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· Context: 
a) There is growing perception that Europe will encounter serious difficulties  in assigning VHF frequencies to new ATC sectors within the current  decade, even if the  8.33 Khz spacing is fully implemented both horizontally and vertically, and consequently a new system will need to be in place in the next decade
b) VDL Mode 3 implementation is thought  in North America to be the way forward to alleviate the VHF band congestion. However in Europe, the perception is that once 8.33 KHz is implemented throughout the band,(at least  to the greatest extent possible, as some 25 KHz assignments will remain in force) it will not be feasible to recover sufficient bandwidth in  multiples of 25 KHz including adjacent channel guardbands  to implement it.

· A future system will be required to support all of the services performed by  aeronautical  VHF, both for voice and data, and with a quality of service equal or even better, particularly in terms of dependability  and integrity (intelligibility).

· It will be expected to enhance security, where there is virtually none today. Additionally it can provide radio-location capabilities for surveillance on airports and in high-density airspace, independent from aircraft navigational capabilities.

· A future system will need to employ modern and spectrum efficient techniques already developed by the telecommunication industry ; furthermore the current trend towards frequency sharing by employing wide-band technologies seems unavoidable, such as WB-CDMA.

· NGCS development  timing is tight: 
a) the corresponding  avionics mandatory equipage  requirement  needs to be notified to aviation users 5 to 7 years  in advance
b) an appropriate agenda point needs to be inserted at the next WRC-03, to seek for additional spectrum 
c) at best this new spectrum would be made available at WRC-06 at the earliest.

· Conceptual development of Wideband-CDMA NGCS is still at a very early stage; the conclusions of the preliminary  analysis presented in the attached annex show that: 
a)  link-budgets can be established showing  that aeronautical WB-CDMA is a priori feasible for short and medium ranges, 
b) as WB-CDMA requires  cellular architectures,  NGCS spectrum requirement sizing depends critically on the determination of a  given  cell external-to-internal CDMA self-noise ratio (as the CDMA capacity limitation comes mainly from the sum of all communications within a wideband  channel, all appearing as noise-like interference ); this is a far more  difficult task with  mobile terminals aboard aircraft flying at high level than for terrestrial mobiles,
c) satellite CDMA systems behave in this respect  like terrestrial systems; accordingly the above external-to-internal  self-noise ratio can be readily assessed on the basis of spot-beams gain characteristics.

· A possible way-forward out of the above difficulty is to adopt a vertically layered cellular architecture, employing both terrestrial and satellite-based  WB-CDMA.

· Preliminary system architectural design needs to take place in parallel to and is support of spectrum requirements sizing.

· The question is opened whether or not a proposal towards a WRC agenda point to secure NGCS spectrum can be made mature enough in time for the next WRC-03.

ANNEXE 1 :WIDEBAND-CDMA CELLULAR ARCHITECTURE CONCEPTS APPLIED TO THE AERONAUTICAL NGCS 
A HEURISTIC APPROACH TO THE DETERMINATION OF CELL SIMULTANEOUS COMMUNICATIONS CAPACITY AND ASSOCIATED NGCS SPECTRUM REQUIREMENTS

 1. Introduction

This ANNEX takes an initial look at the applicability of UMTS (or IMT-2000)   modulation scheme and spectrum utilisation concepts(or IMT-2000) to the aviation air-ground communication context towards  the conceptual development of its next generation communication system (NGCS). 

As a radical departure from the current aviation R/T architecture - where unique VHF frequency assignments are rigidly made to defined airspace sectors, those concepts involve:

a) Cellular architectures whereby  a mobile user’s radio communication is handled by transmitting & receiving base stations, each with limited range defining a cell coverage. At  any given  time  this mobile is in radio contact with at least one cell base, and is about  to or has already established contact with an adjacent base, using  a  different set of radio resources (frequency channels, time slots; spectrum spreading with different sequence coding etc...). This process takes place totally unknowingly from  that mobile user as we know it with mobile cellular telephony. Figure 1(borrowed from ref 1) and Figure 2 illustrate cellular architecture patterns, the first one with a 7 fold frequency reuse factor, typical of analogue technology and the second with a 3 fold reuse one, envisaged for the future terrestrial UMTS.

b)  Each mobile communication signal is spectrum spread over the total wideband allocation of W Hz (in the 1 to 5 Mhz range), using a specific  pseudo-random binary sequence (PRBS,  the bits of which  are denominated “chips”)  resulting into a “noise-like”  modulation imparted onto the transmitting carrier, (see fig. 3). At the receiver’s end the  “noise-like” incoming signals are combined with a copy of the transmitter’s PRBS through a correlator which attempts to match them with its own copy by shifting  the latter, a chip at time . When  correlation is achieved an unique baseband signal   is extracted and processed by the demodulator  into the desired communication signal .  Each PRBS is defined by  specific CDMA  code (Code Division Multiple Access) which differentiates a given user uniquely against the noise-like background of all  the other users’..

