7PASERE, ol A7) AAE REEY AA T = 2o 4 <HHVEEES Y3t
column®]~] CSI-RS configuratione w35l A A7} 7}s3c}. o & E9o] 127) CSI-

RS portE 9]¢t resource7} AAH=E A9 3 T+ 47 CSI RS configuratione & 3j
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6% 870 CDM-2 ZHEC] 91X 8 Yepd 5 . o 2} (-2 275 3 3
= Uy 28 ol No/49] MEW (= alphabet sequence)® WERE 4=t} of

7141 Np & aggregation ¥+ CSI-RS XE &= o|t},
<177> [kl 5]
[0178]) Iportmapping=[x1 X2 X3 ... x .], where x; € {41, A2, B1, B2}

<179> T4 el oshd CM-4 1w A Al gk JrEFo] 127 CSI-RS £ E A
N

B A] 2#3=6 W|E W= 2¢4=8 W E, 167] CSI-RS LE AHA] 2¢4=8 H|ER F=5}2]

2 din] A4 EolE 7 Ao, 744 5= 4-port CSI-RS pattern® 7|WFO = 16-

>,
o

port CSI-RS7} aggregation® &= ZA-%E 714gh =209, 167 o]Ar¢] CSI-RS L E

7F AAE S 'selected resource' S YENY 7] Qg dupulo] B oo R shxbw

1

<180> I T E dA]E legacy 8 port CSI-RS mapping pattern® 7|WFO & (CSI-RS
aggregationo] o]Folxtial 7pgdet = v}, B AR Qe FAIAQl W A
7] 2 port CSI-RS mapping pattern® 7|¥FOo & 3}i= ¥phH& A7] 4 port CSI-RS
mapping pattern® 7|glto =z = Wy ow ket uje}  FAbel WAlowR

bseteh. webd e AW e JeEES .

<181> Al Ao 2-5
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<182>

<183>
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2 AA doA]e CDM-4 =x CDM-8 152 FAlsl7] 9ok & tf& "o w

14 AoZE FEgh(specification defined rule) CDM-4/CDM-8 mapping "'H-2& A

A WA A=

component CDM 135 I+ AYE

7] O % CDM-4/CDM-8

mappings A Y 7 v}, A7) A 2-4 AA] oo A9} o] CDM-4 mappingS 9] gh

component CDM 3% CDM-2 mapping Z3%©°]™, CDM-8 mapping® <]¢+F component

CDM 13- CDM-2 mapping 13 %+ CDM-4 mapping Z13%°] € 4 o}, &9 Av

o] HolE 93le] CDM-4 mapping®©] component CDM 1E 0% A3 AH-Z 71AGE

™ HAYkA Sl 8= CDM-2 mapping®©] component CDM 180 & AFRY¥H A= &

At Hgo] b,

&7 AT AAD Al

=

o], 4-port CSI-RS

patterne 7]¥FO & &)= CSI-RS aggregation2 =3}l 87 o]Are] CSI-RS HA4L

ek RE A 5ol AA WAL 7P ekAt, ofuf 7] =3 @2 = 2e9] CSI-RS

configuration?] WHEzta = 29Ux5-S 7]130=2 9] 715 CSI-RS RES A

(7157 CDM-4 1559 A=) E AAdDd 4 Uy, &=

RE = A7) AARE 75 RE YA ALY 1A sk C

)7 ofH QA E

configurations &3}

= 29 SHHIYEE

1o 9174 gk CSI-RS REES 7jHto w2 Aby] AlA]

CDM-8 mappingS F38) <

symbol 52 A= Holx

oy

N A=} @ A CSI-RS

SI-RS RE ¥ #] (Y& CDM-4 172

columnol 4] CSI-RS

| 715 CSI-RS REEF}

39 We 585kl

X CSI-RS #<5o] 7}s gk OFDM

Qi WhA CSI-RS #Eo] 71539 subcarrierg2 T+ 7|4

232-75

Samsung Exhibit 1013, Page 77 of 469

Samsung Electronics Co., Ltd. v. Asus Technology Licensing Inc.

IPR2024-01273



<184>

<185>

<186>

2016-05-12

Zolgle e B 5 ot wela A7) A HA dAe Faps =)ol S sk

(@)

A= o2 CDM-8 mappings 33t o=

1:tl

5= Aol 7Fs s,
T HA o A]E legacy 8-port mapping® 7|2 % CDM-8 mapping® A Yat
Ak, A= b9 legacy 8-port CSI-RS configuration@ =@ A A% = F 7

COM-4 25 5 9 (ol %) (M4 132 7|9 Auwa= [1111], [11

-1], [1-11-1], =% [1 -1 -1 118 & ARgst, v ywx] ofg %

(9] 2) (DM-4 138 CSI-RS X E dnjo] we) 7]&e Aunias=s gz AL}

Av (f1 1111, [11-1-11, [1-11-1], == [1-1-11]) B -1 Fs}]

Argat = Aok ([-1 -1 -1 -1], [-1-111], [-11-11], = [-111 -1]).

T-A ARl mapping W2 AV| AA o 3& T 5 Q)

PN
T

AR AR AZE mEl 9 ghdS fH o CDM-8 mappingS AU

ATH. & oA A= A= T2 OFDM symbololl #1A8f= + 712 CDM-4 1%5S

Frol (M-8 152 AAdsth. A= th2 OFDM symbolol] #X|8l= 5 719 CDM-4 71

=
R=l

=52 MEgr] Qo Mo =E O slote 5, 6 HA OFDM symbolel 9]*]&}= CDM-4

%% resource pool 1=, 1WH slotd] 2, 3 A OFDM symbolol] ]*&l= CDM-4

1

1

=
=]

o2 resource pool 2=, 1'H slot®9 5, 6 ¥4 OFDM symbolel <£|x]s}+= CDM-4
o2 resource pool 32 = AAFo] A2 TFE resource poolo] £el= CDM-4 2

wE Wl sy (-4 LFow HA U A= Aol Zhesid. o F

G mapping WS 37] A o 3% Tz 5 9

A7) A AE Egk (DM-4/CDM-8 mapping WWEL A7 A 49]
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higher layer signaling® %3t CDM-4/CDM-8 mapping W'H¥} oA A& 5= Ao

TV, B2 Eo] 71A TS A7) AAl o 49] bit indicationE Eol T35/ A

X

A B A 7RA] oA G oojw gk S A EEke] CDM-4/CDM-8 mappingS a)ak
Ag Ade 7 drk. deEE VAT it AAAE o]&dto] dito] B A4
o oA 1 B 2 5 shvE A8sko] CDM-4/CDM-8 mappings F3dlws x| A<

IO 2 dER oA 2 B35 ShvE EAY G4 1 5 3 F shE

ofX

AEEE AASE AR JFsEith, e dl AR 719 2bit A A RS AFE-ELo]

<187> AlA] o 2-6
<188> AAl o 2-7: CDM-2/CDM-4 switching
<189> 2 AR o= Al &~ED AGA] dS 9eh CDM A= o] AR vk

o tgt dJAEE AFey. dE = 1bit L1 signaling Y3+ higher layer
signaling® ©]-&3%t CDM-2/CDM-4 7} switching, CDM-4/CDM-8 7} switching, H+
CDM-2/CDM-8 %} switching®] 7}soltt. ©& o Al=Z 2bit L1 signaling H+=
higher layer signaling® ©]&39F CDM-2/CDM-4/CDM-8 7} switching® 1&ld 4= Q)
=

<190> A7) A ol 2 - 5ol A= CSI-RS CDM-2 Hi= CDM-4 s|§lS Z=¢ako] CSI-RS

CDM-4 o1& =2 COM-83j®de Aah/] Hg tpefeh dAlsdl diste] ABaiaitt,
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bl v e ARE e w8y o] CSI-RS WFAlo= 7]E9] CDM-

[\]
~
(@)
-]
0
B
X
(T
fllo

S

Fgsllof g Hart S 4 vk, =, dA LTE-A/LTE-A Pro
oAM= whEke] BE o) CSI-RSE S48t Hol® s S48k o] Jhesid.
ojWf ojel oM RE= CSI-RSOl CDM-87F A8-¥o] §l& A4 7]&e] @se 7]
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AFdte FA9aE Edta, %€ (downlink; DL)& 7]#A|=o] th

s AoAEE Ashs FAYAE Fe, 01 = e A £

A A "ol gt ~A=% 4x (UL(uplink) grant) Q1X| &}

gk 3 glolgo) gk ~A=Y AR (DL(downlink) grant) 1A of 5§, AJo]A K. 9]

AME DO QA o, tEorEuE Abggh b tFel (spatial

miltiplexing) S AL{38=A o]y, AFHA o] & DCI Q1A o5 ol wel gzl

FEY.

- A 2 7% 0/1 = 2 (Resource allocation type 0/1 flag): @]&~*
g o] B 0 QA @ 1 AA FAST 59 0 & e gAs 489
o] RBG (resource block group) WHel= #|ars stadgitl. LTE Al22gloll A 2AE

ge 7l

block)©]aL,

o= N7k 2w Fug ool Yasw $dSs RB(resource

vl RBE FAEO] @ 0 WAAA e AAEGe S

=
S5}
op!
[

A B2 g (Resource block assignment): HolE o] 2HE
o}, Az gdE 2 gas g g ule} sk Hairt A

Wz 2 39 "2 (Modulation and coding scheme; MCS): dHlolE

o] A4 WA Hselaxt st dlolEQl transport block o] A& FA4
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- HARQ Z 2 A~ HE(HARQ process number): HARQ & T 2AA HIETE

- A2 dlo]y A A AF(New data indicator): HARQ Z=7]AE<1%] A=A
SAAE FA .

- 2 B A (Redundancy version): HARQ <9 ¥ 8] A (redundancy
version) = &X| g},

- PUCCHE <Qlot A% A= #|lo] ™= (TPC(Transmit Power Control)
command for PUCCH(Physical Uplink Control CHannel): &= Ao} zjd<l

PUCCH o thgt A% A9 Ao Wee EAd},

ol
r o]
=
ol
i)
°
2
ofy
(i,
ny
o
)
'®)
'®)
o
1
-
jﬂ
)
o2
a2
=
ol
]
A
rlr
N
i
s
1
&
=
S

st = dHolE= skt dHoly AEE =Ad<el PDSCH (Physical

Downlink Shared Channel) & &3] #<5¥v}. PDSCH= A7) Alojald As+-7F o
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FHE g, T gelAe] TA wg 51X, Wz B 5o x4

7]
ol

2 AW A7) PDOCH 2 B3 d45E DCI7 28T},

271 ICI & FASs Ao]AR FoA 5 BEZ JFAEES NS 2 E34],

Ase sl At e PDSCHOl H4® wWaaa Agsnal shs

olEl9] =7] (transport block size; TBS)E FA|gtc). A7) TBS &= 7]A]=o] #

Eolax} sk Hlol¥ (transport block, TB)ol QFAALS #gt Aol A4

7] o]lx e A7) i),

LTE Al2=¥lof| A Aol W22l OPSK(Quadrature Phase Shift Keying),

160AM(Quadrature Amplitude Modulation), 64Q0AM QO 24, Z+Zto] WHZE QT

(Modulation order) (Q,) = 2, 4, 6 °l] siwsct. =, QPSK H=x9o] 29 AH w2

MIE, 160 W B9 A% W4 0E, G0 WEe) A AW P 6 nEE A

:ﬁ:

oy

E]

mOV

/R o)
A

3GPP LTE Rel-10914] LTE Rel-83 ¥]ulste] 1 = dloly $A1FS A8}

At g o 7| Lo] AFEHJY. hH2 g (Bandwidth extension)

ol

HkEs)l A9 (Carrier Aggregation, CA)olg} Ed&= A7 7|&2 U o

18
e
g

}

==

gk oA dlolHZE $A18s LTIE Rel-8 whdol] n&lo] =hatel 1

12
=

= dlo]

SAFE =7 A A9 A5 2H7s 9 WS I (Component

Carrier, CO)¥Fal 2w LTE Rel-8 w2 &}gkyl Alakol tisix 22 gk 719
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T WERE TS A so] ot e d4¥ A whEeke) SIR-2 A4 o]

A= FF TA WERE FolA Alcellolga P Fw A s 4
A MBI SIB2 A7 TAE AsW AE e g9 AEE AR A,

CAZ A st e v A A(serving cell)S Ed}o] 518 dlo]g & 44

o = Qlan, Ak HolgE AT ¢ 9l
316> Rel-100) 4 7]X]=ro] EH wWidoAl &4 Aw] AoA PDCCH(Physical

Downlink Control Channel)E& H W77} o] Asd u) & A" Ao A PDCCH
£ SAlsta &Y PDCCHZF ©f& AW A9 PDSCH(Physical Downlink Shared

A

rr
e
rr

Channel )t} PUSCH(Physical Uplink Shared Channel)Z =X A]gtch - oy F

A g vkl X A] B=(Carrier Indicator Field, CIF)E A< 4 v}, CIF

rlr
(@)
o=
]
D
dg
_O|L
rr
L
s
=2
X
e

A Y. CIF= 54 A A4 PDCCH A K.
JNEE F7tslo] th& AW AS A 4 s dAHAoW, wxf wkEa ~
A= (cross carrier scheduling)S & w9k CIF7} *x9tsw, CIF7) Eghs A oF
= A9 wx wEsa AA=YS FaskH] ek, A7) CIFY) §erga dy AR
(DL assignment)ol] gt o] QL2 o, 47| CIF= DL assignmentol] &3] A=
%= PDSCHZE SA1E g AL Zhel7)v, A7) ClEvE 4R =l Al A (UL
grant)ol] 3gtEo] Q1S wj, AF7] CIF+= UL grantel] 98] ~A=H W= PUSCH7}
SalE A AL V7| s Ao,

317> F71ek mpel o] LTE-10014 = U9 g7¢ 71=Qd w&a ZAsh(Carrier

Aggregation, CA) ©] Ao|¥o], vpao] A Aol wtolA HAAd 4 v, 2
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jng
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=
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o
N
rlr
o
o

AN FlEml g g ) o) AY ARE tEastel Ao 22uEe] AN =)

<318> LTE-130Nl A= FH o} 3270 A8 A AA Ay es 7T H=d, W9
the WRE ol nHE TSl unlicensed bandoll A o] W& o]g-ako] A Al

TE Hd 27 e lds @Eergith. gk, LIE S92 WS

e

Ao 7k Aol = e Ykl 5GHz gy 22 v WS|4 LTE
AR A~E A dsls AL dasteg o, o|AL LAA(Licensed Assisted Access)#fal
a2}, LA A= LTEO A 9] Carrier aggregation 7]%2 #l83dlo], W ool
LTE Ao PAl, v¥ds] ojofQl LAAES SAl= $9d38he e A skl upepA],

LTEO A A5 sAlel LAA AoA] EAsts d=we pao| Ayt AE5ojol 3}, LAA

A2 sher AMBerEQlep g Aueele] ArEAl A8 ok 2 Aol
A mpE 7)gEkA ek 49, LTEx: LTE-A, LAA®F e LTES] W8} 7]%d By X
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G, LTE o] 9 B2 A2902M, 5, 5Ad FA AEe BN SHE

A Ao A o]8) 5GE FERE gk )2 AREAL B AR[A Al AF 5o g &

TOARE AFEA BT 5 gojob s) wlEd) choket @ ARG wEshs A

WA, 56 S7HE Evked FdlY $A41 (eMBB:  Enhanced Mobile

BroadBand, & WAAloAE o]& eMBB®R HE2LEE oit}h), UR ZAE B4

(mMTC: Massive Machine Type Communication, <+ WA|Ao|A+= ©o]s} mMICE H-=%

=
-

ght}),  2AIFEA A HA (URLLC:  Ultra Reliable and Low Latency

Communications, X WA A]o|A]E o]8} UIRLLCE H-E2EE shrp)e} 728 thoksh 56

MU AES g HuAEEE 206hps, wE HIEE 500kn/h, 2 oA A7

0.5ms, TFHAEIE 1,000,000 B /kn 5o QAN B 3 7} 563 AW AEL

ol A= 20Gbps] W HHdESEE, FFY Aol = 10Ghpse] ©@E H S5

=

=

=
o

A

e g Qlofof gtk SAfoll, whEe] A Ak 4 9ls WHASHERE

7F A Ak gtk olef & ot AFE RESAZIV] fE, v R vs 4

U5 &% (Multiple-Input Multiple Output) A% 7]&EE X gste] 41 7]

=9 o] 2Hu.

A, 5Goll Al AbE Q1B Yl (Internet of Thing: [oT)9} #2 58 An|AE
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A Q&7] Qe aMIC7F o 9ok, aMTCE THZF o2 AHZE AEYlE AG3§)7

Al A Wl A dirR dEe] HE X, whe] AwgA] Y, ddE e

_—

AR, whde] mlg g e gabete]l Hem Huh Abe QIEMUE oy ZhA Al
2othokgl 7]7)0) HHo] BAl V)5S AwstEz A oA B g2 wh(d)
2 S0], 1,000,000 ©2/kn)e AP ool shr}. web mMICE Anse) &
3 o]l =] Aahd Aol AWErx] Hale d9 T Al HAD Vs
Kol om R QBBolA AT AWM A ¥ U He AWEAE Qg

nMTCE #71e] @b = A4E JheAdo] mon ko] wiEeE A

N
El
el
—O|L
N
ot

7] witol w9 21 wjElE] WA K battery life time)o] Q7%A #Hu}.

<323> pA e o g RLLCY A9, 5AT HHon AREs dey 7 4 &

r[r

ANogA, B wE= 774 AHo et 44 Aol(remote control), AF A&},
Tl g, 44 A7k Alo], v A I Tl AR EE ANAEA, = A

Al D 2 ANFREE A FEs BAL AFdlor gvh. o2 o], URLLCE 0.5 ms

nh 2 AYAANLE AFAo} v, FAO 107 olte] AR LREE AT

e
o
Z
ol
ol
rlr
ko
-4
>
Rl
ot
filo
W

=, weEbA, URLLCE 98 eMBBeF #2 56 AW A=Kt}
222 Ad AIZF F7H(Transmit Time Interval: TTI)E AlF-sllof sh, F Aol T3}

Foeola §e 2lasg dddop s AAAGe] aTHY,

324> A7) A AEe S5AT FaA A B4 AlAaRA] nEEE ARAES
shutel e A A (Framework) = Alg-wojof gt} 5, a&AQl Zas g =
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A
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ol glaf 2zt AnaEo] HHAHoR £4Ey] Wl dhte Asdlor FEH

AolH 3 HAE = Zo] vpgkA s,

% 5biE 5GAlA] Al E = Au|AEo] Y] AlAHoR AFE = oE EA

= =yoln,
% BbollAl BG7F AME-EhE F-AIRE 2l (5b-0D) 2 F 3 F(5b-02) 3%
T FGb-03)o2 FAE - du. = ShollAE 567F dvhe] ZE| A <hellA

eMBB(5b=-05), mMTC(5b-06), URLLC(5b-07)& *9FaF= S dAJaqler. Bk 5G9

A

H1

=

=R om mEE & Qs AnaRa], AEE 7hkA] W AU <2 AFE)
?] 3t enhanced Mobile Broadcast/Multicast Service(eMBMS, 5b-08)5- &t 4=
AT, eMBB(5b-05), mMTC(5b-06), URLLC(5b-07), eMBMS(5b-08) G-, 5Goll~] I1E

b oANAES 564 Qe shte AsY Fug goE Wela AR

=3 (Time-Division Multiplexing: TDM) W+ 3¢ 3 vz 3} (Frequency

Division Multiplexing: FDM)S &3] vtsslE o] AEE 4 ¢Qlom ol Fykich

o} 3} (Spatial Division Multiplexing)®= Z&l¥E 4 At}. eMBB(5b-05)¢] 749,

A

2k

=

1
-
jﬁ
N
=
a2
i
filo
jub)
o
_O|L
2
r
ofy
_O|L
rlr
yw

elA ew 27HE HolE A% FEE AT N8 54 ele] Aol A

Jo] nighAl sy}, wheba], eMBB(5b-05) A

29l A s Aujaer AlAE AE g9 (5h-01) oA TIME o] AEHE=

o

| vpAlEh, vh2 AujzEe] dad we) ohE AuAET AAE AS U
Yol Al FDM= o] H$5= 2% vhe=si

mTC(5b-06) 2] 8-, th& Anlasa &2 W AveAE gushr] )
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ke W% Tol BT, A% Tk delA FUe e W 4% gow

A ANAE e Aok B ko] Babw 0 ww A Foly] 93

wao] FAE o A UGBl Alge] WA, olgh g oAl

fllo

al

<328> URLLC(5b-07)& An]|~7}F QF8s 22 o A S

I

7171 sell o
2 Au2E3d vugds o #Fe Ab AZF F7H(Transmit Time Interval: TTIE
2= o] b sig. Ao, =A1E QA e wERE] fEiA e v Hes)
S (coding rate)2 7FAof dtE R, Fu4 Zoa] HO UAES 72 Zlo] npgA
ahch. o]9} 22 URLLC(5b-07)¢] Q7-A S 1e]3S ), URLLC(5b-07)& 5G9 %

F A2 O E G0 A T A s

i)
H
-]
=
i
rlr
S
e
jurt
I
it
Y
o
v

@9 VNN e 2 AN EEE 7 Auls So] 4ok ATARS WA

71241 Numerology+= Z|x T}5 F35 th5gl (Orthogonal Frequency Division
Multiplexing: OFDM) ®+x 2 vF F3+ tF A5 (0Orthogonal Frequency
Division Multiple Access: OFDMA) 7]WFe] &A1 A|AHo|A 3 X (Cyclic

Prefix: CP) Zo], AyBszg|o] 7F4A(Subcarrier spacing), OFDM A& o] Zo], X%

oy

T2 ZAol(TTD) o xstait}. Abz]el An|2zbo] A& thZ2 NumerologyE 2zt

o Z A, eMBMS(5b-08)L2- t}= Alu|x0] & 71 CP ZAolE 7Fd 5 r}. eMBMS+=
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WS kY] A9 B s dgster, mE Ao gzl dolHE dEd

A A ek vt AW Aof glo] W ARE FAT S e FHo
. SFAIRE 5GOl A eMBMSE A at=tl 2lo] CP dol7t vhE An|zof n]3)] A
Hom A Ao P ez ogt |7} AR FA]o] thE AR 20

njsl 21 OFDM 4l Zol7b @75, ol sAld & Au|z=d ¥l v]% F&

gk, 5Go Al AnjA~7be YE Numerology”Z} AFE%H = o =4, URLLCE]
A, vhe Aulze v Ahe TTI7F Qg wheh vS &2 OFDM 41E dolrt

eE g e, FAld HE W Andfgo] 14L& a9 5 9Tk,

2

h, Aol LTEZE 2GHz o] 3 oA F2 s 23 &y
5Gi= 6GHz ofshe] Fap WY (2 A oA = o]dt sub-6GHz= HF-EnE g}

T 6GHz o]Are] Fubg (¥ WA A A= ©]8F over-6GHzE HE2X=F gt}

oA 20MHzo] 2] FIE AR O RmM 5G4 8tk Hloly HE HxEE v
=AZ2 ¢ vk, wEbA], sub-6GHzol Al ¢ 9] LTE 7Hejo] 52 w9 LTE 7%
oS A LTES} 5G9te] #&L A Yats= AL udstal 9o, LR} 562 ¥&<

Zlojo] =) glo] 56E Z7]d st

2,
=

APl 7l 568 Sl F7HA

b
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Aotehz WAES &= 5] ALEI} = 5do] A&, I Sel] AlARo] R A8

<336> T 5cE #HEElo] Adshd, = S UEY IA e 71A] = (5¢-01) 1)

04)& LTE %4 55 zka1 9= LTE capable

Fl
b
in
H1
32,
K
&
ofy
Y
¢
!
iy

S zZr31 Q= 5G capable WA 9Jom | [TE 444 RE/5G $44 LELS

0)ollA HdEHe 57 Ass S8l 718 58k, A28 JRE FAe ol F
1A= (5c-01)3 LTE A (5c-02) =& 56 A(5c-03)L F3] HlolHZE H5a80),
o] A% LTE A (5c-02)o1v} 56 4(5c-03)2] duplex 2o tigh Aghe v}, e
g Ao)AES LTE Aol PAQ ¢ LTE A (5c-02)S Ea|lA dAEah, 56 Ao

pAalel A 5G A(5c-03) EaA AFHEC}. A7) 5co AlAHIO)A LTE A3} 5G

e B APAS TG 5 o, BE @A 3279 A AL AN 5
ek, A7) UERZA 4] A1AEGODS LB 54 RECIA)I 56 F

2 BEMANAES BE e A0R Aget, 47] 1A% (5e-01) S LIE A
g3} 56 A2 AATRoR Bl $dstt slo] Absait. A4, AZRl
A RS o] LIE 283t 56 208 B Azkld 9ats 49, LIE A

283 56 Al=Ee] ARE Ao ddgs A ow Yk Zlo] rbesit. A

T (5e-04)2 LTE A (5¢-02)°0]u 56 A (5c-03) =458 7] LTE A3} 5640] Y-
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of St ANAL AY mE Frg A EE HY AU EE 7 A

2)9] e A sl ATE FAsto =z LTE A(5c-02)3 56 A (5¢-03) 2H-E

o] 77t ojwl UL Fajo] o] Fo] AuAR % 5 9

2075 7R =0l (5¢-01)°] 5G AFHUS AASFIL, 5G capable YeH(5¢-04) 3}

&71 5GE fIgk Aol A HolHE F4A dfs daE AWsieS v

Al 5e-100014] 7] A5 (5¢-01) 5G capable ¥ (5c-04)ll 7] LTE =% 56G
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o A7 Aes A9 Asdas gon, = Ardae
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ATk, A7) LTE B= 56 AHE 2@ Ale s LTE Hi= 56 xXFde] ojde] 9x]&tar 9l

=XE2 dyFE AHENR FId5 AR (Aol F34, Physical resource block

2, Al7F A X (radio frame index, subframe index, 5G %2 93t MBSFN Al H

g Ar, 56 dES Y A ARz du), Hy AR, SR, e

22~ A1 (FDD

A1), Reference signal =2 &7]4l

wo] AA7hoR

T

T Ao 56 AFYol LTE AaF A¥ g dlx] LTE MBSFN A B AA &
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Anxdq) AR, 56 A5S 9% A% Anse gn), ohe A, $7An,
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[Title of Invention]
[Explanation of Invention]

METHOD AND APPARATUS FOR COEXISTENCE BETWEEN D2D AND
CELLULAR COMMUNICATION IN MOBILE COMMUNICATION SYSTEM
[Technical field]

<1> The present invention relates to a method for coexistence of device-to-device
communication and cellular communication in a mobile communication system.
[Background technology]

<2> In order to meet the increasing demand for wireless data traffic following the
commercialization of the 4G communication system, efforts are being made to develop
an improved 5G communication system or pre-5G communication system. Because of
these reasons, 5G communication systems or pre-5G communication systems are called a
Beyond 4G networks communication system or a Post LTE system. To achieve high data
rates, 5SG communication systems are being considered for implementation in ultra-high
frequency (mmWave) bands (such as the 60 GHz band). In order to alleviate the path loss
of radio waves in the ultra-high frequency band and increase the transmission distance of
radio waves, the 5G communication system uses beamforming, massive array multiple
input/output (massive MIMO), and full dimensional multiple input/output (FD-MIMO),
array antenna, analog beam-forming, and large scale antenna technologies are being
discussed. In addition, to improve the network of the system, the 5G communication
system includes advanced small cells, advanced small cells, cloud radio access network

(cloud RAN), and ultra-dense network, Device to Device communication (D2D), wireless
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backhaul, moving network, cooperative communication, COMP (Coordinated Multi-
Points), and interference cancellation, etc. technologies are being developed. In addition,
the 5G system uses advanced coding modulation (ACM), FQAM (Hybrid FSK and QAM
Modulation), and SWSC (Sliding Window Superposition Coding), as well as advanced
access technologies such as FBMC (Filter Bank Multi Carrier) and NOMA (non
Orthogonal multiple access) and SCMA (sparse code multiple access) are being
developed.

<3> The internet is evolving from a human centric network, in which people create
and use information, to an IoT (Internet of Things) network, in which distributed
components such as objects share and process information. IoE (Internet of Everything)
technology, which combines IoT technology with big data processing technology through
connections to cloud servers, etc., is also emerging. To implement [oT, technological
elements such as sensing technology, wired and wireless communication and network
infrastructure, service interface technology, and security technology are required.
Recently, sensor networks for connection between objects and machine to machine
communication (Machine to Machine) are required to implement IoT. Technologies such
as Machine to Machine (M2M) and MTC (Machine Type Communication) are being
researched. In the IoT environment, intelligent IT (Internet Technology) services can be
provided that create new value in human life by collecting and analyzing data generated
from connected objects. IoT is being applied in fields such as smart homes, smart
buildings, smart cities, smart cars or connected cars, smart grids, healthcare, smart home

appliances, and advanced medical services through the convergence and combination of
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existing IT (information technology) technology and various industries.

<4> Therefore, various attempts are being made to apply 5G
communication systems to IoT networks. For example, technologies such as sensor
networks, machine-to-machine (M2M), and MTC (Machine Type Communication) are
being implemented by way of 5G communication technologies such as beamforming,
MIMO, and antenna arrays. A cloud wireless access network (cloud RAN) applied as a
big data processing technology described above could be an example of the technological
convergence of 5G and IoT technology.

<5> Meanwhile, research is in progress for the coexistence of device-to-device
communication and cellular communication in mobile communication systems.
[Content of Invention]
[Tasks to be resolved]

<6> Device to Device communication technology (hereinafter referred to as D2D) is a
technology in which a terminal transmits information to another terminal without passing
through a base station. D2D technology can be used for safety services between cars. For
example, a method can be used to increase safety by having a car inform other nearby
cars of its information through D2D communication. At this time, for D2D transmission,
the terminal uses reverse resources among LTE resources, In other words, D2D
transmission is performed using a reverse frequency or reverse time section, but if D2D
transmission and reverse transmission or reverse reception occur at the same time, a
problem occurs in which the operation of the terminal becomes unclear. The purpose of

the present invention is to present clear operation in a terminal using D2D-based vehicle
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communication (V2X).

<7> In addition, as the demand for dynamic precoding in the vertical direction
increases, discussions on FD-MIMO, which consists of uniform planar array (UPA)
antenna ports, are becoming active. The present invention proposes a method for
revamping the current CSI-RS construction method, which is limited to {(1 or 2), 4, 8,
12, 16}, to construct various numbers of CSI-RS, such as {20, 24, 28, 32}. In addition,
various CSI-RS CDM-4 or CDM-8 mapping methods, CDM-2/CDM-4/CDM-8
switching CSI-RS mapping methods, CSI-RS port index mapping methods, etc. are
provided to deal with problems that may arise when configuring multiple CSI-RSs.

<q> In addition, the present invention 1s a mobile communication system operating in
an unlicensed band or a mobile communication system requiring channel sensing or
listen-before-talk, where the downlink scheduling information and uplink scheduling
information of the terminal are used. We propose a method of transmitting the downlink
and uplink scheduling information more efficiently by setting the transmitted cells
differently.

<9> In addition, the 5-th Generation Wireless Cellular Communication System (5G
communication system) uses different transmission and reception techniques in one
system to satisfy various user requirements and services. It is necessary to support a
variety of services with transmission and reception parameters, and it is important to
consider future compatibility and design added services so that they are not limited to the
current system. Based on these 5G design requirements, there is a need to provide a

unified, efficient initial access method for terminals that support different transmission
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and reception techniques and transmission and reception parameters. Additionally,
considering future compatibility, it is necessary to design the initial access signal so that
forward compatibility is not limited by signal transmission for initial access.

<10> In addition, the present invention is a method of using MBSFN subframes as a
method for coexisting LTE and 5G in at least one LTE carrier, a method of using UL
subframes, a method of using LAA operation in an unlicensed band, a method of using
cell activation in CA, and a corresponding device are provided.
[Means for solving the problem]

<11> The present invention to solve the above problems is a control signal processing
method in a wireless communication system, comprising: receiving a first control signal
transmitted from a base station; processing the received first control signal; and

transmitting a second control signal generated based on the processing to the base station.
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[Effect of Invention]

<12> According to an embodiment of the present invention, when a terminal
performing D2D-based vehicle communication coexists with existing cellular, the
terminal transmission and reception operations can be clearly determined.

<13> In addition, according to the present invention, it is possible to provide a method
and device for setting a reference signal and generating channel information considering
power boosting in a mobile communication system using multiple array antennas.

<14> In addition, according to the present invention, for one cell, the cell in which the
terminal's uplink scheduling information is transmitted and the cell in which the
downlink scheduling information is transmitted are set differently to transmit scheduling
information for the cell more efficiently. And in the case where the cell in which the
uplink scheduling information of the terminal is transmitted and the cell in which the
downlink scheduling information is transmitted are set differently for one cell, the cell in
which the uplink scheduling information is transmitted and the cell in which the uplink
scheduling information is transmitted are scheduling information that can be transmitted
more efficiently by reconfiguring at least one cell in which link scheduling information is
transmitted among the cells in which link scheduling information is transmitted.

<15> In addition, as described above, the present invention supports services with
different transmission and reception techniques and transmission and reception
parameters, and allows a terminal to efficiently perform initial access in a 5G system
designed with future compatibility in mind.

<16> In addition, according to the present invention, methods of using MBSFN

232-11 Samsung Exhibit 1013, Page 247 of 469
Samsung Electronics Co., Ltd. v. Asus Technology Licensing Inc.
IPR2024-01273



2016-05-12

subframes, methods of using UL subframes, methods of using LAA operations in
unlicensed bands, methods of using cell activation in CA, and devices accordingly, are
provided as a way to operate a SG communication system with LTE in one LTE carrier
frequency or multiple LTE carriers without introducing additional carriers for 5G. Also a
method and device are provided for a terminal capable of transmitting and receiving data
in at least one of the different communication systems, LTE and 5G communication
systems, to transmit and receive data with each communication system. Meanwhile,
various other effects will be disclosed directly or implicitly in the detailed description
according to embodiments of the present invention, which will be described later.
[Brief Description of the Drawings]
<17> FIG. 1 is a diagram illustrating V2X basic operations.

FIG. 15 is a resource setting diagram for V2X transmission.

FIG. Ic is a diagram illustrating an issue of coexistence of lateral channels and
reverse channels between terminals.

FIG. 1d is a diagram illustrating an RSRP-based solution (Embodiment 1).

FIG. le is a diagram illustrating the issue of coexistence of lateral channels and
reverse channels between terminals.

FIG. 1f is a diagram illustrating terminal transmission operation based on
priority.

FIG. 1g is a diagram illustrating issues of lateral/reverse channel coexistence at
different carrier frequencies.

FIG. 1h is a diagram illustrating the terminal transmission power determination
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operation based on priority.

FIG. 1i is a diagram of a base station device.

FIG. 1j is a diagram of a terminal device.

FIG. 2a is a diagram illustrating a large multiantenna system or FD-MIMO
system.

FIG. 2b is a diagram illustrating radio resources corresponding to 1 subframe and
1 RB in an LTE/LTE-A system.

FIG. 2c is a diagram illustrating an example CSI-RS RE mapping for the nth and
n+1st PRBs when transmitting eight CSI-RSs.

FIG. 2d is a diagram illustrating an example of BF CSI-RS operation.

FIG. 2e is a diagram illustrating a CSI-RS RE mapping table.

FIG. 2f is a diagram illustrating a method of configuring CSI-RS CDM-4
mapping based on CSI-RS CDM-2 mapping.

FIG. 2g is a diagram illustrating a method of configuring CSI-RS CDM-8
mapping based on CSI-RS CDM-2 mapping.

FIG. 2h is a diagram illustrating the first method of configuring CSI-RS CDM-8
mapping based on CSI-RS CDM-4 mapping.

FIG. 2i is a diagram illustrating a second method of configuring CSI-RS CDM-8
mapping based on CSI-RS CDM-4 mapping.

FIGS. 3a and 3b are diagrams illustrating a communication system to which the
present invention applies.

FIG. 3c is a diagram illustrating a radio resource configuration of an LTE system.

232-13 Samsung Exhibit 1013, Page 249 of 469
Samsung Electronics Co., Ltd. v. Asus Technology Licensing Inc.
IPR2024-01273



2016-05-12

FIG. 3d is a diagram illustrating a downlink channel connection scheme for an
unlicensed band of the LAA system.

FIG. 3e is a diagram illustrating an uplink channel connection scheme for an
unlicensed band of the LAA system.

FIG. 3fis a diagram illustrating the same case of downlink and uplink scheduling
cells.

