A composite carrier to nonse densuty is-calculated for Atie forward -anid. return. dinks by -

combining the values (N )Thermals (I YUser » and (I )Gatcway The required carrier to

noise density, (-I;I-)Reqd. is calculated based on the required ﬁbo- and the bit rate Ry,
o .

£ Ep '
(No)Reqd —NO + Rb

The margin is then calculated by taking the difference between the composite carrier to

noise density and (N JReqd- The resulting margins for the forward and return links are

5.09 and 2.88 dB respectively, and are shown in Table 3.2.

The above calculations include only interference from within the system. External
interference must also be taken into account. External interference will be observed
from pagers in this case. The interference from the pagers is calculated based on a 21
'dBW EIRP for the pagers and also in the fact that, in Canada, there are approximately
308 paging systems in a 1 MHz band between 148 and 149 MHz. The leads to an

interference noise level, I, of:

L]
11

Total Pager EIRP
21.0 + 10 log(308)
45.89 dBW

The results in Table 3.3, with 308 Pagers, show that the forward margin is -18.86 dB
and the return margin is -21.42 dB. This indicates that sharing would not be possible.
With one pager, the margins are 2.53 dB and 0.16 dB for the forward and return links
as shown in Table 3.4. This shows that even if there is only one paging system, the
possibility for sharing is borderline.

It appears that sharing would not be possible between the STARNET system and existing
pagers in the 148 to 149.9 MHz band. Not considered in the above calculations are
services in the same frequency band other than the pagers, which will also reduce the
STARNET's receive margins even further.



. »-Bandwidth ((MHz)~ -~ - - Lo

10log(Bandwidth)
Simult. Users
Forward Channels
Number of Pagers
EIRP of Pagers (dBW)
Required Eb/No

Transmit Power (Watts)
Gain of Tx Ant (dBi)
EIRP
Ls(dB)
Lp(dB)
Lr(dB)
Gain of Rx Ant(dB)
Carrier (dBW)
Ts (K)
Gr/Ts (dB/K)
C/No (dBHz)
Rb (b/s)
Eb/No (dB)

(C/No)Thermal
(C/No)User

(C/No)Gateway
(C/No)External

Composite Up&Down
Forward & Return

" Required Eb/No
(C/No)Reqd

MARGIN

1,00 e e
60.00
12.00
4.00
308.00
21.00
2.30
FORWARD
upe DOWN
0.18 1.20
16.00 2.50
8.55 3.29
147.37 146.76
2.00 2.00
0.50 2.00
3.00 1.00
-138.32 -146.47
425.00 500.00
-23.28 -25.99
64.00 55.14
8334.00 8334.00
24.79 15.93
64.00 55.14
54.78 49.59
55.23 59.50
22.67 - 100.00
22.66 48.19
22.65
2.30
41.51
-18.86

RETURN
wP DOWN
2.50 0.30
-1.00 3.00
2.98 -2.23
147.37 146.76
2.00 2.00
0.50 2.00
3.00 16.00
-143.89 -136.99
425.00 300.00
-23.28 -8.77
58.43 66.84
4167.00 4167.00
22.23 30.64
58.43 66.84
49.59 43.69
48.41 55.23
17.09 100.00
17.09 43.37
17.08
2.30
38.50
-21.42

Table 3.3: CDMA Interference - 308 Pagers



~ Bandwidth (MHz) . -~ . . . 1.00. . .

10log(Bandwidth) 60.00
Simult. Users 12.00
Forward Channels 4.00
Number of Pagers 1.00
EIRP of Pagers (dBW) 21.00
Required Eb/MNo 2.30
FORWARD RETURN
up DOWN - ue DOWN
Transmit Power (Watts) 0.18 1.20 . 2.50 0.30
Gain of Tx Ant (dBi) 16.00 2.50 -1.00 3.00
EIRP 8.55 3.29 2.98 -2.23
Ls(dB) 147.37 146.76 147.37 146.76
" Lp(dB) 2.00 2.00 2.00 2.00
Le(dB) 0.50 2.00 0.50 2.00
Gain of Rx Ant(dB) 3.00 1.00 3.00 16.00
Carrier (dBW) -138.32 -146.47 -143.89 -136.99
Ts (K) 425.00 500.00 425.00 300.00
GrfTs (dB/K) -23.28 -25.99 -23.28 -8.77
C/No (dBHz) 64.00 65.14 58.43 66.84
Rb (b/s) 8334.00 8334.00 4167.00 4167.00
Eb/MNo (dB) 24.79 15.93 22.23 . 30.64
{C/No)Thermal 64.00 55.14 58.43 66.84
(C/No)User 54.78 49.59 49.59 43.69
(C/No)Gateway 55.23 59.50 48.41 55.23
(C/No)External 47.55 100.00 41.98 100.00
- Composite Up&Down 46.15 48.19 40.44 43.37
Forward & Return 44 .04 38.66
* Required Eb/No 2.30 2.30
(C/No)Reqd 41.51 38.50
MARGIN 2.53 0.16

