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1. Scope

This standard establishes procedures and criteria for evaluating Cordless Telephone Range Performance in a traditional outdoor environment as well as a controlled laboratory environment.

The intent is not to establish minimum range distances but rather, standardize range measurement procedures to allow meaningful comparisons when evaluating products.  Several criteria for range performance have been identified and it is not intended that range performance will be described by a single number or merit.  Several performance measurement procedures are established each of which yields a standardized set of measurement data that may be used for the comparison of different products.

1.1. Categories of Criteria

Three types of requirements are specified in this standard; Mandatory, Recommended, and Permissive:

1. Mandatory requirements are designated by the terms “shall” and “shall not”.  These requirements are used to indicate conformity in which no deviation is permitted.

2. Recommended requirements are designated by the terms “should” and “should not”.  These requirements generally relate to compatibility or performance advantages towards which future designs should strive.

3. Permissive requirements are designated by the terms “may” and “may not”.  These requirements are used to indicate an action that is permitted within the limits of the standard.

2. Normative References

The following standards contain provisions, which, through reference in this text, constitute provisions of this Standard. At the time of publication, the editions indicated were valid. All standards are subject to revision, and parties to agreements based on this Standard are encouraged to investigate the possibility of applying the most recent editions of the standards indicated below. ANSI and TIA maintain registers of currently valid national standards published by them.

4. ANSI/TIA/EIA-470.xxx-C-2001, Telecommunications – Telephone Terminal Equipment – Core Performance Requirements.

5. 47 CFR Section 15
6. FCC OET Bulletin 65 (Edition 97-01) Supplement C (Edition 01-01).
3. Abbreviations, Acronyms, AND definitions

3.1. Abbreviations and Acronyms

For the purposes of this Standard, the following abbreviations and acronyms apply.

CO
Central Office (Used broadly to describe the telephone switch connected to a subscriber’s line)

CPE
Customer Premises Equipment 

dBmp
Decibels relative to 1 mw into a 600 Ohm load with a psophometric filter (see TIA/EIA 470.110-C annex).

DTMF
Dual Tone Multi-Frequency

EUT
Equipment Under Test

FCC
Federal Communications Commission 

FSK
Frequency Shift Keying 

PSTN
Public Switched Telephone Network 

RF
Radio Frequency

SINAD
Signal to Noise and Distortion (expressed in dB)

SNR
Signal to Noise Ratio

VSWR
Voltage Standing Wave Ratio

3.2. Definitions

For the purposes of this Standard, the following definitions apply.

Frequency Hopper:
A cordless telephone which meets the requirements of 47CFR Section 15.249 (a)(1).
Line Idle:
A state of the telephone line when all connected CPE are on-hook.

Line In-Use:
A state of the telephone line when at least one CPE is off-hook.

Line State:
The condition of the Tip and Ring interface.  It can be either In-Use or Idle.

Listening-Path:
The path from electrical signals at Tip & Ring to acoustic signals at the CPE receiver/speaker.

Off-Hook:
Refers to the state of a particular CPE rather than the line state.

On-Hook:
Refers to the state of a particular CPE rather than the line state.

Talking-Path:
The path from acoustic signals at the CPE microphone to electrical signals at Tip & Ring.

Voice-path:
A path that collectively consists of a Talking-Path and a Listening-Path.

Clear Range:
Clear range is defined as the range at which more than one phasing point appears or where the overall background noise level rises to a noticeable level.

Control Range
Control Range is defined as the maximum range at which telephone functions such as on/off hook, channel change, etc. will function normally.

Usable Range 
Usable Range is defined as the maximum range at which a conversation may be maintained without difficulty.

900 MHz Band
902 MHz to 928 MHz
2.4 GHz Band
2400 MHz to 2483.5 MHz
5.8 GHz Band
5725 MHz to 5850 MHz

Phasing Point 
A phasing point is a specific orientation of the CPE Handset and the user’s head relative to the CPE Base unit that produces a deterioration of the audio signal.  Phasing points may widen at longer ranges or may be intermittent at shorter ranges.
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Figure 1 – Phasing Point Example

4. General

Cordless Telephone Range is typically defined as the distance between a cordless telephone handset and its associated base, for a defined level of signal quality of the audio signals transmitted to/from the handset and the base.  Figure 2 depicts the concept of range testing for audio signal quality.
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Figure 2 – Range Test Concept

Other measurements of range performance may include additional aspects of the telephone’s capabilities (e.g., base to handset alerting).
4.1. Traditional Range tests
Traditionally, range tests have been performed outdoors, normally in a large open field.  Testing is relatively time consuming and notoriously inconsistent, both from site-to-site and from day to day on the same site. Following is a list of variables that contribute to the inconsistency, and should be considered when performing range testing outdoors.

