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22.8kbps 
RPE-LTP

��P2��µÊÈÎ²´¹Ã�GV`�

PDC: Personal Digital Cellular                        GSM: Global System for Mobile communications
AMPS: Advanced Mobile Phone System
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LTE îLong Term Evolutionï
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(�) 1.4, 3,  5, 10, 15, 20MHz

?'TTI 1ms

ÍÞÊäæÅ�G<rs 15kHz

ÍÇËæÕËìßèÝÆËÐq
4.7μsîVðÎëàç¸»5.2μsï, 
�¹ 16.7μsîHï

ÍÞÊäæÅ f=- QPSK, 16QAM, 64QAM

LTE¸J[ÛåâíÓ´æÒíÐÞéÕË

LTE³¹¢0.5msx180kHz¸�MîæÒíÐÞéÕËï¸2î1ms x 180kHzï
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TTI: Transmission Time Interval îHï16.7μs¹+§ÑçÈæÅÄL§ÁMBMSL

¤æÒíÐÞéÕË¥

OFDM: Orthogonal Frequency Division Multiplex    SC-OFDMA:  Single Carrier OFDM Access
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NR âNew Radioã
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@kÎáÊa0 DL:1Gbps UL:50Mbps DL:20Gbps UL:10Gbps

ÛáÇ�4a0 10Mbps 100Mbps
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Q¡h¡X���V�TBCCËTail-Baiting Convolutional CodeÌ, ÁÈ·¯X
���V�Polar�4G, 5G��¨�¨���O�¨§�

Î��Qh¡X�ª\���TurboX�£�R`�¿Å¸¬FEX�ªO��
LDPCËLow Density Parity CheckÌX��²Ã½ÉpP�j§�¨�K7ªC
�§FEC?1����WiFiY�¢�O�¨��§�

��FEC�?1

Vr X� K6 a@l��&���O

ÁÈ·¯X�

BCH ®È«Cp
ª��B¢S
W�¨���,!X�

Ë�D�ÌU�l��
�4!^

RS BCH�:2�8À·ºË¾ºÌ
�	�bH�§?1�'�

#�¹³µÆ=k,
CD, DVD, QR°Ê»

Golay 12À·ºª24À·º�X�� Ë�D�ÌU�l��4!^

ÁÈ·¯X��%3 LDPC ²Ã½ÉpP�j§K7 <-qd, Wi-Fi, WiMAX
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2��Qh¡X� Turbo ²Ã½ÉpP�j§K7 <-qd,WiMAX

m;X�

CC-RS CC�RS�m] ¹³µÆTV=k

CTC Qh¡X��µÊÂX� <-qd,WiMAX

LDPC-BCH LDPC�BCHX��m] G+#�¹³µÆ=k

Ë15Ì��FEC�Vr
ÏÍ���M�%f
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�¢5��+��&I�q'F�m�u�j¦���¢���D|qj§�1�
�¡�¢�0J�� q�Q�m�j�6+;�9q)n�q38|}{k

u��!x�jA«����	l�L��?n.P(�� �£��§����L
��¡�¢�S<�C�Kx��$��TDMAq�;w��n�k
TDMA��j��"��&I��ª~��r�u�jR�¤�¥���,��N
�r������¢L��>(qnnu�p�j-/���4����27�
�}{GSM���*B,#�x�Os�;w��r{k

z�%�A¬��jA�����*B,#��jCDMAjOFDMAq;n�
��n�k

FDMA�TDMA

TDMA�jS<���$���{.P|tHy����n�k

ª©@�~S<�
Hx�

�.����Tw
�Mn��p��

�6+

.P

®
®

�6+

.P

^dZUU^d[UU ^dWeUUUUUU

¤¤ ¤¤ ¤¤ ¤¤

FDMA
¦Frequency Division Multiple Access§

TDMA
¦Time Division Multiple Access§

¦16§��*B,# -A1���A«��
¬¨���:��I
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3P

