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Appendix A

Technical Information on the Adaptation of Terrestrial 3G Technology to MSS Applications

Introduction

Considering that MSS systems are complementary to terrestrial cellular systems and should

provide the same services, an economically viable next generation MSS system should offer

ubiquitous coverage with globally roaming terminals that support leading terrestrial 3G and 2G

services with multi-mode terminals. In addition to basic voice and messaging services, the next

generation MSS systems will be required to offer enhanced services such as high-speed data, e

mail, internet access file transfer, and interactive multimedia such as videophone and

teleconferencing.

The key to the success of a next generation MSS system is a high-quality and low cost system

design, which implies affordability. A low-cost next generation system design requires: 1)

leveraging already existing terrestrial wireless infrastructure investments; 2) keeping a high

degree of commonality in design with the leading terrestrial wireless technologies to insure low

cost manufacturing of multi-mode user terminals; 3) flexibility to address future service needs

(yet to be known) due to the prohibitive cost of upgrading the space segment; and, 4) multiple

potential suppliers for the system components and increased competition.

Recently Approved Third Generation Radio Transmission Technologies

Among the terrestrial wireless technologies that have emerged from lTV Task Group 8/1, the

cdma2000 and WCDMA proposals are currently the leading ones.

The WCDMA technology, supported by Ericsson, Nokia, Motorola and NTT Docomo, has been

advocated by the lTV as the recommended method of implementation of Direct Spread CDMA

(IMT-DS). The WCDMA technology is backwards compatible with the GSM standard widely

deployed around the globe. A recommended deployment method of WCDMA is using a building

block, 5MHz, channel bandwidth segment. A successful adaptation of WCDMA to next



generation MSS would utilize these 5 MHz building blocks to supply a full range of viable and

low cost services over a bandwidth utilization of 5-15 MHz.

The cdma2000 technology, proposed by Qualcomm, Lucent, Motorola and Nortel, has been

advocated by the ITU as the recommended method of implementation of Multi-Carrier CDMA

(IMT-MC). The cdma2000 technology is backwards compatible with the IS-95A and B

standards widely deployed in the United States. A recommended deployment method of

cdma2000 is a graceful evolution from IS-95 by initially using three IS-95 channels of 1.25 MHz

each, hence resulting in a 3.75 MHz channel. An adaptation ofcdma2000 to MSS systems

would require a minimum bandwidth of 3.75 MHz (3x) with limited types of services that

exclude multimedia services due to the need for large antennas with an extremely large number

of beams and the associated handoff problems. A successful adaptation of cdma2000 to next

generation MSS for a full range of viable and low cost services requires a bandwidth of 11.25

MHz (9x) while medium speed data applications would require a bandwidth of7.5 MHz (6x).

The proposed allocation of 3.88 MHz (35 MHzIN) per operator rules out the adaptation of the

WCDMA technique that requires a building block spectrum segment of 5 MHz, and it forces

next generation MSS operators into using only cdma2000 in the US. Both cdma2000 and

WCDMA have been approved by the ITU for 3G usage and have their own virtues. It is,

therefore, in the best interest of the consumer to let the competition determine the usefulness of

both technologies rather than restricting operators to the one advocated only in the USA.

Required Spectrum Segment Width

The proposed allocation of 35 MHzIN in the US is insufficient for the next generation MSS

systems. A minimum bandwidth of 15 MHz is required to offer all enhanced 3G services to US

consumers. Table 1 below shows the types of services and their availability to US consumers

with 35/N, 5, 10 and 15 MHz spectrum segmentation plans for the next generation MSS systems.

The reasons for the requirement for a 10 -15 MHz bandwidth are as follows:

1) Deployment of high speed internet and multimedia services in 3.88 MHz bandwidth yields

insufficient aggregate Kbps/MHzlbeam information capacity and requires spreading to



bandwidths of 10 - 15 MHz to reduce system self interference. Table 2 below shows the

static circuit capacity per beam of an example satellite system using cdma2000 and WCDMA

for the different types of services explained in Table 1 with various spectrum segmentations.