7. Sound quality measurement is subjective.

8. Different ground surfaces and conditions (e.g. clay, asphalt, wet soil, dry soil) have an uncontrollable effect on measurement results.

9. The orientation of the handset will vary depending on the human operator.

10. RF factors relating to the human body will vary depending on the human operator.

11. External radio interference will have an uncontrollable effect on measurement results.

12. Multi-Path fading (destructive interference) can be affected by water table and soil conditions.

13. Atmospheric conditions (e.g., temperature, humidity, etc.) will have an uncontrollable effect on measurement results.

14. There may be physical obstructions between the base and the handset.

15. Finding a flat open field large enough may be difficult.
This standard will address many of these variables by defining site parameters so that they are minimized and by describing an open field range calibration procedure that can be used to normalize measurements so that results from different sites can be compared.

4.2. Simulated range Tests

Many of the variables associated with open field range testing can be minimized or eliminated by using a simulated range test setup in a controlled laboratory environment. The simulated setup, however, has its own variables including the following:

1. Inaccuracies that may be introduced by coupling test equipment to the EUT.

2. Errors associated with the fact that the effects of a live operator (in particular, his head) cannot be conveniently included in the setup.

3. Errors that may be introduced by the controlled environment itself, for example:

a. RF reflections within the controlled environment.

b. Coupling between the handset and base that are outside the measured path

c. Effects of the EUT itself on the controlled environment.

As with the traditional procedure, this standard addresses these variables by defining procedures to be used when making simulated measurements.  
5. introduction to Range Testing procedures

5.1. Aspects of Range

Range, as perceived by the user, is actually the ability of the radio link between the handset and base to transfer information (e.g., voice signals, control data) without any interruptions or distortion of the information being transferred.  Interruptions or distortion (noise) during RF reception may be caused by any of the following parameters:

· RF Attenuation (distance) between the handset and the base

· RF interference

· Multi-Path Fading

In a real world environment all of these parameters may have an impact on the usability of a radio link between the handset and the base.  Using the traditional open field site it is very difficult to measure interference and multipath in a meaningful way; however, using the simulated range test it is possible to controlled interference and multipath effects.  Although this standard covers both open field and simulated tests, the interference and multipath parameters are addressed only for the simulated laboratory environment.

5.2. Aspects of Cordless Telephone Performance

Cordless telephone range may be evaluated for various aspects of a cordless telephone product including:

· User’s perception of the quality of the voice channel

· Ability to transmit data from the base to the handset while On-Hook and Off-Hook (e.g., Ringing, Caller-ID)

· Ability to transmit data from the handset to the base while On-Hook and Off-Hook (e.g., Call Log Review, DTMF)

The procedures for evaluating each of these (and other) telephone features are described in this standard.

6. Outdoor Range Test Procedures

This section provides standard methods for evaluating CPE using an outdoor test range.

6.1. Test Site Requirements

In order to ensure reliable and repeatable test results, the outdoor range test site shall meet the following requirements.

6.1.1. Ground Surface

The ground surface of the range test site shall consist of packed top soil, crushed stone, or gravel over the entire length of the site.  (Do we want a minimum length for the range site?)  The testing path shall not cross water, exposed or buried metallic materials, loose soil , sand, or paved surfaces.

6.1.2. Terrain

The terrain of the range test site shall be such that between the Transmitter and Receiver:

1. A line of sight can be maintained with no variation greater than +/- 0.5 meter in height.
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Figure 4 - Range Test Site Terrain Verification
6.1.3. Range Indication

The test site distances shall be measured and marked in 30m increments extending from the back of the CPE Base unit.

