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APT REPORT ON
TECHNICAL GUIDELINE FOR SPECTRUM MONITORING DURING MAJOR EVENTS IN ASIA PACIFIC REGION


Introduction
Asia-Pacific is becoming an increasingly popular major events destination, and although it has had many high profile events for last decades, it is an ever-growing business that is currently going from strength to strength. This major event is not only sport event but also country leader event, ministerial event until music concert. In Asia Pacific region, several major sport events had been held few years ago such as PyeongChang Winter Olympics, Commonwealth Sports Australia, Asian Games in Indonesia, Singapore Grand Prix, Tokyo Olympics Games 2021, Beijing Winter Games 2022 and many more. 

The technology has also changed drastically in last decade, so that it is important to have a new guidance for APT Members how to holding major events in appropriate with current condition or situation. The reliable spectrum management and spectrum monitoring will be crucial to make sure that the frequency is not used inappropriate so that cause harmful interference during major events. The free radio frequency interference will give great contribution to the success of holding major events.

ITU has also published ITU Report SM 2257-6 in year 2022 related to Spectrum Management and Spectrum Monitoring During Major Events.

Thus, the purpose of this document is to provide information and share the experiences for Spectrum Monitoring During Major Events for APT countries; to support and assist APT Countries with spectrum monitoring method to avoid/minimize radio frequency interference during major events.

Definition of Major Events in Asia Pacific Region
A major event, as referred to in this document, is an event which already planned and requires or uses an enormous amount of frequency within a limited area. The characteristics of major event activities involve the participation of various parties, including event organizer or organizing committee, government, broadcasters, mobile network/cellular operators, or other telecommunication providers. A major event could be a presidential/ministerial/high level conferences, sports, and others; this does not include disaster cases.

Spectrum Monitoring During Major Events in APT Countries
Spectrum monitoring during major events could be defined as the monitoring activity to ensure radio frequency spectrum usage during the event is free from interference. To assure the frequency used during the major event has zero interference, spectrum monitoring activity need to be started before frequency assignment to provide brief perspective of frequency demand during major events.

Some of issues need to be determined in order to support spectrum monitoring activities, such as:
1.	Spectrum monitoring personnel
2.	Spectrum monitoring equipment 
3.	Information of venues that use radio frequency
4.	Additional administration, i.e. the accessibility of monitoring personnel around the venue.

In order to assure the frequency used during the major event has zero interference, monitoring activity need to perform, especially during major event at the event-relevant location.

Organization of Spectrum Monitoring
Spectrum monitoring activities during major events is organized by an organization or administration which responsible for frequency monitoring activities. 
 
Spectrum monitoring during major events organization team consists of at least staff who handle the spectrum monitoring, inspection, and law enforcement issues.

Figure 1 Organization Team
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Objectivities and Task at Different Phases
One of the objectives of spectrum monitoring activity is to assure the frequency used during the major events has zero interference. Three phases of monitoring activity need to perform, especially at the event-relevant location. These phases may be named: pre-event, during event, and post-event.

Pre-event monitoring, the objective of this activity are:  
1. To recommend frequency candidates which will be given licenses during the event, such as frequency for timing scoring, broadcasting, opening & closing ceremony, and event organizer communication.
2. To reserve additional frequency for unexpected situations during events. 
3. Regular frequency monitoring to provide brief picture of the circumstances of radio frequency. 

Monitoring during the event, the objective of this activity are:
1. To perform towards licensed frequency and give protection from unlicensed emissions;
2. Investigation and resolve the interference;
3. Provide recommendations and solutions in case RF interference which may happens during the event.

Post-event monitoring to assure frequencies for major events are no longer used; to uninstall transmitters and spectrum monitoring equipment.


Radio Monitoring System
As mentioned in section 3, that radio monitoring system could be consist of personnel, equipment, and frequency lists. Type of equipment could be used the existing equipment or/and additional equipment where installed in and around the venue i.e. handheld monitoring receiver, direction finder, antenna with several frequency range, digital voice receiver, etc. Whilst, the frequency lists must be prepared by personnel of spectrum monitoring are frequency used by organizer and existing user. 
	

Radio Frequency Interference (RFI) Management
Radio Frequency Interference (RFI) management during major events is crucial and challenging moment because it requires immediate response within a short period. RFI management could consist of the interference mitigation before event and problem solving during event by receiving the interference complain, handling and solving the interference.

During radio frequency interference handling, law enforcement personnel could be part of the RFI management team to take a further action if any illegal usage from other devices.

Some types of radio frequency interference that may occur during major events are as follow:
4. Adjacent channel interference;
5. Co-channel interference;
6. Jammer;
7. Illegal/unwanted emission;
8. Etc

Several actions could be the solution for RFI, including:
1. Eliminate illegal/unwanted emission;
2. Provide an alternative frequency. This action is taken if the team could not find the source of the interference within a short period;
3. Take a preventive action by installing filters, either Low Pass Filter (LPF), High Pass Filter (HPF), or Band Pass Filter (BPF).
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Annex 1  Indonesia (Republic of)

A. List of Abbreviation and Acronym
	5G
	Fifth-Generation Technology Broadband Cellular Networks

	AP
	Access Point

	APT
	Asia-Pacific Telecommunity

	Att
	Attenuation

	BPF
	Band Pass Filter

	DF Unit
	Direction Finder Unit

	FM
	Frequency Modulation

	F1
	Frequency 1

	F2
	Frequency 2

	GBK Stadium
	Gelora Bung Karno Stadium

	GHz
	Giga Hertz

	GPS
	Global Positioning Service

	HPF
	High Pass Filter

	HT
	Handy Talkie

	ITU
	International Telecommunication Union

	IEM
	In Ear Monitor

	JCC
	Jakarta Convention Center

	JIEXPO
	Jakarta International Expo

	LPF
	Low Pass Filter

	LTE-TDD
	Long Term Evolution - Time-Division Duplex

	MCI
	Ministry of Communications and Informatics

	MHz
	Mega Hertz

	Mon
	Monitoring

	MotoGP
	Motorcycle Grand Prix

	OBCU
	On Board Camera Unit

	PIC
	Person in Charge

	RBW
	Resolution Bandwidth

	RCV
	Receiver

	Rx
	Receiver

	RF
	Radio Frequency

	RFI
	Radio Frequency Interference

	SPA
	Spectrum Analyzer

	VBW
	Video Bandwidth

	VIP Zone
	Very Important Person Zone

	WiFi
	Wireless Fidelity

	WSBK
	World Superbike



B. Asian Games 2018
This annex summarizes spectrum monitoring activities performed for the Asian Games 2018 in Jakarta and Palembang, Indonesia, from 18 August to 2 September 2018. This event had participation from 45 countries with 40 sport numbers.

1. Organization of Radio Spectrum Monitoring 
In Indonesia, spectrum management and monitoring were organized by the Ministry of Communications and Informatics (MCI). Spectrum monitoring team for the event consist of:
· Steering and Organizing Committee.
· Spectrum Monitoring Team consist of officers from Headquarter, Regional Offices from:
· Jakarta Spectrum Monitoring Office;
· Palembang Spectrum Monitoring Office;
· Tangerang Spectrum Monitoring Office; and
· Bandung Spectrum Monitoring Office.
· Law Enforcement Officer.

2. Objectivities and Task at Different Phases 
The monitoring activities can be divided into three phases, namely before, during, and after the Games, each with different objectivities and tasks.
· Before Asian Games. During this period a number of preparatory tasks were undertaken, including:
· Develop Spectrum Monitoring Team during major events.
· Coordination with stakeholders.
· Meeting with the related stakeholders such as event organizer, host broadcaster, etc.
· Evaluating band or frequency channel by spectrum monitoring activity. Which will be used during the event.
· Collecting data consist of type, specification, location and installation schedule for the equipment that will be used during the event.
· Examine the event location.
· Formulating radio frequency monitoring scheme based on data collection.
· Establish mechanism for handling an unexpected radio interference during event.
· Collecting data of radio frequency monitoring equipment and communication equipment needed during the event.
· Mapping personnel and schedule needed during the event.
· Just Before and During Asian Games.
· Coordination with spectrum monitoring team.
· Coordination with event organizer and radio station inspection.
· Trial and rehearsal.
· Monitoring the spectrum.
· Radio interference investigation.
· Elimination of unlicensed frequency.
· After Asian Games.
· Evaluating radio frequency monitoring during the event.
· Investigating radio frequency interference.
· Post-event radio frequency monitoring to assure frequencies for the event are no longer used.
· Inspecting and restoring radio frequency equipment for monitoring and communication.
· Reporting summary of event.

3. Monitoring Method and Equipment
Spectrum monitoring activities for Asian Games 2018 were started in the end of 2017 to support Directorate of Spectrum Policy and Planning in allocating appropriate spectrum for the event. Monitoring activity was done using fixed, mobile or portable stations before the event started to get real spectrum conditions in relevant frequency bands. 

Before defined the configuration of monitoring station for the event, it is important for the spectrum monitoring team to understand the mechanism of radio frequency equipment used at the venue in order to minimize potency of interference that may happen. 

The spectrum monitoring team is advised to: 
a) Understand the radio frequency equipment mechanism/architecture that will be used during the event 
b) Mapping the locations of equipment with temporary frequency license installed at the venue. 

[image: page7image26215232]
Figure 2 Equipment Installation at Main Stadium

Refer to point a and b; the team can set the area and equipment needed for monitoring, which consists of monitoring car and handheld device. Furthermore, the team is also supported by fixed monitoring station near the venue in Jakarta, Palembang, Bandung and Banten. The cases of radio interference during major events are often require immediate response and the condition of traffic and restricted movement at the venue would not allow proper action. Hence measurement vehicles and handheld equipment should already be at the venue. 

[image: page8image26526528]
Figure 3 Clustering Monitoring Area and Equipment

During the event, the monitoring team constantly monitored the spectrum usage at the venue few hours preceding and during the games to prevent any harmful interference and to quickly identify and find potentially interfering emissions, in order can solve harmful interferences even before they were reported. The team used handheld monitoring equipment for indoor venues and direction finding vehicles were located outside the venue in order can be used immediately to locate sources of interference.
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Figure 4 Spectrum Monitoring Activities During Asian Games 2018


4. Radio Frequency Interference (RFI) Management
The radio frequency interference cases during the event must be solved in a short period. So, effective mechanism for interference handling is an essential thing to do.

The mechanism of radio frequency interference handling for Asian Games 2018 are as follows: 
a) Event organizer reports the interference to radio frequency monitoring team at the venue.
b) Interference reports can be sent directly or via electronic media.
c) PIC of RFI team at the venue who receives the interference report checks the file. If the file is incomplete, then the event organizer is asked to complete the report.
d) If the report form is complete, PIC of RFI team at the venue sends the report to spectrum monitoring and law enforcement team for investigating.
e) Spectrum monitoring team is investigating the interference and reporting the result once a day. In case of the interference occurred at the main frequency which will be used immediately for the event, the team can coordinate with Headquarter to find alternative frequency while investigation running.
f) PIC of RFI team at the venue report the finished and ongoing interference investigation to event organizer.
g) Law enforcement team can dismantle all illegal uses of device.
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Figure 5 RFI Management


5. Spectrum Monitoring Result and Cases of Interference
The result of monitoring activity in Asian Games 2018 is summarized in the Table 4.1 below.