The circuit capacity for 3.75 MHz is realized with cdma2000, while the capacity for

bandwidths 5, 10 and 15 MHz is realized with WCDMA. The table shows that it is not

possible to support even one high speed multimedia user with the 3.75 MHz and 5 MHz

segmentations.

2) The proposed allocation requires complex and costly satellite antennas and will force an

unreasonably high number of beams to achieve the desired capacity and services. The greater

number of beams causes an increased handoff rate that results in a lower quality of service.

In addition, stringent code and frequency planning is required.

3) One type of enhanced service is a non-real-time and delay tolerant application such as

internet web-browsing that takes better advantage of user inactivity periods in wider

bandwidths. A wide bandwidth offers a larger capacity pool for mixing delay tolerant and

delay sensitive applications in the same band and hence makes better use of the spectrum

during periods of user inactivity. More bandwidth allows different users to share resources

within a larger capacity pool. By so doing the varying data rates of multimedia traffic are

smoothed out by using a wideband signal. Mixing applications within the capacity pool

results in less variance in the composite data rate. This overall lower data rate allows the

maintenance of a reasonably large spreading gain which results in a smaller demand for

transmit power. The power amplifiers on satellites can thus operate closer to their saturation

point. This increases the efficiency and reduces the cost of the satellite power system.

Considering the large number of non-QED satellites in an MSS system, this reduces the

overall system cost substantially.

4) Since wider band signals have better tolerance to frequency selective fading, they are more

easily received when going through deeply-faded propagation channels. More multipath

components can be recovered in suburban areas where surrounding buildings tend to bounce

signals around. To the customer, this means higher quality of service.

As a result of the above considerations, the minimum spectrum segments for CDMA systems

must be 5 MHz wide and systems that support sharing must be allocated 10-15 MHz of



contiguous spectrum that is required to provide multimedia services to consumers in rural areas.

Segments of 10 - 15 MHz of contiguous spectrum must be allocated only to operators that

support sharing due to scarcity of the spectrum. Non-contiguous segmentation will not allow the

direct spreading mode and will restrict the availability of high speed multimedia services to

consumers.



Availability of Services to a Handheld User Terminal
with Various Spectrum Assignments

Service Type 3.88 MHz 5 MHz 10 MHz 15 MHz
Voice and Messaging Yes Yes Yes Yes

Voice
Paging and SMS

Low Speed Data Yes Yes Yes Yes
E-mail w/o attachment
Low speed data transfer
Data Transactions

Medium Speed Data Yes Yes Yes Yes
E-mail w/ attachments
Internet Access
File and image transfer
Database/LAN access

High Speed Data &
Low Speed Multimedia No No Yes YesHigher speed internet access

Videophone
Compressed video Data Services
Remote Medicine

Medium Speed Multimedia No No Yes Yes
Video conferencing
Distance learning

High Speed Multimedia No No No Yes
Interactive multimedia
Interactive Video

Table 1. Availability of various enhanced services in U.S. with different spectrum segmentation plans
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Bandwidth (MHz)
--- ---------~--- - ------------,---~--_... _---- ----- ---- -- ------

Service Type Source bit 3.75 5 10 15 20
rate (kbps) (cdma2000) (WCDMA) (WCDMA) (WCDMA) (WCDMA)

Voice and Messaging 8 115 76 153 230 307

Low Speed Data 64 14 17 35 53 71
----~-- ------- ------

Medium Speed Data 144 5 7 15 23 31
--- --------- --- --- -------

Low Speed Multimedia 384 0 2 5 8 11
---~--

Medium Speed 1024 0 1 2 3 4
Multimedia

----- --~----

High Speed Multimedia 2048 0 0 0 1 2
-------- ------- ---

Table 2. Static circuit capacity per beam of an example
Mobile Satellite system for various services and spectrum segmentations
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Purpose/Objective: To modify the existing Recommendation M.1186 to include sharing
considerations for systems that use access techniques other than
CDMA.