.

 The communication services expected to be provided by UMTS to users are voice , data,  video transmission, on data rates  of 5 to 12 Kbps for voice, 64  to 384 Kbps for data and compressed video, either real-time (circuit switched) or non real time (packet-switched) [ref2]:.

.

Because of its very  “noise-like” nature”, cellular wideband  telecommunications require strict limiting of the number of communications simultaneously active in a given cell. Adhering to that limitation is precisely the main challenge facing the NGCS developer, since high altitude flying mobiles will be seen from far more many cell base stations  than is the case  with land-based mobiles.
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2. Wide-band capacity : a heuristic approach to a cell capacity limitation, in the case of an isolated cell: 

The capacity in term of the number of  users simultaneously active is  a function of the cumulative interference noise, arising from all mobile user’s signal in that cell interfering with the reception of a given user’s  communication. The approach to establish this limitation is borrowed from ref 1.  

Assuming that there are k users  sharing a wide-band channel each sees at its  own demodulator input a received cumulative interference of I watts due to the k-1 other users.:

I = (k-1).C








(1)

where C is the received carrier common level. (All user transmitter outputs are assumed to be  controlled by the base  to the same level,  C  -  this achieved in practise by each user receiver adjusting its transmitted power in relation to a received frequency pilot indication from the base) 

To I is associated  an interference density Io :
Io = I/W. 








(2)

The received energy per bit, Eb , is calculated knowing the data rate, R:

Eb = C/R 








(3)

Each user’s demodulators is characterised  by a factor of merit , Eb/No, where No is the total noise density , sum of the thermal noise and Io., which typically lies in the range of 3 to 9 dB, depending upon the demodulator’s implementation, error correction used , channel impairment, etc…A figure of 6db will be taken here after for link-budget calculation.

With the above definitions and assumptions, the total number of instantaneously active communications, in addition to the desired one,  is: 

k-1 = I/C = Io. W/C = (W/R)  ((C/R)/Io = W/R ( Eb/ Io


(4)

The ratio W/R is designated as the wideband system processing gain, and is in the few hundreds to thousand range

So the limit in the number of users able to coexist in a wide-band channel  is  the ratio of the processing gain to the Energy-per-bit-to-total-noise-density .

Since with  CDMA systems the “self-noise “ interference is usually dominating the thermal noise, achieved capacity is  relatively independent of range limitation, as long as thermal noise remains well below  the overall cumulative CDMA self noise

3. Representative link budgets at low, medium and high data rates

The above limitation has been used in establishing the three attached link-budget tables, developed to see if it is feasible as a first analysis , to apply WB-CDMA to aeronautical communications,  assuming operations in the  5GHz C-band (5091-5150) Mhz, designated as the MLS extension band . And bearing in mind   the usual practical limitations of avionics, i.e.

i) transmitter’s output in the 10W range and,

ii)  low gain antenna - on-board and on ground – because of the usual aviation requirement for   omnidirectional patterns in azimuth.

1. The first one is for an assumed range of 120 NM  and  a users data rate of 4 800 bps, corresponding to both the ICAO-standardised rate and UMTS lower value of the voice operation codecs. It assumes a WB channel bandwidth/spreading of 867 Khz taken from ref 3  (ESA/SDLS concepts). A positive budget margin is achieved , even under high hygroscopic absorption assumption of 10dB  and with a  maximum number of simultaneous users  of  40. 

2.  The second corresponds to second UMTS Class of data rate , 64 Kbps and assumes and UMTS-defined 5 MHz bandwidth. The number of simultaneous users compatible with a 60 NM range while maintaining  a positive link margin,  is 15 

3. The third assumes an 384 Kbps data rate. Communication range is accordingly limited to 10 NM and the number of simultaneous users sharing the same 5 MHz  is  3

4. The issue of controlling the number of simultaneous communications in a given cell

4.1 Case of  terrestrial cellular network

As seen above the main challenge in this control is knowing how many extra communications are received by a given cell-base originating from mobiles in neighbouring cells. The problem is further compounded by inevitable multipath propagations. In the case of a terrestrial cellular network, assuming a uniformly distributed population of users in each cell, each power-controlled by its associated  base  station reference  1 establishes that the fraction F:
Interference from other  mobile   cells
Interference from mobiles within a cell