Table 1 Spectrum Monitoring Result

	Number of monitored frequency 
· - Broadcasting and media
· - Opening and closing ceremony
· - Timing and scoring
· - Radio Communication
· - 5G trial
	
704
177
97
22
5
	1005

	Number of interference elimination
	
	16



a) Case of Interference: Radio interference report of Broadcasting Services
During the event, host broadcaster reported radio interference at 2 296 MHz along marathon track. The frequency allocated for wireless communication between helicopter and repeater which was installed on the plane was experiencing interference. The terminology of broadcasting services is shown in Figure 6.





[image: page26image28739200]Frequency experiencing interference

Figure 6 Terminology of Broadcasting services

The interference is caused by out-of-band emission from telecommunications operators using the frequency of 2 300 MHz. Due to time limitation to solve this interference report, the team recommends a solution to shifting the frequency from 2 296 MHz to 2 214 MHz. The consideration is because 2 214 MHz has not been used (clear) at the time of measurement in the field.

[image: page39image3144528]
Figure 7 Capture of Spectrum from 2180 – 2350 MHz


C. Mandalika World Superbike (WSBK) 2021 and MotoGP Official Test 2022

In general, the activities of spectrum monitoring during major events as mentioned above, including:
· Preparation;
· During the event;
· Post event.

1. Case of Interference: Radio Interference Report of Wireless Video Camera Receiver

[image: 图片包含 图示

描述已自动生成]Wireless Video Camera
Mobile Broadband

Figure 8 Capture of Spectrum from 2100 – 2400 MHz

During the events, mobile operator’s compact mobile base station and wireless video camera receiver are located next to each other. These two types of equipment use frequency bands that are adjacent: 2 200 MHz and 2 300 MHz band. Refer to this experience, several things could be considered as preventive action as follow:
1. To use larger guard band between the working frequencies of mobile operator and wireless video camera receiver;
2. To check the network installation planning of mobile operator’s devices and wireless video camera receivers.

The following figure illustrates 20 MHz guard band between wireless video camera receiver and mobile operator’s frequency as the recommended minimum guard band during event.
[image: ]
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Figure 9 Spectrum Coexistence Between Wireless Video Camera (Rx) 
and Mobile Operator’s Frequency


D. Mandalika Grand Prix of Indonesia MotoGP 2022

1. Pre-event Monitoring and General Rehearsal
At MotoGP Official Test 2022, team should do monitoring activity before the event to observe the coexistence condition between On Board Camera Unit (OBCU) receiver in the 2 200 MHz band and the LTE-TDD compact mobile base station that was installed around the circuit using 2 300 MHz band.

By default, LTE-TDD service in the 2 300 MHz band has frequency configuration of F1 20 MHz + F2 10 MHz in Indonesia. However, in the Mandalika Circuit area, the LTE-TDD frequency configuration had changed to F1 10 MHz + F2 20 MHz. This scheme was implemented as preventive action in case any interference happens during the event. If the OBCU receiver experience interference from LTE-TDD, the mobile operators could simply turn off F1 10 MHz to provide an additional guard band between the OBCU receiver and mobile operator’s frequency, while the rest 20 MHz could still operate for LTE-TDD service.

[image: ]
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20+10 MHz Configuration (before)
	[image: ]
10+20 MHz Configuration (after)


Figure 10 LTE – TDD Configuration Setting (Before – After)

General rehearsal then conducted by turning on all devices simultaneously to see any potential interference between the OBCU receivers and the compact mobile base station installed around the circuit area and to prepare mitigation actions should any interference happens.

During rehearsal, the team found that OBCU receivers experienced interference from a sector of compact mobile base stations which were installed at the opposite position of OBCU receivers. 

The following figure shows mitigation techniques that have been performed as solutions of interferences during the event.

[image: ]
Figure 11 Mitigation Techniques During Pre-event Monitoring and General Rehearsal


2. [bookmark: _Hlk112660246]Case of Interference: Radio Interference Report of Integrated Wireless Camera Transmitter

Radio frequency interference was reported that integrated wireless camera transmitter working at 2 030 MHz experienced interference from clip-on camera transmitter working at 2 040 MHz. Because of time constraints to mitigate this interference promptly, the team recommended to shift wireless camera transmitter’s working frequency of 2 030 MHz to 2 105 MHz. The new arrangement created larger guard band between those two types of device. 

From the above-mentioned case, it can be learned that the recommended frequency separation between integrated wireless camera transmitter device and a clip-on camera transmitter is 20 MHz (see Figure 12).
[image: ]
Figure 12 Before  After Condition

[image: ]
Figure 13 Capture of Spectrum Before Configuration

 
E. Other Cases of Interference During Major Event

Table 2 Cases of Interference

	No
	Event
	Interfered Frequency
	Interference Handling

	1
	Asian Games 2018
	476.775 MHz and 498.820 MHz (5 Currents)
	Interference source came from illegal emission. The team eliminated interference source.

	2
	
	686 – 694 MHz (5 Currents)
	Interference source came from digital television transmission trial on channel 48. The team eliminated interference source.

	3
	
	2 296 MHz (wireless camera)
	Interference source came from LTE-TDD out of band emission in 2 300 MHz. Wireless camera frequency shifted to alternative frequency at 2 214 MHz.

	4
	
	5 800 MHz (WiFi)
	It was agreed before the event that all Wi-Fi Access Points (APs) at the venue should use no more than 20 MHz channel bandwidth in order to reduce interference possibility. Interference source came from APs that used more than 20 MHz channel bandwidth. The team asked the responsible party of the APs to adjust the channel bandwidth accordingly.

	5
	Mandalika World Superbike (WSBK) 2021
	2 285 MHz
	Wireless video cameras got interference caused by mobile operator’s frequency. The team suggested to shift the frequency of wireless video cameras so that there were spacious guard band between them.

	6
	Mandalika Grand Prix of Indonesia MotoGP 2022
	1 575 MHz 
	GPS got interference caused by the use of drone-gun. The team asked drone-gun PIC to use drone-gun only when necessary and not to operate it in standby mode.

	7
	
	2 030 MHz 
	Wireless camera transmitter got interference caused by clip-on camera transmitter at adjacent channel. There was information regarding the recommended frequency separation between these two devices should be 20 MHz, therefore the transmitter working frequency was shifted from 2 030 MHz to 2 105 MHz.

	8
	
	2 275 MHz
	OBCU got interference at Turn 7 to Turn 11 locations caused from sector of compact mobile base station which were installed at the opposite position of the OBCU receiver Part of 10 MHz of LTE-TDD from the total 10 MHz + 20 MHz configuration was turned off during the live broadcast.

	9
	ASEAN Para Games 2022
	2 400 MHz (intercom)
	Interference sources came from several devices at the venue as follow:
· Wireless clip-on microphone (2 400 MHz)
The team did coordination and eliminate the source of interference.
· Organizing Committee’s Access Points (2 400 MHz)
The team suggested to change the frequency to 5.8 GHz



___________



Annex 2 China (People’s Republic of)

Working Methods and Experience of Beijing 2022 Olympic and Paralympic Winter Games 

[bookmark: _Hlk111564550]This annex provides the working methods and experience of Beijing 2022 Olympic and Paralympic Winter Games (Beijing 2022 Games) in radio management and provides information reference for governments and/or organizations that host major events.
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[bookmark: _Toc134520987]Overview
[bookmark: _Hlk111564501]The Beijing 2022 Games was jointly held in Beijing and Zhangjiakou, Hebei Province, from Feb 4 to Feb 20 and from March 4 to March 13, 2022, with three venue clusters: Beijing, Zhangjiakou and Yanqing. 
[image: ]
[bookmark: _Hlk134481795]Figure 1 Three competition zones of Beijing 2022 Games
Here are some important statistics that reflect the results of spectrum management and spectrum monitoring efforts:
· A total of 27 venues were used during the whole Beijing 2022 Games including the opening and closing ceremonies, and 622 games and training events were completed.
· The radio administration department established a frequency application website, and reviewed and issued more than 20,000 radio frequency licenses and 140,000 special radio tags to 189 institutions from 49 countries and regions.
· The radio monitoring team invested dozens of mobile radio monitoring vehicles, dozens of fixed and mobile monitoring stations and hundreds of technical personnel, and over 30 potential radio interferences were identified.
· During the whole event period, more than 380,000 radio equipment used for the Winter Olympics worked normally.
· Steve James, Project expert of the Technical Department of the International Olympic Committee (IOC), and John Dundas, Radio and spectrum consultant of the IOC, spoke highly of the radio security of the Beijing 2022 Games.

[bookmark: _Toc134520988]General Working Procedure
(1) Establishment of a coordinated mechanism
In December 2018, the radio management Coordination Group for the Beijing 2022 Games was jointly established by Ministry of Industry and Information Technology (MIIT), Beijing Organizing Committee for the Winter Olympics (Beijing 2022), Beijing Municipal government, Hebei Provincial government, Ministry of Foreign Affairs, General Administration of Customs, Civil Aviation Administration of China and other government agencies and departments. The Coordination Group set up an office to undertake specific communication and coordination matters.

MIIT is the radio administration of the Chinese government and Beijing 2022 is the organization for the Beijing 2022 Games.

After determining the overall organizational structure and main tasks, the Coordination Group office has been in close communication and coordination with Beijing 2022, IOC and other departments to build a radio management system for the Beijing 2022 Games featuring "unified command, team responsibility, mutual cooperation, high quality and high efficiency".

(2) Formulation of management regulations, guidance document and work brochure
Externally, MIIT together with Beijing 2022 have issued the Radio Management Regulations of the Beijing 2022 Olympics and Paralympics Winter Games (the Regulations), which clearly stipulates radio frequency management, radio transmitting equipment management, radio interference complaints, supervision and inspection. The Regulations provides sufficient legal and regulatory basis to guarantee necessary radio frequency resources for various radio services and ensure that all legal radio stations which operate in accordance with relevant regulations can work normally and safely without harmful interference during the Beijing 2022 Games and its preparation period. In addition, guidance documents such as Spectrum Management Plan, Frequency Application Process, Guidelines for the Testing and Tagging of Radio Transmitting Equipment have been issued to help and guide users to apply for frequency and equipment in advance. 

Internally, the Coordination Group has formulated various work plans and work brochures. The radio management team and working group of each venue has formulated corresponding work plans and emergency response plans according to their work content and characteristics to ensure rapid response in daily or emergency situations. 
[image: ]
Figure 2 The Radio Management Regulations and Service Guide

(3) Media publicity and personnel training
Use TV, websites and new media platforms such as Weibo and Wechat to publicize the radio management requirements and work progress of the Beijing Winter Olympics. Online and offline technical training was conducted for radio technical personnel, and the training competition was used to conduct all-factor exercises.
[image: ]
Figure 3 Media introduction images for radio equipment

(4) Implementation in different phases
In the preparatory phase, from January 2018 to June 2019, we will conduct demand survey, top-level design and planning for radio security in the early stage, and initially complete the construction of radio management infrastructure and technical facilities around the venue. 

In the trial operation phase, from July 2019 to October 2021, the specific implementation plan of each working group was compiled, the frequency application and approval system was completed and released to the public, comprehensive radio station verification was carried out in the competition area and surrounding areas, protective monitoring was carried out in key areas, which ensure a clean electromagnetic environment. 

In the Actual operation phase in October 2021 to March 2022, the establishment of Beijing Olympic security command center, which consists of comprehensive group, frequency management group, monitoring group, testing group, the administrative law enforcement and venues for radio management team, comprehensively promote radio frequency management, radio monitoring, radio transmitting equipment testing, interference investigation, supervision and inspection work, so as to achieve full coverage of all services and competition venues.

