- 32 -


Attachment 3 
Draft CEPT Brief on agenda item 1.3
1.3
to consider spectrum requirements and possible regulatory actions, including allocations, in order to support the safe operation of unmanned aircraft systems (UAS), based on the results of ITU‑R studies, in accordance with Resolution 421 (WRC-07).

Issue

This agenda item covers the following issues:

Resolution 421 (WRC-07):
that WRC‑11 consider, based on the results of ITU‑R studies:

1
to consider the spectrum requirements and possible regulatory actions, including additional allocations, to support the remote pilot in commanding and controlling the unmanned aircraft systems and in relaying the air traffic control communications, as mentioned in considering c);
(Considering c
that the safe flight operation of UAS needs reliable communication links and associated spectrum, especially for the remote pilot to command and control the flight and to relay the air traffic control communications;)
2
to consider the spectrum requirements and possible regulatory actions, including additional allocations, to support the safe operation of unmanned aircraft systems not covered by resolves 1, as mentioned in considering d),
 (Considering d
that the safe flight operation of UAS necessitates advanced techniques to detect and track nearby aircraft, terrain and obstacles to navigation in order to ensure the UAS avoids these objects in a manner equivalent to that achieved by manned aircraft;)
Preliminary CEPT position

CEPT supports studies to determine the radiocommunications requirements for the safe operation of UAS with the aim to propose the necessary regulatory action to WRC11

To ensure safe and seamless integration of UAV in the ECAC region around 2030, XX MHz of terrestrial and XX MHz of satellite safety spectrum are required to provide ATC relay, C² and SAA (without video) services.
Background 
Already during the preparation of WRC 07 CEPT/PT3 discussed the issue of the operation of unmanned aircraft under AI 1.5 and 1.6 of WRC 07.  It was felt that the implications of the operation of unmanned aircraft were not completely visible in time for WRC07. Hence CEPT proposed a separate agenda item for UAS for WRC 11. This proposal was supported by similar proposals from other regions.
Remotely piloted air vehicles have been used by the military for some considerable time and this technology is now finding applications within the civil environment. In a large number of countries there are now significant civil development programmes for these UAS with the intention of development systems that operate seamlessly with existing piloted aircraft in non-segregated airspace. There are also schemes to operate safely UAV in unclassified airspaces where there is neither radar nor radio ATC service. 
To date safety of other aircraft has been mostly ensured by providing suitable segregated airspace within which development and operation of unmanned aircraft can take place.  Initially these areas of segregated airspace were fixed, normally within a single Administration. However as products have matured there have been requirements for international flights and even transcontinental ones.  This has been temporarily accommodated, whilst the requests are limited for specific tests, by the use of a “bubble” of segregated airspace which moves with the aircraft.  However as the number of requests increase and proposals for permanent operations are made these means will no longer be sufficient. The aeronautical technology is now mature to mix the conventional piloted air traffic with unmanned aircraft used for many different purposes.

Resolves 1 of Resolution 421 asks the WRC-11 to consider the spectrum requirements and possible regulatory actions, including additional allocations, to support the remote pilot in commanding and controlling the unmanned aircraft systems and in relaying the air traffic control communications. This addresses directly those radio links which connects the remote pilot to the aircraft. These radio links are replacing partially functionalities which are in manned aircraft completely inside the aircraft, and therefore subject to the process of airworthiness certification. The implication for the regulatory treatment of these radio links has carefully to be studied.

Resolves 2 of Resolution 421 addresses techniques to detect and track nearby aircraft, terrain and obstacles to navigation (Sense And Avoid/SAA-Systems) in order to ensure the UAS avoids these objects in a manner equivalent to that achieved by manned aircraft (see and avoid principle). There are already systems in operation in manned aircraft which help to avoid incidents with terrain and nearby aircraft. It has to be studied if these systems are suitable for use in unmanned aircraft. 
Resolution 421 keeps the radiocommunication requirement of payload outside any possible WRC-11 decision. ITU-R is invited to produce a report or recommendation, as appropriate on how the communications requirements for UAS payload could be satisfied.
The variation of systems is expected to be considerable, ranging  from very light devices weighing  a few hundreds of grams to those that equate to current civil air transport aircraft and it is expected that these systems will want to operate in all types of airspace.
In order to help the understanding of the UASradiocommunication architecture, figures are collected in the annex A.
2.1 Terminology

For ease understanding it could be useful to have a shared terminology inside the community dealing with unmanned aircraft issues. This section aims to give general assumptions and terminology used in this document and more particularly about unmanned aircraft systems and sub-systems, categories of airspaces where UAS are likely to be deployed and telecommunication functions required to operate the complete system which are relevant for WRC-011 Agenda Item 1.3.

Annex A illustrates the following terminology and general descriptions.
Under these considerations, the different components in unmanned aircraft systems could be understood as the following sub section below
UAS (Unmanned Aircraft System): consists of three sub-systems :

· Carrier Sub System (UAV) i.e the aircraft itself;

· Communication Sub System (all communication links between all entities making up the UAS ) 
;

· Payload Sub System (e.g. Video camera …).

