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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. 매시브 MIMO 기능
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출처: https://www.avnet.com/wps/portal/abacus/solutions/markets/communications/5g-solutions/5g-beamforming/
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출처:  https://m.post.naver.com/viewer/postView.nhn?volumeNo=11764280&memberNo=20717909

I. 매시브 MIMO 기능

Log Periodic Dipole Array (LPDA) 

멀티에지 LDPC(ME-LDPC)
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출처: ICT R&D 기술로드맵 2025, IITP 정보통신기획평가원
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I. 매시브 MIMO 기능

출처: https://www.fiercewireless.com/tech/t-mobile-exec-says-massive-mimo-can-be-used-tdd-and-fdd-bands

Massive MIMO has traditionally 
been used in TDD bands. (Bevin 
Fletcher/FierceWireless)
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I. 매시브 MIMO 기능

출처: https://www.taoglas.com/product/aurora-cmm-100-a-5-6ghz-c-band-massive-mimo-phased-array/

Aurora CMM.100.A 5-6GHz C-Band 
Massive MIMO Phased Array
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I. 매시브 MIMO 기능

출처: https://medium.com/5g-nr/massive-mimo-75f775ead2e9

64 TX + 64 RX 5G MU-MIMO antenna suitable for Massive MIMO
(Credit: Ericsson)
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I. 매시브 MIMO 기능
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 Demonstrated mm-wave modules with flip-chip-based AiP: 
organic laminates from IBM  and Qualcomm , glass-based 
substrates, and LTCC.

( 출처: A Review of 5G Front-End Systems Package Integration
Atom O. Watanabe, Student Member, IEEE, Muhammad Ali, Student Member, IEEE,

Sk Yeahia Been Sayeed, Rao R. Tummala, Life Fellow, IEEE, P. Markondeya Raj, Senior Member, IEEE. )
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I. 매시브 MIMO 기능

LTCC는 low-temperature의 LT와 Co-
fired ceramic의 CC가 합쳐진 단어
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 단말기의 5G 안테나 (예)
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I. 매시브 MIMO 기능
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 5G 안테나 해석

( 출처: https://www.youtube.com/watch?v=F2K9aJ-LFwU )

15

I. 매시브 MIMO 기능
ja

m
es

@
js

la
b.

kr
5G

 융
합

서
비

스
테

스
트

베
드

JS Lab
16

I. 매시브 MIMO 기능



5G 네트워크 기술 특강

9

ja
m

es
@

js
la

b.
kr

5G
 융

합
서

비
스

테
스

트
베

드

JS Lab
출처: http://m.dongascience.donga.com/news.php?idx=22509
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출처:  https://m.post.naver.com/viewer/postView.nhn?volumeNo=11764280&memberNo=20717909

I. 매시브 MIMO 기능
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출처:  https://www.netmanias.com/ko/post/blog/8104/5g-c-ran-fronthaul-sdn-nfv/5g-network-architecture-new-c-ran-architecture-and-distributed-5g-core

I. 매시브 MIMO 기능
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출처: https://www.5gtechnologyworld.com/functional-splits-the-foundation-of-an-open-5g-ran/

I. 매시브 MIMO 기능
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Ref: ITU-T rec G.8271.1/Y.1366.1 figure VII.2

I. 매시브 MIMO 기능
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(출처: ICT R&D 기술로드맵 2025, IITP 정보통신기획평가원

I. 매시브 MIMO 기능
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(출처: ICT R&D 기술로드맵 2025, IITP 정보통신기획평가원
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1. 정부 R&D 지원 필요성(민간 영역 제외)이 있는 기술
2. 위험도, 혁신성 및 기지원 여부를 고려하여 고위험·도전적 영역 기술
3. 국민 생활문제와 국민 삶의 질 향상에 필요한 사회문제 해결형 R&D 기술
4. 핵심원천기술 자립역량 강화에 필요한 소재·부품·장비 핵심 기술
5. 국산화 등 기타 필요성을 고려할 때 반드시 정부에서 개발이 필요한 기술

I. 매시브 MIMO 기능

(출처: ICT R&D 기술로드맵 2025, IITP 정보통신기획평가원
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출처: http://www.eewebinar.co.kr/adi/tech_view.asp?g=3&idx=351

II. 신호 처리

32
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출처: http://www.eewebinar.co.kr/adi/tech_view.asp?g=3&idx=351

II. 신호 처리

다운링크 채널 특성화

업링크 채널 특성화
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출처: http://www.eewebinar.co.kr/adi/tech_view.asp?g=3&idx=351

II. 신호 처리

업링크 신호 처리. 
H는 켤레 전치(conjugate transpose)

다운링크 신호 처리. 
T는 전치를 나타내고, *는 켤레
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출처: http://www.eewebinar.co.kr/adi/tech_view.asp?g=3&idx=351

II. 신호 처리

다운링크 채널
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(출처: https://cafe.daum.net/YCP-ITPE/9xqa/20 ,  https://ensxoddl.tistory.com/2 ) 

36

II. 신호 처리
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(출처: https://cafe.daum.net/YCP-ITPE/9xqa/20 )
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(출처: https://slideplayer.com/slide/16486452/ )

38

𝑦 = ℎ 𝑥 + 𝑛

𝑦 = ℎ 𝑥 + 𝑛

𝑦 = ℎ 𝑥 + 𝑛

𝑦 = ℎ 𝑥 + 𝑛

𝑦 = ℎ 𝑥 + 𝑛

𝑥

𝑥 =  = x +

𝑥 =  = x +

𝑥 =  = x +

𝑥 =  = x +

𝑥 =  = x +

SIMO – Selection Combining (SC)

