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Deployment/Migration Scenarios

•In 2020, 5G will be deployed initially from areas, where higher performance and 
necessary features are required
– Both New RAT (NR) and enhanced LTE (eLTE) introduced to realize tight interworking 

between lower and higher frequency bands

•In beyond 2020, deployment areas for 5G will be gradually expanded while 
introducing additional technologies and frequency bands (= 5G+)
– LTE (or LTE-Advanced) cell can be continuously used as eLTE cell for a long-time
– Stand-alone NR might be also deployed
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eMBB and IoT Use Cases

5G in 2020 5G+ in 202X
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Low latency

New RAT will mainly focus on 
eMBB

New RAT will be enhanced
for all use cases

5G will support both eMBB and IoT use cases
together with LTE evolution
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5G Frequency Band Candidates
Frequency 

band Bandwidth For 
eMBB

Device 
availability

Spectrum availability

Europe US JPN KOR CHN

3.4-3.8GHz 400MHz    
3.4-3.7GHz only


for 4G

 
3.3-3.6GHz only

3.8-4.2GHz 400MHz      ? 

4.4-4.99GHz 500MHz
      

4.4-4.5, 4.8-4.99GHz 
only

5.15-5.35GHz* 200MHz
  

Indoor only
 

Indoor only


Indoor only 
in 5.10-5.25GHz


Indoor only

5.47-5.85GHz* 380MHz
  

Not available
above 5.725GHz

 
Not available

above 5.725GHz

 
Not available

above 5.725GHz

24.25-27.5GHz 3,250MHz
 ? ? ?

24.25-24.45GHz,
25.05-25.25GHz

 
Unlicensed band

>25GHz is used for V2V


FSS

27.5-29.5GHz 2,000MHz  ?  
27.5-28.35 GHz 

  

*Unlicensed frequency bands, which are mainly used for Wireless LAN now.

Above 6 GHz
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Below 6 GHz
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NTT DOCOMO 5G Trials
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5G Experimental Trials 【w/ 13 vendors】

UHF bands
Ex. 800MHz, 2GHz

Frequency

Low SHF bands
3-6GHz

High SHF bands
6-30GHz

EHF bands
> 30GHz

Existing bands Exploitation of higher frequency bands

Key devices/Chip 
sets vendors

Measuring instruments
vendors

System solution
vendor

5G experimental trials are being started since Q4 of 20145G experimental trials are being started since Q4 of 2014
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Trial Environment in Yokohama, Japan

Yokohama Media Tower
(base station)

Yokohama Media Tower

Yokohama Media Tower
NLOS

5G Capacity Test @ 4.5GHz with Huawei
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Experimental Equipment

Indoor facility

Optical fiber

Base band unit

Base Station (BS) User Equipment (UE)

Test vehicle

RF/BBU

8 TRx

E-cart
(including 2 UEs)Number of 

antennas
BS: 64 TRX
UE: 8 TRX

Antenna
spacing

BS: 3.72cm x 5.21cm
UE： 11cm

Antenna
tilting 16.4°

Antenna
height

BS: 108m
UE: 3.2m

Maximum
transmit 
power

BS: 46dBm
UE: 23dBm

5G Capacity Test @ 4.5GHz with Huawei
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 DL SU-MIMO (1s average) = 1.5 Gbps (200MHz BW, 3 layers)
 DL total user throughput (1s average) = 11.29 Gbps (200MHz BW and 23 UEs*)
 DL peak spectral efficiency (1s average) = 79.82 bps/Hz/cell

* Number of connected UEs: 23 UEs / 200MHz (11 UEs using lower 100MHz, 11 UEs using upper 100MHz, & 1 UE using 200MHz)
* Number of spatial layers: 24 layers / 100MHz (12 user & 2 layers/user）

Successful large-scale 24-layer MU-MIMO Trial
using TDD channel reciprocity

5G Capacity Test @ 4.5GHz with Huawei
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5G Throughput Test @ 15GHz with Ericsson

• Achieved over 15 Gbps per UE and over 25 Gbps per cell (2 UEs)
with 800 MHz bandwidth, 256QAM, and 4-layer MIMO per UE

• Based on improvement of UE chip set performance, peak data rate 
of 5 Gbps (in 2020) and 10 Gbps (in 202x) are expected

