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Foreword

This Technical Specification (TS) has been produced by ETSI Technical Committee Satellite Earth Stations and
Systems (SES).

The contents of the present document are subject to continuing work within TC-SES and may change following formal
TC-SES approval. Should TC-SES modify the contents of the present document, it shal then be republished by ETSI
with an identifying change of release date and an increase in version number as follows:

Version 1.m.n
where:
» thethird digit (n) isincremented when editorial only changes have been incorporated in the specification;

» thesecond digit (m) isincremented for all other types of changes, i.e. technical enhancements, corrections,
updates, etc.

The present document is part 5, sub-part 5 of a multi-part deliverable covering the GEO-Mobile Radio Interface
Specifications, asidentified below:

Part 1:  "General specifications';
Part 2.  "Service specifications’;
Part 3:  "Network specifications’;
Part4:  "Radio interface protocol specifications';
Part 5. " Radiointerface physical layer specifications';
Sub-part 1:  "Physical Layer on the Radio Path: Genera Description; GMR-1 05.001";
Sub-part 22 "Multiplexing and Multiple Access; Stage 2 Service Description; GMR-1 05.002";
Sub-part 3:  "Channel Coding; GMR-1 05.003";
Sub-part 4. "Modulation; GMR-1 05.004";
Sub-part 5: "Radio Transmission and Reception; GMR-1 05.005";
Sub-part 6:  "Radio Subsystem Link Control; GMR-1 05.008";
Sub-part 7. "Radio Subsystem Synchronization; GMR-1 05.010";
Part 6:  "Speech coding specifications’;
Part 7 "Terminal adaptor specifications'.
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Introduction

GMR stands for GEO (Geostationary Earth Orbit) Mobile Radio interface, which isused for mobile satellite services
(MSS) utilizing geostationary satellite(s). GMR is derived from the terrestrial digital cdlular standard GSM and
supports access to GSM core networks.

Due to the differences between terrestrial and satellite channels, some modifications to the GSM standard are necessary.
Some GSM specifications are directly applicable, whereas others are applicable with modifications. Similarly, some
GSM specifications do not apply, while some GMR specifications have no corresponding GSM specification.

Since GMR isderived from GSM, the organization of the GMR specifications closdly follows that of GSM. The GMR
numbers have been designed to correspond to the GSM numbering system. All GMR specifications are alocated a
unique GMR number as follows:

GMR-n xx.zyy
where:

- xX.0yy (z=0) isused for GMR specifications that have a corresponding GSM specification. In this case, the
numbers xx and yy correspond to the GSM numbering scheme.

- xx.2yy (z=2) isused for GMR specificationsthat do not correspond to a GSM specification. In this case,
only the number xx corresponds to the GSM numbering scheme and the number yy is allocated by GMR.

- ndenotesthefirst (n= 1) or second (n = 2) family of GMR specifications.
A GMR system is defined by the combination of a family of GMR specifications and GSM specifications as follows:

* |f aGMR specification exigs it takes precedence over the corresponding GSM specification (if any). This
precedence rule applies to any references in the corresponding GSM specifications.

NOTE: Any referencesto GSM specifications within the GMR specifications are not subject to this precedence
rule. For example, a GMR specification may contain specific references to the corresponding GSM
specification.

» |f aGMR specification does not exist, the corresponding GSM specification may or may not apply. The
applicability of the GSM specificationsis defined in GMR-1 01.201 [7].

ETSI
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1 Scope

The present document defines the performance requirementsfor the Mobile Earth Station (MES) radio transceiver for
the GMR-1 Mobile Satellite System.

Requirements are defined for two categories of parameters:

» thosethat are required to provide compatibility among the radio channels, connected either to separate or
common antennas, which are used in the system. This category also includes parameters providing compatibility
with existing systems in the same or adjacent frequency bands;

» thosethat define the transmission quality of the system.

2 References

The following documents contain provisions which, through reference in this text, constitute provisions of the present
document.

» References are either specific (identified by date of publication and/or edition number or version number) or
non-specific.

» For aspecific reference, subsegquent revisions do not apply.
» For anon-specific reference, the latest version applies.

[1] GMR-101.004 (ETSI TS 101 376-1-1): "GEO-Mohile Radio Interface Specifications;
Part 1. General specifications; Sub-part 1: Abbreviations and acronyms; GMR-1 01.004".

[2] GMR-103.022 (ETSI TS 101 376-3-10): "GEO-Mobile Radio Interface Specifications;
Part 3: Network specifications, Sub-part 10: Functionsrelated to Mobile Earth station (MES) in
idle mode; GMR-1 03.022".

[3] GMR-1 05.004 (ETSI TS 101 376-5-4): "GEO-Mobhile Radio Interface Specifications;
Part 5: Radio interface physical layer specifications, Sub-part 4: Modulation; GMR-1 05.004".
[4] GMR-1 05.008 (ETSI TS 101 376-5-6): "GEO-Mohile Radio Interface Specifications;
Part 5: Radio interface physical layer specifications, Sub-part 6: Radio Subsystem Link Control;
GMR-1 05.008".
[5] GMR-105.010 (ETSI TS 101 376-5-7): "GEO-Mohile Radio Interface Specifications,

Part 5: Radio interface physical layer specifications;, Sub-part 7: Radio Subsystem
Synchronization; GMR-1 05.010".

[6] William C. Jakes; "Microwave Mobile Communications (IEEE Press, 1994)".

[N GMR-101.201 (ETSI TS 101 376-1-2): "GEO-Mohile Radio Interface Specifications,
Part 1: General specifications; Sub-part 2: Introduction to the GMR-1 Family; GMR-1 01.201".

[8] GMR-105.002 (ETSI TS 101 376-5-2): "GEO-Mobile Radio Interface Specifications,
Part 5: Radio interface physical layer specifications, Sub-part 2: Multiplexing and Multiple
Access, Stage 2 Service Description; GMR-1 05.002".

[9] |CD-GPS-200C-1RN-1-2-3 (GPS Interface Control Document): "NAV STAR GPS Space
Segment/Navigation User Interfaces (Public Release Version. February 1995)".
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3 Definitions and abbreviations

3.1 Definitions

For the purposes of the present document, the following terms and definitions apply:
Burst EIRP: average of the instantaneous EIRP over 90% of the active portion of a burst

Average EIRP: burst EIRP averaging over at least 200 bursts

3.2 Abbreviations

For the purposes of the present document, the abbreviations given in GMR-1 01.004 [1] apply.

4 Frequency bands and channel arrangement

4.1 Frequency bands and duplex method

MESs operate in frequency division multiplexing (FDM) mode at L-band in two paired 34 MHz frequency bands,
which are allocated world-wide for land mobile satellite service (LMSS). The frequency bands are:

* MESreceives: 1525,0 MHz to 1 559,0 MHz;
*  MEStranamits 1 626,5 MHz to 1 660,5 MHz.

In the FDM scheme, L-band downlink (forward) radio frequency (RF) carriersin the satellite-to-MES direction are
paired with L-band uplink (return) RF carriersin the MES-to-satellite direction at a frequency offset of 101,5 MHz.