FIG. 3g is a diagram illustrating a case where the downlink and uplink
scheduling cells are different.

FIG. 3h is a flowchart illustrating a base station operation method for setting a
scheduling cell.

FIG. 3i is a schematic flowchart of the terminal operation method for setting
search space for a scheduling cell.

FIG. 3j is a diagram illustrating a base station device according to embodiments
of the present invention.

FIG. 3k is a diagram illustrating a terminal device according to embodiments of
the present invention.

FIG. 4a is a diagram illustrating an example of services contemplated in a 5G
communication system being transmitted to one system.

FIG. 4b i1s a diagram illustrating an example of allocating a time-frequency
resource area of a 5G communication system for future services in order to consider
future compatibility in the 5G communication system.

FIG. 4c is a diagram showing an example in which physical channels and signals
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related to system operation are multiplexed with other signals in the time (303) -
frequency (302) resource area (301) of the 5G communication system.

FIG. 4d is a flow chart showing the operation of using different numerology to
acquire synchronization and system information and to receive services desired by the
terminal at the initial connection of the terminal in a 5G communication system.

FIG. 4e is a flowchart indicating the flow of the initial connection of the terminal
when considering future compatibility according to the second embodiment in the 5G
communication system.

FIG. 4 is a block diagram illustrating an internal structure of a base station
transmitter according to embodiments of the present invention.

FIG. 4g is a block diagram illustrating an internal structure of a terminal receiver
according to embodiments of the present invention.

FIG. 5a is a diagram illustrating a basic structure of a time-frequency domain in
an LTE system.

FIG. 5b is a diagram illustrating an example in which 5G services are
multiplexed and transmitted in one system.

FIG. 5c is a diagram illustrating a first embodiment of a communication system
to which the present invention applies.

FIG. 5d is a diagram illustrating a second embodiment of a communication
system to which the present invention applies.

FIG. 5e is a diagram illustrating a third embodiment of a communication system
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to which the present invention applies.

FIG. 5f is a diagram showing the operation of LTE and 5G divided by time
through MBSFN subframes in one LTE FDD carrier.

FIG. 5g i1s a diagram showing the operation of LTE and 5G divided by time
through MBSFN subframes in one LTE TDD carrier.

FIG. 5h is a diagram showing the operation of LTE and 5G divided by time
through uplink subframes in one LTE TDD carrier.

FIG. 51 is a diagram showing the operation of LTE and 5G divided by time
through LAA operation at a carrier in an unlicensed band.

FIG. 5j is a diagram showing the division and operation of LTE and 5G through
activation and deactivation operation in CA in multiple LTE carriers.

FIG. 5k is a diagram illustrating a base station device according to the present
invention.

FIG. 51 is a diagram illustrating a terminal device according to the present
invention.

FIG. 5m is a diagram illustrating the operation of LTE data transmission and
reception and 5G data transmission and reception divided by time through MBSFN or
uplink subframe in one LTE TDD carrier.

FIG. 5n is a diagram illustrating that a LTE base station and a 5G base station
independently operate each LTE transmission and 5G transmission and reception without

dividing resources in an LTE TDD carrier by time or frequency according to an
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embodiment of the present invention.
FIG. 50 is a diagram illustrating special subframe settings in LTE according to
embodiments of the present invention.
FIG. 5p is a diagram illustrating a base station and terminal procedure according

to an embodiment of the present invention.
[Specific details for implementing the invention]

<18> Hereinafter, embodiments of the present invention will be described in detail
with the accompanying drawings. Additionally, when describing the present invention, if
it is determined that a detailed description of a related known function or configuration
may unnecessarily obscure the gist of the present invention, the detailed description will
be omitted. The terms described below are defined in consideration of the functions in the
present invention, and may vary depending on the intention or custom of the user or
operator. Therefore, the definition should be based on the content throughout this
specification.

<19> The advantages and characteristics of the present invention and the method for
achieving them will be clarified by referring to embodiments that will be described later
in detail, together with the accompanying figures. However, the present invention is not
limited to the embodiments disclosed below and may be implemented in various different
forms, and the present embodiments are merely provided to ensure that the disclosure of
the present invention is complete and to provide common knowledge in the technical
field to which the present invention pertains. It is provided to fully inform those who

have the scope of the invention, and the invention is only defined by the scope of the
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claims. The same reference numerals refer to the same elements throughout the
specification.

<20> At this time, it will be understood that each block of the processing flow diagram
diagrams and combinations of the flow diagram diagrams can be performed by computer
program instructions. These computer program instructions can be loaded onto the
processor of a general-use computer, a specialized-use computer, or other programmable
data processing equipment; therefore, these instructions performed via the processor of a
computer or other programmable data processing equipment generate a means of
performing the functions explained in the flowchart block(s). These computer program
instructions can also be stored on a computer usable or computer readable memory that
can direct a computer or other programmable data processing equipment for
implementing the function as a specific method; therefore, the instructions stored on that
computer usable or computer readable memory can also produce a manufacturing item
that contains an instruction means that performs the function explained in the flowchart
block(s). Computer program instructions can also be loaded into a computer or other
programmable data processing equipment; therefore, the instructions that perform the
computer or other programmable data processing equipment by performing a series of
operation steps on a computer or other programmable data processing equipment and
generating a process executed by a computer can also provide steps for executing the
functions described in the flowchart block(s).

21> Additionally, each block may show part of a module, segment, or code that

includes one or more executable instructions for executing specified logical function(s).
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Additionally, it should be noted that, in a few substitute execution examples, it is also
possible to generate functions mentioned in the blocks by deviating from the sequence.
For example, two of the blocks successively depicted can also be performed at
substantially the same time, and those blocks can also sometimes be performed in reverse
order depending on the corresponding function.

<22> At this time, the term “~unit” used in this embodiment refers to software or
hardware components such as FPGA or ASIC, and the “~unit” performs certain roles.
However, the meaning of “~unit” is not limited to hardware or software.“~unit” may be
configured to reside in an addressable storage medium and may be configured to

(9

reproduce on one or more processors. Therefore, as one example, “~unit” refers to
components such as software components, object-oriented software components, class
components, and task components, processes, functions, properties, and procedures.
includes fields, subroutines, segments of program code, drivers, firmware, microcode,
circuits, data, databases, data structures, tables, arrays, and variables. The functions
provided within elements and “~unit” may be combined into a smaller number of
elements and “~unit” or may be further separated into additional elements and “~unit”.
Additionally, elements and “~unit” may be implemented to regenerate one or more CPUs
within a device or a secure multimedia card.

<23> Hereinafter, embodiments of the present invention will be described in detail
with the accompanying drawings. Additionally, when describing the present invention, if

it is determined that a detailed description of a related known function or configuration

may unnecessarily obscure the gist of the present invention, the detailed description will
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be omitted. The terms described below are defined in view of the functionality in the
present invention, which may vary depending on the user, operator’s intent or practice,
etc. Therefore, the definition should be based on the content throughout this specification.

<24> In addition, in describing embodiments of the present invention in detail, the
main target will be the OFDM-based wireless communication system, especially the
3GPP EUTRA standard, but the main gist of the present invention is other
communication systems with similar technical background and channel type. Slight
modifications may be applied to the system without significantly departing from the
scope of the present invention, and this may be possible at the discretion of a person
skilled in the technical field of the present invention.

<25> <Embodiment 1>

<26> As the types of services using wireless mobile communication systems vary
significantly, the need for new technologies to more efficiently support emerging services
is needed, and new methods and techniques are being developed and researched
accordingly within the wireless mobile communication system.

27> Device to Device (D2D) communication is a new technology that has emerged as
a solution to new services, and terminal-to-device communication is basically a
technology that allows any terminal to communicate directly with other terminals around
the terminal. Using terminal-to-device communication technology, the terminal becomes
capable of discovering what terminals exist around it and direct communication with
terminals that require communication.

<28> When a terminal performs direct communication, relatively less wireless
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resources are used compared to communication using a base station with an existing
wireless network, which has a great advantage in terms of wireless resource efficiency. In
addition, since a method for finding terminals around the terminal is supported, the
terminal can directly provide the necessary information to the desired terminal, greatly
increasing efficiency in supporting advertising services, social networking services
(hereinafter referred to as SNS), etc. can be raised. Currently, the Long Term Evolution-
Advanced (LTE-A) system also requires support for terminal technology, and technical
discussions regarding it are in progress.

<29> In addition, in order to incorporate LTE technology into vehicles, standardization
of D2D-based vehicle communication (V2X) technology is underway in 3GPP. Vehicle
communication provides a method for exchanging information necessary for safety
between vehicles by allowing any vehicle to transmit information based on a designated
D2D technology and another nearby vehicle to receive the information. For example, a
vehicle ahead continuously transmits its location information using LTE V2X technology,
and other vehicles that receive this information suddenly decelerate based on the location
of the vehicle ahead. Alternatively, a function can be provided to determine the risk of
collision and notify the driver of the vehicle. In addition, one of the functions of V2X is
to enable special vehicles such as ambulances to give way to other vehicles by
transmitting information about the ambulance using LTE V2X technology to other nearby
vehicles so that they can drive quickly. Of course, many other features can be provided
with LTE V2X.

<30> FIG. la illustrates the concept of V2X based on D2D. Vehicle (1a-02), vehicle
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(1a-02), vehicle (1a-02), vehicle (1a-02) is included in the LTE base station (1a-01), and
vehicle (1a-02) is included in the D2D Transmit random V2X information using the
channel. The transmission channel is a sidelink channel (1a-03), and the sidelink channel
utilizes reverse resources.
<31> FIG. 1b shows a method for configuring lateral radio resources. 1b-01 sets up
lateral radio resources using the existing Rel-12 resource allocation method within
reverse resources. The lateral channel has a Physical Sidelink Control Channel (PSCCH)
and a Physical Sidelink Share Channel (PSSCH) that transmit control information (SA),
which can be allocated to 1b-06 resources for PSCCH and 1b-07 resources for PSSCH.
In other words, the resources of the PSCCH and PSSCH are divided temporally, and a
terminal that wants to transmit arbitrary information laterally transmits radio control
information to the PSCCH and transmits the corresponding data information to the
PSSCH. The receiving terminal first receives the PSCCH to check whether data to be
received exists, and when it receives the PSCCH, it decodes the PSSCH based on the
information included in the PSCCH and receives data information. In the above, the
transmitting terminal and the receiving terminal can know the settings of the PSCCH and
PSSCH resources. As in 1b-02, the total lateral resources (1b-03) can be set by setting the
size of the PSCCH and PSSCH resources on the time axis and frequency axis and setting
the PSCCH transmission period (1b-05). The configuration of the lateral resources is
transmitted as a SIR (System Information Block) to the terminal that wants to transmit
and receive lateral information from the base station. At this time, not only the
CONNECT terminal but also the IDLE terminal can receive the lateral information. If the
terminal does not fall within the signal range of the base station, the lateral resources can

be set to a preset value inside the terminal. At this time, the reverse resource (1b-04),
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which is not set as a lateral resource, is used for reverse transmission and reception as it
is.

<32> The above describes a method for lateral resource allocation in which PSCCH
and PSSCH are temporally multiplexed. In the case where PSCCH and PSSCH are
temporally multiplexed, to transmit V2X information laterally, control information must
be transmitted temporally first, and then data information must be transmitted, and
additional delay may occur at this time. In the transmission of V2X information, it is
necessary to minimize delay because safety problems may occur if delay is significant.
Therefore, in order to be used in V2X D2D, it is necessary to introduce a method in
which PSCCH and PSSCH are multiplexed on the frequency side, as shown in the figure
below in FIG. 1b. In the figure, PSCCH is allocated to 1b-16 resources, and PSSCH is
allocated to 1b-17 resources. That is, PSCCH and PSSCH are allocated resources in
frequency, and a terminal that wants to transmit any information laterally must send radio
control information. It is transmitted on PSCCH, and the corresponding data information
is transmitted on PSSCH. At this time, it becomes possible for PSCCH and PSSCH to be
transmitted simultaneously in the same subframe. The receiving terminal first receives
the PSCCH to check whether data to be received exists, and when it receives the PSCCH,
it decodes the PSSCH based on the information included in the PSCCH and receives data
information. In the above, the transmitting terminal and the receiving terminal can know
the settings of the PSCCH and PSSCH resources. As in 1b-12, the total lateral resources
(1b-13) can be set by setting the size of the PSCCH and PSSCH resources on the time
axis and frequency axis and setting the PSCCH transmission period (1b-15). At this time,
the reverse resource (1b-14), which is not set as a lateral resource, is used for reverse

transmission and reception as it is.
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<33> Embodiment 1-1

<34> It was described above that lateral resources utilize part of reverse resources to
transmit data for V2X. At this time, various problems arise as lateral resources and
reverse resources exist at the same time. The first problem is the inband emission power
issue. When a random channel is transmitted on a random frequency resource, a weak but
random noise signal is transmitted along with other frequency resources other than the
frequency resource within the same subframe, which is called intra-band transmission
power. In the case that only reverse transmission exists in the band, the problem does not
occur through power control, but if multiple terminals perform reverse transmission and
lateral transmission simultaneously on the reverse resource, the problem occurs. FIG. 1¢
illustrates the intra-band transmission problem described above. In the signal range of the
base station of 1c-01, there is a terminal of 1c-02, a vehicle terminal of 1¢-03, and a
vehicle terminal of 1¢c-04. The terminal of 1¢-02 transmits reverse information to the base
station. In this same subframe, it is assumed that the 1¢c-03 vehicle terminal transmits
V2X information to the 1c-04 vehicle terminal laterally (1c-05). At this time, it is
assumed that the 1c-02 terminal is a certain distance away from the 1c-01 base station,
and the 1c-03 terminal is very close to the base station (1c-01), and the 1c-03 vehicle
terminal transmits with high transmission power. If so, when receiving the base station
(1c-01), the reception value (1c-06) of the transmission power within the band can have a
value that is difficult to ignore compared to the reception value (1c-02) of reverse
information. In this case, Problems may occur when the base station (1c-01) receives

reverse information. In particular, since lateral resource allocation is done within reverse
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resources, and it is possible to allocate a portion of the total frequency resources as lateral
resources and the remainder as reverse resources, lateral resources and reverse resources
can be utilized together at the same point in time. This can occur very frequently, and
thus the reception performance of the base station deteriorates.

<35> In order to solve the intra-band transmission problem, this embodiment presents
two methods.

<36> The first method is a method of controlling transmission power for transmission
of V2X lateral information. The distance information with the base station is utilized in
determining the transmission power of the lateral channel for V2X transmission. In other
words, vehicle terminals that are close to the base station set the transmission power low
when transmitting V2X information, and conversely, vehicle terminals that are far away
from the base station set the transmission power high when transmitting V2X
information. The transmission power of PSSCH and PSCCH is determined using the
formula below.

(P 10log 1o(M P PL
Prssci = min {Pcmax, pssci10log10(Mpsscu) + Po_psscu,1 t+ @psschi } :

dBm]

. {P ,101 M P - PL
Prscer = min {Pcmax, psccr 1010810(Mpsccn) + Po_psccu1 + @pscera } :

[0037]

dBm]

<38> The transmission power is set based on the PL value, that is, information on the
attenuation of the signal between the base station and the terminal.

<39> When using a power control method, vehicle terminals close to the base station
are always limited in transmission power, and thus the range where the transmitted signal
can reach is reduced. Thus, in addition to power control, a method of determining a pool

of resources based on the signal strength of a base station is presented. In FIG. 1d, a
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plurality of lateral resource pools are set for V2X transmission, and the vehicle terminal
transmitting V2X selects the lateral resource pool to be transmitted based on the received
signal strength (RSRP: Reference Signal Received Power) of the base station. Each
resource pool has a corresponding RSRP range of parent signaling. For example, it is
designated as SIB or RRC signaling, and the terminal that wants to transmit V2X
information measures RSRP, selects a resource from a resource pool within the range of
the measured RSRP, and transmits it. FIG. 1d shows two lateral resource pools as an
example. Resource pool 1d-04 is set to be selected by a terminal with a large RSRP, and
resource pool 1d-05 is set to be selected by a terminal with a small RSRP. A terminal with
a large RSRP can be viewed as a terminal close to the base station, which can cause
significant in-band transmission problems. Conversely, a terminal with a small RSRP can
be viewed as a terminal far from the base station, so the in-band transmission problem
can be ignored. Therefore, in reverse reception, the base station can determine that
reverse reception (1d-06) transmitted in the same subframe as the V2X subframe
transmitted by a terminal with a large RSRP has poor reception performance, and
conversely, the terminal with a small RSRP can determine that the reception performance
1s poor. Since the reverse reception (1d-07) transmitted in the same subframe as the
transmitting V2X can determine that the reception performance is not bad, the above
information can be used in reverse channel scheduling. For example, if reverse
transmission is necessary, resources are preferentially allocated to the 1d-07 subframe
and resource allocation for reverse transmission in the 1d-06 subframe is avoided as
much as possible.

<40> Embodiment 1-2

232-26 Samsung Exhibit 1013, Page 262 of 469
Samsung Electronics Co., Ltd. v. Asus Technology Licensing Inc.
IPR2024-01273



2016-05-12
<41> The second problem that arises due to the simultaneous presence of lateral and
reverse resources is the intra-device transmission collision problem. Vehicle terminals
that perform V2X transmission are also capable of reverse transmission and forward
reception included in the same carrier frequency, and reverse transmission and forward
reception are possible in the same subframe. At this time, if there is V2X information to
be transmitted by the V2X vehicle terminal in the lateral direction and information to be
transmitted in the reverse direction at the same time, it is impossible for the terminal to
transmit both information in both the reverse and lateral directions at the same time.
Therefore, only one of the two transmissions should be carried out. In addition, when a
V2X vehicle terminal needs to receive V2X information in the lateral direction, if there is
information to transmit in the reverse direction at the same time, it is impossible for the
terminal to perform reverse direction reception and lateral transmission at the same time,
and it must be performed by selecting one of the two operations. In addition, when a V2X
vehicle terminal needs to receive V2X information in the lateral direction, and if there is
information to receive in the forward direction at the same time, it may not be possible
for the terminal to receive in the reverse direction and receive in the lateral direction
simultaneously depending on the receiving ability of the terminal, and in this case, it
must be performed by selecting one of the two operations.
<42> FIG. 1e illustrates the lateral and reverse/forward conflict issues described above.
In the signal range of the base station of 1e-01, there are a 1e-02 vehicle terminal and a
le-03 vehicle terminal, and the 1e-02 vehicle terminal is transmitting reverse information
or receiving forward information to the base station. In this same subframe, it is assumed

that the 1e-02 vehicle terminal transmits and receives V2X information to the 1e-03
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vehicle terminal in the lateral direction (1e-06). At this time, it is necessary to select one
of the transmissions and receptions that occur at the same time as described above and to
release one. In the following, the selection operation of conflicting channel transmission
and reception is described.

<43> First of all, there is the problem of collision between the reverse and lateral
transmission. Depending on the importance of the information transmitted, it may be
necessary to send and receive information that is more important than lateral
transmission, so the specification may define the operation of giving up lateral
transmission and performing reverse transmission by prioritizing on the reverse
transmission.

<44> However, in the case of V2X, because the type of information transmitted
laterally is related to the safety of the vehicle, always prioritizing on reverse transmission
over lateral transmission can lead to serious safety problems. It is therefore possible to
assign priority in the manner described below.

<45> The first method is to assign different priorities depending on the type of
message. V2X transmission information is defined in various ways. For example, it can
be divided into CAM (Cooperative Awareness Message), which is a periodic message,
and DENM (Decentralized Environmental Notification Message), which is an event-
triggered message. Since CAM messages are sent periodically, even if they are not sent in
one cycle, they can be transmitted in the next cycle. Therefore, if the priority is low in the
case of a collision with reverse transmission, the problem may not be significant.

However, since DENM message is an event-triggered message, the delay requirement is
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high, and the message content itself is likely to be a message very closely related to
vehicle safety. Therefore, the V2X effect can be halved if the priority is lowered in the
event of a collision with reverse transmission and the message transmission is abandoned.
Therefore, in this example, if the lateral transmission in which the CAM message is
transmitted conflicts with the reverse transmission, the reverse transmission is given
priority and reverse transmission is performed. However, if the lateral transmission in
which the DENM message is transmitted conflicts with the reverse transmission, the
lateral transmission is given priority and lateral transmission is performed.

<46> The second method is to increase the priority of V2X itself transmitted in the
lateral direction compared to the reverse direction. Even if it is a CAM message, since it
is a safety-related message, lateral transmission for all V2X messages is prioritized over
reverse transmission. This determines whether the terminal's lateral setting is for the
existing D2D transmission or a new V2X transmission in the initial setting, and if it is set
to operate in the existing D2D method according to this setting, lateral transmission is
combined with reverse transmission. If a conflict occurs, priority is given to reverse
transmission and reverse transmission is performed. When the new V2X method is set to
operate, if lateral transmission conflicts with reverse transmission, lateral transmission is
given priority and lateral transmission is performed.

<47> In the third method, when setting up a lateral resource pool, the base station sets
the priority channel for each resource pool in case of conflict between lateral
transmission and reverse transmission through a higher-level signaling. The resource pool

information may be set to SIB, or RRC, and may add minimal information to indicate
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which one will be given a higher priority if the lateral transmission conflicts with the
reverse transmission.

<48> The fourth method is to prioritize the priority information set for the resource
pool of D2D based on the priority information. The resource pool is given a priority of 1
to 8, and the terminal takes the action of electing and transmitting the corresponding
resource pool when it knows the priority of the transmitted information. At this time, the
priority is determined when lateral transmission conflicts with reverse transmission based
on the priority of the corresponding resource pool. That is, if lateral transmission
conflicts with reverse transmission in the resource pool set from priority 1 to 4, reverse
transmission is given higher priorit, and in the case where lateral transmission conflicts
with reverse transmission in the resource pool set from priority 5 to 8, a higher priority is
given to lateral transmission.

<49> Lastly, when signal detection-based lateral transmission operation is set, the
lateral channel transmission used for detection is given a higher priority than reverse
transmission. In the case of existing D2D, there are two ways to allocate resources for
PSCCH and PSSCH. In the case of mode 1, the base station uses a method of directly
allocating resources on which PSCCH and PSSCH will be transmitted to PDCCH. In the
case of mode 2, a method is used in which the terminal randomly selects resources on
which the PSCCH and PSSCH will be transmitted from within the PSCCH/PSSCH
resource pool preset by the base station or the system. In the case of mode 2, when lateral
resources through which PSCCH and PSSCH are transmitted are selected within a preset
resource pool, several terminals may select the same resource, and in this case, V2X

message reception performance is very poor. Therefore, in V2X operation, it is possible
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to develop the mode 2 operation and select the lateral resource where PSCCH and
PSSCH are transmitted based on signal detection. In other words, when attempting to
transmit PSCCH, it is to first identify whether there is PSCCH being used by other
terminals within the PSCCH resources present in the first PSCCH transmission interval,
and to transmit PSCCH using the resources identified as not being used by other
terminals within the PSCCH resources present in the next PSCCH transmission interval.
The PSCCH signal detection method is possible by decoding all possible PSCCHs and
then determining that another terminal is transmitting a PSCCH for the resource where
decoding was successful. In addition, it is possible to detect that another terminal is
transmitting PSCCH to resources for which energy is received above a certain value
through energy detection for all PSCCH resources. Additionally, decisions on PSSCH
resources can be made using signal detection methods. First, in the method of
determining whether a PSCCH exists through PSCCH decoding, PSSCH resource
information is included in the PSCCH information, so the PSSCH resource being
transmitted by another terminal can be identified. On the other hand, in the method of
determining the presence of a PSCCH through PSCCH energy detection, since the
information of the PSCCH is not known, the PSCCH resource currently being transmitted
by another terminal is identified through reception energy detection within the PSSCH
resource pool. At this time, according to the PSCCH and PSSCH resource cycles, the
resource location is logically fixed. In other words, the terminal that transmitted the
PSCCH through a random resource within the previous PSCCH resource pool must
transmit the PSCCH through a resource that is mapped one-to-one within the next

PSCCH resource pool after one or multiple cycles. This will allow the device that is
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detecting the signal to identify the resources that can be transmitted in the next PSCCH
resource pool. This also applies to PSSCH operation, and the devices that transmitted the
PSSCH through a random resource within the previous PSSCH resource pool must
transmit the PSSCH through a resource mapped one-to-one within the next PSSCH
resource pool one period later.

<50> Above, we described the mode 2 resource allocation method based on signal
detection. Since resource allocation is based on signal detection for PSCCH or PSSCH
within the entire resource pool, reverse transmission occurs in a subframe in which a
random device must transmit PSCCH, and reverse transmission occurs without
transmitting PSCCH according to priority. When performing, the terminal that wants to
transmit the PSCCH for a new V2X transmission determines that the PSCCH used by the
existing terminal is not used through signal detection, and selects a PSCCH resource
mapped to the PSCCH resource within the next resource pool to transmit the PSCCH. In
this case, a collision problem occurs where multiple terminals transmit PSCCH at the
same time. Therefore, as an additional priority determination method, when the signal
detection method is used in lateral transmission in mode 2, the lateral channel subject to
detection is given a higher priority than the reverse transmission. As described above, the
channel subject to signal detection may be only PSCCH or both PSCCH/PSSCH. In the
former case, only PSCCH transmission is given a higher priority than reverse
transmission, and PSSCH transmission is given a lower priority than reverse
transmission. On the contrary, in the latter case, a method of giving both PSSCH/PSCCH
higher priority than reverse transmission is selected.

<S1> Another way to resolve the problem of conflict in which multiple terminals
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transmit PSCCH (or other V2V channels, the same as below) at the same time when the
signal detection-based lateral transmission operation is set is that if a reverse transmission
occurs in a subframe in which any terminal has to transmit PSCCH, and a reverse
transmission is performed without transmitting PSCCH according to priority, the terminal
does not transmit PSCCH using existing occupied resources, but performs the operation
of performing PSCCH transmission again after determining whether the first resource has
been occupied from another terminal. In other words, the terminal confirms the PSCCH
that is not significant to other terminals through resource detection such as PSCCH
decryption within the PSCCH resource pool, or detection of incoming energy, and selects
the best resource, and then transmits the PSCCH from the newly selected resource in the
next V2V transmission. The resource used for the PSCCH transmission may be the same
logical location resource mapped to a resource that was used before the PSCCH
transmission was performed due to a lower priority and the reverse transmission was not
performed, or a new resource different from the above resource. In the case of the
former, it may be a case where the previously used resource is newly occupied by another
device through the detection of the resource, and in the case of the latter, it may be a case
where the previously used resource is not occupied by the new device. In summary of
the above method, if a case occurs where the V2V terminal performs reverse transmission
without transmitting the V2V channel of PSCCH according to priority, the terminal must
detect a new signal for subsequent V2V channel transmission such as PSCCH. After
performing a resource reallocation operation, a new resource is selected, and from then
on, V2V channel transmission such as PSCCH is performed on the new resource. Newly
selected resources through resource reassignment may be the same as existing resources

or they may be different. In addition, the resource reallocation method due to reverse
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priority transmission unconditionally gives reverse transmission priority over lateral
transmission, or reverse transmission takes priority over lateral transmission only in some
cases within the resource. In other cases, it can also be applied to any case where lateral
transmission takes priority over reverse transmission. For example, in some time
sections (time section 1) of all V2V resources, the lateral channel is transmitted with
priority over the reverse channel, and in other time sections (time section 2), the reverse
channel is transmitted with priority over the lateral channel. Assuming that in the time
interval 2, if any terminal performs reverse transmission according to priority even
though V2V transmission using the lateral direction is required, the terminal performs a
resource reallocation process for the next V2V transmission and selects a resource for
V2V transmission. The time section 1 or time section 2 may be set by the base station
and delivered to the terminal through RRC signaling, SIB signaling, MAC signaling, or
L1 signaling.

<52> Moreover, there is also a problem of collision between reverse transmission and
lateral reception. Since it is difficult to determine what information will be received in
lateral reception, when there is data to be transmitted in the reverse direction, reverse

transmission is performed by giving higher priority to reverse transmission than to lateral

reception.

<53> Lastly, there is the problem of collision between forward and reverse reception. If
the terminal's receiver structure is difficult to receive two channels at the same time, the
channel that needs to be received first must be selected. If there is data to be transmitted,

reverse transmission is performed by giving higher priority to reverse transmission than
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to lateral reception.

<54> FIG. 1f below illustrates the priority setting operation of the terminal described
above.

<55> In FIG. 1f-01, the vehicle terminal operation starts, and in process (1f-02),
settings for V2X, that is, settings for the resource pool information, transmission power,
message information, etc. are performed. In this process (1f-03), it is determined whether
reverse and lateral transmissions occur simultaneously and collide in the current
subframe. If it is determined that there is no collision, in step (1f-04) it is again
determined whether there is a current channel to transmit. If a transmission channel
exists, encoding is performed on the transmission channel in step (1f-11) and the process
advances to step (1f-09). After transmitting the encoded channel, the terminal operation is
terminated in step 1f-10. On the other hand, if the transmission channel does not exist,
the terminal operation is terminated in step 1{-10. Again, if it is determined that a reverse
transmission and a lateral transmission collision occur in the current subframe in the
process (1f-03), the priority order of the lateral channel and the reverse channel is
determined based on the priority setting method described above in the process (1£-05),
and if the priority of the reverse channel is determined to be higher than the priority of
the lateral channel, the reverse channel coding is performed in the process (1f-08), and
the terminal operation is terminated in the process (1f-10) after proceeding to the process
(1f-09) and transmitting the encoded channel. On the other hand, if the priority of the

lateral channel and the reverse direction channel is determined to be higher than the
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priority of the reverse channel based on the priority setting method described above in the
process (1f-05), the lateral channel coding is performed in the process (1f-07), and the
terminal operation is terminated in the process (1f-10) after the encoded channel is
transmitted by proceeding to step (1f-09). In the process (1f-05), the determination of the
priority of the reverse channel transmission and the lateral channel transmission may be
performed by one of the following criteria as described above.

<56> 1. Different priorities are assigned depending on the type of V2X message.

<57> 2. V2X messages unconditionally give higher priority to the lateral channel than

the reverse channel.

<58> 3. Prioritization based on resource pool.
<59> 4. Priority mapping according to the priority set in the resource pool.
<60> 5. Higher priority is given to the lateral channel used for signal detection

operations than the reverse channel.

<61> Embodiment 1-3

<62> The final problem that arises due to the simultaneous presence of lateral and
reverse resources is the power allocation problem when transmission collisions occur
within the terminal. Vehicle terminals performing V2X transmission are capable of
reverse transmission contained in a different carrier frequency than V2X transmission.
Therefore, lateral transmission using carrier frequency 1 and reverse transmission using
carrier frequency 2, which is different from carrier frequency 1, are possible in the same
subframe. If the terminal performs both reverse and lateral transmission through different

carrier frequencies, the priority must be determined and power control performed. In
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other words, the transmission power of the terminal is first allocated to the high-priority
channel and the remaining power to the low-priority channel.

<63> FIG. 1g illustrates the lateral and reverse/forward collision issues described
above. There are 1g-02 vehicle terminals and 1g-03 vehicle terminals in the signal range
of the 1g-01 base station, and the 1g-02 vehicle terminal transmits reverse information to
the base station using the carrier frequency 1. In the same subframe, it is assumed that the
1g-02 vehicle terminal transmits and receives the V2X information to the 1g-03 vehicle
terminal in the lateral direction (1g-06) using the carrier frequency 2. At this time, as
described above, one of the simultaneously occurring transmissions and receptions is
selected and the transmission power is allocated first, and the other is allocated within the
remaining transmission power.

<64> The priority setting operation of the terminal described above in FIG. 1h is
shown below.

<65> In FIG. 1h-01, the vehicle terminal operation starts, and in process (1h-02),
settings for V2X, that is, settings for resource pool information, transmission power,
message information, etc. are performed. In this process (1h-03), reverse transmission
and lateral transmission occur simultaneously in the current subframe and determine if
there is a conflict. If it is determined that there is no collision, it is determined again in
step (1h-04) whether there is a current channel to transmit. If a transmission channel
exists, encoding is performed on the transmission channel in step (1h-11) and then
proceeds to step (1h-09). After transmitting the encoded channel, the terminal operation

is terminated in step (1h-10). On the other hand, if the transmission channel does not
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exist, the terminal operation is terminated in step (1h-10). Again, if it is determined that a
reverse transmission and a lateral transmission collision occur in the current subframe in
the process (1h-03), the priority order of the lateral channel and the reverse channel is
determined based on the prioritization method described above in the process (1h-05),
and if the priority of the reverse channel is determined to be higher than the priority of
the lateral channel, the transmission power is assigned first to the reverse channel in the
process (1h-08) and the transmission power is assigned within the remaining power for
the lateral channel. Then, the process proceeds to step (1h-09), where the encoded
channel is transmitted, and then the terminal operation ends in step (1h-10). On the other
hand, in the process (1h-05), the lateral channel and the reverse direction channel are
prioritized based on the prioritization method described above, and if it is determined that
the priority of the lateral channel is higher than the priority of the reverse channel, the
lateral channel is prioritized with the transmission power in the process (1h-07) and the
transmission power is assigned within the remaining power for the reverse channel.
Next, the process proceeds to step (1h-09) to transmit the encoded channel, and then
terminates the terminal operation in step (1h-10). In the process (1h-05), the
determination of the priority of the reverse channel transmission and the lateral channel
transmission may be performed in one of the following criteria as described above.

<66> 1. Different priorities are assigned depending on the type of V2X message.

<67> 2. V2X messages unconditionally give higher priority to the lateral channel than
the reverse channel.

<68> 3. Prioritization based on resource pool.
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<69> 4. Priority mapping according to the priority set in the resource pool.

<70> 5. Higher priority is given to the lateral channel used for signal detection
operations than the reverse channel.

<71> FIG. 11 is a diagram of a base station device for the present invention. The base
station transmits the configuration information for V2X transmission to the terminal via a
system information block (SIB) or RRC signaling. The device (i1-01) sets the V2X-
related information, and the device (i11-02) generates transmission data including the V2X
information to transmit the transmission data including the X information to the terminal
at the transmission part (i1-03).

<72> FIG. 1j is a diagram of a terminal device for the present invention. The terminal
receives V2X setting information from the base at the receiver (1j-01), determines the
priority of the reverse channel and the lateral channel in the method described through
the above example in the priority determination unit (1j-02), and generates the data
channel to be transmitted in the transmission part (1j-4) while considering the priority
determined in the transmission data generation part (1j-3).

<73> <Embodiment 2>

<74> The present invention relates to general wireless mobile communication systems,
and particularly to reference signal setting information and method of receiving reference
signals from the terminal, as well as reference signal setting information of the base
station using multiple active array antennas (CSI-RS power boosting) in a wireless
mobile communication system using multiple connection scheme (multi-carrier) such as

OFDMA (Orthogonal Frequency Division Multiple Access).
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<75> The following is a detailed description of the operating principle for preferred
embodiments of the disclosure with reference to the accompanying drawings. The same
components shown in the figures are represented by the same reference number as
possible, even if they are shown on other figures, and the detailed description will be
omitted if it is determined that the specific description of the known function or
configuration involved in describing the present disclosure may unnecessarily obscure
the subject matter of the present disclosure in the following. The terms described below
are defined in consideration of the functions in the present disclosure, and may vary
depending on the intention or custom of the user or operator. Therefore, the definition

should be based on the content throughout this specification.
<76> The present disclosure describes in detail certain embodiments by exemplifying
them in the figures, as various modifications and various embodiments may be made.
However, this is not intended to limit the present disclosure to specific embodiments, and
should be understood to include all modifications, equivalents or substitutes that are

within the spirit and technical scope of the present disclosure.

<77> It will also be appreciated that singular expressions such as “one” and “above”
include plural expressions, unless otherwise clearly indicated. Thus, as an example, a
“component surface” includes one or more component surfaces.

<78> In addition, terms that include ordinals, such as first, second, etc., may be used to
name various components, but the components are not limited by the terms. The terms
are used only for the purpose of distinguishing one component from another. For
example, the first component may be referred to as the second component, and similarly,

the second component may be referred to as the first component without departing from
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the scope of the present disclosure. The term and/or includes a combination of a plurality
of related listed items or any of the plurality of related listed items.

<79> Further, the terms used herein are used only to describe specific embodiments
and are not intended to limit the disclosure. The singular expression includes the plural
expression, unless the context clearly indicates otherwise. In this specification, terms
such as “comprise” or “have” are intended to designate the presence of features, numbers,
steps, operations, components, parts, or combinations thereof described in the
specification, but are not intended to indicate the presence of one or more other features.
It should be understood that this does not exclude in advance the presence or addition of
elements, numbers, steps, operations, components, parts, or combinations thereof.