Table 3.4: CDMA Interference - 1 Pager
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METHOD FOR DETERMINING SHARING BETWEEN STATIONS
IN THE MOBILE SERVICE BELOW 1 GHz AND FDMA
NON-GEO MOBILE EARTH STATIONS

) (Questions 83-1/8 and 84-1/8)
The CCIR,
considering

(a) that allocations for LEO MSS services below 1 GHz, if shared with fixed and mobile
services, must provide adequate protection from harmful interference to those services;

x
e,

(b) that LEO MSS can provide beneficial radio-based services, including emérgency alerting’,
to a large community of travellers;

o () that the use of Low Earth Orbit enables practical use of frequencies below 1 GHz by space
SR stations:
{d) that some coordination and channelization techniques used in fixed and mobile radio

systems in bands below 1 GHz can lead to low Erlang loading on individual channels;

)] that dynamic channel assignment techniques are technically feasible and may provide a
means of spectrum sharing between fixed and mobile services and low power, low duty cycle
mobile-satellite services;

] that Recommendatton%tabhshes the protection criteria for other services in the
same bands with which LEO MSS systems will have to share;

. {@) that the users would operate throughout large geographic areas,
recommends

that the calculation methods described in the annex be used to determine sharing
between mobile earth stations in the MSS using FDMA techniques and fixed and mobile services

in the same de {,M ‘

* However, these services will not be identified as safety services as defined by the Radio Regulations.

CCIR\CEOB\WPBD\DT\O13E.DOC

‘ For reasons of economy, this document is printed in & limited number of copies. Participants sre therefore kind{y asked to bcing .
thaisr raniac tn the maeting since nn othect can be made available.
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ANNEX

METHODS AND STATISTICS FOR DETERMINING SHARING
BETWEEN MSS EARTH STATION TRANSMITTERS
BELOW 1 GHz AND MOBILE STATIONS

1. Introduction

The methods presented in this annex describe a method to be used to determine if MSS
earth station (MES) transmitters can share spectrum with mobile services™. The methods described
provide a basis for evaluating the effectiveness of power level limits for MES e.i.r.p. that may be
established to allow sharing with mobile services. '

2. Potential interference from MSS to mobile services

Mobile {(and fixed) services in the VHF band are typically characterized by frequency
modulated voice and data carriers assigned on a periodic channel grid. Channel spacings used
include 12.5 kHz, 15 kHz, 25 kHz and 30 kHz.

MSS systems below 1 GHz may use a dynamic channel assignment algorithm which
allows the space station to identify those channels which have the least amount of activity
generated from the fixed and mobile stations which are sharing the spectrum. Thus it is expected
that there will typically be significant frequency separation (15 kHz or less) between the MSS
transmission and the mobile station receiver centre frequency. However, for the purposes of this
methodology, no efficiency of the dynamic channel assignment process can be predicted; MSS
up-link channel selection are therefore assumed to be randomly distributed in 2.5 kHz"™ steps
within the fixed and mobile allocation.

3. Summary of the methodology

Several steps must be undertaken in order to determine the potential for harmful
interference to mobile stations from MES transmitters. The methodology for so doing is outlined in
this section. Detailed descriptions of each step are contained in the next sections.

3.2 Coordination contour

The first step is to determine a typical coordination contour around a fixed or mobile
receiver to be protected. This is described by the range at which an MES transmitter or group of
transmitters will produce a pfd in excess of a level determined to be a protection criteria. To
perform this calcuiation one must know the following values:

And fixed stations of the same general technical characteristics.

™ This step size represents practical restrictions on synthesizer implementation with little loss in generality of
the analysis. -

CCIR\CEO8\WPSD\DTVO13E.DOC
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e.i.rp.mes = The maximum e.ir.p. of the MES (Watts)

BWmes = The signal bandwidth of the MES transmitter (Hz)
pfd; = pfd considered to be harmful (dBW/m2/4 kHz)

Nt " = Expected maximum simultaneous MES transmitters
L(d) = Propagation loss as a function of distance

if it can be determined that the coordination contour is small enough as compared to the
expected movements of mobile stations and MESs, then no further calculations are required. if the
coordination contour is too large for this determination to be made, the following steps must be
executed. -

3.3 Calculation of threshold exceedance probability

Probabalistic techniques are used to determine the percentage of time that the protection
pfd will be exceeded at a particular mobile station receiver. if this expectation is low enough,
exceedance of the protection level is not considered to be harmful interference.

3.3.1 Geographic area for the calculation

The first step is to determine an area over which transmissions from MESs will contribute
significantly to the statistics of received pfd at the mobile receiver. If too large an area is used, the
subsequently calculated exceedance probability is likely to be understated. This area is typically
described by a radius corresponding to the protection contour described above.

3.3.2 Single transmitter pfd probability density function

Given an area over which the calculation is to be performed, on then calculates a discrete
probability density function” for the expected values of pfd at a mobile or fixed receiver. This is a
two step process, beginning with the establishment of a random variable describing the probability
distribution of MES to Mobile receiver range. The probability of a particular pfd is then evaluated
as that associated with the range which, in combinations with the MES e.i.r.p., propagation model
and potential filter isolation, produces that pfd.