.
UAV: (Unmanned Aircraft Vehicle) designate all types of unmanned aircraft. Nevertheless, this includes some specific remotely piloted aircraft potentially operated by some countries in a transition period with only one pilot aboard these UAVs. 

RPC (remote piloting centre): this is the centre where the operators command and control in real time the UAVs, in accordance with ATC data relayed to them.
OPAC (Operational Payload Analysing Centre): this is the remote centre where data from the UAV is analysed and brings a particular importance for all the missions related to surveillance purposes. As the processing resources would be greater in these remote stations, it would be very interesting for the gross UAV weigh consideration to send massive rough data (and video in particular) to these centres. On the other hand, such method would require important bandwidths. Another interesting question is to consider the interest to integrate or not in the security flux the possible video streams data.
All these remote centres are not necessarily based in the same premises. Therefore, direct communications between these actors could also be considered.

2.2Classication of air spaces 
Annex B provides the ICAO airspace classification.
To date, operations have been limited to segregated airspaces designated as ‘’R’’ (Restricted), ‘’D’’ (Dangerous) or ‘’P’’ (Prohibited). The aim of the WRC-11 AI 1.3 is to allow the safe operation of all kinds of UAVs in non-segregated airspaces (i.e. other than those designated as segregated airspace). For the purposes of this paper, the airspace may be grouped into three categories, namely:

· ATC Separation Assurance – Air traffic control is responsible for safe separation of all aircraft. This comprises Classes A, B, and, if the UAS is operated in accordance with IFR, Class C.

· Limited or no ATC Separation Assurance– Air traffic control is not responsible for safe separation of all airspace users. This comprises Classes D, E, F, & G.

· Segregated – A defined volume of airspace is reserved for exclusive use of a particular UAS. In such airspace there would be no air traffic control service and therefore ATC is not responsible for separation but there is one or more aircraft, under the control of the same operator, in this airspace at a given time.

The category of airspace has a pronounced impact on data rate for ATC communications, command and control and particularly regarding Sense and Avoid.

The overall data rate for a single UAS is expected to be a function of:

· The ATC-UAS communications exchange requirements which in turn are a direct function of the aforementioned categories of airspace,

· The UAS Command & Control requirements which in turn are a direct function of UAS systems design and engineering considerations pertaining to the UAS degree of systems automation/autonomy,

· The UAS Sense and Avoid requirements which in turn are a function of the category of airspace (dictating sensing and avoidance requirements as regards other airspace users), the terrain environment (i.e.: UAS are at all times responsible sensing and for avoiding terrain when operating at low altitudes) and weather (i.e.: unless other suitable mitigation is applied, UAS must be able to sense and avoid areas of adverse weather).


Furthermore, insofar as data rates are concerned, it becomes possible to consider flight under Instrument Flight Rules (IFR), Visual Flight Rules (VFR) and segregated flight.
2.3 The ‘’Air Traffic Control’’ (ATC) relay:

The link between the remote pilot and the UAV relaying ATC, Aircraft to Aircraft communications is called ATC relay.

In non-segregated airspace such a link will be necessary. It is there supposed that all the communications will be relayed by the UAV. A direct link between the ATC and the remote pilot will be useful but not mandatory as this operator could be far from the ATC centre or in maritime or aerial bases where direct links with the ATC would be difficult to implement. Considering the different units involved in these kinds of communications, two uplinks and two downlinks are expected:

Uplinks for communications: 

· from the ATC to the UAV (outside the scope of WRC-11 A.I. 1.3);

· from the RPC to the UAV (downlink ATC relay, UAV to aircraft relay);

· from Aircraft to the UAV (outside the scope of WRC-11 A.I. 1.3) 

Downlinks for communications : 

· from the UAV to the ATC (outside the scope of WRC-11 A.I. 1.3);

· from the UAV to the RPC (uplink ATC relay, Aircraft to UAV relay);

· from UAV to Aircraft (outside the scope of WRC-11 A.I. 1.3);

The following figures shows these links 
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As these communications are critical for a safe management of the controlled airspaces, especially in the high density of some terminal approach areas, future ICAO standards are obviously mandatory for these kinds of communications.
2.4
Command and Control (C2 ) 

This is the typical link between the remote operator piloting and the UAV. Two ways of communications can be considered:

The uplink to send commands to the aircraft for navigation purposes. This is the ‘’Command’’ link that would probably necessitate low data rates. 

The downlink to send the flight status of the UAV to the remote pilot. It is anticipated that in some flight conditions or in specific airspaces it could be necessary to downlink video streams. This consideration is of a first importance for the work of the ITU-R related to Resolution 421 (WRC-07) and must also be appreciated with the similar requirement that may come from the SAA function (see below). Such a requirement could lead to data rates of several hundreds of kbits/s per UAV. 

In areas under the responsibility of the aeronautical authorities, it is expected that the Command and Control communications will have to be compliant with ICAO standards to be further specified on this function. Nevertheless, in the periods where the UAV will follow a full autonomous flight, the up and down C2 links could have very weak rates or be temporary disrupted.