<80> Below, a base station in accordance with another embodiment of the disclosure
may be at least one of eNode B, Node B, Base Station (BS), a wireless access unit, a base
station controller, or a node on a network as an entity performing a resource allocation of
a terminal. Moreover, a terminal according to embodiments of the present disclosure
may include a user equipment (UE), a mobile station (MS), a cellular phone, a
smartphone, a computer, or a multimedia system capable of performing a communication
function, a small sensor including a communication function, a wearable device, or an
Internet of Things device. Below, in embodiments of the disclosure, a downlink (DL)
refers to a radio transmission path of a signal transmitted by a base station to a terminal,
and an uplink (UL) refers to a radio transmission path of a signal transmitted by a
terminal to a base station. In addition, while the embodiments of the invention are
described below as an example of an LTE or LTE-A system, the embodiments of the

invention may be applied to other communication systems having similar technical
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backgrounds or channel forms. In addition, embodiments of the present invention may
be applied to other communication systems through some modifications to the extent that
they do not significantly deviate from the scope of the present invention by judgment of
those skilled in the technical knowledge.

<81> Hereinafter, all embodiments of the disclosure are not exclusive to one another
and one or more embodiments may be performed in combination, but are separated into
individual embodiments and examples for convenience of description.

<82> Embodiment 2-1

<q3> Currently, mobile communication systems are developing into high-speed, high-
quality wireless packet data communication systems capable of providing large data
services and multimedia services beyond the initial voice-oriented services. Several
standardization organizations, such as 3GPP and IEEE, are working on the fourth
generation of evolutionary mobile communication system standards that have applied
multi-carrier based multiple access methods to satisfy these requirements. As a result,
various cellular standards such as 3GPP’s Long Term Evolution Advanced (LTE-A),
LTE-A Pro, and IEEE 802.16m were developed to support high-speed, high-quality
wireless packet data transmission services based on multiple access methods using multi-
carrier.

<q4> As mentioned earlier, existing fourth-generation evolutionary mobile
communication systems such as LTE-A, LTE-A Pro, and 802.16m are based on multi-
carrier multiple access methods, and various technologies such as multiple input multiple
output (MIMO), beam-forming, adaptive modulation and coding (AMC), channel

sensitive scheduling are used to improve transmission efficiency. The various
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technologies above use various types of CSI to increase system capacity performance by
concentrating transmission power from multiple antennas, adjusting the amount of data
transmitted, and improving transmission efficiency through methods such as selectively
transmitting data to users with good channel quality.

<85> Since most of these techniques operate based on channel state information
between the base station (eNB: evolved Node B, BS: Base Station) and the terminal (UE:
User Equipment, MS: Mobile Station), it is necessary to measure the channel state
between the eNB or UE base station and the terminal, which is the Channel Status
Indication Reference signal (CSI-RS). The previously mentioned eNB refers to a
downlink transmission and uplink reception device located in a certain location, and one
eNB can transmit and receive for multiple cells. A single mobile communication system
has multiple eNBs geographically distributed, and each eNB performs transmissions and
receptions for multiple cells.

<86> Existing 3rd and 4th generation mobile communication systems such as
LTE/LTE-A/LTE-A Pro utilize MIMO technology, which transmits using multiple
transmitting and receiving antennas to expand data transmission rate and system capacity.
The MIMO technology utilizes a plurality of transmitting and receiving antennas to
spatially separate and transmit a plurality of information streams. This separation and
transmission of multiple information streams is referred to as spatial multiplexing. In
general, the number of information streams to which spatial multiplexing can be applied
is defined as the rank of the transmission, and the rank varies depending on the number of
antennas of the transmitter and receiver. For MIMO technology supported by standards

up to LTE/LTE-A Release 12, spatial multiplexing 1s supported for cases with 2, 4, and 8
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transceiver antennas, respectively, and rank is supported up to 8.

<87> On the other hand, a massive multi-antenna system (massive MIMO) or full-
dimension MIMO (FD-MIMO) system to which the technology proposed in the present
invention is applied consists of a plurality of eight or more antennas arranged in two
dimensions. FIG. 2a is a diagram illustrating a large multiantenna system or FD-MIMO
system. In FIG. 2a, the base station transmission equipment (2A-01) transmits a wireless
signal using dozens or more transmission antennas. A plurality of transmission antennas
are arranged to maintain a constant distance as shown in FIG. 2a. The constant distance
may, for example, correspond to a multiple of half the wavelength of the transmitted
wireless signal. In general, when a distance of half the wavelength of a wireless signal is
maintained between transmission antennas, signals transmitted from each transmission
antenna are affected by wireless channels with low correlation with each other. The
further the distance of the transmitting antenna, the smaller the correlation between the
signals.

<q8> A base station transmission equipment with a large antenna may arrange the
antenna in two dimensions as shown in FIG. 2a to prevent the equipment from becoming
too large. In this case, the base station shall transmit the signal by using the NH antennas
arranged in the horizontal axis and the NV antennas arranged in the vertical axis, and the
terminal (2a-03) shall measure the channel (2a-02) for the corresponding antenna.

<89> In FIG. 2, dozens or more transmission antennas disposed on the base station
transmission equipment are utilized to transmit signals to one or more terminals. The
plurality of transmission antennas are subjected to appropriate precoding to transmit

signals to the plurality of terminals simultaneously. At this time, one device can receive
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one or more information streams. In general, the number of information streams that a
single terminal can receive is determined by the number of receiving antennas that the
terminal has and the channel situation.

<90> In order to effectively implement the above large multi-antenna system, the
terminal must accurately determine the channel situation and the magnitude of
interference between the transmitting and receiving antennas using a number of reference
signals and use this to transmit effective channel status information to the base station.
The base station that has received the channel state information uses this information to
determine which terminals to transmit to, what data transmission rate to perform the
transmission at, and what precoding to apply, etc. in relation to the downlink
transmission. In the case of the FD-MIMO system, the number of transmission antennas
i1s large, so when applying the method of transmitting and receiving channel state
information in the conventional LTE/LTE-A system, an uplink overhead problem occurs
in which a lot of control information must be transmitted in the uplink.

<91> In a mobile communication system, time, frequency, and power resources are
limited. Therefore, if more resources are allocated to the reference signal, the resources
that can be allocated to traffic channel (data traffic channel) transmission are reduced,
and the absolute amount of transmitted data may be reduced. In this case, the
performance of channel measurement and estimation will be improved, but the absolute
amount of transmitted data will decrease, so the overall system capacity performance
may actually decrease.

<92> Therefore, adequate allocation is needed between resources for signaling and
resources for traffic channel transmission to achieve optimal performance in terms of the

overall system capacity.
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<93> FIG. 2b is a diagram illustrating radio resources corresponding to 1 subframe and
1 resource block (RB), which are the minimum units that can be scheduled in the
downlink in the LTE/LTE-A system. The radio resource shown in FIG. 2b consists of one
subframe on the time axis and one resource block (RB) on the frequency axis. These
radio resources are made up of 12 subcarriers in the frequency domain and 14 OFDM
symbols in the time domain, giving a total of 168 unique frequencies and time positions.
In LTE/LTE-A, each unique frequency and time location of FIG. 2b is referred to as a
resource element (RE).

<94> In the radio resource shown in FIG. 2b, a plurality of different types of signals
can be transmitted as follows.

<95> 1. CRS (Cell Specific RS): It is a reference signal transmitted periodically for all
terminals belonging to one cell and can be commonly used by a plurality of terminals.

<96> 2. DMRS (Demodulation Reference Signal): This is a reference signal
transmitted for a specific terminal and is transmitted only when data is transmitted to the
corresponding terminal. The DMRS can consist of eight DMRS ports. In LTE/LTE-A,
port 7 to port 14 corresponds to a DMRS port, and each port uses CDM or FDM to
maintain orthogonality in order to avoid causing interference with each other.

<97> 3. PDSCH(Physical Downlink Shared Channel): This is a data channel
transmitted in the downlink and is used by the base station to transmit traffic to the
terminal. It is transmitted using RE in the data region of FIG. 2, where no reference
signal is transmitted.

<98> 4. CSI-RS (Channel Status Information Reference Signal): This is a reference

signal sent for the terminals belonging to one cell, and it is used to measure the channel
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status. Multiple CSI-RSs may be transmitted to one cell. In the LTE/LTE-A system, one
CSI-RS can correspond to one, two, four, or eight antenna ports. In an LTE-A Pro system,
one CSI-RS can correspond to one, two, four, eight, twelve, or sixteen antenna ports and
can extend to a larger number of antenna ports, including thirty-two in the future.

<99> 5. Other control channels (PHICH, PCFICH, PDCCH): It is used to provide
control information required to receive a single PDSCH or to transmit ACK/NACK to
operate HARQ for uplink data transmission.

<100> In addition to the above signals, in the LTE-A/LTE-A Pro system, muting can be
set so that CSI-RS transmitted from other base stations can be received without
interference by terminals in the corresponding cell. The muting can be applied in
locations where CSI-RS can be transmitted, and the terminal generally receives traffic
signals by skipping the corresponding radio resource. In the LTE-A/LTE-A Pro system,
muting is also called zero-power CSI-RS. Due to the nature of muting, muting is applied
equally to the location of the CSI-RS and transmission power is not transmitted.

<101> In FIG. 2b, CSI-RS can be transmitted using a portion of the locations indicated
by A, B,C,D, E, E, F, G, H, I, and J depending on the number of antennas transmitting
CSI-RS. Also, muting can be applied to a portion of the positions indicated by A, B, C,
D,E,E, F, G, HI, J. Specifically, the CSI-RS can be transmitted to two, four, and eight
REs depending on the number of transmitting antenna ports. If the number of antenna
ports is two, CSI-RS is transmitted in half of the specific pattern in FIG. 2b above, and if
the number of antenna ports is four, CSI-RS is transmitted in the entire specific pattern,
and if the number of antenna ports is eight, the CSI-RS is transmitted using two patterns.

In the case of muting, however, it is always done in one pattern unit. In other
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words, muting can be applied to multiple patterns, but it cannot be applied to only a
portion of a single pattern unless the location overlaps with CSI-RS. However, only when
the position of the CSI-RS and the position of the muting overlap, they can be applied to
a portion of one pattern.

<102> As described above, in LTE/LTE-A, two, four, or eight antenna ports can be set
on a CSI-RS resource, and in addition to that, in LTE-A Pro, twelve, or sixteen antenna
ports can be set. LTE/LTE-A/LTE-A Pro supports two orthogonal codes with lengths of 2
and 4 for CSI-RS RE mapping. In particular, for 2-14-18-port CSI-RS, an orthogonal
code with a length of 2 is applied, and for 12-/16-port CSI-RS, an orthogonal code with a
length of 2 or 4 can be selectively applied.

<103> Specifically, if a CSI-RS for two antenna ports is transmitted, a signal from each
antenna port is transmitted at two REs connected in the time axis, and the signal from
each antenna port is separated by an orthogonal code. This means that two CSI-RS ports
are code division multiplexed (CDM-2) within one 2-port CSI-RS pattern made up of
two REs. When CSI-RS for four antenna ports is transmitted, signals for the remaining
two antenna ports are transmitted in the same way using two more REs in addition to
CSI-RS for two antenna ports. Specifically, the 4-port CSI-RS pattern consists of a
combination of two 2-port CSI-RS patterns with six subcarrier spacing. At this time, a
pair of RE pairs multiplexed by CDM-2 are located within the same OFDM symbol and
are frequency division multiplexed (FDM) to each other. When CSI-RS is transmitted for
eight antenna ports, the 8-port CSI-RS pattern consists of a combination of two adjacent
patterns in the 4-port CSI-RS pattern. In the case of the 8-port CSI-RS, a pair of RE pairs

multiplexed with CDM-2 are located within the same OFDM symbol and are frequency
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division multiplexed (FDM) with each other.

<104> The CSI-RS for twelve or sixteen antenna ports consists of a combination of the
4-18-port CSI-RS pattern. Specifically, the 12-port CSI-RS consists of a combination of
three 4-port CSI-RS patterns (aggregation), and the 16-port CSI-RS consists of a
combination of two 8-port CSI-RS patterns, and when CDM-2 is applied, the same
method as the 4-/8-port CSI-RS CDM-2 mapping is followed. On the other hand, if
CDM-4 is applied to the above 12-/16-port CSI-RS pattern, a new orthogonal code
mapping rule must be defined. For this purpose, the orthogonal code of length 4 is
applied for the 12-port CSI-RS as the REs that follow the above 4-port CSI-RS pattern as
a group, and the orthogonal code of length 4 is applied for the 16-port CSI-RS as the four
adjacent REs of the above 8-port CSI-RS pattern as a group.

<105> The base station may boot up the transmission power of the CSI-RS to improve
the channel estimation accuracy. When four or eight antenna ports (AP) CSI-RS are
transmitted, certain CSI-RS ports are only transmitted at the specified location CSI-RS
RE and are not transmitted at other OFDM symbols within the same OFDM symbol.
FIG. 2c is a diagram illustrating an example CSI-RS RE mapping for nth and n+1 PRBs
when a base station transmits eight CSI-RSs. As in FIG. 2c¢, if the CSI-RS RE position for
AP 15 or 16 is the same as the check pattern in FIG. 2c, the transmission power of AP 15
or 16 is not used in the CSI-RS RE for the remaining APs 17 to 22, which are displayed
in a hatched pattern. Therefore, as shown in FIG. 2c¢, AP 15 or 16 can use the
transmission power to be used for the 3rd, 8th, and 9th subcarrier in subcarrier 2. This
natural power boosting makes it possible for the power of the 15th CSI-RS port

transmitted through subcarrier 2 to be set up to 6dB higher than the transmission power
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of the 15th AP used in data RE. As described above, the 2/4/8 port CSI-RS patterns in
LTE-A/LTE-A Pro can boost natural power up to 6dB based on CDM-2, and each AP can
transmit CSI-RS using all available power (full power utilization). Similarly, the 12/16
port CSI-RS patterns in LTE-A Pro can also be used for full power utilization through
natural power boosting of up to 6B based on CDM-4.

<106> In addition, the terminal can be allocated CSI-IM (or IMR, interference
measurement resources) along with CSI-RS, and the resources of CSI-IM have the same
resource structure and location as CSI-RS that supports 4 ports. CSI-IM is a resource for
a terminal that receives data from one or more base stations to accurately measure
interference from neighboring base stations. For example, if an adjacent base station
wants to measure the amount of interference when transmitting data and the amount of
interference when not transmitting, the base station may configure the CSI-RS and two
CSI-IM resources, and one CSI-IM may effectively measure the amount of interference
of the adjacent base station by ensuring that the adjacent base station always transmits
signals and the other CSI-IM may not always transmit signals.

<107> In the LTE-A/LTE-A Pro system, the base station may notify the terminal of CSI-
RS resource configuration information through upper layer signaling. The CSI-RS
resource configuration includes index of CSI-RS configuration information, number of
ports included in CSI-RS, transmission frequency of CSI-RS, transmission offset, CSI-
RS configuration information (CSI-RS configuration), CSI-RS scrambling ID, QCL
information, etc. Specifically, the UE can determine which REs the CSI-RS is transmitted
by combining the CSI-RS configuration and the port number information included in the

CSI-RS.
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<108> In the LTE-A/LTE-A Pro system, the base station transmits a reference signal to
the terminal to measure the downlink channel status, and the terminal measures the
channel status between itself and the base station using CRS or CSI-RS transmitted by
the base station. The above channel state basically needs to consider several factors,
including the amount of interference in the downlink. The amount of interference in the
downlink includes interference signals and thermal noise generated by antennas
belonging to neighboring base stations, and is important for the terminal to determine the
downlink channel situation. In an example, if a transmission antenna transmits a signal
from a personal base station to a personal terminal by a reception antenna, the terminal
must determine the energy per symbol that can be received as a downlink using the
reference signal received from the base station and the amount of interference to be
received at the same time at the interval that receives the corresponding symbol and
determine the Es/lo. The determined Es/lo is converted to a data transmission rate or a
corresponding value and notified to the base station in the form of a Channel Quality
Indicator (CQI), allowing the base station to determine which data transmission rate to
perform to the terminal on the downlink.

<109> In the case of the LTE-A/LTE-A Pro system, the terminal shall provide the base
station with information on the channel status of the downlink so that it can be used for
downlink scheduling of the base station. In other words, the terminal measures the
reference signal transmitted by the base station as a downlink and feedbacks the
information extracted from it to the base station in the form defined in the LTE/LTE-A
standard. In LTE/LTE-A, there are three main types of information fed back from the

terminal.
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<110> - Rank Indicator (RI): Number of spatial layers that the terminal can receive in
the current channel state.

<111> - Precoder Matrix Indicator (PMI): An indicator of the precoding matrix that the
terminal prefers in the current channel state.

<112> - Channel Quality Indicator (CQI): The maximum data rate that the device can
receive in the current channel state. CQI may be replaced by SINR, which can be utilized
similarly to the maximum data rate, maximum error correction code rate and modulation
method, and data efficiency per frequency.

<113> The RI, PMI, and CQI are meaningful in relation to each other. As an example,
the precoding matrix supported by LTE/LTE-A is defined differently by rank. Therefore,
the PMI value when RI has the value of 1 and the PMI value when RI has the value of 2
are interpreted differently even if the values are the same. Moreover, when the UE
determines the CQI, it is assumed that the rank value and the PMI value notified to the
base station are applied by the base station. In other words, if the terminal notifies the
base station of RI X, PMI Y, and CQI_Z, it means that the terminal can receive the data
transmission rate corresponding to CQI Z when the rank is RI X and precoding is
PMI Y. As such, the terminal assumes which transmission method to perform at the base
station when calculating the CQI, so that the optimized performance can be obtained
when the actual transmission is performed with the previous transmission method.

<114> The RI, PMI, and CQI may be fed back in periodic or aperiodic form. When the
base station wants to obtain aperiodic feedback information of a particular terminal, the

base station performs uplink data scheduling of the corresponding terminal by setting the
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aperiodic feedback indicator included in the downlink control information (DCI) for the
uplink data scheduling of the corresponding terminal to perform a specific aperiodic
feedback. When the terminal receives an indicator set to perform aperiodic feedback in
the nth subframe, the terminal includes aperiodic feedback information in data
transmission in the nth subframe and performs uplink transmission. Here, K is 4 in FDD
(frequency division duplexing) and is defined as <Table 1> in TDD (time division

duplexing).
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Table 1 k value for each subframe number n in TDD UL/DL configuration

TDD UL/DL subframe number n
0|1|2|3|4|5|6|7|8]|9
Configuration
0 61714 61714
1 6 | 4 6|4
2 4 4
3 414|4
4 4|4
5 4
6 71715 717
[0115]
<116> In the case of base stations that have large antennas to perform the above channel

information generation and reporting, it is necessary to configure reference signal
resources that measure channels of eight or more antennas and transmit them to the
terminal. For this purpose, in LTE-A Pro, two, four, eight, twelve, or sixteen antenna
ports can be set in one CSI-RS resource, and in the future, twenty, twenty-four, twenty-
eight, and thirty-two antenna port setting functions can be added. Specifically, LTE-A Pro
Release 13 provides two types of CSI-RS configuration methods.

<117> The first method is non-precoded CSI-RS (CSI- RS for Class A CSI reporting),
and it is possible for the base station to set one or more 4- or 8-port CSI-RS patterns to
the terminal and to combine the CSI-RS patterns set above to receive eight or more CSI-
RS ports. Specifically, {1, 2, 4, 8}-port CSI-RS follow the same mapping rule as before,
and 12-port CSI-RS consists of a combination of three 4-port CSI-RS patterns

(aggregation), and the 16-port CSI-RS consists of a combination of two 8-port CSI-RS
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patterns. Additionally, LTE/LTE-A release 13 supports CDM (code division
multiplexing)-2 or CDM-4 using orthogonal cover codes (OCC) of length 2 or 4 for the
12-/16-port CSI-RS. The explanation in FIG. 2c above is regarding CSI-RS power
boosting based on CDM-2. According to the above description, power boosting of the
maximum JCB compared to PDSCH is required for full power utilization for CDM-2-
based 12-/16-port CSI-RS. This means that when operating a CDM-2-based 12-/16-port
CSI-RS, high performance hardware is required compared to the previous one for full
power utilization. In consideration of this, LTE-A Pro Release 13 introduced a 12-/16-
port CSI-RS based on CDM-4. In this case, full power utilization is possible through the
same 6dB power boosting.

<118> The second method is beamformed (BF) CSI-RS (CSI-RS for Class B CSI
reporting), which allows the base station to apply beams specific to multiple TXRUs
(transceiver units) so that the terminal recognizes multiple TXRUs as one CSI-RS port.
If the base station knows the channel information of the terminal in advance, the base
station may set only a few CSI-RSs with beams appropriate for the channel information
applied to its TXRU. In another example, the base may set up multiple CSI-RS resource
configurations that include no more than eight CSI-RS ports to the terminal. At this time,
the base station can beamform the CSI-RS ports by applying beams in different directions
for each CSI-RS resource configuration. FIG. 2d shows an example of BF CSI-RS
operation. In reference to FIG. 2d, a base station (2d-01) may set three CSI-RSs (2d-02,
2d-03, 2d-04) beamforming in different directions to terminals (2d-05, 2d-06). Each of

the CSI-RS resources 2d-02, 2d-03, and 2d-04 may include one or more CSI-RS ports.
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Terminal 2d-05 may generate channel status information for the set CSI-RS resources 2d-
02, 2d-03, and 2d-04, and report to the base station the index of the CSI-RS resources
that it prefers through the CRI (CSI-RS Resource Indicator). In the example of FIG. 2d,
if terminal 2d-05 prefers CSI-RS resource 2d-03, it will report to the base station an
index corresponding to 2d-03, and if terminal 2d-06 prefers CSI-RS resource 2d-02, it
will report to the base station an index corresponding to 2d-02.

<119> The CRI supports reporting of one CSI-RS index most preferred by the UE based
on LTE-A Pro Release 13, but this can be expanded to a combination of CSI-RS indexes
preferred by the UE in the future. For example, if the two CSI-RS resources preferred by
terminal 2d-05 are 2d-03 and 2d-04, then 2d-05 may report directly two of the indexes of
the corresponding CSI-RS resources or report an index indicating a set of the
corresponding CSI-RS resources. This is to enable a variety of applications, such as
supporting the wide angular spread of channels or the high mobility of terminals with
beams in various directions, or supporting the selection of multiple CSI-RSs transmitted
at different transmission and reception points (TRPs).

<120> Up to LTE-A Pro Release 13, detailed setting values of CSI-RS are semi-
statically determined by higher layer signaling (RRC signaling) as described in the first
embodiment above. The CSI-RS resource configuration up to LTE-A Pro Release 13

includes the following information.
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1. Number of CSI-RS ports: The number of CSI-RS ports included in one CSI-
RS resource.

2. CSI-RS configuration: A setting value that indicates the location of CSI-RS
REs along with the number of CSI-RS ports.

3. CSI-RS subframe configuration, I.... Setting value indicating CSI-RS
transmission cycle, Tesirs Tesers, CSI-RS subframe offset, and Aesas.

4. CSI-RS power boosting factor, .. UE assumption for CSI-RS transmission
power ratio relative to PDSCH.

5. Scrambling ID, nw

6. The QCL (quasi co-location) information

terminal can identify the detailed RE location where CSI-RS is transmitted
based on 1. Number of CSI-RS ports and 2. CSI-RS configuration among the RRC
signaling. As an example, if normal cyclic prefix is used, the terminal can be identified as
K" and 1' according to the number of CSI-RS ports and CSI-RS configuration by referring
to FIG. 2e. Here, k and 1' indicate the start sub-carrier and start OFDM symbol position
of the CSI-RS resource, respectively. Specifically, when the number of CSI-RS ports is 8
or less, the sub-carrier index k and OFDM symbol index 1 of the CSI-RS RE according

to the CSI-RS port number p are determined by referring to Equation 1.
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<128> [Equation 1]

—0 for p € {15,16}, normal cyclic prefix

—6 for p € {17,18}, normal cyclic prefix
— 1 for p € {19,20}, normal cyclic prefix

, —7 for p € {21,272}, normal cyclic prefix
k=k"*+12m+§ —0 for p € {15,16}, extended cyclic prefix
—3 for p € {17,18}, extended cyclic prefix
—6 for p € {19,20}, extended cyclic prefix
—9 for p € {21,227}, extended cyclic prefix

20" CSlreference signal configurations 20 — 31, normal cyclic prefix

{ " CSlreferencesignal configurations 0 — 19, normal cyclic prefix
=+
" CSlreference signal configurations 0 — 27, extended cyclic prefix

{ 1 pe{l1517,19,21}
== pe{16,18,20,22}

1"=0,1

m=0,1,.,NRg - 1

DL
= e+ [ |
2

[0129]
<130> One of the possible problems when setting up more than 16 CSI-RS ports, such
as 20-/24-/28-/32-port CSI-RS in the future, is the CSI-RS power boosting for full power
utilization. When mapping 20/24/28/32 CSI-RS ports based on CDM-2 or CDM-4 as in
the current LTE-A/LTE-A Pro standard, full power utilization through the existing 6dB
CSI-RS power boosting will be impossible. For example, in the case of 32 port CSI-RS,
it is possible to perform full power utilization by performing CSI-RS power boosting of
the JCB. On the other hand, CSI-RS power boosting at a too high level, for example,
more than 6dB, requires a very large difference between the transmission power in the
adjacent data RE and the transmission power in the CSI-RS RE. This is a factor that puts

a heavy burden on the power amp of the base station and there is a risk that it may affect
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the reception performance of the adjacent data RE.

<131> Embodiment 2-2

<132> This example describes how to combine CSI-RS CDM-2 mapping to construct
various CST-RS CDM-4 mappings. More generally, this can be understood as an
operation to construct a target CDM pattern with a longer orthogonal code by combining
component CDM patterns with an orthogonal code of relatively short length. This
understanding is also generally applicable to future embodiments.

<133> When using CDM-2 for CSI-RS transmission as described above, two REs in one
RB are used for one CSI-RS port transmission. Therefore, a power boosting of 10legio
12/2=7.78 dB i1s required for full power utilization when transmitting 12 ports of CSI-RS.
When transmitting 16 ports of CSI-RS, the power boosting level for full power utilization
becomes 10log;016/2=9 dB.

<134> On the other hand, if CDM-4 is used for CSI-RS transmission, four REs in one
RB are used for one CSI-RS port transmission. In this case, a power boosting of
10log1012/4=4.77 dB is required for full power utilization when transmitting 12 ports of
CSI-RS, and a full power utilization power boosting level of 10logi016/4=6 dB is required
when transmitting 16 ports of CSI-RS. This means that CDM-4 can support full power
utilization for 12 or 16 ports with the same power boosting level used for eight CSI-RS
transmissions in the current LTE/LTE-A standard.

<135> In the current LTE-A/LTE-A Pro, the orthogonal code of length 2 can be mapped
according to the CSI-RS port number through =-w;» in FIG. 2e and Equation 1. For

example, assuming that in FIG. 2f, CDM-2 Group 2f-01, antenna ports X and X+1 are

232-59 Samsung Exhibit 1013, Page 295 of 469
Samsung Electronics Co., Ltd. v. Asus Technology Licensing Inc.
IPR2024-01273



2016-05-12
mapped based on FIG. 2e and Equation 1. At this time, antenna port X will be mapped
through the orthogonal code [1 1] and antenna port X+1 will be mapped through the
orthogonal code [l -1]. Similarly, assuming that CDM-2 Group 2f-02 in FIG. 2f is
mapped to antenna ports Y and Y+1 based on FIG. 2e and Equation 1. At this time, the
antenna port Y will be mapped through the orthogonal code [1 1] and the antenna port
Y+1 will be mapped through the orthogonal code [1 -1].

<136> Assuming that by any criteria, CDM-2 groups 2f-01 and 2f-02 are grouped
together into four REs, which constitute a CDM-4 group. It is possible to change the code
of the orthogonal code assigned to 2f-02 based on a portion of the generated CDM-4
group, e.g. the first CDM-2 group 2f-01, to generate a new orthogonal code based on the
existing length 2 orthogonal code. For example, the first CDM-2 group 2{-01 can apply
the existing orthogonal codes [1 1] and [1 -1] for all antenna ports X, X+1, Y, and Y+I.
On the other hand, the second CDM-2 group 2f-02 uses the existing orthogonal codes [1
1] and [1-1] for antenna ports X and X+1, while the antenna ports Y and Y+1 use the
changed codes [-1 -1] and [1 1]. As a result, in the above example, it is possible to map
antenna port X through orthogonal code [1 1 1 1], antenna port X+1 through orthogonal
code [1 -1 1 -1], antenna port Y through orthogonal code [1 1 -1 -1], and antenna port
Y+1 through orthogonal code [1 -1 -1 1] to the CDM-4 group. In FIG. 2f, it is assumed
that two CDM-2 mappings exist in different sub-carriers and OFDM symbols, but it is
self-evident that they may exist in the same sub-carrier or the same OFDM symbol
without being limited to them.

<137> In this example, the antenna port indices X and Y are for convenience of
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explanation, and they can be set to appropriate numbers considering various factors such
as antenna shape, codebook structure, etc.

<138> Embodiment 2-3

<139> This example describes how to combine CSI-RS CDM-2 mapping or CSI-RS
CDM-4 mapping to construct various CSI-RS CDM-8 mappings.

<140> FIG. 2g is a diagram showing an example of a method of configuring CSI-RS
CDM-8 mapping by combining CSI-RS CDM-2 mapping. In FIG. 2g, it is assumed that
four CDM-2 mappings exist in different sub-carriers and OFDM symbols, but it is clear
that the mapping is not limited to this and can exist in the same sub-carrier or the same
OFDM symbol.

<141> In the current LTE-A/LTE-A Pro, the orthogonal code of length 2 can be mapped
according to the CSI-RS port number through in FIG. 2e and Equation 1. For example,
assuming that in FIG. 2g, CDM-2 group 2{-01, antenna ports X and X+1 are mapped
based on FIG. 2e and Equation 1. Supposing that antenna port X is mapped through the
orthogonal code [1 1] and antenna port X+1 is mapped through the orthogonal code [1 -
1]. Similarly, assuming that antenna ports Y and Y+1 are mapped to CDM-2 group 2g-02,
and antenna ports V and V+1 are mapped to 2g-03, and antenna ports W and W+1 are
mapped to 28-04, respectively. Further, assuming that antenna ports Y, V, and W are
mapped through the orthogonal code [1 1], and antenna ports Y+1, V+1, and W+1 are
mapped through orthogonal code [1 -1].

<142> Based on the above assumptions, it is possible to create a CDM-8 group

consisting of 8 REs by combining the above four CDM-2 groups 2g-01, 28-02, 28-03,
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and 28-04 by any criteria. Based on the above criteria regarding the upper layer signaling
order of the CDM-2 group, it is possible to apply various examples such as
ascending/descending order for the CSI-RS configuration of the CDM-2 group and
frequency/time distance based on the first CDM-2 group (2g-01). It is also possible to
generate a new length 8 orthogonal code based on an existing length 2 orthogonal code
by changing the symbol of the orthogonal code assigned to the remaining three CDM-2
groups 2g-02, 2g-03, and 28-04 based on one part of the generated CDM-4 groups, for
example, the first CDM-2 group 2g-01.

<143> For example, two REs designated by the first CDM-2 group 2g-01 may have
existing orthogonal codes [1 1] and [1 -1] for all antenna ports X, Y, V, W, and X+1, Y+1,
V+1, and W1, respectively. On the other hand, the two REs designated by the second
CDM-2 group 2g-02 may have antenna ports X, Y and X+1 and Y+1 applied to the
existing orthogonal code [1 1] and [1-1] respectively, while the antenna ports V, W and
V+1 and W+1 may have the changed codes [-1 -1] and [-1 1]. The CDM-2 mapping for
antenna ports X, Y, V, W and X+1, Y+1, V+1, and W+1 can be determined for the four
REs designated by the first and second CDM-2 groups (2g-01, 2g-02). Similarly, CDM
mapping for antenna ports X, Y, V, W and X+1, Y+1, V+1, and W+1 can be determined
for the four REs designated by the third and fourth CDM-2 groups. For antenna ports X,
X+1, V, and V+1, two REs designated by the third CDM-2 group 2g-03 apply the same
code as the orthogonal code assigned to the two REs designated by the first CDM-2
group 2g-01, and two REs designated by the fourth CDM-2 group 2g-04 apply the same
code as the orthogonal code assigned to the two REs designated by the second CDM-2

group 2g-02. On the other hand, in the case of antenna ports Y, Y+1, W, W+1, two REs
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designated by the third CDM-2 group 2g-03 and two REs designated by the first CDM-2
group 2g-01 may apply the orthogonal code assigned to the field and the code with the
changed sign, and the orthogonal code assigned to the two REs designated by the second
CDM-2 group 2g-02 and the code with the sign changed may apply to the two REs
designated by the fourth CDM-2 group 2g-04.

<144> As a result, in this example, it is possible to map antenna ports X, Y, V, W, and
X+1, Y+1, V+1, and W+1 to the CDM-8 group above by referring to <Table 2>.

<145> In this example, the antenna port indices X, Y, V, and W can be set to appropriate
numbers considering various factors such as antenna shape, codebook structure, etc. as a

indication for convenience of explanation.
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Table 2 CSI-RS CDM-8 mapping example according to 1 combination of CDM-2 group in the third

embodiment

CSI-RS port index Corresponding CDM pattern
X [Tr111111]
X+1 [1-11-11-11-1]

Y [1T111-1-1-1-1]
Y+1 [1-11-1-11-11]
\Y% [11-1-111-1-1]
V+1 [1-1-111-1-11]
[ ]

[ ]

W 11-1-1-1-111
W+l 1-1-11-111-1

[0146]

<147> FIGS. 2h and 2i illustrate examples of methods of combining CSI-RS CDM-4
mapping to create CSI-RS CDM-8 mapping. As described above, LTE-A Pro release 13
provides two patterns of CDM-4 mapping. The first method defines a CDM-4 group
based on the 4-port CSI-RS pattern, and the second method defines four adjacent REs as
one CDM-4 group. FIGS. 2h and 21 assume that two CDM-4 mappings exist in different
sub-carriers and OFDM symbols, but it is clear that they may exist in the same sub-
carrier or the same OFDM symbol.

<148> FIG. 2h is a diagram illustrating a method of combining CDM-4 mapping based
on a 4-port CSI-RS pattern to configure a new CSI-RS CDM-8 mapping. In reference to
FIG. 2h, it can be assumed that the antenna ports X, Y, X+1, and Y+1 are mapped to the
first CDM-4 group 2h-01 based on the 4-port CSI-RS pattern. At this time, it assumes
that antenna port X is mapped through the orthogonal code [1 1 1 1], and antenna port
X+1 is mapped through the orthogonal code [1 -1 1 -1], and antenna port Y is mapped

through the orthogonal code [1 1 -1 -1], and antenna port Y+1 is mapped through the
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orthogonal code [1 -1 -1 1]. Similarly, it can be assumed that the antenna ports V, W and
V+1 and W+1 are mapped to the second CDM-2 group 2h-02 in FIG. 2h. Accordingly, it
assumes that antenna port V is mapped through the orthogonal code [1 1 1 1], and
antenna port V+1 is mapped through the orthogonal code [1 -1 1 -1], and antenna port W
is mapped through the orthogonal code [1 1 -1 -1], and antenna port W+1 is mapped
through the orthogonal code [1 -1 -1 1].

<149> Based on the above assumptions, it is possible to create a CDM-8 group
consisting of 8 REs, by any criteria, in which the two CDM-4 CDM-8 groups 2h- 01 and
2h-02 are grouped together. It is also possible to apply various examples such as the
order of the upper layer signaling order of the CDM-4 group, the ascending/descending
order of the CSI-RS configuration of the CDM-4 group, and the frequency/time distance
based on the first CDM-4 group (2h-01) according to the above criteria. It is possible to
change the code of the orthogonal code assigned to the remaining CDM-4 group 2h-02
based on one part of the CDM-4 group, e.g. the first CDM-4 group 2h-01, to generate a
new length 8 orthogonal code based on the existing length 4 orthogonal code.