6.1.4. Spectral Interference 

Interfering signals can have a dramatic effect on the usable range of a cordless phone, so a spectrum analyzer (or some other appropriate measuring device) shall be used to monitor for the presence of continuous or intermittent interfering signals before and after each range test.  It is recommended that the spectrum analyzer be observed for at least 5 minutes before and after each range test using a Peak Detect or Peak Hold capability.  Interfering signal levels shall be measured at the Base unit location.  The requirements below are referenced to the Handset transmit signal level measured at the Base unit location with the Handset located at the Usable Range distance.

16. In-Band RF signals (interferers) shall be at least -10 dB.

(Note: This may be difficult to measure, but could have a significant effect on the test measurements.)

17. Near-Band RF signals shall be ( +20 dB.

18. Out-Of-Band RF signals shall be ( +70 dB.

Note: See Section 7.2.3 for a description of In-Band, Near-Band, and Out-Of-Band signals.


6.1.5. Physical Obstructions
The range test site shall be free of objects that will reflect a significant portion of the RF signal.  Reflections can be produced by any RF opaque objects or structures, such as nearby buildings, automobiles, bodies of water or buried cables and pipelines.

6.1.5.1. Diffraction over Physical Obstructions 
By specifying a range site that is free of RF opaque objects, we eliminate many problems that may arise due to diffraction.  One obstacle that is impossible to remove from the construction of a Open Field Range Site the presence of a ground plane created by the earths surface.  
There is a need to keep the region known as the first Fresnal zone substantially free of obstructions in order to prevent significant attenuation of the signal at the receiver.   Therefore, there is a minimum clearance required to prevent severe attenuation from diffraction.  Due to the height of the base and handset during typical use, it is impossible to meet this minimum clearance from the ground when testing a cordless phone.  To compensate for this, we will use the Open Field Site Calibration method described in section 6.2.
The effect of obstructed Fresnel zones can be described with the following example of performing an outdoor range test:

When performing an outdoor range test, the transmitter and receiver are moved further apart in controlled increments of distance to find the maximum distance for clear communication.  During these tests, a distance may be found where the communication appears to degrade and the maximum range may be determined to be this point.  If the tests are continued to further distances, it may be found that clear communication continues for a significant distance beyond the first point found with an interruption of clear communication.  This may occur due to a Fresnel 
zone being partially obstructed (by the earths surface) wherein the RF signal is attenuated (due to the ground caused multi-path interference).  
The actual location of Fresnel zones on a test range will vary greatly with the conductivity of the ground, composition of the ground, the frequency band under test, and several other factors.  Interruptions of clear communications due to Fresnel zones shall be excluded when determining maximum clear communications distance on an outdoor range.

The outdoor range test procedures include methods for excluding Fresnel zone effects while performing outdoor range tests.

6.2. Open Fields Site calibration
6.2.1. Concept of Normalizing Range Measurements

Many of the differences between measurements made on a given EUT at different sites or between measurements made on the EUT at different times on the same site can be rationalized by normalizing the readings based on site calibration. 
Site calibration merely means comparing actual readings obtained at the site to those predicted by a mathematical model, while normalization involves adjusting the measurements for a particular EUT based on the calibration. 
For example;

If the measured attenuation between the origin and a point 300 M downrange on a particular site is 100 dB, and a mathematical model predicts 100 dB attenuation at 375 M downrange, the “normalized range” of a phone that drops out at 300 M on this site would be 375 M.   If the measured attenuation 300 M downrange on a second site is 97 dB, the same mathematical model would predict 97 dB attenuation at 265 M and a phone that dropped out at 300 M on the second site would have a normalized range of 265 M. 
Comparing the two phones using un-normalized data indicates that they are equivalent, but using normalized range data to eliminate the differences between the two sites shows that the phone measured on the first site is significantly better.
6.2.2. Mathematical Prediction of Propagation Loss vs. Distance
A standard correlation of dB RF propagation loss to distance (meters) can be derived from a variety of formulas. Unfortunately, for an open field site, many of the constants in the formulas are not as precisely known as they are, for instance, for a 3 Meter radiation site. Consequently different formulas give slightly different, results.  However, if the same mathematical model is used as a basis of comparison among all sites, it is not necessary that it be absolutely correct, merely that it be consistent and constant. If everybody’s goal is to measure how far he or she is from a particular stake, it isn’t necessary to know exactly where the stake is (relative to the sun, for instance), as long as everybody can find the stake and it doesn’t move. The goal then is to select a  formula that correlates reasonably well with the RF attenuation that would be measured on a flat open field 

