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GSM in aircraft from CEPT GSM WP2 1988-89 UK Tdocs 
GSM in aircraft was already proposed by Professor John Gardiner to CEPT GSM WP2 1988-89 in the UK Tdocs are now scanned from cleaned paper contributions as attached. 
Also E-mail comments from John Gardiner to David Cheeseman 2005 are scanned.

The proposal to use GSM900 in aircraft was refused due to too high interference on ground GSM Networks as the GSM900 MS manufacturers refused to accept lowest power control level being set to -3 dBm from the existing +13 dBm. That can be compared with today’s UMTS UE being power controlled down to -50 +-10 dBm.  
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From: David Cheeseman [David.Cheeseman@btinternet.com]
Sent: den 27 januari 2005 23:22
To: Tegth, UIf B. /TSS - Networks and Production - Mobile Networks
/+46-8-50452449, +46-70-5910445
Subject: Fw: GSM in aircraft.

ulf,

Best I can do at the moment. Let me know if there's any more you'd Tike.

~~~~~ original Message -----

From: <Compecjg@aol.com>

To: <David.Cheeseman@btinternet.com>

Sent: Wednesday, January 19, 2005 10:42 AM
Subject: GSM 1in aircraft.

> Dear David

>

> working at home today, hence unfamiliar e-mail address.

>

> I found the contract final reports yesterday from Racal Research and
the

> then GEC-Marconi. They run 1into several hundred pages (volume=VFM?)
but the

> following may be of interest. Among scenarios investigated, mainly
interest _ _ _

> focused on interference with other systems on the ground and in other
aircraft.

>
> " Aircraft at lkm from ground base station (slant range). This
could be

> overhead at 3300ft, or 1lkm range at Oft.
2dB aircraft attenuation
3dB frequency hop protection

(Handset) power = 4.2microw"

and, in the same report the Conclusions section reads:

VVVVVVVVYVVYV

"It will be seen that the minimum level of power radiated by the
handset s

> greatly in excess of the allowable level under RTCA/DO-160 category B.
It s

> possible that these conditions are unnecessarily stringent and other

> specifications such as BS3G100 may allow much higher fields. It will
be necessary )

> to contact the aircraft manufacturers to obtain agreement that
radiating 20mw ) o

> at 900MHz in the aircraft cabin is acceptable.

>

> It is unlikely that the maximum power output of the GSM portable would
be

> acceptable and this implies that all aircraft would have tyo be fitted
with some

> monitoring system to ensure that any GSM portable would be
constrained to

> its Towest Tevels.

>

> The calculation and practical measurements indicate that the airframe
is

> largely transparent at the frequencies concerned and that the major
part of the o ] )

> energy radiated within the aircraft will be radiated outside the
airframe. ) ]
> This may not be the case under all circumstances, eg if the handset is
remote

> from a window with intervening seats etc., but the worst case taken as
an

> example, ie handset is remote 1m from a window is a situation likely
to occur 1n

> practice.
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>

> with 20mw radiated by the portable, severe interference with ground
systems

> is likely to occur.

>

> It would be necessary to reduce the power radiated by the portable to
> 4._2microwW before the qinterference with ground systems was reduced to a
minimum.

>

> At this power, the signal to noise ratio at the wall mounted base
station

> has to be considered to determine whether this is adequate. See
Appendix B."

>

> Appendix B concludes that this would give 11dB in hand.

>

> -

> I am sure that these reports are now no longer confidential and, no
doubt,

> the authors have moved on. 1Indeed, in the case of Professor Peter
Matthews, ] i .

are no longer with us. I guess Peter died about 10 years ago.

But let me know how you want to proceed. Sitting here amid snow and
freezing winds, I am envious of your assignment in Florida!