(5) Summary of Experience
At the end of all the events, each radio security group will summarize the problems and experience and share with the technical department of the IOC. Steve James, a project expert in the IOC's technical department, hopes China's radio management team can draw on the experience and pass it onto future Winter Olympic hosts. At the same time, it will provide useful experience and reference for other countries to carry out large-scale competitions and other major events.

[bookmark: _Toc134520989]Frequency Management
[bookmark: _Toc134520990]Working Method
3.1.1 Pre-study and analysis of frequency resources
Based on previous Olympic Games’ management experience and radio management practice in China, the radio equipment is divided into the following 12 categories, and the available frequency resources of each category of equipment are analyzed.
Table 1: Device type
	Device Type
	Abbreviation

	Land mobile radio
	LM

	Handheld radios (Walkie-Talkie)
	HR

	Wireless camera
	WC

	Wireless microphone
	WM

	Telemetry and telecommand
	TC

	In-ear monitor system
	IEMS

	Wireless LAN & Bluetooth
	WLAN&BT

	Microwave fixed link
	FL

	Microwave mobile link
	ML

	Fixed earth station
	FES

	Mobile earth station
	MES

	Others
	OTH



Table 2: Summary of available frequencies for different devices
	Device type
	Available frequency band (MHz)
	Frequency Availability
	Remarks

	Land mobile radio (LM)
	137-167
	Medium
	It is strongly recommended to use the equipment with a bandwidth of 6.25kHz or 12.5kHz.
POC system based on public mobile communication network (available via the Rate Card) is also recommended to use for communication.

	
	403-423
	Low
	

	
	450-470
	Low
	

	Handheld radios (Walkie-Talkie) (HR)
	137-167
	Medium
	It is strongly recommended to use the equipment with a bandwidth of 6.25kHz or 12.5kHz.
POC system based on public mobile communication network (available via the Rate Card) is also recommended to use for communication.

	
	403-423
	Low
	

	
	450-470
	Low
	

	Wireless camera (WC)
	1467-1535
	Low
	It’s strongly recommended to use the 5850-7725MHz band as a primary option.

	
	1670-1710
	Low
	

	
	2025-2110
	Low
	

	
	2200-2300
	Low
	

	
	5850-7725
	Medium
	

	Wireless microphone
 (WM)
	87-108
	Low
	The frequency band listed in Table 2 of Section 2.4.2 can be used, and the power and bandwidth requirements corresponding to the frequencies are also detailed. It is strongly recommended that users without special needs use wired microphones for their work.
Users are strongly advised not to apply for 2GHz band.

	
	30-87
	High
	

	
	189.9-223
	Low
	

	
	470-510
	Low
	

	
	630-698
	Low
	

	
	798-806
	Medium
	

	Telemetry and telecommand
(TC)
	314-316
	High
	Application is also required for using ISM frequency bands such as 2400-2483.5MHz and5725-5850MHz.
It is strongly recommended users to use the frequencies in Table 3 of Section 2.5.2, where the corresponding power and bandwidth requirements are also specified.

	
	430-432
	Medium
	

	
	433.05-434.79
	Medium
	

	
	470-566
	Low
	

	
	614-698
	Low
	

	
	868-868.6
	Medium
	

	
	418.950、418.975、419.000、419.025、419.050、419.075、419.100、419.125、419.150、419.175、419.200、419.250、419.275
	Medium
	

	In-ear monitor system (IEMS)
	76-87
	High
	76-87MHz band is strongly recommended. For the frequency of the in-ear feedback that works together with wireless microphone without using broadcast transmitter, please refer to Section 2.4 of wireless microphone.

	
	470-566
	Low
	

	
	606-702
	Low
	

	Wireless LAN and Bluetooth equipment (WLAN&BT)
	2400-2483.5
	Low
	Unless for special requirement, it is strongly recommended that users access WLAN network provided by Beijing 2022 or by mobile communication operators, and frequency applications for private WLAN access point or hotspots will not be approved

	
	5150-5350
(indoor use only)
	Low
	

	
	5725-5850
	Low
	

	Microwave fixed link (FL) and microwave mobile link (ML)
	4400-4800
	Medium
	Analysis shall be made according to the link conditions.

	
	6425-8500
	Medium
	

	
	10700-11700
	Medium
	

	
	14500-15350
	High
	

	
	17700-19700
	High
	

	
	21200-23600
	High
	

	Fixed earth station (FES) and mobile earth station (MES)
	Ka-band
	High
	Due to higher interference risks in C band, it is strongly recommended that users choose the satellites shown in Table 5-7 of Section 2.9.
Standard C band
(3700-4200MHz) can also be used, with a higher interference risk. If standard C-band equipment is to be used, make sure that the RF components of the equipment are capable of withstanding interference from public mobile communications signals from the 3300-3600 MHz band.

	
	Ku-band
	Medium
	

	
	3700-4200(C-band)
	Low
	


Special requirements other than the available frequency bands in the above table will be negotiated on a case-by-case basis.

3.1.2 Radio Frequency Application and Approval
During the Beijing 2022 Games and its preparation period, domestic and overseas users who need to establish and operate radio stations and use radio transmission equipment (except for the
license-free equipment) in the Olympic venues and special control areas should submit radio frequency application in advance and obtain the approved frequency license. Domestic and overseas users shall submit frequency application on the Spectrum Order Portal (SOP, https://spectrum.beijing2022.cn), which has been online since January 2021.

There are three stages in the frequency application schedule of the Beijing 2022 Games.

(1) Normal Application Period (The First Stage) 2021.1.1~2021.6.15
It is strongly recommended that users complete the frequency application as early as possible in this stage. The priority of application and the probability of obtaining approval are very high. Approval for frequency application in this stage will be issued before October 15, 2021.
Since a large number of various radio stations and radio equipment will be used at the same time and in the same place during the Beijing 2022 Games, which will lead to the scarcity of radio spectrum. Therefore, the applications received in the first stage will be analyzed and processed as a whole after June 15, rather than being processed immediately after receiving the applications.

(2) Late Application Period (The Second Stage) 2021.7.1~2021.11.30
Applications received in this stage will be approved on a first-come and first-served basis. The priority of the frequency application is lower than that in the first stage. If the frequency resource in the applied band is limited, the probability to obtain the approval is very low. 
Approval for frequency application in the second stage will be issued before January 15, 2022.

(3) Extraordinary Application Period (The Games-Time Stage) 2022.1.1~2022.3.13
This stage is only used for emergency applications for important frequency requirements during the Beijing 2022 Games. Since most of the frequency resources have been approved before this stage, demand for frequencies can not be satisfied directly. Therefore, it is not recommended to submit an application at this stage except in cases which an emergency application must be made to ensure the normal progress of the games and broadcast.
Approval for frequency application in the games-time stage will be issued as soon as possible,
which is depended on the spectrum resources, technical analysis and the complexity of necessary
adjustments.

[image: 表格, 日程表
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Figure 4 Frequency application and approval process

[bookmark: _Toc134520991]Working Performance
During the Beijing 2022 Games, the frequency management team handled more than 120,000 applications for various types of frequencies, and issued 21,505 frequency licenses to 190 organizations from 49 countries and regions, involving 22,956 different types of frequencies.

According to frequency use and importance, frequency interference protection levels are divided into A, B, C and D:
Level A refers to the frequency directly used for VIP security, event timing and scoring, core team command and dispatch, opening and closing ceremony performance, TV broadcast, etc.;
Level B refers to all kinds of frequencies that directly serve the competition itself, as well as other broadcasters and important media frequencies, except Level A frequencies
Level C refers to the frequency used by all kinds of fungible equipment, which does not directly serve the competition itself, but provides convenience for the organization of the event, news report and other work;
Level D are except Level A, B and C frequencies, which are not directly related to the competition itself, are fungible and use WLAN band or micro-power short-range band.


The frequency application quantity distribution according to the device type is shown in Figure 5.
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Figure 5 Frequency application classed by device type

According to the frequency usage requirements and parameter characteristics of above devices, the frequency management team has elaborated the frequency reuse scheme and frequency grouping scheme for each type and frequency band device. In particular, for key services with saturated frequency demand and concentrated use locations, refined reuse is carried out from three dimensions of frequency, space and time to improve the utilization efficiency of frequency resources. According to the stations, monitoring data and coordination, a separate frequency resource pool is calculated for each venue (or venue group) on the basis of spatial reuse, so as to maximize the available frequency and refine the frequency management as far as possible.

[bookmark: _Toc134520992]Challenge and Experience
In practical work, faced with a 60% surge in frequency demand compared with the last Winter Olympics, some services and some frequency bands are still frequently in short supply of frequency resources. The main problems are as follows:

Challenge A: Full 4K HD livestreaming wireless camera has a large demand for spectrum resources.

Experience: ① Relying on the regular meeting mechanism established between the Technical Department of Beijing 2022 and Olympic Broadcasting Services (OBS), the frequency management team has been in detailed communication for dynamic tracking of OBS needs over the past two years, finding out the use plan and basic needs of their wireless cameras.
② Analyze and formulate the spatial reuse method of wireless cameras between each venue, and strive to maximize the fine use of frequency resources.

Challenge B: The land mobile radio (LM) and handheld radios (HR) frequency bands (137-167MHz, 403-423MHz and 450-470 MHz) in the core area are crowded.

Experience: ① Since the second half of 2020, through the Technical Department of Beijing 2022, the frequency management team has been communicating with important users such as OBS, the Opening and Closing ceremonies team, the National Speed Skating Oval and other users to understand and master their frequency requirements. 
② During the "Meet in Beijing" series of Winter Olympics test events in 2021, the venue radio frequency supervisor should remind the venue operation and event security department to apply for frequency as soon as possible.

Challenge C: The demand for ISM frequency band is saturated, especially the 2400-2483.5, 5150-5350 and 5725-5850 MHz frequency bands used by various types of devices and WLAN & Bluetooth devices. A large number of users put forward applications, and finally a total of 6,321 frequencies were licensed, corresponding to nearly 190,000 devices, resulting in an extremely crowded frequency band.

Experience: ① Part of the timing and scoring equipment used by OMEGA and the core internal communication system purchased through bidding by the Technical Department of Beijing 2022 for the communication of key positions in the field are the most important protection objects with level A of protection. All the applications are pre-assigned and coordinated by the frequency management team. Each official WLAN operator closes one or two WLAN channels in the competition venue to avoid the frequency of core applications.
② In order to facilitate the work, broadcasters, media and some sports teams hope to build their internal LAN in the exclusive area of the venue. The original plan was to use the official WLAN, but due to the strong request of the IOC, the frequency management team coordinate with the official WLAN provider China Unicom Co., LTD., allowed the use of such devices in the exclusive areas of each media or sports team, and did not enter the competition venue.
③ The 2.4GHz remote control shutter intended to be used by some media has a modulation mode of FSK, a power below 0dBm, and a very low duty ratio. After analysis, it has little impact on other devices with the same frequency. Finally, it is allowed to be used, but it should be stopped when it affects higher level users.
④ The 2.4GHz wireless microphone intended to be used by some media has been pre-assigned to avoid the frequency of the timing and scoring equipment. It is indicated in the competition venue that it is not allowed to enter the field of play (FOP) and should be stopped if it affects higher level users. The interference protection level is level C. 
⑤ In order to prevent COVID-19 from spreading, some science and technology Winter Olympics project organizations use Bluetooth devices such as health monitoring bracelets and positioning chips in various venues on a large scale. The frequency management team cooperate with the equipment testing team to carry out laboratory tests and finally conclude that the impact was small. Its use is allowed under conditions that require it not to enter the FOP.

