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(57) Abstract: The present invention relates to a method and an apparatus for transmitting control and training symbols to im-
prove transmission efficiency in a multi-user wireless communication system. The method for transmitting the control and training
symbols in the multi-user wireless communication system according to one embodiment of the present invention comprises the
steps of: determining whether a required transmission rate of each data can be satisfied through channel estimation in each of ter-
minals when different data are simultaneously transmitted to each of the terminals; and transmitting a data frame to each of the ter-
minals, the data frame being composed to discriminate the control and training symbols in each of the terminals using a combina-
tion of time, frequency, and code area when the required transmission rate of each data is not satisfied according to the determined
result.
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o o] gl A T k4o subcarrier) o] 85t

Al8FR AL, & 7= STAE O] A 7H 1= Oﬂoc]/] %kob A
STAMIE A2 THE 512 o] 3fo] Fabelo] A5 Qi ol
TP AL A S
WA 020 STAM 2 A2 thE SLEE o &5ho] T5o] A4 E

5 A

Lm

oo ax |»

2

T8k %%t 7t STAOﬂ oﬂ%ﬂ—t— LTFE N7 = E}?é}o}ﬂ, o] & STAR &
coordinationd}'d ¥ L2 S 7| o] 2E"” o] H -2 ol 5T S
Mode b-14-E Mode b-42] Z3} o] 9]¢ o] = Mode& 9| Z2§= = H-E] Al =% LTF
coordination ]S -4 s 4= ) 01 o] 2 gk 442 7| Modes 2 H-H
&olatA FFe o AT

LTF2] coordinationd}= 7 -0l 5212138 S+ 8}7] <7812 459} o] A S

9},

L

9
>~ 5}
T4 4
S

S 8y, Wiy Wy o Wi |6y G o Gl 0 e 0
S Syt Sy, _ Wy Wy oo Wy 1 &y Gy o Gy 0 2y 0
_Sml SmQ Smn i _WQ1 WQZ ng | _Cnﬂ Cm2 Cmn L O O 1Y n

o] 714, px= LTF A # Z(sequence)©] 3L, n 4135 G ol & F3)= 4l &
oldlxolt}, ¢= LTFE A7 = Zﬂr—r EE A RE B
BAoE AT = FEE S E S A o] g gk it P E ==
2] 31 (Orthogonal) & &, DFT 8 &, 4 & 2] (Unitary) @ o] A-&2 5 Qi)
m+ & {F G Ao &Gl -1 A XF 2 E H (spatial time stream) 91 8 222 AT,
MU-MIMOZE. ‘sA]ol| A3 314) 3F+= STAES X5 coordinationd} o] A 43} +=
A §-ol = &1 Al ZF 2~ E ¥ (spatial time stream) 52| £33} 2o} we
MU-MIMOE #153}7] ¢ A4 5.8} vl E 2] 2~ (precoding matrix)©] 3L, g+
SRR L gl E 2ot

OFDM2] 74 $-oll &= =3} g <o o] &9l l‘i—‘j}%%(subcamer)i Ahek <=
Ao, 99| <] 4>0f| A = Fkga) <l

o] & &°], KL= (Mode) b-13} o] A7k ¢ Q#E ﬂ’l\l’?ﬁ‘:ha 0}51, A1k < ¢
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[106]

[107]

[108]

[109]

[110]

[111]

[112]
[113]

[114]

[115]

[116]

9 7t A Hol e ar sk, SHaka) 8 & AR (diagonal) A W-RF 1 gES 7FA] AL
H] A} A (off-diagonal) A -2 07} H U}, 0] & & 8aol] A 8} T
I Sats S b8 A 9002 SRks T A7 9] Bl AR 1 EE
=
=

EA G o A o), & RacllA] 7} 258 4l = (Symbol)©] ¥ a1,
A 252 1 Al {F 22 E ®(Spatial time stream)©] ¥ U,
L3 o & 59], B.=(Mode) b-29} Zo] Fuba= o o & gRAkelt}al 8fal,
Fuhg o o o] W 7F Bk ulelar s, kel H e Aj 7k of o] 34 7ho)

AFA (diagonal) T+ 21 kS 7}RITE o] 2 & 8bol] A8} T
12 8bi W 28 ol o] o ahlbsan, s ool of W7t
ukE kol 79 ghal 3] €S A3l o A] ol th K ghol| A R Ee

|=]
B
F-9kE T (subcarrier) 7} ¥ 31, Al 2552 3 F A4} 2= E ¥ (spatial time stream)©]
3]

al
Al e

2
%ﬂ FS

P
= T

O

REb3E A ZE 35 JF o ikslar, A LOﬂodq ] 7
2 of /\]EO] . I 8coll A 7}E
, Al 252 F1E AR 2~ E 7 (Spatial time stream)o] Ht.
48} o] Fulpel 51 g o gkkslal
[ ablacsy f= WA Q”&@E‘ﬂé SR 8d9} 7L°] ‘:*]GL A