3.3.3 Multi-carrier pfd probability density function

The resulting probability density function of pfd applies when a single MES transmitter is
activated. The probability density functions for pfd associated with two or more MES transmitters
are derived from the singie carrier POF using a convolutional method described in section 7.

{

The probability density (PDF) for a random variable defines the probability weight for each of the values
that the random variable can take on. The integral of the PDF is unity. If one constructs a new function for
each of the values that the random variable can take on by integrating the PDF from minus infinity to that
random variable value one has created the cumulative distribution function (CDF).

-
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3.3.4 Probability that MES transmitters are activated

The resulting pfd distributions must be conditioned by the actual probability that one or
more MES transmitters are active within the area of the receiver to be protected. These
probabilities are traffic level dependant and are typically described by the Poisson distribution. This
portion of the calculation is dependant on the type of access scheme chosen for the MSS system,
however the maximum transmission probabilities have been bounded by assuming very efficient
use of available channels by the MSS operator.

3.3.5 Exceedance probability

Actual exceedance probability depends on the share of MSS system traffic originating
within the protection contour of the fixed or mobile receiver. Typically the ratio of MSS space
station coverage area to the area described by the protection contour is 0.1% or less. Because the
actual distribution of system traffic cannot be determined in advance of System operation, the
method describe for calculation exceedance probability shows how to make this factor a
parameter. This will facilitate understanding of the impact of expected traffic levels on the potential
for harmful interference to a mobile station.

3.3.6 Exceedance probability versus actual interference

The calculated exceedance probability actually overstates the potential for harmtul
interference for the following reasons:

a) it assumes that each mobile or fixed link is always active, either transmitting or
receiving;

b) it assumes that each mobile or fixed receiver is operating at its maximum range
{minimum performance threshold) with no additional link margin, however power
control may be employed in some systems, eliminating this effect;

c) it discounts the fact that dynamic channel assignment techniques used by MSS
systems will avoid active fixed and mobile frequencies;

d) many MES transmissions will be short bursts which may not open squelch on many
receivers and may not be audible if they occur during talker activity on speech
channels, howeveriif the channel is used for data or signalling performance may be
degraded no mattér how short the burst.

4. Reference propagation model

For purposes of evaluating the potential of interference from LEOQ MSS up-link transmitters
to mobile stations (MS) or base stations (BS} in the VHF trequency band a reference link mode! is

given. Further study is required to evaluate an appropriate propagation model for other frequency
bands below 1 GHz.

The predicted propagation loss is a function of transmitter/receiver separation distance.
CCIR Recommendation 529 states that the received field strength for VHF frequencies can be
modelled, to first order as:

E=- 88 VP - h, h, (BY,
A - d? m

CCIRLCEO8\WPBD\DT\O13E . DOC



-5-
8D/TEMP/13-E

where:
P = Transmitted power (Watts)
hy = Transmitting antenna height (m)
hr = Receiving antenna height (m)
d = Separation (km) y

Converting this expression from a field strength to a power flux density from that

transmitter incident at a distance d:
(E-107¢)2

PFD(d) = ——5r—r

For the purpose of evaluation the potential of interference from a LEO MSS transmitter to
a mobile station, an antenna height product on the order of 10 metres should be used. This
accounts for the fact that LEO MSS transmitters are likely to be hand held or vehicle mounted,
rather than tower mounted. For the case of base stations in the mobile service or fixed stations, a
larger product should be used as appropriate. In the case of airborne receivers or MSS
transmitters larger products should also be used.

5. Calculation of the coordination cantour

As noted in section 3.2, the coordination contour will be dependant on the expected
number of simultaneous MES transmitters which can contribute to the aggregate pfd incident at
the mobile service receiver. Random access protocols’ allow for occasional multiple simultaneous
transmissions on the same frequency and as such represent the upper limiting case on the
potential for aggregate interference to a mobile station receiver. The probability of simultaneous
transmitters is evaluated using the Poisson distribution:

AN
p,(n) = ar €

where:

n = number of simultaneous transmitters

A = average transmissions per unit time

The particular type of random access protocol chosen will determine the appropriate value
of lambda. The use of slotted random access protocols allows the highest value of carried traftic, a
theoretical maximum of 36.8%; practical upper bounds are around 30%. This is double the value
of traffic and value of lambda as compared to a simple unslotted technique. Systems must be
designed to operate within the throughput constraint of the random access protocol to maintain
their quality of sennce Thus while short periods of traffic loading in excess of the stability values
may be seen, it is reasonable to assume that systems will need to operate below these values in
order to retain their users.

A value of lambda = 0.4 in the expression for the Poisson distribution yields practically
realizable peak loading levels for the slotted random access protocol. Table | below demonstrates
the probability of 0, 1, 2, .... 6 simultaneous transmitters for a value of lambda = 0.4. One can see
from this table that the probability of more than four simultaneous transmitters is .00001. Thus an
appropriate value for Ny is 4, however, consideration may be given to using other values.

Many random access protocols are referred to as "ALOHA™ protocols, a specific 1ypé of random access
protocol.

