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                5G Over-the-Air Performance Measurement and Evaluation

                åº”ç”¨æ–‡ç« 

                
                    Introduction

5G is not simply an iteration of 4G. It is truly revolutionary and will change everything we know today. For the past 30 years, we have traversed through:

â€¢ 1G (the 1980s, AMPS/ETACS) mobile network, which brought analog voice to the masses.

â€¢ 2G (the 1990s, GSM/CDMA), which made digital voice available and increased network capacity dramatically with the advancement of the integrated circuit and digital signal processing.

â€¢ 3G (the 2000s, WCDMA/EVDO), which combined mobile data with voice enabling customers to make a voice call while replying to email for the first time.

â€¢ 4G (the 2010s, LTE), which was all about wireless internet (mobile IP) at higher speed, and desktop applications finally arrived on smartphones.

Nevertheless, there is still segmentation between the communications industry and customers. There are wireline/internet providers, cable TV, and internet service providers, wireless operators, over-the-top (OTT) application providers, and more. Consumers and businesses get connections from various operators on different platforms that often do not communicate with each other. There are significant overhead expenses in the networks, and providers allocate substantial resources to manage these expenses (signaling, billing, and device management).

5G is a connected application ecosystem for end users. Each application will adaptively manage data speed, latency, and reliability, depending on the tasks. For example, a vehicle on autopilot requires a reliable instant response and a secure link at highway speeds. A 5G network will provide wide coverage, low latency, and an encrypted communication link. Blindly assigning a 100-MHz channel for the car will not work because higher throughput does not equal to short latency and reliable coverage.

From the perspective of network operators, 5G will consolidate all their communication systems under one package to meet end-user application needs, such as data, voice, video, internet of things, and critical communications. 5G will provide much higher throughput, ultra-low latency, increased network capacity, reliability, and secure services.

The 5G network architecture should provide:

â€¢ massive capacity; 1000 times more than 4G

â€¢ super-fast data rate; 100 times more than 4G

â€¢ ultra-low latency; < 1ms

To achieve these goals, network and user equipment manufacturers must invent innovative technologies to make the network drastically more efficient. They must also deploy a new spectrum to support much wider bandwidth requirements.

There are three key technologies that 5G requires: millimeter-wave (mmWave) network deployment, massive multiple-input multiple-output (MIMO), and beamforming.

5G presents uncharted territory for RF engineers. How to characterize a mmWave air interface? How to measure antenna efficiency? What are the potential interference issues in 5G networks? What solutions can address 5G over-the-air (OTA) measurements to help evaluate 5G trial networks?

mmWave Band for 5G Deployment

LTE with 20 MHz bandwidth and 64 QAM can achieve 100 Mbps data rates on the downlink. However, for 5G to provide 100x higher data rates, it will require much wider bandwidth standards. The current sub-3 GHz cellular band cannot support wider bandwidths. The only way to implement 5G is to move the system to a higher frequency band.

5G requires a much higher bandwidth; as much as 800 MHz to 2 GHz. The frequency bands that have such potential are mmWave bands. The deployment of satellite communication in the Ka band (26.5 GHz to 40 GHz) increased channel bandwidth â€” from a typical bandwidth of 54 MHz to 500 MHz through 2 GHz, and was accompanied with spot beam frequency reuse to achieve gigabit IP connection.

In October 2015, the FCC allocated three mmWave bands for 5G services; these bands are the frontier spectrum for 5G services. Spectrum above 24 GHz is currently under investigation. The 28 GHz band supports 850 MHz of bandwidth, and the 37 â€“ 40 GHz band supports 3 GHz of bandwidth. An unlicensed band from 64 â€“ 71 GHz supports 7GHz of bandwidth. These spectrum and bandwidth allocations make the 5G service possible.