Challenge D: A number of foreign medias applied frequencies in the late application stage or extraordinary application stage, requiring their Electronic News Gathering (ENG) teams to use the same frequency at multiple venues to avoid adjusting the frequency for cross-venue interviews.
Experience: By understanding the working mode of ENG team, the frequency management team divided venues into groups, and tried to ensure that each ENG team did not need to adjust the frequency of equipment during the interview of the same competition area and the same event. OBS, NBC and other important broadcasters and media have expressed that this method can meet their ENG group interview needs.

[bookmark: _Toc134520993]Equipment Testing and Tagging
[bookmark: _Toc134520994]Working Method
4.1.1 Equipment Exempted from Testing and Tagging
The following radio transmitting equipment can be used in the Olympic venues and special control areas without the Special Tags, but the safety and security regulations of the Olympic venues and special control areas should also be followed: public mobile communication terminals (mobile phones); wireless internet cards; laptops; tablet computers; car remote keys and wireless remote-control devices for cameras with power below 2mW; personal biomedical telemetry and medical implantation and related supporting equipment, smart watches, smart bracelets, Bluetooth headsets and other wearable smart devices that conforming to the technical standard prescribed in “Micro-power Short Range Radio Transmitting Equipment Catalog and Technical Requirements” (Announcement No. 52, 2019 of MIIT).
After entering the Olympic venues and special control areas, public mobile communication terminals (mobile phones), wireless internet cards, laptops, and tablet computers shall not be used as wireless LAN hotspots; the Bluetooth function of wearable smart devices such as public mobile communication terminals (mobile phones), camera wireless remote-control devices, smart watches, smart bracelets, Bluetooth headsets, etc. shall be switched off.
In addition to the above-mentioned equipment, all other radio stations and radio transmitting
equipment to be brought into the Olympic venues or special control areas should be checked on-site by radio administrations. The equipment without the Special Tags will not be allowed into the Olympic venues and special control areas.

4.1.2 Equipment Testing
Users who have obtained the License should send the radio stations and radio transmitting equipment to the designated location for testing by the technical agency designated by Beijing 2022 before taking them to the Olympic venues or special control areas. The radio stations and radio transmitting equipment that are inconvenient to move shall be tested on site by appointment. This process aims to confirm the users’ radio equipment parameters are consistent with those filled in during the application.
4.1.3 Equipment Tagging
[Editor’s note: broadcast equipment or all equipment should be clarified]
Radio stations and equipment certified by the testing agency can be used in the Olympic venues or special control areas after being pasted the “Radio Transmitting Equipment Special Tag for the Beijing 2022 Olympics and Paralympic Winter Games” (hereinafter referred to as the Special Tag) , which is uniformly printed and issued by the radio administration. These stations and equipment can only be used following the specific time and area requirements indicated on the Special Tags.
The Special Tags are divided by blue and green. The blue ones are applicable to radio stations and radio transmitting equipment used in the Olympic venues or special control areas during the preparation period of the Beijing 2022 Games, and the green ones are applicable during the Beijing 2022 Games.
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Figure 6 Tagging example

The specific time and location for testing and tagging are published on the SOP.

[bookmark: _Toc134520995]Working Performance
During the Beijing 2022 Games, the testing team conducted equipment testing and tagging services for 189 domestic and foreign users from 49 countries and regions, sampled 1,852 radio transmitting devices, and issued 145,058 special tags. Due to the differences in the nature and scale of the games and the impact of the Covid-19 on the games, compared with the 2008 Beijing Summer Olympics, the number of domestic and foreign frequency users decreased by 128, but the number of issued tags increased by 37,929 with a percent of 35.4%.
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Figure 7 Number of users and tags in Beijing 2022 and Beijing 2008

The number of radio transmitting devices used are mainly handheld radios (HR), land mobile communication radio (LM), wireless LAN and Bluetooth (WLAN&BT), which account for more than 90% in total. Among them, there are 101,601 HR devices, accounting for 69.8%, including 150MHz/400MHz band, 350MHz/800MHz/1.4GHz private network cluster intercom and public network cluster intercom devices. It mainly serves the security, command and dispatch, event operation, media relay and Olympic team in Beijing and Hebei.
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Figure 8 Issued tags classed by device type

The testing team worked closely with each venue team to allocate 475 personnel to 34 security checkpoints for the opening and closing ceremonies and drills, with a total of 3,087 hours of work and nearly 200,000 people to cooperate with security checks. 112 radio transmitting devices without special tags such as wireless microphones and handheld radios were intercepted.
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Figure 9 Equipment testing at window and security checkpoint

[bookmark: _Toc134520996]Challenge and Experience
Challenge A: Optimization of closed-loop strategy under Covid-19 condition.
Due to the requirements of Covid-19 prevention and control, overseas personnel can enter the closed loop after arriving at the airport through rapid customs clearance without timely equipment testing and special tags. As a result, equipment cannot be taken into the Winter Olympic Village, relevant resident hotels and related venues.

Experience: ①  Radio equipment is usually brought into the Olympic Village by means of carry-on or consignment. Users can enter the village directly with or without the frequency license, which is convenient for testing and tagging at the internal testing points. When the equipment is brought into the Olympic Village or venues for use later, testing and tagging will be taken at the Olympic Village or venues.
② For the users outside the closed-loop hotel, due to the large number and dispersed distribution, users should be allowed to carry out testing and tagging in the media center, relay center and other venues before the start and during the conversion period with the frequency license.
③ If possible, it should be considered to set up testing points at the airport as far as possible, so as to facilitate users who intend to conduct equipment testing and tagging in advance thus reduce the pressure of subsequent tagging.

Challenge B: Collaboration between frequency licensing and equipment testing
Online application for licensed frequencies are more than 20,000, but the actual number of implementation is only 55.2%, which indicating a large number of applicants give up the frequency, resulting in a waste of spectrum resources. In addition, due to the strong professionalism of radio parameters, problems come up such as users have many application parameters inconsistent with the actual situation, there are repeated applications and split applications because of users do not understand the website function, resulting in the testing team facing huge workload with repeat testing.

Experience: ① During frequency licensing, the importance of users should be considered for hierarchical management approval, so as to ensure the frequency needs of key users.
② Establish a frequency recovery mechanism, consider recycling unused frequencies into emergency resource pools within a certain period, so as to improve the efficiency of spectrum use.
③ Optimize the function of the frequency application website, establish frequency application examples by category, reduce the detailed technical parameter and improve user operation experience.



[bookmark: _Toc134520997]Spectrum Monitoring and Interference Detection
During the Beijing 2022 Games, Beijing 2022 set up radio monitoring points and arrange radio frequency supervisors to conduct radio monitoring work in each venue to ensure that no harmful interference occurs, and a good electromagnetic environment is maintained. 
If any radio stations, radio transmitting equipment, and non-radio equipment radiating radio waves cause harmful interference, users can report the interference to the Technical Operations Center (TOC) of the Beijing 2022 Games or relevant radio administrations. The receiving agency will coordinate and handle the interference complaint immediately, and inform the complainant of the result in time. 

[bookmark: _Toc134520998]Working Method
5.1.1 Deployment of monitoring point in each venue
The venues are divided into competition venues and non-competition venues. Each venue is equipped with 1-3 portable monitoring devices (9kHz-7.5GHz) and competition venues are equipped with 4 fixed monitoring devices (20MHz-6GHz) according to specific conditions.
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Figure 10 Typical device configuration at a monitoring point

The four monitoring points are deployed around the competition area in the stadium, and the position is as high as possible and without any shade. All devices are networked by special lines, through which monitoring data is connected to the frequency management room, where monitoring personnel can operate monitoring devices. The frequency management room of each venue is connected with the command center through a special line.
[bookmark: _Hlk134888527]
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Figure 11 Distribution of monitoring points in the venue

According to the actual situation of low temperature and Covid-19 prevention and control, a set of radio monitoring container called square cabin is used, which has independent operating space and can be used for a long time in the high-cold environment.

[image: ]  [image: ]
Figure 12 Monitoring container

[bookmark: _Toc134520999]5.1.2 Electromagnetic environment test and spectrum monitoring
(1) Electromagnetic environment test
According to the available frequency resources, combined with the venue using frequency and standby frequency table, according to the station database, carry out the electromagnetic environment test of the venue and the surrounding area, provide technical analysis reports for the preparation of the venue frequency use, standby and candidate, and discover unidentified radio signals in time. The workflow is shown in Figure 13.
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Figure 13 Work process of electromagnetic environment test

(2) Spectrum monitoring
Before the event:
① Conduct scanning monitoring of the radio spectrum according to Table 2, carry out protective monitoring of the using frequency and standby frequency of the venue, and timely detect interference caused by radiation from illegal radio stations or ISM equipment;

② Monitor the technical parameters of the emission of the licensed radio station: assignment frequency, occupied bandwidth, frequency offset, field strength, spurious (harmonic) emission, modulation parameters, audio characteristics (baseband signal characteristics), and so on. If any parameter is found that may cause interference, it shall be handled timely.

③ Clear up all unknown signals and clean up illegal stations in the venue area.

During the event:
① Conduct scanning monitoring of the radio spectrum according to Table 2, focusing on protective monitoring of the using frequency and standby frequency of the venue, and timely detect harmful interference caused by radiation from illegal radio stations or ISM equipment;

② Monitor the use of radio frequencies of licensed radio stations and provide recommendations for adjustment of transmitting equipment parameters and frequency switching.

③ Complete the monitoring tasks assigned by the command center, and cooperate with the monitoring group and the radio management team of adjacent venues to complete joint monitoring and radio interference investigation.

④ Maintenance of monitoring facilities and radio monitoring databases.

The workflow of protective monitoring and unknown signal monitoring is shown in Figure 14.
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Figure 14 Work process of protective monitoring and unknown signal monitoring

[bookmark: _Toc134521000]5.1.3 Interference Detection
The radio frequency supervisor and the team of the venue shall timely accept the interference complaints in the venue, investigate and punish important and special frequency interference signals in accordance with the requirements of the Technical department of the Organizing Committee of the Winter Olympic Games and the venue technical manager, give warnings to the units and individuals illegally using the radio station (station), and eliminate the potential interference and interference sources in time. The workflow is shown in Figure 15.
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Figure 15 Work process of interference detection

[bookmark: _Toc134521001]Working Performance
More than 400 radio security personnel are dispatched inside and outside the closed loop, and 36 mobile monitoring vehicles, more than 70 fixed/movable monitoring stations and more than 110 sets of portable monitoring equipment are invested. More than 30 hidden risks of unknown signals were thoroughly investigated. Thanks to the good work foundation of frequency management and equipment testing, no interference complaints occurred during the event.

[bookmark: _Toc134521002]Experience
(1) Focus on key users, key regions and key frequency bands

Nearly 150,000 radio devices are in intensive use at venues and special control areas, involving more than 20,000 frequencies for important operations such as command and dispatch, event operation, media transmission and Coivd-19 prevention and control. The normal use of radio equipment is under great pressure. The radio monitoring team focuses on ensuring the use of radio frequencies by key users, strengthens protective monitoring in key areas and radio equipment management in venues, carries out protective monitoring in key frequency bands on a daily basis, to ensure a sound and controllable electromagnetic environment.

(2) Duty system of the command center.

The command center was in trial operation from October 8, 2021 to March 16, 2022 and the duty system was implemented in each stage. Daily duty personnel include the duty leader, dispatcher (main dispatcher, deputy dispatcher) and the duty officer of each working group. The dispatcher makes two calls a day during the event. For the first call, each working group and each on-site support team briefly report the personnel arrival status and work plan of the day; The second call to report the progress of the day. Each working group of each venue will report to the command center at any time in case of important and urgent matters.