4.2 RF carrier spacing and designation
The 34 MHz operating band is divided into 1 087 paired carriers, with carrier spacing of 31,250 kHz.
Carrier pairs, N, are numbered from 1 through 1 087 (1< N < 1 087).

The centre frequency of the carriersin kHz corresponding to a carrier number is given by the expressionsin table 4.1.

Table 4.1: Carrier numbers

Carrier Centre Frequencies (kHz) Carrier Number
Mobile earth station receive 1525 000,00+31,25 x N 1< N<1087
Mobile earth station transmit 1 626 500,00+31,25 x N 1< N<1087

The carrier number and centre frequency of the carriersare given in table 4.2. The RF channd s are spaced at 31,25 kHz
intervals, which provides 32 carriers per MHz.

ETSI
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Table 4.2: Carrier numbers and frequencies

MES-RX Center Freq. (kHz) MES-TX Center Freq. (kHz) Carrier Numbers (N)
1525 031,25 1626 531,25 1
1525 062,50 1626 562,50 2
1529 937,50 1631 437,50 158
1529 968,75 1631 468,75 159
1 530 000,00 1631 500,00 160
1530 031,25 1631531,25 161
1532 937,50 1634 437,50 254
1532 968,75 1634 468,75 255
1 533 000,00 1 634 500,00 256
1543 968,75 1 645 468,75 607
1 544 000,00 1 645 500,00 608
1 544 968,75 1 646 468,75 639
1 545 000,00 1 646 500,00 640
1554 968,75 1 656 468,75 959
1 555 000,00 1 656 500,00 960
1558 968,75 1 660 468,75 1087

4.3 RF carrier used for synchronization and spot

beam selection

To minimize the time spent by MESs during spot beam synchronization, identification, and selection, a subset of RF
carriers called broadcast control channel (BCCH) carriersis used by the network to broadcast BCCHs. MES
synchronization to the BCCH carrier is defined in GMR-1 05.008 [4] and GMR-1 05.010 [5].

4.4 Frequency assignment to spot beams

L-band RF carriers are configured for each spot beam, depending on traffic demand, frequency reuse considerations,
and available spectrum as aresult of coordination with other systems using the same spectrum. Any RF channel can be

used in any spot beam.

ETSI
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5 Stability requirements
5.1 Frequency and symbol timing stability

The stability of the transmitter carrier frequency and symbol timing allows coherent demodulation at the receiving end
and frequency compatibility with the spacecraft. Stahility is measured under channel and operationa conditions
commonly encountered in a mobile satellite communi cations environment.

5.1.1

Definition of operating conditions

Table 5.1 summarizes the mgjor attributes of four operational conditions (OC) used in the specifications of this and
other clauses of the present document. Condition 2 emulatesinitial uncertainties following an acquisition process or
change of a transceiver unit at the gateway station. Condition 3 emulates accel eration and decel eration of the

terminal (s), and condition 4 emulates|oss of signal in the middle of an accel eration period.

Table 5.1: Definition of operational conditions

Oper. Cond. Oper. Cond. Frequency Timing Parameters Measurement Figure
(0Cj) Description Parameters Description Reference
0oC, Steady state N/A N/A Over any 30-sec N/A

interval
0C, Frequency and Freq. step = Timing step = 5 psec |See note 1 N/A
timing step 100 Hz
OC,;-FS60 Frequency and Freq. slope Symbol rate slope |Anywhere in Figure 5.1
timing profile (Hz/sec) =60 (symbols/sec?) = 60 |repeated profile
(Hz/sec)*23,4 (note 3)
(Ksymbols/sec)/
1 500 000 (kHz)
(note 2)
OC,-FS15 Outage under Freq. Slope Symbol rate Slope |Over 15t second Figure 5.2
frequency (Hz/sec) = 15 (symbols/sec?) following signal
and symbol rate = 15(Hz/sec)*23,4 |re-emergence
ramp (Ksymbols/sec)/  |(note 4)
1 500 000 (kHz)

NOTE 1: Some measurements are made in the interval 1-3 seconds following the application of the step, and some
others are made in the interval covering 3-10 seconds following the application of the step. The former
condition is referred to as OC,-A, and the latter as OC,-B.

NOTE 2: The symbol rate ramp has a slope that is commensurate with the corresponding carrier frequency slope
and a carrier frequency of 1 500 MHz. A symbol rate ramp causes a parabolic change in symbol timing,
with a quadratic coefficient equal to the symbol rate slope divided by 2.

NOTE 3: The profile in figure 5.1 is repeated continuously, and the measurement can be made anywhere in this
pattern after sufficient time is allowed for the pattern to reach steady state. The measurement shall be
made over a period of at least 30 sec.

NOTE 4: The outage shall be 5 seconds long and shall be induced at least 5 seconds following the start of the
frequency/timing ramp, as shown in figure 5.2.
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Figure 5.1: Frequency and symbol rate offset profile
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Figure 5.2: Signal outage during a frequency and symbol rate ramp

5.1.2 Frequency and timing stability requirement

In thetests of this clause, the MES shall be receiving the logical channel specified in table 5.2, and shall be transmitting
aTCH3 logical channdl. In all test cases, a Rician fading channel with K =9dB and f;= 10 Hz shall be used.

Therms frequency and symbol timing error of the transmitted signal shall not exceed the values given in table 5.2,
when the unit isreceiving the logical channels given in the table for the operational conditions and E/N,, values are

given in the table for each case. The value of E/N, can be mapped into a power level at the antenna port for each kind
of MES, using the equationsin annex A.
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Table 5.2: Frequency and timing stability requirements

Received Logical Operational EJ/Ng RMS Freq. Error RMS Timing Error
Channel Condition (dB) (Hz) (Usec)
TCH-3 0OC1 8 7,0 0,3
DKAB OC1 8 8,0 15
TCH-3 0OC1 5 7,5 0,3
DKAB OC1 5 8,0 1,8
TCH-3 0OC2-A 8 9,0 0,41
DKAB OC2-A 8 24,0 15
TCH-3 0C2-B 8 6,0 0,25
DKAB OC2-B 8 12,0 1,5
TCH-3 OC3-FS60 8 6,5 0,40
DKAB OC3-FS60 8 22,5 0,85
TCH-3 0OC4-FS15 8 12,5 0,40
DKAB OC4-FS15 8 11,0 0,95

NOTE: Freguency and timing steps (asin OC2) and frequency and symbal rate ramps (asin OC3 and OC4) may
be applied either simultaneoudy or one at atime. That is, frequency and timing conditions may be applied
separately if the test equipment does not support simultaneous application of both conditions.

5.2 Frequency switching time

MESs shall be capable of switching from any receive frequency to any other receive frequency in less than 1,6 msec
and maintain the frequency stability in clause 5.1. MESs shall be capable of switching from any transmit (receive)
frequency to any receive (transmit) frequency in less than 2,2 msec and maintain the frequency stability in clause 5.1.
During frequency switching, the MES tranamit level corresponds to the carrier-off conditions defined in clause 6.4.