2.5
‘’Sense and Avoid’’ (SAA)

This functionality is equivalent to the piloting principle ‘’see and avoid’’ used in all volumes where permanent dangers exist due to the fact that external assistance (ATC: Air traffic Control) for the safety of the flight is not fully guarantied. To carry out the spectrum requirements related to the SAA function, two aspects must be considered:

First, all the electro-magnetic equipments designed to collect rough data related to the ‘’sense’’ function will have specific requirements in ITU-R services. For example, the evaluation of the close proximity of the UAV using radar equipment will lead to operate in radiolocation service bands. It has to be studied how far this functionality can be realised by using existing systems such as radar, ACAS, ADS-B and UAT. The data derived by the sensors could either directly be processed inside the UAV or be transmitted to the RPC.

Second, the control of the proper operation of this SAA function will be permanently or regularly checked by the remote pilot. If necessary, the operator must be in a position to modify the SAA parameters depending upon the area of flight, the weather conditions or the level of autonomy let to the UAV. In this bilateral communications between the remote pilot and the UAV for the SAA function two different links must then be considered:

· The SAA uplink represented by the parameters that the pilot sends to the UAV for an adapted operation of this function according to the conditions of the flight. Identically to the C2 uplink, it is expected that such a communication will not require high bit rates: the expected order of magnitude required would be around a few kbits/s per UAV.

· The SAA downlink from the UAV to the remote operator which indicates that the SAA function operates as desired. Similarly to the C2 downlink requirement, the necessity to send video streams under this SAA function must be considered avoiding duplication between C2 and SAA video downlinks. These possible requirements will seize associated bit rates of at least several hundreds of kbits/s per UAV.

Similarly to the Command and Control (C2) considerations, it is expected that the ‘’SAA data’’ electro-magnetic requirements will have to be compliant with future ICAO standards for the safe flight of the UAV in areas under the responsibility of the aeronautical authorities. 

2.6 The ‘’Payload’’ (PL) function :

Following the work of the WRC-07, the Resolution 421 (WRC-07) proposes to continue the study of this specific requirement but does not request any action by WRC-11. Question 231/8 might be used to that effect.

The payload function is represented by the final use of the U.A. The associated communication streams could be very important specifically for all UA involved in surveillance or monitoring missions. These radio communications are not part of aeronautical functions of the UA but are obviously the reason of existence of these new aeronautical mobiles. If it was impossible to download massive data from surveillance UA to the analysing centres, the UA would then become useless.

Other considerations (Relay, redundancies…)

Resolution 421 (WRC-07) lets also open the door to consider some other major aspects:

A. Relay of communications: The communications between the above actors (ATC, RPC,…) could be assumed by direct links or re-transmitted communication. The retransmission platforms could be a satellite or an another (unmanned)aircraft, or a simple ground or maritime station.

B. Redundancy: The level of security required for the safe operation of future UAVs in non-segregated airspace would probably lead to double or triple some kinds of communications.
C. Handovers operations: As UAV could operate in a wide range of lands, it will be necessary to take into account that in some periods of flights the mobile could be in communication with more than one ATC, OPAC (Operational Payload Analysing Centre) or RPC unit for handover operations.
1. Elaboration of CEPT UAS scenarios;
The number of UAV flying simultaneously is one of the key parameters to derive UAS safety spectrum requirements. Three methods have been compared and provide converging visions :

Method 1 starts from overall civil air traffic forecast, method 2 from UAS construction forecast and method 3 is based on national scenario,. 

Focus is given to the European region of ICAO (“ECAC” - 39 member states), this service area is considered representative to derive maximum spectrum requirements.

The [two/three] methods converge towards a similar order of magnitude for the Peak Instantaneous UAV Count (PIUC) over the ECAC region in 2030. 

The figure of around 500 UAV is retained.
3
UAVs categories

The publications on UAV are numerous and consequently several types of classifications exist.

Within the framework of this document four criteria of selection have been retained - radius of action (range), altitude, autonomy in flight,, weight - and allow to define eight categories of UAV. Nano UAV, Micro UAV, mini UAV, close range (CR), short range (SR), medium range (MR) UAV, Low Altitude Deep Penetration (LADP) UAV, and XALE UAVs

The table below gives the UAV's characteristics.

	UAV Categories
	Acronym
	Range (km)
	Flight altitude (m)
	Endurance (hours)
	MTOW (kg)


	Nano 
	η
	<1
	100
	<1
	<0,025

	Micro
	µ (micro)
	<10
	250
	1
	<5

	Mini
	Mini
	<10
	150 to 300
	<2
	<30

	Close Range
	CR
	10 to 30
	3000
	2 to 4
	150

	Short Range
	SR
	30 to 70
	3000
	4 to 6
	200

	Medium Range
	MR
	70 to 200
	5000
	6 to 10
	1250

	Medium Range Endurance
	MRE
	>500
	8000
	10 to 18
	1250

	Low Altitude Deep Penetration
	LADP
	>250
	50 to 9000
	0,5 to 1
	350

	Low Altitude Long Endurance
	LALE
	>500
	3000
	>24
	<30

	Meduium Altitude Long Endurance
	MALE
	>500
	14000
	24 to 48
	1500

	Hight Altitude Long Endurance
	HALE
	>2000
	20000
	24 to 48
	12000


4
UAS applications
Applications can be classified in two main categories: public order missions and protection and support of People and their Goods. Inside these categories several applications (missions) are available and has been referred as follows:


- missions for environmental purposes,


- specific missions (communication relay,…),


- national and regional governmental missions.