II. 신호 처리
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(출처: https://cafe.daum.net/YCP-ITPE/9xqa/20 )
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II. 신호 처리
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II. 신호 처리
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Higher layer split (HLS)
Similar timing requirements as backhaul

Backhaul

Lower layer split (LLS)
Similar timing requirements as CPRI

II. 신호 처리
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II. 신호 처리

출처: https://techlteworld.com/2020/10/14/types-of-functional-splits-in-5g-nr/

44



5G 네트워크 기술 특강

23

ja
m

es
@

js
la

b.
kr

5G
 융

합
서

비
스

테
스

트
베

드

JS Lab

출처: https://www.viavisolutions.com/en-us/fronthaul

II. 신호 처리
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출처: https://ieeexplore.ieee.org/document/8479363

II. 신호 처리
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출처: https://www.aliexpress.com/item/4000365720818.html

•First fully integrated, two-channel USRP device with continuous RF coverage from 70 MHz – 6 GHz ,
•Full duplex, MIMO (2 Tx & 2 Rx) operation with up to 56 MHz of real-time bandwidth (61.44MS/s quadrature)
•Fast and convenient SuperSpeed USB 3.0 connectivity
•GNURadio and OpenBTS support through the open-source USRP Hardware Driver™ (UHD)
•Open and reconfigurable Spartan 6 XC6SLX150 FPGA (for advanced users)
•Early access prototyping platform for the Analog Devices AD9361 RFIC, a fully integrated direct conversion transceiver with mixed 
signal baseband

II. 신호 처리
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출처:https://www.aliexpress.com/item/1005002394649375.html?spm=a2g0o.productlist.0.0.79555960SRNseG&algo_pvid=93fb0446-20ec-475f-a826-
b1e527405773&algo_exp_id=93fb0446-20ec-475f-a826-b1e527405773-1

mmWave n257

II. 신호 처리
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 인터넷 판매 5G CPE
• Huawei 5G CPE Pro(H112-372) 5G NSA+SA CPE Wireless router with 5g wifi

modem router H112 router lan port H112-370 5g router
• US $325.60 - 830.28

Transmission Standard:
H112-372: 802.11ac/a/n 2 x 2 & 802.11b/g/n 2 x 2, MIMO
H112-370: 802.11ax/ac/a/n 4 x 4 & 802.11b/g/n 2 x 2, MIMO
Wireless Transmission Rate:
H112-372: DBDC, 1167 Mbps
H112-370: DBDC, 5100 Mbps ( 출처: https://www.aliexpress.com/ )
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(출처: The Next Generation Wireless Access Technology Second, Edition Erik Dahlman Stefan Parkvall Johan Sköld)
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III. Carrier Aggregation 적용 기술

출처: https://www.sciencedirect.com/topics/computer-science/carrier-aggregation
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III. Carrier Aggregation 적용 기술

출처: https://www.sciencedirect.com/topics/computer-science/carrier-aggregation
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III. Carrier Aggregation 적용 기술

출처: https://www.sciencedirect.com/topics/computer-science/carrier-aggregation
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출처: https://telecompedia.net/carrier-aggregation/

III. Carrier Aggregation 적용 기술
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출처: https://blog.3g4g.co.uk/search/label/Carrier%20Aggregation

III. Carrier Aggregation 적용 기술
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출처: https://d3i71xaburhd42.cloudfront.net/d868c8bee1fa4fc1322c3fb4bc140d8a00e0ef9c/2-Figure1-1.png
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출처: https://www.theregister.com/2017/10/17/qualcomm_takes_5g_to_spooky_millimetre_land/
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출처: https://www.5gworldpro.com/uncategorized/key-differences-between-carrier-aggregation-and-dual-connectivity.html
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I. 매시브 MIMO 기능
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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

61

IV. 빔포밍
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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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Source: P. Sehier et al, JOCN, 04/2019출처: https://www.dolcera.com/web/blog/massive-mimo-a-boost-for-next-gen-5g-wireless-communication/
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출처: https://blog.3g4g.co.uk/search/label/RIC

IV. 빔포밍

64



5G 네트워크 기술 특강

33

ja
m

es
@

js
la

b.
kr

5G
 융

합
서

비
스

테
스

트
베

드

JS Lab
출처: https://www.avnet.com/wps/portal/abacus/solutions/markets/communications/5g-solutions/5g-beamforming/

(Source: Analog Devices)
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Analogue beamforming (Source: Commscope)

Digital beamforming (Source: Commscope)

출처: https://www.avnet.com/wps/portal/abacus/solutions/markets/communications/5g-solutions/5g-beamforming/
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출처: https://www.taiwantrade.com/product/bbox-lite-5g-nr-mmwave-ready-to-use-beamforming-development-tool-4-channel-rf-control-2291203.html

Hybrid beamforming (Source: Commscope)

IV. 빔포밍
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출처: https://www.avnet.com/wps/portal/abacus/solutions/markets/communications/5g-solutions/5g-beamforming/
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(출처: Case study: Orange Romania, Samsung)
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출처: https://blog.3g4g.co.uk/search/label/RIC
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 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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출처: https://www.servethehome.com/wp-content/uploads/2020/12/Marvell-Massive-MIMO-O-RAN-Radio-Unit-Q4-2020.jpg
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1 Integrated Access and Backhaul

IV. 빔포밍
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IAB(Integrated Access and Backhaul)

IV. 빔포밍
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