These requirements shall be met under the extreme environmental conditions defined in annex B.

5.3 MES time alignment accuracy

The determination of the time offset between receive and transmit bursts at the MES shall be derived from detection of
burst synchronization on the forward channdsin combination with timing adjustments feedback from the receiver at the
other side of the link.

Time offset control messages are broadcast by the network on each spot beam, with the average offset for the particular
spot beam. The MESs delay the beginning of their initial transmission with the broadcast value. The accuracy of the
correction shall be better than +1/8 of the transmitted symbol duration.

The transmit to receive timing offset requirements shall be met at the antenna terminal.

The above conditions shall be met in a standard channel (Rician fading, k = 9 dB, 10 Hz Doppler, E,/N, = 5 dB) when
the symbol rate of the received signal isfixed, whilethe carrier frequency of the received signal is varied asfollows.

No variation in carrier frequency:
« carrier frequency isinitialy constant, then varied at +15 Hz/sec for 5 seconds prior to measurement;
o carrier frequency isinitially constant, then varied at -15 Hz/sec for 5 seconds prior to measurement.

These requirements shall be met under the extreme environmental conditions defined in annex B.
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5] Transmitter characteristics

6.1 Power output characteristics and power class

The carrier is ON during the transmission of bursts; otherwise, the carrier is OFF.

Transmitted power ismeasured in terms of EIRP (effective isotropic radiated power) averaged on each burgt, and EIRP
averaged over aset of at least 200 burgts. The former istermed "burst EIRP", and the latter istermed "average EIRP".
Burst EIRP ismeasured by averaging the instantaneous EIRP over 90% of the active portion of each burst. Average
EIRP is measured by averaging the instantaneous EIRP over 90% of the active portion of the burst and further
averaging over at least 200 bursts. EIRP shall be measured in the direction from the MES at which maximum power is
transmitted, as observed in the far field. EIRP measurements may be conducted through separate measurements of
output power at the antenna terminal's and maximum antenna gain. Measurement procedures are beyond the scope of
the present document.

The average EIRP of various terminal types shall satisfy the limitsin table 6.1 in extreme environmental conditions and
shall satisfy the limitsin table 6.3 in normal environmental conditions. Normal and extreme environmental conditions
are defined in annex B.

Table 6.1: Average EIRP for terminal types - extreme conditions

Minimum EIRP (dBW), Maximum EIRP (dBW),
Power Class PAS=0dB PAS=0dB Examples
(note) (note)
1 4 7 Handheld
2 4 7 Vehicular,
no adjustable antenna,
no booster
3 Reserved
4 6 11 Vehicular,
adjustable antenna,
no booster
5 Reserved
6 4 9 Fixed
7 Reserved
Others Reserved
NOTE: PAS (power attenuation setting) is defined in GMR-1 05.008 [4].

Table 6.2: Average EIRP for terminal types - normal conditions

Minimum EIRP (dBW), Maximum EIRP (dBW),
PAS=0dB PAS=0dB
Power Class (note) (note) Examples
1 5 7 Handheld
2 5 7 Vehicular,
no adjustable antenna,
no booster
3 Reserved
4 7 11 Vehicular,
adjustable antenna,
no booster
5 Reserved
6 5 9 Fixed
7 Reserved
Others Reserved
NOTE: PAS (power attenuation setting) is defined in GMR-1 05.008 [4].
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In addition, the single burst EIRP shall satisfy the following:

a) thefirs four bursts of each transmit activity that are not preceded in the past 60 seconds by a transmit activity of
at least four burgts long shall satisfy the limitsin table 6.3;

b) each of theremaining bursts shall satisfy the limitsin table 6.4.

Requirementsin tables 6.3 and 6.4 shall be met under the extreme environmental conditions defined in annex B.

Table 6.3: Single burst EIRP - bursts 1-4

EIRP Range (dBW),
Power Class with PAS =0dB Examples

1 2-8 Handheld
2 2-8 Vehicular, no adjustable antenna, no booster
3 Reserved
4 4-12 Vehicular, adjustable antenna, no booster
5 Reserved
6 2-10 Fixed
7 Reserved

Others Reserved

Table 6.4: Single burst EIRP - bursts 5 and on

EIRP Range (dBW), with
Power Class PAS =0dB Examples

1 4-7 Handheld
2 4-7 Vehicular, no adjustable antenna, no booster
3 Reserved
4 6-11 Vehicular, adjustable antenna, no booster
5 Reserved
6 4-9 Fixed
7 Reserved

Others Reserved

These requirements shall be met when the system-level power control (see GMR-1 05.008 [4]) isinactive (e.g., for
bursts on aRACCH or SDCCH channel) or when the commanded PAS is equal to O dB. When power control is active
and PASisnot equal to 0 dB, the unit EIRP shall be solely controlled by the power control loop

(see GMR-1 05.008 [4]), and the unit EIRP shall meet therequirementsin clause 6.6 of the present document.

6.2 Antenna radiation pattern

The antennaradiation pattern for the handheld MES, with the antenna fully deployed and with no conducting objectsin
the vicinity of the unit, has a2 dB beamwidth of at least 90°. The axial ratio of the radiated wave shall be lessthan 5 dB
over the frequency range at a 20-degree el evation and less than 2 dB over the frequency range at zenith.

6.3 Transmit polarization

Radiation isleft-hand circularly polarized.

6.4 Carrier-off conditions

When the MES transmitter is OFF or outside the time window defined by the ramp-up, nominal burst, and ramp-down
intervals, the maximum EIRP from an MES shall be -30 dBm or less.

These requirements shall be met under the extreme environmental conditions defined in annex B.
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6.5 Ramp-up and ramp-down

Thetransition from the carrier-off state to the active tranamit state is the burst ramp-up, and the corresponding transition
at the end of the burst isthe burst ramp-down. The precise structure of the burst and the mapping of data bitsinto data
symbols and transmit waveform are defined in GMR-1 05.004 [3]. The positions of the ramp-up and ramp-down
periods relative to the dot boundaries and the maximum effect points of the transmitted symbols from the MES are
shown in figure 6.1.

As shown in figure 6.1, the burst has 0.5 symbol of guard time, followed by two symbols of ramp-up. During the
ramp-up the MES transmitter transitions from the carrier-off state to the active part of the burst. The active portion of
the burst, extending from symbol d; to symbol d3qy_3), shall satisfy the average transmit power requirements specified

in clause 6.1 and the transmitted symbol s within this portion of the burst shall aso satisfy the modulation accuracy
requirements specified in GMR-1 05.004 [3]. During the ramp-down, the MES transmitter shall reduce the transmit
power to at least -35 dBc within 2 symbol periods and shall be at the carrier-off state within 4,5 symbols from the end
of the active portion of the burst. Thetranstion from the -35 dBc level to the carrier-off state istermed the "turnoff"
period. The dBc measurement is defined relative to the average transmit power during the active portion of the burst.

NOTE: Theturnoff period partially overlaps with the ramp-up of the following burst. This overlap does not
degrade system performance because the power is already -35 dBc down, and the ramp-up signal does not
contain useful information.