<150> For example, four REs designated by the first CDM-4 group 2h-01 may have the
same existing CDM-4 orthogonal codes [1 1 1 1], [11-1-1],[1,-1,1,-1], and [1, -1, -1,
-1] applied to all antenna ports X, Y, V, W, and X+1, Y+1, V+1, W+1 as the assumptions
above. On the other hand, the four REs designated by the second CDM-4 group 2h-02
may be subjected to the same CDM-4 orthogonal codes [1 11 1],[11-1-1],[1,-1,1, -
1], and [1, -1, -1, 1] of the above assumptions, while the antenna ports V, W, and V+1,

W+1 may be subject to the same changes in the above assumptions and codes [-1 -1 -1 -
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I, [-1-111],[-1,1,-1,1],and [-1, 1, 1, -1].
<151> As a result, in this example, it is possible to map antenna ports X, Y, V, W, and
X+1, Y+1, V+1, and W1 to the CDM-8 group above by referring to <Table 2>.
<152> In this example, the antenna port indices X, Y, V, and W can be set to appropriate
numbers considering various factors such as antenna shape, codebook structure, etc. as a

indication for convenience of explanation.

Table 3 CSI-RS CDM-8 mapping example according to combination of CDM-4 group in the third

embodiment
CSI-RS port index Corresponding CDM pattern
X [T1111111]
X+1 [1-11-11-11-1]
Y [T1-1-111-1-1]
Y+1 [1-1-111-1-11]
v [L111-1-1-1-1]
V+1 [1-11-1-11-11]
W [11-1-1-1-111]
W+1 [1-1-11-111-1]
[0153]
<154> FIG. 2i is a diagram illustrating a method of combining CDM-4 mapping

consisting of four adjacent REs to each other to form a new CSI-RS CDM-8 mapping.
The mapping and combination principle of orthogonal code for each antenna port
according to FIG. 2i is very similar to the above description referred to in FIG. 2h and
should be omitted. In the example of FIG. 24, it is possible that the first CDM-4 group 2i-
01 and the second CDM-4 group 2i-02 are limited to the same as the existing 8-port CSI-
RS pattern when combined with CDM-8 mapping considering the complexity of base
stations and terminals.
<155> Embodiment 2-4

<156> In this example, the method of mapping CDM-4 or CDM-8 to CSI-RS
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transmission through higher layer signaling is described.

<157> The first method is to direct the extension of the orthogonal code in the
frequency/time direction through a 1 bit indication. According to this example, the base
station may notify the terminal of the CDM-4 mapping method or the CDM-8 mapping
method by instructing the terminal to expand the orthogonal code [1 1] or [1 -1] of length
2 for the existing CDM-2 in the frequency/time direction through a higher layer signaling
such as RRC configuration. Similarly, the base station may use orthogonal codes of
length 4 for the existing CDM-4 through higher layer signaling such as RRC
configuration [1 1 1 1], [1 1 -1-1],[1-11 -1 ], and [1-1-1 1], or the CDM-8 mapping
method can be notified to the terminal by indicating which direction to expand in the
frequency/time direction.

<158> FIG. 2j is a diagram illustrating an example of an orthogonal code extension
method in the frequency/time direction through a 1 bit indication. FIG. 2j shows an
example of CDM-4 mapping by CDM-2 mapping expansion, but it can be used in the
same way for CDM-8 mapping by CDM-2 expansion or CDM-8 mapping by CDM-4
expansion.

<159> For example, if the indicator is 0, this may mean an extension in the frequency
direction. In this case, the CDM-2 group 2j-01 and 2j-02, which consists of two pairs of
two REs adjacent to each other in the time direction, are grouped in the frequency
direction to become a CDM-4 group consisting of four REs. At this time, 2j-01 and 2j-02
exist in different subcarriers. The criterion for selecting 2j-01 and 2j-02 may be the

distance between two CDM-2 groups, or it can also be grouped into 6 subcarrier intervals
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like legacy CSI-RS 4 port mapping. The length 4 orthogonal code for antenna ports X,
X+1,Y, Y+1 mapped to the generated CDM-4 group can be configured in the same way
as in the Embodiment 2 above. If this method is used for CDM-8 group mapping, the
methods such as Embodiment 3 may be applied.

<160> In another example, an indication of 1 may mean an extension in the time
direction. In this case, CDM-2 groups 2j-03 and 2j-04 consisting of two adjacent REs in
the two pairs of time directions are grouped in the time direction to form a CDM-4 group
consisting of four REs. At this time, 2j-03 and 2j-04 exist in different OFDM symbols.
The criterion for selecting 2i-03 and 2i-04 may be the distance between two CDM-2
groups, or may be selected based on a pre-designated OFDM symbol pool. The length 4
orthogonal code for antenna ports X, X+1, Y, Y+1 mapped to the generated CDM-4
group may be configured in the same way as in Embodiment 2. FIG. 2j shows an
example of generating a CDM-4 pattern based on the component CDM pattern of length
2, but it can be applied similarly even if generating a CDM-8 pattern based on the
component CDM pattern of length 2 or length 4. If this method is used for CDM-8 group
mapping, the method as in Embodiment 3 of the above implementation can be applied as
a length 8 orthogonal code mapping detailed method.

<1l61> The second way to map CDM-4 or CDM-8 to CSI-RS transmission through
higher layer signaling is by using bitmap indication. For example, the base station can
notify the terminal of a bitmap of length L containing information about the CSI-RS port
numbering order and CDM-4 mapping rule through higher layer signaling.

<162> As an example, we can assume that CSI-RS aggregation is based on a 2-port
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CSI-RS mapping pattern. At this time, a bit map (or alphabet sequence) with the
following length L=32 may comprise the location of the CSI-RS resources selected for
CSI-RS aggregation, the port numbering rule, and the CDM-4/CDM-8 mapping rule.
Since L=32 here is a setting that considers that 32 CSI-RS resource locations can be
specified based on 2 ports in FIG. 2e, it can be adjusted to suit the situation if only FDD
or TDD is considered.

<163> [Equation 2]

IQortMapping= [Xl X2 X3 ... X31]

,where €{A1,42, B1,B2,C1,C2,(D1, D2 for 16 port) for selected resources O for other resources
[0164]

<165> In Equation 2, x is an alphabet that contains information about whether or not the
REs belonging to the CDM-2 group designated by the columns for CSI-RS configuration
0-31 and 1 or 2 ports in FIG. 2e are used for CSI-RS aggregation and transmission, and,
if so, how to form the CDM-4/CDM-8 group. Equation 2 assumes that 16-port CSI-RS is
aggregated based on a 2-port CSI-RS pattern, and it is clear that if 16 or more CSI-RS
ports are set, the alphabet for indicating 'selected resource' can be extended to D or
higher. If x is 0, the REs indicated by the i-th CSI-RS configuration in the column for

antenna port 1 or 2 in FIG. 2e are not used for CSI-RS transmission. If x is indicated as
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Xy instead of 0, the REs indicated by the i-th CSI-RS configuration in the column for
antenna port 1 or 2 in FIG. 2e are used for CSI-RS transmission. At this time, X in Xy is
indicated by A, B, C, D, and y can be indicated by 1 or 2. It is obvious that the above A,
B, C, D or 1, 2 are notations for distinction and may be indicated with other alphabets or
numbers depending on the situation. The base station and the terminal may be grouped
such that if the X of the different X and xj are the same, the four REs indicated by the
two indicators can be assumed to form one CDM-4 group. In addition, if the base station
and the terminal have different x y of 1 and x y of 2, the existing orthogonal code can be
used as it is in the RE indicated by X, and in the RE indicated by xj, it can be grouped
such that the existing orthogonal code can be used as it is or multiplied by -1.

<166> For example, if x=B1 and xj=B2, the base station and the terminal can know that
the 4 REs indicated by x and xj constitute the second CDM-4. At this time, the length 4
orthogonal code for up to four antenna ports mapped to the generated CDM-4 group can
be configured in the same way as in Embodiment 2 above.

<167> When using a bitmap (or alphabet sequence) in the form of Equation 2, a
maximum of 3 bits are required for each X; expression, so a total of 96 bits are needed for

the entire bitmap (or alphabet sequence) expression. This can put a burden on higher
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layer signaling, so a method to reduce the amount of information is needed. Assuming
that RE locations for eight or more CSI-RS transmissions were set through one of the
methods of Embodiment 1, Embodiment 2, or Embodiment 3. At this time, the positions
of the REs set above can all be indicated through the CSI RS configuration in the column
for antenna port 1 or 2 in FIG. 7. For example, if a resource is set for 12 CSI-RS ports,
the location of six CDM-2 groups can be represented through six CSI RS configurations.
At this time, the relationship between each CDM-2 group can be expressed as a bitmap
(or alphabet sequence) of length NP as follows. Here, N, is the number of CSI-RS ports
that are aggregated.

<168> [Equation 3]

[0169] Tportmapping = [X1 X2 X3 ... *Nr/2], where x: € {41, A2, BI, B2, CI, C2, (D1, D2 for 16 ports)}

<170> According to Equation 3, the amount of information required for CDM-4
grouping can be significantly reduced from Equation 2 to 3*6=18 bits before 12 CSI-RS
ports and 3*8=24 bits when sending 16 CSI-RS ports. Equation 3 assumes that 16-port
CSI-RS is aggregated based on a 2-port CSI-RS pattern, and it is suggested that if 16 or
more CSI-RS ports are set, the alphabet for indicating a 'selected resource' can be

extended to D or more.
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<171> As another example, we can assume that CSI-RS aggregation is based on the
legacy 4 port CSI-RS mapping pattern. In this case, one example of setting up a CDM-4
group is setting up a CDM-4 group with four REs specified by the 4 port CSI-RS
mapping pattern. The existing 4 port CSI-RS mapping pattern is designed to specify two
CDM-2 groups. The two CDM-2 groups designated as the existing 4 port CSI-RS
mapping pattern can be grouped into CDM-4 groups through a method similar to the
above Embodiment 2.

<172> Another example of setting up a CDM-4 group when CSI-RS aggregation is
based on the legacy 4 port CSI-RS mapping pattern is using a bitmap (or alphabet
sequence). A bitmap (or alphabet sequence) with the following length L=16 may include
the location of CSI-RS resources selected for CMR setting, port numbering rule, and
CDM-4 mapping rule. Here, L=16 is a setting that takes into account that 16 CSI-RS
resource locations can be designated based on 4 ports in FIG. 2e, so it can be adjusted to

suit the situation when only FDD or TDD is considered.

<173> [Equation 4]
A1, A2, B1, B2, for selected resources
[O 1 74] IportMapping = [X1 X2 X3 ... ¥16], where x; € { 0O for other resources
<175> The definition of each variable in Equation 4 is similar to Equation 2. In

Equation 4, X is an alphabet that contains information about whether the REs belonging
to the CDM-2 group designated by the CSI-RS configuration {0-9, 20-25} of FIG. 2e and
columns for the four ports are used for CSI-RS transmission, and if so, what relationship

they form with the CDM-4 group. Equation 4 is a formula that assumes that the 16-port
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CSI-RS is aggregated based on the 4-port CSI-RS pattern, and it is clear that if 16 or
more CSI-RS ports are set, the alphabet for indicating 'elected resource' can be extended
to B or more. With reference to FIG. 2k, it assumes that xi pointing to the same location
as legacy 4-port CSI-RS pattern 2k-01 is set to Al, and X pointing to the same location as
legacy 4-port CSI-RS pattern 2k-04 is set to A2. At this time, the first CDM-2 group 2k-
02 of 2k-01 and the first CDM-2 group 2k-05 of 2k-04 can be grouped together to form a
single CDM-4 group. Similarly, the second CDM-2 group 2k-03 of 2k-01 and the second
CDM-2 group 2k-06 of 2k-04 can be tied together and grouped to form another CDM-4
group. The detailed orthogonal code assignment method by port in each of the generated
CDM-4 groups may be accomplished via the method set forth in Embodiment 2 above.
<176> When using a bitmap (or alphabet sequence) in the form of Equation 4, each X;
expression will require up to 2 bits, resulting in a total of 32 bits for the entire bitmap (or
alphabet sequence). This can put a burden on higher layer signaling, so a method to
reduce the amount of information is needed. Supposing that RE locations for eight or
more CSI-RS transmissions were set through one of the methods of Embodiment 1,
Embodiment 2, or Embodiment 3. At this time, the position of the REs set above can be
indicated through the CSI-RS configuration in the column for the four antenna ports of
FIG. 2e. For example, if a resource is set for 12 CSI- RS ports, the location of 6 or 8
CDM-2 groups can be represented via 3 or 4 CSI RS configurations. At this time, the
relationship between each CDM-2 group can be expressed as a bitmap (or alphabet
sequence) of length Np/4 as follows. Here, N, is the number of CSI-RS ports that are

aggregated.
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<177> [Equation 5]
[0178] Tportmapping = [X1 X2 X3 ... ¥Ne/4], where x; € {41, A2, BI, B2,}

<179> According to Equation 5, the amount of information required for CDM-4
grouping can be significantly reduced from Equation 2 to 2*3=6 bits or 2*4=8 bits when
transmitting through 12 CSI-RS ports, and 2*4=8 bits when transmitting through 16 CSI-
RS ports. Equation 5 is a formula assuming 16-port CSI-RS aggregation based on the 4-
port CSI-RS pattern, and when more than 16 CSI-RS ports are set, the alphabet to
indicate 'selected resource' It is obvious that this can be extended beyond B.

<180> As another example, it can be assumed that CSI-RS aggregation is performed
based on the legacy 8 port CSI-RS mapping pattern. The specific method for this
example is possible in a similar manner as when the method based on the above 2 port
CSI-RS mapping pattern is expanded to the method based on the above 4 port CSI-RS

mapping pattern. Therefore, a detailed explanation should be omitted.

<181> Embodiment 2-5
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<182> In this embodiment, the CDM-4/CDM-8 mapping method using specification
defined rules is explained as another method for configuring the CDM-4 or CDM-8
group.

<183> As a first example, CDM-4/CDM-8 mapping can be supported based on the
distance between component CDM groups. As in the Embodiment 2-4 above, the
component CDM group for CDM-4 mapping is the CDM-2 mapping group, and the
component CDM group for CDM-8 mapping can be the CDM-2 mapping group or the
CDM-4 mapping group. For the convenience of future explanation, it is assumed that
CDM-4 mapping is used as a component CDM group. The overall principle is the same
and can be applied equally even when CDM-2 mapping is used as a component CDM
group. As described in the first embodiment above, it assumes that RE locations for eight
or more CSI-RS transmissions were established through CSI-RS aggregation based on a
4-port CSI-RS pattern. At this time, the base station and the terminal can set one
reference CSI-RS RE location (position of the reference CDM-4 group) based on the
descending or ascending order of the CSI-RS configuration in FIG. 2e. In addition, the
base station and the terminal can determine which of the remaining CSI-RS REs is the
most adjacent CSI-RS RE location (location of other CDM-4 groups) to the reference RE
position set above through the CSI-RS configuration in the column for antenna port 4 in
FIG. 2e. CDM-8 mapping may be performed by applying the method set forth in
Embodiments 2 or 3 above based on the above-identified CSI-RS REs and the adjacent
CSI-RS REs. Meanwhile, looking at FIG. 2b, it can be seen that OFDM symbols capable

of CSI-RS transmission are separated from each other, while subcarriers capable of CSI-
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RS transmission are grouped in pairs. Therefore, the first example above can be
expressed as performing CDM-8 mapping based on the principle of frequency domain
expansion first.

<184> In the second example, CDM-8 mapping can be supported based on legacy 8-port
mapping. For example, the upper (lower) CDM-4 group of the two CDM-4 groups
designated as one legacy 8-port CSI-RS configuration may use the existing orthogonal
code [1111],[11-1-1],[1-11-1],0r[]-1-11]. On the other hand, the remaining
lower (upper) CDM-4 group can use the existing orthogonal code asis ([1 1 1 1],[1 1 -1
-1],[1 -1 1-1], or [1 -1 -1 1]) or multiply by -1 ([-1 -1 -1 -1],[-1 -1 1 1], [-1 1 -1 1], or [-
1 1 1 -1]) depending on the CSI-RS port number. Specific mapping methods can be
referred to in Embodiment 3 above.

<185> As a third example, CDM-8 mapping can be supported in principle by expanding
the time domain first. In this example, two CDM-4 groups located in different OFDM
symbols are grouped together to create a CDM-8 group. As a method of selecting two
CDM-4 groups located in different OFDM symbols, the CDM-4 groups located in the 5th
and 6th OFDM symbols of slot 0 are assigned to the resource pool 1, and the CDM-4
groups located in the 2nd and 3rd OFDM symbols of slot 1 are assigned to the resource
pool 2, and the CDM-4 groups located in the 5th and 6th OFDM symbols of slot 1 are
assigned to resource pool 3, and it becomes possible to configure this to limit the CDM-4
groups belonging to different resource pools to be grouped into one CDM-4 group. For
detailed mapping method, please refer to Embodiment 3 above.

<186> The CDM-4/CDM-8 mapping methods through the definition of specifications

above can be used in conjunction with the CDM-4/CDM-8 mapping method through
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higher layer signaling in Embodiment 4 above. For example, a base station may apply a
method to direct orthogonal code expansion in the frequency/time direction via the bit
indication of Embodiment 4 above to determine whether a terminal will perform CDM-
4/CDM-8 mapping by selecting which of the two or three examples of this Embodiment.
For example, the base station may use a 1-bit indicator to instruct the terminal to perform
CDM-4/CDM-8 mapping by selecting either example 1 or 2 of this Embodiment. Using
the same principle, it is also possible to instruct to choose either example 2 or 3, or to
choose either example 1 or 3. In another example, a base station may instruct a terminal
to perform CDM-4/CDM-8 mapping by selecting one of examples 1, 2, or 3 of this

Embodiment using a 2-bit indicator.

<187> Embodiment 2-6
<188> Embodiment 2-7: CDM-2/CDM-4 switching
<189> This embodiment provides examples of how to set the CDM orthogonal code

length to improve system adaptability. For example, switching between CDM-2/CDM-4,
switching between CDM-4/CDM-8, or switching between CDM-2/CDM-8 using 1 bit L1
signaling or higher layer signaling is possible. As another example, switching between
CDM-2/CDM-4/CDM-8 using 2 bit Ll signaling or higher layer signaling may be
considered.

<190> In the Embodiment 2-5, various examples for configuring a CSI-RS CDM-4
pattern or CDM-8 pattern by combining CSI-RS CDM-2 or CDM-4 patterns were
described. On the other hand, considering the following situations, it may be necessary to

use the existing CDM-2/CDM-4 pattern for eight or more CSI-RS transmissions. For
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example, in the current LTE-A/LTE-A Pro, it is possible to measure interference through
simulation by measuring the CSI-RS of a terminal cell. At this time, if CDM-8 is applied
to all CSI-RSs in a cell, it may not be possible to generate interference by receiving CSI-
RSs in the cell since the existing terminals must operate based on the existing CDM-2 or
CDM-4 patterns. This same problem may also occur in CSI-RS RSRP creation and
reporting. Thus, a base station may have a need to selectively apply CDM-2/CDM-
4/CDM-8 mapping patterns even when transmitting 8 or more CSI-RSs, and may
introduce 1-bit or 2-bit indicators for this.

<191> In an example, it is possible for a base station to perform switching between
CDM-2/CDM-4, switching between CDM-4/CDM-8, or switching between CDM-
2/CDM-8 using 1 bit LI signaling or higher layer signaling and notify the terminal of this.
As another example, switching between CDM-2/CDM-4/CDM-8 using 2 bit Ll signaling
or higher layer signaling may be considered. Similarly, the base station can inform the
terminal of a specific CDM mapping pattern formation method when transmitting CSI-

RS through a 1-bit or 2-bit indicator indicated by higher layer (RRC) or L1 signaling.

<192> FIG. 2 is a flowchart illustrating the order of operation of a terminal according to
an embodiment of the present invention.

<193> In reference to FIG. 2I, the terminal receives configuration information for the
CSI-RS configuration in steps 21-01. In addition, the terminal may identify at least one of
the number of ports for each CSI-RS, the timing and resource location at which each

CSI-RS is transmitted, and the transmission power information based on the received
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configuration information.  Subsequently, the terminal configures one feedback
configuration information based on at least one CSI-RS in steps 21-02. When the terminal
receives CSI-RS in steps 21-03, it estimates the channel between the base station antenna
and the receiving antenna of the terminals. The terminal generates feedback information
rank, PMI, and CQI using the feedback settings received and the codebook defined above
based on the hypothetical channels added between the estimated channels and CSI-RS in
steps 21-04. The terminal then sends the feedback information to the base station at a
feedback timing determined according to the feedback settings of the base station in steps
21-05, and completes the process of generating and reporting channel feedback in
consideration of the two-dimensional arrangement.

<194> FIG. 2 is a flowchart illustrating an operation sequence of a base station
according to an embodiment of the present invention.

<195> In reference to FIG. 2m, the base station transmits configuration information
about CSI-RS for channel measurement to the terminal in step 2m-01. The configuration
information may comprise at least one of the number of ports for each CSI-RS, the
timing and resource location at which each CSI-RS is transmitted, and the transmission
power information. Afterwards, the base station transmits feedback configuration
information based on at least one CSI-RS to the terminal in step 2m-02. The base station
then transmits the configured CSI-RS to the terminal. The terminal estimates the
channels by antenna port and estimates additional channels for virtual resources based on
this. The terminal determines the feedback and generates the corresponding PMI, RI, and
CQI and transmits them to the base station. Accordingly, the base station receives

feedback information from the terminal at the timing determined in step 2m-03 and uses
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it to determine the channel status between the terminal and the base station.
<196> FIG. 2n is a block diagram showing the internal structure of a terminal according
to an embodiment of the present invention. In reference to FIG. 2n, the terminal includes
a communication unit (2n-01) and a controller unit (2n-02). The communication unit (2n-
01) performs a function to transmit or receive data from the outside (e.g., base station).
Here, the communication unit (2n-01) can transmit feedback information to the base
station under the control of the controller unit (2n-02). The controller unit (2n-02)
controls the status and operation of all components constituting the terminal. Specifically,
the controller unit (2n-02) generates feedback information based on the information
assigned to the base station. Additionally, the controller unit (2n-02) controls the
communication unit (2n-01) to feed back the generated channel information to the base
station according to timing information allocated from the base station. For this purpose,
the controller unit (2n-02) may include a channel estimation unit (2n-03). The channel
estimation unit (2n-03) determines necessary feedback information through the CSI-RS
and feedback allocation information received from the base station, and estimates the
channel using the CSI-RS received based on the feedback information. In FIG. 2n, an
example in which the terminal is composed of a communication unit (2n-01) and a
controller unit (2n-02) is described, but the terminal is not limited to this and may further
have various configurations depending on the functions performed in the terminal. For
example, the terminal may further include a display unit that displays the current state of
the terminal, an input unit that receives signals such as performing functions from the
user, and a storage unit that stores data generated in the terminal. In addition, although
the channel estimation unit (2n-03) is shown as being included in the controller unit (2n-

02), the channel estimation unit is not necessarily limited thereto. The controller unit (2n-
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02) may control the communication unit (2n-01) to receive, from the base station, a
setting information for each of the at least one reference signal resource. In addition, the
controller unit (2n-02) may control the communication unit (2n-01) to measure the at
least one or more reference signals and to receive feedback setting information from the
base station for generating feedback information according to the measurement result.
<197> Additionally, the controller unit (2n-02) may measure at least one reference
signal received through the communication unit (2n-01) and generate feedback
information according to the feedback setting information. The controller unit (2n-02)
may control the communication unit (2n-01) to transmit the generated feedback
information to the base station at a feedback timing according to the feedback setting
information. The controller unit (2620) may also receive a channel status indication
reference signal (CSI-RS) from a base station, generate feedback information based on
the received CSI-RS, and transmit the generated feedback information to the base station.
At this time, the controller unit (2n-02) may select a precoding matrix for each antenna
port group of the base station and further select one additional precoding matrix based on
the relationship between antenna port groups of the base station.
<198> The controller unit (2n-02) may also receive a CSI-RS from a base station,
generate feedback information based on the received CSI- RS, and transmit the generated
feedback information to the base station. At this time, the controller unit (2n-02) may
select one precoding matrix for all antenna port groups of the base station. The controller
unit (2n-02) may also receive feedback configuration information from a base station,
receive a CSI-RS from the base station, generate feedback information based on the
received feedback configuration information and the received CSI-RS, and transmit the

generated feedback information to the base station. Moreover, the controller unit (2n-2)
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may receive feedback configuration information corresponding to each antenna port
group of the base station and additional feedback configuration information based on the
relationship between the antenna port groups.

<199> FIG. 20 is a block diagram showing the internal structure of a base station
according to an embodiment of the present invention. In reference to FIG. 20, a base
station comprises a controller unit (20-1) and a communication unit (20-2). The controller
unit (20-01) controls the status and operation of all components constituting the base
station. Specifically, the controller unit (20-1) receives the terminal with CSI-RS
resources for channel estimation of the terminal and assigns the feedback resource and
feedback timing to the terminal. For this, the controller unit (20- 01) may further
comprise a resource assignment unit (20-3). In addition, the feedback settings and
feedback timings are assigned to prevent conflicting feedback from multiple terminals,
and feedback information set at the corresponding timings is received and interpreted.
The communication unit (20-22) performs the function of transmitting and receiving
data, reference signals, and feedback information to the terminal. Here, the
communication unit (20-22) transmits the CSI-RS to the terminal through the resources
assigned under the control of the controller unit (20-1), and receives feedback on the
channel information from the terminal.

<200> The above is shown as being included in the controller unit (20-1), but is not
necessarily limited to the resource assignment unit (20-23). The controller unit (20-1)
may control the communication unit (20-2) to transmit setting information for each of at
least one or more reference signals to the terminal, or may generate the at least one or

more reference signals. In addition, the controller unit (20-1) may control the
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communication unit (20-02) to transmit feedback configuration information to the
terminal for generating feedback information according to the above measurement
results. Furthermore, the controller unit (20-01) may control the communication unit (20-
02) to transmit the at least one reference signal to the terminal and receive feedback
information transmitted from the terminal at a feedback timing according to the feedback
setting information. Morever, the controller unit (20-01) may transmit feedback
configuration information to the terminal, transmit the CSI-RS to the terminal, and
receive feedback information generated based on the feedback configuration information
and the CSI-RS from the terminal. At this time, the controller unit (20-01) may transmit
feedback configuration information corresponding to each antenna port group of the base
station and additional feedback configuration information based on the relationship
between antenna port groups. In addition, the controller unit (20-01) may transmit a
beamformed CSI-RS based on feedback information to the terminal and receive feedback
information generated based on the CSI-RS from the terminal. In accordance with the
Embodiments of the invention described above, the base station may set a various
number of CSI-RS according to the number of TXRUs to be operated or other
communication situations, and may set various CSI-RS CDM patterns in consideration of
CSI-RS power boosting. Further, the CQI mistach can be reduced and additional
processing of the reported channel status information can be reduced at the base station
by effectively generating channel status information in accordance with the settings of the
base station.
<201> <Embodiment 3>

<202> The present invention relates to a method and apparatus for transmitting
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downlink and uplink scheduling information in a mobile communication system
operating in an unlicensed band or in a mobile communication system requiring channel
sensing or listen-before-talk, with the exception of a method in which a word receives
downlink and uplink scheduling information in one base station or cell from one or more
different base stations or cells.

<203> Recent mobile communication systems have moved away from providing early
voice-oriented services and are evolving into high-speed, high-quality wireless packet
data communication systems to provide data services and multimedia services. To
support these high-speed, high-quality wireless packet data transmission services, 3GPP
(3rd Generation Partnership Project) HSDPA (High Speed Downlink Packet Access),
HSUPA (High Speed Uplink Packet Access), LTE (Long Term Evolution), LTE-A (Long
Term Evolution Advanced), 3GPP2's HRPD (High Rate Packet Data), and IEEE (Institute
of Electrical and Electronics Engineers) 802.16 mobile communication standards have
been developed. In particular, LTE/LTE-A/LTE-A-Pro (hereinafter referred to as LTE)
continues to develop and evolve standards to improve system capacity and frequency
efficiency. Typically, the LTE system uses frequency aggregation technology (CA, carrier
aggregation), which allows the system to operate using multiple frequency bands, and
can greatly increase data transmission rate and system capacity depending on the
available frequency bandwidth. However, the frequency band in which the LTE system
1s currently in operation is a licensed spectrum (or licensed carrier) that can be used
exclusively by certain operators with their own rights. However, in the case of frequency

bands that typically provide mobile communication services (e.g., frequency bands of
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5GHz or less), it is difficult for mobile communication operators to secure multiple
licensed band frequencies, since they are already being used by other operators or other
communication systems, etc. Therefore, in order to efficiently process the explosively
increasing mobile data in an environment where it is difficult to secure such licensed
band frequencies, technology for utilizing the LTE system in unlicensed bands
(unlicensed spectrum or unlicensed carrier) has recently been researched (for example,
LTE-U:LTE in unlicensed, and LAA:Licensed-Assisted Access). Unlicensed bands are
not used exclusively by a particular operator or system, but by all acceptable
communication devices sharing the same frequency band with each other. At this time,
for example, the SGHz band is used by a relatively small number of communication
devices compared to the 2.4GHz unlicensed band, and because it can utilize very wide
bandwidth, it is among the unlicensed frequency bands that are easy to secure additional
frequency bands. In other words, system capacity can be easily increased by utilizing
licensed and unlicensed band frequencies using LTE technology that integrates and uses
multiple frequency bands, that is, CA (carrier aggregation) technology. Specifically, using
CA technology, an LTE cell in a licensed band is converted into a PCell (or Pcell), and an
LTE cell (LAA cell, LAA cell, or LTE-U cell) in an unlicensed band is converted into a
SCell (or Scell or LAA SCell). By setting it up, the LTE system can operate in licensed
and unlicensed bands. At this time, the system is applied not only to the CA, which is
connected by an ideal backhaul between licensed and unlicensed bands, but also to the
dual-connectivity environment, which is connected by a non-ideal backhaul between

licensed and unlicensed bands. Although it is possible, the present invention will briefly
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describe a CA environment in which the licensed band and the unlicensed band are
connected by an ideal backhaul .

<204> FIGS. IA and IB are diagrams showing a communication system to which the
present invention is applied.

<205> With reference to FIGS. 1A and 1B, FIG. 1A illustrates a case where LTE cells
(102) and LAA cells (103) coexist in one small group district (101) in a network, and the
terminal (104) transmits and receives data with base station (101) via LTE cells (102) and
LAA cells (103). There are no restrictions on the duplex method of the LTE cell (102) or
LAA cell (103). The cell that performs data transmission and reception operations using
the licensed band can be assumed to be the LTE cell (102) or PCell, and the cell that
performs data transmission and reception operations using the unlicensed band can be
assumed to be the LAA cell (103) or SCell. However, uplink transmission may be limited
to transmission only through the LTE cell (102) when the LTE cell is a PCell.

<206> FIG. 1B illustrates an installation of an LTE macro base station (111) for wide
coverage and an LAA small base station (112) for increased data transmission in a
network, in which case there is no limitation on the duplex method of the LTE macro
base station (111) or the LAA small base station. At this time, the LTE macro base station
(111) may be replaced by the LTE small base station. Additionally, uplink transmission
can be set to transmit only through the LTE base station (111) when the LTE base station
is the PCell. In which case, it is assumed that the LTE base station (111) and the LAA
base station (112) have this ideal backhaul network. Thus, it is possible for a LAA base

station (112) to receive relevant control information from an LTE base station (111) in
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real time via X2 communication (113), even if a fast X2 communication (113) between
the base stations is possible, and uplink transmission is transmitted only to an LTE base
station (111). The methods proposed in the present invention are applicable to both the
system of FIG. 1A and the system of FIG. 1B.

<207> LTE/LTE-A systems are typically used to transmit data using the Orthogonal
Frequency Division Multiple Access (OFDM) method. The modulation signal in the
OFDM method is located in a two-dimensional resource consisting of time and
frequency. The resources on the time axis are distinguished by different OFDM symbols,
which are orthogonal to each other. Resources on the frequency axis are divided into
different subcarriers or sub-carriers, which are also orthogonal to each other. In the
OFDM method, by specifying a specific OFDM symbol on the time axis and a specific
subcarrier on the frequency axis, one minimum unit resource can be indicated, which is
called a resource element (RE). The different REs have characteristics that are orthogonal
to each other, even though they go through a frequency selective channel, so that signals
transmitted to the different REs can be received on the receiving side without causing
mutual interference. In an OFDM communication system, the downlink bandwidth is
made up of multiple resource blocks (RB: Resource Block, hereinafter referred to as
'RB'), and each physical resource block (PRB: Physical Resource Block, hereinafter
referred to as 'PRB') may be composed of 12 subcarriers arranged along the frequency
axis and 7 or 6 OFDM symbols arranged along the time axis, as shown in FIG. 2. On the
time axis, a subframe consists of two slots of 0.5 msec in length, that is, a first slot and a

second slot, as shown in FIG. 2. In the radio resource shown in FIG. 2 above, the
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following plurality of different types of signals may be transmitted.

<208> 1. CRS (Cell Specific RS): It is a reference signal transmitted periodically for all
terminals belonging to one cell and can be commonly used by a plurality of terminals.

<209> 2. DMRS (Demodulation Reference Signal): This is a reference signal
transmitted for a specific terminal and is transmitted only when data is transmitted to the
corresponding terminal. The DMRS can consist of eight DMRS ports. In LTE/LTE-A,
port 7 to port 14 corresponds to a DMRS port, and each port uses CDM or FDM to
maintain orthogonality in order to avoid causing interference with each other.

<210> 3. PDSCH (Physical Downlink Shared Channel): This is a data channel
transmitted in the downlink and is used by the base station to transmit traffic to the
terminal. It is transmitted using RE in the data region of FIG. 2, where no reference
signal is transmitted.

211> 4. CSI-RS (Channel Status Information Reference Signal): This is a reference
signal sent for the terminals belonging to one cell, and it is used to measure the channel
status. Multiple CSI-RSs may be transmitted to one cell. In an LTE-A system, one CSI-
RS may correspond to one, two, four, or eight antenna ports.

<212> 5. Other control channels (PHICH, PCFICH, PDCCH): It is used to provide
control information required for the terminal to receive PDSCH or to transmit

ACK/NACK for operating HARQ for data transmission of uplinks.

<213> The physical dedicated control channel (PDCCH) region, which is a control

channel area, and the ePDCCII (enhanced PDCCII) region, which is a data channel area,
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are divided and transmitted on the time axis. This is to quickly receive and demodulate
control channel signals. Furthermore, the PDCCH area is located across the entire
downlink band, and one control channel is divided into small control channels and
distributed across the entire downlink band. The uplink is largely divided into a control
channel (PUCCH) and a data channel (PUSCH) and the response channel and other
feedback information for the downlink data channel is transmitted via the control channel
if there is no data channel, or to the data channel if there is a data channel.

<214> At this time, at least one or more of a control signal or channel, or a data channel
transmission may be transmitted or received using some of the SC-FDMA or OFDM
symbols in an uplink or downlink subframe (used for LTE communication). For
example, among the 14 OFDM symbols (0, 1, 2, ..., 13 OFDM symbol indices) that
make up a 1ms subframe, O0~k1 OFDM symbols (at this time, k1 <13) are used to control
signals or channels, or control signals or channel transmissions or receptions using a
subframe that performs data channel transmission, or a k 13 OFDM symbol (in this case,
k1 > 0). At this time, some symbols in the subframe may be used as above to express the
control signal, the channel or the subframe that transmits and receives the data channel as

a partial subframe.

<215> Hereinafter, preferred embodiments of the present invention will be described in
detail with reference to the attached drawings. Further, in describing the invention, if it is
determined that the specific description of the known function or configuration involved

may unnecessarily obscure the subject matter of the invention, the detailed description
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will be omitted. The terms described below are defined in consideration of the functions
in the present invention, and may vary depending on the intention or custom of the user
or operator. Therefore, the definition should be based on the content throughout this
specification. In addition, hereinafter, in this specification, a system that transmits and
receives signals using at least one unlicensed band in the LTE (Long Term Evolution)
system, LTE-A (LTE-Advanced), and LTE-A-Pro systems is taken as an example.
Although described, the present invention is applicable to other communication systems
that simultaneously use licensed bands and unlicensed bands, or to sense (or measure
received signal strength) the frequency band for which signal transmission is to be
performed prior to signal transmission, and measure the sensing result. Accordingly, it
can be applied without any special additions or subtractions to communication systems
that perform or do not perform the signal transmission. In this invention, for the
convenience of explanation, it will be assumed that the cell sending and receiving signals
using an unlicensed band will be set to SCell and operated, but it can also be applied if
the cell operating in the unlicensed band is set to PCell or PSCell and operated. In
addition, in the present invention, a base station or cell communicating using an
unlicensed band may be represented as a LAA SCell, LAA Cell, LAA Base Station, base
station, or cell, and a terminal communicating using an unlicensed band may be
represented in a combination of LAA terminals, LAA UEs, UEs, or terminals, but the
meanings expressed in the embodiments described in the present invention are identical.
<216> Moreover, the present invention will assume, for the convenience of the

description, only a frequency aggregation (CA) environment connected to an ideal
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backhaul between at least one licensed band cell and one unlicensed band cell thereon,
but is not limited thereto. It can also be applied to dual-connectivity, where cells are
connected with a non-ideal backhaul, or to an environment consisting only of cells
operating in unlicensed bands without licensed band cells (stand-alone). In addition, the
present invention will be described assuming a case where the LAA terminal transmits an
uplink control signal or channel, or uplink data to the LAA cell using an unlicensed band,
whereby the LAA cell uses an unlicensed band to the LAA terminal. Thus, the present
invention can be applied even when transmitting a downlink control signal or channel, or

downlink data.

