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I. 3GPP 5G 요구사항과 표준화

II. NR introduction

III. NR Physical layer & MAC

IV. mmWave 5G Applications 
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I. 3GPP 5G 요구사항과 표준화

 5G 목표와 비전

 5G 표준의 발전
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1. 5G 목표와 비전
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I. 3GPP 5G 요구사항과 표준화
1. 5G 목표와 비전
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I. 3GPP 5G 요구사항과 표준화
1. 5G 목표와 비전

(출처: http://terms.tta.or.kr/dictionary/dictionaryView.do?word_seq=170480-6 )
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I. 3GPP 5G 요구사항과 표준화
1. 5G 목표와 비전

(출처: http://terms.tta.or.kr/dictionary/dictionaryView.do?word_seq=170480-6 )

AMF (Access and Mobility 
Management Function): 
접속과 이동성 관리 기능으로 5
세대(5G) 코어망에서 단말의 망
접속을 위한 나스(NAS: Non 
Access Stratum) 신호 메시지 처
리와 단말 위치 등록을 통해 이동
성을 관리하는 네트워크 기능.

SMF (Session Management 
Function): 세션 매니지먼트 펑션
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마케팅 용어 ITU 용어 3GPP 용어 RAN 용어 Core 용어 시스템 이름

3G IMP-2000 UMTS UTRAN UMTS Core UMTS System

3.5G Enhanced IMT-
2000

UMTS HSPA UTRAN UMTS Core UMTS System

4G IMT-Advanced LTE-Advanced E-UTRAN
EPC (Evolved 
Packet Core)

EPS (Evolved 
Packet System)

5G IMT-2020 5G NR (New Radio) 5GC (5G Core) 5GS (5G System)

6G IMT-2030 6G - - -
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I. 3GPP 5G 요구사항과 표준화
1. 5G 목표와 비전
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I. 3GPP 5G 요구사항과 표준화
1. 5G 목표와 비전

(* US FCC Nov. 2019. US FCC FNPRM Oct. 28 2020 will be explained later session.)
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I. 3GPP 5G 요구사항과 표준화
1. 5G 목표와 비전
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 MIMO (Multiple Input Multiple Output) 스마트 안테나를 사용하여 빔포밍(Beamforming)을 구현

(출처: https://radio-waves.orange.com/en/radio-networks-and-antennas/5g/) 
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I. 3GPP 5G 요구사항과 표준화
1. 5G 목표와 비전
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구분 주파수(대역폭) 대역폭 합계

2G 800MHz(10MHz), 1.8GHz(20MHz) 30 MHz 

3G 2.1GHz(40MHz) 40 MHz 

4G
800MHz(50MHz), 900MHz(20MHz), 1.8GHz(90MHz), 2.1GHz(80MHz), 

2.6GHz(100MHz) 
340 MHz

5G 3.5GHz(280MHz), 28GHz(2400MHz) 2,680 MHz

 낮은 대역의 주파수 일수록 장애물의 영향을 적게 받으며, 대역폭이 넓을수록 빠른 전송속도의 구현
 낮은 대역의 주파수는 이미 포화상태이므로 5G는 고주파 및 초고주파 영역 활용을 위한 기술 개발
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I. 3GPP 5G 요구사항과 표준화
1. 5G 목표와 비전
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(출처: 5G+ 스펙트럼 플랜, 과학기술정보통신부)
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I. 3GPP 5G 요구사항과 표준화
1. 5G 목표와 비전
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주파수 Sub 6GHz Above 6GHz

대역
통산사 <3GHz 3~5 GHz 6~24 GHz 24~30 GHz 30~40 GHz

SKT
3.6~3.7 GHz 

(100MHz) 
28.1~29.0 GHz 

(800MHz)  

KT
3.5~3.6 GHz 

(100MHz) 
26.5~27.3 GHz 

(800MHz) 

LGU+
3.42~3.5 GHz 

(80MHz)
27.3~28.1 GHz 

(800MHz) 

5G NR (100MHz) 1.5 Gbps

4G LTE (145MHz) 1.2 Gbps
동시 지원 가능
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I. 3GPP 5G 요구사항과 표준화
1. 5G 목표와 비전

• Frequency range 1 (FR1): 410–7125 MHz.