[bookmark: _Toc134521003]Venues work
[bookmark: _Toc134521004]Organization structure and work flow of venue team
The venue spectrum management team is composed of staff as shown in the figure below:
Figure 16 Structure of spectrum management team in the venue
The spectrum supervisor of each venue shall report to the command center the frequency application, spectrum monitoring and interference search, radio equipment detection and administrative law enforcement of the venue and the surrounding special control area at regular time every day. In case of night activities, the spectrum supervisor of each venue shall provide additional information after the event.

[bookmark: _Toc134521005]Working phase
[bookmark: _Hlk111515522]
During event transition phase, spectrum management and monitoring.
During venue event phase, spectrum management and monitoring.
During venue closure phase, spectrum management and monitoring.
During the deployment phase, all team members are on duty.

Summary and Evacuation
The spectrum management team is on duty.







Event  End
7 days before the event
30 days before the event
Event Transition
Event Start
60 days before the event



Figure 17 Working phase

[bookmark: _Toc134521006]Relevant working departments related to spectrum management
The Venue spectrum management team has many contacts with the venue business department of the Winter Olympic Organizing Committee. 
1. Competition Organization (Sport) 
The competition organization office is in full charge of the competition-related work. It is the key department related to the smooth progress of the Winter Olympic Games and the smooth release of the competition results. It is also one of the most important guarantee objects for the venue spectrum management team. 
2. Television Broadcasting 
Television broadcasting is responsible for broadcasting the games, providing audio and video signals, and coordinating the relevant activities of rightholder broadcasters. 
3. The Media 
News operations and photography services are also important for the venue spectrum management team. Contact between the venue radio management team and the media is made through the Deputy Director of Venue Media. 
4. Venue Management (VEM) 
The venue management service is the organization that manages the venue during the event. Liaise closely with other venue teams during the planning, implementation and operation phases. 
5. Other service interfaces 
Business interfaces, such as certification, logistics, sports display, human resources, security, and transportation, are the objects of radio management work guarantee, and also need their support. During the operation of the Winter Olympic Games to ensure the normal operation of various areas to carry out specific business operations.

___________



Annex 3 Japan

Spectrum management and spectrum monitoring during the Tokyo 2020 Olympic and Paralympic Games

This Annex summarizes spectrum management and spectrum monitoring activities performed for Tokyo 2020 Olympic and Paralympic Games in Tokyo Japan, from 23 July to 8 August 2021 for Olympic Game and from 24 August to 5 September 2021 for Paralympic Game. These events had participations from 205 countries and regions, and Refugee Olympic Team with 33 sporting events for Olympic Game and from 162 countries with 22 sporting events.

1. Outline of spectrum management and spectrum monitoring in Tokyo 2020 Olympic and Paralympic Games
Ministry of Internal Affairs and Communications of Japan (called “MIC” hereafter) collaborated with Tokyo Organizing Committee of the Olympic and Paralympic Games (called “Organizing Committee” hereafter) to allocate frequencies to the radio services for the use of radio equipment in Tokyo 2020 Olympic and Paralympic Games (called “Tokyo 2020” hereafter) and to conduct licensing, inspections, and spectrum monitoring for those equipment. In Chapter 1, the overview of the management and spectrum monitoring during Tokyo 2020 is introduced.

Managed and monitored venues
MIC, in coordination with Organizing Committee, conducted the radio station inspection and the spectrum monitoring.

(1) Most important periods for radio station inspection and spectrum monitoring 
Based on the Organizing Committee announced dates for Tokyo 2020, MIC set the most important periods for the above inspection and monitoring from one month before the opening ceremony of Olympic Games to the day of closing ceremony of Olympic Games and from one week before the opening ceremony of Paralympic Game to the day of closing ceremony of Paralympic Game.

· Dates for the Olympic Games: 23[footnoteRef:1] July 2021 – 8 August 2021 [1:  Tokyo 2020 was postponed for the first time in a history from the original dates, 24 July – 9 August 2020 for the Olympic Games and 25 August – 6 September 2020 for the Paralympic Games because of the worldwide spread of COVID-19. Some sporting events started on 21 July.] 

· Dates for the Paralympic Games: 24 August 2021 – 5 September 2021
· Most important period for the Olympic Games
· Main site[footnoteRef:2] team [2:  Main sites: IBC/International Broadcasting Centre, MPC/Media Press Centre, OLS/Olympic Stadium, OV/Olympic Village, PV/Paralympic Village, UAC/Uniform Accreditation Centre] 

Radio station inspection: From two weeks before the opening ceremony to the day of the closing ceremony
Spectrum monitoring: From  two weeks before the opening ceremony to the day of the closing ceremony
· Sub-site[footnoteRef:3] team [3:  Sub-sites: All venues except OLS] 

Radio station inspection: From five days before the event started to the day the event finished
Spectrum monitoring: From three days before the event started to the day of the event finished
· Patrol team
Radio station inspection: From one month before the opening ceremony to the day of the closing ceremony

· Most important period for the Paralympic Games
· Main site team
Radio station inspection: From one week before the opening ceremony to the day of the closing ceremony
Spectrum monitoring: From one week before the opening ceremony to the day of the closing ceremony
· Sub-site team
Radio station inspection: From five days before the event started to the day the event finished
Spectrum monitoring: From three days before the event started to the day of the event finished
· Patrol team
Radio station inspection: From one month before the opening ceremony to the day of the closing ceremony

(2) Venues for the radio station inspection and the spectrum monitoring
During Tokyo 2020, there were 47 venues for the Olympic Games and 25 venues for the Paralympic games.
MIC decided the venues to conduct the radio station inspection and the spectrum monitoring as shown below by referencing the past Olympic and Paralympic Games and considering the requests such as reducing the number of personnel from International Olympic Committee (IOC) and International Paralympic Committee (IPC).
For the persons who had a large number of radio equipment, MIC sent the patrol team to inspect their radio equipment, even though these were outside of our inspection sites.

· Olympic Games
Radio station inspection: 24 venues, Spectrum monitoring: 44 venues
· Paralympic Games
Radio station inspection: 10 venues, Spectrum monitoring: 23 venues

MIC sent Radio monitoring team for all venues basically and also sent the inspection team for the area among Tokyo metropolitan area mainly.

Members (MIC, Organizing Committee)
MIC issued the radio station licenses and resolved the interference issues in collaboration with Organizing Committee for the radio station equipment used for the event. The relationship between MIC and Organizing Committee is shown in Figure 1.

[bookmark: _Ref94884002][image: タイムライン
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[bookmark: _Ref95241244]Figure 1 Relationship between MIC and Organizing Committee

Number of MIC staff[footnoteRef:4] worked for monitoring or inspection. [4:  Including staff of Regional Bureau of Telecommunications] 

· Olympic Games
Number of MIC personnel: 353
· Paralympic Game
Number of MIC personnel: 261

Details of spectrum management and spectrum monitoring in Tokyo 2020 Olympic and Paralympic Games
After the decision was made for the 2020 Olympic and Paralympic Games to be held in Tokyo, MIC conducted the technical studies to ensure the smooth operation of radio equipment needed for the operation of the events including necessary frequency allocations for those systems in collaboration with Organizing Committee. MIC also established the precise plans to use those frequencies. Furthermore, MIC adjusted the spectrum monitoring facilities to identify interference source(s) when it occurred.

Consideration for frequency coordination
It was assumed that a large number of wireless systems would be used for the Tokyo 2020 related organizations such as overseas operational bodies, sports associations, and media for the event operations including sporting events and interviews. However, areas in/around Tokyo are the most crowded places in Japan for the radio station establishment and also for their usage. 
[bookmark: _Hlk95144304]Therefore, since 2015, MIC had conducted technical studies on the sharing conditions and the coordination procedures between the Tokyo 2020 wireless systems and already established radio stations in Japan to prevent harmful interference between those systems and stations.
At that time, the details of radio equipment and their actual numbers that would be used for Tokyo 2020 were not known so that the data including radio wave frequencies, number of radio equipment, and antenna gains from London 2012 Games and Rio de Janeiro 2016 Games were used as references for the above studies.
In order to coordinate the frequencies of the radio equipment to be used for Tokyo 2020, it was decided that MIC would conduct the sharing studies between Tokyo 2020 radio equipment and existing radio stations, and Organizing Committee would conduct the sharing studies among Tokyo 2020 radio equipment.

2.1.1	 Systems used for Tokyo 2020
Various types of radio communication systems were in operation for Tokyo 2020 such as the broadcasting systems to other countries, the systems for event operation, the wireless systems for communication among event personnel, and the wireless systems for oversea media reports as shown in Figure 2. 
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[bookmark: _Ref94884183]Figure 2 Overview of radio equipment used for Tokyo 2020

2.1.2 Basic spectrum plan and spectrum management plan
(1) The Basic Spectrum Plan for the Olympic and Paralympic Games Tokyo 2020
From the Organizing Committee’s request to study and allocate frequencies necessary for obtaining radio station licenses, MIC proposed the candidate frequencies to be allocated for Tokyo 2020. Based on this proposal, Organizing Committee established “The Basic Spectrum Plan For the Olympic and Paralympic Games Tokyo 2020” on 8 November 2017. In this plan, the procedures for frequency coordination and approval, the radio station equipment subject for the coordination and approval, and the candidate frequencies were established.

(2) The Spectrum Management Plan for the Olympic and Paralympic Games Tokyo 2020
In order to support the effective frequency use by the users, Organizing Committee clarified the details of the frequencies to be allocated from the candidate frequency bands and announced as the first edition[footnoteRef:5] “The Spectrum Management Plan For the Olympic and Paralympic Games Tokyo 2020” including frequency application procedures, how to test and tag those frequencies, and spectrum monitoring procedures on 17 July 2018.  [5:  The second edition was published on 1 February 2019, the third edition on 1 February 2020, and the fourth edition on 21 December 21 2020.] 


Radio station licenses and inspections
In Japan, radio station licenses must be obtained for using radio equipment. The Organizing Committee became the licensee of the radio stations on behalf of the users from foreign countries during the events.
MIC conducted the frequency coordination, via Organizing Committee, between these radio stations and the already operating radio stations in Japan not to cause any harmful interference to each other, and MIC also conducted the frequency coordination for the radio stations that Organizing Committee were their licensees.
Organizing Committee coordinated frequency usage among the stations/equipment for Tokyo 2020 not to cause any harmful interference to each other and approved the users who want to use radio equipment in venues.
Since a large number of requests for the frequency usage were submitted for Tokyo 2020, it was exceptionally approved, using the different procedure from the regular approval process of MIC, to give licenses only for the cases when the licensees were Organizing Committee, and MIC conducted the radio station inspections smoothly and efficiently using the data for consideration at the time of their frequency allocations. 

2.2.1 Application for frequency use
[bookmark: _Hlk94686769]As it is mentioned above, Organizing Committee decided to submit the application to MIC for the radio station licenses on behalf of foreign users to use their radio equipment in Japan.
A user needed to submit the information of the radio equipment he/she would like to use to Organizing Committee via Spectrum Order Portal (SOP). Organizing Committee reviewed this information and submitted necessary applications. MIC decided if they approve the use of the radio station equipment and give the Organizing Committee preliminary licenses. Then, Organizing Committee let the user know the result (provisional approval).