11

Frequency: 15GHz band
Frequency BW: 720MHz
BS Antenna elements : 
128(64x2 polarized)
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5G Throughput Test @ 15GHz with Ericsson

• Achieved high throughput performance up to 15 Gbps over trial 
area using distributed MIMO

Localized TPs 5m separation Distributed MIMO
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5G Throughput Test @ 15GHz with Ericsson
• Achieved 12 Gbps at mobile speed of 10 km/h with distributed MIMO 

using 4 TPs mounted on top of building

TP #1 Hill

TP #2

TP #3

TP #4

START

STOP

FOREST

PARKING

100 m 50 m

50 m

100 m

0 157.5

Throughput
(Gbps)
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5G High Mobility Test @ 28GHz with Samsung

14

We have successfully achieved a data speed of more than 2.5 Gbps
on a vehicle travelling at a speed over 150 km/h

Freq. 
band

28 GHz band
（800 MHz bandwidth)

BS

・96 antenna elements
・support up to 2 stream
MIMO transmission with 2 
beams

UE
・8 antenna elements
・2 beams reception

Major specifications
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5G Coverage Test @ 39GHz with Huawei

15

H Pol.

V Pol.
H Pol.

V Pol.

BS antenna height = 108m

Either H or V Pol.

UE antenna height = 3.5m

ARU: 
Analog Radio Unit

System bandwidth 1.4 GHz (200MHz/CC)

Tx power per ARU 19 dBm

Antenna gain 31 dBi (Lens antenna)
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5G Coverage Test @ 39GHz with Huawei

16

Successful long range 5G transmission (> 1km) even with mmW

1.5km

0.3km

Far UE: 1.3Gbps

Near UE: 2.11Gbps

BS @ Yokohama Media Tower
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5G Experimental Trials: List of Publications

• 5G Trials with Ericsson  (15+13)
• ＜Publications in English＞

• [1] T. Nakamura, Y. Kishiyama, S. Parkvall, E. Dahlman, and J. Furuskog, “Concept of Experimental Trial for 5G Cellular Radio Access,” IEICE General Conference, B-5-58, Sept. 2014.

• [2] S. Parkvall, J. Furuskog, E. Dahlman, Y. Kishiyama, A. Harada, and T. Nakamura, “A Trial System for 5G Wireless Access,” IEEE VTC 2015 Fall, Sept. 2015.

• [3] K. Tateishi, D. Kurita, A. Harada, Y. Kishiyama, S. Parkvall, E. Dahlman, and J. Furuskog, “Field Experiments on 5G Radio Access Using 15-GHz Band in Outdoor Small Cell Environment,” IEEE PIMRC, Sept. 2015. 

• [4] S. Parkvall, J. Furuskog, P. Nauclér, B. Halvarsson, Y. Kishiyama, A. Harada, and T. Nakamura, “5G Wireless Access - Trial Concept and Results,” IEEE Globecom 2015, Dec. 2015.

• [5] D. Kurita, K. Tateishi, A. Harada, Y. Kishiyama, S. Parkvall, E. Dahlman, and J. Furuskog, “Field Experiments on 5G Radio Access Using Multi-Point Transmission,” IEEE Globecom Workshops, Dec. 2015.

• [6] K. Tateishi, D. Kurita, A. Harada, Y. Kishiyama, S. Itoh, H. Murai, A. Simonsson, and P. Ökvist, “Indoor Experiment on 5G Radio Access Using Beam Tracking at 15 GHz Band,” IEEE PIMRC, Sept. 2016.

• [7] K. Tateishi, D. Kurita, A. Harada, Y. Kishiyama, S. Itoh, H. Murai, S. Parkvall, J. Furuskog, and P. Nauclér, “5G Experimental Trial Achieving Over 20 Gbps Using Advanced Multi-antenna Solutions,” IEEE VTC 2016 Fall, Sept. 2016.

• [8] D. Kurita, K. Tateishi, A. Harada, Y. Kishiyama, S. Itoh, H. Murai, A. Simonsson, and P. Ökvist, “Indoor and Outdoor Experiments on 5G Radio Access Using Distributed MIMO and Beamforming in 15 GHz Frequency Band,” IEEE Globecom Workshops, Dec. 2016.