The particular formula used for this standard is taken from “Mobile Communications Engineering, Theory and Applications”, by William C. Y. Lee. The results of this formula are shown below in Fig. ? while a detailed derivation and chart is presented in Appendix A
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6.2.3. Method For Measuring RF Propagation Loss On Range Site

A receiver tuned to the center of the band of interest shall be set-up in the same location as the telephone base will be located during range tests (antenna at 0.8m).  This receiver shall be connected to a measuring device capable of measuring the received signal power with an accuracy of +/- 1 dB.

A transmitter, transmitting a CW carrier at the center of the band of interest shall be set-up on the range site to find the distance for each dB attenuation as described in the table above.  The measurements may start passed 10m to avoid making meaningless measurements at close range. The transmitter shall be set-up at the same height as the cordless handset will be during range tests.  An apparatus should be used to support the transmitter such that the apparatus does not create any significant RF interference or obstruction of the transmitted RF field (i.e., a plastic frame or stand should be used).  The table shall be filled in as far as the range of interest for the test site in use.
(C. Pinkham Note: This entire section needs a great deal more definition. See the proposed outline below.)
6.2.3.1. Test Setup
6.2.3.1.1. Figure showing how its done
6.2.3.2. Transmitter
6.2.3.2.1. Power output and output units (Watts, dBm, uV, - whatever)
6.2.3.2.2. Accuracy (frequency, output tolerance)
6.2.3.3. Calibrated Receiver
6.2.3.3.1. Type (Spectrum analyzer, tuned receiver, other)
6.2.3.3.2. Accuracy and Linearity
6.2.3.4. Antennas
6.2.3.4.1. Type, calibration requirements, impedance, etc.
6.2.3.5. Measurement Procedure
6.2.3.5.1. Fixtures for holding antenna and receiver

6.2.3.5.2. location of operator re origin and equipment 
6.2.3.6. Calculation of loss in dB Vs. Distance

6.3. Range Test Setup

The following test setup shall be used when performing outdoor range testing.
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Figure 5 – Base Station Range Test Setup

6.3.1.1. Preparation of CPE

The unit should be prepared for use as specified in the units User’s Guide or Additional Literature.  If no User’s Guide or Literature is available, the unit should be prepared as instructed by the manufacturer.  This includes, but is not limited to, battery type, battery installation, battery charge time, and any other pre-use instructions given by the manufacturer.

6.3.2. CPE Base Setup

The CPE Base unit shall be placed on a non-conductive stand that is 0.8 meters in height.  The rear of the Base unit shall be positioned approximately flush with the downrange side edge of the non-conducting stand.  Signal and power cords shall be routed downward from the CPE in a straight line to the ground and then routed in a direct path to the Control Station.  If the Base unit antenna is adjustable, it shall be fully extended and oriented perpendicular to the ground.  
The CPE Base units power shall be provided by batteries, direct connection to the power grid, or a battery/pure sine wave inverter combination.

6.3.2.1. Control Station

A Control Station consisting of a Loop Simulator, a corded telephone, and an audio tone generator shall be placed at least 3m from the CPE Base unit.  A corded phone with a mute or privacy function shall be used at the Control Station to converse with the person walking downrange with the CPE Handset.  The corded phone shall remain muted during the test except when it is necessary for the person at the Control Station to speak with the person using the CPE Handset.  Provision shall be made to permit coupling of the audio tone generator to the corded phone transmitter such that a –20 dBm (+/-3 dB) audio tone may be transmitted to the Tip and Ring while the corded phone is Off Hook.  

The following testing parameters should be used.  Other signaling parameters may be used if it can be demonstrated the RF link is not impacted by the different signaling parameters.

	Noise Floor
	( -50dBmp

	On Hook Voltage
	48VDC (5V (Loop Start)

	Ring Voltage
	80Vrms (10%

	Ring Frequency
	20Hz (5%


Table 3 – Loop Simulator Requirements

The Control Station power shall be provided by batteries, direct connection to the power grid, or a battery/pure sine wave inverter combination. 
AC power for the CPE shall be provided by means of direction connection to the power grid or use of a battery/pure sine wave inverter combination.