-
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TABLE |
Representative MES transmission probabilities
n | Pyn) Cy(ny 1-Cq(n)
0 0.6'1611 0.616106 0.38389
1 0.29840 0.914509 0.08549
2 0.07226 0.986772 6.0 1323
3 0.01167 0.998439 0.00156
4 0.00141 0.999851 0.00015 )
5 0.00014 0.999988 0.00001
6 0.00001 0.999999 0.00000

" The aggregate pfd incident at a mobile service receiver from a number of MES
transmitters of equal power at a given distance can be expressed as:

,/‘E‘IR_P' N, :
120w

PFD (d) =

Rearranging terms yields the expression for the coordination contour as a function of the
protection level established:

g - V8810 - /Ah, - /ETRP,_W,

Vizow - /X
6. Evaluation of single carrier pfd probability distribution

The singie carrier pfd probability distribution is evaluated from two basic assertions: that

_ the propagation loss between the MES and the mobile service receiver is dependant upon

distance and that the probabmty distribution of all possible separations is known. For the former,
refer to section 4 for the propagation loss model. For the latter a uniform density of MES
(terminals/m?2) is used. More complicated distributions could be used but they would implicitly
assume some feature of the mobile service receiver, an uncorrelated phenomenon with respect to
the placement of MESs, had some influence on the MES distribution.

It is straightforward to demonstrate that a uniform density of MES produces a unit ramp
probability density function for the random variable describing the separation between the MESs
and the mobile service receiver. This discrete PDF is constructed in the following manner:

C4(n) is the cumulative distribution function of P(n).

CCIR\CEQ8\WPSD\DTW13E.DOC
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- di

where:
i
norm = I d,

1}
N; = total number of samples

d; = discrete values of separation distance

N; should be selected to such that dmax/N; < 0.5 km to ensure adequate resolution in the
model.

Filter isolation with respect to 2 MES transmission at the mobile station receivers must be
calculated for 2.5 kHz offsets, at least from 0 to 12.5 kHz.

An array is created with the index corresponding to pfd values and the array values
corresponding to probability values. This array has all values set to zero.

Each value of distance in the separation probability density is used to calculate apfd
attenuated by the isolation at each of the 2.5 kHz positions. The probability value associated with
the distance is divided by the number of separate filter isolation calculations and added to the
probability value already associated with the calculated pfd. This is repeated over all statistically
significant values of distance to create the complete probability distribution function. This
calculation is expressed in the following equation:

Ny PFD(d,; d
no N - A(dg) a PSA(, )
i=0 j=0 5 £

Where:
A; = Filter isolation j*2.5 kHz from the

Mobile Receiver center frequency

The expression "+=" refers to adding the right side of the expression to the existing
contents of the variable on the left side of the equation.

7. Evaluation of multi-carrier pfd probability distribution

Multi-carrier pfd probability distributions are evaluated in an iterative manner beginning
with the single carrier'pfd distribution derived above. This is based on the principles that the pfd
distribution for each MES transmitter are the same and that MES transmissions are statistically
independent.

The process of the pfd generation is described algorithmically as it is only practical to
generate the distributions with the aid of a computer. it is considered that two pfd distributions
exists in discrete form as an array of values, known as Pptd1 and Pptg2- Note that the pfd values
are referenced via the index to the array and the probability value associated with an individual ptd
is the value in the array at that index.

A third array (Ppfd3) is created with sufficient index range to accommodate pfd values
ranging from the lowest value among the input distributions to the sum of the highest values in the
input distributions. This third array has all its values set to zero. The following expression is then
executed for all values of the index pointers to produce the joint pfd distribution.

CCIR\CEOB\WPSD\DTOI3E.DOC
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Trax

JMK
Eo J}_JOPFDPMJ(PFDi + PFD)) += Pogy (PFD,) * P,,,, (PFD,)

Thus the distribution of pfd for two carriers is derived in this manner from the single carrier
distribution. Multi-carrier distributions are derived from an appropriate combination of distributions
for lesser number of carriers. For example, a five carrier distribution can be derived from combining
2 and 3 carrier or 4 and 1 carrier distributions according to the method described above.

8. Determination of MES transmission probability

The probability of one or more MES transmitters being on in a dgiven unit of time is
evaluated using the Poisson distribution. The formula for this is described in section 5. This allows
the ptd probability distribution for n carriers to be conditioned by the actual probability than n
transmitters will be active. The shape of a particular Poisson distribution is determined by the
variable lambda, often referred to as traffic intensity.

Traffic intensity levels relevant to the determination of interference potential from MSS
systems are evaluated in terms of the share of the total traffic transmitted to the MSS space
station that is generated within the local region of the mobile station to be protected. Recall that
practical system implementations limit the maximum value for lambda in the Poisson distribution to
0.4. Arriving at a the impact of a given percentage share of the total traffic is achieved by reducing
the maximum value of lambda by the same percentage.

For example, if the traffic generated in the local area of the of the mobile station was
expected to be in the same proportion as the ratio of the local area to the total area of a typical
LEO satellite beam (.002) then a value of lambda of .0008 should be used. In practice one should
add up to a factor of 50 to account for geographic peaking effects.