217> Generally, in the unlicensed band, multiple devices share the same frequency
band or channel. At this time, the devices using the unlicensed band may be different
systems. Therefore, devices operating in unlicensed bands for mutual coexistence
between various devices may perform channel sensing operations (or channel sensing)
for the unlicensed bands prior to performing communications using unlicensed bands or
channels, and may or may not perform communications for the unlicensed bands
depending on the result of the channel sensing operations. At this time, if the unlicensed
band can be used depending on the result of the channel detection operation, the device
can use the unlicensed band by pointing it continuously for a predefined or set maximum
channel occupancy time (MCOT). The general behavior of the devices operating in the
unlicensed band is as follows. Transmitters requiring signal transmission, including data

or control signals, etc., may determine whether the signal transmission is occupied (or
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used) by other devices for the channel relative to the unlicensed band or channel being
performed, and may or may not occupy the channel depending on the channel occupied
status of other devices for the determined channel. This operation is commonly referred
to as LBT (listen-before-talk) (or channel sensing operation or channel sensing). In other
words, among devices that wish to communicate using the unlicensed band, at least the
transmitting device must determine whether it can occupy the channel according to a
predefined or set method. For now, the time of detecting the channel to determine
whether it is occupiable for the unlicensed band or channel may be predefined, set from a
transmitting device or a particular device, and may also be selected as a random value
within a certain range. In addition, the channel detection time may be set in proportion to
the maximum channel occupancy time that can occupy the unlicensed band in succession
without separate channel detection operation. Conversely, the channel detection time can
be set to perform the channel detection operation according to the maximum channel
occupancy time. At this time, the set value of at least one or more of the channel sensing
operations for determining channel occupability as described above may be set
differently depending on the unlicensed frequency band performing the operation, or
according to local, country-specific regulations. For example, currently in the United
States, unlicensed bands can be used in the 5 GHz frequency band without any additional
channel detection operations other than radar detection operations.

<218> The transmission device that wishes to use the unlicensed band can detect the use
of other devices for the channel through the channel detection operation (or LBT) as

above, and if the channel occupancy of other devices is not detected in the channel, the
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channel can be occupied and used. Further, devices using unlicensed bands may operate
after channel detection operation by predefined or setting the maximum channel
occupancy time that can be continuously occupied. In addition, the maximum occupiable
time may be predefined according to regulations defined by frequency band, region, etc.,
or may be separately set from the base station for other devices, e.g., terminals.
Moreover, the channel occupancy time may be set differently depending on the
unlicensed band or region, country-specific regulations. For example, currently in Japan,
the maximum occupancy time in the unlicensed band of the 5 GHz band is regulated to 4
ms.

<219> The channel occupancy method in the LAA cell to use the unlicensed band in the
LAA system is explained as follows. If the LAA cell performs a channel detection
operation for the unlicensed band during a fixed period (for example, 25us), the
magnitude of the signal strength received in the entire or part of the fixed channel
detection period is greater than the predefined threshold, the LAA cell determines that the
unlicensed band is being used by at least one other device and does not perform
communication using the unlicensed band. If the magnitude of the intensity of the signal
received throughout the fixed channel detection interval is less than a predefined
threshold value, the LAA cell may determine that the unlicensed band is idle, and use the
unlicensed band continuously for a predefined or defined maximum channel occupancy
interval.

<220> If, during a variable interval in the LAA cell, the channel sensing operation for

the corresponding unlicensed band is performed, and if the magnitude of the intensity of
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the signal in some of the configured variable channel sensing intervals is greater than a
predefined threshold, the LAA cell determines that the unlicensed band is being used by
at least one other device, and does not use the unlicensed band to conduct
communication. If the magnitude of the intensity of the signal received throughout the
channel detection interval of the above variable is less than the predefined threshold
value, the LAA cell determines that the unlicensed band is idle, and the unlicensed band
can be used continuously for the predefined or set maximum channel occupancy interval.
At this time, the channel detection interval of the variable can be changed by selecting
any value within the contention window that the LAA cell is setting or managing. For
example, among the set of channel contention sections selected based on at least one of
the type of signal to be transmitted in the LAA cell or the maximum channel occupancy
section to be maximally occupied in the LAA cell, after selecting a random variable N
(for example, if the initial competitive interval maximum value is 15, select a random
integer N among (0, 15)) and performing a channel detection operation for the selected N
sections, the unlicensed band can be occupied and used. At this time, the contention
section can change or initialize the contention section based on the terminal's reception
result (for example, ACK/NACK) of the data signal transmitted through the unlicensed
band, thereby lowering the probability that other devices can use the unlicensed band at
the same time. For example, if NACK is generated by more than 80% of the result of
receiving all terminals for data signals transmitted in the first subsection of the maximum
channel occupancy interval through an unlicensed band, the LAA cell increases the
competitive interval. If, through the unlicensed band, no more than 80% NACK is

generated from the result of receiving all terminals for data signals transmitted in the first
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subframe of the maximum channel occupancy interval, the LAA cell sets the competing
interval to the initial value.

<221> FIG. 1d describes, for example, a typical LAA downlink transmission operation
as follows. An LAA cell that transmits a downlink signal using an unlicensed band
performs a channel detection operation for the unlicensed band for a time (1d-01)
corresponding to a randomly selected variable section in the set contention section. If the
channel detection operation determines that the unlicensed band is idle, the LAA cell may
occupy the unlicensed band for a maximum channel occupancy interval (1d-06). At this
time, if the channel detection operation is terminated prior to the subframe boundary or
slot boundary, the LAA cell may transmit a predefined signal (1d-03) to the subframe or
slot boundary to occupy the unlicensed band, and transmit a general LTE signal (e.g.
PDCCH(1d-04), PDSCH(1d- 05) and reference signal, etc.) in the slot or subframe. At
this time, the last subframe within the maximum channel occupancy interval may be a
partial subframe (1d-08) depending on the time of the start of occupancy of the
unlicensed band and the maximum channel occupancy interval.

<222> FIG. le describes, for example, a typical LAA uplink transmission operation as
follows. The LAA terminal transmitting uplink signals using an unlicensed band may
receive a setting for uplink transmission via a downlink control channel (1e-03) in
subframe n of a downlink k transmission interval (1e-01) of the LAA cell and perform
uplink transmission (1e-07) on a subframe (nt4) configured for uplink transmission via
the uplink transmission setting. At this time, if the uplink transmission of the LAA
terminal is an uplink transmission in an unlicensed band, the LAA terminal must perform
a channel detection operation before performing the configured uplink transmission (1e-

07). At this time, the channel detection operation performed by the LAA terminal may be
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the same as the channel detection operation performed by the LAA cell, or some
variables (e.g., competition interval size) may be different. In addition, the LAA
terminal's channel detection operation (1e-06) may be performed within at least one SC-
FDMA symbol (1e-09) within the same subframe in which uplink transmission is set, or
it may be performed in one or more SC-FDMA symbols (1e-06) immediately before the
set uplink subframe. At this time, depending on the result of the channel detection
operation, the LAA terminal may perform or may not perform the uplink transmission set

above.

<223> In the LTE system, the terminal may perform uplink data transmission according
to the base station settings or instructions. For example, when transmitting a UE's uplink
data channel (PUSCH: Physical Uplink Shared CHannel), the base station instructs a
specific UE to transmit the uplink through a downlink control channel (PDCCH: Physical
Downlink Control Channel). The terminal transmits the set uplink signal using the time
relationship between the base station and the predefined uplink transmission setting
reception time (e.g. PDCCH reception time) and the set uplink signal transmission time
(e.g. PUSCH transmission time). For example, in the case of an FDD system, if a base
station instructs a terminal via a PDCCH in subframe n to transmit PUSCH, the terminal
performs a PUSCH transmission using a resource set from the base station in subframe
n+K (K=4). Further, it can be set to another value including K=4. In the case of a TDD
system, the terminal may perform a PUSCH transmission using a PDCCH reception time
and a PUSCH transmission time relationship with predefined uplink transmission setting

information between the base station and the terminal. At this time, for a system with a
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third frame structure other than FDD and TDD, the time relationship between the uplink
transmission setting reception time point and the set uplink signal transmission time point
may be reused as defined in the FDD or TDD system, or the time relationship between a
new uplink transmission setting reception time point and a set uplink signal transmission

time point may be defined for a system with a third frame structure.

<224> Similarly, in an LTE system, a terminal may transmit an uplink control
information (hereinafter referred to as UCI) to a base station using at least one uplink
control channel (hereinafter referred to as PUCCH) or a channel of PUSCH by at least
one criteria including a UCI type and a base station/terminal setting according to a base
station setting or instructions. Here, the UCI information may be configured with one or
more of HARQ-ACK, periodic CSI, aperiodic CSI, or scheduling request information.
For example, the terminal may report channel state information (hereinafter CSI) to the
base station periodically via PUCCH according to the frequency set by the base station to
the parent signal. If the base station instructs the terminal to report CSI information via
PDCCH on an aperiodic basis, the terminal may report the measured CSI information to

the base station via PUSCH set by the PDCCH.
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<225> The base stations and terminals described in the present invention relate to base
stations and terminals capable of transmitting and receiving signals from one or more
cells in the licensed or unlicensed bands, and may also include base stations and
terminals capable of transmitting signals from one or more cells through the licensed or
unlicensed bands and terminals capable of receiving signals from one or more cells
through the unlicensed bands. In addition, the terminals described in the present
invention assume that they are set to transmit and receive signals from one or more cells
from the base station, unless otherwise described. At this time, the description will be
made on the assumption that the set cells are comprised of cells operating in at least one
licensed band and cells operating in at least one unlicensed band. At this time, it can also
be applied to base stations and terminals operating in an unlicensed band without a
separate licensed band.

<226> In addition, it is assumed that cells or base stations and terminals operating in the
licensed band described in the present invention are configured and operated in at least
one duplex method of FDD (or frame structure type 1) or TDD (frame structure type 2).
Similarly, it is assumed that cells or base stations and terminals operating in the
unlicensed band described in the present invention are set and operated with a third frame
structure (frame structure type 3). Here, frame structure type 3 includes the frame
structure required by the channel detection operation, all subframes that can be set to
downlink or uplink, and the downlink and uplink segments are freely changeable to the
extent permitted by technology or regulation according to the base station settings.

<227> Further, the methods proposed in the present invention are not limited to each
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embodiment and may be applied to any embodiment or invention described herein.

<228> In a terminal configured to transmit and receive signals from at least one or more
cells, downlink and uplink scheduling information for each of the configured cells may
be transmitted at each of the configured cells or may be transmitted at one cell. For
example, if explained using FIG. 3f, it is as follows. At this time, it is assumed that the
terminal of FIG. 3f is configured to transmit and receive uplink and downlink signals
from the base station to Cell 1, Cell 2. Here, the terminal receives uplink and downlink
scheduling information for the cells (hereinafter referred to as Cell 1 and Cell 2) set by
the base station from each Cell 1 and Cell 2, or the base station performs scheduling for
Cell 1 or Cell 2. In the case of a terminal configured to receive information from a cell,
the uplink and downlink scheduling information for that cell can be received from the
scheduling cell configured by the base station. In other words, the terminal receives
uplink and downlink scheduling information for one cell from one cell. To be more
specific, it is as follows. For the convenience of explanation, the present invention
hereafter assumes that Cell 1 is a PCell, and Cell 2 is a SCell. A terminal configured by
the base station to transmit and receive signals from Cell 2 in addition to Cell 1 can
receive RRC configuration information for Cell 2 from Cell 1. If, at this time, the
configuration information for the cell (scheduling cell, or schedulingCellld) transmitting
scheduling information for Cell 2 (e.g., CrossCarrier SchedulingConfig-rl0 or
CrossCarrier SchedulingConfig-r13) is not set among the RRC configuration information

for Cell 2, or if the CIF (Carrier Indication Field) value for the cell transmitting
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scheduling information for Cell 2 is not set, the terminal determines that downlink (3f-
03) and uplink (3f-04) scheduling information for Cell 2 is transmitted through the
PDCCH region of Cell 2. At this time, the scheduling method for the same cell that
transmits the scheduling information as above and the same cell that performs the uplink
and downlink transmission set through the scheduling information is described as self-
carrier scheduling (SCS) or self-scheduling. Hereinafter, in the present invention, the
scheduling method is expressed as SCS. In other words, the scheduling method for Cell 2
1s SCS. If the CIF value for a cell is not set, the terminal determines that the cell follows
the SCS scheduling method. Hence, if the CIF value for the cell is not set, the terminal
determines that the scheduling information for the cell is transmitted from the same cell.
At this time, in the case of the PCell, it can be determined that the downlink (3f-01) and
uplink (3f-02) scheduling information of the PCell is always transmitted through the
PDCCH area of the PCell without any separate settings. If a terminal is set to transmit
and receive signals from Cell 2 in addition to Cell 1 from the base station, among the
RRC configuration information for Cell 2 received from Cell 1, the configuration
information for the cell (scheduling cell, or schedulingCellld) transmitting scheduling
information for Cell 2 (e.g., CrossCarrier SchedulingConfig-rl0  or
CrossCarrierSchedulingConfig-r13) is set, or if the CIF (Carrier Indication Field) value
for the cell transmitting scheduling information for Cell 2 is set, the terminal will
determine that downlink (3f-13) and uplink (3f-14) scheduling information for Cell 2 is
transmitted through the PDCCH region of Cell 2. The scheduling method for the case
where the cell transmitting scheduling information and the cell performing uplink and

downlink transmission set through the scheduling information are different from each
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other is referred to as cross-carrier scheduling (CCS). Hereinafter, in the present
invention, the scheduling method is expressed as CCS. In other words, the scheduling
method for Cell 2 is CCS and the cell (scheduling cell or scheduling Cell Id) that
schedules Cell 2 is Cell 1. In other words, when the CIF value for a cell is set, the
terminal determines that scheduling information for that cell is transmitted from another
cell, and at this time, information about the scheduling cell to which the scheduling
information is transmitted can be set from the base station. At this time, in the case of the
PCell, it can be determined that the downlink (3f-11) and uplink (3f-12) scheduling
information of the PCell is always transmitted through the PDCCH area of the PCell
without separate settings.

<229> By following the above scheduling method, the terminal can always receive
uplink and downlink scheduling information for one cell from one cell. However, if the
number of downlink subframes among the transmitable subframes is less than that of the
uplink subframes, some subframes of the uplink subframes may not schedule uplink
transmissions via the scheduling scheme (for example, SCS method). For example, in a
base station or cell that wants to schedule a plurality of uplink transmissions after
transmitting two downlink subframes n and n+1, the uplink subframes that can be
scheduled through the above scheduling method (SCS method) are n+K, and there are
only two n+tK+1. At this time, a value of K = 4 or higher can be defined in advance
between the base station and the terminal, or the base station can set and transmit the K
value to the terminal. Therefore, if a base station or cell wants to use ntK+2 subframes as

uplink subframes, the uplink subframes can be scheduled using CCS scheduling rather
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than the SCS scheduling method described above. However, in the case of the CCS
method, a specific cell must transmit scheduling information for one or more cells, so if a
large number of cells use the CCS method as described above, it may be available in a
specific cell or scheduling cell. The existing control channel resources (or PDCCH
resources, or Cell-specific search space, or UE-specific search space) may be insufficient.
Therefore, as described above, the terminal must be able to receive uplink and downlink
scheduling information for one cell from one or more cells. For example, the terminal
may receive the downlink scheduling transmission information of cell 2 from cell 2 and
the uplink scheduling information of cell 2 from cell 1. For this purpose, the base station
or cell needs to distinguish between downlink and uplink scheduling information
transmission cells as follows. To this end, the base station can set different downlink and
uplink scheduling information transmission cells to the terminal through Cross Carrier
Scheduling Config among the RRC configuration information for Cell 2. FIG. 3g is
explained as an example as follows.

<230> If a terminal is set to transmit and receive signals from cell 2 in addition to cell 1
from the base station, among the RRC configuration information for Cell 2 received from
Cell 1, configuration information for the cell (scheduling cell. or scheduling Cell Id) that
transmits scheduling information for Cell 2 (e.g., Cross Carrier Scheduling Config-r10 or
Cross Carrier Scheduling Config-r13) is set, or in the case where the CIF (Carrier
Indication Field) value for the cell transmitting scheduling information for cell 2 is set, if
the base station sets the cell that transmits downlink scheduling information for cell 2 to

the terminal to be different from the cell that transmits uplink scheduling information, for
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example, the base station receives downlink scheduling information (3g-03) of Cell 2
from the UE through the PDCCH area of Cell 2, the uplink scheduling information (3g-
04) of Cell 2 can be set to be transmitted through the PDCCH area of Cell 1. At this time,
the present invention will hereinafter explain assuming that transmission of downlink
scheduling information follows the SCS method and transmission of uplink scheduling
information follows the CCS method. In other words, a cell to which downlink
scheduling information is transmitted will be described assuming that the downlink
control channel and data channel are the same cell as the cell to which it is transmitted,
and that the cell to which uplink scheduling information is transmitted is a cell different
from the cell to which the uplink control channel or data channel is transmitted.
However, within the scope that does not obscure the subject of the present invention, the
method proposed in the present invention can be equally applied even when transmission
of downlink scheduling information follows the CCS method and transmission of uplink
scheduling information follows the SCS method.

<231> As described above, the method for the base station to set the downlink
scheduling information transmission cell and the uplink scheduling information
transmission cell differently for the terminal is as follows.

<232> Method 1: When a base station or cell needs to distinguish between downlink
and uplink scheduling information transmission cells, the base station can differentiate
and configure cases where the cell transmitting downlink scheduling information and the
cell transmitting uplink scheduling information are different to the terminal through

CrossCarrier SchedulingConfig as shown below. For example, new messages, such as
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DLschedulingCellld and ULschedulingCellld, are added to distinguish cases where the
cell transmitting downlink scheduling information and the cell transmitting uplink
scheduling information are different, and downlink processing is performed according to
the cell set through the message. Link and uplink scheduling information transmission
cells can be distinguished. In other words, the terminal determines that uplink scheduling
information is received from the cell corresponding to ULschedulingCelll' included in the
CrossCarrier SchedulingConfig, and can receive uplink scheduling information through
the PDCCH of the configured uplink scheduling information transmission cell.
Additionally, the terminal determines that downlink scheduling information is received
from the cell corresponding to DLschedulingCellld included in the CrossCarrier
SchedulingConfigo, and can receive downlink scheduling information through the
PDCCH of the configured downlink scheduling information transmission cell. At this
time, when the downlink scheduling information transmission cell and the downlink
control and data channel transmission are performed in the same cell (SCS scheduling
method), the pdech-Start information for the cell is not included in the CrossCarrier
SchedulingConfig configuration information, and the terminal can make the decision by
receiving PCFICH information for the cell. At this time, the terminal does not receive
PCFICH information for the cell and can determine the PDCCH transmission symbol or
PDSCH transmission start symbol for the cell using the set pdcch-Start information. If
the terminal obtains both the pdcch-Start information and PCFICH information, the
terminal can determine the PDCCH transmission symbol or PDSCH transmission start

symbol according to the PCFICH information.

232-104 Samsung Exhibit 1013, Page 340 of 469
Samsung Electronics Co., Ltd. v. Asus Technology Licensing Inc.
IPR2024-01273



2016-05-12

CrossCarrierSchedulingConfig-r14 ::= SEQUENCE {
schedulingCelllnfo-r14 CHOICE {

Own-r14 SEQUENCE { -- No cross carrier scheduling
cif-Presence-r14 BOOLEAN

}7

other-r14 SEQUENCE { -- Cross carrier scheduling
DLschedulingCellld-r14 ServCelllndexFull-r13,
ULschedulingCellld-r14 ServCelllndexFull-r13,
pdsch-Start-r14 INTEGER (1..4),
cif-InDLSchedulingCell-r14 INTEGER (1..7)
cif-InULSchedulingCell-r14 INTEGER (1..7)

<CrossCarrierSchedulingConfig settings information for method 1>

[0233]
<234> Alternatively, Method 2. If a base station or cell needs to distinguish between
downlink and uplink scheduling information transmission cells, the base station sets only
the uplink scheduling information transmission cells to the terminal through
CrossCarrierSchedulingConfig as shown below, and the cells that transmit downlink
scheduling information are downstream. The link control channel and data channel can
be defined in advance as being the same as the transmitted cell (scheduled according to
the SCS scheduling method). At this time, since the downlink scheduling information
transmission cell and the downlink control and data channel transmission are performed
in the same cell, plcch-Start information for the downlink scheduling information
transmission cell is not included in the CrossCarrierSchedulingConfig setting
information, and the terminal A decision can be made by receiving PCFICH information
for the cell. At this time, the terminal may not receive PCFICH information for the cell
and may determine the PDCCH transmission symbol or PDSCH transmission start
symbol for the cell using the set pdcch-Start information. If the terminal obtains both the
pdcch-Start information and PCFICH information, the terminal can determine the
PDCCH transmission symbol or PDSCH transmission start symbol according to the

PCFICH information.
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CrossCarrierSchedulingConfig-r14 ::= SEQUENCE {
schedulingCelllnfo-r14 CHOICE {

Own-r13 SEQUENCE { -- No cross carrier scheduling
cif-Presence-r14 BOOLEAN

}7

other-r14 SEQUENCE { -- Cross carrier scheduling
ULschedulingCellld-r14 ServCelllndexFull-r14,
pdsch-Start-r14 INTEGER (1.4),
cif-Inschedulingcell-r13 INTEGER (1..7)

<CrossCarrierSchedulingConfig setting information for Method 20>

[0235]
<236> At this time, the terminal that has received configuration information for the
uplink scheduling information transmission cell receives downlink scheduling
information on the PDCCH of the same cell as the cell receiving the downlink signal, and
the uplink scheduling information can be received through the PDCCH of the uplink

scheduling information transmission cell set through the CrossCarrierSchedulingConfig.

<237> As another method, Method 3, when the base station or cell needs to distinguish
between downlink and uplink scheduling information transmission cells, the base station
transmits  downlink  scheduling  information to the terminal through
CrossCarrierSchedulingConfig as shown below. Cases where the cells transmitting link
scheduling information are different can be set separately. For example, a new message is
added to distinguish when the cell transmitting downlink scheduling information and the
cell transmitting wuplink scheduling information are different, such as the
DLULschedulingCellDiff field, and when the message is set to true, the terminal It is
determined that uplink scheduling information is received from the cell corresponding to
schedulingCellll included in CrossCarrier SchedulingConfig, and uplink scheduling
information can be received through the PDCCH of the configured uplink scheduling

information transmission cell. In addition, it may be determined that the downlink
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scheduling information is a PDCCH reception (or SCS-style scheduling) in the same cell
as the cell receiving the downlink signal. At this time, since downlink transmission is not
performed in the uplink scheduling information transmission cell, pdcch-Start
information for the cell may not be included in CrossCarrierSchedulingConfig

configuration information.

CrossCarrierSchedulingConfig-r14 ::= SEQUENCE {
schedulingCelllnfo-r14 CHOICE {

Own-r14 SEQUENCE { -- No cross carrier scheduling
cif-Presence-r14 BOOLEAN

b

other-r14 SEQUENCE { -- Cross carrier scheduling
schedulingCellld-r14 ServCelllndexFull-r13,
pdsch-Start-r14 INTEGER (1..4),
DLULschedulingCellDiff ENUMERATED {true}
cif-InSchedulingCell-r14 INTEGER (1..7)

<CrossCarrierSchedulingConfig setting information for Method 3>

[0238]
<239> For example, if a base station or cell needs to distinguish between downlink and
uplink scheduling information transmission cells, the base station can set uplink
scheduling  information  transmission cells to the terminal through
CrossCarrierSchedulingConfig as shown below. At this time, if the downlink scheduling
information transmission cell and the downlink control and data channel transmission are
performed on the same cell (or if DLULschedulingCellDiff is set to true or if the SCS
method of scheduling is followed), the plcch-Start information for the downlink
squeezing  information  transmission cell is not included in  the
CrossCarrierSchedulingConfig establishment information, and the terminal may receive
and determine PCFICH information for the cell. At this time, the terminal does not
receive PCFICH information for the cell and can determine the PDCCH transmission
symbol or PDSCH transmission start symbol for the cell using the set pdcch-Start

information. If the terminal obtains both the pdcch-Start information and PCFICH
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information, the terminal can determine the PDCCH transmission symbol or PDSCH
transmission start symbol according to the PCFICH information. At this time, when the
downlink scheduling information transmission cell and the downlink control and data
channel transmission are not performed in the same cell (or when
DLULschedulingCellDiff is set to false or when CCS-based scheduling is followed), the
downlink scheduling information pdcch-Start information for the transmission cell may

be transmitted and included in CrossCarrierSchedulingConfig configuration information.

<240> If, using at least one of the above methods, the base station sets the downlink
scheduling information transmission cell and the uplink scheduling information
transmission cell to the terminal differently, the terminal transmits downlink scheduling
information and uplink scheduling for each cell. The PDCCH area or search space where
information can be transmitted can be set differently for each cell. For example, in the
case where the downlink scheduling information transmission cell and the uplink
scheduling information transmission cell are the same as shown in FIG. 3f, if the cell
transmitting the scheduling information is the cell through which the terminal transmits
and receives downlink and uplink signals, in other cases, for example, when scheduling
information for cell 2 is transmitted from cell 1, such as 3f-13 and 3f-14, that is, when the
CCS scheduling method is set, scheduling information for cell 2 may be transmitted. The
PDCCH area (hereinafter referred to as search space) may be set as a part of the PDCCH
area of Cell 1. At this time, the search space in which the scheduling information for cell

1 may be transmitted, such as 3f-11 and 3f-12, may also be set as part of the PDCCH area
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of cell 1, but it may be set differently from the search space for cell 2. It is also possible
for the search spaces of cell 1 and cell 2 to overlap. Therefore, if the base station
configures the downlink scheduling information transmission cell and the uplink
scheduling information transmission cell differently for the terminal, a search space
definition method for each scheduling information transmission cell is required. If, as in
method 1 above, the base station configures the terminal for a downlink scheduling
information transmission cell and an uplink scheduling information transmission cell
respectively, or the terminal that has received the CIF value for the scheduling cell set
from the base station sets the configured, the CIF value can be used to define the search
space for each scheduling cell. At this time, the search space (STk) of the scheduling cell
is as follows. L{(Yx +m') mod (floor(nccex /L)}+i. Here L is the aggregation level for
PDCCH as {1,2,4,8}. Yk is Yk =(AYk-1)mod(D), where Y.i=nrnT1, A-39827, D=65537, k
is floor(ns/2), where ns is a slot index from 0 to 19. nrnTi 1S @ unique identifier for that
control channel. In addition, m' = m+M®,c1, where nc1 is the CIF value, and M® is the
number of PDCCH candidates for each aggregation level. For example, for a UE-specific
search space, M(V=6 M® =6 M® =2 M®=2,

<241> If the CIF value is not set, it i1s the same as mm above. Therefore, as in Method 1
above, the terminal that has received CIF values for each of the downlink scheduling
information transmission cell and the uplink scheduling information transmission cell
from the terminal, sets the CIF value in each scheduling cell using the CIF value set in
the above equation. A search space is defined, and the PDCCH is decoded in the

corresponding search space of the cell to determine whether the base station has
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transmitted downlink and uplink scheduling information to the terminal. At this time, in
the above example, when the downlink scheduling transmission cell, the downlink
control channel, and the data transmission channel are the same, although the CIF value
is set, it is determined that the SCS scheduling method is applied, and the set CIF value is
applied. Alternatively, it is also possible to define the search space of the terminal in the
downlink scheduling transmission cell using m'.

<242> If, as in Method 2 above, the base station has received a CIF value for a specific
one of the downlink scheduling information transmission cell and the uplink scheduling
information transmission cell from the terminal, the search space for the cell for which
the CIF is set is set as above. It can be defined using the set CIF value and the formula for
defining the search space. At this time, in the case of a cell that does not have a CIF value
set among the downlink scheduling information transmission cells and the uplink
scheduling information transmission cells, the ncy value is considered to be zero in the
equation for defining the search space (i.e., mm) to define the search space for the cell. In
other words, although the CIF for a cell (e.g., cell 2 in FIG. 3f) is set when defining the
search space, the CIF value is applied only to one of the downlink scheduling cells or
uplink scheduling cells. For scheduling cells to which the CIF value is not applied, the
CIF value is considered not to be set, and the search space for the cells can be
determined. At this time, it is also possible to consider the search space for a cell that has
not been set a CIF value among the downlink scheduling information transmission cell
and the uplink scheduling information transmission cell as being the same as the CIF of

the cell that has been set (e.g., nc1), and define the search space for the cell (i.e.,
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m'=m+M®Un¢;). In other words, the CIF used when defining the search space is
considered to be set equally regardless of whether it is a downlink scheduling cell or an
uplink scheduling cell, and the search space for the cells can be determined.

<243> If, as in Method 3 above, the base station sets a CIF value for a specific cell (e.g.,
an uplink scheduling information transmission cell) among the downlink scheduling
information transmission cell and the uplink scheduling information transmission cell to
the terminal, the terminal receives the CIF value. Or, in a terminal that has received one
CIF value set without distinction between downlink scheduling information transmission
cells and uplink scheduling information transmission cells, if a message (e.g.
DLULschedulingCellDiff) is set (or set to true) to indicate that the uplink scheduling
transmission cell and the downlink scheduling transmission cell are set differently, CIF is
considered to be set for one predefined scheduling cell (uplink scheduling cell or
downlink scheduling cell) among the downlink scheduling information transmission cell
and the uplink scheduling information transmission cell, and the search space for the cell
can be defined using the set CIF value and an equation that defines the search space. At
this time, except for the scheduling cell for which the CIF is considered to be set, other
cells are considered to have no CIF set, and in the formula for defining the search space,
the ncr value is considered to be 0 (i.e., mm) to define a search space for the cell. In other
words, although the CIF for a cell (e.g., cell 2 in FIG. 3f) is set when defining the search
space, the CIF value is applied only to one of the downlink scheduling cells or the uplink
scheduling cells. For scheduling cells to which the CIF value is not applied, the search

space for the cells can be determined by considering that the CIF value is not set. At this
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time, it is also possible to define search space for the cell using the set CIF value (i.e.,
m'=m+ M®n¢; ) for the cell that is determined to have not been set CIF value above
among the downlink scheduling information transmission cell and the uplink scheduling
information transmission cell. In other words, the CIF used when defining the search
space is considered to be set to the same CIF regardless of downlink scheduling cell or
uplink scheduling cell, and the search space for the cells can be determined.

<244> If, as described above, the base station sets the UE to have different downlink
scheduling information transmission cells and uplink scheduling information
transmission cells, and a search space is defined for each scheduling information
transmission cell. The number of blind decodings required for receiving scheduling
information increases compared to the case where the base station transmits downlink
scheduling information to the terminal and the uplink scheduling information
transmission cell is the same. Therefore, in the above case, a technique for reducing the
number of blind decoding required to receive scheduling information of the terminal is
needed. First, when the base station sets the downlink scheduling information
transmission cell and the uplink scheduling information transmission cell differently to
the terminal, and a search space is defined for each scheduling information transmission
cell, the downlink scheduling information transmission cell uses a downlink scheduling
information transmission cell. Only scheduling information or DCI format related to
scheduling information transmission can be blind decoded, and in the uplink scheduling
information transmission cell, only scheduling information or DCI format related to

uplink scheduling information transmission can be blind decoded. In other words, the
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terminal can perform blind decoding of DCI formats excluding the DCI format (for
example, DCI format 4) used for transmitting uplink scheduling information in the search
space set for the downlink scheduling information transmission cell. For this purpose, the
base station additionally sets upper signal fields such as skipMonitoringDCI-format4 for
the cell or sets them to true, so that the terminal sets the DCI format used to transmit
uplink scheduling information for the corresponding scheduling cell (e.g., DCI format 4 )
can be set to not perform blind decoding. Additionally, the terminal can perform blind
decoding of DCI formats other than the DCI format (e.g. DCI format 1/1A/1B/1C/1D,
2/2A/2C/2D) used for downlink scheduling information transmission in the search space
set for the uplink scheduling information transmission cell. For this purpose, the base
station may further set the parent signal field such as skipMonitoringDCI-formatlIx,
skipMonitoringDCI-format2x or skipMonitoringDClI-formatIx-2x for the cell or set it to
true so that the terminal does not perform blind decoding for DCI format (e.g.,
1/1A/1B/1C/1D, 2/2A/2C/2D) used for downlink scheduling information transmission for
the corresponding scheduling cell. At this time, since the DCI format size of the DCI
format (additionally used to transmit uplink scheduling information) and the DCI format
1A used to transmit downlink scheduling information are the same, DCI format 0/1A can
be detected with one blind decoding. Accordingly, the base station and the terminal can
be set not to perform blind decoding for DCI format 0/1A, at least in the search space set
for the downlink scheduling information transmission cell. For example, the base station
additionally sets the upper signal field such as skipMonitoringDCI-format0-1A4 for the

cell or sets it to true, and the terminal can be configured not to perform blind decoding
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for DCI format 0/1A for the corresponding scheduling cell. FIG. 3h is a flowchart
explaining the operation of a base station according to an embodiment of the present
invention. The base station may set one or more serving cells to the terminal in step 3h-
01 according to the capabilities of the base station and the terminal. At this time, the set
serving cell may include a cell operating in an unlicensed band depending on the
capabilities of the base station and the terminal, and the number of serving cells that can
be set may also vary depending on the capabilities of the base station and the terminal.
The base station may set a cell that transmits scheduling information for the set serving
cell in step 3h-02. At this time, the base station can set the scheduling method, SCS or
CCS method for the serving cell to the terminal. If the CCS method is set, the base station
can set the cell index and CIF information for the cell transmitting the scheduling
information to the terminal. Additionally, the base station may have the same or different
scheduling cells that transmit downlink scheduling information for the serving cell and
the scheduling cells that transmit uplink scheduling information. If it is determined in
step 3h-03 that the cell transmitting downlink scheduling information for the serving cell
and the cell transmitting uplink scheduling information are the same, in step 3h-04, the
base station determines the search space in the scheduling cell according to a method
defined in advance with the terminal, and transmits PDCCH in the search space to
transmit downlink and uplink scheduling information for the serving cell. If it is
determined in step 3h-3 that the cell transmitting downlink scheduling information for the
serving cell and the cell transmitting uplink scheduling information are different, in step

3h-05, the base station communicates with the terminal in a predefined manner. By
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determining the search space in each of the scheduling cells, PDCCH can be transmitted
in the search space to transmit downlink and uplink scheduling information for the

serving cell, respectively.

<245> FIG. 31 is a flowchart explaining terminal operations for an embodiment of the
present invention. In step 3i-1, the terminal can receive one or more serving cells from
the base station according to the capabilities of the base station and the terminal. At this
time, the set serving cell may include a cell operating in an unlicensed band depending on
the capabilities of the base station and the terminal, and the number of serving cells that
can be set may also vary depending on the capabilities of the base station and the
terminal. In step 3-2, the terminal can receive information about the cell transmitting
scheduling information about the configured serving cell from the base station. At this
time, the terminal can determine the scheduling method, SCS or CCS method for the
serving cell. If the CCS method is set, the terminal can receive cell index and CIF
information for the cell transmitting the scheduling information. Additionally, the
terminal may determine whether the scheduling cell transmitting downlink scheduling
information for the serving cell and the scheduling cell transmitting uplink scheduling
information are set to be the same or different. If it is determined in step 31-3 that the cell
transmitting downlink scheduling information for the serving cell and the cell
transmitting uplink scheduling information are the same, in step 3h-04 the terminal
communicates with the base station in a predefined manner. By determining the search

space in the scheduling cell, and monitoring the PDCCH in the search space, downlink
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and uplink scheduling information for the serving cell can be received. If it is determined
in step 31-03 that the cell transmitting downlink scheduling information for the serving
cell and the cell transmitting uplink scheduling information are different, the terminal
uses a predefined method with the base station in step 3h-05. By determining the search
space in each of the scheduling cells, and monitoring the PDCCH in the search space,
downlink and uplink scheduling information for the serving cell can be received,

respectively.