2

=
&
I
ol
[
7
A
il
N
o
iy
fo
K
[
of
JR
O
HU
K‘i
_>;
:
_1
A,L
P
T,
do M
N4

AL A5 o B A el ol 0o 15
1

k3> 9l (Subcarrier)©] 3L, Al 2 &2 31 Al {F 2~ E ¥ (Spatial time stream)©] H U},

ool A A gk Al S Agtslo], AlE ) Euksarh Adte FJEQL
A} E/F-1EE 3 (symbol/subcarrier) 3 B 2 8-0] 3} 7] &-48lo] gilald & A4S
AT}, A3 T A7 22 E 9 (Spatial time stream)= 2} STA &2

Ubal 71 8k A S 5o 8edf > FEH| R o AT
{%ﬂ%%ﬂ-/\]@-i\za 7L1ﬁ|—ULHﬂE6]—%]—

:

P
T )\)\ﬂ'
W 48

| =l

il

o] A gk
% 8ed] o A2 A B A, STA 18 2711 9] &7+ A7k 2 E 2 (Spatial time
stream)= AF2-3}aL, STA 25 371 9] &7k A]7F 22 E " (spatial time stream)=
AL-&-8F, STA K= 1711 9] & 3XF Al 7+ 2= E ®(Spatial time stream)-S AF-8-3}+
73 F-olth, & geoll =A] g ul9} o] B STAO] 5L &k 9] &1k AIF
2= E ¥ (Spatial time stream)= A& I 9 & glt}.
o| & 5o, A4 6711 2] &3+ 2=E ¢ (Spatial stream)= 37l 2] STA©] Z+2} 271 €]
7k Al ZF Z:Eﬁ% (spatial time stream)<=- A}-83} 31, EF41 3] & = o] 4l 372 o
HEHDFT) 3 A5 AF8-3F 7 -0l 7 STAYE 8448 o shie = 8f9) 7o)
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[117]

[118]

[119]

[120]

[121]
[122]

[123]

[124]

[125]

A

ot
>0

AT
foll A&k npo} 72 52 F1F Al X 2~ E 7l (Spatial time stream)©] ™,

T5 2 4l = (Symbol) B H-REE 3k (Subcarrier) B+

/3 0k<E 9} (Symbol/Subcarrier) 7} T, L2 8f2] Shak s e ol A= A W A 8 3}
A WA o] gho] B 10] Hrk H3t I gfol] LA g
x =exp(—/27/6)

o] gk& 71 el #<f kAt

E3k o & Eof, AA) 87119 & FF Al 2~ E ¥ (Spatial time stream)S 471 2]
STAo| 2tz 271 9] &3k Al 7+ 2= E ¥ (spatial time stream)< A}-&8} a1
A (real) b2 2E= U Bl Y (unitary) 3 H-S& gAY E 2 ARE- S A 5ol 7}
STAYH gita) e o] a2 & 8o} 7o) o Ak = Qi)

= 8ol M & 7R E2 &1 A {F 2~ E ¥l (Spatial time stream)©] 14, A 252
A1 (Symbol) H2+= H-1kE 3} (Subcarrier) B2+
A} E/F-1EE 31 (Symbol/Subcarrier) 7} L TF, & 8goll TEA] ¢k nlef o] ghikal E 9]
zb A E gh2 o] gk 7 o don, Skl A A gl npof o] g4k
-2 o] Ak 5] o] W3t vl E ¥ ~(DFT matrix) %+ 1 & & (unitary) 3) g o] &

N
4

H

o0

T:
~

o> X
1 1

>

)

MU-MIMO=. ‘& Al ol A E38}ar A} 3l &7+ Al 7F 2~ E " (Spatial time stream) 2]
7} 40]a1, 2711 9] STA©] 2+ 2711 9] &7k Al %} 2= E " (Spatial time stream)<
AEehtiar e, A b ol A H 2 gk Al Eo] 40 H 2 8x8 8l

] ]

A “
shat s o] A4S G584

=
o} o

=

el
<]

A9l dxd it FE S A Gofo] 28
o}

59 g o nhgh A a4 A] o of] uhel PPDU M 278 93

AP 900 W7 ol A Al (sounding) B= #| £H(feeback) 4 W& &3] 2}
STAE Q] Y FHE 73T} o] 5 AP= 902 Aol A =5 ¥ STAH
ALY RZEE 2g 3y &g o & 59, ZF, MMSE, Sphere encoder &<
83k 3o STAZF 7+ (interference)= =74 ¢kt

o]} 7ol 1141 F742 gk 5 AP= 904 Ao A F 2 % = S sk
STARIZ7}HE AT, o] e ¢k A= STAZE HA4 (interference) 5 7F= A'd 54
LF7F 57 ek 89 = A e s WA Bok= STAE 78] 9 stoltt
=, 8 79 &= A sS W84 &&= STAT LTF coordinations 3}31, & 75 =
A 5S T3l STAS LTF coordinations: 34 &7] ¢ go]t},