9. Calculation of exceedance probability

The preceding statistical derivations can be combined to determine the exceedance
probability for a particular ptd thresholds and levels of local MES traffic intensity. It is
recommended that the expression contained in this section be evaluate for a range of these
parameters, because of the range of uncertainty that exists for each. The following expression
should be used to determine the value of exceedance probability to be associated with these
parameters. !

NL n T
PO %) = E %e-* (1 - I P,y (PFD) )

CCIR\CEOS\WPBDADT\013E DOC



-9-
8D/TEMP/13-E

Appendix
EXAMPLE APPLICATION OF THE CALCULATION METHODOLOGY

1. {ntroduction

This appendix shows an example of application of the methodology contained in this
Recommendation. The particular type of MES under consideration has the folfowing relevant
characteristics:

a) Maximum e.i.r.p. 9 dBW ’
p) Modulation bandwidth <4 kHz
¢) Transmit frequency around 150 MHz

A description of the dynamic channel assignment technique proposed for MSS systems
operating below 1 GHz is given followed by the results of the calculations described in the
methodology.

2. . Description of dynamic channel assignmerit technique

Mobile satellite systems below 1 GHz ¢an use a technique called dynamic channel activity
assignment system (DCAAS) to allow mobile earth stations to communicate effectively in the
presence of nearly co-channel up-link interference from fixed and mobile transmitters. The
technique allows the MSS up-link channels to be reassigned (on the order of every 10 seconds) in
response to statistical time variation of channel use by fixed and mobile transmitters.

The dynamic channel assignment algorithm begins with a scan of the entire up-link band
by the satellite using a step size and measurement bandwidth typically equal to the modulation
bandwidth of the LEO MSS up-link carrier. The instantaneous power level as seen at the satellite
in each potential channel is recorded. This set of measurements is combined with past
measurements in a weighted time average for each potential channel. This weighted average
takes into account the short and long term statistics of talker and calling activity. The channels are
then ranked from most to least desirable in terms of the potential for interference.

Each satellife periodically updates the list of channels to be used by the mobile earth
stations. A list containing portion of the channels found to be usable is transmitted to the MESs. A
MES chooses from this list when initiating an up-link transaction. Control of the remaining usable
channels is retained by the system to be used in channel assignments to MESs.

3. Protection contour calculation

Given a propagation loss model and a maximum MES transmitted e.i.r.p., one can
calculate the pfd as a function of distance as described in section 5 of the annex of this
Recommendation. Figure 1 depicts the pfd as a function of distance for one to tour simultaneous
MES transmitters. Four is the value selected for Ny, the expected maximum number of transmitters
on a particular frequency, as described in section 5 of the annex.

CCIR\CEO8\WPSD\DT\O13E.0OC
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Aggregate Recelve Flux Dansity (dBW/m2/4 kHz)

i L A o~

a tQ.0 0.0 .0 400 .0 2.0 a0 0.0
Transmitter(s) - Recelver Separation (km)

. | FIGURE 1

pfd as a function of distance

From the figure, a protection criteria of -140 dBW/m2/4 kHz would be exceeded by:
One transmitter at a range of 25 km
Two transmitters at a range of 30 km

Three transmitters at a range of 33 km
Four transmitters at a range of 35 km.

Thus the coordination contour would be defined as 35 km for a protection criteria of
-140 dBW/m2/4 kHz.

in the cases where it is possible for the protection criteria to be exceeded, one must
determine the likelihood of that occurrence. This is done using the probabalistic analysis described
in sections 6-9 of the annex.

4, Ptd distributions

The results of the derivation of a pfd probability distribution, based on a 9 dBW transmitted
e.i.rp. from the MES are shown in Figure 2 for 1, 2, 3, and 4 carriers. This distribution was made
over a coordination contour of 80 km, the value which is chosen for a protection criteria of
-160 dBW/m2/4. Note that the results are shown as cumuiative distribution functions.

-
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One can determine the probability that a power flux density protection criteria will not be
¢ exceeded when n transmitters are active by obtaining the CDF valued for that power flux density
tor n carriers. The probability that the threshold is exceeded is one minus this value. This
probability that interference may occur must be conditioned by the probability that n transmitter are
active as described in the next section.

100.0%

Cumulative Distribution Function

FIGURE 2

~-180 -160 90 ~60

Interference power distribution

{ l l i 1

-140 -~$t30 -120 -110 ~100

Power Flux Density (dBW/m2/4 kHz)

5. Interference probability

The actual probability of interference to a particular receiver depends upon the total share
of the MSS traffic occurring within the local area of the receiver. Figure 3 indicates the share of
traffic which must originate in the local area of the fixed or mobile receiver to produce a given
interference probability. For example, if the established protection criteria is a pfd of -130 dBW/m2,
20% of the total population of mobile earth stations would have to be within 80 km of the receiver
before the probability of interference wauld exceed 1%.
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COMMENTS CONCERNING PROPOSED DRAFT STRUCTURE OF A NEW
RECOMMENDATION ON METHODS FOR ANALYSING SHARING
BETWEEN EXISTING FIXED AND MOBILE AND
METEOROLOGICAL SYSTEMS AND
SPREAD-SPECTRUM CDMA
LEO MSS BELOW 1 GHz

(See attachment)

Objectives of this working document include development of a methodology for examining
the impact of RF emissions between existing services and CDMA MSS systems below 1 GHz in
the space-to-Earth and Earth-to-space links. The methodology is illustrated through numerical
examples. However, the present annex is limited to the VHF band and to the meteorological
satellite, fixed and mobile services.