Best regards
John
Professor John G Gardiner FREng

Professor of Electronic Engineering
University of Bradford

VVVVVVVVVVVVVVVVVVVYVY
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GSM WP2
September 1988
Source UK

REDUCTION IN MINIMUM RF OUTPUT POWER LEVEL FOR HAND PORTABLES

1. Background

A potential problem has been identified in connection with the use of
GSM hand portables in aircraft. In order to avoid an unpopular
repressive regime of forbidding use of hand portables in aircraft an
alternative is being investigated in which a transponder on the
aircraft controls all hand portables within passenger cabins,
instructing them to operate at minimum power (20mW) and providing
access to terrestrial networks via air-ground links in some other part
of the frequency spectrum (L~ or S-band). Parts of this study have
addressed (a) the attenuation offered by typical aircraft fuselages to
rf at 900MHz, (b) the distances over which terrestrial cell base
stations and mobiles may suffer co-channel interference from hand
portables in aircraft at various altitudes.

2. Study Findings
2.1 Fuselage Attenuation .. . . _ S e

Theoretical and experimental studies taking a Boeing 747 as =2
model, indicate that the 1line of cabin windows acts as an
efficient radiator for rf at 900MHz where the standard Boeing
window opening is close to one wavelength in height. The effect
is to produce radiation lobes which are directional in azimuth but
broad beam width in elevation (3dB at + 30" to horizontal for a
given transmitter position inside the cabin, + 60° allowing for
variability in position and for users sitting in window seats).
Overall the effective attenuation of the fuselage has to be
considered very small; 2dB is the figure proposed.

2.2 Effects on Terrestrial Cells

Assumptions need to be made about the status and configuration of
cells, eg rural cells which are propogation rather than co-channel
interference limited, some measure of imunity to co-channel from
uncorrelated frequency hopping etcetera.

Two significant modes are possible:

1. Transportables in aircraft cause co-channel interference to
terrestrial cell base stations.

2. Aircraft on-board transponders interfere with terrestrial
mobiles.

The second of ‘these modes is less significant than the first in
that the on-board transponder is a well defined and controlled
installation and can radiate very low levels via a leaky feeder.
(Other APC system proposals using CT2 handsets in cabins also
target use of leaky feeder which could clearly serve both GSM and
CT2 requirements.)
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The relevant calculation therefore is to determine the radius from
a point on the ground beneath an aircraft inside which
significant co-channel interference from the airborne hand
portables is to be expected. On the basis of the assumptions
mentioned earlier this radius is estimated to be not less than
32km. See Annex 1.

Clearly in dense urban environments where cell base stations are
generally operating well awvay from maximum sensitivity, the
problem is less severe but in rural cells an unacceptable
situation appears to obtain. Since, with the exception of the
Greater London area most conurbations are significantly less than
32km in radius, these conclusions reveal a potentially severe
problem.

Possible Solutions

In the long term it is possible that aircraft windows may be coated
with electrically conducting films giving 20dB additional attenutation,
but this is not likely to be a viable approach in the early years of
GSM implementation,

The alternative is to accept the need for an additional large step (say
10dB in the rf output attenuator) or to make the attenuation step 3dB
rather than the current 2dB giving a lower limit 16dB below the current
one,

rdiner






ANNEX 1

It has been deduced that the limit of interference for a mobile is
26dB uV¥m~l and that for a base station 16dB uVm~l. (At these levels the
co-channel interference is equal to the system noise, in theory incident
noise (or interference) would raise the system threshold by 3dB.)

So although not strictly true let us assume that the most critical cell
can tolerate co-channel interference up to 16dB yVm“l.

The GSM system uses time division multiplex and frequency hopping. Cells
which use the same hop set will be well spaced and should not use the same
pseudo-random sequence for frequency control within the same hop—-set. Thus
if there is only one mobile in use in each of two cells using the same
frequency hop-set then the chances of co-channel interference between the
two cells, even without geographical separation of the cells, will be
small. A high degree of protection is available. As the number of mobiles
in simultaneous use in each cell increases, then this frequency hop
protection is reduced. No figures are available for this protection, but
in some cases it is unlikely to be more than say 3dB.

System design parameters state that the lowest controlled transmitter
output power of a mobile is 13dB (20mW) at control level 15. Assuming an
isotropic antenna this is then 20mW EIRP.