6.3.3. Downrange Procedure
6.3.3.1. Handset Positioning
The CPE Handset User shall hold the handset in a position that is natural and comfortable. Although best communication can normally be obtained with the handset antenna parallel to the base unit antenna, this would results in readings that would not correlate well with results obtained under actual use conditions.
6.3.3.2. Minimizing Wind Noise
The CPE Handset user shall cover 
the microphone when not talking to reduce wind noise (a mute function provided by the CPE shall not be used for this purpose).  The CPE Handset shall be held in a normal-use orientation.
6.4. 

6.5. Range Test Procedure

The following procedure shall be used to perform the Outdoor Range Test measurement.

6.5.1. Base to Handset

19. Establish Link Between Handset and Base unit of the CPE.

20. Establish Noise Floor Reference: At a distance of less than 2m from the CPE Base unit, the CPE Handset user shall listen for background noise to establish a noise floor reference.

21. Walk Downrange: The CPE Handset user shall walk downrange while listening for an increase in background noise.  
22. Rotation: At a distance of 30m from the CPE Base unit, the CPE Handset user shall stop and, while receiving a tone from the Control Station, slowly rotate 360 degrees (at a rate no faster than 30 degrees per second) and listen for dropouts and/or noise.  The points at which dropouts or noise occur shall be referred to as “Phasing Points”.  The CPE Handset user shall record the direction and width of any phasing points detected.

23. Operate the CPE Handset On/Off Hook function (or other telephone function) to determine the CPE Control Range.

24. Repeat steps 3  through 5 at 30m increments until both the CPE Clear Range and Usable Range are determined.  When either range parameter is found (Clear Range or Usable Range), the test shall be performed again at the next test increment distance (30m further).  If the issue that caused the determination of range (i.e., phasing points for Clear Range, or overall communications for Usable Range) does not exist at the next test point increment, the first range distance determination may be ignored and the range test shall continue at the next range test point distance. 

Note: Excluding intermediate range measurement points accounts for the possibility that the distance found may have been due to a Fresnel zone (multi-path interference caused by the ground) rather than the actual range if the Fresnel zone had not been present.

25. 
6.5.2. Handset to Base 

1. A pre-recorded signal must be acoustically coupled into the handset microphone while the tester at the base monitors the signal.  The pre-recorded audio should consist of a background tone (such as 800Hz) and a voice that counts through a series of numbers (such as 1 – 12).  A digitally recorded signal source should be used (e.g., MP3, CD or mini-disc).  Care should be taken to ensure the device used for acoustic coupling does not interfere with the EUT antenna RF transmit and receive parameters.

2. The acoustic signal should be closely coupled to the handset microphone in order to reduce wind noise.

3. The pre-recorded signal should allow both testers to synchronize so that the phasing points can be easily recorded.

4. The tester downrange with the handset will rotate 360( and the tester at the base must listen for signal dropouts or distortion and record the phasing points.

5. The testing requirements for determining clear and usable range are the same as for base to handset range.

7. Simulated Range Test Procedure

This section provides standard methods for evaluating the primary aspects of performance for the radio link of a cordless telephone as perceived by the telephone user:

· RF Attenuation

· RF interference

· Multi-Path Interference (Procedures for measuring Multi-Path Interference are beyond the scope of this document.  This may be addressed in a future revision of this standard.)

Each parameter is tested separately, while effects from the other parameters are eliminated or held constant.

7.1. Physical Attributes Of Test System

Note: The description of the controlled laboratory test fixture needs a great deal more detail – drawings, pictures, definition or descriptions of the various pieces discussed below, a general description of what it is (two shielded boxes connected by a controlled RF path…whatever). The experts need to propose something and it must be vetted in committee. 
( is the wavelength at the center of the band of operation.

Minimum distance from Antenna reference point:

· 1 ( to probe

· ¼ ( to walls

7.2. Reference Conditions For The Test System

A controlled environment shall be established for testing each of the RF parameters identified.  Unless otherwise specified for a particular test, the conditions described in the following sub-sections shall be maintained.

