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5Gミリ波の現状と展望
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5G mmWave commercialization and spectrum (Dec 2020)
Commercialization – 8 operators

Spectrum available – 14 countries and regions*

Extensive 
commercialization

Spectrum 
allocated

Early 
commercialization

Korea

Finland

Russia

Japan
Docomo | KDDI | 
Rakuten | Softbank

Hong Kong
China Mobile | HKT | SmarTone

Taiwan
APT | ChungHwa

Singapore
SingTel

Thailand
AIS | True Move H

Vietnam
Viettel

United States
AT&T | T-Mobile | Verizon | US Cellular

Greece

Germany

Italy
FastWeb | TIM 

United 
Kingdom
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* Current or expected by end of 2022

5G mmWave commercialization and spectrum (Nov 2022)
Commercialization – 8 → 28 operators*

Spectrum available – 14→ 31 countries and regions*

Extensive 
commercialization

Spectrum 
allocated

Early 
commercialization

Korea

Australia
Optus | Telstra | 
TPG Telecom/
Vodafone

Finland
Elisa

Russia

Japan
Docomo | KDDI | 
Rakuten | Softbank

Hong Kong
China Mobile | HKT | SmarTone

Taiwan
APT | ChungHwa

Singapore
SingTel

Thailand
AIS | True Move H

Vietnam
Viettel

United States
AT&T | T-Mobile | Verizon | US Cellular

Malta
Greece

Chile

Germany
DT (PN) 

Italy
FastWeb | TIM 

Denmark

United 
Kingdom

Brazil
Claro Brazil | TIM Brazil
Vivo (Telefonica)

India

Spain

Sweden

Croatia
Montenegro

Uruguay
Antel

Slovenia
N. Macedonia

P. Rico
Claro

Malaysia
Indonesia

UAE



Source: GSA, Feb. 2022

Expanding
breadth,
availability
of 5G mmWave
devices

150+
5G mmWave devices
launched or announced
by 50+ vendors

5G smartphones

HotspotsPCs

CPEsModules
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Verizon 5G mmW network deployment status

mmWave
• 82 cities and 60 stadiums/arenas with mmWave UWB and 57 5G Home (FWA) cities

• 14K+ additional small cells in ’21, 30K+ in total by Y/E ‘21

Latest news and articles:

• Verizon in a millimeter wave groove, CTO Malady says | FierceWireless
• Testing Verizon's 5G at the Jersey Shore | PCMag
• Verizon launches private 5G for enterprise, public sector | FierceWireless

https://www.fiercewireless.com/operators/verizon-a-mmwave-groove-cto-malady-says
https://www.fiercewireless.com/operators/verizon-a-mmwave-groove-cto-malady-says
https://www.pcmag.com/news/testing-verizons-5g-at-the-jersey-shore-super-fast-but-thats-only-half
https://www.fiercewireless.com/5g/verizon-launches-private-5g-for-enterprise-public-sector
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Verizon mmWave Traffic  
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Verizon 5G UWBのスタジアム事例

At Super Bowl LV, 5G Will Change the Game | PCMag

5G Ultra Widebandのユーザは視聴できるストリーム数が多い

スタジアムのシートの下に設置された5Gミリ波のスモールセル

https://www.pcmag.com/news/at-the-super-bowl-5g-gives-you-7-ways-to-view-the-action
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日本のミリ波モデル（スマートフォンのみ．公開情報から弊社調べ）

Model ‘20 Summer ‘20 Winter ‘21 Summer ‘21 Winter ‘22 Summer ‘22 Winter

mmW models 4 models 3 models 5 models 5 models 9 models 8 models

Samsung: 
GS21 Ultra

Samsung: A52
Sony: 

Xperia 10 III

Sharp: 
Aquos R6

Sony: 
Xperia 1 III

Samsung: 
GS21

Samsung: 
Z Fold

Sony: 
Xperia 5 III

Sharp: 
Aquos Sense6

Samsung: 
Z Flip3

Samsung: 
GS21+

Oppo: 
Find X3 Pro

Kyocera: 
TORQUE

Sony: 
Xperia 10 III

Sony: 
Xperia 1 III

Samsung: 
GS21

Samsung: 
Z Fold

Sony: 
Xperia 5 III

Sharp: 
Aquos zero6

Sharp: 
Aquos sense6

Google: 
Pixel 6

Google: Pixel 
5a (5G)