Active Burst
(39N-5) T

Ramp-up Time ~ containing 39N-5 max. effect  Ramp-down Time Turn-off Time
points (25T)

| \A+—+&+—>\/|

Carrier-off Time

Carrier-off Time

(05T) (05T)
Carrier-off
-35dBo—> conditio
Carrier-off 1
condition dy d; d d
0-1 12 2-3 3-4
trr ety toto ot
d d d d
0 1 2 3
deons) donz dsons Doy
Left'Slot Boundary
Length of Slot: .
(39N) T of Following Slot
L eft Slot Right Slot
Boundary Boundary

NOTE 1. d, denotes the max effect point of data symbol i. These points are shown with an up-pointing arrow.
NOTE 2: d,. |s the symbol boundary between symbols i and j, as defined in GMR-1 05.004 [3].
NOTE 3: T |s the symbol period and is equal to 5/117 ms (1/23,4 kHz).

Figure 6.1: Ramp-up and ramp-down in relation to the rest of the burst
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6.6 Power control range and accuracy

6.6.1  Approach

The transmit power shall be controlled (backed-off) by specifying a power attenuation setting (PAS) that isin reference
to the EIRP power specified by clause 6.1, table 6.1. This PAS shall be expressed in units of dBs. Thus, an MES having
aPAS of 0 (0,0 dB) shal have a power output level as specified by clause 6.1, table 6.1. The output power for other
PAS valuesis given by:

Output Power (dBW) = EIRP (dBW, clause 6.1) - PAS (dB) (@)}

PAS values shall be nonnegative. ThisPAS isan explicit attenuation that resultsin an output power that isindependent
of any previous power setting. For example, if setting PAS equal to O for a particular MES produces an output power of
+7 dBW, then a PAS of 10 (dB) shall produce a nomina value of -3 dBW.

Observe that this output power, as given by equation 1, isin relation to the actual, non-backed-off EIRP and not
necessarily the minimum EIRP, as given by clause 6.1.
6.6.2 Procedures and timing

Thevalue of PAS shall be set in response to thereceived power control messages (containing PAR and PAN) and
signal quality measurements. See GMR-1 05.008 [4] for specification of these procedures.

If the value requested of PAS isnot supported by the MES, such as being beyond the specified range or being a
non-available step sze, then the nearest attenuation value that is supported shall be used. In this case, the value of PAN
that is reported shall reflect the actual value of attenuation used, to the nearest coded PAS value.

Thetiming of the transmit power level changes isdefined in GMR-1 05.008 [4].

6.6.3 Range

The minimum PASrangeis 0,0 to 18,0 (dB) for handheld terminals, vehicular terminals and fixed terminals. The
nominal step size of PASis 0,4 dB, and step numbers 0 through 60 are defined. Step number n signifies a PAS nominal
value of n*0,4 dB.

6.6.4 Accuracy

The accuracy is specified as applying against the attenuation value, as designated by the PAS setting. A PAS value of
0,0 shall be used asreference for specifying attenuation accuracy. It is, by definition, precise-having zero error. The
accuracy of other PAS settings shall be relative and with respect to thisvalue. Thisaccuracy is specified as:

* *0,4dB for PASvaluesfrom 0,4 dB to 2,0 dB;

e +20% of PASfor PAS valuesfrom 2,4 dB to 14,8 dB;
e -20% of PASfor PASvaluesfrom 2,4 dB to 9,6 dB;

e +3,0dB for PASvaluesfrom 15,2 dB to 24,0 dB;

e -2,0dB for PASvauesfrom 10,0 dB to 24,0 dB.
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These power steps and accuracy are summarized by table 6.5.

Table 6.5: Power steps and accuracy

Step # PAS Nominal Value| PAS Minimum PAS Maximum
(dB) Value (dB) Value (dB)
0 0,0 0,0 0,0
(Reference)

1 0,4 0,0 0,8

2 0,8 0,4 1,2

3 1,2 0,8 1,6

4 1,6 1,2 2,0

5 2,0 1,6 2,4

6 2,4 1,92 2,88
7 2,8 2,24 3,36
8 3,2 2,56 3,84
9 3,6 2,88 4,32
10 4,0 3,20 4,80
23 9,2 7,36 11,04
24 9,6 7,68 11,52
25 10,0 8,0 12,00
26 10,4 8,4 12,48
36 14,4 12,4 17,28
37 14,8 12,8 17,76
38 15,2 13,2 18,2
39 15,6 13,6 18,6
59 23,6 21,6 26,6
60 24,0 22,0 27,0

The accuracy specification shall be met for any given channd defined in clause 4 and with any fixed temperature and
supply voltage within the range of the extreme environmental conditions defined in annex B.

6.6.5  Attenuation step size

In addition to the accuracy specified in clause 6.6.4, the following specificationsregarding actual attenuation step sizes
shall apply to the terminals:

a) for each successive step in the requested PAS (0,40 dB), the actual change in attenuation shall be not less than
0,0 dB and not more than 0,80 dB;

b) for each successive pair of stepsin therequested PAS (0,80 dB), the actua change in attenuation shall be not
lessthan 0,4 dB and not more than 1,2 dB.

NOTE: The above specifications also allow for isolated instances of PAS values being skipped for regions where
the implemented step size is potentially greater than 0,40 dB (but not exceeding 0,80 dB).

6.7 Adjacent channel interference

Due to the bursty nature of the transmission, interference into adjacent channelsisthe result of both the modulation
process and the power ramping up and down (switching transients).
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6.7.1 Interference due to modulation

The average (see definition in note 3) power levels in a measurement bandwidth of 23,4 kHz, centred upon the adjacent
channels, shall not exceed the relative values shown in table 6.6.

Table 6.6: Adjacent channel interference

1st Adjacent 2nd Adjacent 3rd Adjacent 4th Adjacent
Power Channels, Channels, Channels, Channels and
Class +31,25 kHz +62,5 kHz +93,75 kHz Beyond(note) Examples
1 -25dB -40 dB -53 dB -60 dB Handheld
2 -25dB -40 dB -53 dB -60 dB Vehicular, no
adjustable antenna,
no booster
3 Reserved
4 -25dB -40 dB -53dB -60 dB Vehicular, adjustable
antenna, no booster
5 Reserved
6 -25dB -40 dB -53 dB -60 dB Fixed
7 Reserved
Others Reserved
NOTE:  This requirement applies to all adjacent channels that are integrally contained in the band that extends
from 2 MHz below the lower end of the transmit band to 2 MHz above the upper end of the transmit band.

NOTE 1: Adjacent channd power is defined relative to the average power tranamitted by the MES in the desired
channdl.

NOTE 2: The MESisassumed to be receiving asignal from which it may take a frequency reference. The adjacent
channd offsets are defined relative to the frequency of the received signal, after accounting for the
transmit-to-receive frequency separation.

NOTE 3: Average power shall be measured by averaging the instantaneous power in the middle section of the
burst, covering 70% of the active portion of the burst. This average shall further be averaged over at least
200 bursts for the first, second, and third adjacent channels, and over at least 50 bursts for the fourth and
all other adjacent channels beyond.