• [9] K. Tateishi, D. Kurita, A. Harada, and Y. Kishiyama, “Performance Analysis on MU-MIMO beamforming for 5G Radio Access,” IEICE RCS2016-230, Dec. 2016.

• [10] K. Tateishi, D. Kurita, A. Harada, and Y. Kishiyama, “Performance Analysis on Beam Tracking Using CSI Feedback for 5G Radio Access,” IEICE RCS2016-231, Dec. 2016.

• [11] K. Tateishi, D. Kurita, A. Harada, Y. Kishiyama, S. Itoh, H. Murai, A. Simonsson, and P. Ökvist, “Experimental Evaluation on 5G Radio Access Employing Multi-user MIMO at 15 GHz Band,” IEEE CCNC, Jan. 2017.

• [12] A. Simonsson, M. Thurfjell, B. Halvarsson, J. Furuskog, S. Wallin, S. Itoh, H. Murai, D. Kurita, K. Tateishi, A. Harada, and Y. Kishiyama, “Beamforming Gain Measured on a 5G Test-bed,” IEEE VTC 2017 Spring Workshops, June 2017.

• [13] K. Tateishi, D. Kurita, A. Harada, Y. Kishiyama, S. Itoh, H. Murai, N. Schrammar, A. Simonsson, and P. Ökvist, “Experimental Evaluation of Advanced Beam Tracking with CSI Acquisition for 5G Radio Access,” IEEE ICC, May 2017.

• [14] K. Tateishi, D. Kurita, A. Harada, Y. Kishiyama, T. Nakamura, S. Parkvall, E. Dahlman, and J. Furuskog, “Indoor and Outdoor Experiments of Downlink Transmission at 15-GHz Band for 5G Radio Access,” IEICE Transactions on Communications, Vol. E100-B, No. 8, Aug. 2017.

• [15] D. Kurita, K. Tateishi, A. Harada, Y. Kishiyama, T. Nakamura, S. Parkvall, E. Dahlman, and J. Furuskog, “Field Experiments on Downlink Distributed MIMO at 15-GHz Band for 5G Radio Access,” IEICE Transactions on Communications, Vol. E100-B, No. 8, Aug. 2017.

•

• ＜Publications in Japanese＞

• [1] 栗田 大輔，原田 篤，立石 貴一，岸山 祥久，“15GHz帯における5G伝送実験装置による屋内伝搬測定，” 電子情報通信学会2015年総合大会，2015年3月．

• [2] 立石 貴一，原田 篤，栗田 大輔，岸山 祥久，“15GHz帯における5G伝送実験装置を用いた屋内伝送特性，” 電子情報通信学会2015年総合大会，2015年3月．

• [3] 立石 貴一，栗田 大輔，原田 篤，岸山 祥久，奥村 幸彦，“15GHz帯を用いた5G無線アクセスにおける屋内スモールセル環境の下りリンク伝送実験結果，” 信学技報，RCS2015-19，2015年4月．

• [4] 立石 貴一，栗田 大輔，原田 篤，岸山 祥久，奥村 幸彦，“15GHz帯5G無線アクセスの基地局アンテナ間隔に対するMIMO伝送実験評価，” 電子情報通信学会2015年ソサエティ大会，2015年9月．

• [5] 栗田 大輔，立石 貴一，原田 篤，岸山 祥久，奥村 幸彦，“15GHz帯を用いた5G伝送実験装置におけるマルチポイント送信の屋外伝送実験，” 電子情報通信学会2015年ソサエティ大会，2015年9月．

• [6] 立石 貴一，栗田 大輔，原田 篤，岸山 祥久，“15GHz帯5G無線アクセスの電波暗室におけるMassive MIMOを用いたビーム特性評価，” 電子情報通信学会2016年総合大会，2016年3月．

• [7] 栗田 大輔，立石 貴一，原田 篤，岸山 祥久，“15GHz帯5G伝送実験装置を用いた電波暗室における分散MIMO伝送実験，” 電子情報通信学会2016年総合大会，2016年3月．

• [8] 立石 貴一，栗田 大輔，原田 篤，岸山 祥久，“15GHz帯5G無線アクセスの電波暗室におけるMassive MIMOを用いたビームトラッキング特性の実験的評価，” 信学技報，RCS2016-18，2016年4月．