• Frequency range 2 (FR2): 24.25–52.6 GHz.
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I. 3GPP 5G 요구사항과 표준화
1. 5G 목표와 비전
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(출처: The Next Generation Wireless Access Technology Second, Edition Erik Dahlman Stefan Parkvall Johan Sköld)

450 MHz – 6000 MHz (Rel. 15)

52.6 GHz – 71 GHz (Rel. 17 ?)
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I. 3GPP 5G 요구사항과 표준화
1. 5G 목표와 비전
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(출처: The Next Generation Wireless Access Technology Second, Edition Erik Dahlman Stefan Parkvall Johan Sköld)

n78

n1(B1)

n3(B3)
n5(B5)
n7(B7)

Shared 5.9 GHz – 7.1GHz (미국, 한국)
5.9 GHz – 6.4GHz (EU)
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I. 3GPP 5G 요구사항과 표준화
1. 5G 목표와 비전

18

(출처: The Next Generation Wireless Access Technology Second, Edition Erik Dahlman Stefan Parkvall Johan Sköld)

n257

Shared 28.9GHz-29.5GHz(한국)

KT LGU+ SKT 600MHz

26.5 27.3 28.1 28.9 29.5

n257
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(출처: Source: Georg Mayer)
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• Service Based (SBA/SBI/NAPS)

• Virtualization & Slicing

• Softwarization/ Cloudification

• Application Programming Interfaces

• Harmonized protocols (HTTP …)

• Exposure to 3rdParties

• Backward & Forward Compatibility

• Functional entities

• Single Core

• Dedicated protocols

5G

I. 3GPP 5G 요구사항과 표준화
1. 5G 목표와 비전
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I. 3GPP 5G 요구사항과 표준화
1. 5G 목표와 비전

(출처: The Next Generation Wireless Access Technology Second, Edition Erik Dahlman Stefan Parkvall Johan Sköld)
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(출처: https://www.netmanias.com/ko/?m=view&id=blog&no=14392) 
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I. 3GPP 5G 요구사항과 표준화
1. 5G 목표와 비전

베어러 (Bearer) : 
망 내부 관점에서, 
내부 각 기능 요소
들 간에 연결/운반/
보여지는 서비스
를 말함
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I. 3GPP 5G 요구사항과 표준화
1. 5G 목표와 비전

(출처: The Next Generation Wireless Access Technology Second, Edition Erik Dahlman Stefan Parkvall Johan Sköld)
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 Private 5G란 5G 기술과 여타의 통신기술 및 시스템이 통합되어 특정 구역 내에서 서비스 및 통신을 제공하는 LAN
 Private 5G는 local 5G, 5G LAN(Local Area Network), enterprise 5G, non-public 5G 등 다양한 용어로 사용

(출처: 넷매니아즈)
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I. 3GPP 5G 요구사항과 표준화
1. 5G 목표와 비전
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I. 3GPP 5G 요구사항과 표준화
2. 5G 표준의 발전
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Source: https://hexa-x.eu/research/hexa-x-the-joint-european-initiative-to-shape-6g/

I. 3GPP 5G 요구사항과 표준화
2. 5G 표준의 발전
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2. 5G 표준의 발전

빨간색 일정과 기능은 변할 수 있음

 MIMO (Multiple-input multiple-output): 다중 경로 전파를 이용하기 위해 다중 송신 및 수신 안테나를 사용하여
무선 링크의 용량을 증가하는 방법.

26

I. 3GPP 5G 요구사항과 표준화
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2. 5G 표준의 발전
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I. 3GPP 5G 요구사항과 표준화

Sources from 5GAA(https://5gaa.org/)
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2. 5G 표준의 발전

 https://www.3gpp.org/release-15
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I. 3GPP 5G 요구사항과 표준화
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2. 5G 표준의 발전

 https://www.3gpp.org/release-16
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I. 3GPP 5G 요구사항과 표준화
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2. 5G 표준의 발전

 https://www.3gpp.org/release-17
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I. 3GPP 5G 요구사항과 표준화
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2. 5G 표준의 발전

 https://www.3gpp.org/release-17
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32

I. 3GPP 5G 요구사항과 표준화
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2. 5G 표준의 발전
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2. 5G 표준의 발전

34

I. 3GPP 5G 요구사항과 표준화
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(출처: KT’s 5G Network Migration Plan)
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I. 3GPP 5G 요구사항과 표준화
2. 5G 표준의 발전
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II. NR introduction

 구성 및 동작원리

 빔포밍 (Beamforming)
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1. 구성 및 동작 원리
II. NR introduction

37

(출처: The Next Generation Wireless Access Technology Second, Edition Erik Dahlman Stefan Parkvall Johan Sköld)
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1. 구성 및 동작 원리
II. NR introduction
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DLUL DLUL DLUL DLUL