7.2.1. Calibration Procedure

Calibration Antennas:

· ½ ( dipole (i.e., ½ the wavelength of the center of the band under test.)

· VSWR <= 1.5

· Tip positioned in same place as CPE antenna tip reference point.

· Calibration antenna and probe antenna shall be oriented in parallel

7.2.2. RF Constant Loss And Multi-Path Interference

The test environment shall be evaluated to ensure there are no significant multi-path possibilities within the operating frequency band of the product.  The test environment frequency response shall be flat with no more than 4 dB difference from the minimum to the maximum power transmission from transmitter to receiver across the frequency band of interest (in band).

NOTE: 
Since Multi-Path interference may produce large amplitude variations over small frequency ranges, the measurement must be made with sufficient resolution to verify flatness performance.

7.2.3. Quiescent RF Interference

7.2.3.1. In-Band Interference 

The quiescent in-band RF interference in the test environment shall be at least 10 dB below the received signal level at maximum range of the EUT.  In-Band for this parameter is defined as the center of the operating band, +/- one-half the bandwidth of the operating band.

· Measure in-band RF signals (interferers)

· Measure RF receive signal at maximum range

The In-Band noise shall be at least 10 dB below the maximum range receive signal level. 

7.2.3.2. Near-Band Interference

The Near-Band is defined as:

26. The lower edge of the In-Band (as defined above) – the operating bandwidth, and

27. The upper edge of the In-Band (as defined above) + the operating bandwidth

The Near-Band noise shall be no more than  20 dB above the maximum range receive signal level.

7.2.3.3. Out-Of-Band Interference

Out-of-Band is defined as everything else (0.1 to 10 times the frequency of interest)

The Out-Of-Band noise shall be no more than 70 dB above the maximum range receive signal level.
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Figure 6 – Frequency Band diagram

7.3. Compensation for head effect

In order for a handset to operate in the real world it must be in proximity to a human head.

In open range tests the head effect is accounted for by the operators head.

It is difficult to include a head model in a laboratory measurement and still maintain the integrity of the test system.  However the effects of the head may be measured separately and added to the measurements obtained in the controlled environment.  The procedure for measuring the head effect is performed on a 3 m RF radiation site as follows:

1. Position the handset (EUT) on the turntable.

2. The 0 degree reference point is defined as the same orientation when the EUT is measured in the controlled environment.

3. The receive antenna is at the same height as the EUT antenna.

4. Measure a polar plot of the EUT transmit field using a minimum of 5 degrees resolution.

5. Re-measure the polar plot with a human head model in position for the handset.  (Refer to Evaluating Compliance with FCC Guidelines for Human Exposure to Radiofrequency Electromagnetic Fields, Additional Information for Evaluating Compliance of  Mobile and Portable Devices with FCC Limits for Human Exposure to Radiofrequency Emissions, Supplement C  (Edition 01-01) to OET Bulletin 65 (Edition 97-01) for information on human head models).

6. Find the minimum field strength when averaged over any 15 degree segment of the polar plot with the head model (Amin).

7. Calculate the difference in dB of the field strength at the 0 degree reference point (Aref) and Amin (i.e., Aref – Amin = Acomp).

8. Subtract Acomp from the dB range values measured in the controlled environment.
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Figure 7 - Reference Antenna Polar Plot Test Set-up
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Figure 8 - Antenna Polar Plot Test Set-up With Head

Figure 9 - Head Correction Factor From Polar Plot
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7.4. RF Attenuation Between The Handset and The Base

7.4.1. Test Method

Measuring range related to RF attenuation requires a controlled environment as well as the ability to vary the RF attenuation between the handset and the base with a controlled and measurable means.  In addition, the parameter to be evaluated (e.g., voice path quality) must be measured at each test point and the result for the tested parameter recorded at each test point.

For each of the applicable EUT parameters described in section 8, the following test method applies.

· Vary the RF attenuation between the handset and the base in 1 dB increments.

· Record the dB attenuation when the Accept/Reject threshold for the parameter under test is reached.