Some examples of missions are presented in the table below.. 

	Mission reference 
	Details of  mission requirements
	Details and examples

	M_1
	General Surveillance of popular outdoor meetings gathering several thousands of people in a few square kilometres. 
	Examples : 

Sport games - Strike events – Popular events

	M_2
	General urban surveillance as a complement to another mission.  Ordinary life activity monitoring over a small city or a few districts of a main city.
	Night and day capability

Complement to environmental mission 

	M_3
	Fast reaction consecutive to unusual events in a limited area and for a limited period. The aim is to evaluate the nature and the quantity of additional police and/other governmental means to be engaged to deal with these fast evolving events.
	Complement to missions M_1 and M_2

Examples: riots, vehicle fires.

	M_4
	General roads surveillance in

complement to fixed means or airborne ones (helicopter) in an area of a few tens of kilometres. 


	For the short term, it is supposed that the existing means (fixed video and helicopters) are sufficient and well seized to the current needs.

Main mission: Surveillance and protection of railways, high voltage lines, gas pipes

Secondary mission: Occasional surveillance of ordinary road activity on busy axes.

	M_5
	Identical to ‘’ M_4’’ except that it applies for occasional use when the existing means are not operational when the level of risk for crews is too high or when the weather conditions do not allow piloted manned aircraft.
	Example: Use in case of very bad visibility (dense fog, snow storm…..) or if the aims justify the means.

	M_6
	Preparatory surveillance before human intervention in difficult access areas (drugs, terrorism….)
	Detailed and discrete surveillance (faces, numerical car plates…) of a specific population on a limited area. Picture and video capacity. 

	M_7
	Preventive boarder surveillance for the management of migrating flows (coastlines, overseas territories….)
	Complementary to existing radars

	M_8
	Preparatory evaluation before  intervention with terrestrial means
	Example: Water level evaluation in case of flood to guarantee a safe progress of terrestrial vehicles.

	M_9
	Search and rescue of people in distress



	Support to localise and assist people in danger when the use of conventional means is not sufficient safe for the crews or when the weather conditions do not allow the use of piloted aircraft.

	M_10
	Forest fires prevention surveillance
	A few thousands of square kilometres with a revisiting period of around 15 minutes

	M_11
	Local surveillance, detection and tracking (urban or rural) 
	

	M_12
	General maritime surveillance for ships protection, possibly in support to other missions
	Wide maritime surveillance

	M_13
	National Coasts surveillance
	Coast line surveillance

	M_14
	Regional surveillance, detection and tracking 
	Eventually complement to mission M_12

	M_15
	Large areas surveillance with long endurance capability
	Wide areas


5
UAS technical characteristics and protection requirements
6
Spectrum requirements for UAS communications

6.1 General description of the approach

For the purpose of assessing spectrum requirement,  six phases of UAS operations are considered.  These phases are:

· Taxiing

· Takeoff 

· Initial climb

· Cruise/En-route

· Approach 

· Landing 

It is noted that some UAV may not use all these phases of flight. 

For each phase of flight the methodology for assessing the spectrum requirement has four main steps:

1. From the estimated information exchange rate, calculate the spectrum required for a single UAV.

2. From the estimated density of UAV in each type of coverage cell, calculate the per-cell spectrum requirement using (1).  

3. Calculate the re-use factor for each type of coverage cell.

4. Use (2) and (3) to estimate the sub-total spectrum required for each cell type, and add sub-totals together to determine the total spectrum required (terrestrial and satellite).
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6.2 Assumptions

 Latency

Latency issues need to be considered for video, voice and data. Video and data would need to be closely correlated during, for example, the takeoff run.

 [Note:  the value for latency needs to be established]

6.3 Single UAV Spectrum Requirement

The estimation of spectrum for any video [raw or processed] requirement will be considered separately although taken into account for the overall requirement. 
6.3.1 Data Rate 

6.3.1.1 Command and Control.

Data rate of xx kbits/s have been currently estimated for C2 for both uplink and downlink. 

6.3.1.2 Sense and Avoid 

Data rate of xx kbit/s have been currently estimated for the SAA relay for both uplink and downlink between UAV and RPC.

6.3.1.3 ATC Relay

ATC voice relay 

A data rate  [xxkbits/s] has been used for both uplink and downlink as a maximum value to ensure good quality speech and low latency for air traffic control. It is probable that this data rate could be reduced to [xxkbits/s], UAV industry select a Codec in the future, meeting aviation requirements. The voice requirements address the need to relay ATC instructions [that will probably require the addition of routing information].
ATC data relay

A data rate xx kbits/sec has been used for both uplink and downlink.