Abstract: The proliferation ofNGSO MSS systems calls for the efficient use ofthe
allocated spectrum and the rigorous coordination of the sharing of these bands
among systems. ITU-R Recommendation M.1186 is currently being used to
coordinate the sharing of frequencies among systems using Code Division
Multiple Access or other spread spectrum techniques. The purpose of this
contribution is to extend the concept of using power flux density and e.i.r.p.
density as the basis for coordination among MSS networks using all types of
multiple access methods including TDMA and CDMA in the 1-3 GHz bands.
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UNITED STATES OF AMERICA

WORKING DOCUMENT TOWARDS A DRAFT REVISION TO ITU-R
RECOMMENDATION M.1186

TECHNICAL CONSIDERATIONS FOR COORDINATION BETWEEN MOBILE
SATELLITE SERVICE (MSS) NETWORKS UTILIZING CODE DIVISION

MULTIPLE ACCESS (CDMA) AND OTHER SPREAD SPECTRUM TECHNIQUES
IN THE 1-3 GHZ BAND

I. Introduction
With the proliferation of Non-Geostationary Orbit Mobile Satellite Service

(NGSO MSS) Networks, the spectrum allocated to these systems in the 1-3 GHz band
will soon become congested using traditional band splitting methods. Geosynchronous
techniques such as orbit slot spacing and control do not work for NGSO systems.
Without sharing considerations which employ techniques that allow operators to choose
various modulation techniques the spectrum for MSS systems will be inadequate and will
soon be exhausted. The continued growth of these systems calls for the efficient use of
the allocated spectrum and the rigorous coordination of sharing of these bands among
systems.

ITU-R Recommendation M.ll86 is currently being used to coordinate the sharing
of frequencies among systems utilizing Code Division Multiple Access (CDMA) or other
spread spectrum techniques. The purpose of this contribution is to extend the concept of
using power flux density and e.i.r.p. density as the basis for coordination among MSS
networks using all types of multiple access methods including TDMA and CDMA in the
1-3 GHzbands.

II. Background
The purpose of this document is to show the technical feasibility of coexistence

between properly designed TDMA-based NGSO-MSS systems and properly designed
CDMA-based NGSO-MSS systems using the same frequencies within a band. In Section
III, recommendations for CDMA/TDMA sharing are presented and an example of
sharing is given. In Section IV, proposed revisions to ITU-R Recommendation M.1186
are presented, and, conclusions are provided in Section V.

III. Recommendations for CDMA/TDMA Sharing
NGSO-MSS Systems sharing the same service links to and from the satellites and

the user within the same frequency band and within a region of overlapping beams in the
up and down service links will create interference into the other.

In the service downlink, the interference parameter for sharing is the total
intersystem interference presented to a user terminal of one system due to other systems
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operating over an overlapping service area and in an overlapping frequency band. It is
recommended that this interference be defined in terms of an appropriate and agreed
upon spectral pfd mask over all elevation angles. Due to constantly changing geometry
of non-geostationary systems and the number of satellites visible at any particular
moment at a point in the service area being coordinated, the value of maximum spectral
pfd should be specified as the maximum spectral pfd that is permitted at any point in the
service area from the aggregate of all satellites in the interfering system. For all systems,
the maximum permissible spectral pfd should be averaged over an appropriate and
agreed-upon period of time to account for various factors. A common factor for all
systems is that the number of satellites in view change continuously. Additional
characterizations for properly designed TDMA systems applied to system sharing
include: 1) In TDMA systems all time-frequency traffic channels may not be occupied
continuously due to time-frequency channel allocation plan and/or due to the possible use
of frequency hopping; 2) Control channels for TDMA are periodic transmissions and
therefore do not occupy the channel on a continuous basis; 3) Voice activity ratio, 4)
Power control transients. The agreed-to maximum spectral pfd per network should be
determined on the basis of achieving coordination between multiple satellite networks
subject to other spectral pfd constraints on a per satellite basis that is established in the
radio regulations during coordination of MSS downlinks with terrestrial services under
Resolution No. 46.