• [9] 立石 貴一，栗田 大輔，原田 篤，岸山 祥久，“15GHz帯を用いた5G無線アクセスの屋内環境におけるビームトラッキング特性の実験的評価，” 信学技報，RCS2016-69，2016年6月．

• [10] 栗田 大輔，立石 貴一，原田 篤，岸山 祥久，“5G無線アクセスにおける下りリンク分散MIMOビームフォーミングの屋外伝送実験，”電子情報通信学会2016年ソサエティ大会，2016年9月．

• [11] 立石 貴一，栗田 大輔，原田 篤，岸山 祥久，“5G無線アクセスにおける下りリンクマルチユーザMIMOビームフォーミングの屋外伝送実験，” 電子情報通信学会2016年ソサエティ大会，2016年9月．

• [12] 栗田 大輔，立石 貴一，原田 篤，岸山 祥久，“5G無線アクセスにおける送信ポイント配置に対する下りリンク分散MIMOの屋外伝送実験，” 電子情報通信学会2017年総合大会，B-15-81，2017年3月．

• [13] 立石 貴一，栗田 大輔，原田 篤，岸山 祥久，“5G無線アクセスにおける下りリンク分散MIMOビームフォーミングのユーザ移動速度に対する屋外伝送実験，” 電子情報通信学会2017年総合大会，B-15-82，2017年3月．

•

• 5G Trials with Huawei  (13+8)
• ＜Publications in English＞

• [1] A. Benjebbour, A. Harada, Y. Kishiyama, Y. Okumura, J. Ma, J. Qiu, D. Chen, and L. Lu, “Large Scale Experimental Trial of 5G Air Interface,” IEICE Society Conference, Sept. 2015.

• [2] A. Benjebbour, Y. Saito, Y. Kishiyama, X. Wang, X. Hou, H. Jiang, J. Ma, J. Qiu, D. Chen, L. Lu, and T. Kashima, “Experimental Trial of Large Scale Downlink Massive MIMO,” IEICE General Conference, Mar. 2016.

• [3] X. Wang, X. Hou, H. Jiang, A. Benjebbour, Y. Saito, Y. Kishiyama, J. Ma, J. Qiu, H. Shen, C. Tang, T. Tian, and T. Kashima, “Experimental Trial of Large Scale Downlink MU-MIMO with Non-linear Precoding Schemes,” IEICE General Conference, Mar. 2016.

• [4] P. Guan, X. Zhang, G. Ren, T. Tian, A. Benjebbour, Y. Saito, and Y. Kishiyama, “Ultra-Low Latency for 5G - A Lab Trial,” IEEE PIMRC, Sept. 2016.

• [5] X. Wang, X. Hou, and H. Jiang, A. Benjebbour, Y. Saito, and Y. Kishiyama, J. Qiu, H. Shen, C. Tang, T. Tian, and T. Kashima, “Large Scale Experimental Trial of 5G Mobile Communication Systems―TDD Massive MIMO with Linear and Non-linear Precoding Schemes,” IEEE PIMRC Workshops, Sept. 2016.

• [6] T. Kashima, J. Qiu, H. Shen, C. Tang, T. Tian, X. Wang, X. Hou, H. Jiang, A. Benjebbour, Y. Saito, and Y. Kishiyama, “Large Scale Massive MIMO Field Trial for 5G Mobile Communications System,” ISAP, Oct. 2016.

• [7] D. Wu, X. Zhang, J. Qiu, L. Gu, Y. Saito, A. Benjebbour, and Y. Kishiyama, “A Field Trial of f-OFDM Toward 5G,” IEEE Globecom Workshops, Dec. 2016.

• [8] B. Zhang, H. Shen, B. Yin, L. Lu, D. Chen, T. Wang, L. Gu, X. Wang, X. Hou, H. Jiang, A. Benjebbour, and Y. Kishiyama, “A 5G Trial of Polar Code,” IEEE Globecom Workshops, Dec. 2016.

• [9] M. Iwabuchi, A. Benjebbour, Y. Kishiyama, D. Wu, T. Tian, L. Gu, Y. Cui, and T. Kashima, “5G Field Experimental Trial on Frequency Domain Multiplexing of Mixed Numerology,” IEEE VTC 2017 Spring Workshops, June 2017.