Is evaluated to be 3/5 . Consequently the capacity expression (4) is further reduced by the factor of 1/(1+F) to yield the effective capacity in a given cell, i.e. only 60 % of communications originate on average within a cell, the remainder comes from neigbouring ones. It is worth noting that there is a positive side  to those external cell communications interference.  Assuming that mobiles are equipped with a “Rake” receiver this allows parallel communications with  the “nominal” plus one  or two neighbouring cell-bases  and thus permits communication path diversity which can be used three ways:

a) strengthening the reception process by combining the individually  path received signals,

b) permitting  soft hand-overs as a mobile leaves a cell coverage to enter a neighbouring one.

c) Making possible a mobile radio-location  capability with respect to the base locations , of high accuracy –commensurate with the spreading sequence chip size- thus providing a mobile surveillance capability , independent from its own navigational capabilities.

4.2 Case of GEO-based satellite cellular network

Interestingly enough, satellite cellular architecture - provided that architecture uses a GEO satellite is akin to terrestrial ones: the number of users within the coverage of  a given  satellite spot-beam is predominantly dependant on the aircraft longitude and altitude – as long as the earth curvature does not come into play relatively to the satellite position. An example of such an architecture can be found with the ESA
 SDLS
 (ref AMCP-WG-C/2 WP/20 and 21) concepts aiming to offer  dedicated AMS[R]S
.

It is likely that the above defined fraction F will take  on a different value than for the terrestrial case in as much as:

a) there are less multipath propagations to contend with aircraft aloft and sufficiently high above airport environment , even at  moderately high altitudes,

b) aircraft-satellite range is fairly constant, which maintains the thermal noise contribution, although smaller than the CDMA self-noise, also constant, 

c) the terrestrial range attenuation as  the mobile leaves a cell and enters into a neighbouring one is replaced by the rapid decrease of the satellite antenna gain which is a   function of angular displacement from the spot-beam direction of maximum gain.

4.3 Case of aeronautical cellular network

In the terrestrial context its is quite easy to visualise that terrain, buildings and man-made obstacles seriously limit the number of base stations a given mobile is simultaneously in view of. 

By contrast a mobile communication unit aboard an aircraft will see an increasing number of base stations as soon as the aircraft  takes off the ground. In fact the number seen will rise in proportion to the square of that altitude, assuming that these base stations are uniformly distributed, as represented in figure 2. An appreciation of the complexity of the problem at hand is obtained  by simple geometrical considerations based on figure 2. Given a regular cell grid-arrangement , with a grid size a (in  the example of first link-budget table,  a= 207.8 NM commensurate with 120 NM range)on can easily derive:

a) there is a minimum number of 6 adjacent cells with the same WB frequency assignment as the considered cell , whose airborne mobile will contribute to its overall CDMA self noise ( denoted B 1 on figure 2),

b) These cells are at the distance of ax(3 and ,

c) the  mobiles  within their coverage (i.e. at a range of less than a/(3 ) are at   minimum distance   from  B 1 of 2a /(3; 
d) accordingly there is a ratio of only 2, in the worst case sense between the cell’s “own” mobiles’  range versus that of the external cells at the same frequency. 

This translates into 6 dB reduction per  each users’ signal into B1, compared to its own mobiles, but this reduction is totally offset by the number of these  cells ; on the basis of the mobiles uniform distribution assumption, this represents a 8 dB positive contribution to the CDMA self-noise budget of B 1  , i.e; the interference from adjacent cells is at least equal to within-cell interference and accordingly the actual 

cell capacity within the cellular network is  less than 50 % (this is on a first approximation basis : a more rigorous analysis should be carried out  by performing a multi-dimensional integral of the adjacent mobiles ranges, 2D first, then 3D)

The  above ratio  deteriorates as the airborne mobiles climb in altitude, which further reduces cells effective capacity

Furthermore, in real life situations, the cell network grid-size is not likely to be constant, which will make finding the cell capacity split criterion (outside- versus within-cell  self-noise ) even more challenging. 