7.4.2. RF Interference

RF interference may come from a variety of sources such as:

· Other Telephones

· Baby Monitors

· PLMRS (Private Land Mobile Radio Service)

· Microwave Ovens

· Medical Equipment (MRI)

· Power Lines

· Other 

The interference generated by external sources may be classified into 3 categories:

(Note the previous definition for frequency bands)

28. In-Band: RF energy within the operating band(s) of the EUT.

29. Near-Band: RF energy near the edges of the operating band(s) of the EUT.

30. Out-Of-Band: RF energy that is neither In-Band nor Near-Band.

There are a multitude of RF interference types.  To make a practical test standard, several types of RF interference have been identified as being the most probable to be encountered by telephone users.  The following table describes the types of RF interference signals to be tested:

	RF Interference

	Interference Type
	Specifications for Test Signal Generation

	Frequency Hopper, Narrow Band
	+/- 25 kHz FM @ 1 kHz audio 

25 kHz channel Spacing

5 hops per sec. Pseudo-random

Cover entire operating band

	
	

	Spread Spectrum, Direct Sequence
	1 MHz flat white noise

Stepped at 5 steps per sec., 1MHz steps, cover the entire band, Pseudo-random 

	
	

	Broadband White Noise
	Flat white noise (across the In-Band)

	Broadband White Noise
	Flat white noise (across either the upper or lower Near-Band)


Table 4 – RF Interference Signals

· In-Band interference signals shall be calibrated to be 100,000 micro-volts/meter (applied to both the handset and the base) at the EUT antenna reference point.

· [image: image10..pict]Near-Band interference signals shall be calibrated to be 1 volt/meter (applied to both the handset and the base) at the EUT antenna reference point.
A typical test set-up with RF interference is shown in Error! Not a valid bookmark self-reference..

Figure 10 - RF Interference Test Set-up
Note: Interferers shall be applied before the CPE channel is acquired.

The RF interference generated for each test (each attenuator setting) must be calibrated with an RF field strength meter (or another appropriate device) at the EUT antenna reference point for each interference level tested.  Figure 11 shows a typical test set-up for calibrating interference levels.

[image: image11..pict]Figure 11 RF Interference Test Calibration (Note: RF Field Strength Meter should not be located inside the chamber.  All test equipment should be located outside of the chamber, and only the necessary probes should be placed inside the chamber.)
Note: Figure 10 shows a generic implementation for performing interference tests.  The actual implementation is not restricted to the test set-up described.  Any test set-up used must be verified to provide the specified interference levels and RF signal path described for each particular test.

For each of the applicable EUT parameters described in section 8, the following test method applies.

· Vary the RF attenuation between the handset and the base in 1 dB increments.

· Tests that are run over a period of time (e.g., audio quality tests) shall be run for 30 sec. during interference tests at each attenuation level.

· Pass/Fail type tests shall be run 10 times during interference tests at each attenuation level.

· Record the dB attenuation when the Accept/Reject threshold for the parameter under test is reached.

8. TELEPHONE Feature TESTing

The performance of each feature of the EUT shall be evaluated separately for:

· RF Attenuation

· Immunity to RF Interference

Note: when performing any of the tests described, the testing environment should not be compromised (e.g., the test chamber doors should remain closed).

The EUT should be evaluated for each of the following features if applicable for the EUT:

31. User’s perception of the quality of the voice channel

32. Base to handset alerting for an incoming call (ringing)

33. Handset to base network signaling (dialing)

34. Handset to base switch-hook control (On-hook / Off-hook control)

35. Base to handset data transmission for Caller-ID

36. Handset to base and base to handset data transmission for Call Log Review

37. Base to handset paging

38. Out Of Range Indicator

39. Tip & Ring Disconnection

8.1. Voice Channel Quality

8.1.1. Tests To Perform

The specified range performance tests shall be performed for:

40. Base To Handset voicepath

41. Handset To Base voicepath

8.1.2. Test Methodology

· The test signal used shall be applied to the channel under test for 500 ms to 1000 ms.

· A dropout is defined as a drop of the SINAD below 12 dB for 5 ms or more.

· An A-Weighting filter shall be used for acoustic measurements made on the handset.

· A psophometric filter (see EIA/TIA-470.110-C) shall be used for audio measurements made on Tip & Ring.

· All tests signals applied to the EUT shall be applied in a manner in which no disturbance of the RF field is made.  This normally requires acoustic coupling to the EUT handset.