904+ A o] AAFA I}Z W5l A3 =, VHT-LTFZ coordination 314] 2=
74 $-oll = Mode a2 & 23}, o] 7-$- AP 906 WA = 78 3}o] =4 H STAL]
SINRE ©]-43}4] VHT-SIG-D2] MCSE A A gt} 34 € SINRO] o™
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VHT-SIG-D¢l| BPSK t]4l]] U] - MCSE 48331, 374 ¥ SINRO] Yo
7Hg W MCSE A&kt

[126] Wb 904 A o] AALA B wHE8kA] Kok 49 =, VHT-LTFS
coordination 3}+= 7 -$-°l| += Mode b= 5 2+3}1 | o] 75 AP 908 A =
#1383} AP7} coordinationd}+= STAE 9] o] &A (mobility), Ao gt ’?l’(delay
spread), 21 & 7M1 o] 48] (SINR) A H. 5& ©]-8-3}o] %4 <} coordination
modeE A8k = Q)

[127] o & &0, X ¢1 &41k(delay spread)©] 2 74 -F-°ll AP Mode b-3E 4 -8-3}aL
Al E}*&(delay spread)©] 2F&- 74 9-o] AP Mode b-43 2]-&%-c}, 18] a1,
SNRo|] var, X1 ik(delay spread)©] & 4 9-oll AP= A AH AL&A -5
0] 3L, Mode b-35 4-8-3}9] despreading®l] 2| ¢t o] 5& IS 4 Ut}

[128]  ©]F- AP+ 9109 A 2 %8 3}o] VHT-LTF/VHT-SIGS] WHE o] - gl 5|5

[6)

AASE 4= 9lt} <, AP LTFZE coordinationdl+= 73 $-o+= | & —5%;‘3 J S
F7T2 I A1 71 7] 981 LTFE Hh(repetition) & = Q1 0.2 =2, o] o] T sF
315 Ayl 3lo|t)h E8k AP+ VHT-SIG-DE WHE 3lo] -4 A o
A] 719 (dedicated control signal)2] 7 % (detection) &S = = AT

[129]  o]/dol A e} o] 906 Al = 910 Aol A &S 918k L= (mode) R WHE

5ol U3k Ao o] Fo] XA, AP 912%HA| & 7 8 3}o] PPDU S
A 38)aL, T whe} PPDUE -4 8Fo] A &gl
[130]
[131] okr g al &= 20f| A 9} 7Fo] Mode adll A 11a/g/m/VHT <3+ 5= (mixed
J AL v} &3} 7ho] B2k,
[132] ™A X229 (a)9] 5ol thato] A3 r7] = a4}
[133] 1) A L- TF% 531 78] o] 417 (Carrier sensing), A5 ©]5

A o (AGC), A ZF & 7] 8} (timing sync.), T =F 4 Q1 =315 & Al 3= (coarse
frequency offset estlmation)'% S =

[134] 2) o] F A G2 L-LTFE 539] A &3l 235 34 =4 (fine frequency offset
estimation) ¥} | Y 4 S 8] gk,

[135]  3) 1% & F21E-2 L-LTFE ©] & Ald 4 3kS o]-&3Fo] L-SIGE
B8,

[136] 4) o] % 21 e HT-SIGE 4 % (detection) 3} W 'H(BPSK phase rotation) <

o]-&3}o] HT-SIGE A% 3kal, L-LTFS] A9 4 32 o] &3} o] 238k}

[137]  5) o] 49 AL =303k 5 A e& VHT-SIG-CE 7 &3+ W (BPSK phase
rotation) S ©]-&3}o] VHT-SIG-CE A& 3}3L, L-LTFY Ad 43S o] &35}
Bz

[138] 6) 218 3l A1 H 2 VHT-STFE ©]-8-3}o] Wl 3L (Beamforming) ¥ T}

A2 (multi-user) MIMOA1 5. 2] 215 o] 5 Ao} (AGC)E -3 3t}
[139] 7) ©] %~ A T2 VHT-SIG-C2] VHT-LTF2] 29 U] sl 4 H & o] &3]
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[150]
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[156]

[157]

[158]

[159]
[160]

12

VHT-LTFZ %3}o] t}5 AF&AH(Multi-user) MIMO A '9-& =4 gk},

8) 1%l F- FA1e2 VHT-SIG-C7} A A] 3F+= VHT-SIG-Dol| 1] ¢+ 4 & 9}
sk Al g 4 3k o Y B VHT-SIG-DE 5 %3