In the uplink direction, the interference parameter of interest is the total
intersystem interference presented at the satellite receiver input of one system due to
emissions of the user terminals of other systems operating over an overlapping service
area and in an overlapping frequency band. It is recommended that this interference be
defined in terms of an appropriate and agreed-upon maximum aggregate e. i. r.p. spectral
density simultaneously radiated by all mobile earth stations for a single interfering system
that are located within an appropriately sized reference area within the service area being
coordinated. Since different beam sizes are used in different systems, such aggregate
e.i.r.p. spectral density levels should be specified for a set of reference averaging areas
that approximate the range of beam sizes being coordinated. For all systems, the
maximum aggregate e.i.r.p. spectral density should be averaged over an appropriate and
agreed-upon period of time to account for various factors as explained in the above
paragraph. It should be noted that these agreed-to aggregate e.i.r.p. spectral density limits
must be within applicable e.i.r.p. spectral density limits imposed on mobile earth stations
as a result of sharing with other services in the band.

Recommended CDMAlTDMA Sharing Interference Analysis
The interference presented by a NGSO-MSS system to another NGSO-MSS

system will be referred to as inter-system interference in the following. Since signals in
both systems are not correlated, the inter-system interference appears as thermal noise of
each system and is added on a power basis. The following analysis method is
recommended for calculating the interference among the TDMA and CDMA system
service links. This method applies to both up and down servicelink interference analyses.

Let the channel bandwidths of the TDMA and CDMA systems be B, and Be'
respectively, and that there are K TDMA channels operating in one CDMA channel.
This scenario is shown in Figure 1.
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Let the number of CDMA users in a CDMA frequency channel in the overlap
frequency band and within the area of overlap be N e with uplink CDMA power per user

equal to Pe and voice activity factor equal to Ve . Both CDMA and TDMA systems are
power controlled. Let the voice activity factor and the number of time slots in a frame for

the TDMA system be ~ and S"'lIIl1' respectively.

Bc--------..
One CDMA Channel

Figure 1. Overlapping CDMA and TDMA systems channels.

One TDMA Channel
-+ Bt.-

_ffi'-----_G-------....
Frequency

The inter-system interference density within a single CDMA channel bandwidth,

linter el created by the CDMA system which interferes with the co-frequency channels of

TDMA system is given by

(1)

where Ie =Pe / Be is the uplink power spectral density per CDMA user, and Ve accounts

for the fact that, on the average, Ve of all CDMA users will be active at a given time
instant.

The total interference density into the TDMA system is equal to

I'dlllll = Iintcr,el + Iintra,rd + No (2)

where Iintra.ld is the total intra-system (self) interference plus noise density for the

TDMA system, and No is the thermal noise density. The intra-system interference for the
TDMA system is the self interference of the TDMA system due to various factors such as
beam overlap, partial time overlap of successive TDMA slots, residual doppler frequency
shift, etc. which depend on the TDMA system under consideration. Consequently, total
interference power within the bandwidth of a single TDMA channel is given by

I'dllla,pwr = Ildllla . B, (3)
The above total interference power within the bandwidth of a TDMA channel,

Itdma,pwr should be used in the overall carrier-to-interference power ratio calculation in the

TDMA system up and down service link budgets to account for the CDMA interference.

The inter-system interference density within a CDMA channel, Iinter,te caused by

the TDMA system is given by

Iintcr,c = K· II •~' BtlBe (4)
where K is the number of TDMA channels within the CDMA channel

bandwidth, I, = P, / Bt is the power spectral density per TDMA user in a TDMA channel,

and ~ accounts for the fact that, on the average, ~ of all TDMA users in the channel
will be active at a given time instant. In (4), the TDMA signal power density is reduced
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by B, / Be because the uncorrelated TDMA signal is spread by a CDMA receiver. The
total interference density into the CDMA system is equal to

(5)

where 1e is the total intra-system interference plus noise density for the CDMA system.

Consequently, total interference power within the bandwidth of a TDMA channel is
given by

Iedllla,pwr = f edma . Be • (6)
The above total interference power within the bandwidth of a CDMA channel,

fedllla,pwr should be used in the overall carrier-to-interference power ratio calculation in

the CDMA system up and down service link budgets to account for the TDMA
interference.

Recommended Power Flux Density Analysis Method for TDMAlCDMA Sharing
The downlink pfd for a specific system depends on design parameters such as the
frequencies, antenna gains and line losses, and also depends on some time varying and
geographic area dependent parameters for example the number of users per channel. The
pfd calculations are performed different in a CDMA and TDMA system, as a in hybrid
system.