General comments

The applicability of the methodology derived in the annex should be validated for its
applicability in bands above VHF, that is for bands between 300 MHz and 1 GHz. There is also a
need to discuss how earth stations in the LEO MSS that do not have the same characteristics as
the mobile earth stations described in the present annex can be accommodated. For example,
fixed stations which are used for teeder links.

Out-of-band emissions from both earth stations and satellites of the LEO MSS systems
should be evaluated for their impact on systems operating in adjacent bands.

Comments on the annex

1. In the case of interference to a meteorological satellite receiver with an omnidirectional
antenna, section 2.1 states that interference will last “for a few seconds"; however, the LEO MSS
satellite will be in view of the omnidirectional meteorological satellite receiver down to the horizon
which would be many minutes.

2. The interference budgets shown should be improved to show clearly the separate budgets
for wanted and interference signals. Skyfﬁeﬂf and man-made noise should also be included.

3. On page 5 it is not clear how changing the elevation angle to the satellite will reduce the
eftect of interference on up-link transmissions.

4, On page 7 the formula for spacecrait gain has a range of 18.5 dB from 5° to 90° elevatidn .
angle rather than the 9 dB quoted.
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5. If the system described uses a non-processing transponder the given -13 dB up link
signal-to-noise ratio, will cause the down link interference to other services to be dominated by
re-radiated up-link noise and interference rather than the wanted signal. Some analysis of the
possible need for separate feederlinks (outside the service-link band) should be provided.

6. For the FDMA LEO (Document TEMP/8D/13) analysis it was suggested that a reasonable
value for non-uniformity of terminal distribution woutd be 50 times the uniform value in order to
evaluate interference. Therefore some further analysis of additional interference which might be
caused by additional MESs under non-uniform loading should be made for the COMA case.

E S INTPRIE N
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Attachment
PROPQSED DRAFT STRUCTURE OF A NEW RECOMMENDATION
METHODS FOR ANALYSING SHARING BETWEEN EXISTING FIXED AND MOBILE SYSTEMS

AND METEOROLOGICAL SYSTEMS AND SPREAD-SPECTRUM
CDMA LEQO MSS BELOW 1 GHz

The CCIR,
considering
(a) that allocation for LEO MSS services below 1 GHz, if shared with other services, must
provide adequate protection from harmful interference to those services;
{b) that sharing with other services in these bands is necessary;
" () " that LEO MSS can provide beneficial radiocommunication services such as emergency -

alerting (however, these services are not intended to be identified as safety services as specified
in the RR) and geographical position determination to a large population;

(d) that satellites in fow Earth orbit provide a practical platform for communication equipment
in space below 1 GHz;

(e) that low power MSS systems employing direct-sequence spread-spectrum modulation
contribute minimally to the overall noise level within these bands. However in the vicinity of mobile
earth stations, substantial RF emission could be present;

() that spread-spectrum techniques are technically feasible and may provide a means of
sharing between existing fixed and mobile services and low-power, tow duty-cycle mobile-satellite
services,

recommends

that the methods described in the annex be used for analysing sharing between existing
fixed and mobile services and meteorological services and a spread-spectrum COMA LEO MSS
below 1 GHz.
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ANNEX

METHODS FOR EXAMINING THE IMPACT OF RF EMISSIONS BETWEEN
EXISTING METEROLOGICAL SATELLITE SYSTEMS AND FIXED AND
MOBILE TERRESTRIAL SYSTEMS AND A VHF SPREAD
SPECTRUM COMA LEO MSS SYSTEM

1. introduction

The search for the means by which a spread-spectrum COMA LEO MSS system can
share the radio VHF spectrum with existing users of the [137 - 150 MHz] [VHF] bands is the
objective of this report. Meteorological satellite, fixed and mobile communications systems, and
some other radiocommunication services are presently allocated to these frequencies.

- The CDMA spread-spectrum modulation technique will allow several spread-spectrum
systems to operate simuitaneously provided that they coordinate the assignment of the pseudo
noise codes to their respective users.

Enhanced communication performance is achieved by transmitting the spread-spectrum
RF modulated signal from a digital MSS mobile Earth terminal. This spread-spectrum signal utilizes
the available spectrum in an efficient manner and assures reliable communications. The
enhancement derives from the increased probability ot successful packet transmission by
averaging out any interfering signals. This spectrum spreading technique also reduces
interference from MSS Earth terminals on adjacent channels.

The methods developed in this paper are applied to a typical example COMA LEO MSS in
the appendices. Appendix | shows parameters for a typical COMA LEO MSS system. Appendix !l
shows how these methods can be applied.