Sharp: 
Aquos R6

Sharp: 
LEICA LEITZ

Sony: 
Xperia 1 III

Moto: razr 5G
Google: 

Pixel 6 Pro

Google: 
Pixel 6

Sony: 
Xperia 5 III

Sharp: 
Aquos zero6

Kyocera: 
BALMUDA

Samsung: 
GS22 Ultra

Sony: 
Xperia 1 IV

Sony: 
Xperia 10 IV

Samsung: 
GS22

Samsung: 
GS22 Ultra

Sony: 
Xperia 1 IV

Sony: 
Xperia 10 IV

Sharp: 
Aquos sense6s

Samsung: 
GS22

Sony: 
Xperia 1 IV

Sharp: 
AQUOS R7

Sony: 
Xperia 10 IV

Sharp: 
AQUOS R7

Google: 
Pixel 6a

Google: 
Pixel 6a

Global OEM JP OEM Global OEM JP OEM Global OEM JP OEM

Global OEM JP OEM Global OEM JP OEM Global OEM JP OEM

Global OEM JP OEM Global OEM JP OEM Global OEM JP OEM
Flagship/Prem

Mid

sub-6sub-6/mmWLegend

Samsung: 
Note20 Ultra

LG: 
Velvet L-52A

Sharp: Aquos 
sense5G

FCNT: 
Arrows NX9

Sony: 
Xperia 5 II

Samsung: 
A51

Samsung: 
Z Fold2

Google: Pixel 5
Sharp: 

Aquos Sense

Sony: 
Xperia 5 II

Samsung: 
Note20 Ultra

Google: Pixel 5
Sharp: Aquos 

zero 5G

Sharp: Aquos 
sense5G

Sony: 
Xperia 5 II

Google: Pixel 
4a (5G)

Global OEM JP OEM

Global OEM JP OEM

Global OEM JP OEM

Samsung: 
Z Fold 4

Sony: 
Xperia 5 IV

Sony/ Sharp: 
TBD

Samsung: 
Z Flip 4

Samsung: 
Z Fold 4

Sony: 
Xperia 5 IV

Sony: 
TBD

Sharp: 
TBD

Samsung: 
Z Flip 4

Sony: 
Xperia 5 IV

Sharp: 
LEITZ PHONE

Sharp: 
sense 7

Google: 
Pixel 7 Pro

Google: 
Pixel 7

Global OEM JP OEM

Global OEM JP OEM

Global OEM JP OEM

Samsung: A53

Google: 
Pixel 7 Pro

Samsung: 
GS20+

LG: LG V60 
ThinQ 

FCNT: 
Arrows 5G

Sharp: 
Aquos R5G

Sony: 
Xperia 1 II

Samsung: 
GS20

Samsung: 
GS21 Ultra

Oppo: 
Find X2 Pro

Sharp: 
Aquos R5G

Sony: 
Xperia 1 II

Samsung: 
GS20+

ZTE Axon 10 
Pro 5G

Sharp: 
Aquos R5G

LG: LG V60 
ThinQ 

Global OEM JP OEM

Global OEM JP OEM

Global OEM JP OEM

OPPO:
Reno3 5G 

Coolpad: 
Rakuten BIG S

Sharp: 
Aquos zero6

Global OEM JP OEM

ZTE: Rakuten 
BIG ZR01

Global OEM

Samsung: 
Z Flip 4

Global OEM

(*)

(*) Rakuten’s Sub-6 models were not listed here due to limited space
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ミリ波基地局の免許申請数(総務省電波利用ホームページより弊社調べ)