Now a method of calculating pfd is presented, and the CDMA and TDMA schemes
are discussed separately.

The instantaneous downlink pfd in the system channel bandwidth for a single user at
a specific elevation angle is calculated as follows:

pfdilll , = C/No + f o+ La - Ga+ M + IOlog(4;r//l?) (7)

where C / No is the required carrier-to-noise power ratio at the user terminal receiver, 1
0

is the total interference density plus thermal noise density at the user terminal receiver

input, La is the receiver antenna loss, G" is the user terminal antenna gain for the

elevation angle under consideration, M is the link margin, and A is the wavelength of the
signal.

For a CDMA system: In general the CDMA system has FDM channels with a
number of users per FDM channel, and there is no time-sharing between the users. As the
number of users per FDM channel varies with time a term is added to equation (7) which
compensates for average loading of the channel. For P CDMA users in the FDM
channel on the average, the downlink pfd for the CDMA system is:

pfdedma = pfditls, + 1010g(P) (8)
For a TDMA system: In a TDMA system each user is dedicated a timeslot within

a certain FDM channel. Averaging over time when calculating the pfd will account for
voice activity and compensate for the fact that all time-frequency channels will not be
occupied all the time. When the TDMA system uses frequency hopping, all time
frequency traffic channels are not occupied continuously, which means reduced pfd
averaged over a period of time.

For a TDMA system that uses a voice data rate of Rnax when the user is active,

and uses a data rate of Rmin when the user is not active with a voice activity factor of x,
the average data rate is

5
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Rlll'g =Rmax • x + Rmin (1- X) ,

and the reduction in the pfd (in dB) is given by

1010g(Rmax Rm,g) .

For a frequency hopping TDMA system, the pfd is further reduced by an

amount F}, (in dB) which depends on various factors including the available bandwidth for
hopping, the number of frequencies in the hopping-sequence and the spacing between the
hop-frequencies.

Consequently, the average pfd the TDMA the system is given by

pfdfdmll = pfd;fI\f -1010g(Rmax I Rlll'l{) - F"

A Sharing Example: In this example, two NGSO-MSS systems, a CDMA and a TDMA
system, having 1.23 MHz and 25 KHz channel bandwidths, respectively operate over
overlapping service areas in overlapping frequencies, and interfere with each other. The
constellation altitudes are 1450 km and 1350 km for the CDMA and TDMA systems,
respectively. In this example, the return link is interference limited in both systems, and
therefore the results of sharing for the return link are presented. The service link beams of
the CDMA system are much larger than those ofthe TDMA system, and cover several
TDMA beam service areas. On the average, two of the TDMA beams overlapping with a
CDMA beam are allocated the same set of frequencies. Each CDMA channel of 1.23
MHz bandwidth is fully reused by 92 TDMA channels of 25 KHz bandwidth in the two
overlapping TDMA beams. An appropriate area for sharing coordination is chosen as the
size of a CDMA beam, and a maximum user e.i.r.p. is calculated for each system such
that both systems can share the same frequency band over overlapping service areas.
Both systems have a C/I equal to IOdB due to intra-system adjacent beam overlap. The
CDMA system requires an EbIN0=6.3 dB, and the TDMA system requires a C1N0=49
dBHz. In Table 1, we present the return link budget when both systems share the same
frequency. It is assumed that all of the available TDMA channels in the CDMA channel
bandwidth are fully occupied, i.e. 6 users I TDMA channel. Table 2 presents the CDMA
capacity as a function of COMA and TDMA user EIRP. This example demonstrates that
a properly designed COMA system and a properly designed TDMA system can share a
common service link spectrum with overlapping beams over a common service area.