4.5 Possible NGCS vertically layered architecture and spectrum requirements determination

On possible way-out of the above cell interference split and associated capacity issues, is to adopt a vertically  layered approach as depicted in figure 4 :

a) On the airport surface the aeronautical NGCS would reuse UMTS system concepts and standards to the greatest extent possible.
 As long as airports are isolated from one another a total of 3X WB channels would be sufficient, WB taken as 5 Mhz and X being a scaling factor proportional to the number of simultaneous aircraft users and depending on the type and mix  of services (voice, data, video, packetized or circuit mode) to be offered

b) In the TMA and lower airspace  region,  below a defined altitude threshold, N Y WB-CDMA channels would be required; again WB taken as 5 Mhz with the two unknowns , i.e. N the frequency reuse factor and Y  scaling factor, also as a function of services (64 Kbps data, 4.8 Kbps  voice)

c) In the upper airspace , a satellite-based cellular coverage would be used requiring 3 X WB channels of 1 MHz, a reuse factor of 3 and a scaling factor of Z  depending on the offered services : voice and data at  4.8 KBps and of their distributions to the ATC/AOC operational units.

The X,Y,Z unknowns are to be determined through a further study which will need to  take into account, inter alia, assumptions on  ATC (and optionally  AOC) operating concepts and organisational architectures , air-traffic loading and satellite spot-beam characteristics (angular sizes and gain variation). 
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	Table 1 AMS/NGCS  LINK BUDGET, WB-CDMA CASE, at 5GHZ and 867 KHz spread
	

	Aeronautical mobile service/ Next Generation Communication System, wide-band 

	code-division multiplex access, at 5 Ghz and 1 Mhz  spread
	
	
	

	4,8 Kbps to be shared btwn up- and downlink
	
	
	
	

	Item
	
	Unit
	Uplink (To a/c)
	D/L  (from a/c)

	Transmitter's output: 20W  on-ground & 10 W on-board a/c
	dBW
	13.00
	10

	Antenna gain : Vertically.shaped on-ground + omni in azimuth for both ground and a/c
	 dBi
	6.00
	0

	EIRP
	
	 dbW
	19.00
	10

	Range-related spreading factor, at range of 
	120
	MN, in dBW/m2
	-117.93
	-117.93

	Atmosheric loss (hygroscopic absorbtion)
	
	dB ( TBC)
	-15.00
	-15.00

	Omni antenna equivalent area at frequency 
	5120
	MHz, in  dBm2
	-35.64
	-35.64

	Receiving  antenna gain
	
	dBi
	0
	6

	LNA noise factor
	
	dB
	1
	0.6

	 cable/guide  and  diplexer insertion losses
	
	dB 
	3
	1

	Antenna Noise temperature
	290
	K
	
	

	Resulting  receiver's G/T
	
	dB/K
	-28.62
	-20.22

	Polarisation loss
	
	dB 
	-0.50
	-0.5

	Boltzmann's constant
	
	dBW/K/Hz
	228.60
	228.60

	C/No (thermal)
	
	dBHz
	49.91
	49.31

	Wideband channel  and  spreading
	867
	KHz, in  dbHz
	59.38
	59.38

	Assumed maximun number of active CDMA user communications, simultaneously present
	40
	
	
	

	C/Io, with Io CDMA self noise  
	
	dBHz
	43.36
	43.36

	Overall C/No
	
	dBHz
	42.49
	42.38

	Assumed modem  Eb/No factor of merit
	6
	dB
	
	

	Voice or Data  rate
	4800
	b/s
	
	

	Corresponding C/No requirement 
	
	dBHz
	42.81
	42.81

	MARGIN
	
	dB
	-0.32
	-0.44

	
	
	
	
	

	
	
	
	
	

	Margin as funtion of range R, in MN
	R (NM)
	
	Marge
	Marge

	(assuming 10 dB of Hygroscopic absorbtion)
	10
	
	0.5
	0.5

	
	60
	
	0.5
	0.5

	
	as a first analysis
	
	0.3
	0.2

	
	180
	
	-0.1
	-0.2

	
	
	
	
	

	Margin at 120 NM   with varying Hygro. Absorb. 
	0dB
	
	0.5
	0.5

	
	-10dB
	
	1.4
	1.4

	
	-15dB
	
	-0.3
	-0.4

	Table. 2: AMS/NGCS  LINK BUDGET, WB-CDMA CASE, at 5GHZ and 5 Mhz spread
	

	Aeronautical mobile service/ Next Generation Communication System, wide-band 

	code-division multiplex access, at 5 Ghz ,5 Mhz  spread, 64 kbps users's rate
	
	

	(to be shared  between both up- and downlink)
	
	
	
	

	Item
	
	Unit
	Uplink (To a/c)
	D/L  (from a/c)