• Docomo • KDDI

403

0

3,500

2,500

4,000

4,500

3,000

5,000

5,500
5,001

3,139

2,277

06/2206/21

2,636

12/21

3,623

03/22

3,989

09/22

3,989

08/22

4,178

10/22

3,876

2,127

3,795

09/21 03/2407/22 03/23

Plan

Act

1,108

4,000

0

5,000

1,000

3,000

13,000

06/21

4,615

2,291

4,747

2,582
2,973

09/21

3,299

4,846

03/2406/22

4,849
5,048

10/22

12,756

03/22 09/2207/22 03/2308/2212/21

4,334

Act

Plan

• Softbank • Rakuten

401

4,500

0

5,000

2,500

3,000

3,500

4,000

2,705

06/2209/21

3,279

08/2212/21

4,401

3,857

03/22

4,194

07/22

4,400

09/22

4,096

10/22 03/23 03/24

1,377

3,855

2,423

06/21

4,623
Plan

Act

2,099

1,000

5,000

2,000

10,000

9,000

4,000

0

8,000

3,808

8,488

03/22

7,948

9,060

06/22 07/22 08/22

9,389

03/2403/2309/21

4,566

09/22

9,206

5,732

1,545

12/21 10/22

9,200

06/21

9,206
Plan

Act
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エリア整備状況（東京都中心部）
NTTドコモ
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エリア整備状況（東京都中心部）
KDDI
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エリア整備状況（東京都中心部）
Softbank
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エリア整備状況（東京都中心部）
Rakuten
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繋がったときの速度は非常に速い（1－2Gbps)

思うようにミリ波に繋がらないことがある

-ミリ波置局ノウハウの蓄積が必要？

-置局後のチューニング・最適化の余地がある？
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5G SA/NR-DC サービスの開始（NTTドコモ，2022年8月）

NTTドコモホームページより



A
g

e
n

d
a

1. 国内外の動向
2. 必要性
3. 製品



18

ミリ波の優位性とは？

•大きな周波数帯域を確保しやすい

•ビームフォーミングを実現しやすい

スピード、キャパシティ、低遅延、高精度測位、、、
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5GNR サブ6、ミリ波のNRDCで達成する概算MAXスピード
(Downlink) 

Sub6 [MHz] 
(4x4, 256QAM)

ミリ波 [MHz]
(2x2, 256QAM)

100 200 300 400

400

800

1,200

1.7Gbps 3.4Gbps 5.1Gbps 6.8Gbps

3.2Gbps 4.9Gbps 6.6Gbps 8.3Gbps 10Gbps

6.4Gbps 8.1Gbps

9.6Gbps

9.8Gbps 11.5Gbps 13.2Gbps

Throughputの値は下記のウェブサイトにて概算
https://5g-tools.com/5g-nr-throughput-calculator/

TDDのスロットフォーマットは現状日本で用いられ
ているものを仮定

11.3Gbps

Maxスピード(DL)観点でのミリ波の必要性:
Max 3-5Gbpsを超えるデマンドがどの程度出てくるか．

https://5g-tools.com/5g-nr-throughput-calculator/


20Source: https://www.rootmetrics.com/en-US/content/mmwave-cutting-through-congestion

5G mmWave + mid-band = Best possible QoE wherever you are

Median download throughput (Mbps) • RootMetrics study shows 5G mmWave can 
deliver more uniform user experiences even 
in congested network

• 5G mmWave delivers on the promise of 
providing extreme capacity and blazing-fast 
speeds under heavy network loads

Stadiums Train Stations Indoor malls Outdoor hot 
zones

Uncongested Congested

258.6

1932.5

44.8

231.4

Mid-band mmWave



A
g

e
n

d
a

1. 国内外の動向
2. 必要性
3. 製品



3GPP Release 15

Sub-6 and mmWave

NSA, TDD

Multi-SIM

Qualcomm® 5G PowerSave

Qualcomm® Smart Transmit

Qualcomm® Signal Boost

10nm process

3GPP Release 15

Sub6, mmWave

NSA, SA, TDD, FDD

Sub-6 CA across TDD/FDD

3rd-gen mmWave
antenna module (QTM535)