9) o] & %3 4221 ¢He VHT-SIG-D 9] "o gl ol U] gt A H.Z o] &3lo] tlo]g &

o

U0 2 29 (b)2] 495 A 2 o] 714 & 29| (b)9] 4= =29
()] 3-F-2F dinl e, 1) ~ 4)2] AL s dsirt. ek o] 5 A
A a7 2 gkt

5) L-SIGS 523k §- =A1h-& VHT-STFZ o] £-3}lo] AGCE =38 3}

=
6) ©]%- AT VHT-SIG-CE 7] & 3}+= H(BPSK phase rotation)£
o] &3} VHT-SIG- CE &3k, LLTFY Ad A @S o] &3k Hz2er)
7) 13§ A ES VHT-STFE ©]-8-3Fo] W 327 (Beamforming) ¥ %

AL-&Z}(multi-user) MIMO 4l 3. 2] AGCE 8} ¢l

8) Z1¢] L Al e VHT-SIG-C2] VHT-LTF2] %ol t) &k A H 5 o] &3]0
VHT-LTFZ %£3}o] t}= A}-&A(Multi-user) MIMO | &5 34 gt}

9) 718 3 ﬁ%SVHTﬂGcﬂﬂ]a:WMTMGDﬂQJAziﬁ
VHT-LTFE o] &3¢ Al d 4 7k o 2 5§ VHT-SIG-DE 523k},

1m1aﬂ$ﬁ%%vmsm04m1Hﬂmdﬁ£%ﬂ%&ﬂﬂﬂﬂé

SO R 29 (0)9 A58 AT HEI|E Sl 29 (0)9 AR =29

(%] A-5-2F tin| gt o, 1) ~ 9] AL s R, Aesr]) = ghoh

5) L-SIGE &3t §- FA1e-2 VHT-STFE ©] &-3}o] AGCE F3 ghr},

6) °] % A T VHT-LTFZ o] & }ﬂﬂé$4°*@dq

7) 218 31 2192 VHT-SIG-CE 7% 3)+= "H (BPSK phase rotation)<
ﬂ%ﬁFﬂVHPMGCEJA§df7VHTLﬂLJﬂ”*Z'%%QO] 3}o]
S

8) 11 % 212 VHT-STFE ©]-8-3}o] W 3£ 7 (Beamforming) ¥ U=
AFE- A} (multi-user) MIMO Al & 2] AGCE 4~3) ¢kt

9) o] - Al T2 VHT-SIG-C2] VHT-LTF2| %ol t) &k A B & o] &3}
VHT-LTFE &3} th3 AF-&-2}(Multi-user) MIMO | €& 4 ¢k,
10) 18] 31 A S-S VHT-SIG-C7} A A 3} VHT-SIG-Dol| t 3+ A 1.9}

wnxméo g 29 FAH ko 2 X VHT-SIG-D= & %3t}

FAIE2 VHT-SIG-D 2] H|o]E of] t] gl A 1 Z o] &3}

-
i
m
I{ e

thE o R =20 (d)9] A58 AFRI|E drh =29 (d)9] 51 =29
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[164]

[165]

[166]

[167]

[168]

13

(@9 5o dinj gt wf, 1)~ 3)9] FA S FU3 2, A3y 2 gt

4) L-SIGE 5 £33 21w VHT-SIG-CE 7 % 5F+= WH(BPSK phase
rotation)< ©]-&3}0] VHT-SIG-CE 7 &3}, L-LTFS] A Y FA4 52 o] &35}0]
=

5) 0] %~ 4221 ¢he VHT-STFE o]-&3}o] 1]
MIMOA & 2] AGCE =38 3},

Hd

Y 5 ARE-A}(multi-user)

6) L% $- - ASL VHT-SIG-C2| VHT-LTFS] 29| U] dk 1 & o] -&-5}¢]
VHT-LTFZ % 3&}¢] t}5 AF-&-A(Multi-user) MIMO A €2 574 30},

7) 9] AL =2 e VHT-SIG-C7} A A] 81+ VHT-SIG-Doll ] & 4 1 9}
VHT-LTFE o]-&3 AlY 54 3L o 238 VHT-SIG-DE 23,
8) o] B8l FA1e-2 VHT-SIG-D®] dl o] ol] t) g 4 W& o] &3te] vlojE] &

S

o] Aol A A 3l vlo} 7+ Mode aoll 4] 11n/VHT % % = (mixed mode)/ VHT
1= X E(Greenfield mode) 2t Mode boll A 2] =9t 5 = (mixed mode) ¢}
JQQEEF(MmmMdeJANmNO7LL%§?§ETH%@bM]
A ok
QA o] &I+

g0l HA] T4l Al "o A T A ES Al F 9ol AFgET
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[Fig. 8f]
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