<246> FIG. 3j is a diagram of a base station device according to an embodiment of the
present invention.

<247> The receiver (3j-03) of the base station not only has the function of receiving
signals from the base station, terminal, etc., or measuring the channel from the base
station, terminal, etc., but also sets the channel detection operation set through the base
station controller (3j-01). It may include an operation to detect an unlicensed band
channel using the value. Additionally, when occupying an unlicensed band, the
transmission power that can be transmitted in the unlicensed band can be determined.
Using information about the unlicensed band detected by the receiver (3j-02), the base
station controller (3j-01) can determine whether the unlicensed band is idle. If the
determined unlicensed band is idle, the base station's controller (3j-01) receives a signal
for channel occupancy from the base station's transmitter (3j-03), control channel and
data channel information for a specific terminal, or LAA's Setting information about

transmission power can be transmitted. In addition, the base station can set the cells that
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transmit the downlink and uplink scheduling information of the serving cell to be the
same or set them differently depending on the capabilities of the terminal. If the cells that
transmit the downlink and uplink scheduling information of the serving cell are set
differently, the base station can transmit the downlink and uplink scheduling information
of the terminal in the search space for each scheduling cell.

<248> FIG. 3k is a diagram of a terminal device using an unlicensed band according to
an embodiment of the present invention.

<249> In FIG. 3k, the controller (3k-01) of the terminal receives setting information
between the base station and the terminal for signal transmission in the licensed band and
unlicensed band from the base station using the receiver (3k-02), and sets the received
settings, and the unlicensed band is used according to the received setting value. In
addition, the time when the first signal can be transmitted or the time when the second
signal can be transmitted and the signal settings are received through the receiver (3k-02)
of the terminal, methods for setting the channel occupancy section of the LAA or
determining the last partial subframe can be received. Additionally, setting information
regarding transmission power in the channel occupancy section of the LAA cell can be
received through the receiver (3k-02) of the terminal. The controller (3k-01) transmits a
setting value for determining whether scheduling is possible in a subframe that performs
a channel detection operation set by the base station received through the receiver (3k-02)
and the channel occupation start symbol of the base station. Use at least one of the
following: setting value for the signal, unlicensed band status information that the base

station can transmit to the terminal using a licensed band or another unlicensed band, and
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transmission power setting information in the channel occupancy section of the LAA cell.
In this way, status information of the unlicensed band can be obtained and a signal can be
received from the unlicensed band. Additionally, the controller (3k-01) can determine
whether the LAA occupies a channel using the second signal transmission received and
detected from the LAA cell. In addition, the controller (3k-01) may determine the last
partial subframe length of the LAA cell using at least one or more of the information of
the first signal or second signal transmitable time point set from the LAA cell and the
channel occupancy interval of the LAA cell. In addition, the controller (3k-01) can
determine the reception result of the data signal received from the base station and notify
the base station of the data reception result through the transmitter (3k-03). Additionally,
the terminal may set the cell that transmits downlink and uplink scheduling information
of the serving cell from the base station to be the same or set differently. If a cell
transmitting downlink and uplink scheduling information of a serving cell is set
differently, the terminal may determine the search space for each scheduling cell and
receive downlink and uplink scheduling information from the base station in the search

space.

<250> <Embodiment 4>

251> The present invention relates to a wireless communication system, and more
specifically, to a method and system that enables efficient data transmission and reception
when supporting various services with different transmission and reception parameters in

one system to satisfy various wireless communication requirements.
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<252> Wireless communication systems have moved away from providing early voice-
oriented services to, for example, 3GPP's HSPA (High Speed Packet Access), LTE (Long
Term Evolution or E-UTRA (Evolved Universal Terrestrial Radio Access)), and LTE-
Advanced (LTE-A), LTE-Pro, 3GPP2’s High Rate Packet Data (HRPD). It is developing
into a broadband wireless communication system that provides high-speed, high-quality
packet data services, such as communication standards such as UMB (Ultra Mobile
Broadband) and IEEE's 802.16e.
<253> As a representative example of the broadband wireless communication system,
the LTE system uses Orthogonal Frequency Division Multiplexing (OFDM) in the
downlink (DL), and Single Carrier Frequency Division Multiplexing (SC-FDMA) in the
uplink (UL). Access) method 1s adopted. An uplink refers to a wireless link through
which a terminal (UE (User Equipment) or MS (Mobile Station)) transmits data or
control signals to the base station (eNode B, or base station (BS)), and a downlink refers
to a wireless link through which the base station transmits data or control signals to the
terminal. In the above multiple access method, the time-frequency resources for carrying
data or control information for each user are usually not overlapped. In other words, each
user's data or control information is distinguished by allocation and operation to ensure
orthogonality.
<254> As a future communication system after LTE, that is, the 5G communication
system must be able to freely reflect the various requirements of users and service
providers, so services that satisfy various requirements must be supported. Services

considered for the 5G communication system include enhanced Mobile Broadband
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(eMBB), massive machine type communication (mMTC), and Ultra Reliability Low
Latency Communication (URLLC). etc.
<255> eMBB aims to provide more improved data transmission speeds than those
supported by existing LTE, LTE-A or LTE-Pro. For example, in a 5G communication
system, eMBB must be able to provide a peak data rate of 20 Gbps in the downlink and a
peak data rate of 10 Gbps in the uplink from the perspective of one base station. At the
same time, it is necessary to provide an increased user perceived data rate of the terminal.
In order to meet these requirements, improvements in transmission and reception
technology are required, including more advanced Multi Input Multi Output (MIMO)
transmission technology. In addition, the data transmission speed required by the 5G
communication system can be satisfied by using a frequency bandwidth wider than
20MHz in the 3~6GHz or above 6GHz frequency band instead of the 2GHz band used by
the current LTE.
<256> At the same time, mMTC is being considered to support application services
such as the Internet of Things (IoT) in 5G communication systems. In order to efficiently
provide the Internet of Things, mMTC requires support for the connection of a large
number of terminals within a cell, improved coverage of terminals, improved battery
time, and reduced terminal costs. Since the Internet of Things provides communication
functions by attaching various sensors and various devices, it must be able to support a
large number of terminals (for example, 1,000,000 terminals/km?) within a cell.
Additionally, due to the nature of the service, terminals supporting MMTC are likely to
be located in shadow areas that cannot be covered by cells, such as the basement of a

building, so they require wider coverage than other services provided by the 5G
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communication system. Terminals that support mMTC must be composed of low-cost
terminals, and because it is difficult to frequently replace the terminal's battery, a very
long battery life time is required.

<257> Finally, in the case of URLLC, it is a cellular-based wireless communication
service used for specific purposes (mission-critical), such as remote control of robots or
machinery, industrial automation, and unmanned flight. As a service used for devices
(Unmanel Aerial Vehicle), remote health care, emergency alerts, etc., it must provide
communication that provides ultra-low latency and ultra-reliability. For example, a
service that supports URLLC must satisfy a radio connection latency (Air interface
latency) that is less than 0.5 milliseconds, and at the same time has a requirement of a
packet error rate (10) or less. Therefore, for services that support URLLC, the 5G
system must provide a smaller Transmit Time Interval (TTI) than other services, and at
the same time, design requirements to allocate wide resources in the frequency band are
required.

<258> The services considered in the 5G communication system described above must
be integrated and provided based on one framework. In other words, for efficient
resource management and control, it is desirable for each service to be integrated,

controlled, and transmitted as a single system rather than operating independently.
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<259> FIG. 4a is a diagram illustrating an example of services contemplated in a 5G
communication system being transmitted to one system.

<260> In FIG. 4a, the frequency-time resource (4a-01) used by the 5G communication
system may be configured in the frequency axis (4a-02) and the time axis (4a-03). The
frequency-time resource (4a-01) is composed of a plurality of resource blocks (RB) on
the frequency axis (4a-02), and is composed of continuous subframes on the time axis
(4a-03). Here, RB refers to the minimum unit of scheduling in the frequency domain
consisting of a plurality of subcarriers that constitute OFDM, similar to LTE. In addition,
here, the subframe refers to the minimum unit of scheduling in the time domain
composed of a plurality of OFDM symbols, similar to LTE. FIG. 4a illustrates that the 5G
communication system operates eMBB (4a-04), mMTC (4a-05), and URLLC (4a-06)
within one framework. Additionally, as a service that can be additionally considered in
the 5G communication system, enhanced Mobile Broadcast/Multicast Service (eMBMS,
4a-07) can be considered to provide broadcasting services on a cellular basis. Services
considered in the 5G communication system, such as eMBB (105), mMTC (106),
URLLC (107), and eMBMS (108), are time-division multiplexed within one system
frequency bandwidth operated by the 5G communication system. It can be multiplexed
and transmitted through Multiplexing (TDM) or Frequency Division Multiplexing
(FDM), and spatial division multiplexing (Spatial Division Multiplexing) can also be
considered. In the case of eMBB (4a-04), it is desirable to transmit by occupying the
maximum frequency bandwidth at a certain random time in order to provide the increased

data transmission rate described above. In other words, it is desirable to allocate as many
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RBs as possible to transmit data to the terminal. Therefore, in the case of the eMBB (4a-
4) service, it is desirable to transmit in TDM within the frequency-time resource (4a-1)
provided by other services and systems, but other services and systems may be used
depending on the needs of other services. FDM may also be considered within the
provided frequency-time resource (4a-01).

<261> In the case of mMTC(4a-5), unlike other services, an increased transmission
section is required to secure wide coverage, and coverage can be secured by repeatedly
transmitting the same packet within the transmission section. At the same time, in order
to reduce terminal complexity and terminal price, there is a limit to the transmission
bandwidth that the terminal can receive. Considering these requirements, it is desirable
that mMTC (4a-05) be transmitted by FDM with other services within the frequency-time
resource (4a-01) provided by the 5G communication system.

<262> It is desirable for URLLC (4a-06) to have a short Transmit Time Interval (TTI)
compared to other services in order to satisfy the ultra-delay requirements required by the
service. At the same time, in order to satisfy ultra-reliability requirements, it is necessary
to have a low coding rate, so it is desirable to have a wide bandwidth on the frequency
side. Considering the requirements of the URLLC (4a-6), it is desirable for the URLLC
(4a-06) to be TDM with other services within the frequency-time resource (4a-1) of the
5G communication system.

<263> Each of the services described above may have different transmission/reception
techniques and transmission/reception parameters to satisfy the requirements of each
service. For example, each service can be considered to have a different numerology

depending on the requirements of each service. Here, numerology refers to the Cyclic
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Prefix (CP) length in a communication system based on Orthogonal Frequency Division
Multiplexing (OFDM) or Orthogonal Frequency Division Multiple Access (OFDMA),
which includes subcarrier spacing, OFDM symbol length, and transmission interval
length (TTI). As an example of having different numerology between the above services,
eMBMS (4a-07) may have a longer CP length than other services. Since eMBMS (4a-07)
transmits broadcast-based upper level traffic, the same data can be transmitted in all cells.
At this time, from the UE's perspective, if signals received from multiple cells arrive
within the CP length, the UE can receive and decode all of these signals, thereby
obtaining a single frequency network diversity (SFN Diversity) gain. Therefore, there is
an advantage that even terminals located at the cell border can receive broadcast
information without coverage restrictions. However, in supporting eMBMS4a-07) in a
5G communication system, if the CP length is relatively long compared to other services,
waste due to CP overhead occurs, and at the same time, a longer OFDM symbol length is
required compared to other services, which is at the same time Compared to other
services, a narrower subcarrier spacing is required.
<264> Additionally, as an example of different Numerology being used between
services in a 5G communication system, in the case of URLLC4a-06), as a smaller TTI is
required compared to other services, a shorter OFDM symbol length may be required,

and at the same time, a wider subcarrier spacing may be required.

<265> In the above, the need for various services is described to satisfy the various
requirements of the 5G communication system, and the requirements for the services that

are representatively being considered are described. At the same time, in the 5G
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communication system, technologies for forward compatibility must be considered to
provide additional services required in the future. Because there was insufficient
consideration for future compatibility in the initial LTE standardization stage, limitations
may arise in providing new services within the LTE framework. For example, in the case
of eMTC (enhanced Machine Type Communication) applied in LTE release-13, in order
to reduce the cost of the terminal by reducing the complexity of the terminal, the system
bandwidth provided by the serving cell is increased. Regardless, communication is only
possible at a frequency corresponding to 1.4 MHz. Therefore, a terminal that supports
eMTC cannot receive the Physical Downlink Control Channel (PDCCH) transmitted in
the entire transmission bandwidth of the existing system, and there were restrictions in
which signals could not be received in the time interval in which the PDCCH was
transmitted. Therefore, the 5G communication system must be designed so that the
services considered after the 5G communication system coexist and operate efficiently
with the 5G communication system. For future compatibility in the 5G communication
system, resource resources must be freely allocated and transmitted so that services to be
considered in the future can be freely transmitted in the time-frequency resource area
supported by the 5G communication system.

<266> FIG. 4b is a diagram illustrating an example of allocating a time-frequency
resource area of a 5G communication system for future services in order to consider
future compatibility in the 5G communication system.

<267> In FIG. 4b, the time-frequency resource area (4b-01) for the 5G communication

system consists of one radio frame (4b-02) and the system transmission bandwidth (4b-

03) supported by the 5G communication system. There may be a plurality of transmission
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time intervals (TTI, 4b-04), which are the basic transmission unit for transmitting one
packet, within one radio frame (4b-02). In the present invention, for example, one radio
frame (4b-02) ), a configuration in which 10 TTIs (4b-04) exist is shown. As illustrated in
FIG. 4b, for compatibility with future services, TDM-based resource allocation or FDM-
based resource allocation for services to be considered in the future may be considered.
FIG. 4b illustrates a method of allocating a specific TTI (4B-05, 4B-06) for future
services in @ TDM manner. In addition, FIG. 4b shows a method of allocating specific
frequency resources (4b-07) for future services using the FDM method. Although not
shown in FIG. 4b, in the 5G communication system, resource resources consisting of a
combination of TDM/FDM may be allocated for future services. In other words, future
services can allocate resources to use only limited resources in both time and frequency
domains. In FIG. 4b, TDM-based time resources (4b-05, 4b-06) are allocated to services
to be considered in the future. The method of coexisting with other services provided by
the current SG communication system through TDM is being considered as a method
suitable for services that require relatively high data transmission speed and low
transmission delay time in broadband. On the other hand, in FIG. 4b, the frequency
resource of the FDM equation (4B-07) is allocated to a service contemplated in the
future, and the method of co-existence with other services currently provided by the 5G
communication system to TDM is considered in a suitable manner if the service
contemplated in the future requires narrowband transmission, if the requirement for
transmission delay is relatively insensitive, if relatively wide coverage is required, and

finally, if low data transmission rate is required but uninterrupted communication
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resources are required.

<268> When multiplexing with FDM between services to be considered in the future
and existing services in the 5G communication system, the following matters should be
considered.

<269> Firstly, in the 5G communication system, if there is a physical channel that is
always transmitted in full bandwidth or a reference signal that is transmitted for channel
equalization or synchronization, it is difficult to perform FDM-based multiplexing
between services to be considered in the future and existing services. In other words, as
an example of signals transmitted in the entire band for each transmission unit in current
LTE include cell-specific reference signals (CRS) or physical downlink control signals
transmitted for channel equalization or synchronization. Such signals are always
transmitted in the entire band, and the terminal uses the signal to perform channel
equalization, synchronization. Because it performs basic operations such as downlink
scheduling, it is difficult to use specific frequency areas separately for other purposes in
current LTE without transmitting these signals or physical channels. Therefore, in the 5G
communication system, all physical channels or reference signals can be considered to be
transmitted only in a random frequency band rather than using the entire band.

<270> Secondly, there may be a significant possibility that services considered for
future services in the 5G communication system overlap with signals or physical
channels required for system operation. In other words, when allocating frequency
resources for future services, there may be a possibility that synchronization signals,

Master Information Block (MIB), and System Information Block (SIB) transmitted for
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cell search, synchronization, and initial access of a terminal within a cell overlap. For
example, as in the LTE system, the synchronization signal, MIB, and SIB are fixed and
transmitted in a specific frequency domain corresponding to the middle of the system
transmission bandwidth (in the case of LTE, 6 resource blocks located in the middle of
the system transmission bandwidth). In this case, compatibility for future services cannot
be considered in the corresponding frequency resources. In other words, a problem may
arise in which services considered after the 5G communication system cannot be
transmitted on frequency resources located in the middle of the system transmission
bandwidth. In other words, similar to LTE, if the synchronization signal, MIB (Master
Information Block), and SIB (System Information Block) required for system operation
in the 5G communication system use fixed frequency resources within the system
transmission bandwidth, limitations will arise in terms of future compatibility in the 5G

communication system.

271> As described above, the purpose of the present invention is to propose an
efficient initial access process in designing a 5SG communication system that must satisty
various requirements and provide future compatibility.

<272> In detail, when each service has different numerology and transmission
parameters to satisfy various requirements in the 5G communication system, we will
propose the structure and procedures of physical channels and signals required for initial
connection.

<273> In addition, considering the more free compatibility of future services in the 5G
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communication system, we will propose the physical and signal structures and

procedures required for initial access.

<274> Embodiment 4-1

<275> In the first embodiment, when each service is transmitted using different
transmission and reception parameters and transmission techniques to satisfy the various
service requirements of the 5G communication system, we propose a structure suitable
for the physical channels and signals required for system operation, such as initial access,
and procedures for terminals using them. Here, different transmission and reception
parameters include numerology used for modulation of physical channels or signals, and
CP length, subcarrier spacing, OFDM symbol spacing, etc. can be considered as
examples of numerology in detail. Additionally, synchronization signals, MIBs, and SIBs
can be considered as physical channels and signals required for system operation. The
synchronization signal in the 5G communication system can be used for cell search and
synchronization similar to the primary synchronization signal and secondary
synchronization signal in LTE, and it may consist of one or more signals or physical
channels. As a broadcast channel that transmits information essential to the MIB system,
as in LTE, it can include the System Frame Number (SFN) and the system transmission
bandwidth of the current cell, and additionally, fields essential for system operation can
be transmitted. SIB is a signal that transmits system information necessary for the
terminal for initial access to the system and data transmission and reception. Even in the

5G communication system, the physical channels and signals essential for system
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operation as described above must be able to be received regardless of what service the
terminal supports.

<276> For this purpose, it is suggested that in the operation of the 5G communication
system, the physical channels and signals transmitted for the synchronization signal,
MIB, and SIB are transmitted using the same basic numerology (common default
numerology) regardless of the numerology of the service supported by the 5G
communication system. While each service uses appropriate numerology to satisfy the
requirements required by the service, the physical channels and signals transmitted for
synchronization signals, MIB, and SIB are transmitted using appropriate numerology so
that all terminals can receive them. For this purpose, the devices connecting to the 5G
communication system must be configured with hardware that can receive signals
modulated by at least two numerologies. During the initial connection process, the
devices acquire synchronized signals, cell navigation, and system information using
common numerologies used for transmission of MIBs, MIBs, and SIBs. When the
terminal completes synchronization, cell search, and acquisition of system information
using common numerology, terminals change their hardware so that they can receive
predefined numerology according to the services each terminal needs, and can receive
physical channels for the services they need.

277> FIG. 4c is a diagram showing an example in which physical channels and signals
related to system operation are multiplexed with other signals in the time (303) -
frequency (302) resource area (301) of the 5G communication system.

<278> In FIG. 4c, as in FIG. 4a, consider the situation in which services such as eMBB

(4c-04), mMTC (4c-05), URLLC (4c-06), and eMBMS (4c-07) are multiplexed and
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provided in the 5G communication system. In FIG. 4c, the synchronization signal, MIB,
and signals transmitted for SIB are collectively called a common signal (4c-08), and
consideration is given to TDM/FDM with physical channels transmitted for other
services. The common signal (4c-08) may be transmitted every common signal
transmission period (4c-09), and the common signal (4c-08) may be composed of one or
a plurality of subframes on the time axis. Here, the subframe is the minimum unit for
scheduling on the time axis in the 5G communication system, similar to LTE, and each
service is designed to have the same subframe length even if it has different numerology.
However, in the case of URLLC (4c-06), an exception is made in that it has different
subframe lengths to minimize transmission delay time. The common signal (4c-08) may
be transmitted in a specific frequency bandwidth fixed on the frequency. In addition, it is
ensured that the synchronization signal, MIB, and SIB common signal (4c-08)
constituting the common signal (4c-08) are transmitted only within the same fixed
frequency bandwidth. Therefore, when the UE completes cell search and downlink
synchronization through the synchronization signal, it can be assumed that the MIB and
SIB are transmitted in the same frequency band in which the common signal (4c-08) is
transmitted. The frequency location for transmitting the common signal (4c-08) can be
set by the system for each cell, and this will be described in detail later through the
second embodiment.

<279> FIG. 4 is a flowchart showing the operation of acquiring synchronization and
system information using different numerology and receiving the desired service when
the terminal initially connects in the 5G communication system.

<280> According to FIG. 4, in a 5G communication system, a terminal that wants to

perform initial access sets the terminal to receive downlink signals transmitted by the
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base station with numerology used for common signals such as synchronization signal,
MIB, and SIB in step 4d-01. Here, numerology includes parameters such as CP length,
OFDM symbol length, and subcarrier spacing, and the hardware constituting the terminal
operates the receiver according to the corresponding numerology. In step 4d-02,
synchronization and cell search are performed according to the numerology applied in
step 4d-01. When synchronization and cell search are completed in step 4d-02, the
terminal receives the MIB using the same Numerology as the previous step in step 4d-03.
When reception of the MIB is completed in step 4d-03, the terminal receives the SIB in
step 4d-04 using the same Numerology as the previous step. In step 4d-04, after the
terminal completes reception of the SIB and the terminal acquires all transmission
parameters and configuration information for the required service, the terminal must
change its hardware configuration to receive the desired service. For this purpose, in step
4d-05, the terminal is identified from the numerology SIB of the physical channel
supported by the service it wants to communicate with, and the terminal is set to receive
signals with service-specific numerology. In other words, parameters such as CP length,
OFDM symbol length, and subcarrier interval are set in the hardware that configures the
terminal according to the service to be received. When the terminal completes hardware
configuration for Numerology in step 4d-06, the terminal can perform an operation of

receiving a physical channel corresponding to the desired service.

<281> Embodiment 4-2
<282> In the second embodiment, when it is desired to consider more free compatibility

for future services in the 5G communication system, we propose an efficient initial access
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signal transmission method and structure to avoid cases where future compatibility is
restricted by common signals required for system operation provided by the 5G
communication system.

<283> As described above and in the first embodiment, the present invention assumes
that the synchronization signal, MIB, and SIB required for system operation have a fixed
frequency bandwidth. At the same time, common signals such as synchronization signal,
MIB, and SIB are transmitted through the system so that future compatibility of services
considered by additional service requirements after the 5G communication system is not
restricted by signals such as synchronization signal, MIB, and SIB. We propose a method
in which the base station can be set within the bandwidth. In other words, in the case of
synchronous signals and MIBs in the existing LTE, they are always transmitted only
within the 1.4 MHz transmission bandwidth, which is located in the middle of the
transmission bandwidth of the system, but in the 5G communication system, it is
suggested that a common signal may exist at any location within the transmission
bandwidth of the system in order to provide more freedom for future compatibility. In
order for a common signal to exist at any location within the system transmission
bandwidth, there must be a candidate set of frequency locations where the common
signal can be transmitted, and the base station must transmit a common signal to a
random frequency location among the candidate sets. The set of frequencies at which
common signals that may be transmitted can be determined in units of one resource block
or multiple resource blocks. Here, the resource block is the minimum unit for scheduling
in the frequency domain, and may be composed of a plurality of subcarriers, same as in

LTE. In an example, if six resource blocks are required to transmit a common signal
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identical to an existing LTE, and the base station has set the common signal to transmit
from the 10th resource block within the system transmission bandwidth, the common
signal may be transmitted within the transmission bandwidth corresponding to the 10th
resource block to the 15th resource block.

<284> If a resource block for transmitting a common signal is to be present at any
location within the system transmission bandwidth as described above, additional
information is required to transmit information about the system transmission bandwidth
supported by the 5G communication system, unlike the existing LTE. In other words, in
the case of existing LTE, the terminal can always assume that signals such as PSS/SSS
and MIB are transmitted at the center of the system transmission bandwidth. Therefore,
by simply acquiring information about the system transmission bandwidth provided by
the MIB, the terminal can determine all settings for the system transmission bandwidth.
In other words, if the terminal only knows the size of the system transmission bandwidth,
it can determine both the start and end frequencies of the system transmission band
provided by the base station to which the terminal belongs. However, as suggested in the
second embodiment above, if a common signal for synchronization, cell discovery, and
system information transmission 1s not transmitted at the center of the system
transmission bandwidth, all configurations of the system transmission band cannot be
identified with only the information about the system transmission bandwidth transmitted
from the MIB. In other words, unlike existing LTE, there is a problem that the start and
end frequencies of the system transmission band cannot be determined using only
information on the size of the system transmission bandwidth. In order to solve this

problem, in the second embodiment, a method of transmitting transmission location
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information of a common signal currently being transmitted through MIB or SIB can be
considered. As a first method for transmitting the transmission location information of the
common signal in the second embodiment for this, a method of transmitting information
corresponding to the frequency location at which the common signal is transmitted within
the MIB can be considered. In other words, the MIB of the 5G communication system
can consider a method of transmitting both the system transmission bandwidth and the
location in the frequency domain where common signals are transmitted. At this time, the
location in the frequency domain where the common signal is transmitted can be
informed to the terminal as an offset or the center frequency of the bandwidth where the
common signal is transmitted. The size of the candidate set for the center position of the
frequency offset or transmission bandwidth where a common signal can be transmitted
may vary depending on the system transmission bandwidth supported by the 5G
communication system. However, in the process of acquiring the MIB, the terminal
cannot know information about the system transmission bandwidth, so it cannot know the
size of the candidate set for the frequency location where the common signal can be
transmitted. Therefore, the size of the field that transmits information about the frequency
location of the common signal from the MIB to the terminal must always be determined
assuming the maximum system transmission bandwidth. In other words, the field for
informing the MIB of the frequency location where the common signal is transmitted
must always be determined based on the size of the determined frequency location
candidate set of the common signal, assuming the maximum system transmission

bandwidth. For example, assuming that the system transmission bandwidth supported by
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the 5G communication system has NRB resource blocks, and N§/iwm—candidate
assuming a candidate set size of a common signal frequency location in the system

transmission bandwidth with Npg resource blocks, the field to indicate the frequency

location at which the common signal is transmitted should always have a value of log»

(regardless N§pmm—candidatey of the system transmission bandwidth of the cell. At this
time, if the actual transmission bandwidth used by the system is less than the maximum
system transmission bandwidth, the valid value in the field to indicate the location of the

frequency at which the common signal is transmitted may be less than log

(N§pmm—candidate yih o remaining values may all be inserted as zero.

<285> Additionally, as a second method for transmitting the transmission location
information of the common signal in the second embodiment above, a method of
transmitting the information within the SIB can be considered. In other words, we
propose a method to determine the system transmission bandwidth through MIB and the
location in the frequency domain where common signals currently transmitted through
SIB are transmitted. At this time, the location in the frequency domain where the
common signal is transmitted can be informed to the terminal as an offset or the center
frequency of the bandwidth where the common signal is transmitted. The size of the
candidate set for the center position of the frequency offset or transmission bandwidth
where a common signal can be transmitted may vary depending on the system
transmission bandwidth supported by the 5G communication system. Unlike Method 1 of
the above 2 embodiments, since the terminal has already acquired information about the

system transmission bandwidth through the MIB in advance, the size of the field for the
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central location of the transmission bandwidth inserted into the SIB may be determined
according to the corresponding system transmission bandwidth.

<286> FIG. 4e is a flowchart indicating the flow of the initial connection of the terminal
when considering future compatibility according to the second embodiment in the 5G
communication system.

<287> According to FIG. 4e, when the terminal starts initial access in step 4e-1, it
moves the center frequency of the terminal so that the common signal moves to the first
frequency among the transmittable frequency candidates. When step 4e-01 is completed,
the terminal moves to step 4e-02 and performs synchronization and cell search. If it is
determined that cell search has been completed because the terminal does not satisfy any
of the conditions for completing cell search in step 4e-03, and this determination persists
for a fixed period of time, the terminal shall go to 4e-04 and move to the next frequency
among the frequency after which common signal transmission is possible, and then move
to step 4e-02 again to perform synchronization and cell search. If the terminal
determines in step 4e-03 that the cell search has been completed by satisfying all
conditions for completing the cell search, the terminal moves to step 4e-05. In the 4e-05
group, the terminal acquires information about the MIB in the same frequency band in
which the above cell search has been completed. If there is a field for indicating the
location of the frequency at which the common signal is transmitted in the MIB
according to method 1 of the second embodiment, the starting frequency and the end
frequency of the system transmission band may be identified considering the location of
the transmission frequency at the common signal transmitted in the MIB and the size of

the system transmission bandwidth. If the SIB includes a field to indicate the location of
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the frequency at which a common signal is transmitted according to method 2 of the
second embodiment, the terminal may detect the starting frequency and end frequency of
the system transmission band according to the system transmission bandwidth obtained in
step 4e-05 and the location information of the frequency at which the common signal
obtained in step 4e-06 is transmitted.

<288> In order to perform the above embodiments of the present invention, the
transmitting unit of the base station and the receiving unit of the terminal are shown in
FIGS. 4f and 4j, respectively. According to the initial connection method and device of
the 5G communication system proposed in Embodiments 1 and 2 above, the transmitting
unit of the base station and the receiving unit of the terminal must operate.

<289> Specifically, FIG. 4 is a block diagram showing the internal structure of a base
station transmitter according to an embodiment of the present invention. As shown in
FIG. 4f, the transmitting unit of the base station of the present invention includes a
resource mapping unit (4f-01, 4f-04, 4f-07) and an OFDM modulation unit (4f-02, 4f-05,
4£-08) for transmitting signals corresponding to each service, including filters (4{-03, 4f-
06, 4f-09). The resource mapping unit (4f-01, 4f-04, 4f-07) performs QPSK/QAM
modulation on data to be transmitted and maps it to time and frequency domain
resources. The OFDM modulation unit (4£-02, 4£-05, 4{-08) performs OFDM modulation
based on the signal mapped in the resource mapping unit (4f-01, 41-04, 4f-07). Here,
OFDM modulation includes the process of performing IFFT and inserting a cyclic prefix
in front of the OFDM symbol. The filters (4{-03, 4f-06,4f-09) perform a filtering process

to satisfy the frequency band spectrum mask regulations of the signal generated in the
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OFDM modulation unit (4f-02, 4f-05, 4£-08). For each service, physical channels and
signals can be generated through a resource mapping unit, OFDM modulation unit, and
filter allocated to each service. For example, to transmit a physical channel and signal to
support an eMBB service, a physical channel and signal for an eMBB may be generated
via a resource mapping unit (4f-01), a OFDM symbol modulation unit (4f-02), and a
filter (41-03) allocated to EMBR transmission. At this time, the resource mapping unit 4f-
01, OFDM symbol modulator 4f-02, and filter 4f-03 can generate physical channels and
signals using Numerology defined for eMBB. Similarly, a common signal may generate
physical channels and signals for a common signal via a resource mapping unit (4f-07),
an OFDM symbol modulation unit (4f-08), and a filter (4f-09) assigned for the common
signal. At this time, a common signal can be generated using the Numerology defined for
the common signal. Additionally, the resource mapping unit 4f-07 can freely set the
frequency location where the common signal is transmitted, unlike existing LTE. The
transmitting unit of the current station includes a multiplexing unit (4f-10) for later
multiplexing the output of each filter. The transmitting unit of the base station also
comprises a resource mapping unit (4f-01, 4£-04, 4f-07), an OFDM modulation unit (4f-
02, 41-05, 4£-08), a filter (4f-03, 4f-06, 41-09), and a controller (4f-11) for efficiently
controlling the multiplexing unit (4f-10). Finally, the transmitting unit of the base station
comprises an RF unit (4f-12) and an antenna for transmitting to each of the inter-
multiplexed service terminals at the multiplexing unit (4£-10).

<290> Specifically, FIG. 4g is a block diagram illustrating an internal structure of a

terminal receiver according to an embodiment of the present invention. The terminal
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receiving unit consists of an antenna, a RF unit (4g-01), a filter (4g-02, 4g-05), an OFDM
demodulation unit (4g-03, 4g-06), a resource extraction unit (4g-04, 4g-07), and a control
unit (4g-08). There are multiple filters (4g-02, 4g-05), OFDM demodulation units (4g-03,
4g-06), and resource extraction units (4g-04, 4g-07) to support services with two or more
different numerologies, and FIG. 4g shows an example of supporting two different
services. To explain the number of terminals in more detail, the signal received by the
terminal is converted from a passband to a baseband signal through the RF unit (4g-0).
The signal converted to baseband is input to the filters (4g-02, 4g-05). The filter can be
turned on/off depending on the service the terminal wants to receive, or the numerology
of the filter can be changed. At this time, the filter is used to remove interference from
FDM signals in adjacent frequency domains. The OFDM demodulation units (4g-03, 4g-
16) are used for OFDM demodulation of the filtered signal. The OFDM demodulation
units 4g-03 and 4g-06 may include a cyclic prefix removal unit and an FFT. The resource
extraction unit (4g-04, 48-17) performs the process of extracting physical channels and
signals from resources occupied by each service. The control unit 4f-18 can control a
series of processes so that the terminal can operate according to the embodiment of the
present invention described above.

<291> Meanwhile, the embodiments of the present invention disclosed in the
specification and drawings are merely provided as specific examples to easily explain the
technical content of the present invention and aid understanding of the present invention,
and are not intended to limit the scope of the present invention. In other words, it is

obvious to those skilled in the art that other modifications based on the technical idea of
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the present invention can be implemented. Additionally, each of the above embodiments
can be operated in combination with each other as needed. For example, the units of of
Embodiments 1, 2, and 6 of the present invention may be combined to operate a base

station and a terminal.

<292> <Embodiment 5>

<293> The present invention relates to a wireless communication system, and more
specifically, different wireless communication systems coexist on one carrier frequency
or multiple carrier frequencies. It relates to a method and device for a terminal capable of
transmitting and receiving data in at least one of different communication systems to
transmit and receive data with each communication system.

<294> In general, mobile communication systems have been developed to provide voice
services while ensuring user activity. However, mobile communication systems are
gradually expanding their scope to include not only voice but also data services, and have
now developed to the point where they can provide high-speed data services. However, in
the mobile communication systems currently providing services, there is a shortage of
resources and users demand higher-speed services, so a more advanced mobile
communication system is required.

<295> In response to these demands, work on standards for LTE (Long Term Evolution)
1s in progress at 3GPP (The 3rd Generation Partnership Project) as one of the systems
being developed as a next-generation mobile communication system. LTE is a technology

that implements high-speed packet-based communication with a transmission speed of up
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to 100 Mbps. For this purpose, various methods are being discussed, for example, a plan
to simplify the network structure to reduce the number of nodes located on the
communication path, or a method to bring wireless protocols as close to the wireless
channel as possible.

<296> The LTE system adopts the HARQ (Hybrid Automatic Repeat reQuest) method,
which retransmits the data in the physical layer when a decoding failure occurs in the
initial transmission. In the HARQ method, when the receiver fails to decode data
accurately, the receiver transmits information (NACK; Negative Acknowledgment)
informing the transmitter of the decoding failure, allowing the transmitter to retransmit
the data in the physical layer. The receiver improves data reception performance by
combining the data retransmitted by the transmitter with the data that previously failed to
decode. In addition, when the receiver accurately decodes the data, it can transmit
information (ACK; Acknowledgment) indicating successful decoding to the transmitter,
allowing the transmitter to transmit new data.

<297> FIG. 5a is a diagram illustrating the basic structure of the time-frequency
domain, which 1s a radio resource area where the data or control channel is transmitted in
the downlink in the LTE system.

<298> In FIG. 5a, the horizontal axis represents the time domain, and the vertical axis
represents the frequency domain. The minimum transmission unit in the time domain is
the OFDM symbol. Nsymb (5a-02) OFDM symbols are gathered to form one slot (5a-
06), and two slots are gathered to form one subframe (5a-05). The length of the slot is 0.5
ms, and the length of the subframe is 1.0 ms. And the radio frame (5a-14) is a time

domain unit consisting of 10 subframes. The minimum transmission unit in the frequency
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range is a subcarrier, and the bandwidth of the entire system transmission bandwidth
consists of a total of NBW (5a-04) subcarriers.