The theoretical and practical work on the determination of the effective
attenuation of the aircraft skin indicates that in the work situation
(hand-set 0.5m from inside of window, receiver 10m from outside of window)
an effective attenuation of 2dB may be expected. This effective
attenuation in practical terms is a function of the proximity of the
radiating antenna to the window, and position outside expressed as a
direction relative to the aspect of the aircraft.

Assuming free space propogation and using the relationship:-

5.47 /P
Fm— Lyg?

Fg Field strength (Volts/metre)
Py Isotropically radiated power (watts)
D Distance (metres)
We are mow in a position to calculate the expected field strength at a
ground base station and to compare this with the permitted level for mno
interference for various scenarios.
(a) Aircraft 1km from ground base station (slant range) . This could be
overhead at 3,300 ft,or 1lkm range at 0 ft (in theory) 2dB aircraft
attenuation.

20mW EIRP from hand-set.

Frequency hop protection 3dB






Expected field strength at ground base station = 44.7dB uvm—1
Permitted field strength at ground base station = 16dB pvm—1

(b) Aircraft 32 km from ground base station (slant range) other parameters
as in (a)

Expected Field strength at ground base station = 14.7 dB,uVm‘l

Permitted Field strength at ground base station = 16 dBme‘l.





GSM/WP2
Subgroup on Rec 05.05
December 1988

Source UK

MS Pover Levels Suitable for Aircraft Working

TD27 (Nurnberg) discussed the need for a low power mode for GSM MS’s so
that they can be used in possible future aircraft systems without
causing undue interference to the terrestrial GSM system. A suitable MS
pover setting would be in the region of 0 to -6 dBm . To allow for
possible future developments where MS’s with a range of pover steps
below 13 dBm are produced, an optional range of power steps below 13
dBm are suggested, with a mandatory step at -3 dBm. A suitable
specification in Rec 05.05 would be as given in the Table.

Power Control Peak Power Tolerance dB Comments
Level dBm Normal Extreme
B 16 11 [+ 6] [+ 8] )
17 9 " " ) Optional. If not
- 18 7 " " ) implemented, use
19 5 " " ) the first higher
20 3 " n ) pover level that
21 1 " " ) is implemented.
29 -1 " " ) "
23 -3 " " Mandatory
""" Rec 05.05

Table - Suggested Additional Power Levels for
It should be noted that as the switching transient specification in Rec

05.05 corresponds to hard switch off at about_7 dBm, power ramping will
not be required for power levels below this figure.

GSMWP25SBGRP. A4 -1-






CEPT/GSM/WP2
February 1989

Source UK

Support of Potential Aeronautical Cellular Services

1. Introduction

Previous papers from the UK have discussed the potential use of
GSM portable MS’s in aircraft. The envisaged scheme would have

effectively a small BSS in the aircraft, connected say by L
band links to a network of ground BSS’s. MS’s would talk to the
aircraft BSS at low power. Although many of the englneerlng

details of such a system require further study, (and are in
fact outside the terms of reference of WP2), there are some
modifications to the GSM Recs which it would be useful to make
nov to facilitate such schemes, provided the cost impact on
MS’s is minimal. The modifications cover two main areas:

- The need to minimise interference to the ground GSM
networks.

— The need to ensure that the MS in the aircraft 1ocks
onto an alrcraft BSS rather than a ground BSS.

2. Interference to Ground Networks

Experiments have shown that for a MS in an aircraft near a
window, there is very little attenuation of the fields radiated
outside the aircraft in certain directions, the line of windows
effectively being an antenna array. Figure 1 shows the signal
levels that would be received at a ground BS in the worst case
direction, for different levels of MS EIRP. Ideally the signal
from the aircraft MS should be 9 dB below the BS sensitivity of
-104 dBm, i.e. -113 dBm. The Ilevel "will of course depend on
the antenna gain of the BS towards the aircraft. For example,
for an aircraft at 10 km helght and 100 km range, the angle
above the horizontal will be 5 and the BS antenna gain could be
typically about 10 dB down compared to the horizontal direction.