• [10] Y. Saito, A. Benjebbour, Y. Kishiyama, X. Wang, X. Hou, H. Jiang, L. Lu, W. Liang, B. Li, L. Gu, Y. Cui, and T. Kashima, “Large Scale Field Experimental Trial of Downlink TDD Massive MIMO at the 4.5 GHz band,” IEEE VTC 2017 Spring Workshops, June 2017.

• [11] A. Benjebbour, Y. Saito, M. Iwabuchi, Y. Kishiyama, L. Lu, D. Wu, W. Liang, T. Tian, L. Gu, Y. Cui, and T. Kashima, “Large Scale Experimental Trial of 5G Air Interface Using New Frame Structure,” IEICE General Conference, B-5-78, Mar. 2017.

• [12] P. Guan, D. Wu, T. Tian, J. Zhou, X. Zhang, L. Gu, A. Benjebbour, M. Iwabuchi, and Y. Kishiyama, “5G Field Trials – OFDM-based Waveforms and Mixed numerologies,” To appear at IEEE Journal on Selected Areas in Communications, 2017.

• [13] J. Wang, A. Jin, D. Shi, L. Wang, H. Shen, D. Wu, L. Hu, L. Gu, L. Lu, Y. Chen, J. Wang, Y. Saito, A. Benjebbour, and Y. Kishiyama, “Spectral Efficiency Improvement with 5G Technologies: Results from Field Tests,” To appear at IEEE Journal on Selected Areas in Communications, 2017.

•

• ＜Publications in Japanese＞

• [1] 齋藤 祐也，ベンジャブール アナス，原田 篤，岸山 祥久，奥村 幸彦，中村 武宏，蒋 恵玲，王 新，Jianglei Ma，Jing Qiu，DagengChen，Lei Lu，鹿島 毅，”TDD上りリンク伝送におけるFiltered OFDMの屋外実験，“ 電子情報通信学会2016年総合大会，B-5-32，2016年3月．

• [2] 齋藤 祐也，ベンジャブール アナス，岸山 祥久，王 新，侯 暁林，蒋 恵玲，Jianglei Ma，Jing Qiu，DagengChen，Lei Lu，鹿島 毅，“5GにおけるeMBB及びIoTをサポートするための無線アクセス要素技術に関する屋外伝送実験，” 信学技報，RCS2016-17，2016年4月．

• [3] 岩渕 匡史，ベンジャブール アナス，岸山 祥久，Guangmei Ren，Tingjian Tian，Liang Gu，崔 洋，鹿島 毅，“5G無線アクセスにおける高信頼・低遅延通信に関する屋外伝送実験，” 信学技報，RCS2016-249，2017年1月．

• [4] 岩渕 匡史，ベンジャブール アナス，岸山 祥久，Dan Wu，Tingjian Tian，Liang Gu，崔 洋，鹿島 毅，“5Gにおいて多様なアプリケーションを収容するMixed numerologyの周波数領域多重に関する屋外伝送実験，” 信学技報，RCS2016-258，2017年1月．

• [5] 齋藤 祐也，ベンジャブール アナス，岸山 祥久，王 新，侯 暁林，蒋 恵玲，Lei Lu，Bojie Li，Wenliang Liang，Liang Gu，崔 洋，鹿島 毅，“4.5GHz帯におけるMassive MIMOの特性に関する屋外伝送実験評価，” 信学技報，RCS2016-240，2017年1月．

• [6] 齋藤 祐也，ベンジャブール アナス，岸山 祥久，王 新，侯 暁林，蒋 恵玲，Lei Lu，Bojie Li，Wenliang Liang，Liang Gu，崔 洋，鹿島 毅，“TDD下りリンクにおける大規模マルチユーザMassive MIMOの屋外伝送実験，” 信学技報，RCS2016-323，2017年3月．

• [7] 齋藤 祐也，ベンジャブール アナス，岸山 祥久，王 新，侯 暁林，蒋 恵玲，Lei Lu，Bojie Li，Wenliang Liang，Liang Gu，崔 洋，鹿島 毅 “TDD下りリンク伝送におけるマルチユーザMassive MIMOの屋外実験,”電子情報通信学会2017年総合大会，B-5-79, 2017年3月．