<299> The basic unit of resources in the time-frequency domain is a resource element
(5a-12, Resource Element; RE), which can be represented by an OFDM symbol index
and a subcarrier index. A 5a-08, Resource Block (RB or Physical Resource Block; PRB)
is defined as Ngymb (52-02) consecutive OFDM symbols at the time domain and NPB (5a-
10) consecutive subcarriers at the frequency domain. Thus, one RB (5a-08) consists of
Nsymb X NrB REs (5a- 12). Generally, the minimum data transmission unit is the RB unit.
In the LTE system, generally the Nsymb = 7, NrB = 12, and Naw and Nrg are proportional
to the bandwidth of the system transmission band. The data rate increases in proportion to
the number of RBs scheduled for the UE. The LTE system defines and operates six
transmission bandwidths. In the case of an FDD system that operates by dividing
downlink and uplink by frequency, the downlink transmission bandwidth and uplink
transmission bandwidth may be different. The channel bandwidth indicates the RF
bandwidth corresponding to the system transmission bandwidth. Table 5a-01 shows the
correspondence between system transmission bandwidth and channel bandwidth defined
in the LTE system. For example, an LTE system with a 10 MHz channel bandwidth has a

transmission bandwidth of 50 RBs.

[Table 5a-01]

Channel

bandwidth 1.4 3 5 10 15 20
BWchannel [MHZ]
Transmission

bandwidth 6 15 25 50 75 100
configuration Nrp

[0300]
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<301> In the case of downlink control information, the first N OFDM symbols within
the subframe are transmitted. Typically N= {1, 2, 3}. Therefore, the N value varies for
each subframe depending on the amount of control information to be transmitted in the
current subframe. The control information includes a control channel transmission
section indicator indicating how many OFDM symbols the control information is
transmitted over, scheduling information for downlink data or uplink data, HARQ
ACK/NACK signals, etc.

<302> In the LTE system, scheduling information for downlink data or uplink data is
transmitted from the base station to the terminal through downlink control information
(DCI). Uplink (UL) refers to a wireless link through which a terminal transmits data or
control signals to a base station, and downlink (DL) refers to a wireless link through
which a base station transmits data or control signals to a terminal. DCI defines several
formats, whether it is scheduling information for uplink data (UL(uplink) grant) or
scheduling information for downlink data (DL(downlink) grant), and is a compact DCI
with small control information. It is operated by applying a determined DCI format
depending on whether it is recognized, whether spatial multiplexing using multiple
antennas is applied, and whether it is DCI for power control. For example, DCI format 1,
which is scheduling control information (DL grant) for downlink data, is configured to
include at least the following control information.

<303> - Resource allocation type 0/1 flag: Notifies whether the resource allocation
method is type 0 or type 1. Type 0 applies the bitmap method to allocate resources in

RBG (resource block group) units. The basic unit of scheduling in the LTE system is the
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RB (resource block) expressed as time and frequency domain resources, and the RBG is
composed of a plurality of RBs and becomes the basic unit of scheduling in the type 0
method. Type 1 allows allocation of a specific RB within the RBG.

<304> - Resource block assignment: Notifies the RB allocated for data transmission.
The resources expressed are determined by system bandwidth and resource allocation
method.

<305> - Modulation and coding scheme (MCS): Notifies the modulation method used

for data transmission and the size of the transport block, which is the data to be

transmitted.

<306> - HARQ process number: Notifies the HARQ process number.

<307> - New data indicator: Notifies whether it is HARQ initial transmission or
retransmission.

<308> - Redundancy version: Notifies redundancy version of HARQ.

<309> - Transmit Power Control (TPC) command for PUCCH (Physical Uplink Control

CHannel): Notifies the transmission power control command for PUCCH, an uplink
control channel.

<310> The DCI is transmitted through channel coding and modulation processes and is
transmitted through a downlink physical control channel, PDCCH (Physical downlink
control channel) or EPDCCH (Enhanced PDCCH).

<311> In general, the DCI is independently channel coded for each terminal and then
transmitted as an independent PDCCH. In the time domain, the PDCCH is mapped and

transmitted during the control channel transmission period. The frequency domain
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mapping position of the PDCCH is determined by the identifier (ID) of each terminal and
is spread over the entire system transmission band.

<312> Downlink data is transmitted through PDSCH (Physical Downlink Shared
Channel), a physical channel for downlink data transmission. The PDSCH is transmitted
after the control channel transmission period, and scheduling information such as specific
mapping position and modulation method in the frequency domain is provided by the
DCI transmitted through the PDCCH.

<313> Through the MCS, which consists of 5 bits among the control information
constituting the DCI, the base station notifies the terminal of the modulation method
applied to the PDSCH to be transmitted and the size of the data to be transmitted
(transport block size; TBS). The TBS corresponds to the size before channel coding for
error correction is applied to the data (transport block, TB) that the base station wants to
transmit.

<314> The modulation methods supported by the LTE system are QPSK (Quadrature
Phase Shift Keying), 16QAM (Quadrature Amplitude Modulation), and 64QAM, and
each modulation order (Qm) corresponds to 2, 4, and 6. That is, 2 bits per symbol can be
transmitted in the case of QPSK modulation, 4 bits per symbol in the case of 16QAM
modulation, and 6 bits per symbol in the case of 64QAM modulation.

<315> Bandwidth expansion technology was adopted in 3GPP LTE Rel-10 to support
higher data transmission volume compared to LTE Rel-8. This technology, called
bandwidth extension or carrier aggregation (CA), expands the band and increases the

amount of data transmission by the expanded band compared to LTE Rel-8 terminals that
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transmit data in one band. Each of the above bands is called a component carrier (CC),
and an LTE Rel-8 terminal is specified to have one component carrier each for downlink
and uplink. In addition, the downstream configuration carrier and the uplink
configuration carrier connected to SIR-2 are collectively called a cell. The SIB-2
connection relationship between the downstream configuration carrier and the uplink
configuration carrier is transmitted as a system signal or a higher level signal. A terminal
that supports CA can receive downlink data and transmit uplink data through multiple
serving cells.

<316> In Rel-10, when it is difficult for the base station to send a PDCCH (Physical
Downlink Control Channel) to a specific UE from a specific serving cell, the PDCCH is
transmitted from another serving cell and the PDCCH is transmitted to the other serving
cell's PDSCH (Physical Downlink Shared Channel) or the Carrier Indicator Field (CIF)
can be set as a field indicating that it indicates PUSCH (Physical Uplink Shared
Channel). The CIF can be set to a terminal that supports CA. The CIF has been
determined to allow a specific serving cell to indicate another serving cell by adding 3
bits to the PDCCH information. The CIF is included only when cross carrier scheduling
1s performed, and if CIF is not included, cross carrier scheduling is not performed. When
the CIF is included in downlink assignment information (DL assignment), the CIF
indicates a serving cell where the PDSCH scheduled by DL assignment will be
transmitted, and when the CIF is included in uplink resource allocation information (UL
grant), the CIF is defined to indicate a serving cell where the PUSCH scheduled by the
UL grant will be transmitted.

<317> As mentioned above, in LTE-10, carrier aggregation (CA), a bandwidth
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expansion technology, is defined, and multiple serving cells can be configured for the
terminal. In addition, for the base station's data scheduling, channel information about a
number of serving cells is always transmitted to the base station periodically or
aperiodically. The base station schedules and transmits data for each carrier, and the
terminal transmits A/N feedback for the data transmitted for each carrier. The LTE Rel-
10 is designed to send up to 21 bits of A/N feedback, and if the A/N feedback and
channel information transmission overlap in one subframe, it is designed to send A/N
feedback and discard the channel information. In LTE Rel-11, the channel information of
one cell is multiplexed along with the A/N feedback, and up to 22 bits of A/N feedback
and one channel information are designed to be transmitted in PUCCH format 3 from the
transmission resources of PUCCH format 3.

<318> In LTE-13, a scenario of setting up to 32 serving cells is assumed, and the
concept of expanding the number of serving cells up to 32 by using not only the licensed
band but also the unlicensed band has been completed. In addition, considering that the
number of licensed bands such as LTE frequencies is limited, the provision of LTE
services in unlicensed bands such as the 5GHz band has been completed, and this is
called LAA (Licensed Assisted Access). LAA applied carrier aggregation technology in
LTE to support operation of LTE cells in the licensed band as P cells and LAA cells in the
unlicensed band as S cells. Therefore, as in LTE, feedback occurring in the LAA cell,
which is an S cell, must be transmitted only in the P cell, and the downlink subframe and
uplink subframe can be freely applied to the LAA cell. Unless otherwise described in this
specification, LTE shall refer to all evolved technologies of LTE such as LTE-A and

LAA.
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<319> Meanwhile, as a post-LTE communication system, that is, the 5th generation
wireless cellular communication system (hereinafter referred to as 5G in this
specification) must be able to freely reflect various requirements of users and service
providers, thus meeting various demands. Services that satisfy the requirements may be
supported.

<320> Therefore, 5G is an enhanced mobile broadband communication (eMBB:
Enhanced Mobile BroadBand, hereinafter referred to as eMBB) and massive machine
type communication (mMTC: Massive Machine Type Communication, hereinafter
referred to as mMTC). Various 5G-oriented services such as Ultra Reliable and Low
Latency Communications (URLLC, hereinafter referred to as URLLC) are provided with
a maximum terminal transmission speed of 20Gbps, a maximum terminal speed of
500km/h, and a maximum delay time of 0.5ms. It can be defined as a technology to
satisty the requirements selected for each 5G service, such as terminal connection density
of 1,000,000 terminals/km?.

<321> For example, in order to provide eMBB in 5G, from the perspective of one base
station, it must be able to provide a maximum terminal transmission rate of 20Gbps in the
downlink and a maximum terminal transmission rate of 10Gbps in the uplink. At the
same time, the average transmission speed that the terminal can actually experience must
be increased. In order to meet these requirements, improvements in transmission and
reception technology are required, including more advanced multiple-input multiple
output (Multiple-Input Multiple Output) transmission technology.

<322> At the same time, mMTC is being considered to support application services

such as the Internet of Things (IoT) in 5G. In order to efficiently provide the Internet of
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Things, mMTC requires the following requirements: support for access to a large number
of terminals within a cell, improved coverage of terminals, improved battery time, and
reduced terminal costs. Since the Internet of Things provides communication functions
by attaching various sensors and various devices, it must be able to support a large
number of terminals (for example, 1,000,000 terminals/km?) within a cell. Additionally,
due to the nature of the service, mMTC requires a wider coverage compared to the
coverage provided by eMBB, as there is a high possibility that the terminal will be
located in a shadow area, such as the basement of a building or an area not covered by
cells. MTC is likely to be composed of low-cost terminals, and since it is difficult to
frequently replace the terminal's battery, a very long battery life time is required.
<323> Finally, in the case of URLLC, it is a cellular-based wireless communication used
for specific purposes, such as remote control of robots or mechanical devices, industrial
automation, unmanned aerial vehicles, remote health control. As a service used for
emergency notification, etc., it must provide communication that provides ultra-low delay
and ultra-reliability. For example, a URLLC must satisfy a maximum delay time of less
than 0.5 ms and at the same time have a requirement to provide a packet error rate of 10
or less. Therefore, for URLLC, a smaller Transmit Time Interval (TTI) must be provided
than 5G services such as eMBB, and at the same time, design requirements are required
to allocate wide resources in the frequency band.
<324> The services considered in the 5th generation wireless cellular communication
system described above must be provided as one framework. In other words, for efficient
resource management and control, it is desirable for each service to be integrated,

controlled, and transmitted as a single system rather than operating independently.
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<325> FIG. 5b is a diagram illustrating an example in which services considered in 5G
are transmitted in one system.
<326> In FIG. 5b, the frequency-time resource (5b-01) used by 5G may be composed of
a frequency axis (5b-02) and a time axis (5b-03). FIG. 5b illustrates that 5G operates
eMBB (5B-05), mMTC (5B-06), URLLC (5B-07) within one framework. Additionally,
as a service that can be additionally considered in 5G, enhanced Mobile
Broadcast/Multicast Service (eMBMS, 5b-08) to provide broadcasting services on a
cellular basis can also be considered. Services considered in 5G, such as eMBB (5b-05),
mMTC (5b-06), URLLC (5b-07), and eMBMS (5b-08), are time division multiplexed
(time division multiplexed) within one system frequency bandwidth operating in 5G. It
may be multiplexed and transmitted through Time-Division Multiplexing (TDM) or
Frequency Division Multiplexing (FDM), and spatial division multiplexing may also be
considered. In the case of eMBB (5b-05), it is desirable to transmit by occupying the
maximum frequency bandwidth at a certain random time in order to provide the increased
data transmission rate described above. Therefore, in the case of the eMBB (5b-05)
service, it is desirable to transmit via TDM within the system transmission bandwidth
(5b-01) with other services. Depending on the needs of other services, it is also desirable
to FDM and transmit within the system transmission bandwidth of other services.
<327> In the case of mMTC (5b-06), unlike other services, an increased transmission
section is required to secure wide coverage, and coverage can be secured by repeatedly
transmitting the same packet within the transmission section. At the same time, in order
to reduce terminal complexity and terminal price, there is a limit to the transmission

bandwidth that the terminal can receive. Considering these requirements, it is desirable
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that mMTC (5b-06) be transmitted by FDM with other services within the 5G
transmission system bandwidth (5b-01).

<328> It is desirable for URLLC (5b-07) to have a short Transmit Time Interval (TTI)
compared to other services in order to satisfy the ultra-delay requirements required by the
service. At the same time, in order to satisfy ultra-reliability requirements, it is necessary
to have a low coding rate, so it is desirable to have a wide bandwidth on the frequency
side. Considering the requirements of URLLC (5b-07), it is desirable for URLLC (5b-07)
to be TDM with other services within the 5G transmission system bandwidth (5b-01).

<329> Each of the services described above may have different transmission/reception
techniques and transmission/reception parameters to satisfy the requirements of each
service. For example, each service may have a different Numerology depending on each
service requirement. Here, numerology refers to the Cyclic Prefix (CP) length in a
communication system based on Orthogonal Frequency Division Multiplexing (OFDM)
or Orthogonal Frequency Division Multiple Access (OFDMA), which includes subcarrier
spacing, OFDM symbol length, and transmission interval length (TTI). As an example of
different numerologies between the above services, eMBMS (5b-08) may have a longer
CP length than other services. Since eMBMS transmits broadcast-based upper level
traffic, the same data can be transmitted in all cells. At this time, from the terminal's
perspective, if signals received from multiple cells arrive within the CP length, the
terminal can receive and decode all of these signals, thereby obtaining a single frequency
network (SFN) diversity gain. Therefore, there is an advantage that even terminals
located at the cell border can receive broadcast information without coverage restrictions.

However, when supporting eMBMS in 5@, if the CP length is relatively long compared to
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other services, waste due to CP overhead occurs. At the same time, a longer OFDM
symbol length is required compared to other services, which also requires a narrower
subcarrier spacing than other services.

<330> Additionally, as an example of different numerology being used between services
in 5@, in the case of URLLC, a shorter OFDM symbol length may be required as a
smaller TTI is required compared to other services, and at the same time, a wider
subcarrier spacing may be required.

<331> Meanwhile, unlike the current LTE, which is mainly used in the frequency band
of the 2GHz band, 5G is used in the frequency band below 6GHz (hereinafter referred to
as sub-6GHz in this specification) or in the frequency band above 6GHz (hereinafter
referred to as over-6GHz in this specification). By using a frequency of 20 MHz or
higher, the data transmission speed required by 5G can be satisfied. Therefore, we are
considering supporting coexistence of LTE and 5G on one LTE carrier or multiple LTE
carriers in sub-6GHz, and technology that supports coexistence of LTE and 5G can
support 5G without introducing additional carriers for 5G. It is expected to be an
important technology for early commercialization. Accordingly, there is a need for a
method for coexisting LTE and 5G on at least one LTE carrier.

<332> Hereinafter, preferred embodiments of the present invention will be described in
detail with reference to the attached drawings. At this time, it should be noted that in the
attached drawings, identical components are indicated by identical symbols whenever
possible. Additionally, detailed descriptions of well-known functions and configurations
that may obscure the gist of the present invention will be omitted.

<333> In addition, in describing embodiments of the present invention in detail, the
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main focus will be on LTE and 5G systems. The main gist of the present invention can be
applied to other communication systems with similar technical background and channel
type with slight modifications without significantly departing from the scope of the
present invention. This may be possible at the discretion of a person skilled in the
technical field of the present invention.

<334> In the following, a coexistence system in which the LTE cells and 5G cells
coexist and are combined through dual connectivity or carrier aggregation, or a
coexistence system in which the LTE cells and 5G cells each operate stand-alone will be
described.

<335> FIGS. 5c, 5d, and 5e are diagrams illustrating the first, second, and third
embodiments of a communication system to which the present invention is applied. The
above drawings are all diagrams illustrating the coexistence of two different time stems,
the LTE system and the 5G system, and the methods proposed in the present invention
can be applied to the system of FIG. 5c, the system of FIG. 5, and the system of FIG. Se.

<336> Referring to FIG. 5c, FIG. 5c illustrates a case where an LTE cell (5¢-02) and a
5G cell (5¢-03) coexist in one base station (5¢-01) in a network. The terminal (5c-04)
may be an LTE capable terminal that has an LTE transmission/reception module. It may
be a 5G capable terminal that has a 5G transmission/reception module, or it may be a
terminal that simultaneously has an LTE transmission/reception module / 5G
transmission/reception module. The terminal (5¢-04) acquires synchronization through a
synchronization signal transmitted from the LTE cell (5¢-02) or 5G cell (5¢-03), and after
receiving system information, the base station (5¢c-01) and the LTE cell Data is

transmitted and received through (5¢-02) or 5G cell (5¢-03). In this case, there are no
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restrictions on the duplex method of the LTE cell (5¢-02) or 5G cell (5¢-03). An uplink
control transmission is transmitted via an LTE cell (5¢-02) if the LTE cell is a P cell, and
via a 5G cell (5¢-03) if the 5G cell is a P cell. In the system of 5c, LTE cells and 5G cells
can have multiple serving cells, and a total of 32 serving cells can be supported. In the
network, it is assumed that the base station (5c¢c-01) is equipped with both an LTE
transmission and reception module (system) and a 5G transmission and reception module
(system), and the base station (5c-01) is capable of managing and operating the LTE
system and 5G system in real time. For example, when the LTE system and 5G system
are operated at different times by dividing resources in time, it is possible to dynamically
select the allocation of time resources for the LTE system and 5G system. The terminal
(5¢-04) receives resources (time resources, frequency resources, antenna resources, space
resources, etc.) that are divided and operated by the LTE cell and 5G cell from the LTE
cell (5¢-02) or 5G cell (5¢-03). By receiving a signal indicating the allocation of it, it is
possible to know through which resources data is received from the LTE cell (5¢-02) and

the 5G cell (5¢-03).

<337> Next, the base station (5¢-01) sets up 5G resources and explains the procedure
for transmitting and receiving data with the 5G capable terminal (5¢c-04) using the 5G
resources.

<338> In step 5c-10, the base station (5¢-01) transmits an LTE or 5G resource allocation
signal to the 5G capable terminal (5¢c-04). The signal may be a higher-order signal or a

physical signal. The LTE or 5G resource allocation signal is information indicating where
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the LTE or 5G resources are located, and includes frequency information (carrier
frequency, physical resource block, etc.), time information (radio frame index, subframe
index, MBSFN sub for 5G transmission) Frame information, uplink subframe
information for 5G transmission), antenna information, spatial information, duplex
information (FDD DL, UL carrier information, TDD UL/DL configuration information,
LAA operation-related information), and it may include signals for the terminal to
acquire in real time whether LTE/5G resources are occupied according to reference signal
or synchronization signal transmission. Additionally, the 5G resource allocation signal
may include whether the 5G resource is an LTE uplink subframe or an LTE MBSFN
subframe. The 5G resource allocation signal may also include whether the 5G resource
starts from the first OFDM symbol or the third OFDM symbol. Additionally, the 5G
resource allocation signal may include whether 5G transmission is performed over 12
OFDM symbols or 14 OFDM symbols. Synchronization information in the LTE system
can be additionally acquired by a 5G capable terminal and transmitted by the base station
(5¢c-01).

<339> In step 5c-11, the base station (5c¢-01) transmits synchronization and system
information for 5G to the 5G capable terminal (5¢c-04). As for the synchronization signal
for 5@, separate synchronization signals may be transmitted for eMBB, mMTC, and
URLLC using different numerologies, and a common synchronization signal may be
transmitted to a specific 5G resource using one numerology. The above system
information can be a common system signal transmitted to a specific 5G resource using
one numerology, and separate system information can be transmitted for eMBB, mMTC,

and URLLC using a different numerology.
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<340> In step 5c-12, the base station (5¢-01) transmits and receives data for 5G service

through 5G resources to the 5G capable terminal (5¢c-04).

<341> Next, the 5G capable terminal (5c-04) receives 5G resources from the base
station (5¢c-01) and explains the procedure for transmitting and receiving data from the
5G resources.

<342> In step 5¢-20, the 5G capable terminal (5c-04) receives an LTE or 5G resource
allocation signal from the base station (5¢-01). The signal may be a higher-order signal or
a physical signal. The LTE or 5G resource allocation signal is information indicating
where the LTE or 5G resources are located, and includes frequency information (carrier
frequency, physical resource block, etc.), time information (radio frame index, subframe
index, MBSFN sub for 5G transmission) Frame information, uplink subframe
information for 5G transmission), antenna information, spatial information, duplex
information (FDD DL, UL carrier information, TDD UL/DL configuration information,
LAA operation-related information), and it may include signals for the terminal to
acquire in real time whether LTE/5G resources are occupied according to reference signal
or synchronization signal transmission. In addition, the 5G resource signal may include
whether the 5G resource is an LTE uplink subframe or an LTE MBSFN subframe. The
5G resource allocation signal may also include whether the 5G resource starts from the
first OFDM symbol or the third OFDM symbol. Additionally, the 5G resource allocation
signal may include whether 5G transmission is performed over 12 OFDM symbols or 14

OFDM symbols. Synchronization information in the LTE system can be additionally
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acquired by a 5G capable terminal and transmitted by the base station (5¢-01).

<343> In step 5c-21, the 5G capable terminal (5¢-04) obtains synchronization from the
synchronization signal for 5G transmitted by the base station (5c-01) and receives system
information transmitted by the base station (5c¢-01). The synchronization signal for 5G
may be a separate synchronization signal for eMBB, mMTC, and URLLC using different
numerologies, or may be a common synchronization signal transmitted to a specific 5G
resource using one numerology. As for the above system information, a common system
signal can be received for a specific 5G resource using one numerology, and separate
system information can be received for eMBB, mMTC, and URLLC using a different
numerology.

<344> In step 5c-22, the 5G capable terminal (5¢-04) transmits and receives data for 5G

service from 5G resources with the base station (5¢c-01).

<345> Referring to FIG. 5d, FIG. 5d shows the installation of an LTE macro base station
(5d-01) for wide coverage and a 5G small base station (5d-02) for increasing data
transmission in the network. The terminal (5d-04) may be an LTE capable terminal with
an LTE transmission/reception module, a 5G capable terminal with a 5G
transmission/reception module, or a terminal with both an LTE transmission/reception
module / 5G transmission/reception module. The terminal (5d-04) acquires
synchronization through a synchronization signal transmitted from the LTE base station
(5d-01) or 5G base station (5d-02), and after receiving system information, connects to

the LTE base station (5d-01) and 5G Data is transmitted and received through the base
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station (5d-02). In this case, there are no restrictions on the duplex method of the LTE
macro base station (5d-01) or 5G small base station (5d-02). An uplink control
transmission is transmitted via an LTE cell (5d-01) if the LTE cell is a P cell, and via a
5G cell (5d-02) if the 5G cell is a P cell. At this time, it is assumed that the LTE base
station (5d-01) and the 5G base station (5d-02) have an ideal backhaul network or a non-
ideal backhaul network. Therefore, with an ideal backhaul network (5d-03), fast X2
communication (5d-03) between base stations is possible, even if the uplink transmission
is only transmitted to the LTE base station (5d-01), it is possible for the 5G base station
(5d-02) to receive related control information in real time from the LTE base station (5d-
01) through X2 communication (5d-03). In the system of 5d, LTE cells and 5G cells can
have multiple serving cells, and a total of 32 serving cells can be supported. The base
station (5d-01 or 5d-02) is capable of managing and operating the LTE system and 5G
system in real time. For example, if a base station (51-01) divides resources in time and
operates an LTE system and a 5G system at a different time, it is possible to dynamically
select the allocation of time resources of the LTE system and the 5G system and transmit
the signal to another base station (5d-02) at X2. The terminal (5d-04) receives resources
(time resources, frequency resources, antenna resources, space resources, etc.) that are
divided and operated by the LTE cell and the 5G cell from the LTE base station (5d-01)
or the 5G base station (5d-02). By receiving a signal indicating allocation, it is possible to
know through which resources data is transmitted and received from the LTE cell (5d-01)
and 5G cell (5d-02).

<346> Meanwhile, if the LTE base station (5d-01) and the 5G base station (5d-02) have
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a non-ideal backhaul network (5d-03), fast inter-base station X2 communication (5d-03)
1s impossible. Therefore, the base station (5d-01 or 5d-02) is capable of operating the
LTE system and 5G system semi-statically. For example, if the base station (5d-01)
divides time resources and operates the LTE system and 5G system at different times, it
selects the allocation of time resources for the LTE system and 5G system and sends the
signal to the other base station as X2 in advance. By transmitting to (5d-02), it is possible
to distinguish resources between the LTE system and the 5G system. The terminal (5d-
04) receives resources (time resources, frequency resources, antenna resources, space
resources, etc.) operated separately by the LTE cell and the 5G cell from the LTE base
station (5d-01) or 5G base station (5d-02). By receiving a signal indicating the allocation,
it is possible to know through which resources data transmission and reception from the

LTE cell (5d-01) and 5G cell (5d-02) is performed.

<347> Next, the base station (51-01 or 50-02) sets up 5G resources and explains the
procedure for transmitting and receiving data with the 5G capable terminal (5d-04) using
the 5G resources.

<348> In step 5d-10, the base station (5d-01) transmits an LTE or 5G resource allocation
signal to the 5G base station (5d-02) through X2 (5d-03), and transmits the LTE or 5G
resource allocation signal to the terminal. If the LTE system and 5G system are operated
from other resources by dividing the resources, the resource classification of the LTE
system and 5G system is possible by selecting the allocation of the time resources of the

LTE system and 5G system and sending the allocation information to another base station
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base station (5d-02) at X2. When transmitting an LTE or 5G resource allocation signal to
a 5G capable terminal (5d-04), the signal may be a higher-order signal or a physical
signal. The LTE or 5G resource allocation signal is information indicating where the LTE
or 5G resource is located, and includes frequency information (carrier frequency, physical
resource block, etc.), time information (radio frame index, subframe index, MBSFN
subframe for 5G transmission) information, uplink subframe information for 5G
transmission), antenna information, spatial information, duplex information (FDD DL,
UL carrier information, TDD UL/DL configuration information, LAA operation-related
information), and it may include signals for the terminal to acquire in real time whether
LTE/5G resources are occupied according to reference signal or synchronization signal
transmission. In addition, the 5G resource allocation signal may include whether the 5G
resource is an LTE uplink subframe or an LTE MBSFN subframe. The 5G resource
allocation signal may also include whether the 5G resource starts from the first OFDM
symbol or the third OFDM symbol. Additionally, the 5G resource allocation signal may
include whether 5G transmission is performed over 12 OFDM symbols or 14 OFDM
symbols. Synchronization information in the LTE system can be additionally acquired
by a 5G capable terminal and transmitted by the base station (5¢-01).

<349> In step 5d-11, the base station (5¢-01 or 5d-02) transmits synchronization and
system information for 5G to the 5G capable terminal (5¢-04). As for the synchronization
signal for 5G, separate synchronization signals may be transmitted for eMBB, mMTC,
and URLLC using different numerologies, and a common synchronization signal may be
transmitted to a specific 5G resource using one numerology. The above system

information can be a common system signal transmitted to a specific 5G resource using
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one numerology, and separate system information can be transmitted for eMBB, mMTC,
and URLLC using a different numerology.
<350> In step 5d-12, the base station (5d-02) transmits and receives data for the 5G

service through 5G resources to the 5G capable terminal (5d-04).

<351> Next, the 5G capable terminal (5d-04) receives 5G resources from the base
station (5d-01 or 5d-02) and explains the procedure for transmitting and receiving data
from the 5G resources.

<352> In step 5d-20, the 5G capable terminal (5d-04) receives the LTE or 5G resource
allocation signal from the base station (5d-01 or 5d-02). The signal may be a higher-order
signal or a physical signal. The LTE or 5G resource allocation signal is information
indicating where the LTE or 5G resources are located, and includes frequency
information (carrier frequency, physical resource block, etc.), time information (radio
frame index, subframe index, MBSFN sub for 5G transmission) Frame information,
uplink subframe information for 5G transmission), antenna information, spatial
information, duplex information (FDD DL, UL carrier information, TDD UL/DL
configuration information, LAA operation-related information), and it may include
signals for the terminal to acquire in real time whether LTE/5G resources are occupied
according to reference signal or synchronization signal transmission. Additionally, the
5G resource allocation signal may include whether the 5G resource is an LTE uplink
subframe or an LTE MBSFN subframe. Additionally, the 5G resource allocation signal

may include whether the 5G resource starts from the first OFDM symbol or the third
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OFDM symbol. Additionally, the 5G resource allocation signal may include whether 5G
transmission is performed over 12 OFDM symbols or 14 OFDM symbols.
Synchronization information in the LTE system can be additionally acquired by a 5G
capable terminal and transmitted by the base station (5¢c-01).

<353> In step 5d-21, the 5G capable terminal (5d-04) obtains synchronization from the
synchronization signal for 5G transmitted by the base station (5d-01 or 5d-02), and the
base station (5d-01 or 5d-02) transmits Receive system information. The synchronization
signal for 5G may be a separate synchronization signal for eMBB, mMTC, and URLLC
using different numerologies, or it may be a common synchronization signal transmitted
to a specific 5G resource using one numerology. As for the above system information, a
common system signal can be received for a specific 5G resource using one numerology,
and separate system information can be received for eMBB, mMTC, and URLLC using a
different numerology.

<354> In step 50-22, the 5G capable terminal (51-04) transmits and receives data for 5G

service from 5G resources with the base station (52-02).

<355> Referring to FIG. 5e, FIG. 5e shows that an LTE base station (5e-01) and a 5G
base station (5e-04) are installed, respectively. IIn this case, there are no restrictions on
the duplex method of the LTE base station (5e-01) or 5G base station (5e-04). The above
LTE base station (5e-01) and 5G base station (5e-04) are each stand-alone, and a terminal
can camp at each base station. An LTE capable terminal (5e-03) with an LTE

transmission/reception module can camp at the LTE base station (5e-01), and the LTE
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capable terminal (5e-03) receives a synchronization signal transmitted from the LTE base
station (5e-01). After obtaining synchronization and receiving system information, data
can be transmitted and received with the LTE base station (5¢-01) (5e-02). A 5G capable
terminal (5e-06) with a 5G transmission/reception module can camp at the 5G base
station (5e-04), and the 5G capable terminal (5e-06) receives a synchronization signal
transmitted from the 5G base station (5e-04). After obtaining synchronization and
receiving system information, data can be transmitted and received with the 5G base
station (5e-04) (5e-05). If there is an integrated controller (5¢-07) controlling the LTE
base station (5e-01) and the 5G base station (5e-04), the integrated controller (5e-07)
controls the LTE base station (5e-01) and the 5G base station (5e-04) can be managed
and operated in real time. For example, if the integrated controller (5e-07) divides
resources in time and operates the LTE system and 5G system at different times, it
dynamically selects the allocation of time resources for the LTE system and 5G system
and sends the signal to the LTE base station (5e-01) and 5G base station (5e-04). The
LTE capable terminal (5e-03) receives a signal indicating a resource through which LTE
signals can be transmitted and received from the LTE base station (5e-01), so that it can
know through which resource data transmission and reception from the LTE base station
is performed. The 5G capable terminal (5e-06) receives a signal from the 5G base station
(5e-04) indicating the resource (time resources or frequency resources or antenna
resources or space resources, etc.) through which 5G signals can be transmitted and
received, so that it can know through which resource data transmission and reception
from the 5G base station is performed.

<356> Meanwhile, if the integrated controller (5e-07) is not present, the base station
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procedure and terminal procedure of FIG. 5D are basically followed. If there is a non-
ideal backhaul, fast X2 communication between base stations is impossible. Therefore,
the base station (5e-01 or 5e-04) is capable of operating the LTE system and 5G system
statically (semi-statically). For example, if the base station (5e-01 or 5e-04) divides
resources in time and operates the LTE system and 5G system at different times, it selects
the allocation of time resources for the LTE system and 5G system and sends the signal to
X2 in advance. By transmitting to another base station (5e-04 or 5e-01), it is possible to
distinguish resources between the LTE system and the 5G system. The LTE capable
terminal (5e-03) receives a signal indicating a resource through which LTE signals can be
transmitted and received from the LTE base station (5e-01), so that it can know through
which resource data transmission and reception from the LTE base station is performed.
The 5G capable terminal (5e-06) receives a signal from the 5G base station (5e-04)
indicating the resource (time resources or frequency resources or antenna resources or
space resources, etc.) through which 5G signals can be transmitted and received, so that it
can know through which resource data transmission and reception from the 5G base

station is performed.

<357> Next, the base station (5e-04) sets up 5G resources and explains the procedure
for transmitting and receiving data with the 5G capable terminal (5e-06) using the 5G
resources.

<358> In steps 5e-10, the base station (5e-04) transmits synchronous and system

information for 5G to the 5G capable terminal (5e-06) on a resource configured for 5G
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transmission. As for the synchronization signal for 5G, separate synchronization signals
may be transmitted for eMBB, mMTC, and URLLC using different numerologies, and a
common synchronization signal may be transmitted to a specific 5G resource using one
numerology. The above system information can be a common system signal transmitted
to a specific 5G resource using one numerology, and separate system information can be
transmitted for eMBB, mMTC, and URLLC using a different numerology.

<359> In step Se-11, the 5G base station (5e-04) transmits an LTE or 5G resource
allocation signal to the terminal (5e-06). When transmitting an LTE or 5G resource
allocation signal to a 5G capable terminal (5d-06), the signal may be a higher-order
signal or a physical signal. The LTE or 5G resource allocation signal is information
indicating where the LTE or 5G resources are located, and includes frequency
information (carrier frequency, physical resource block, etc.), time information (radio
frame index, subframe index, MBSFN sub for 5G transmission) Frame information,
uplink subframe information for 5G transmission), antenna information, spatial
information, duplex information (FDD DL, UL carrier information, TDD UL/DL
configuration information, LAA operation-related information), and it may include
signals for the terminal to acquire in real time whether LTE/5G resources are occupied
according to reference signal or synchronization signal transmission. In addition, the 5G
resource allocation signal may include whether the 5G resource is an LTE uplink
subframe or an LTE MBSFN subframe. The 5G resource allocation signal may also
include whether the 5G resource starts from the first OFDM symbol or the third OFDM
symbol. Additionally, the 5G resource allocation signal may include whether 5G

transmission is performed over 12 OFDM symbols or 14 OFDM symbols.
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Synchronization information in the LTE system can be additionally acquired by a 5G
capable terminal and transmitted by the base station (5¢c-01). If an integrated controller
(5e-07) exists, the LTE or 5G resource allocation is determined from the integrated
controller (5e-07) and transmitted to the 5G base station (5e-04) via X2. If resources are
divided and the LTE system and 5G system are operated on different resources, by
selecting the resource allocation of the LTE system and the 5G system and transmitting
the allocation information to the base station (5e-01 or 5e-4) via X2, it is possible to
distinguish between the resources of the LTE system and the 5G system. If the integrated
controller (5e-07) does not exist, the LTE base station or 5G base station can select LTE
or 5G resource allocation and transmit it to other base stations, as in the base station
procedure of FIG. 5d.
<360> In step Se-12, the base station (5e-04) transmits and receives data for 5G service

through 5G resources to the 5G capable terminal (5e-06).

<361> Next, the 5G capable terminal (5e-06) receives 5G resources from the base
station (5e-04) and explains the procedure for transmitting and receiving data from the
5G resources.

<362> In step 5e-20, the 5G capable terminal (5e-06) obtains synchronization from the
synchronization signal for 5G transmitted by the base station (5e-04) in the resources set
for 5G transmission, and receives system information. The synchronization signal for 5G
may be a separate synchronization signal for eMBB, mMTC, and URLLC using different
numerologies, or it may be a common synchronization signal transmitted to a specific 5G

resource using one numerology. As for the above system information, a common system
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signal can be received for a specific 5G resource using one numerology, and separate
system information can be received for eMBB, mMTC, and URLLC using a different
numerology.