DLUL DLUL DLUL DLUL

II. NR introduction
1. 구성 및 동작 원리
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14 Symbol

1
2

 S
u

b
-c

a
rr

ie
r
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II. NR introduction
1. 구성 및 동작 원리

(출처: The Next Generation Wireless Access Technology Second, Edition Erik Dahlman Stefan Parkvall Johan Sköld)

1 Frame = 10 ms
1 Slot =14 Symbol
1 RB = 12 Subcarrier

Subcarrier spacing120 kHz/240kHz/480kHz

S
u
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rr
ie
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sp

ac
in

g
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(출처: https://networkencyclopedia.com/code-division-multiple-access-cdma/ ) 
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II. NR introduction
1. 구성 및 동작 원리
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 Waveforms and Mixed‐Numerology

 Spectrum of OFDM signals with , depicted by the dashed line.
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II. NR introduction
1. 구성 및 동작 원리
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(출처: https://namu.wiki/w/%EB%B3%80%EC%A1%B0(%ED%86%B5%EC%8B%A0) ) 
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16-QAM의 constellation (예) 64-QAM의 constellation (예)

II. NR introduction
1. 구성 및 동작 원리
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(출처: http://rfmw.em.keysight.com/wireless/helpfiles/89600B/WebHelp/Subsystems/wlan-ofdm/content/ofdm_basicprinciplesoverview.htm ) 
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II. NR introduction
1. 구성 및 동작 원리

(출처: https://www.atmarkit.co.jp/ait/articles/1005/13/news092.html )

주파수분할 시분할 코드분할 주파수분할
직교서브캐리어
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II. NR introduction
1. 구성 및 동작 원리
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(출처: https://www.netmanias.com/ko/?m=view&id=oneshot&no=14450)  
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II. NR introduction
1. 구성 및 동작 원리

(출처: The Next Generation Wireless Access Technology Second, Edition Erik Dahlman Stefan Parkvall Johan Sköld)
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(출처: Case study: Orange Romania, Samsung)

 빔포밍(Beamforming): 빔 스티어링은 모든 방사 요소에서 입력 신호의 위상을 변경함으로써 달성하며, 위상변조를
통해 신호가 특정 수신기를 대상으로 할 수 있음
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II. NR introduction
2. 빔포밍 (Beamforming)
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(출처: https://www.metaswitch.com/knowledge-center/reference/what-is-beamforming-beam-steering-and-beam-switching-with-massive-mimo) 
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출처: https://www.dolcera.com/web/blog/massive-mimo-a-boost-for-next-gen-5g-wireless-communication/
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(출처: Case study: Orange Romania, Samsung)
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III. NR Physical layer & MAC

 NR Physical layer 

 NR 프로토콜 구조
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LTE와 NR 시스템의 비교

III. NR Physical layer & MAC
1. NR Physical layer 

54

출처:  김태중, 권종형, 김하성, 박병성, 육영수, 권기범, 이상욱, 이정훈, “3GPP 표준화 현황: Rel-15 규격 및 Rel-16 주요 이슈”, 5G포럼 이슈리포트 Vol.6, 2018. 12.
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출처:  https://m.post.naver.com/viewer/postView.nhn?volumeNo=11764280&memberNo=20717909

III. NR Physical layer & MAC
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출처:  https://m.post.naver.com/viewer/postView.nhn?volumeNo=11764280&memberNo=20717909

III. NR Physical layer & MAC
1. NR Physical layer 
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III. NR Physical layer & MAC
2. NR 프로토콜 구조

(출처: The Next Generation Wireless Access Technology Second, Edition Erik Dahlman Stefan Parkvall Johan Sköld)
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III. NR Physical layer & MAC

(출처: The Next Generation Wireless Access Technology Second, Edition Erik Dahlman Stefan Parkvall Johan Sköld)

SDAP (Service Data Adaptation Protocol)

PDCP (Packet-Data Convergence Protocol)

RLC (Radio-Link Control)

MAC (Medium-Access Control)

2. NR 프로토콜 구조
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III. NR Physical layer & MAC

(출처: The Next Generation Wireless Access Technology Second, Edition Erik Dahlman Stefan Parkvall Johan Sköld)

2. NR 프로토콜 구조
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III. NR Physical layer & MAC

(출처: The Next Generation Wireless Access Technology Second, Edition Erik Dahlman Stefan Parkvall Johan Sköld)