6.3.1.4 Video

For the purposes of this paper, video has been classified as high definition, normal and low as follows:


High definition:

xxx kbits/sec with up to 3 cameras 


Normal:



xxx kbits/sec with 1 camera


Low:




xxx kbits/sec with 1 camera
The field of view of each camera is to be determined but will probably be about 110 degrees.

For the purposes of analysis, where video is used for command & control it is assumed that the same video facility could be used for sense & avoid purposes to avoid bandwidth duplication.

The actual number of cameras required for any given phase of flight must be determined by airworthiness authorities.

6.3.2 Efficiency and Protocol

A provisional factor of xx to cover redundancy, robust coding etc.

6.3.3 Security of the Information System
6.3.4 Overall Spectrum Requirement per UAV

The amount of spectrum per UAV f(1) Hz can be related to the overall data rate C bit/s (see section 6.3.1) by considering the spectral efficiency and protocol (  bit/s/Hz (see section 6.3.2 & 6.3.3).  These can be related by the equation:
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6.4 Spectrum Requirement Per Cell

[Note: how the number of UAVs within a cell are apportioned to terrestrial or satellite needs to be developed and the relevant factor added in the formulas below]

6.4.1 Terrestrial

For the description of the cells see Annex C

The amount of spectrum per cell depends on the number n of UAV in a cell.  If there can be more than one UAV in a cell then there needs to be a control channel for any hand-off or signalling activity.  For n UAV there must thus be n+1 channels.

The spectrum to support n UAV is f(n) Hz where:
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6.4.2
Satellite

For the description of the cells see Annex D 

[Note: Annex D needs to be developed]

6.5 Re-use Factor

6.5.1 Terrestrial

In order to determine the most efficient reuse factor (k) for each type of cell, the following iterative process must be applied:

· Starting with a high k factor (e.g. 12) calculate the Edge-of-Cell (EOC)-to-EOC distance.

· Calculate the radio horizon (RH) associated with operation at maximum altitude within the cell.

· Calculate the distance Ri required to maintain at least 6dB carrier-to-interference ratio when operating at maximum range (i.e. cell radius).

· If the EOC-to-EOC distance is greater than the radio horizon, the k factor may be reduced to the next available integer value, and the process re-starts.

· If the EOC-to-EOC distance is less than the radio horizon, a check must be made to ensure that Ri is greater or equal to 8 times the cell radius to maintain 6 dB C/I ratio. If this cannot be achieved, the k factor must be increased to the next available integer.

· If this can be achieved, the current k factor can be applied.

This process can be summarised with the following flowchart:
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Results

Networked Cells

For the networked cells (type C, D, E and F) the process gives frequency reuse patterns as follows:

	Cell Type
	Cell radius (NM)
	Cell Altitude range
	RH (NM)
	K applied
	Re-use distance (NM)
	EOC-to-EOC distance (NM)

	C
	35
	0 – 5000 ft
	87.0
	7
	161
	126

	D
	85
	5000 – 19500 ft (FL195)
	171.8
	4
	297.5
	212.5

	E
	170
	19500 – 45000 ft (FL450)
	260.9
	3
	510
	340

	F
	260
	45000 – 80000 ft (FL800)
	347.9
	3
	780
	520


Independent Cells

Cell Types A and B are treated as independent cells as they do not have a regular repeat pattern. This is due to the fact that these cells will be required wherever there is a requirement to operate UAS, either at an airport or a temporary site.

Because these cells have a small radius and a large number of them can operate in close proximity to each other, and within the distance required to achieve an acceptable C/I ratio, a very high reuse factor is required.

The amount of spectrum required for these cells will be dictated by the scenario. More specifically, the total spectrum required will be the spectrum required per cell multiplied by a factor (() representing the peak number of cells within 8 times the cell radius or the radio horizon at maximum altitude (whichever is the lesser).  
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In the above example, there are 5 cells within radius Ri (or RH), giving a spectrum multiplier value (() of 5. 

6.5.2 Satellite

6.6 Overall Spectrum Requirement for UAVs

6.6.1 Terrestrial

The total spectrum requirement for a terrestrial UAS application can be calculated as follows:

	Cell Type
	Calculation
	Sub-total

	A
	Spectrum per cell x multiplier ((A)
	Spectrum for Type A cells

	B
	Spectrum per cell x multiplier ((B)
	Spectrum for Type B cells

	C
	Spectrum per cell x 7
	Spectrum for Type C cells

	D
	Spectrum per cell x 4
	Spectrum for Type D cells

	E
	Spectrum per cell x 3
	Spectrum for Type E cells

	F
	Spectrum per cell x 3
	Spectrum for Type F cells

	
	
	[Total Spectrum Requirement]


6.6.2 Satellite
4.
Sharing studies in these potential additional allocations
To be further specified

5Proposals to fulfil the spectrum required by scenarios of UAS. 
To be further specified
List of relevant documents

Actions to be taken
- The radio links for UAV are applications of which radiocommunication service? - To determine scenarios.
- To determine the spectrum requirements 