	Transmitter's output: 20W  on-ground & 10 W on-board a/c
	dBW
	13.00
	10

	Antenna gain : Vertically.shaped on-ground + omni in azimuth for both ground and a/c
	 dBi
	6.00
	0

	EIRP
	
	 dbW
	19.00
	10

	Range-related spreading factor, at range of 
	60
	MN, in dBW/m2
	-111.91
	-111.91

	Atmosheric loss (hygroscopic absorbtion)
	
	dB ( TBC)
	-5.00
	-5.00

	Omni antenna equivalent area at frequency 
	5120
	MHz, in  dBm2
	-35.64
	-35.64

	Receiving  antenna gain
	
	dBi
	0
	6

	LNA noise factor
	
	dB
	1
	0.6

	cable/guide  and  diplexer insertion losses
	
	dB 
	3
	1

	Antenna Noise temperature
	290
	K
	
	

	Resulting  receiver's G/T
	
	dB/K
	-28.62
	-20.22

	Polarisation loss
	
	dB 
	-0.50
	-0.5

	Boltzmann's constant
	
	dBW/K/Hz
	228.60
	228.60

	C/No (thermal)
	
	dBHz
	65.93
	65.33

	Wideband channel  and  spreading bandwidth
	5000
	KHz, in  dbHz
	66.99
	66.99

	Assumed maximun number of active CDMA user communications, simultaneously present
	15
	
	
	

	C/Io, with Io CDMA self noise  
	
	dBHz
	55.23
	55.23

	Overall C/No
	
	
	54.87
	54.82

	Assumed modem  Eb/No factor of merit
	6
	dB
	
	

	Data rate
	64000
	b/s
	
	

	Corresponding C/No requirement 
	
	dBHz
	54.06
	54.06

	MARGIN
	
	dB
	0.81
	0.76

	
	
	
	
	

	
	
	
	
	

	Margin as funtion of range R, in NM
	R (NM)
	
	Marge
	Marge

	(assuming 10 dB of Hygroscopic absorbtion)
	10
	
	1.1
	1.1

	
	20
	
	1.0
	1.0

	
	60
	
	0.1
	0.0

	Margin at 60 NM assuming -5dB Hygro Absopt.
	
	
	0.8
	0.8

	
	
	
	
	


	Table 3: AMS/NGCS  LINK BUDGET, WB-CDMA CASE, at 5GHZ and 5 Mhz spread
	
	

	Aeronautical mobile service/ Next Generation Communication System, wide-band 
	
	

	code-division multiplex access, at 5 Ghz ,5 Mhz  spread, 384 kbps users's rate
	
	

	(to be shared  between both up- and downlink)
	
	
	
	

	Item
	
	Unit
	Uplink (To a/c)
	D/L  (from a/c)

	Transmitter's output: 20W  on-ground & 10 W on-board a/c
	dBW
	13.00
	10

	Antenna gain : Vertically.shaped on-ground + omni in azimuth for both ground and a/c
	 dBi
	6.00
	0

	EIRP
	
	 dbW
	19.00
	10

	Range-related spreading factor, at range of 
	10
	MN, in dBW/m2
	-96.34
	-96.34

	Atmosheric loss (hygroscopic absorbtion)
	
	dB ( TBC)
	-10.00
	-10.00

	Omni antenna equivalent area at frequency 
	5120
	MHz, in  dBm2
	-35.64
	-35.64

	Receiving  antenna gain
	
	dBi
	0
	6

	LNA noise factor
	
	dB
	1
	0.6

	cable/guide  and  diplexer insertion losses
	
	dB 
	3
	1

	Antenna Noise temperature
	290
	K
	
	

	Resulting  receiver's G/T
	
	dB/K
	-28.62
	-20.22

	Polarisation loss
	
	dB 
	-0.50
	-0.5

	Boltzmann's constant
	
	dBW/K/Hz
	228.60
	228.60

	C/No (thermal)
	
	dBHz
	76.50
	75.90

	Wideband channel  and  spreading
	5000
	KHz, in  dbHz
	66.99
	66.99

	Assumed maximun number of active CDMA user communications, simultaneously present
	3
	
	
	

	C/Io, with Io CDMA self noise  
	
	dBHz
	62.22
	62.22

	Overall C/No
	
	
	62.06
	62.04

	Assumed modem  Eb/No factor of merit
	6
	dB
	
	

	Data  rate
	384000
	b/s
	
	

	Corresponding C/No requirement 
	
	dBHz
	61.84
	61.84

	MARGIN
	
	dB
	0.22
	0.19
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