Ch1
Ch2

Ch3
�80

��¡©°¢¯�q2ovxn�z

§¯�ª°

��GsT��o���j�nsQS��}~Cup��o���

CDMA

A´����jW-CDMA�CDMA2000� 
-B1%�y~CDMAs=w
�|k

CDMA��H1%��¦� ¬¨+/1%����jJ�=4�M�r�7<
=�?"y|*E�m�k�IsFQ�|�!=�sRyr}|sj���
���;*E�N6���!:�D��}|k

CDMA1%��j	l�M��>���°¡±+/�°¡²���&~ju��L
�'��,t��{~$n#���¦� ¬¨�+/w{~L�z�k 0�
«°���3�3P��80��5z�sj�l�+/�°¡s>��|�j
@��QS��o�)���k

CDMA��jf�80=�9�.�jgK-�P����80�=s
�D h®������¥ £¯¡�°¤°s�D���O(sm�k

CDMA ±Code Division Multiple Access²

±17² 
-B1% -A3�� ±1/2²
´³���;��H
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�'V���nV�a"%{��y#]�xdv8"%y5Z^ji�m��\
��_wvWewnV���B���������nYcwr�lkv[tiXvW

"%{��nV-kv9�~���)l�m{��\�u�htwV�Ym"%
{��;m/<n?�l�kYmiV�Ym"%{��y#]�xdvjpq
}�jkv^j[tV�m"%{��i"%_wf��\:.`hr=@msZ
l!xwvW
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��V|�z���"%'�jr�1_wvW

|�z���"%
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LTE°WiMAX¦«�GXÅÒËÕª$j<*©OFDM<*¶5K�¥�³�

OFDM«�ÅÒËÕA©L¨³�C;ªrC¶�K ³FDM<*¦ª�C;
ln¶>m¬¦H®³�§¦�K�I¶8��£<*¦�²� ¦© �ÈÀÄ
Õ9d°GXLANT¦(��K�´¥�³�¾Î»ÒÔ¸;¶hWM©!°�¥
���§¦s?tg�¦�³4,1ÚÁ½ÙÓÌÔÇ¹Û°�MIMO¸×ÇÊ§ªO
1�[��§¯OFDMª%�¨k3¦�³�

ÈÀÄÕ�"_CÁÏ¼ÉÓÑ©«&§`���©�²��-)�ÂÖ§¨
³�C;�Tln©�·¦�³�¢�¦��ª`ª�C;©��ª¾Î»ÒÔ¸
ª�/¶iY ³�§¦��ª¾Î»ÒÔ¸«D�²�µ¡©
d¦�³�

OFDMCª�°d©«�\p¨=lC.¶$;ª@+Cª�C;2�©
�^ ³q:ÍÙÔº"7xe"7Ú~��x�~��Û�0]§¨³��¢ªtgFU
BÚ���á����u�������u���������Û§oR�aªtg�©±¤¥�Z§¨¤£�

¾Î»ÒÔ¸ª`©�ª¾Î»ÒÔ¸¶iY ³§��©'E¨�f¦�³�

FDMA<*ª".©�Qc²

OFDM"_CÁÏ¼ÉÓÑ§¾Î»ÒÔ¸lªN�1

-)
¾Î»ÒÔ¸1
¾Î»ÒÔ¸2
¾Î»ÒÔ¸3
¾Î»ÒÔ¸4

ØØØØØØ

�¾Î»ÒÔ¸ª�/�C;¦«�ª¾Î»ÒÔ¸ª
ÁÏ¼ÉÓÑª`©¨¤¥�³�

hW ³12�ª¾Î»ÒÔ¸ªVÚ180kHzÛ�
ÔÃÙÁÎÖÆ¼ª�C;b¦ª��

15kHz

ØØØØØØ

Ú19Û$�6W<* -S4�� Ú1/2Û
àÜ��J§"_

v(tÛ â , 0  
Kâ0

�k �uj2πk t/T
N-1

KâÝ

ã¾Î»ÒÔ¸©±³��~��«?©¨³�
��¦�� «Sä¾Î»ÒÔ¸ª"_¿×ÐÕ�

δkÞk2â

�¾Î»ÒÔ¸ªN�1«?*¦P�´³�
δkÞk2«kz=k2ª=ª1, ¢´	#«0�

T

0
Ú�uj2πkÞ t/TÛ*Ú�uj2πk{t/TÛ dt

T
�uj2πÚkÞÙkßÛ t/T dt

0
â

1
T

T
1
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��{��wCD_15kHzkLTEglW�.'<�gl@7bs12	k��
{��wk6���180kHz�u����52k��haf\sX