2. Potential for sharing of the space-to-Earth VHF band (137 - 138 MHz)

This band (137 - 138 MHz) is allocated on a primary basis to space-to-Earth operations,
space research and meteorological satellites, and receivers of allocated terrestrial services
(including terrestrial off-route aircraft). These frequencies are used for distribution of
meteorological data to terrestrial receivers. In this section, we examine the impact of interference
between a VHF spread-spectrum CDMA system and meteorological sateflites and earth stations.

Sharing between existing services and VHF spread-spectrum is facilitated by the following
criteria:

a MSS flux density less than -140 doW/m2/4 kHz, as specified by CCIR SG 8D/5-1;

- orbit segregation: LEO MSS satellites come into the line-of-sight of meteorological
space and ground stations for a short period of time;

- use of code division multiple access (CDMA) pseudo noise modulation technique by
the LEO MSS avoids creation of strong interference which might impact
meteoroiogical or other systems.
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In the LEO MSS space-to-Earth direction, enhanced communication performance is
achieved by transmitting the spread-spectrum RF modulated signal via a digital MSS satellite
transponder. The spread-spectrum signal utilizes the assigned 1 MHz bandwidth in an efficient
manner and assures reliable communications. Because of the spread-spectrum system's tolerance
for interference from other sources when such interference is within reasonable power levels,
CDMA transmissions from LEO MSS systems will be able to operate completely satisfactorily in
the presence of the few meteorological space systems which use the 137 - 138 MHz band to
operate. Additionally, since newer meteorological systems are moving to the L-band or higher to
achieve higher data rates, the down-link portion of LEO MSS systems below 1 GHz are not :
expected to experience significant interference from existing systems in the 137 - 138 MHz band. 3

2.1 Determining interference from a spread-spectrum VHF MSS satellite to a typical
receiver in the meteorological-satellite service

The worst interference case affecting a meteorological satellite ground receiver is obtained
when a LEO MSS satellite is briefly aligned with a meteorological satellite and the meteorological
ground receiving station. This worst case interference will last a period of several seconds with few

- repelitions each day. Appendix Il shows the results of an interference analysis for a typical

meteorological down-link channel at 870 km altitude with and without MSS satellite’ interference.
The method used is to compute the power in the desired down-link signal by subtracting the space
loss and polarization loss from the down-link e.i.r.p.

The total power at the input of the receiver is:

C +No +1

where
C = the carrier power in Watts W}gig
No = the intrinsic noise in Watts

| the total power of the interferers in Watts.

First we compute (C/No) in Watts, giving the margin of the system without interferers. Then
we compute (C/(No+l)) in Watts, giving the margin with interferers. So the change in operating
margin is obtained by computing (No+1)/No or (1+1/No) in Watts. From these expressions one can
compute the change in operating margin in dB as well as the system margin both with and without
interference.

A performance margin can now be computed for the case when interference is present by
comparing this new C/No with the required value. An example of the application of this method is
shown in Appendix Il.

22 Determining interference from an existing LEO meteorological satellite system to a
VHF spread-spectrum MSS

The worst-case orbital configuration is represented by a meteorological satellite channel
(APT} interfering with a spread-spectrum MSS receiver.

The high power emission from the meteorological sateflite down-link channel, spread over
the receiver bandwidth gives a noise interfering power of

e.i.r.p. - space loss - 10*og(bandwidth)
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If we consider the noise temperature.of the terminal; the transmitting meteorological .
satellite interference degrades the LEO MSS user terminals' margin. For those terminals at the
periphery of the LEO MSS satellite service area, we expect that the meteorological satellite
transmissions wifl cause blocking of communication while the meteorological satellite remains in
view. For command and data acquisition stations, which have a narrow-beam antenna, harmful
interference will be experienced only for the short time that both satellites are within the same field
of view. The dissimilar orbits of the two systems will minimize this problem.

Design of appropriate orbital configurations, communications protocols and MSS system
margins can minimize the operational effect of such interference.

3. Method for sharing between existing fixed and mobile services and a LEO MSS
spread-spectrum CDMA Earth-to-space link

Many VHF bands are allocated to fixed and mobile services. Two-way sharing between
existing mobile services and a VHF spread-spectrum CDMA LEO MSS is facilitated by:

- the use of the spread-spectrum modulation which is nnherently able to accept
additional interference from-other sources; -

- the directivity of the MSS telecommand antennas (an 18 dB gain Yag| covers only
9.8% of the sky);

- the constantly moving footprint of the LEQO MSS satellite reception area across the
surface of the Earth which minimizes its exposure to the heavuest interference from
ground based transmitters;

- the near continuous reappearing presence of other satellites in the constellation which
can perform the required communication links from positions of lesser interference on

the satellite. agme

Signals from land mobile users currently assigned to the proposed up-link band are
typically narrow-band signals (16 kHz or less). The Mobile System (MS) transmitters, especially the
base stations, are high power compared to the user terminals of the proposed MSS systems. Thus
the CDMA MSS must be reasonably immune to the land mobile signals.

The incidence of fixed and mobile terminal interference will be observed principally on the
up link used by small user terminals transmitting to the satellite. Appendix Il gives an example of
the up-link power/noise budget from a typical MSS CDMA mobile terminal in the
148.0 - 149.9 MHz band to demonstrate how these methods are to be applied.