- Necessity of video links

The need for C2 and SAA video is currently not yet identified. If needed, liaison with relevant bodies will be required for defining all the parameters in order to study this specific spectrum requirement.
Example of parameters
· Pictures resolutions;

· Frames rates;

· Necessary bit rates;

· Video compression possibilities and performances;

· Spectrum efficiency and associated bandwidth required;

· Impact of modulations and associated degradation of  S/N;

· Channel coding possibility and associated improvement of  S/N rates;

· Video and channel decompressing delays (sensible for SAA and C2);
Relevant information from outside CEPT
European Union

[EC & EDA (date of proposal)]

Regional telecommunication organisations

APT (date of proposal)

ATU (date of proposal)

Arab Group (date of proposal)

CITEL (date of proposal)

RCC (date of proposal)

International organisations

[ITU (date of proposal)]

[ICAO (date of proposal)]
IMO (19 Sept. 2008)
To oppose any allocation that would affect the interests of the maritime services.
[NATO (date of proposal)]
SFCG (September 08)
SFCG supports the protection of existing space science service allocations.  No allocations of spectrum to support UAS systems should be made in space science service bands unless acceptable sharing criteria are developed.  Airborne system downlinks can be particularly troublesome for space research and EESS receive ground stations.  Airborne system uplinks have the potential to interfere with space-based receivers, especially passive remote sensors.

WMO (July 08)

Should identification or allocations for Unmanned Aircraft Systems (UAS) be considered in meteorological bands, WMO urges that compatibility with related applications be assessed and adequate protection be ensured.

Regional organisations
[ASFCG (date of proposal)]
ESA (November 08)
Same as SFCG position


 

EUMETNET (September 08)
Same as WMO position

[Eurocontrol (date of proposal)]
[Other relevant information]
ANNEX A
Illustration of aeronautical functions related to the WRC-11 A.I. 1.3.

The following figures aim at helping to gain a better understanding of what is a UAS under the spectrum view. First part gives ideas of the different categories of airspace to consider while the second part draws the main radio communications studied in the A.I.1.3. The interest of these figures is essentially to show the nature and the function of main UAS particular links. It is obvious that the implementation will lead to merge in the same link data of different nature when feasible 

Following figures refer to sections 1 and 2 of the background part of the brief.

]
1. Precision on the terms ‘’non segregated’’ airspaces
To date, the UA (Unmanned Aircraft) have flown in protected air volumes which can be conventional static ‘’P’’ (Prohibited), ‘’R’’ (Restricted) or ‘’D’’ (Dangerous) areas. The normal category is ‘’R’’ for the UA activity. 

Recent development of UAS activity leads to create temporary dynamic ‘’R’’ areas included in the other air volumes. 

All these ‘’segregated’’ areas are coloured in grey in the following figure A-1. 

As a consequence of the flight of the UA outside these segregated areas, the following air volumes could be used by the futures UA:

I. The classified airspaces A, B, C and D. These are normal airspaces for conventional commercial traffic. The current TMA (Terminal Management Approaches) and Airways are normally in these classes of control. These areas are depicted in beige colour in the figure 1

II. The classified airspaces E, F and G. In these areas; there are only not compulsory radio communications between the air controllers and the pilots. These E to G classified areas are depicted in the figure 1 as volumes below the FL 660 which are not grey nor beige nor yellow.

III. The unclassified air volumes where there is no ATC (Air Traffic Control) service as there is neither radar (secondary) nor radio coverage. These are the unclassified airspaces coloured in yellow in the figure 1.
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Figure A-1: This figure depicts the different types of aeronautical volumes.
2. Details on the radio communication related to UAS

2.1. Actors:



The figure A-2 represents the main actors involved in a UAS.
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Figure A-2: This figure shows the main actors involved in UAS radio communications.
2.2. Command and control (C2 or C/C)

The figure A-3 represents direct and relayed radio communications for the C2 function
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Figure A-3: C2 radio communications in a UAS.
Explanations of the labels of the figure A-3:
· ‘’1’’ : Uplink representing the ‘’Command’’ of the Command and control (C2) function;

· ‘’2’’ : Downlink representing the ‘’Control’’ of the Command and control (C2) function. This arrow is wider to show the possible necessity to downlink video or equivalent high data rates;

·  ‘’23’’ and ‘’24’’ : relay of C2 communications from the UAV to the  remote pilo. These arrows are wider for the same reasons as link ‘’2’’t;

· ‘’25’’ and ‘’26’’ : relay of C2 communications from the remote pilot to the UAV;
· ‘’27’’ : Optional telecommunication network for the remote actors of the UAS. This network is not formally in the C2 function but it represent a possible global surface network where remote actors could be inter-connected to each other;
2.3. Sense and Avoid (SAA)

The figure A-4 represents internal (cooperative and non cooperative) radio communication requirements for the SAA function as well as the necessary direct communication between the UA and the RPC. This later could also be relayed via satellite or aircraft.
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      Figure A-4: Radio communications to consider for the SAA function.
Explanations of the labels of the figure A-4:
· ‘’3’’ : volume of operation of the ‘’Sense and avoid’’ (SAA) function ;