<363> In step Se-21, the 5G capable terminal (5e-06) receives an LTE or 5G resource
allocation signal from the base station (5e-04). The signal may be a higher-order signal or
a physical signal. The LTE or 5G resource allocation signal is information indicating
where the LTE or 5G resources are located, and includes frequency information (carrier
frequency, physical resource block, etc.), time information (radio frame index, subframe
index, MBSFN sub for 5G transmission) Frame information, uplink subframe
information for 5G transmission), antenna information, spatial information, duplex
information (FDD DL, UL carrier information, TDD UL/DL configuration information,
LAA operation-related information), and it may include signals for the terminal to
acquire in real time whether LTE/5G resources are occupied according to reference signal
or synchronization signal transmission. In addition, the 5G resource signal may include
whether the 5G resource is an LTE uplink subframe or an LTE MBSFN subframe. The
5G resource allocation signal may also include whether the 5G resource starts from the
first OFDM symbol or the third OFDM symbol. Additionally, the 5G resource allocation
signal may include whether 5G transmission is performed over 12 OFDM symbols or 14
OFDM symbols. Synchronization information in the LTE system can be additionally
acquired by a 5G capable terminal and transmitted by the base station (5¢-01).

<364> In step 5e-22, the 5G capable terminal (5¢-06) transmits and receives data for 5G

service from 5G resources with the base station (5e-04).
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<365> Next, in a situation where the LTE system and 5G system of FIGS. 5c, 5d, and 5e
above coexist, we will explain a method of operating LTE data transmission and
reception and 5G data transmission and reception by dividing them in time on one LTE
carrier.

<366> Firstly, FIG. 5f is a diagram illustrating the operation of LTE data transmission
and reception and 5G data transmission and reception divided by time through MBSFN
(Multimedia Broadcast Single Frequency Network) subframe in one LTE FDD carrier.

<367> In FIG. 5f, the FDD (5f-01) information (DL carrier frequency BW and location
information, UL carrier frequency BW and location information) can be transmitted from
a 5G base station to a 5G capable terminal, and a 5G capable terminal can obtain the
above information by acquiring synchronization and receiving system information.

<368> In FDD (5f-01), the MBSFN subframe can be selectively set as the upper signal
in subframes #1, #2, #2, #6, #7, #8, etc. Among the configured MBSFN subframes,
subframes used for 5G transmission can be transmitted from the 5G base station to 5G
capable terminals, and through the subframe information received by the 5G capable
terminal, the 5G capable terminal can determine on what resource 5G data transmission
i1s performed. Meanwhile, among the 14 OFDM symbols constituting the MBSFN
subframe, the first two OFDM symbols are used for CRS and control channel
transmission for the LTE terminal. Therefore, 5G transmission (5f-04 or 5f-05) is
performed in 12 OFDM symbols, excluding the first two OFDM symbols. 5G downlink
transmission (5f-04 or 5f-05) must be performed at the start of the third OFDM symbol,
excluding the first two OFDM symbols, and the 5G terminal must synchronize with the

start of the 3rd OFDM symbol to obtain the start point where 5G downlink transmission
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(5f-04 or 5f-05) is performed. Unlike that, in the uplink resources for 5G data (5f-06 or
5t-07) set for 5G uplink transmission, all 14 OFDM symbols can be used for 5G
transmission (5f-08 or 5f-09). Therefore, for 5G uplink transmission (5f-08 or 5f-09), 5G
uplink transmission must be performed at the start of the first OFDM symbol, and the 5G
terminal must synchronize with the start of the first OFDM symbol to obtain the starting
point where 5G uplink transmission (5f-08 or 5f-09) is performed.
<369> In addition, LTE terminals that can support transmission modes TM and 10
within an LTE cell can transmit data through DMRS (Demodulation Reference Signal)
and CSI-RS (Channel Statement Information Reference Signal) within the MBSFN
subframe, and it is possible to divide LTE transmission and 5G transmission by frequency
resources within the MBSFN subframe for the 5G terminal and the LTE terminal. At this
time, LTE transmission and 5G transmission must have the same numerology. For
example, 15kHz subcarrier spacing in LTE must also be used for 5G transmission. By
applying the above method, LTE and 5G transmission can be performed without affecting
each other. In order to support that LTE and 5G have different numerologies, a guard
band is needed to protect LTE transmission between LTE and 5G resources, and when the
guard band is set, it can be signaled to the 5G terminal, and the 5G terminal can receive
the signal and receive 5G control information and reference signals or data information
from 5G resources excluding the guard band. The base station and terminal procedures
presented in 5S¢, 5d, and 5e can also be applied for division of the frequency resources.
<370> In FIG. 5f, as an example, MBSFN subframes #3 (5f-02) and #8 (5f-03) are used
for 5G data transmission (5f-04 or 5f-05), and the specific procedures for 5G data

transmission and reception follow the base station and terminal procedures presented in
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FIGS. 5¢, 5d, and 5e. In order to transmit uplink control information for 5G data, uplink
resources (5f-08 or 5f-09) for 5G data are also set for 5G. The location of the uplink
resources may vary depending on 5G HARQ feedback timing or uplink control
information design. For example, if the uplink feedback timing for 5G downlink data is

located in the next uplink subframe, #4 or #9, uplink subframe #4 or #9 may be set.

<371> Next, FIG. 5g is a diagram showing the operation of LTE data transmission and
reception and 5G data transmission and reception divided by time through MBSFN
subframes in one LTE TDD carrier.

<372> In FIG. 5g, TDD (5g-01) information (carrier frequency BW and location
information, TDD UL-DL configuration information, TDD special subframe
configuration information, dynamic TDD UL-DL configuration information for eIMTA
operation, etc.) is 5G capable from the 5G base station. It can be transmitted to the
terminal, and a 5G capable terminal can obtain the above information through acquiring
synchronization and receiving system information.

<373> In TDD (5g-01), if the MBSFN subframe is a downstream subframe, it can be
selectively set as a higher signal in subframes #3, #4, #7, #8, #9, etc. Among the
configured MBSFN subframes, subframes used for 5G transmission can be transmitted
from the 5G base station to 5G capable terminals, and through the subframe information
received by the 5G capable terminal, the 5G capable terminal can determine on what
resource 5G data transmission is performed. Meanwhile, among the 14 OFDM symbols
constituting the MBSFN subframe, the first two OFDM symbols are used for CRS and

control channel transmission for the LTE terminal. Therefore, 5G transmission (5g-02) is
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performed on 12 OFDM symbols, excluding the first two OFDM symbols. 5G uplink and
downlink transmission (5g-03) must be performed at the start of the third OFDM symbol,
excluding the first two OFDM symbols, and the 5G terminal must synchronize with the
start of the 3rd OFDM symbol to obtain the start point where 5G uplink and downlink
transmission (5g-03) is performed.

<374> IIn addition, LTE terminals that can support transmission modes TM9 and 10
within an LTE cell can transmit data through DMRS (Demodulation Reference Signal)
and CSI-RS (Channel Statement Information Reference Signal) within the MBSFN
subframe, and it is possible to divide LTE transmission and 5G transmission by frequency
resources within the MBSFN subframe for the 5G terminal and the LTE terminal. At this
time, LTE transmission and 5G transmission must have the same numerology. For
example, 15kHz subcarrier spacing in LTE must also be used for 5G transmission. By
applying the above method, LTE and 5G transmission can be performed without affecting
each other. In order to support that LTE and 5G have different numerologies, a guard
band is needed to protect LTE transmission between LTE and 5G resources, and when the
guard band is set, it can be signaled to the 5G terminal, and the 5G terminal can receive
the signal and receive 5G control information and reference signals or data information

from 5G resources excluding the guard band.
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<375> The base station and terminal procedures presented in 5S¢, 5d, and Se can also be
applied for division of the frequency resources.

<376> In FIG. 5g, MBSFN subframe #4 (5g-02) is used for 5G data transmission (5g-
03) as an example, and the specific procedure for transmitting and receiving 5G data
follows the base station and terminal procedures set forth in FIGs. 5c, 5d, and Se.
Transmission of uplink control information for 5G data is also performed in subframe #4.
The specific location within subframe #4 may vary depending on 5G HARQ feedback

timing or upstream control information design.

<377> Next, FIG. 5h is a diagram showing the operation of LTE data transmission and
reception and 5G data transmission and reception divided by time through uplink
subframes in one LTE TDD carrier.

<378> In FIG. 5h, TDD (5h-01) information (carrier frequency BW and location
information, TDD UL-DL configuration information, TDD special subframe
configuration information, dynamic TDD UL-DL configuration information for eIMTA
operation, etc.) is 5G capable from the 5G base station. It can be transmitted to the
terminal, and a 5G capable terminal can obtain the above information through acquiring

synchronization and receiving system information.
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<379> Uplink subframes used for 5G transmission in TDD (5h-01) can be transmitted
from the 5G base station to 5G capable terminals, and through the subframe information
received by the 5G capable terminal, the 5G capable terminal can determine on what
resource 5G data transmission is performed.

<380> In the resources for 5G data (5h-02 or 5h-03) set for 5G uplink and downlink
transmission, all 14 OFDM symbols can be used for 5G transmission (5h-04 or 5h-05).
Therefore, for 5G uplink and downlink transmission (5h-04 or 5h-05), 5G uplink and
downlink transmission must be performed at the start of the first OFDM symbol, and the
5G terminal must synchronize with the start of the first OFDM symbol to obtain the
starting point where 5G uplink and downlink transmission (5h-04 or 5h-05) is performed.

<381> In FIG. 5h, as an example, uplink subframes #4 (5h-02) and #9 (5h-03) are used
for 5G data transmission (5h-04 or 5h-05), and specific details for 5G data transmission
and reception are used. The procedure follows the base station and terminal procedures
presented in FIGS. 5¢, 5d, and Se. Transmission of uplink control information for 5G data
1s also performed in subframe #4 or subframe #9. The specific location within subframe
#4 or #9 may vary depending on 5G HARQ feedback timing or upstream control

information design.
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<382> Next, FIG. 51 is a diagram illustrating the operation of LTE data transmission and
reception and 5G data transmission and reception divided by time through LAA operation
in one carrier in the unlicensed band. The diagram of FIG. 51 illustrates an example of
applying the LAA operation on a carrier in an unlicensed band, but it is also possible to
apply the LAA operation on a carrier in a licensed band.

<383> In FIG. 51, carrier (5i-01) information (carrier frequency
BW and location information, DRS (Discovery Reference Signal) setting information,
etc.) can be transmitted from the 5G base station to the 5G capable terminal, and a 5G
capable terminal can obtain the above information by acquiring synchronization and
receiving system information.

<384> Uplink subframes used by the carrier (5i-01) for 5G transmission can be
transmitted from the 5G base station to 5G capable terminals, and through the subframe
information received by the 5G capable terminal, the 5G capable terminal can determine
on what resource 5G data transmission is performed.

<385> In FIG. 51, as an example, LTE transmission is performed in the resource (5i-02)
and 5G transmission is performed in the resource (51-03). Specific procedures for
transmitting and receiving 5G data follow the base station and terminal procedures
presented in FIGS. 5c¢, 5d, and Se. Uplink control information transmission for 5G data is
also performed in the 5G transmission resource (51-03). The specific location within the
resource (5i-03) may vary depending on 5G HARQ feedback timing or upstream control

information design.
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<386> Next, FIG. 5j is a diagram illustrating operation of LTE data transmission and
reception and 5G data transmission and reception divided by frequency through cell
activation/deactivation of CA (Carrier Aggregation) in multiple LTE carriers.

<387> In FIG. 5j, cells (55-03 to 5j-08) may be set up with duplexes of FDD, TDD,
LAA, FDD cell information (DL carrier frequency BW and position information, UL
carrier frequency BW and position information), TDD cell information (carrier frequency
BW and position information, TDD UL-DL setting information, TDD special subframe
setting information, dynamic TDD UL-DL setting information for eIMTA operation,
etc.), LAA cell information (carrier frequency DW and position information, DRS
(Discovery Reference Signal) setting information, etc.) may be transmitted from a 5G
base station to a 5G capable terminal, and the 5G capable terminal may obtain the above
information by acquiring synchronization and receiving system information.

<388> By activating/deactivating cells to terminals for LTE and 5G transmission, data
transmission and reception of LTE terminals in that cell can be prevented or re-enabled.
Additionally, data transmission and reception of 5G terminals can be blocked or re-
enabled. In the embodiment of FIG. 5j, only an example of activating/deactivating cells is
presented, but it is also possible to split LTE transmission and 5G transmission by
frequency by configuring/deconfiguring cells in CA.

<389> Cells used for 5G transmission can be deactivated for LTE terminals, and the

cells can be transmitted from a 5G base station to a 5G capable terminal, abnd through

232-176 Samsung Exhibit 1013, Page 412 of 469
Samsung Electronics Co., Ltd. v. Asus Technology Licensing Inc.
IPR2024-01273



2016-05-12

the information on the cells received by the 5G capable terminal, the 5G capable terminal
can determine on what resource 5G data transmission is performed.

<390> In FIG. 5j, as an example, Cell 1 (55-03), Cell 2 (5j-04), and Cell 3 (55-05) are
used for LTE terminals, and Cell 3 (5;j-05) is used for 5G data transmission. It shows that
cell 3 (5j-05) is deactivated for the LTE terminal to be used for this purpose. In order to
support more 5G transmission, more cells are deactivated for LTE terminals, and when
they need to be used for 5G transmission, cell 2 (5j-07) is deactivated for LTE terminals

and is additionally used for 5G transmission.

<391> Next, FIG. 5 is a diagram illustrating a base station device according to the
present invention.

<392> The controller 5k-01 performs the base station procedures according to FIGS. 5c,
5d, and 5e of the present invention and FIGS. 5f, 5g, 5h, 51, and 51 of the present
invention. LTE/5G resource allocation is controlled according to the LTE/5G division
operation method according to 55 and transmitted to the terminal and other base stations
through the LTE/5G resource allocation information transmission device (5k-05), and
scheduler (5k-03) schedules 5G data from 5G resources and transmits and receives 5G
data to and from the 5G terminal through the 5G data transmission and reception unit
(5k-07).

<393> Next, FIG. 1 is a diagram illustrating a terminal device according to the present

invention.
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<394> According to the terminal procedures for FIGS. 5c, 5d, and 5e of the present
invention and the LTE/5G split operation method for FIGS. 5f, 5g, 5h, 51, and 5j of the
present invention, LTE/5G resource allocation information receiver (51-05) is received
from the base station, and the controller (51-01) transmits and receives scheduled 5G data
from the allocated 5G resources with the 5G base station through the 5G data transceiver

(51-06).

<395> Next, FIG. 5m is a diagram showing the operation of LTE data transmission and
reception and 5G data transmission and reception by dividing time through MBSFN or
uplink subframe in one LTE TDD carrier.

<396> In FIG. 5m, TDD (5m-01) information (carrier frequency BW and location
information, TDD UL-DL configuration information, TDD special subframe
configuration information, dynamic TDD UL-DL configuration information for eIMTA
operation, etc.) is 5G capable from the 5G base station. It can be transmitted to the
terminal, and a 5G capable terminal can obtain the above information through acquiring
synchronization and receiving system information.

<397> In TDD (5m-01), if the MBSFN subframe is a downstream subframe, it can be
selectively set as a higher signal in subframes #3, #4, #7, #8, #9, etc. Among the
configured MBSFN subframes or uplink subframes, subframes used for 5G transmission
can be transmitted from the 5G base station to the 5G capable terminal, and through the
subframe information received by the 5G capable terminal, the 5G capable terminal can

determine on what resource 5G data transmission is performed. Meanwhile, among the
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14 OFDM symbols constituting the MBSFN subframe, the first two OFDM symbols are
used for CRS and control channel transmission for the LTE terminal. Therefore, 5G
transmission (5m-05) is performed in 12 OFDM symbols (5m-03) excluding the first two
OFDM symbols, and is performed at the start of the third OFDM symbol excluding the
first two OFDM symbols, and 5G uplink and downlink transmission (5m-05) must be
performed. The 5G terminal must synchronize with the start of the 3rd OFDM symbol to
obtain the starting point where 5G uplink and downlink transmission (5m-05) is
performed.
<398> [In addition, LTE terminals that can support transmission modes TM9 and 10
within an LTE cell can transmit data through DMRS (Demodulation Reference Signal)
and CSI-RS (Channel Statement Information Reference Signal) within the MBSFN
subframe, and it is possible to divide LTE transmission and 5G transmission by frequency
resources within the MBSFN subframe for the 5G terminal and the LTE terminal. At this
time, LTE transmission and 5G transmission must have the same numerology. For
example, 15kHz subcarrier spacing in LTE must also be used for 5G transmission. By
applying the above method, LTE and 5G transmission can be performed without affecting
each other. In order to support that LTE and 5G have different numerologies, a guard
band is needed to protect LTE transmission between LTE and 5G resources, and when the
guard band is set, it can be signaled to the 5G terminal, and the 5G terminal can receive
the signal and receive 5G control information and reference signals or data information
from 5G resources excluding the guard band. The base station and terminal procedures
presented in 5c, 5d, and 5e can also be applied for division of the frequency resources.
<399> Meanwhile, in the uplink subframe (5m-02) set for the 5G uplink and downlink

transmission, all 14 OFDM symbols can be used for 5G transmission (5m-04). Therefore,
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for 5G uplink and downlink transmission (5m-04), 5G uplink and downlink transmission
must be performed in accordance with the start of the first OFDM symbol, and the 5G
terminal synchronizes with the start of the first OFDM symbol to perform 5G uplink and

downlink transmission (5m-04) ) must be obtained.

<400> In the TDD (5m-01), the uplink subframe (5m-02) and MBSFN subframe (5m-
03) are used for 5G transmission, and when the TDD UL-DL setting is changed every
radio frame by eIMTA, and the 5G base station must indicate to the terminal whether the
resource configured for 5G transmission is a UL subframe or an MBSFN subframe
through signal transmission. In other words, it informs whether the resources set for 5G
transmission start from the first OFDM symbol or the third OFDM symbol, so that the
terminal determines the starting point of 5G transmission through acquisition of a signal
indicating the information, and it is possible to receive 5G control channels, 5G reference
signals, and 5G data according to the 5G frame structure depending on the start point.

<401> In FIG. 5m, as an example, uplink subframe #2 (5m-02) and MBSFN subframe
#4 (5m-03) are used for 5G data transmission (5m-04 or 5Sm-05), and specific procedures
for 5G data transmission and reception follow the base station and terminal procedures
presented in FIGS. 5c, 5d, and 5e. The 5G base station and 5G terminal procedures,
which change as the starting point changes depending on which subframe the configured
5G resource is, will be additionally explained.

<402> Let us first explain the SG base station procedure.

<403> In step 5m-10, the 5G base station transmits synchronization and system

information for 5G from resources set for 5G transmission to the 5G capable terminal.
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The synchronization signal for 5G can be designed to always be transmitted from the
third OFDM. Therefore, in order to obtain synchronization and system information for
5@, the influence of whether a subframe for 5G transmission starts from the first or third
OFDM symbol can be removed. Meanwhile, as for the synchronization signal for 5G,
separate synchronization signals may be transmitted for eMBB, mMTC, and URLLC
using different numerologies, and a common synchronization signal may be transmitted
to specific 5G resources using one numerology. The above system information can be a
common system signal transmitted to a specific 5G resource using one numerology, and
separate system information can be transmitted for eMBB, mMTC, and URLLC using a
different numerology.
<404> In step Sm-11, the 5G base station transmits a signal indicating 5G resource
allocation to the 5G terminal. When transmitting a 5G resource allocation signal to a 5G
capable terminal, the signal may be a higher-order signal or a physical signal. The LTE or
5G resource allocation signal is information indicating where the LTE or 5G resources
are located, and includes frequency information (carrier frequency, physical resource
block, etc.), time information (radio frame index, subframe index, MBSFN sub for 5G
transmission) Frame information, uplink subframe information for 5G transmission),
antenna information, spatial information, duplex information (FDD DL, UL carrier
information, TDD UL/DL configuration information, LAA operation-related
information), and it may include signals for the terminal to acquire in real time whether
LTE/5G resources are occupied according to reference signal or synchronization signal
transmission. In addition, the 5G resource allocation signal may include whether the 5G

resource is an LTE uplink subframe or an LTE MBSFN subframe. The 5G resource
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allocation signal may also include whether the 5G resource starts from the first OFDM
symbol or the third OFDM symbol. Additionally, the 5G resource allocation signal may
include whether 5G transmission is performed over 12 OFDM symbols or 14 OFDM
symbols.  Synchronization information in the LTE system can be additionally acquired
by a 5G capable terminal, and a value for the difference between 5G synchronization and
LTE synchronization may be transmitted by the 5G base station. If an integrated
controller exists, the LTE or 5G resource allocation is determined by the integrated
controller and transmitted to the 5G base station through X2, and when dividing
resources and operating the LTE system and 5G system on different resources, it is
possible to distinguish resources between the LTE system and 5G system by selecting
resource allocation for the LTE system and 5G system and transmitting the allocation
information to the base station through X2. If the integrated controller does not exist, the
LTE base station or 5G base station can select LTE or 5G resource allocation and transmit
it to other base stations, as in the base station procedure of FIG. 5d.

<405> In step 5m-12, the 5G base station tells the 5G capable terminal where the 5G
resource starts (for example, whether the OFDM symbol where 5G transmission starts is
the first OFDM symbol or the third OFDM symbol) or the location occupied in one
subframe. Data, control information, and reference signals for 5G services are transmitted
and received with the terminal based on a frame structure depending on the 5G resource
size (for example, whether 5G transmission is transmitted over 14 OFDM symbols or 12

OFDM symbols).
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<406> Next, the 5G terminal procedure will be explained.

<407> In step 5Sm-20, the 5G terminal acquires synchronization and system information
for 5G from the 5G base station. The synchronization signal for 5G can be designed to
always be transmitted from the third OFDM. Therefore, in order to obtain
synchronization and system information for 5G, the influence of whether the subframe
for 5G transmission starts from the first or third OFDM symbol can be removed.
Meanwhile, the synchronization signal for 5G may be a separate synchronization signal
for eMBB, mMTC, and URLLC using different numerologies, or may be a common
synchronization signal for specific 5G resources using one numerology. The above
system information may be a common system signal transmitted to a specific 5G resource
using one numerology, or may be separate system information for eMBB, mMTC, and
URLLC using different numerology.

<408> In step 5m-21, the 5G terminal receives a signal indicating 5G resource
allocation from the 5G base station. The 5G resource allocation signal may be a higher-
order signal or a physical signal. The LTE or 5G resource allocation signal is information
indicating where the LTE or 5G resources are located, and includes frequency
information (carrier frequency, physical resource block, etc.), time information (radio
frame index, subframe index, MBSFN sub for 5G transmission) Frame information,
uplink subframe information for 5G transmission), antenna information, spatial
information, duplex information (FDD DL, UL carrier information, TDD UL/DL
configuration information, LAA operation-related information), and it may include
signals for the terminal to acquire in real time whether LTE/5G resources are occupied

according to reference signal or synchronization signal transmission. Additionally, the 5G
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resource allocation signal may include whether the 5G resource is an LTE uplink
subframe or an LTE MBSFN subframe. The 5G resource allocation signal may also
include whether the 5G resource starts from the first OFDM symbol or the third OFDM
symbol. Additionally, the 5G resource allocation signal may include whether 5G
transmission is performed over 12 OFDM symbols or 14 OFDM symbols.
Synchronization information in the LTE system may be additionally acquired by a 5G
capable terminal, and a value for the difference between 5G synchronization and LTE
synchronization may be received from the 5G base station.

<409> In step Sm-22, the 5G terminal determines the location at which 5G resources are
started on the 5G transmission resource based on the signals received in step Sm-21 (e.g.,
whether the OFDM symbol from which 5G transmission is started is the first OFDM
symbol or the third OFDM symbol) or the size of the 5G resource occupied by a
subframe (e.g., whether 5G transmission is transmitted over 14 OFDM symbols or across
12 OFDM symbols), and transmits and receives data and control information and
reference signals for the 5G service based on the frame structure depending on the

determined 5G5G resource size and the starting location.

<410> Next, FIG. 5n is a diagram showing that the LTE base station and the 5G base
station independently operate each LTE transmission and reception and 5G transmission
and reception without dividing the resources in one LTE TDD carrier by time or
frequency. When LTE base stations and 5G base stations operate their respective

transmissions and receptions independently, interference issues must be considered. The
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LTE base station and the 5G base station have similar interference issues between LTE
base stations and the interference with transmissions in the same direction (i.e.,
interference between LTE downlink transmission and 5G downlink transmission, or
interference between LTE upstream transmission and 5G uplink transmission) and it is
possible for the LTE base station or the 5G base station to resolve the interference
problem with implementation. However, the LTE base station and the 5G base station
need a method to remove interference from transmission in different directions (i.e.
interference between LTE downlink transmission and 5G uplink transmission, or
interference between LTE upstream transmission and 5G downlink transmission), and the
present invention provides a method for removing the interference.
<411> In FIG. 5n, the LTE base station (5n-01) and the 5G base station (5n-02) are
diagrams showing each base station operating TDD, and the TDD information (carrier
frequency BW and location information, TDD UL-DL setting information, TDD special
subframe setting information, dynamic TDD UL-DL setting information for eIMTA
operation, etc.) of each base station can be transmitted from the 5G base station to the 5G
capable terminal, and a 5G capable terminal can obtain the above information by
acquiring synchronization and receiving system information. The LTE base station (5n-
01) operates transmission and reception according to the established TDD UL-DL
settings, and the 5G base station (5n-02) performs uplink and downlink transmission
based on the TDD UL-DL settings operated by the LTE base station (5n-01). That is, in
subframes #0, #4, #5, and #9 operated by the LTE base station (5n-01) in the downward
direction, the 5G base station (5n-02) also operates resources of the same frequency in
the downward direction, and in subframes #2, #3, #7, and #8, which the LTE base station

(5n-01) operates upwardly, the 5G base station (5n-02) also operates resources of the
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same frequency in the upward direction. Through the above method, LTE base stations
and 5G base stations can eliminate interference problems caused by transmission in
different directions. The 5G terminal obtains information about whether the 5G base
station (5n-02) operates upstream or downstream through a signal from the 5G base
station, and through the above information, the uplink and downlink resource operation
information of the 5G base station can be obtained.

<412> Meanwhile, in the LTE UL-DL setting, there is a special subframe (5n-03 or 5n-
04), and the special subframe (5n-03 or 5n-04) is DWPTS (5n-11) where downlink
transmission is performed. It consists of GP (5n-12) for propagation delay time and
terminal RF switching delay time, and UpPTS (5n-13) where uplink transmission is
performed. A method for eliminating interference problems in different directions to an
LTE base station is required when a 5G base station operates the same frequency resource
(5n-05 or 5n-06) in subframes #1, #6, where the LTE base station operates the special
subframe.

<413> If LTE transmission and 5G transmission have the same numerology, for
example, in LTE, subcarrier spacing of 15kHz is also used for 5G transmission, the 5G
base station uses DWPTS (5n-11) in 6 OFDM symbols operated by the LTE base station.
Downlink transmission can be performed, and uplink transmission can be performed in
two OFDM symbols operated by the LTE base station as UpPTS (5n-13). If LTE
transmission and 5G transmission have different numerology, for example, when
subcarrier spacing larger than 15 kHz or shorter Transmission Time Instance (TTI) is
used in 5G, methods through Embodiments 1 to 5 of FIG. 5n are provided.

<414> In Embodiment 1 of FIG. 5n, a 5G base station performs a downward

transmission on a resource (5n-21) in the DwWPTS (5n-11) section and operates an upward
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transmission on a resource (5n-23) in the UpPTS(5n-13) section. Since LTE transmission
and 5G transmission have different numerology, the TTI is different. Therefore, downlink
transmission is performed so as not to exceed the DwPTS (5n-11) section according to
the TTI at which 5G transmission can be performed (5n-21), and 5G transmission is
performed. Depending on the TTI at which transmission can be performed, uplink
transmission is performed so as not to exceed the end of UpPTS (5n-13) (5n-23).

<415> In Embodiment 2 of FIG. 5n, the 5G base station does not perform any
transmission in the subframe operated as a special subframe by the LTE base station. The
subframe may also be used as a resource reserved for future services.

<416> In Embodiment 3 of FIG. 5n, the 5G base station performs downlink
transmission on resources (5n-41) beyond the DwWPTS (5n-11) section within a range that
does not cause interference in other directions to the LTE base station, and uplink
transmission is operated on resources (5n-43) that exceed the UpPTS (5n-43) section. If
the 5G base station has smaller cell coverage than LTE, uplink and downlink
transmission can be performed with more resources through the above method.

<417> In Embodiment 4 of FIG. 5n, when the LTE base station uses the special
subframe as a downlink subframe through eIMTA, the 5G base station can use all of the
special subframes (5n-04) for downlink transmission (5n-51).

<418> In Embodiments 1, 2, 3, and 4 of FIG. 5n, the 5G base station must transmit
information about the section performing downstream transmission and the section
performing uplink transmission to the 5G terminal through a signal. The 5G terminal
receives the signal and obtains the information to know whether the TDD frequency

resource 1s operated downstream or upstream.
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<419> The arrangement of the LTE base station and 5G base station in the TDD
frequency resource can be applied to the arrangement shown in FIGS. 5¢, 5d, and 5e, and

the base station and terminal procedures shown in FIGS. 5c, 5, and 5e can be applied.

<420> FIG. 50 is a diagram illustrating special subframe settings in LTE according to
embodiments of the present invention.

<421> The special subframe configuration, which defines the length of DWPTS, GP, and
UpPTS of the special subframe defined in LTE, sets 10 special subframes depending on
whether the cyclic prefix applied in the downlink is a normal cyclic prefix or an extended
cyclic prefix (FIG. 50-01), and 8 special subframe settings (FIG. 50-11) are respectively
defined. Whether the cyclic prefix applied in the downlink is a normal cyclic prefix or an
extended cyclic prefix can be obtained by the terminal through decoding the
synchronization signal received from the cell. If the cyclic prefix in each special
subframe of TDD operated by the LTE base station in FIG. 5n is a normal cyclic prefix,
one of 10 special subframe settings (FIG. 50-01) is selected according to cell coverage,
and if the cyclic prefix is an extended cyclic prefix, one of eight special subframe settings
(FIG. 50-11) is selected according to cell coverage. When the LTE base station performs
LTE transmission with the selected special subframe setting above, the 5G base station
provides signaling for 5G resources to 5G terminals according to the embodiment in FIG.
5n above in order to not affect LTE transmission, and 5G terminals can receive the
signaling and know resources for 5G downlink and uplink transmission.

<422> Next, the base station and terminal procedures according to the embodiments in
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FIG. 5n will be described with reference to FIG. 5p. Let us first explain the 5G base

station procedure.

<423> In step S5p-10, the 5G base station transmits synchronization and system
information for 5G from resources set for SG transmission to the 5G capable terminal. As
for the synchronization signal for 5@, separate synchronization signals may be
transmitted for eMBB, mMTC, and URLLC using different numerologies, and a common
synchronization signal may be transmitted to a specific 5G resource using one
numerology. The above system information can be a common system signal transmitted
to a specific 5G resource using one numerology, and separate system information can be
transmitted for eMBB, mMTC, and URLLC using a different numerology.

<424> In step S5p-11, the 5G base station transmits a signal indicating 5G resource
allocation to the 5G terminal. When transmitting a 5G resource allocation signal to a 5G
capable terminal, the signal may be a higher-order signal or a physical signal. The LTE or
5G resource allocation signal is information indicating where the LTE or 5G resources
are located, and includes frequency information (carrier frequency, physical resource
block, etc.), time information (radio frame index, subframe index, MBSFN sub for 5G
transmission) Frame information, uplink subframe information for 5G transmission),
antenna information, spatial information, duplex information (FDD DL, UL carrier
information, TDD UL/DL configuration information, LAA operation-related
information), and it may include signals for the terminal to acquire in real time whether
LTE/5G resources are occupied according to reference signal or synchronization signal
transmission. Additionally, the 5G resource allocation signal may include whether the 5G

resource according to FIGS. 5n and 50 is an LTE special subframe. The 5G resource

232-189 Samsung Exhibit 1013, Page 425 of 469
Samsung Electronics Co., Ltd. v. Asus Technology Licensing Inc.
IPR2024-01273



2016-05-12
allocation signal may also be a signal that indicates where 5SG downstream transmission
begins and ends according to FIGS. 5n and 50, and where 5G upstream transmission
begins and ends.

<425> Synchronization information in the LTE system can be additionally acquired by a
5G capable terminal, and a value for the difference between 5G synchronization and LTE
synchronization may be transmitted by the 5G base station. If an integrated controller
exists, the LTE or 5G resource allocation is determined by the integrated controller and
transmitted to the 5G base station through X2,When dividing resources and operating the
LTE system and 5G system on different resources, and it is possible to distinguish
resources between the LTE system and 5G system by selecting resource allocation for the
LTE system and 5G system and transmitting the allocation information to the base station
through X2. If the integrated controller does not exist, the LTE base station or 5G base
station can select LTE or 5G resource allocation and transmit it to other base stations, as
in the base station procedure of FIG. 5d.

<426> In step 5p-12, the 5G base station transmits and receives data, control
information, and reference signals for 5G services to a 5G capable terminal based on the
location where 5G uplink and downlink transmission starts and ends in 5G resources.

<427> Next, the 5G terminal procedure will be explained.

<428> In step 5p-20, the 5G terminal acquires synchronization and system information
for 5G from the 5G base station. As for the synchronization signal for 5G, separate
synchronization signals may be transmitted for eMBB, mMTC, and URLLC using

different numerologies, and a common synchronization signal may be transmitted to a
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specific 5G resource using one numerology. As for the above system information, a
common system signal can be transmitted to a specific 5G resource using one
numerology, and separate system information can be transmitted for eMBB, mMTC, and
URLLC using different numerology.
<429> In step 5p-21, the 5G terminal receives a signal indicating 5G resource allocation
from the 5G base station. The 5G resource allocation signal may be a higher-order signal
or a physical signal. The LTE or 5G resource allocation signal is information indicating
where the LTE or 5G resources are located, and includes frequency information (carrier
frequency, physical resource block, etc.), time information (radio frame index, subframe
index, MBSFN sub for 5G transmission) Frame information, uplink subframe
information for 5G transmission), antenna information, spatial information, duplex
information (FDD DL, UL carrier information, TDD UL/DL configuration information,
LAA operation-related information), and it may include signals for the terminal to
acquire in real time whether LTE/5G resources are occupied according to reference signal
or synchronization signal transmission. In addition, the 5G resource allocation signal may
include whether the 5G resource is an LTE special subframe according to FIGS. 5n and
50. In addition, the 5G resource allocation signal may be a signal that indicates where 5G
downstream transmission begins and ends according to FIGS. 5n and 50, and where 5G
upstream transmission begins and ends. Synchronization information in the LTE system
may be additionally acquired by a 5G capable terminal, and a value for the difference
between 5G synchronization and LTE synchronization may be received from the 5G base
station.

<430> In step 5p-22, the 5G terminal transmits and receives data and control
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information and reference signals for the 5G service with the base station based on the
5G resource size determined based on the start and end positions of 5G uplink and
downlink transmission in step Sp-21.

<431> Additionally, the embodiments disclosed in the specification and drawings are
merely provided as specific examples to easily explain the contents of the present
invention and aid understanding, and are not intended to limit the scope of the present
invention. Therefore, the scope of the present invention should be construed as including
all changes or modified forms derived based on the technical idea of the present

invention in addition to the embodiments disclosed herein.
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[Scope of patent claims]
[Claim 1]
A method of processing a control signal in a wireless communication
system comprising:
receiving a first control signal transmitted from a base station;
processing the received first control signal; and
and transmitting a second control signal generated based on the processing to the

base station
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[Summary]
[ Abstract]

The present disclosure relates to a communication technique and system that
integrates a 5G communication system with IoT technology to support higher data
transmission rates after the 4G system. The present disclosure can be applied to intelligent
services (e.g. smart home, smart building, smart city, smart or connected car, healthcare,
digital education, retail, security and safety-related services, etc.) based on 5G
communication technology and IoT-related technology. The present disclosure provides a
method and apparatus for coexistence of D2D communication and cellular communication
in a mobile communication system.

[Representative]

FIG. la
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[Drawing]
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[FIG. 2d ]

[FIG. 2¢ ]
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0 9,5) 0 9,5) 0 9,5) 0
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4 9.,5) 1 9.,5) 1 9.,5) 1
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