IV. Proposed Revisions
The proposed revisions to ITU-R Recommendation M.II86 are shown in

ANNEX 1.
V. Conclusions

ITU-R Recommendation M.II86 is currently being used to coordinate the sharing
of frequencies among systems utilizing Code Division Multiple Access (CDMA) or other
spread spectrum techniques. This contribution has demonstrated that this concept can be
extended to using power flux density and e.i.r.p. density as the basis for coordination
among MSS networks using all types of access methods including TDMA and CDMA in
the 1-3 GHz bands.
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CDMA RETURN LINK BUDGET

Table 1. A sample link budget

TDMA RETURN LINK BUDGET

In" •..rame".rs
Uplink Downlink Units

varner Frequency .luuu.uu "~:>U.UU Mt"Z
UT Signal EIRP Per User -1.84 -17.71 dBW
Satellite Altitude 14:>U.UU 14:>U.UU
User Elevation Angle 70.00 40.00 deg
Range 1524.56 2016.37 km
Free Space Loss -162.13 -175.38 dB
Polarization Loss -0.32 -0.28 dB
Power Flux Density (pfd) -136.49 -154.79 dBW/m2
GIT -14.35 28.42 dB/K
System Noise Temperature 509.64 140.67 deg K
Receive C/No I

2400.00
1

240000
1

Data Rate bps
Receive Eb/No 16.48 29.93 dB
INO 01 I;UMA users/l;uMA I;nann IU

CDMA Intra-System Interference -132.34 -136.50 dBW
Channel Bandwidth 1.23 1.23 MHz
CDMA Intra-System Int'f Density -193.24 -197.40 dBW/Hz
TDMA Intersystem Int'f Density -198.10 -100000 dBW/Hz
Totalln!'f Density, 10 -192.01 -197.40 dBW/Hz
Thermal Noise Density, No -201.53 -207.12 dBW/Hz
Receive Eb/lo 6.96 20.21 dB
Receive 10/No 8.29 9.72 dB
Receive Eb/(No+lo) 6.50 19.77 dB

l,-qUiv. ransp. ",aln 1.l:>.UU ac
dB

ILIn" arameters
Uplink Downlink Units

lL;arner t" requency , OiUUU.UU ti!:lIJU.UU MHZ
UT Signal EIRP Per User 5.92 -9.34 dBW
I::;atellne Annuae l;1:>U.UU l;150.UU

User Elevation Angle 70.00 40.00 deg
Range 1420.38 1887.84 km
Free Space Loss -161.52 -174,85 dB
Polarization Loss -0.32 -0,28 dB
Power Flux Density (pfd) -128.12 -145.85 dBW/m2
GIT -14.35 28.46 dB/K
System Noise Temperature 509.64 140.67 deg K
Receive C/No I 58.651 72.681 dBHz
Burst Data Rate 36.00 36.00 kbps
Receive Eb/No 13.09 27.11 dB
NO. 01 I UMA userSITDMA I;n. 6
TDMA Intra-System Interference -157.11 -153.79 dBW
Channel Bandwidth 0.03 0.03 MHz
TDMA Intra-System Int'f Density -201.09 -197.76 dBW/Hz
CDMA Intersystem In1'l Density -193.24 -1000.00 dBW/Hz
Totallnt'f Density, 10 -192.58 -197.76 dBW/Hz
Thermal Noise Density, No -201.53 -207.12 dBW/Hz
Receive Clio 49.70 63.32 dBHz
Receive lo/No 8.95 9.35 dB
Receive C/(lo+No) 49.18 62.85 dBHz
Received C/(I+N) 5.20 18.87 dB
l"qUlv. ransp. ",aln I.lO.UU ac

" .. dBHz

8.00

6.00

4.00

2.00

~
0.00

III
~ -2.00
11.
a:::
iIi -4.00

-6.00

-8.00

-10.00

-12.00

Table 2. Required user e.i.r.p. per system

---,-"--_. -------,

Required EIRP per user for each system

Number of COMA Users

___ COMA User EIRP(~B-W-L;--..-~M-A-U-:=--r-p-e~k-E-IR-_~(dBW}]
'---'--._-----_._-------~
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ANNEX 1

TECHNICAL CONSIDERATIONS FOR THE COORDINATION BETWEEN
MOBILE SATELLITE SERVICE (MSS) NETWORKS UTILIZING CODE DIVISION
MULTIPLE ACCESS (CDMA) AND OTHER SPREAD SPECTRUM TECHNIQUES

IN THE 1-3 GHz BAND

Summary
This Recommendation provides the technical parameters to be considered for the coordination ofGJ)MA

MSS systems, and recommends the administrations implementing such systems to coordinate based on
agreed values for the pfd or e.i.r.p. density, in space-to-Earth or Earth-to-space direction, respectively.