• [8] 岩渕 匡史，ベンジャブール アナス，岸山 祥久，Dan Wu，Tingjian Tian，Liang Gu，崔 洋，鹿島 毅，“複数Numerologyの周波数領域多重におけるfiltered-OFDM適用効果に関する屋外伝送実験，” 電子情報通信学会2017年総合大会，B-5-80，2017年3月．

• 5G Trials with Nokia (9+7)
• ＜Publications in English＞

• [1] Y. Kishiyama, T. Nakamura, A. Ghosh, and M. Cudak, “Concept of mmW Experimental Trial for 5G Radio Access,” IEICE Society Conference, B-5-58, Sept. 2014.

• [2] Y. Inoue, Y. Kishiyama, Y. Okumura, J. Kepler, and M. Cudak, “Experimental Evaluation of Downlink Transmission and Beam Tracking Performance for 5G mmW Radio Access in Indoor Shielded Environment,” IEEE PIMRC, Sept. 2015.

• [3] Y. Inoue, Y. Kishiyama, S. Suyama, J. Kepler, M. Cudak, and Y. Okumura, “Field Experiments on 5G mmW Radio Access with Beam Tracking in Small Cell Environments,” IEEE Globecom Workshops, Dec. 2015.

• [4] P. Weitkemper, J. Koppenborgy, J. Bazzi, R. Rheinschmitty, K. Kusume, D. Samardzijaz, R. Fuchsy, and A. Benjebbour, “Hardware Experiments on Multi-Carrier Waveforms for 5G,” IEEE WCNC, Apr. 2016.

• [5] S. Yoshioka, Y. Inoue, S. Suyama, Y. Kishiyama, Y. Okumura, James Kepler, and Mark Cudak, “Field Experimental Evaluation of Beamtracking and Latency Performance for 5G mmWave Radio Access in Outdoor Mobile Environment,” IEEE PIMRC Workshops, Sept. 2016.

• [6] M. Cudak, T. Kovarik, T. A. Thomas, A. Ghosh, Y. Kishiyama, and T. Nakamura, “Experimental mmWave 5G Cellular System,” IEEE Globecom Workshops, Dec. 2014.

• [7] Y. Inoue, S. Yoshioka, Y. Kishiyama, S. Suyama, Y. Okumura, James Kepler, and Mark Cudak,“Field Experimental Trials for 5G Mobile Communication System Using 70 GHz-Band,”IEEE WCNC Workshops, Mar. 2017.
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• 5G Trials with Rohde & Schwarz (0+1)
• ＜Publications in Japanese＞

• [1] 田中 準一，柳澤 潔，Taro Eichler, Wilhelm Keusgen，トラン ゴクハオ，北尾 光司郎，今井 哲朗，“ミリ波帯伝搬特性評価に向けた高分解能リアルタイムチャネルサウンディングシステムの構築，” 信学技報，AP2016-170，2017年2月．
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https://www.nttdocomo.co.jp/english/binary/pdf/corporate/technology/rd/tech/5g/docomo_5GTrials_List_of_Publications_English.pdf
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The 5G Trial Sites will be offered mainly in two distinct of Tokyo, the 
Odaiba waterfront and Tokyo SKYTREE TOWN from May, 2017

Tokyo SKYTREE TOWN area

The Odaiba waterfront area DOCOMO Cloud services are 
available  via LTE NW even 
at out of 5G area

Users can experience 5G higher 
performances, higher data rate 
and lower latency at 5G area

LTEcell
5G cell

DOCOMO Cloud 
Services

Connect to a 
LTE cell at out 

of 5G area

Connect to a 5G 
cell at 5G area

Suppot mobility 
between 5G cells

Support mobility 
between LTE and 5G

Support mobility between 5G and commercial LTE NW
Utilize 28 GHz and 4.5 GHz frequency bands
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5G Experiments @ 28GHz with Ericsson

Base station 
antenna

Base station 
antenna

Mobile station 
antenna

• DOCOMO x Ericsson 5G trial at 28 GHz for DOCOMO 5G Trial Sites

• Achieved over 10 Gbps in Odaiba

5G trial in Odaiba 5G trial in Fuji TV
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