�(W)C<�glW@7bs7	k����u�p0.5msu1�x�����h
afW����52k*���haf\sXi^WLTEglW��{��wCD
15kHzk>'j[cs1�����C�66.7μs�jW4.7μs�4�����ko
5.2μs)kz��x�����u��af\sX

�.'<�k180kHz�h)C<�k0.5ms_�qs�3u�������|
�RB�h�mX���_UEhkCg?�:-kA!9]����#flW)
C<�g@7bs2	kRB��msB��������k��g9df\sX

i^W�������|u,%bs�ek����u����y����h�mX

ncW�������|jf+�1j,%`tf\s������u����}
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7�����0.5ms�

12
�
�
{
�
�
�180kH

z�

)C

�
.
'

��

����
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Q	��IFFT, �	��FFT��,!/
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Ä1TZ�����#S\nÇ^[MS\uÇ�	�H����Ã¼ÁT§Å´Ä¦Ã
¯Å¶ÁS����	���°¾µÁ."ÆE��ÇG?�����@�smkq
Ã¼Á�2IS��«·ÅÆjtË¬¦©À±©ÄºÂ¸¥©®Ç£���¡�
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>ip '{��zk��?=IGXrkp��y�#ew�FkqZ '{��
zp��o1vf|�{��z02y>ARGX��ldj\w[

|�{��z02y>ARGXl�b�^wclk>}����0`/bnwhs��
��~ouw�6y�^wcl`kaw[

d_dZ '
��`7bnwoixZ4�p%-�`7rwhs����~
`�nbnw��kZ|�{��z02`!\lZ�,�
+o$"ew�.$
��_vp�&35p�6` (kanbnw[

gckZ?@FGXy)^w����9SSMNWP:nmp7\
��y	#ewAFJK
kqZ��@==IGXrkp��yLEEoj	#ewlltoZB=RGXrhq
>?=RGXp�\|�{��z02y�#kawu]odj\w[

��200MHz��p '{��zkq120kHzrko��

|�{��z02p�*

24GHzy)^w
��kp '����kqZ|�{��z02yLTEk
p15KHzp4, 8�lnw60kHz, 120kHz`�#kaw[

|�{��z02: 15kHz

|�{��z02:  60kHz�120kHz

 '������: 1,5,20MHz

 '������:  50, 100,  200, 400MHz

LTE

5G NR 
(mmWave)
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LTEej)/x��v���h?tpaUz�x��v>@j15kHz��eWr
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srcmU;�">+0n'6A�i	(fgrV

z�x��v>@i��h�_d~w�|���=u+0
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5GNRi�}�|���yjLTEibsf%8^d�&!7e �`r�U
">7e+0]srV

��� ���
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�
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!
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LTEejLTEi1RBj180kHz x 0.5mse��

NRejUz�x��v>@[15kHzim�hgrfU
RBj�&!7e180kHz x m hU
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1��^eiaQLTEM�E10ms

1^eia&QLTEM�E10msJB,Y_^eia@ISP[f\]��Qo
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�'"LQ<5GNRPn��^eiaQLTEM�EC<1ms&PY_^eia10
�V�FT10ms&L@T=k�l

Y_XbcW'(B15kHz	�L@TLTE/LTE-ALQnY_^eia�O14Z
g`dP�L@T[f\]n�B�FT=

��<5GNRLPY_XbcW'(Q��XbcWP�
�O�EK
15,30,60,120kHzP4�)B@TPL<nY_^eia�LP[f\]�Q<GU
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k�l URLLCPIR<%��'V�AT�!B@T��Q, 2ms&
PTDD��^eiaP��B� L@T=