The antenna gain in the latter would be typically 12 to 18 dBlg
and allowing 2 dB for feeder losses, the effective antenna gain
towards the alrcraft would be typlcally 0 to 6 dBi.

Some options for the MS EIRP in the aircraft are thus:

"(a) +13 dBm (current lowest powver step), giving worst case
interference up to 100 km.

(b +7 dBm (This corresponds to approximately the level of
smooth power ramping in the MS required to meet the
switching transient specification). This gives worst
case interference up to 50 km.

(c) -3 dBm. This has some cost implication, but would
reduce the worst case interference range to 15 km.

GSMWP2FEB6. A4 -1 -






in order to guarantee no cochannel interference to ground BS’S
under all circumstances, it would be necessary to operate at
“around -24 dBm ( 4 uW). (We understand that such a figure has
been discussed in the CEPT/RES 5 group as a "safe" figure for
aircraft.) ,

»Other possible steps whlch future aerocellular operators might
use to reduce the interference problem are:

(1) Dedicate say 2 GSM carrier in each country for exclusive
aircraft wuse. (They could be different for different
countries and signalled to the aircraft on the L band
link.)

(ii) As (i), except with use of the aircraft GSM carriers in
high density urban environments only.

(iii) Use channels 1 & 124, which would normally be guard
channels, in the aircraft.

It should be noted that these possibilities do not requlre any
changes to the GSM Recs.

It is not possible now to define power levels for MS’s which
guarantee no interference, and at the same time cost very

little to implement. We therefore recommend defining 16
additional power levels (in 2.5 dB steps) from 11 dBm to -27
dBm, but making power levels below +13 dBm optional.

(Alternatively we could make mandatory steps down to about +7
dBm and optional steps below this, as the cost impact of a
powver level around +7 dBm should be minimal.) This will mean
that some MS’s may not be able to operate in future aerocellular
systems. : .

3. Locking the MS onto the Aircraft BSS

It would be possible to agree among the PLMN operators a small
set of "aircraft GSM carriers", and to only use carriers . from
that set in aircraft. The set could be included in every PLMN’s
BCCH allocation. Thus an MS, vhen. in idle mode in - the
alrcraft, would always be scanning the set of potential aircraft
carriers whatever its home PLMN.

The MS may be able to receive signals from a few terrestrial
BS’s through the aircraft’s windows. However the number of

" terrestrial BS’s it can receive is likely to be very limited,
due to the directional nature of the "aircraft window antenna
array". Thus the aircraft BSS carrier is almost certain to be
one of the 6 strongest BCCH carriers detected by the MS. If the
aircraft BSS carrier had a "preference BCCH carrier" bit set, we
could specify in Rec 05.08 that the MS should always choose this
carrier, irrespective of its received level and irrespective of
the PLMN information contained on this carrier. (This bit will
also need to be defined in Rec 04.08.)

GSMWPZFEB6.A4 -2 -






In this way we could guarantee that the MS in the aircraft is
locked to the aircraft BSS.

Furthermore, it could be arranged that a "dummy" BCCH carrier - -

containing this bit set be radiated when the aircraft system is
inoperative (e.g. if the aircraft is out of range of an L band
BSS). In this way, GSM MS’s could be effectively disabled when
there is no aerocellular system available.

In Rec 05.08 we should also specify that if the MS TXPWR MAX CCH
value 1is below the lowest power level implemented in The ~MS,
and the preference BCCH carrier bit is set, the MS should stay
on that carrier but not attempt to transmit. Thus MS’s without
suitably low power will be inhibited from operation in aircraft.
Under such conditions, the "no service" indication should be
given to the user. :

4, Impact on Recommendations

The above proposals affect GSM Recs 04.08, 05.05, and 05.08.
Change requests for the last two are appended. We should request
WP3 to make the minor change to Rec 04.08 to specify the extra
bit "preference BCCH carrier". This bit should be included in
the "cell selection parameters", i.e. the parameters required to
calculate parameter "C1". ‘

GSMWP2FEB6.A4 -3 -
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