2. NR 프로토콜 구조
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Downlink Layer 2 Structure Uplink Layer 2 Structure

(출처: http://www.techplayon.com/5g-nr-radio-protocol-stack-layer-2-layer-3/ )

III. NR Physical layer & MAC
2. MAC
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III. NR Physical layer & MAC

(출처: The Next Generation Wireless Access Technology Second, Edition Erik Dahlman Stefan Parkvall Johan Sköld)

2. NR 프로토콜 구조
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III. NR Physical layer & MAC

(출처: The Next Generation Wireless Access Technology Second, Edition Erik Dahlman Stefan Parkvall Johan Sköld)

2. NR 프로토콜 구조
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3. MAC
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5G NR MAC Procedures Description

Random Access Procedure

Get the initial uplink grant for UE and helps in performing synchronization with the 
gNB (i.e. network). It covers Random Access procedure initialization, Random Access 
Resource selection, Random Access Preamble transmission, Random Access 
Response reception, Contention Resolution and Completion of the Random Access 
procedure.

DL-SCH data transfer It does everything needed to perform downlink data transfer.

UL-SCH data transfer It does everything needed to perform uplink data transfer.

Scheduling request (SR) It is used by UE to transmit request to gNB (i.e. network) to obtain UL grant.

PCH reception It helps in monitoring paging message in special time period.

BCH reception It carry basic informations regarding the 5G NR cell (e.g. MIB, SFN etc.).

DRX
(Discontinuous Reception)

It helps in monitoring PDCCH as per special pattern in discontinuous manner. Due to 
this discontinuous monitoring, energy consumption can be achieved.

Other procedures

The other 5G NR MAC procedures include transmission and reception without 
dynamic scheduling, activation/deactivation of SCells, activation/deactivation of 
PDCP duplication, BWP (Bandwidth Part) operation, handling of measurement gaps, 
handling of MAC CEs, beam failure detection and recovery operation etc.

III. NR Physical layer & MAC
3. MAC
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https://devopedia.org/5g-nr-channels

III. NR Physical layer & MAC
3. MAC
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IV. mmWave 5G Applications

 mmWave 모뎀/안테나

 Use Case
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 Coverage

( 출처: https://www.waveform.com/ )
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IV. mmWave 5G Applications
1. mmWave 모뎀/안테나
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 Advanced Thin-Profile Fan-Out with Beamforming Verification 
for 5G Wideband Antenna (ASE34) 

 It has lower insertion loss as compared to FCBGA-based AiP. 
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IV. mmWave 5G Applications
1. mmWave 모뎀/안테나

( 출처: http://eps.ieee.org/hir )
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 5G Devices, Reference Circuits, Evaluation Boards and Reference 
Designs (예)

( 출처: https://www.globenewswire.com/NewsRoom/AttachmentNg/bfed3649-45e6-404b-a489-94cdb3d2e423/en )
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1. mmWave 모뎀/안테나
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( 출처: https://invest.kiwoom.com/inv/24207 )

71

IV. mmWave 5G Applications
1. mmWave 모뎀/안테나

 스마트폰의 mmWave
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 mmWave 모뎀/안테나 모듈 구성

( 출처: https://m.blog.naver.com/kas2724/221910469173 , 대신증권20200309f (mk.co.kr) )
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IV. mmWave 5G Applications
1. mmWave 모뎀/안테나



5G 특강 시리즈 202

37

ja
m

es
@

js
la

b.
kr

5G
 융

합
서

비
스

테
스

트
베

드

JS Lab

IV. mmWave 5G Applications
2. Use Case

출처: Case study: Orange Romania, SamsungAccess Unit
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(출처: Case study: Orange Romania, Samsung)
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 무선 브로드밴드 (Wireless Broadband)

( 출처: Case study: Orange Romania, Samsung )
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 무선 브로드밴드 구성 (예): Orange Romania 5G FWA Friendly 
User Trial Architecture

Outdoor CPEIndoor CPE 

( 출처: Case study: Orange Romania, Samsung )
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2. Use Case



5G 특강 시리즈 202

39

ja
m

es
@

js
la

b.
kr

5G
 융

합
서

비
스

테
스

트
베

드

JS Lab

 FWA, Beamforming 이용 시 구성(예)

• 옥외용 CPE 사용시 5G 기지국 설치 필요 없는 구성
• 사내망의 유선 구성 및 일반 WiFi 기술 이용
• 5G 엣지 클라우드 컴퓨팅 응용 서비스

https://www.gsma.com/futurenetworks/5g/fixed-wireless-access-economic-potential-and-best-practices/

(지붕)

(벽)
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