mmWave Link Propagation and Link Budget

Commercial wireless service frequencies are below 6 GHz including Wi-Fi. The channel characteristics of these bands are well understood with many design tools available to use. However, deploying mmWave frequency bands to provide a link between user equipment (UE) and base station presents many technical challenges. It is essential to understand mmWave path loss properties and build a predictable mathematical model.
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                --è¯·é€‰æ‹©--
United States
United Kingdom
Canada
India
Malaysia
Netherlands
Australia
South Africa
France
Germany
Singapore
Sweden
Brazil
Afghanistan
Ã…land Islands
Albania
Algeria
American Samoa
Andorra
Angola
Anguilla
Antarctica
Antigua and Barbuda
Argentina
Armenia
Aruba
Austria
Azerbaijan
Bahamas
Bahrain
Bangladesh
Barbados
Belarus
Belgium
Belize
Benin
Bermuda
Bhutan
Bolivia
Bosnia and Herzegovina
Botswana
Bouvet Island
Brit/Indian Ocean Terr.
Brunei Darussalam
Bulgaria
Burkina Faso
Burundi
Cambodia
Cameroon
Canary Islands
Cape Verde
Cayman Islands
Central African Republic
Chad
Chile
China
Christmas Island
Cocos (Keeling) Islands
Colombia
Comoros
Congo
Congo, The Dem. Republic Of
Cook Islands
Costa Rica
CÃ´te d'Ivoire
Croatia
Cyprus
Czech Republic
Denmark
Djibouti
Dominica
Dominican Republic
Ecuador
Egypt
El Salvador
Equatorial Guinea
Eritrea
Estonia
Ethiopia
Falkland Islands
Faroe Islands
Fiji
Finland
French Guiana
French Polynesia
French Southern Terr.
Gabon
Gambia
Georgia
Ghana
Gibraltar
Greece
Greenland
Grenada
Guadeloupe
Guam
Guatemala
Guinea
Guinea-Bissau
Guyana
Haiti
Heard/McDonald Isls.
Honduras
Hong Kong, China
Hungary
Iceland
Indonesia
Iraq
Ireland
Israel
Italy
Jamaica
Japan
Jordan
Kazakhstan
Kenya
Kiribati
Korea (South)
Kuwait
Kyrgyzstan
Laos
Latvia
Lebanon
Lesotho
Liberia
Libya
Liechtenstein
Lithuania
Luxembourg
Macau
Macedonia
Madagascar
Malawi
Maldives
Mali
Malta
Marshall Islands
Martinique
Mauritania
Mauritius
Mayotte
Mexico
Micronesia
Moldova
Monaco
Mongolia
Montserrat
Morocco
Mozambique
Myanmar
N. Mariana Isls.
Namibia
Nauru
Nepal
Netherlands Antilles
New Caledonia
New Zealand
Nicaragua
Niger
Nigeria
Niue
Norfolk Island
Norway
Oman
Pakistan
Palau
Palestinian Territory, Occupied
Panama
Papua New Guinea
Paraguay
Peru
Philippines
Pitcairn
Poland
Portugal
Puerto Rico
Qatar
Reunion
Romania
Russian Federation
Rwanda
Saint Kitts and Nevis
Saint Lucia
Samoa
San Marino
Sao Tome/Principe
Saudi Arabia
Senegal
Serbia and Montenegro
Serbia
Montenegro
Seychelles
Sierra Leone
Slovak Republic
Slovenia
Solomon Islands
Somalia
Spain
Sri Lanka
St. Helena
St. Pierre and Miquelon
St. Vincent and Grenadines
Suriname
Svalbard/Jan Mayen Isls.
Swaziland
Switzerland
Taiwan, China
Tajikistan
Tanzania
Thailand
Timor-Leste
Togo
Tokelau
Tonga
Trinidad and Tobago
Tunisia
Turkey
Turkmenistan
Turks/Caicos Isls.
Tuvalu
Uganda
Ukraine
United Arab Emirates
US Minor Outlying Is.
Uruguay
Uzbekistan
Vanuatu
Vatican City
Venezuela
Viet Nam
Virgin Islands (British)
Virgin Islands (U.S.)
Wallis/Futuna Isls.
Western Sahara
Yemen
Zambia
Zimbabwe
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èˆªç©ºèˆªå¤©/å›½é˜²ç”µå�
æ±½è½¦
æ¶ˆè´¹ç±»ç”µå�
æ•°æ�®ä¸å¿ƒ/äº‘æœ�åŠ¡æ��ä¾›å•†
æ•™è‚²
ç”µå�äº§å“�ç”Ÿäº§å•†
èƒ½æº�/åŸºç¡€è®¾æ–½
é‡‘èž�
æ”¿åºœéƒ¨é—¨
ç‰©è�”ç½‘ç”µå�äº§å“�
åŒ»ç–—/ä¿�å�¥
ç½‘ç»œè®¾å¤‡åˆ¶é€ å•†
é‡�å�æŠ€æœ¯
é›¶å”®/åŒ»ç–—
å�Šå¯¼ä½“
Â è½¯ä»¶å¼€å�‘
è¿�è�¥å•†
æµ‹è¯•å®žéªŒå®¤
äº¤é€šè¿�è¾“
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 < 2 å¹´
2 - 7 years
 > 7 years
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è¡Œæ”¿ç®¡ç�†
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æŠ€æœ¯ç»�ç�†
è�Œå‘˜
å¦å‘˜
å’¨è¯¢é¡¾é—®
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