After receiving the provisional approval, the result of the frequency usage evaluation, from Organizing Committee, the equipment was inspected as a radio station, and in the inspection, it was confirmed whether the contents of the preliminary license match the radio station brought in, and the radio stations that passed were tagged. When a radio equipment failed the inspection or a prohibited radio equipment was found, “DON’T USE” tag was attached.
The overall flow from frequency application to approval of radio stations is shown in Figure 3.
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[bookmark: _Ref94884415]Figure 3 Frequency application flow
Source: “The Spectrum Management Plan for the Olympic and Paralympic Games Tokyo 2020”

The applications from the users were shown as shown in Table 1. However, because of the postponing of Tokyo 2020, the acceptance of those application was stopped once, restarted from February 2021, and continued until the end of the events.

[bookmark: _Ref94886167]Table 1 Radio station application types
	
	Application period
	Notification schedule

	Normal application
	1 Feb. 2019 - 31 Aug. 2019
	10 Jan. 2020 -

	Late application
	9 Sep. 2019 - 24 Jan. 2020
	1 Apr. 2020 -

	Extraordinary application
（suspended）
	1 Feb. 2020 - 2 Apr. 2020
	1 May. 2020 -

	Extraordinary application 
（re-open）
	1 Feb. 2021 - 5 Sep. 2021
	1 May 2021 -



2.2.2 Radio station inspections
MIC conducted the radio station inspections in collaboration with Organizing Committee since Organizing Committee became the licensees of the radio equipment brought by users from overseas.
As show in Figure 4, the numbers of radio station inspection conducted for the Olympic and Paralympic Games were at their peak three to four days before their opening ceremonies.
During the events, the total of 782[footnoteRef:6] inspections were conducted. More than 80% of those inspections were conducted before the Olympic Games period. [6:  When one user has multiple stations and the inspections are conducted sequentially, this case can be counted as 1 inspection.] 
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[bookmark: _Ref95239727]Figure 4 Number of radio station inspections for reservation vs. for actual

In addition, as for the COVID-19 countermeasures, the radio station inspections were conducted under the following conditions.
· Inspection rooms needed to be ventilated by opening windows and doors.
· The appropriate distances among a user, a technician (Organizing Committee personnel), and an inspector (MIC personnel) needed to be kept or barriers (e.g. sneeze guards) to separate them had to be placed.
· Only one group of users were allowed to enter the inspection room at a time, and the inspection was conducted not allowing a user group to move and to have close contact.
· The preparation needed for the inspection was done by a technician. Then an inspector confirms the result or conducts an additional test.
· Disinfection materials (alcohol, etc.) were prepared.

2.2.3 Number of radio station licenses
During Tokyo 2020, MIC licensed each radio equipment. The number of licenses were shown in Table 2.

[bookmark: _Ref94886445]Table 2 Number of licenses for each radio system
	System
	Number of licenses

	Land mobile radio
	455

	Handheld radios (walkie-talkie)
	3,650

	Telemetry and telecommand
	3,840

	Wireless microphone
	2,117

	In-ear monitor system
	127

	Talkback (Intercom)
	2,763

	Wireless camera
	320

	Microwave fixed link
	8

	Microwave mobile link
	38

	Permanent earth stations
	13

	Transportable earth stations
	91

	Wireless LAN
	550

	Wireless release Trigger, Wireless file transmitter (Digital still camera - Accessory)
	1,870

	Personal mobile radio
	10,254

	Number of total licenses
	26,096



[bookmark: _Hlk94636142]During Tokyo 2020, besides the new requests for frequencies, alternative frequency requests were made because of reasons such as using the radio station equipment which the already allocated frequencies could not be used  Therefore, the 1 160 additional frequency allocations were made.

Spectrum monitoring (guidelines, manual, facilities)
2.3.1. Spectrum monitoring guidelines, principles, manual of Organizing Committee
In order for Tokyo 2020 to have secure and reliable frequency environment without any interference and/or jamming, the thorough spectrum monitoring was conducted. For this purpose, MIC had the meetings with Organizing Committee before the event, established the guidelines and principles for the spectrum monitoring, and established the roles of Organizing Committee and MIC according to these guidelines and principles. After that, MIC secured the personnel to respond to the requests from Organizing Committee, planned the training for those personnel and the monitoring facilities/equipment.

(1) Spectrum monitoring guidelines and principles of Organizing Committee
Organizing Committee established “Spectrum monitoring plan for Tokyo 2020 Olympic and Paralympic Games” (called “T2020 Monitoring Plan” hereafter) which includes the guidelines and principles for the spectrum monitoring for Tokyo 2020 to support the precise frequency allocations for the event.

In this plan, MIC’s spectrum monitoring system overview, the event venues, and the spectrum monitoring equipment to be placed around those venues are summarized and then the spectrum monitoring procedures are established considering these. Also, for Tokyo 2020, the Organizing Committee had the authority for stopping the transmissions causing interference since they are the only licensees for the radio station equipment used for this event, and MIC had the role of identifying the source of those transmissions. The roles of MIC and the Organizing Committee are shown in Table 3.



[bookmark: _Ref95241429]Table 3 Roles of MIC and Organizing Committee
	Roles for spectrum management and spectrum monitoring in Tokyo 2020
	Organizing Committee
	MIC

	Reserving spectrum monitoring room(s) for each venue
	X
	

	Construction and operation of spectrum monitoring system(s)
	
	X

	Identification of source(s) of transmission
	Investigation of transmission source(s)
	
	X

	
	Escorting in a venue
	X
	

	Stopping transmission
	To event related personnel
	X
	

	
	To non-event related personnel
	
	X


Source: “Spectrum monitoring plan for Tokyo 2020 Olympic and Paralympic Games”

(2) Policies for spectrum monitoring
MIC and the Organizing Committee discussed and decided on the policies for the spectrum monitoring of Tokyo 2020 as shown below from the early stage.
· Spectrum monitoring personnel will be placed at every venue in principle.
· The spectrum monitoring personnel consists of members from MIC and the Organizing Committee.
· MIC will be in charge of the overall spectrum monitoring and the Organizing Committee will be in charge of managing the radio equipment users for Tokyo 2020 by representing all the licensees for those systems.
· It is required for the Organizing Committee to set up indoor spectrum monitoring room(s) in every venue except some, and those rooms should be used as the hubs for spectrum monitoring.
· Locally fixed radio monitoring system will be placed in the spectrum monitoring room(s).
· Handheld devices (e.g. receivers, spectrum analysers, direction finding antennas) for patrolling will be in place.

(3) Spectrum monitoring manual made by MIC
MIC established “Manual for spectrum monitoring” and collected the necessary knowledge for the MIC spectrum monitoring personnel to conduct spectrum monitoring and to have the common understanding among all the personnel.

2.3.2. Coordination of spectrum monitoring facilities
(1) Spectrum monitoring facilities of MIC
MIC conducted the spectrum monitoring utilizing their equipment such as spectrum monitoring systems and handheld monitoring equipment.
Table 4 and Table 5 show the spectrum monitoring systems and equipment MIC owns. DEURAS is the acronym for “DEtect Unlicensed RAdio Stations”, the name for the spectrum monitoring system implemented and operated in Japan.

[bookmark: _Ref95410139]Table 4 Spectrum monitoring facilities of MIC
	Name of the spectrum monitoring facility
	Number of sensors
	Frequency range

	DEURAS-D 
(Remote azimuth measurement system)
	350 sensors
	25 MHz - 3.0 GHz/3.6 GHz[footnoteRef:7] [7:  The frequency range of sensors around the venues: 25 MHz – 3.6 GHz] 


	DEURAS-M 
(Illegal radio station search vehicle)
	13 cars
	25 MHz - 3.6 GHz

	DEURAS-H 
(Short wave spectrum monitoring system)
	5 sensors
	300 kHz – 30 MHz

	DEURAS-S 
(Space radio spectrum monitoring facility)
	1 sensor
	L, S, C, Ku, Ka, VHF, UFH, and X bands



[bookmark: _Ref95410175]Table 5 List of equipment used at the venues
	Equipment
	Number of equipment
	Remarks

	Spectrum analyser (Realtime type)
	29
	Keysight FieldFox（N9960A,B,2N)

	Spectrum analyser (Sweep type)
	19
	Anritsu (MS2720T, MS2090A),
Narda SignalShark,
etc.

	Receiver
	38
	AOR (AR6000),
R&S (PR100/200),
Narda (IDA-3106),
etc.

	Directional antenna
	89
	R&S (HE300,400), etc.,

	Frequency counter
	19
	-

	Radio source visualization system
	1
	-

	Walkie talkie for monitoring team
	146
	-



(2) Coordination of spectrum monitoring facilities
Since the more radio station equipment were used for “Bay Area” and “Heritage Area” compared to the other areas and more accurate monitoring needed to be conducted for the above areas, MIC decided to establish the temporary spectrum monitoring facilities only during the period for Tokyo 2020 so they had done so step by step since 2018 as shown in Table 6.

[bookmark: _Ref94887010]Table 6 New spectrum monitoring facilities established for Tokyo 2020
	Name of the spectrum monitoring facility
	Number of equipment
	Remarks

	Portable DEURAS-D sensor
	10 sensors
	Installed in the bay area
25 MHz – 3.6 GHz

	Closed space DEURAS-D sensor
	2 sets (6 sensors)
	Installed in OLS (Olympic Stadium) and ISY (International Stadium Yokohama)
100 MHz – 3.6 GHz

	Small monitoring sensor
	55 sensors
	Installed in Bay Area and Heritage Area
100 MHz – 6.0 GHz

	Locally fixed radio monitoring system
	40 sets
	Installed basically in all venues.
Spectrum analyser: 9 kHz – 50 GHz
Receiver: 9 kHz – 6 GHz



(3) Results for the use of facilities and equipment
In general, to identify the source of interference when spectrum monitoring is conducted, receiver(s), spectrum analyse(s), and direction-finding antenna(s) are used. Direction finding is performed by using directional antennas and a spectrum analyser.  In order to identify possible sources of interference, their modulation will be detected and analysed. The method used for Tokyo 2020 spectrum monitoring is basically the same.
MIC has installed DEURAS sensors additionally for the event and also installed the locally fixed radio monitoring system in all venues to realize the monitoring process quickly and effectively.

· Locally fixed radio monitoring system
The locally fixed radio monitoring system is composed of spectrum analyser, receiver, and its associated antenna. The system is installed in a location with good signal visibility in each venue. The control of the system can be done remotely through PC terminal from a monitoring room.
In several venues, the receiving antennas of the locally fixed radio monitoring systems were placed at the higher place in the venues, it became possible to monitor the regular state of the spectrum not only inside the venue but outside also and so it played an important role to separate the effect of interference which comes from inside or outside of the venue.
In Tokyo 2020, the multiple venues were grouped as one precinct and the spectrum monitoring was conducted per precinct. Because of this grouping, the monitoring could be controlled remotely using the locally fixed radio monitoring systems, and the smooth handling of monitoring became possible (see Figure 5).
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[bookmark: _Ref134547791]Figure 5 Oveｒview of locally fixed radio monitoring system

· Receiver
The receiver has been considered as the main and most used equipment for spectrum monitoring of Mobile Monitoring from MIC. By using abundant demodulation functions and an advanced direction finding antenna together, accurate direction finding was possible.

· Spectrum analyser
For Tokyo 2020, the newly purchased equipment, such as Real-time Spectrum Analyser were used. Especially by using this real-time spectrum analyser it enabled to detect burst transmissions to identify locations of interference sources that were difficult to do so.

2.3.3. Spectrum monitoring tasks
(1) Actual tasks
On the day that a sporting event was held, the spectrum monitoring team conducted the monitoring, from the two hours before the event started until one hour after the event was finished, and on the day that the event was not held, they conducted the spectrum monitoring from 9 a.m. to 5 p.m.
Their task is to monitor the spectrum and at the same time, to compare between the spectrum at the regular state and at the time in Tokyo 2020 by the remote monitoring. The spectrum monitoring team also handled the situation whenever the on-site reporting and the reporting via TOC/ Technology Operation Centre was submitted. For example, the details of the report were clarified, and the reported situation was confirmed by the remote monitoring and by the walk-through using handheld devices.