The above requirements shall be satisfied over the extreme set of environmental conditions specified in annex B. If the
MES s operated outside the range of extreme environmental conditions, the average power in thefirst, second, third,
fourth, and beyond adjacent channels shall not exceed -19 dBc, -34 dBc, -47 dBc, and -54 dBc, respectively, relative to
the power in the desired channel. The definitions and conditions described in the notes above shall apply to the present
document.
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6.7.2

The peak power in ameasurement bandwidth of 23,4 kHz centred on the adjacent channels observed during a sequence
of 200 complete burg activities of the MES shall be as shown in table 6.7.

Interference due to switching transients

Table 6.7: Adjacent channel interference due to switching transients

1st Adjacent 2nd Adjacent 3rd Adjacent 4th Adjacent
Power Channels, Channels, Channels, Channels and
Class +31,25 kHz +62,5 kHz +93,75 kHz Beyond Examples
1 -18dB -33dB -46 dB -53dB Handheld
2 -18dB -33dB -46 dB -53dB Vehicular, no adjustable
antenna, no booster
3 Reserved
4 -18dB -33dB -46 dB -53dB Vehicular,
adjustable antenna, no
booster
5 Reserved
6 -18dB -33dB -46 dB -53 dB Fixed
7 Reserved
Others Reserved

NOTE 1: Adjacent channd power is defined relative to the average power tranamitted by the MES in the desired
channdl.

NOTE 2: The MESisassumed to be receiving asignal from which it may take a frequency reference. The adjacent
channd offsets are defined relative to the frequency of the received signal, after accounting for the
transmit-to-receive frequency separation.

NOTE 3: Average power shall be measured as specified in clause 6.7.1.

NOTE 4: Thismeasurement shall be performed without any triggering on the burst envelope, unlike the
measurement of the previous section, where only the power in the middie of the burst is observed.

6.8 Spurious emissions
When the MES isengaged in an active call, the spurious emissions from the MES within the MES transmit band and in

the 2 MHz adjacent to it shall meet the requirementsin clause 6.7.1. Outside this band, the MES emissions shall comply
with the requirementsin table 6.8.
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Table 6.8: Unwanted emissions outside the MSS TX band
Carrier - on
Frequency EIRP Measurement Measurement
(MHz) (dBW) Bandwidth Method
0,1-30 -66 10 kHz Peak hold
30 - 1000 -66 100 kHz Peak hold
1 000 - 1 559 -60 3 MHz Average
1559 -1580,42 -70 1 MHz Average
(note)
1580,42 -1 610 -70 1 MHz Average
1610-1616,5 -60 300 kHz Average
1616.5-1621,5 -60 100 kHz Average
1621,5-1624,5 -60 30 kHz Average
1624,5-1626,5 As specified in clause 6.7, table 6.6
1626,5 -1 660,5 As specified in clause 6.7, table 6.6
1660,5 -1 662,5 As specified in clause 6.7, table 6.6
1662,5-1665,5 -60 30 kHz Average
1665,5-1670,5 -60 100 kHz Average
1670,5-1680,5 -60 300 kHz Average
1680,5 -1 690,5 -60 1 MHz Average
1690,5 - 2 250 -60 3 MHz Average
2250-12 750 -60 3 MHz Peak hold
NOTE: Inthe subband 1 573,42 - 1 580,42, the average measurement time is 20 msec.

When the unit is powered on and isregistered with the network but is not actively engaged in acall (thisis defined as
the Idle State, for the purposes of the present document), the unwanted emissions shal satisfy the requirementsin

table 6.9.
Table 6.9: Maximum EIRP of unwanted emissions in the idle state
Frequency Peak EIRP Measurement Measurement
(MHz) (dBW) Bandwidth Method
0,1-30 -87 10 kHz Peak hold
30 -1 000 -87 100 kHz Peak hold
1000 -12 750 =77 100 kHz Peak hold
I Receiver characteristics
7.1 Receive Antenna Pattern

The receive antenna radiation pattern for the handheld MES, with the antenna fully deployed and with no conducting
objects in the vicinity of the unit, shal have a2 dB beamwidth of at least 90°. The axia ratio of the radiated wave shall
be less than 5 dB over the frequency range at 20° elevation and less than 2 dB over the frequency range at zenith.

7.2

Receive polarization shall be left-hand circularly polarized.

Receive polarization
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7.3 Receiver figure of merit

The gain/temperature (G/T) ratio of the handheld MES in the direction of peak antenna gain under clear sky conditions,
with the antenna fully deployed and with no conducting objects in the vicinity of the unit, shall be -24 dB/K, minimum,
at20°C.

When the antennaisin the stowed position, the average (see definition below) G/T ratio of the handheld MES, under
clear sky conditions and with no conducting objects in the vicinity of the unit, shall be -38 dB/K, minimum.

Average G/T shall be calculated by (a) measuring G/T in thedirection of peak antenna gain and (b) subtracting from
that G/T the difference of the peak antenna gain minus the average antenna gain. Average antenna gain shall be
obtained by averaging the antenna gain over all azimuth angles and all directionswith elevation greater than 20 degrees.
Zero elevation planeis the plane perpendicular to the peak gain direction.

7.4 Receiver sensitivity
For ease of measurement, the receiver sengitivity is defined at the antenna connector of the MES. However, avariety of

antenna gains and antenna noise temperatures may be utilized. Thus, the receiver input power is specified as the power
that would be required for a0 dBi noiseless antennaand is then corrected with the term A, which depends on the gain

and noise temperature of the actual antennaused. Thisrelationship is derived in annex A.

7.4.1 Receiver BER in static conditions

Under gatic channd conditions, the MES receiver shall meet or exceed the uncoded bit error rate (BER) requirements
intable 7.1 at 20 °C for the following burst types: NT3, NT6 and NT9.

Table 7.1: BER requirements in static conditions

Power Receive Signal Strength at the
Class Antenna Connector GIT BER (%) Examples
1 (-125,4 + A) dBm -24 3,5 Handheld
2 (-125,4 + A) dBm -24 3,5 Vehicular, no adjustable antenna, no
booster
3 Reserved
4 (-127,4 + A) dBm -22 3,5 Vehicular, adjustable antenna, no
booster
5 Reserved
6 (-131,4 + A) dBm -18 3,5 Fixed
7 Reserved
Others Reserved

NOTE: A EB/NO of 2,5 dB was used in deriving the power level according to equation 7 in annex A.

The term A;, given in the following equation, isthe correction that needs to be added when an antenna of gain G, and

noise temperature T, is used. Thisterm becomes zero when G, = 0dBi and T, = OK.