· ‘’4’’ : No cooperative ‘’Sense and avoid’’ (SAA)  communications in the volume ‘’3’’;

· ‘’5’’ and ‘’6’’ : SAA communication with a cooperative aircraft in the volume ‘’3’’;

· ‘’7’’ and ‘’8’’ : Initialisation and verification of the SAA equipment by the remote pilot; The arrow ‘’8’’ is wider to show the possible necessity to downlink video or equivalent high data rates to carry out visually by the remote pilot the SAA function.;
·  ‘’23’’ and ‘’24’’ : relay of SAA communications from the UAV to the remote pilot. These arrows are wider for the same reason as arrow ‘’8’’ in case of relay;

· ‘’25’’ and ‘’26’’ : relay of SAA communications from the remote pilot to the UAV;
· ‘’27’’ : Optional telecommunication network for the remote actors of the UAS This network is not formally in the C2 function but it represent a possible global surface network where remote actors could be inter-connected to each other;;
2.4. ATC and ATC relay

The figure A-5 represents the radio communication between the ATC and the RPC. The segment between the UA and the RPC could also be relayed as indicated in the figure. These radio communications could apply only when the UA flies in airspaces under classes A to G. In unclassified airspaces there is no ATC service and therefore no radio communication with ATC required.
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       Figure A-5:  Radio communications related to the ATC service in classified airspaces  

                         (classes A to G).
Explanations of the labels of the figure A-5:
·  ‘’9’’ and ‘’10’’ : ATC communications between the ATC and the UAV for flights in airspaces under classes ‘’A’’ to ‘’G’’ ;

· ‘’11’’ and ‘’12’’ : relay of ATC communications ‘’9’’ and ‘’10’’ between the UAV and the remote pilot;

·  ‘’23’’ and ‘’24’’ : relay of ATC communications from the UAV to the  remote pilot;

· ‘’25’’ and ‘’26’’ : relay of ATC communications from the remote pilot to the UAV;
· ‘’27’’ : Optional telecommunication network for the remote actors of the UAS;

· ‘’28’’ : Direct optional link between the ATC and the remote pilot;

2.5. Payload

The figure A-6 represents the radio communications required for the payload. These needs are not in the scope of the Resolution 421. This picture does not represent the possible radio communication need for active electro magnetic equipment such as SAR radars.
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       Figure A-6:  Radio communications related to the payload operation

Explanations of the labels of the figure A- 6:
· ‘’13’’ : Uplink ‘’telecommand’’ for the payload;

· ‘’14’’ : Downlink ‘’telemetry’’ for the payload. This arrow is wider because many UA will be used for surveillance and therefore will downlink video streams;

· ‘’15’’, ‘’16’’, ‘’17’’  and  ‘’18’’ : Communications between the remote pilot and the operator of the payload analysing centre ;

· ‘’19’’ and ‘’20’’ : relay of payload data ‘’14’’ towards the OPAC ;

· ‘’21’’ and ‘’22’’ : relay of payload telecommand communications ‘’13’’ from the OPAC to the UAV ;
· ‘’27’’ : Optional telecommunication network for the remote actors of the UAS;

· ‘’29’’ : Direct optional link between the remote pilot and the operator of the payload analysing centre;

2.6. General view of UAS radio communications

The figure A-7 is the sum of figures 2 to 6. As it includes the ATC radio communications, this view applies only in airspaces under classes A to G. Obviously, some of these fluxes could be merged in the same link in order to simplify the implementation of transceivers.
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Figure A-7: Analysis of the communication flows in an UAS.

Explanations of the labels of the figure A-7:
· ‘’1’’ : Uplink representing the ‘’Command’’ of the Command and control (C2) function;

· ‘’2’’ : Downlink representing the ‘’Control’’ of the Command and control (C2) function;

· ‘’3’’ : volume of operation of the ‘’Sense and avoid’’ (SAA) function ;

· ‘’4’’ : No cooperative ‘’Sense and avoid’’ (SAA)  communications in the volume ‘’3’’;

· ‘’5’’ and ‘’6’’ : SAA communication with a cooperative aircraft in the volume ‘’3’’;

· ‘’7’’ and ‘’8’’ : Initialisation and verification of the SAA equipment by the remote pilot;

· ‘’9’’ and ‘’10’’ : ATC communications between the ATC and the UAV for flight in airspaces under classes ‘’A’’ to ‘’G’’ ;

· ‘’11’’ and ‘’12’’ : relay of communications ‘’9’’ and ‘’10’’ between the UAV and the remote pilot;

· ‘’13’’ : Uplink ‘’telecommand’’ for the payload;

· ‘’14’’ : Downlink ‘’telemetry’’ for the payload;

· ‘’15’’, ‘’16’’, ‘’17’’  and  ‘’18’’ : Communications between the remote pilot and the operator of the payload analysing centre ;

· ‘’19’’ and ‘’20’’ : relay of payload data ‘’14’’ towards the OPAC ;