(2) Actual interference cases
At this event, for the cases causing a severe impact on convening the event, it was decided to input to the Organizing Committee’s information system called ITSM (IT Service Management). The summary of actual inputs for interference cases to ITSM for both Olympic and Paralympics Games are shown below.

(i) Olympic Games
The interference cases at Olympic Games are shown in Table 7.

[bookmark: _Ref95410517]Table 7 Interference cases at the Olympic Game
	Summary of incident
	Severity[footnoteRef:8] [8:  Severity level:
1: Interference continuously cause damage to the important communication service(s) so that the event may have to be discontinued.
2: Interference continuously cause damage or interference caused damage to the important communication service(s) and the alternative communication system was installed, so there is no impact on the event at the moment.
3: Interference continuously cause damage or interference caused damage to the communication service(s)so there is no impact on holding the event.
4: Interference cause damage to one user so that the person is unable to conduct his/her duty.
] 

	Incident handling

	Noise generated at wired microphones in the broadcasting booth
	3
	The transmissions from the existing radio station around the venues were considered to be the source of interference, so the operational coordination was conducted.

	Interference to wireless microphones
	3
	Its causes were not identified. So, the alternative frequencies were allocated.

	Interference to wireless cameras
	3
	It was found out that no filter was inserter in the wireless cameras.

	Interference to the Organizing Committee’s official Wi-Fi
	3
	A large number of unauthorized Wi-Fi routers were brought in the venues.

	Interference to talkbacks
	3
	The interferences were identified. The frequencies for talkbacks were changed.

	Interference to wireless microphones
	4
	Its causes were not identified. So, the alternative frequencies were allocated.

	Interference to the Wi-Fi networks
	3
	Use of the laptop PCs that were sources of the interferences were stopped.

	Interference to the Organizing Committee’s official Wi-Fi
	4
	Use of unauthorized Wi-Fi routers were stopped.

	Interference to wireless cameras
	3
	It could be considered that the interferences were caused by the existing radio stations established inside the venue, so the operational coordination was conducted.



(ii) Paralympic Games
The interference cases at Paralympic Game are shown Table 8.

[bookmark: _Ref94887772]Table 8 Interference cases at the Paralympic Games
	Summary of incident
	Severity
	Incident handling

	Unauthorized use of talkbacks
	3
	The unauthorized uses of talkbacks were found. The applications were submitted on-site.




2.3.4. Notable issues for spectrum monitoring in Tokyo 2020
(1) Interference to wireless cameras
Thera were many reports on the interference to the wireless cameras used by the broadcasting media.
This type of interference was expected to happen from the technical studies on sharing conditions, especially from the sensitivity suppression comes in the adjacent channel used by cellular phones. MIC proposed to the Organizing Committee to “inserting the bandpass filters” to the wireless cameras beforehand, however, at the event there were a lot of wireless cameras those filters were not inserted. Therefore, the interference occurred to those wireless cameras.
The interference was avoided by applying either of the below two approaches.
1. Install the bandpass filter
2. Use different frequency channel by an emergency allocation

(2) Frequency allocation of 2.4 GHz ISM band and restrictions on bringing Wi-Fi equipment to venues
At this event, the Organizing Committee decided to ban not only for the event personnel but also for the athletes and the audiences to use license exempted radio stations (e.g. Wi-Fi routers) inside the venues except for authorized personnel, locations, and channels at the time the radio station applications were reviewed because the 2.4 GHz band was used for the event wireless systems.
However, it was difficult and unrealistic to restrict the use of this frequency band since many users were so used to use this band for the everyday use.

Access Pass for venue
To enter each venue of this event, any organization was required to show an accreditation card (AD card) issued from Organizing Committee. The AD cards MIC used were the combination cards that can be used as an ID card and an access card showing allowed venue. However, some of the areas that MIC requested was not allowed to enter, therefore, whenever MIC needed to enter these areas, the AD cards needed to be upgraded. This led to the unnecessary time loss to conduct spectrum monitoring and radio station inspections.

Lessons learned
Frequency coordination
Since the radio equipment information needed for a major event is difficult to know until just before the event, it is needed to collect information from similar events in the past. This includes information such as frequencies to be used, the number of equipment, equipment specifications, and operational conditions. It is quite important to predict the use of radio equipment considering the above information. Also, to understand in detail how the users would like to use their radio equipment, it is important to collaborate with users from overseas. Therefore, in Tokyo 2020, the pre-test for the radio station inspections was conducted in collaboration with such users to find out the information of the radio equipment and to support the selection of frequencies to be used.

Licenses and inspections
At a major event, the effective procedures for paperwork and inspection methods are better to be established before the event, since it would take time for the establishment of large numbers of radio stations and their inspections. Especially, the radio equipment brought from overseas often use a different frequency band from the ones in the hosting country of the event. Even if a new frequency band can be allocated to the equipment, it would be difficult to confirm that the appropriate frequency band is set for the equipment. In addition, it is very rare that the user of the equipment brings the engineer who could change the frequency setting of the equipment with him/her therefore it is often difficult to change its frequency, as it was seen for Tokyo 2020.

Spectrum monitoring
Before conducting spectrum monitoring, it is better to set its criteria, “what to protect and what to discard”, in advance. If the event is an annual event or it is hosted by the same organizer(s) every time, the already gained knowledge from the past experiences can be used, however, it would be difficult for an event like Tokyo 2020. Therefore, it would be beneficial to discuss and consider and decide on what to protect and what to discard including the protection of national radio station equipment in advance.
In addition, as stated in section 2.3.2, for the spectrum monitoring in Tokyo 2020, it is considered that the simple fixed monitoring systems (i.e. the locally fixed monitoring systems placed at every venue) worked well. So, it is worth considering the introduction of this type of monitoring systems in major events.

Conclusion
The spectrum management and the spectrum monitoring activities in Tokyo 2020 were completed safely even though a very large numbers of radio equipment were brought to Japan, owing to careful and thorough preparations, especially on frequency allocations.
It should also be noted that there has been a great deal of cooperation from domestic wireless carriers and telecommunication operators.
It is hoped that the experience reported above will be utilized in various major events such as the Olympics and Paralympics.

___________



Annex 4 Korea (Republic of)

[bookmark: _Hlk132984227]Spectrum management and spectrum monitoring during the PyeongChang 2018 Winter Olympic and Paralympic Games

1. [bookmark: _Toc14359328][bookmark: _Toc111480785][bookmark: _Toc111481874]Introduction
The PyeongChang 2018 Olympic and Paralympic Winter Games (hereinafter referred to as "PyeongChang 2018") needed the use of tens of thousands of wireless devices for the operation, timing and scoring, broadcasting production and transmission of this Winter Games. Details of both events and hosting cities located in the east-north area of Korea are summarized in Table 1. 
TABLE.1
Details of the PyeongChang 2018 Olympic and Paralympic Winter Games
	
	PyeongChang 2018 Olympic
	PyeongChang 2018 Paralympic

	Period
	From 9 February to 25 February 2018
	From 9 March to 18 March 2018

	Event Item
	102 items in 7 sports (15 disciplines)
	80 items in 6 sports

	Venues
	5 regions (PyeongChang, YongPyong, Bokwang, JeongSeon, GangNeung), 13 Arenas
	3 regions (PyeongChang, JeongSeon, GangNeung), 13 Arenas

	Nations & Athletes
	92 Nations, 2922 Athletes
	49 Nations, 569 Athletes



Most of the outdoor snow events were held in the county of PyeongChang which was centre of the PyeongChang Organizing Committee for the 2018 Olympic and Paralympic Winter Games (POCOG), the Alpine skiing were held in the county of JeongSeon. The indoor ice events were held in the city of GangNeung.
The POCOG, the Ministry of Science and ICT (MSIT), the National Radio Research Agency (RRA) and the Central Radio Management Service (CRMS) formed the Spectrum Management Steering Committee (SMSC) in 2013 to devise a Spectrum Management Plan. The plan was an essential resource to guarantee the Quality of Service (QoS) of communications and broadcasting for tens of thousands wireless devices used in the Games. The spectrum policies were set by the Korean government. In addition, the Spectrum Management Plan of previous Games including London 2012, Sochi 2014 and Rio 2016 were taken into account in developing the Spectrum Management Plan for PyeongChang 2018.
Spectrum management and monitoring activities for the Games were started in 2017 which ensured appropriate allocation of spectrum and elimination of harmful interference. 

[bookmark: _Toc14359329][bookmark: _Toc111480786][bookmark: _Toc111481875]Scope of Spectrum Management Plan
The scope of spectrum management plan of the Korean government submitted to the International Olympic Committee (IOC) in 2010 included the followings: 
1) Spectrum allocation; 2) spectrum usage approval; 3) compliance testing (testing & tagging); 
4) monitoring and enforcement of interferences.

Spectrum management during the Games had the following objectives:
1)	Determine available spectrum and establish spectrum usage plan
2)	Secure a computerized system to apply for frequency use
3)	Control access of wireless equipment to locations where the Games were held through compliance test (testing and tagging)
4)	Guarantee the effective management of harmful interferences to ensure that users have high-quality of spectrum usage
5)	Approve and guarantee the spectrum usage in compliance with prevailing legislation and regulations
6)	Guarantee the disclosure of up-to-date information about spectrum management

Figure 1 shows the areas of spectrum usage in the Games. The areas were divided into mainly two Clusters, which were the PyeongChang Mountain Cluster and the GangNeung Coastal Cluster. These clusters had both competition venues and non-competition venues such as the International Broadcasting Centre (IBC) and supporting facilities for the Games 
Figure 1
Areas of spectrum usage for the 2018 PyeongChang Games
[image: 지도이(가) 표시된 사진

자동 생성된 설명]
[bookmark: _Toc469605298][bookmark: _Toc14359330][bookmark: _Toc111480787][bookmark: _Toc111481876]Organization and Activities for Spectrum Management & Monitoring 
The main organizers of SMSC for the PyeongChang 2018 Winter Games were the MSIT, RRA and CRMS. To devise and execute the spectrum management plan, SMSC had to carry out in advance the following activities: 
1)	Get in contact with major spectrum users (Olympic Broadcasting Services and Right Holding Broadcasters) in advance, giving them the due prioritization.
2)	Provide spectrum users with POCOG spectrum manager’s contact information to facilitate communication. Carry out promotional activities, such as sending out newsletters and guidelines, in advance to reduce the number of late applications.
3)	Notify users of spectrum guidelines in advance to prevent the illegal use of spectrum.
Figure 2 shows the basic roles and responsibilities of each organization within the SMSC.
Figure 2
Roles of SMSC in spectrum management and structure of operations
[image: ]
[bookmark: _Toc469605311][bookmark: _Toc469605312][bookmark: _Toc14359331][bookmark: _Toc111480788][bookmark: _Toc111481877]Process to request for spectrum usage and approval
Spectrum demand management was done using the Spectrum Order Portal (SOP) developed by POCOG. All applications were analysed by POCOG and given due prioritisation before being submitted to the MSIT for approval.
POCOG has conducted a thorough analysis of requests and optimized the spectrum application process with the MSIT and other main organization to prevent the request of unnecessary spectrum. For example, analysis was conducted to see if spectrum was requested in unnecessary locations or if users requested backup spectrum. 
Figure 3 shows the process of spectrum request, authorization and approval.
Figure 3
Process of spectrum request, authorization & approval
[image: ]
Although the radio equipment of domestic Olympic participants such as domestic broadcasters and athletic association should apply for frequency according to the above process as well, however a permission to use the radio equipment in accordance with the radio regulations in Korea must be obtained in advance.