G
At =10log(10%/10 —10/TI010, )

For example, power class one with an antenna gain of 3,5 dB and an antenna noise temperature of 150 K gives:

A; =1010g(10%*%0 - 10" %10 150)
A; = 215dB

The BER performance under the channel conditions given shall be met over the extreme set of environmental
conditions defined in annex B, when the power into the antenna connector isincreased by 1,5 dB relative to the levels
defined in table 7.1.
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7.4.2 Receiver BER in Rician fading

The MES receiver shall meet or exceed the uncoded BER requirementsin table 7.2 a 20°C in Rician channelswith (a)
K =9dB, fy= 10 Hz, and (b) K = 12 dB, f;= 200 Hz. Parameters K and f, are defined in annex C of the present

document. Thisrequirement applies for the following burst types: NT3, NT6 and NT9.

Table 7.2: BER requirements in Rician fading

Power Receive Signal Strength at the
Class Antenna Connector GIT BER (%) Examples
1 (-122,9 + A) dBm -24 2,0 Handheld
2 (-122,9 + A) dBm -24 2,0 Vehicular, no adjustable antenna, no
booster
3 Reserved
4 (-124,9 + A) dBm -22 2,0 Vehicular, adjustable antenna, no booster
5 Reserved
6 (-128,9 + A) dBm -18 2,0 Fixed
7 Reserved
Others Reserved

The term Acis defined in clause 7.4.1, "Receiver BER in Static Conditions’.

The BER performance under the channel conditions given shall be met over the extreme set of environmental
conditions defined in annex B, when the power into the antenna connector isincreased by 1,5 dB relative to the levels
defined intable 7.2.

7.4.3 FER of logical channels

The coded frame error rate (FER) of thelogical channelsin table 7.3 shall not exceed the valuesin thistable for the
EJ/N, values and channel models given in that table. A frame shall be considered to be in error if the corresponding

CRC fails. Channel models 1, 2, and 3 are (a) a static channel (b) a Rician fading channd with K = 9 dB and
fd = 10 Hz, and (c) a Rician fading channel with K = 12 dB and fd = 200 Hz, respectively. All tests shall be conducted
in the steady-state operational conditions (OC,), defined in clause 5.1, under norma environmental conditions. The

EJ/N, values may be mapped into power levelsinto the antenna port for each type of MES using the formulasin
annex A.

EJN, is defined asthe energy per symbol interval in the modulated signal divided by the noise spectral density at the
input of the demodulator. For 174 CQPSK:

Eo=2xE,

Table 7.3: FER of logical channels

E./N, (dB) at Input of Baseband Demodulator

Max. FER Channel 1: Channel 2: Channel 3:

Logical Channel Allowed (Static) (R_9 10) (R_12_200)
FACCH3 5% -0,5 0,5 0,0
FACCH6 5% 5,3 8,0 7,3
FACCH9 5% 5,3 8,0 7,3
SACCH®6 5% 5.3 7.8 7,7
SACCH9 5% 5,3 8,0 7,7
SDCCH 5% -0,5 0,5 0,0
AGCH/PCH/CBCH 5% 5,3 8,3 7,3
BCCH 5% 53 8,2 7,3
BACH 5% 9,8 10,8 10,5
TACCH/GBCH 5% 6,0 8,0 7,4
PCH (state selection active) 1% 7,0 N/A N/A
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The TCH-3 and TACCH FER shall be met when:
a) the MESisreceiving both a TCH-3 and a TACCH, asin the case of a Terminal-to-Terminal (TtT) cdll;

b) the TACCH channd is under condition OC,, defined in clause 5.1 of the present document, and TCH-3 is under
condition OC5-FS30. This scenario emulates the case of a TtT call where the receiving terminal is stationary but
the transmitting terminal is moving.

With respect to the PCH and BACH FER:

« Theframe error rates quoted in table 7.3 shall apply to al active pages or aerts, which may occur at any paging
or alerting opportunity, and which may not necessarily be present in every paging or alerting opportunity.

» Performance shall be conditioned on the presence of BCCH and FCCH at signal (transmitted carrier) levels
equal to the pages and alerts and with frame structure as defined in GMR-1 05.002 [8].

* The MESshall begin to correctly interpret and act upon received error-free pages not more than 30 seconds after
the MES has been presented with PCH signal's meeting the requirement of table 7.3 (Channel 1) without manual
intervention.

*  The MESshall begin to correctly interpret and act upon error-free alerting messages not more than 30 seconds
after the MES has been presented with BACH signals meeting the requirement of table 7.3 (Channel 1) without
manual intervention.

The FER performance above shall be met over the extreme set of environmental conditions defined in annex B when
the power into the antenna connector isincreased by 1,5 dB relative to the levels defined in table 7.3.

7.5 Receiver selectivity

Receiver sdlectivity isameasure of areceiver's ahility to operate in the presence of a single modulated interferer at
some power level and at some defined frequency spacing from the received signa. The interferer shall be modulated as
defined in GMR-1 05.004 [3] with random data.

Under theinterference conditions in table 7.4, the receiver shall perform as defined in the static sensitivity requirement
with 0,5 dB greater signal power.

Table 7.4: Receiver selectivity interference conditions

Case Interference Level Relative to Sensitivity Interference Frequency Offset
1 +15 dB 31,25 kHz
2 +25 dB 93,75 kHz
3 +45 dB >500 kHz

This clause specifies the intended performance, not necessarily the measuring technique for this parameter. An alternate
measuring technique may be used that results in demonstrably equivalent performance.

7.6 Receiver intermodulation

Receiver intermodul ation reguirements define the ability of the receiver to operate in the presence of two interferers that
are spaced in frequency such that their first intermodulation product coincides with the desired signdl, i.e., the
interferers are spaced at some frequency from the desired signal, and at twice that spacing. Theinterferersshall be
applied at the antenna connector on the MES.

The interferers shall be:
e asnusoid (carrier) 800 kHz from the desired channd with aleve of -75 dBm;
» amodulated (see definition below) signal 1 600 kHz from the desired channel with aleve of -75 dBm.

Under each of these conditions, the recelver shall perform asdefined in the static sensitivity requirement with 3 dB
greater signal power.
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The modulated signal shall be continuous, and it shall be modulated with random data with the method and parameters
defined in GMR-1 05.004 [3].

7.7 Receiver blocking characteristics

Receiver blocking characterizes the ability of the receiver to receive the desired signal in the presence of other signals
that can be located anywhere over awide portion of the spectrum. Recel ver blocking is specified separately for in-band
and out-of-band sgnals.

In-band signals are signalsin the 1 505 MHz to 1 579 MHz band, i.e., sgnasin the MSS and neighboring bands.
Out-of-band signal s are signal s outside this band.

Thereceiver will perform as defined in the senstivity requirement when these two signals are applied at its inpuit:
e adesired sgna with power 3 dB greater than that defined in the static sensitivity section;

» acontinuous, static sinewave signal at thelevel in table 7.5 and at frequencies that areinteger multiples of
31,25 kHz.

Table 7.5: Receiver blocking requirement

Distance from Desired

Band of Blocking Signal Frequency Range Level Signal (kHz)
In-band 1505 MHz - 1 579 MHz -70 dBm >1 600 kHz
Out-of-band 0,1 kHz - 1 505 MHz or -35dBm N/A

1579 MHz - 12 750 MHz

Therequirement in table 7.6 shall be relaxed at a set of frequencies called spurious response frequencies. The number
and level of spurious response frequenciesisdefined in table 7.6.