Voice-over-NR

Qualcomm 5G PowerSave

Qualcomm Smart Transmit

Qualcomm Signal Boost

Global 5G multi-SIM

Qualcomm Wideband
Envelope Tracking

Dynamic Spectrum Sharing

Integrated 5G to 2G

5nm process

Qualcomm® 5G AI Suite

10 Gigabit 5G

3.5 Gbps Uplink

5G mmWave standalone 

4x Downlink Carrier Aggregation

Uplink Carrier Aggregation

Global 5G multi-SIM 
with Dual SIM Dual Active 

Qualcomm® 5G Ultra-Low 
Latency Suite

Qualcomm® 5G PowerSave Gen 3

Switched uplink support 
(TDD and FDD)

FDD-TDD in 5G uplink CA

Sub6, mmWave and
mmWave-sub6 aggregation

Qualcomm® Wideband
Envelope Tracking

3GPP Release 16

3GPP Release 15

Sub6 and mmWave

NSA and SA

TDD and FDD

Qualcomm 5G PowerSave

Qualcomm Smart Transmit

Qualcomm Signal Boost

Global multi-SIM

Qualcomm® Wideband
Envelope Tracking

Dynamic Spectrum Sharing

Integrated 5G to 2G

5G/4G carrier aggregation

7nm process

10 Gigabit 5G

3GPP Release 16

Sub6, mmWave and
mmWave-sub6 aggregation

4th-gen Qualcomm® 545
mmWave antenna module 

Qualcomm® 5G PowerSave 2.0

Qualcomm® Smart Transmit™ 2.0

Qualcomm® AI-based
Signal Boost

Global 5G multi-SIM

Qualcomm® Wideband
Envelope Tracking

Dynamic Spectrum Sharing

4nm process

NSA, SA, TDD, FDD

FDD-TDD in 5G uplink CA

Qualcomm Smart Transmit, Qualcomm Signal Boost, Qualcomm Wideband Envelope Tracking, Qualcomm QTM535, Qualcomm 545 mmWave Antenna Module, and Qualcomm AI-Enhanced Signal Boost are products of Qualcomm Technologies, Inc. and/or its 
subsidiaries

1st Gen 3rd Gen2nd Gen 4th Gen 5th Gen

10 Gigabit 5G era 5G AI modem eraRaise performance barSecond WaveFirst wave of devices

Extending 5G Modem-RF leadership



Qualcomm 545 mmWave Antenna Module is a product of Qualcomm Technologies, Inc. and/or its subsidiaries

Global mmWave band support
26 GHz, 28 GHz, 39 GHz, 41 GHz
(North America, Korea, Japan, Europe, Australia, SEA)

Qualcomm® 545 
mmWave Antenna Module
Qualcomm Technologies’ 4th-generation mmWave module for mobile

Added support for

41 GHz band (n259) 
Extended range
compared to previous gen



24Confidential and Proprietary — Qualcomm Technologies, Inc. and/or its affiliated companies.

Modemプロセッサとアンテナモジュールを提供
Sampling now

FSM100xx
10nm

5G Modem 
Processor 28 GHz mmWave

RF Module

4
1

 m
m

 
41 mm 

1
7

7
 m

m

203.2 mm

5G NR Small Cell Reference Design

Depth 

76.2 mm

•端末向けモデムRFの設計資産をレバレッジ

•SoC化・モジュール化により小型化，低価格化，低消費電力化を実現
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まとめ

•グローバルでのミリ波の展開はここ2年で順調に進捗

•国内のミリ波対応スマホ機種は順調に伸びている
• 売れ筋機種や、ボリュームゾーンへの普及が課題

•ミリ波はキャパシティ確保に有効
• トラヒック密度が高い場所でのユーザ体験の確保

•クアルコムミリ波アンテナモジュールは、異周波キャリアアグリゲーションの

対応も見据える

•クアルコムスモールセルソリューションにて小型・低消費電力・低コストのミ

リ波基地局を実現可能

• 6Gではさらなる高周波帯の利用が検討されているが、5Gでのミリ波の経験を

フィードバックすることが重要
• 5Gミリ波の成功が将来への鍵
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