The ITU Radiocommunication Assembly,

considering
a) that non-geostationary satellite systems in the mobile-satellite service (MSS) using CDMA sr
stRer spread speGtrHm teGRaiques using frequency division multiple access (FDMA), time division multiple
access (TDMA), code division multiple access (CDMA) or other multiple access techniques have been
proposed for operation in the 1-3 GHz band;
b) tRat MSS systems lisiag stRer IfIsdulatisa metRsds frequeaGy aiyisisa mliltiple aGGess
(FDMA)/time ai't'isisa multiple assess (TOMA) Ra',ce alss beea prspased fer speratiaa ia tile I 3 GHz
~,
ej Q2 that the World Administrative Radio Conference for Dealing with Frequency Allocations in
Certain Parts of the Spectrum (Malaga-Torremolinos, 1992) (WARC-92) adopted Resolution No. 46 to
provide interim procedures for coordination and notification of frequency assignments of non-geostationary
satellite networks in certain frequency bands and for certain space services;
619 that multiple MSS systems using COMA sr atRer spread speGtrHm traasmissiaa teGRaiqlies
FDMA, TDMA, CDMA or any other multiple access technique can in some cases operate on a co-channel
and co-coverage basis;
e:) ill that the application of Resolution No. 46 requires the development of new technical criteria and
calculation methods for the technical coordination of MSS systems when such systems operate in the same
band;
4j~ that the most recent technical information developed by the Radiocommunication Study Groups
should be made available to administrations for their use in the coordination of these systems,

recommends
1 that administrations implementing MSS networks using COMA ar atRer spread speetrHm
traasmissisa teGRaiques FDMA, TDMA, CDMA or any other multiple access technique exchange detailed
information on the following system parameters, to facilitate the coordination process (see Note 1):

downlink spectral power flux-density (pfd),

aggregate uplink e.i.r.p. spectral density over a specified geographical area,

polarization,

TDMA burst and frame structures

frequeaGy use time and frequency channel use approaches,

code structures and associated cross-correlation properties

frequency hopping method and rate (if applicable)

antenna beam patterns,

signal burst structures (if applicable);

8
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2 that administrations implementing MSS networks using CDMA sr stHer s~reaa s~e6H1iiB

tfaRSfHissisR tesRRiE]l:les FDMA, TDMA, CDMA or any other multiple access technique may undertake
coordination in the space-to-Earth direction based on agreed values for the spectral power flux-density on
Earth resulting from those MSS space stations (see Note 2);
3 that administrations implementing MSS networks using CDMA Sf staef sflfead sflestrlifH
tfaRsfHissisfl tesRfliE]l:les FDMA, TDMA, CDMA or any other multiple access technique may undertake
coordination in the Earth-to-space direction based on agreed values of e.i.r.p. density from the mobile earth
stations within a given geographical area (see Note 3).

NOTE I - Additional parameters can be utilized to facilitate the coordination process among MSS spread
sfleetrlifH networks. Administrations should exchange infonnation on and may wish to coordinate
additional technical parameters. These additional technical parameters are:

Polarization - The sense of polarization used should be specified, although only circular polarization is
assumed for the user tenninal antennas. While the amount of intersystem isolation due to use of different
sense of circular polarization in the service link that can be assumed in coordination may be small, any
amount of isolation can provide a usable increase in system capacity under interference sharing conditions.

TDMA burst and frame structures - The duration and structure of traffic and control channel time slots and
the structure of the TDMA frames of a TDMA system are required in calculating interference into other
systems.

F1'8(jl:lcnc:;' Time and frequency channel use approaches - System operators would be required to specify
their satellite freE]I:lBRSj' time and frequency channel use in tenns of frame structures and tHe individual
radio-frequency channels (slot and frame durations, centre frequency and bandwidth) in their systems.
Time and frequency channel freE]HeRej' use approaches may indicate a degree of isolation between systems,
and constraints on time and frequency channel freqHeRey use approaches may be needed to achieve
compatibility (i.e. avoidance of simultaneous co-channel operation).