· ‘’21’’ and ‘’22’’ : relay of payload telecommand communications ‘’13’’ from the OPAC to the UAV ;

· ‘’23’’ and ‘’24’’ : relay of ATC or SAA or C2 communications from the UAV to the  remote pilot;

· ‘’25’’ and ‘’26’’ : relay of ATC or SAA or C2 communications from the remote pilot to the UAV;

· ‘’27’’ : Optional telecommunication network for the remote actors of the UAS. This network is not formally in the C2 function but it represent a possible global surface network where remote actors could be inter-connected to each other;;
· ‘’28’’ : Direct optional link between the ATC and the remote pilot;

· ‘’29’’ : Direct optional link between the remote pilot and the operator of the payload analysing centre;

· ‘’30’’ : Direct optional link between the ATC and the operator of the payload analysing centre.

Remarks : 
· The links ‘’13’’, ‘’14’’, ‘’19’’, ‘’20’’, ‘’21’’ and ‘’22’’,  related to the payload are not in the scope of the Resolution 421 ;

· The links ‘’9’’ and ‘’10’’ between the ATC and the UA are not in the scope of the resolution 421.
· The links ‘’2’’ or ‘’8’’ could include real time video streams as well as the links for the payload ‘’14’’, ‘’19’’ and ’’20’’. 
· Wide arrows indicate that high data rate could be necessary for video (or equivalent) for instance;

· The radio communication need for active electro magnetic equipment related to the payload (SAR radars for example) does not appear on this picture.
· Links printed in dash are optional to the links in full arrow of the same function.
ANNEX B

Annex 11 of the convention on international civil aviation - Air Traffic Services provides general information concerning requirements of flights within each class of airspace.
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Figure 1: airspace classes, services provided and flight requirements

ANNEX C

Coverage Cells

For the purpose of this exercise, 6 types of coverage cell assumed. These can provide coverage to UAV operating at different altitudes ranging from the surface to FL800 (approximately 80,000 feet) to meet the wide range of UAS applications that are expected to evolve. The coverage cells are defined in terms of radius and altitude range. The upper altitude range is necessary to minimise the frequency re-use factor (k) that has to be applied to overcome adjacent cell interference received by elevated platforms.

The types of airspace cell used within this process are defined in the following sections.

Cell Type ‘A’ - Tactical Deployment

This would be a stand alone, non-networked cell, intended to provide coverage within a local area to meet a specific operator requirement (e.g. aerial survey, crop spraying etc). The cell would have a radius of 5 NM and a maximum operating height of 1,000 feet.
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.

Cell Type ‘B’ – Airport Deployment

These cells would form part of the cellular network, and would exist at airports where UAS facilities had been established. In this instance, the datalink base station would provide coverage to UAV operating in the terminal manoeuvring area, and on the airport surface. As a generalisation, this cell is assumed to be 20 NM in radius and 5,000 ft in height.
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Cell Type ‘C’ – Low Level En Route

This type of cell is intended to cater for UAV that may be operating below 5,000 feet, excluding those operating within cell volumes A and B. These UAV are most likely to be en-route (between departure and destination airports) or engaged in a task (e.g. surveying).

To ensure line-of-sight coverage at minimum operating heights of 1,000 feet, the UAV must never be more than 38 NM from a base station. It shall be assumed therefore that these cells shall have a radius of 35 NM and shall be spaced 70 NM apart.
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Cell Type ‘D’ – Medium Level En Route

This type of cell is intended to cater for UAV operating in the height range 5,000 feet to Flight Level 195 (FL195). The UAV in this height band will most likely be in an en-route phase of flight.

The radio horizon at 5,000 feet will be approximately 87 NM. Again, due to the need to provide continuous coverage at this (minimum) altitude, base stations will need to be spaced 170 NM apart.
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Cell Type ‘E’ – Upper Level En Route

This type of cell is intended to cater for UAV operating in the altitude range FL195 to FL450. The UAV in this height band will most likely be in an en-route phase of flight.

The radio horizon at FL195 will be approximately 170 NM. Again, due to the need to provide continuous coverage at this (minimum) altitude, base stations will need to be spaced 340 NM apart.
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Cell Type ‘F’ – Upper Level En Route

This type of cell is intended to cater for high altitude UAV operating above the normal air routes at altitudes of between FL450 and FL800. The UAV in this height band will most likely be used as a high altitude platform, or to perform scientific/environmental research.

The radio horizon at FL450 will be approximately 260 NM. Again, due to the need to provide continuous coverage at this (minimum) altitude, base stations will need to be spaced 500 NM apart.
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Annex D

[TBD]

____________

Information Exchange Rates per UAV
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� In terms of spectrum requirement for UAS, the communications for payload are not considered in the agenda of the WRC11.


� MTOW : Maximum Take Off Weight






[image: image1.png]Out of the scape of the
WRC A3

Out of the scope of the
WRCAI13

ATC Relay
Scope of the WRC Al 1.3



[image: image21.png]


[image: image22.png]


_1282632298.unknown

_1282634156.unknown