Table 7.6: Spurious response requirement

Band of Spurious
Response Frequency Range Max. Number of Frequencies Level

In-band 1505 MHz - 1 579 MHz Six -100 dBm

Out-of-band 0,1 kHz - 1 505 MHz or Twelve -55 dBm
1579 MHz - 12 750 MHz

Out-of-band 0,1 kHz - 1 505 MHz or Four (in addition to the above) -70 dBm
1579 MHz - 12 750 MHz

7.8 Receive signal strength

The MES shall be capable of generating relative receive signal strength (relative RSS) for use in the beam selection and
power control functions described in GMR-1 05.008 [4]. This clause defines the range and accuracy with which relative
RSS shall be generated.

Relative RSS is defined as the difference in the signal strength of two received signals. Relative RSS error isthe
difference between the actual relative signal strength of two incident waves and thereative RSS reported by the MES
receiver.
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Theredative RSS error a the MES when:
a) the ambient temperature isfixed, anywhere within the extreme temperature range defined in annex B;

b) theradiated input waves of the two carriers have fixed power, anywhere in arange defined by the static
sensitivity limit and alevel 20 dB above it;

¢) thedifferencein power between the two incident wavesislessthan 10 dB;

d) thetwo received signals carry BCCH logical channels, and their carrier frequencies vary within thereceive
LMSS band;

€) the power flux density on the CICH channelsis -133 dBW/m? or less.

shall be less than £3 dB. The above requirement is motivated by the beam selection procedures described in
GMR-1 03.022 [2] and GMR-1 05.008 [4]. The above measurements shall be performed with areceived signa and
bursts corresponding to BCCH logical channels.

In addition, the relative RSS error at the MES when:
a) the ambient temperature isfixed, anywhere within the norma temperature range defined in annex B;

b) theradiated input waves of the two carriers have fixed power, anywhere in arange defined by the static
sensitivity limit and alevel 20 dB above it;

¢) thedifferencein power between the two incident wavesislessthan 10 dB;
d) the carrier frequencies of the two received signals are the same, but lie anywhere within the MES receive band.

shall belessthan +1 dB. The same measurements performed over the extreme set of environmental conditions defined
in annex B shall result in an error of lessthan £2 dB.

Thisrequirement is motivated by the power control procedures described in GMR-1 05.008 [4]. The difference in the
two requirementsis that in the latter, (i) the two signals whose power is being compared have the same frequency,
although this frequency can be anywhere in the receive band, and (ii) the two signals are not restricted to carrying
BCCH logical channels.

The above measurements shall be performed with a GMR-1-modul ated received signal and bursts corresponding to the
logical channd.

Note that the specificationsin this clause are stated in terms of radiated input signals because they are intended to
include antenna effects. The actua measurements may be performed in a two-stage process where the antenna and the
rest of the recelvers are characterized separately.

8 GPS receiver characteristics

8.1 General

The GPSreceiver shall acquire and track GPS Standard Positioning Service (SPS) signals under the conditions
discussed in this clause. Signals from all GPS satellitesin view (up to eight) shall be acquired and tracked; thistracking
will allow thereceiver to determineitslocation.

8.2 Satellite signals

The GPS Civil/Acquisition (C/A-Code) signals broadcast on the L1 frequency (1 575,42 MHz) will be employed. These
signals are BPSK-modul ated and have nominal bandwidths (null-to-null) of 2,046 MHz and power levelsincident on
the earth that vary between -130 dBmic and -123 dBmic (dB relative to one mW into an isotropic circularly polarized
antenna). Their frequencies are stable to within better than one part in 1012, and the maximum Doppler shift seen at a
stationary receiver islessthan 5 kHz. Signals are continuous and BPSK-modulated at a 1,023 MHz rate, with content
and all parameters defined in the GPS Interface Control Document [9].
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8.3 Antenna

The GPS antenna shall be capable of receiving theright-hand circularly polarized (RHCP) GPS signals on
1 575,42 MHz. The GPS antenna shall have a pesk gain of at least 0 dBic in adirection that isat greater than 55 degrees
elevation from the horizontal.

The GPS antenna shall have a beamwidth of at least 160 degrees in one plane (arbitrary orientation) and at |east
100 degrees in a second plane perpendicular to the first. The GPS antenna shall have again of at least -6 dBic
throughout the specified beamwidth.

In the case of ahandhedd MES, these requirements shall be met when the handset isin a"normal dialing" position. This
means that the smallest angle between the direction of peak gain and the horizontal plane shall be no less than
55 degrees.

NOTE: The"normal didling" position iswith the handheld MES in free space at an angle of 45 degreesto the
horizontal with the keypad facing upwards. The antenna shall bein an extended position.

8.4 Receiver sensitivity

Receiver sengitivity isthe ability of the receiver to process weak signals, and it is measured in terms of the minimum
signal levels at thereceiver input that are required for the receiver to acquire and track GPS signals.

Thereceiver shall acquire GPS signas with levels greater than -134 dBm and shall track signalswith levels greater than
-142 dBm.

8.5 Interference resistance
The GPSreceiver shall track GPS signals when subjected to interference with characteristics as noted in the following

clauses. Additionally, it shall acquire GPS signals when the interference is reduced by 10 dB relative to the levels used
in the tracking tests. The GPS signal level shall be set to -130 dBm, when these tests are conducted.

85.1 In-band interference

In-band interference shall be a continuous (100% duty cycle) CW (unmodulated) signal with power of -110 dBm
located anywhere in the 10 MHz band centred on L 1.
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8.5.2  Adjacent-band interference

Adjacent-band interference shall be a continuous (100% duty cycle) narrowband signa located in the bands around the
GPS L1 signal with total power no greater than that shown in figure 8.1.
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Figure 8.1: Out-of-band interference mask

8.5.3 Self-interference

The GPSreceiver shall maintain its sensitivity performance when the GMR-1 receiver and all other MES elements,
except the transmitter, are operating. The GPS receiver may not function during the periods that the GMR-1 transmitter
isactive. The GMR-1 tranamitter shall be defined to be active when it burgs in each frame.

8.6 Accuracy

Overall position determination accuracy shall be comparable with that obtained from commercially available, low-cost
GPSreceivers.

8.7 Environmental conditions

The above specifications shall be met over the extreme environmental conditions defined in annex B of the present
document.
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Annex A (informative):
Antenna factor equation

A.l Introduction

This annex derives the antenna factor equation used in clause 7.4 that specifies thereceiver sengitivity. Thefirst gepis
to find the receiver input power in terms of the required E,/N,, at the demodulator input and the receiver noise
temperature. The second step computes the receiver temperature in terms of the G/T specification and the antenna gain
and noise temperature.

A.2  Input Power Computation

From the definition of E;/N, we have:

5.CR M)

N k [T,

[o] r

where C isthe signal power, R, istheinformation bit rate, T,, is thereceiver noise temperature, and k is Boltzmann's
constant. From this equation we get C, as.