[bookmark: _Toc469605313][bookmark: _Toc14359332][bookmark: _Toc111480789][bookmark: _Toc111481878]Spectrum Order Portal (SOP)
The Spectrum Order Portal (SOP) was used for managing the spectrum demand from applicants through the form of spectrum order as shown in Fig. 4.
Spectrum users access the SOP to submit and manage their spectrum application as well as the status updates. A Spectrum Application User Guide, which was a detailed explanation on how to apply for spectrum, supported the usage of the SOP.
For the effective usage of spectrum, spectrum users can also cancel any spectrum no longer required during the Games through the SOP or at any nearby on site spectrum management office. 
The SOP included in the spectrum application form the following items: usage periods including start and end dates, location of the spectrum usage, technical characteristics of the equipment, desired frequency bands and other information requested in the regulations.
Figure 4
Spectrum Order Portal
[image: SOP 사용자 신청]
[bookmark: _Toc469605314][bookmark: _Toc14359333][bookmark: _Toc111480790][bookmark: _Toc111481879]Spectrum Application Methods for Spectrum Users
Two methods were available to request for spectrum by Olympic members. The first was through the SOP if a few frequency ranges were requested. However, for many frequency ranges, an Excel spreadsheet form was published on the official web site of the Games together with the Spectrum Management Plan. Applicable users had to contact the POCOG beforehand to make sure they are intended to use the excel spreadsheet form. 
Spectrum users could submit applications to the POCOG through SOP for spectrum usage. Some spectrum users who were unable to submit their applications in time or requested for the allocation of a different frequency could receive on-site help from the Spectrum Monitoring and Enforcement Team that had members from all the relevant government organizations. However, the frequency assignment was not guaranteed for users who were not able to submit their application in advance.
To obtain the official frequency authorization from POCOG, spectrum users received a “Temporary Frequency Usage Approval” document which was based on the MSIT’s frequency authorization. 
[bookmark: _Toc469605316][bookmark: _Toc14359334][bookmark: _Toc111480791][bookmark: _Toc111481880]Compliance for Testing & Tagging
Before the start of the PyeongChang 2018 Winter Games, the CRMS verified the conformity of frequency parameters, compliance testing and tagging wireless devices. Users that require the use of wireless equipment before the start of the Games must specify the period of usage on their spectrum application and must have their equipment tested & tagged in advance. Users who applied for frequencies for the Games had to bring all their wireless devices to the POCOG for testing and tagging. 
POCOG supported testing & tagging for users who had more than 30 pieces of equipment. For equipment that could not be brought to the POCOG, such as broadcasting equipment inside the TV compound, POCOG went to the user’s location for testing & tagging directly. Moreover, POCOG announced and demanded all users to ensure that all their wireless devices were correctly configured before bringing them to Korea.
If a wireless device failed compliance test and the irregularity could not be rectified, POCOG would attach to it, a “Use Not Permitted” tag. The spectrum users were responsible for configuring any wireless devices found to require frequency reprogramming during compliance testing. 
After testing compliance, the devices were tagged with a distinct colour associated with each venue cluster, indicating that its transportation and operation were authorised. Security teams were instructed to hand over any person operating untagged wireless device or operating devices with tags allocated for another cluster to the POCOG. The unauthorised equipment was confiscated by POCOG and CRMS.

[bookmark: _Toc469605317][bookmark: _Toc14359335][bookmark: _Toc111480792][bookmark: _Toc111481881]Candidate Frequency Ranges for the PyeongChang 2018 Winter Games
The POCOG defined a list of candidate frequency ranges for the Games based on the Korean spectrum policies through collaboration with RRA and MSIT as indicated in Table 2. 


TABLE 2
Candidate frequency ranges for device
	Device
	Frequency Ranges (MHz)
	Allocation Purpose 
in Korea
	Allocation Availability

	Wireless Cameras
	5 250-5 350
	
	Available

	
	5 470-5 725
	Small drones
	Available

	
	5 725-5 850
	
	Limited Availability

	
	6 400-7 300
	
	Limited Availability

	Mobile Microwave Links
	5 925-7 000
	
	Limited Availability

	
	10 300-10 450
	
	Limited Availability

	Fixed Microwave Links
	17 700-17 740
	
	Available

	
	19 260-19 300
	
	Available

	Handheld Radio, Walkie-Talkie
	136-174
	
	Limited Availability

	
	310-328.6
	
	Limited Availability

	
	403-698
	TV Broadcasting
	Limited Availability

	Wireless Intercom or Talkback
	2 400-2 483.5
	
	Available

	Telemetry & Telecommand
	216-328.6
	
	Limited Availability

	
	406.1-470
	
	Limited Availability

	
	2 400-2 483.5
	
	Limited Availability

	Wireless Microphones
	470-698
	TV Broadcasting
	Limited Availability

	
	740-752
	
	Available

	
	917-940
	
	Limited Availability

	
	2 025-2 065
	
	Limited Availability

	IEM & IFB
(In Ear Monitor & Interruptible Feed Back)
	72-76
	
	Limited Availability

	
	137-216
	
	Limited Availability

	
	470-698
	TV Broadcasting
	Limited Availability

	
	894-904
	
	Limited Availability

	Permanent & Transportable Earth Station
	12 750-14 500
	
	Limited Availability

	
	24 650-30 000
	
	Limited Availability

	Wireless LAN
(Wi-Fi)
	2 400-2 483.5
	
	Available

	
	5 150-5 250
	
	Limited Availability

	
	5 250-5 350
	
	Available

	
	5 470-5 650
	
	Available

	
	5 725-5 825
	
	Available



Allocation availability indicated as “Available” signifies that the frequency may be used for the planned application, shared with existing services, but there is a possibility of interference. 

[bookmark: _Toc469605318][bookmark: _Toc14359336][bookmark: _Toc111480793][bookmark: _Toc111481882]Spectrum Reuse Locations
In order to manage the limited amount of radio spectrum resources effectively, POCOG reused the same spectrum in different regions according to the characteristics of the frequency and wireless devices. POCOG divided the locations for spectrum reuse according to the output power of the wireless devices. POCOG and MIST divided locations per zone for devices with output power of five watts or less and divided locations per venue for devices with output power of 0.1 watt or less.
Taking geographical characteristics into consideration, the spectrum reused zones for devices with output power of 5 watts or less were divided into the following four zones:
1) Alpensia Zone,	2) Jeongseon Zone, 3) Bokwang Zone, 4) Gangneung Zone 
Figure 5 shows the spectrum reuse zones in the PyeongChang Mountain Cluster and GangNeung Coastal Cluster
Figure 5
Total map for spectrum reuse locations 
[image: ]
Alpensia Zone for Centre of Mountain Cluster
[image: ]
Coastal Cluster
[image: ]

[bookmark: _Toc14359337][bookmark: _Toc111480794][bookmark: _Toc111481883]Result for spectrum usage and radio spectrum monitoring task
Pre-approval and on-site approval of Radio frequencies in the PyeongChang 2018 Winter Games is summarized in Table 3.
TABLE 3
Results of pre-approval and on-site approval
	
	Pre-Approval
(~ Jan 2018)
	On-site Approval
	Total

	
	
	Winter Olympic 
	Winter Paralympic
	Sum
	

	Number of frequency assignments 
	10,311
	556
	110
	666
	10,977



The spectrum management followed a process for pre-analysis and pre-approval to authorize a frequency through a specific system called “Radio frequency Diagnostics and Environment Monitoring System (hereinafter referred to as "RDEM")” from 2016 to 2017.
The RDEM measured the radio environment before and after the Games. The configuration of the RDEM is shown in Fig6.
Figure 6
RDEM Configurations 
[image: D:\Work\2019\ITU\SG1\기고준비\radio Diag.png]
The RDEM configured three systems and measured 20 sites, which were located at mountain area (mountain cluster), sea area (costal cluster), and rural cluster in the Games. Figure 7 shows the result of real time spectrum usage at four different sites in the Games.
Figure 7
Result of real time spectrum usage 
[image: ]



collection, storage and analysis of spectrum usage monitoring data
The technology applied to “RDEM” system concept is developed into a spectrum monitoring big- data and AI platform in Korea.
The Figure 8 shows the automated spectrum monitoring concept based on the spectrum monitoring big-data platform using the automatically updated license DB and spectrum data preprocessing technology applied to the CRMS in Korea.

According to data processing technology and high-speed network, it is leading to an overall change in the industry from equipment-oriented systems to data processing-oriented systems. This cloud server-oriented technology is being moved not only in mobile communication but also in many network-based services.
The proposed spectrum big data platform was defined as a structure in which the central processing unit processes the radio environment itself through the cloud server network technology and big data platform DB structure. That is, the spectrum collection system is configured to repeatedly FFT-process the entire band of the spectrum monitoring target (e.g. 20 MHz to 6 GHz) and transmit the statistically processed spectrum data such as maximum, minimum, and average trace during the collection time. This network configuration and data collection format concept are explained in Figure 8.
Figure 8 
The architecture of internet-based spectrum big-data platform
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It is possible to perform spectrum monitoring independent of measurement equipment or users by collecting standardized spectrum data rather than control and measurement structure by user interface. Therefore, it becomes possible to analyse the change from the statistical value of the objective measurement independently from the error of the measurement result due to the difference in the user setting or the parameter setting of the equipment.
The perspective of spectrum big data processing can be approached in terms of the characteristics of big data processing below. A basic big data platform configuration can bring powerful advantages to distributed and parallel processing platforms.
Many of spectrum monitoring equipment measure many parameters through FFT-based signal processing and display the results to the user. It is to propose a system configuration based on spectrum big data as raw data for spectrum monitoring that does not depend on individual measurement or equipment.

Collection of Big Data (Definition of Collected Data)
The collection and processing format consists of MetaData and SpectrumData. The standardized spectrum data are collected, accumulated and transmitted according to the transmission period in consideration of the established network speed. 
The collected data is processed into accumulated statistical spectrum data such as maximum, average, and minimum values by the repeated FFT spectrum data at RF sensors.

Data pre-processing
The parameters necessary for spectrum monitoring tasks are processed into a pre-processing format for spectrum big data analysis by time series, frequency, and space based on automated prior information such as license DB in order to improve the speed of analysis. In addition, the streaming processing is applied to extract information such as illegal and interference detection from the big data platform in near real time for each RF sensor.

Data analysis and visualization 
Spectral raw data and pre-processed data can be developed for data processing and visualization by various open source big data platform software for storage, analysis, and processing. 
The spectrum data managed by each space and time in the big data platform can serve as a black box of the spectrum and support detailed analysis of spectrum monitoring tasks and other spectrum monitoring activities through post-processing. Actually, for the efficient management of data storage, long-term data can be stored and utilized through various compression methods such as compression algorithm and statistical processing of spectrum raw data.
Figure 9 is an example of applying various analysis algorithms for event searching through post-processing and comparing collected spectrum data in the spectrum big data platform at random times. 
Figure 10 is an example of visualization for the various spatial distribution information by using the spectrum big data platform of spatially arranged RF sensors.
FIGURE 9
Spectrum replay and post processing example based on spectrum big-data platform
 [image: ]

FIGURE 10 
Frequency Occupancy Analysis example based on spectrum big-data platform
[image: 차트이(가) 표시된 사진
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