Code structures and associated cross-correlation properties - There are numerous pseudo-random noise
codes of adequate length and acceptable properties that can be selected by a CDMA system operator to
ensure satisfactory system operation. However, there is a small probability that system operators can
independently select codes that have cross-correlation artifacts that produce more interference than would
be in the case of the white gaussian noise usually assumed in the intersystem interference calculations. For
this reason, coordination between system operators would include identification of their code structures to
ensure that the codes selected have sufficiently good cross-correlation properties that the effects of
intersystem interference are no worse than white gaussian noise.

Antenna beam patterns - Antenna beam patterns (number of beams, pointing angle of maximum gain, side
lobe gain patterns and beam array layout) together with frequency plans, can be used to represent the
distribution of spectral pfd/e.i.r.p. spectral density across a specified geographic area and the assigned
frequency band. Satellite beam patterns are especially important in cases where geographic operating
constraints are needed (e.g. where co-channel sharing is not possible between global-coverage systems and
regional-coverage systems).

Frequency hopping method and rate - If a system uses frequency hopping technique, the method and rate
of frequency hopping should be described. Cordination between system operators on their frequency
hopping and allocating hop frequencies can decrease the level of intersystem interference and increase the
capacity under sharing conditions.

Signal burst structures - If a system uses a fonn of transmission that does not radiate a continuous signal,
the time dependent characteristics of the transmission should be described in such tenns as peak/average
power levels, duty cycle, framing and guard time structure, burst synchronization characteristics, etc.
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NOTE 2 - In the downlink direction, the key interference parameter is the total amount of interfering
power presented to the receiving mobile earth station, and this interference level can most readily be
defined in terms of a spectral pfd value. Because of the constantly changing geometry of non-geostationary
systems and the number of satellites visible at any particular moment at a point in the service area being
coordinated, the value of maximum spectral pfd should be specified as the maximum spectral pfd that is
permitted at any point in the service area from the aggregate of all satellites in the interfering network. It
may be desirable to average the maximum permissible spectral pfd limit over an appropriate and agreed
upon period of time to account for various factors. These factors include short-term peak situations due to
power control transients, differing number of satellites in view, and other time-varying system
characteristics. Other factors for TDMA systems are: I) In TDMA systems all time-frequency traffic
channels may not be occupied continuously due to time-frequency channel allocation plan and/or due to the
possible use of frequency hopping; 2) Control channels for TDMA are periodic burst transmissions and
therefore do not occupy the channel on a continuous basis; 3) Voice activity ratio. Polarization effects shall
also be considered during coordination. This agreed-to maximum spectral pfd per network is determined on
the basis of achieving coordination between multiple sj3reas sj3eet:rHm satellite networks subject to other
spectral pfd constraints on a per satellite basis that are established during coordination of MSS downlinks
with terrestrial services under Resolution No. 46.

NOTE 3 - In the uplink direction, the key interference parameter is the total interference power presented
at the satellite receiver input, and this parameter can be most conveniently addressed in the coordination
process for sj3reas sj3eetfHm satellite networks by agreeing on a limit on the aggregate e.i.r.p. spectral
density simultaneously radiated by all mobile earth stations for a single interfering system that are located
within an appropriately sized reference area within the service area being coordinated. Because of different
beam sizes used in sj3reas Sj3eetfHm MSS systems such aggregate e.i.r.p. spectral density levels may have to
be specified for a set of reference averaging areas that approximate the range of beam sizes being
coordinated. Some time averagiBg also ma)' be Elesirable to aSSEniBt for sAort term j3eak siRiatiofls see to
raBsom assess sAaflBels, power salitreI system traRsieRts, aRB other time varyiRg system eharasteristiss For
all systems, the maximum aggregate e.i.r.p. spectral density should be averaged over an appropriate and
agreed-upon period of time to account for various factors as explained in the above paragraph. It should be
noted that these agreed-to aggregate e.i.r.p. spectral density limits must be within applicable e.i.r.p. spectral
density limits imposed on mobile earth stations as a result of sharing with other services in the band and in
some bands if the e.i.r.p. spectral density limits are exceeded.
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