C=(E/Ng kT, R, @)

All quantities on theright side of this equation, except T,, are known, which we will derive through the G/T
specification and the antenna gain and temperature.

Figure A.1 shows the noise model of the unit. The terminal is modelled with an antenna of gain Ga and temperature Ta,
followed by areceiver of noise temperature, T,. The gain of thereceiver for this calculation isirrelevant since it does

not impact the signal-to-noise ratio seen by the demodulator. Note that, in this model, the antenna noise temperature is
referred to the antenna output, whereas the receiver noise isreferred to thereceiver input. Thisis consistent with
common practice.

Antenna Connector

Received :)r']tfo
Signal Antenna D D Receiver Nout Baseband s
Gain = Ga ¢ C‘ 4 g Gain = Gr "|  Demodulator| ’

Na=k*Ta*B Nr=k*Tr*B

Na is the antenna noise power in bandwidth B
k is Boltzman's constant
Ta is the antenna noise temperature

Nr is the receiver noise power in bandwidth B
Tr is the receiver noise temperature

C s the signal level at the antenna connector

Figure A.1: Receiver noise model
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From figure A.1it is clear that the G/T figure of the complete terminal is

(% - TﬁaTr )

spec
from which we express the temperature of the receiver as:

G. 1 @

Tr:w_ .

spec

For convenience, we compute T, for the nominal antenna case of G = 1 and T, = 0 and then compute a factor that shall
be added (in dB scale) to thistemperature, which depends on the actua antenna gain and temperature. Denoting the

receiver temperature for thisnominal case as T, we have:
__ 1 ©)
Tro - (AE%,
T spec
from which we define:
T G
A=t=c,-(2) o ©
f 1}0 : 1- spec :
Using the expression for A;, equation (2) above becomes.
Cz(Eb/No)l:kljromf |:Rb:(Eb/No)l:klmf l:Rb/(G/T)spec (n

For the nominal casg, i.e., when A = 1, and with E;/N,= 5 dB, G/T = -24 dB/K, R,,= 46,8 kbps, the receiver input
power derived from (7) equals-122,9 dBm. Hence,

C = -1229dBm+ A, (dB) 6)

The quantity A defines the amount by which the receiver temperature can be increased relative to the nominal case of
G, = 1and T, = 0, while maintaining the same terminal G/T. The expression in clause 7.4 is simply the same as that of
equation (6), with quantities A;, G,, and (G/T)spec, expressed in dB.
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Annex B (normative):
Environmental conditions

B.1 General

Thisnormative annex specifies the environmental requirements of GMR-1 Mobile Earth Stations. All GMR-1
requirements shall be met under normal temperature conditions and over the voltage and vibration conditions specified
in thisannex. A subset of the GMR-1 requirements shall be met over the extreme temperature range. The specification
of each parameter indicates whether the specification shall be met over extreme conditions and what the required values
are under these conditions (in general, some of the requirements may be relaxed relative to the ones for normal
temperaturerange). If a parameter is specified without any reference to extreme temperature conditions, then its
requirement shall be met only over the normal temperature conditions.

B.2  Temperature

Normal temperature range shall be defined as temperature from +15 C to +35°C and relative humidity of 25% to 75%.
Extreme temperature range shall be defined as temperature from -10°C to +55°C and relative humidity of 25% to 75%.

Outside thistemperature range the MES, if powered on, will not make ineffective use of the radio frequency spectrum.
In no case shall the MES exceed the transmitted levels as defined in the present document for extreme operation.

B.3 Voltage

The MES shall fulfil all the requirements defined in the present document in the full voltage range defined by the
manufacturer. The full voltage range shall extend, as a minimum, from 90% to 110% of the nominal supply voltage. In
cases where the MES is powered by externa accessories, such as car kits or desktop chargers, the supply voltage of the
accessory shall meet the specifications of the MES manufacturer.

Outside this voltage range the MES, if powered on, will not make ineffective use of the RF spectrum. In no case shall
the MES exceed the tranamitted levels, as defined in the present document, for extreme operation. In particular, the
MES shdll inhibit all RF transmissions when the power supply is below the manufacturer-declared shutdown voltage.

B.4  Vibration

The MES shall fulfil all the requirements when vibrated at the foll owing frequency/amplitudes:

Frequency ASD (Acceleration Spectral Density)
10 Hz to 200 Hz 1,0 m?/s3
200 Hz to 2 000 Hz 0,3 m?/s3

Outside the specified frequency range, the MES, if powered on, will not make ineffective use of the radio frequency
spectrum. In no case shall the MES exceed the tranamitted levels, as defined in the present document, for extreme
operation.
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Annex C (informative):
Channel model

C.1 General

The Rician fading model is generally accepted as a valid representation of the fast signal fading (that is, excluding
shadowing) encountered in mobile satellite links. Thismodel hasadirect sgnal component, plus a multipath-generated
component, which is generally modelled as a Rayleigh fading process. The direct signal component represents signal
received through aline of sight (LoS) path from the transmitter, and it has a constant (time-invariant) magnitude and a
constant Doppler shift relative to the signal observed by a stationary receiver. The multipath component is the result of
many reflected rays arriving into the receiver antenna from many angles. The angle of arrival of the multipath
componentsis typically assumed to be uniformly distributed around the circle, and as aresult, this component has
Doppler content from -f; to f; Hz, where fis the Doppler when the receiver ismoving in the direction of the

trangmitter.

C.2 Channel model

Figure C.1 shows the channel model block diagram. Theinput signal is multiplied by a fixed gain and then by a
complex Rayleigh fading gain to form the multipath portion of the signal path. This portion isthen added to the direct
signal component to form a Rician fading sgnal. The noise samples, which have been appropriately scaled to produce
therequired E,/N,,, are subsequently added to the sum of the direct path and the multipath signal components. Note that

only power from the direct path is counted in computing the energy per bit, which in turn determines the scaling of the
noise samples.

Complex
Complex Output Faded
Input Signal Signal

Noise Generator
at given
E,/N,

Jake's Rayleigh
10 -K/20 Flat Fade
Generator

K = Rician Fade Factor in dB

Figure C.1: Block diagram of the GMR-1 channel model

Theratio of the direct sgnd power to the total multipath power is the Rician K-factor.

The coherent summation of many multipath components, which are of roughly equal strength and randomly phased
with respect to one ancther, yields the classicad Doppler spectrum for a Rayleigh fading process, which when added to
the direct path sgnal, formsthe Rician fading.
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The Rician spectrum for linear (i.e,, not in dB scale) Rician factor K| is given by:

1

S(f) = -
K, OrOf, h—[ffj

dse S(f) =0

+0(f) for - f, < f < f,

Note that the total power of thissignal is 1+1/K, and that the power of the direct component is 1, in keeping with the
convention that only direct path power is counted in the calculation of E,/N,,.

The Rayleigh fading generator is based on the well-known Jake's model [6] in which an ensemble of sinusoidal
waveforms are added together to ssimulate the coherent sum of scattered rays with different Doppler shifts arriving from

different directions at thereceiver.
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