3.1 Analysis of interference induced by a VHF COMA spread-spectrum MSS system on a it
mobile system

In the Earth-to-space link, MSS control and data acquisition (CDA) stations and MSS
mobile user terminals could cause interference to MS ground stations and terminals. The
interference analysis is done separately for the MS terminal and for the MS ground station, using
two criteria:

1)} the coordination area around the MS receiver;

2) statistical considerations assuming a uniformly distributed MSS mobile user
population.

The equation to be applied is from CCIR Report 567-3. Its purpose is to calculate the
electric field intensity at a specified distance between antennas of known heights. By substituting

values for maximum desired electric field intensity, the formula can be solved for coordination
distance.

CCIR\CEOB\WPBD\DT\O36E DOC



-7
8D/TEMP/36-E

. W
) LE

where
E = sensitivity of receiver to be protected (mi'crovolts per metfe)
P = e.i.r.p. of interferer (Watts)
d = distance between antennas (km)

hy, ho = height of antennas (m) (10 m2 is generally used for the product of antenna
heights where both MSS and terrestrial stations are ground-based)

A = wavelength {m)

For a receiver sensitivity of -150 dBW/m2/4 kHz, which is generally considered as a
worst-case value, the electric field to be protected is given by:

E =120% 10ptd/10
where

pfd = sensitivity of receiver

3.2 Analysis of interference induced by terrestrial services on a VHF CDMA
spread-spectrum LEO MSS system

To compute the effect of interference caused by transmissions in the VHF band from
existing users, it is first assumed that these users are uniformly distributed over the footprint of the fonbiEy
spacecraft antenna. Users closer to the sub-spacecraft point will have less of a space loss, but the
spacecraft antenna pattern may be shaped to compensate for the effect of range. An expression
taking these considerations into account is developed to estimate the total noise induced by other
services on a LEQ MSS.

Having such a model for interference level, we can proceed by creating a detailed link
budget which includes the effect of MSS user location (in terms of elevation angle to the
spacecraft) and the noise contribution from alf sources including the CDMA MSS self-interference
as well as interference from existing users. By experimenting with different values of user-to-
spacecraft elevation angle, values of elevation angle which produce a positive operating margin
can be found for different levels of interference. This method is demonstrated in Appendix Il for
typical system parameters.

3.2.1 Total noise induced by the terrestrial services on a CDMA spread-spectrum LEO
MSS

It is desired to compute the total power observed at spacecraft S from a large number of
emitters, Ne, uniformly distributed over the spherical cap included in the satellite footprint. That
footprint, however, is much larger than most continents and there is no land mobile service at sea.
Thus we will spread the Ne emitters over an area the approximate size of the continental
United States - an area having a 40° central angle (B = 20°).
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. The-ared:of a'spherical cap of central angle Bis .

Area=21 R (1 - cos(f))

Thus the density of emitters is

N N

€ £

Area 2z R (1 -cash)

density =

and the number of emitters in an incremental area

dA = 2xR¥singdp

N, sinfdf

dN = density x dA =
Rstly x 1-cos20"
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The spacecraft recewmg antenna has a pattern that. compensates forthe 9 dB greater
space-loss experienced by stations at 5° elevation compared to stations dlrectly below the
satellite. The model for antenna gain as a function of elevation angle is

a(a)=es-§3a

where
a = elevation angle in radians
Ggg = gain in decibels

The spacecraft gain can be expressed in terms of the angle B subtended at the centre of
the Earth between the spacecraft S and the emitter E. Thus

39 1
m(ﬁ) =66 - ——arctan
G ) (tanﬂ r '_sln,p)

where
r = 1+hgR
hs = sateliite height
R = radius of Earth

The power received at the spacecraft from an individual emitter is the power of the emitter
less the path loss between that emitter and the spacecraft. The path loss between Eand S is
given by:

) -

Path Loss,y = 20‘09(4xdﬂ _

or, expressed as a ratio,

PL = 2
(4nd )
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- .. Wewill. write the path{oss in terms. of the, attenuauon A corresponding to the spacecraft_, )
height, that is, at a 90-degree elevation angle: ’

A=

41-;}!)

SO we can write
2

k
PL = A—'——
do?

consideration of the geometry as shown in the figure yields this expression for path loss:

_ 412
where
A = PlLathg
hs = satellite height
R = Earth radius
r = 1+hg/R
B = angle between S and E at centre of Earth

The product of average emitter power, path loss, antenna gain, and incremental number of
emitters integrated over the spherical cap of central angle B yields the total interfering power at the

spacecraft.
Thus
o 2ol ]
2 tanﬁ rsmﬁ
_ PN A {r-1)* roun .
T 1-c0s(20°) I; P21 - 2:0035 siap 4P

We now need to determine a value representing the number of interferers Ni:

If we assume a traffic of pu Erlang per station, the probability for i stations to emit
simultaneously is given by a binomial law:

p(d) = ( )p (1-u)™"

with N, = the total number of emitting stations. With Ne large and ¢ small, p(i) tends to be a
Poisson's law expression (telephone traffic).
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