^eia�$
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Ö5× �±ÑÓ¸«KLÂÎÈÒ¨
�

KL+ÂÎÈÒ¬E«RQª	M�³²�
�wx{Û ¼¾ÄÍ$C6%o~|wÛ~�����n|����������nw����×´,?;a
�yxx{Û �zª�� YÑÀÕ¾«�1¯ËÕ½Ó¹W«6%´cT
�y�x{Û�±ÅÕÁÆÐÊµÃ¸´�a
©����§¬�y�x{p�yxx{«V��ª¢³£³}y�xpn�����V�´	M¡²
¤�}�z§«�����pn�wxx¨¬P©²�

PSS, SSS¬�g+#¿ÒºÕÂª°±�UE§«¿Ò!A«KL\�O�
(PCID*1×«�3ªM�²�LTE§¬PCID¬504c±¥��NR§¬@ªm(.
«$"*eZ®7' �2�Ö1008c±×¨ ¦�²�

�J
�o��×¬�

�5[¯ÉÕÍÊ¶ÕÌÓ¹W§«�
�]I'M§
�±�ÑÀÕ¾¹ÑÃÇ�§«:��Z¬LTE¨P©²�PT-RS¬m��F<§
«�Sik«2l_H«¤ª=¤ª)��³¤
�§�²�

4G>/«�d�D´&@Ô90

�±ÂÎÈÒ

tE&[>/ ÙE&[>/

CP-OFDM
ÖCP: Cyclic Prefix×

PDSCH:  QPSK,16QAM, 64QAM, 256QAM 
PDCCH/PBCH:  QPSK

UE§«�LX��ª���ÂÎÈÒf-G�H¯j��H«¤�RS¬
��ÉÕÍª¦*8Qªh�eZ�³²�

��J/�B
��
�U Mb

DM-RS PDSCH/PDCCH/PBCH«5[

PT-RS PDSCH«�S`^

CSI-RS ÂÎÈÒ�]6%

TRS �F<«ÆÐÃ·Ó¹

PSS/SSS Primary/Secondary �B
�
*1× PCID: Physical Cell ID

�KL+ÂÎÈÒ�

NU V�� Mb

PDSCH LDPC ÏÕ»ÅÕÁ

PDCCH Polar �4
�

PBCH Polar %T6%

ÚØLTE¨NR
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·6¸ ��²´��89¢®§³�
�

89¢®§³�ºb-"�2J���w��1��/�{�x
µ¤¶ ¢®§³�F-"�256QAM, π/2-BPSK�K�
�C���UON
w&C�M2M/IoTB��ON
��
µPUSCH, PUCCH�A�������LDPC, PolarA��	:

89¢®§³�1�>=�	:���x
gki_c»��¤¶ ¥±©�£���L
gk__c»�$E3���'
��¢®§³�G)�W_id¸��L
gh^_c»±´¡����:�«²�´ª³
��L

�~wfh�gki_c�A���e`g_�{�Xeja��jusmr��<��x

�-w�7
�Whi¸�}�w�� ��UE
��(F�:|�DM-RS�UE
¤¶ L
.�RU���Q���x��wSRS��� ����²´��¢®
§³�G��
 �¬´�6��	:���x

ºG-"��P�0��/µ*#

��¢®§³

\1�F-" 11�F-"

CP-OFDM
(SC-OFDM��D¸

π/2-BPSK, QPSK,16QAM, 64QAM, 256QAM 
·PUCCH�π/2-BPSK, QPSK¸

¤¶ ¢®§³�256QAM, π/2-BPSK�K�xPT-RS�6GHz����4
+���?RS�%TI5���,��K�����7
��{�x

y�7
�z

�@ :M

DM-RS PUSCH/PUCCH�(F

PT-RS PUSCH��?KH

SRS �G� �¬´�6�:

y89!¢®§³z

;@ A�� :M

PUSCH LDPC °¶�¤¶ 

PUCCH Polar '
�
(¨¶¦ACK, CSI, 
���¯¶³E3¸

PRACH N/A ±´¡����
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Ã7Ä �I���eW�

�I��q}~Ä������1\¢MIMOR�����]H%�� �N�¤
��wz|}��¾®Â¬©¾±´��8��W�LTE���¥�O�¤�����
LTE���"!)§À²µ·Â¼D�¿ ?�I��ÃCRS: Cell-specific 
Reference SignalÄ¦*=b����¤��*=b��'@�BA[�h��
T��¤� 5GNR��Z%���Y:RS�U�����CX¦&L�¤�

RS����CSI-RS�°½¶¿K53#9%N��I����¤�

DM-RS��°½¶¿J2�$�c,�a0��UE��³Â¯1\¦��¤¡
���³Â¯°½¶¿
nd�����a��»±¸À©¡Z%�¥��¤�
TRS��E:�a0¦��¤RS��£�Æª¹¨½¾§, 4OFDM«Àº¿fg
�8��¥¤�

PT-RS�o��E:���Qjl/m_G�� ;��(�������£�
UE	�ÃUE-specificÄ�RS���4,¦?�¤=f^��V£`�8��¥¤�

4G<-��d�B¦$>Á7.

�I��ÃRSÄ�eW�

5GNR��UE��MS������°½¶¿f+F�G¢k��G�
� �RS���·Â¼���)6P�i�eW�¤�

ÆÅLTE�NR

PDCCH: Physical Downlink Control CH
CSI-RS: Channel State Information RS
DM-RS: DeModulation RS
TRS: Tracking TS
PT-RS: Phase Tracking RS
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8�����ok��y��C��EK�L�|ljr�IH�R3on(
��B7Pi;�§���6G1(�O�F���j

UE�R3���v�}�i/�"SyUEo���¥§�}7Ps�iM��
D|�w
q4 }|�j

(1) ��C���J��t¬ UE�USIM�§�n���C���J��uj

(2) �£�§�z����¬ ����R2�
�ti�£�N$�Fmj
5GNRy�-~LTE�.}ie�*��(SS©�,� f�9� �£
¨PBCH©n��9���	� g¡¦������(RA)}��%@:<
�"S�z�j

(3) IH¬ ���¥§����C��>�6lx0�|=+yk�rz�
� ¤¦�¤��¦�'�y:Iu�j

(4) �B7P¬ UE�5��B�i�B7P�¢����y���¥§�}
7Pu�rzyi���t|{}��yp��m}u�j

R3#���"S

� ¤¦�¤��¦�}��IH

¨8© ���¥§�}Ao��y
«ªLTEzNR

IH�&� fiQ  �!)
res = f (k, rand)

IH�&�fiQ �!)
res = f (k, rand)

� ¤¦� rand (�&)

¤��¦� res (�?)

��C��
�§��§���C��
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UE��0�08;�������

NSRA¾Non-Synchronized Random Access¿���72�±�µ·�¾1.08MHz
"¿� Á�±°¹½´¾1msH¿z���se_D�I�.��0�08;�s
»«�½®½$�	�0��5~��t
¦µ¬¸�bc]^`¾bjqpkhglQc]Q^jgnnil¿��9~��t

H~WV\mp�®½¡ª3��Ädc]²·�»±¸��[Z:O�^]f]^RTS<�{u
�se_�s}�w�����¶»¥´�E+��<��F��£¡��t

RTSQCAZAC (Constant Amplitude Zero Auto-Correlation)ÃPv@ 6K4(�,�<�>


²·�»±¸C�z��0�08;���1�*N���t
1.  ²·�»±¸C�$s��.J������z���'={%���v�
�sC�L���~��	C���t��G��~�����'={�v�
�s<���xs	#¶»¯»���t
2.  ���z��'=��$�s��������&¦µ¬¸��7~��C
�¤�³»�A2)����|¢¹�A2���08;��t

NSRA������?�1.08MHz!�"s1ms�±º§��/��y�s�
�£¡��UE-�'��¦µ¬¸��B�|�t

M�0¶»¥´��£¡¾NSRA¿

0.8ms

1�±°¹½´¾Áms¿

0.1ms �½«¤�´¾0.Áms¿

CP NSRA²·�»±¸

1.
08

M
H

z

NSRA  
¡
¨
´
!
�

©½¤�C5¼¼¼

¾9¿ M�0¶»¥´��£¡
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