8.1.2.1. Handset To Base

An appropriate test signal shall be applied to the handset microphone while SINAD and signal dropouts are measured on the base Tip & Ring Interface.

8.1.2.2. Base To Handset

An appropriate test signal shall be applied to the base Tip & Ring Interface while SINAD and signal dropouts are measured on the handset receiver.

Note: A 1kHz tone is traditionally used for these tests, but this signal may not be appropriate for all CPE to be tested.



 shows a block diagram of the test set-up for SINAD and Dropout measurements.  The following criteria shall be used for evaluating SINAD and Dropouts:

1. SINAD measurements should be averaged over a minimum of 500 ms of the test signal for each attenuation setting.

2. Signal dropouts with a minimum duration of 5 ms shall be detected.

3. A signal Dropout occurs when the instantaneous SINAD level drops below 12 dB.

4. Signal Dropouts shall be measured as a percentage of the total signal test time (e.g., if the test signal is applied for 1 sec and the total time the signal was dropped was 100 ms then the test had 100/1000 X 100% = 10% dropout).
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Figure 13 - Typical SINAD And Dropout Test Set-Up
8.1.3. SINAD Accept/Reject Threshold

The SINAD accept/reject threshold for voice channel quality shall be:

· SINAD = 20 dB

8.1.4. Signal Dropout Accept/Reject Threshold

The Signal Dropout accept/reject threshold for voice channel quality shall be the test step when either of the following conditions are true:

· A count of three individual test steps with a “short” dropout.  A short dropout is defined as being less than 5% of the total test time at a specific test step.

· A dropout longer than 5% of the total test time at a specific test step.

8.2. Base To Handset Alerting (Ringing)

· Verify alerting occurs.

8.3. Base To Handset Alerting (PAGING)

· Verify alerting occurs.

8.4. Handset To Base Network Signaling

· DTMF digits 0 -9 shall meet the requirements of TIA/EIA-470B.

8.5. Handset To Base Switch-Hook Control

· Verify On-Hook and Off-Hook control.

8.6. Base to handset data transmission for Caller-ID

· Verify data reception in both On-Hook and Off-Hook modes.

8.7. Handset to base and base to handset data transmission for Call Log Review

· Verify data reception in both On-Hook and Off-Hook modes.

8.8. Out Of Range Indicator

· Monitor for Out-of-Range indicator.  It may be necessary to wait at each test point to verify this parameter as the EUT may have a time delay to initiate this function

8.9. Tip & Ring Disconnection

· Monitor for transition to On-Hook state.  It may be necessary to wait at each test point to verify this parameter as the EUT may have a time delay to initiate this function.

Appendix A

Calculation of Theoretical Site Attenuation
8.9.1.1. Derivation of dB Attenuation to Distance Normalization Tables

A method to estimate RF propagation loss over flat terrain is to use the derivation of Fresnel zones and the relationships of r2 and r4 RF propagation loss (as referenced in Mobile Communications Engineering, Theory and Applications, by William C. Y. Lee).  This derivation makes use of the r2 and r4 relationship of dB attenuation to distance.  The basic principal is to use an r2 relationship up to the first Fresnel zone and then a r4 relationship after the first Fresnel zone.  The Fresnel zone is where the first expected multi-path interference point (due to the ground) is expected given the frequency, and height of the transmitter and receiver.  The calculations shown in  REF _Ref526754621 \h 
 \* MERGEFORMAT  use the following formulas:

· ( (wavelength in meters) =
2.998E8 / f

· First Fresnel zone occurs at: (4)(hT)(bT) / (  (meters)

	Fresnel Zone Calculations

	
	915 MHz


	2450 MHz

	hT = Handset Height (meters):
	1.6
	1.6

	bT = Base Unit Height (meters):
	0.8
	0.8

	f = Input Frequency (MHz):
	915
	2450

	( = Wavelength (meters):
	0.328
	0.122

	Calculated Fresnel Zone (meters):
	15.63
	41.84

	Xf = Calculated Loss at Fresnel Zone (dB):
	-44.00
	-61.00


Table 5 - Fresnel Zone Calculations

RF Propagation Formulas:

r2 formula: Distance = SQRT((2 / ((4)(()(10^(Xn/10))))   { Xn = -dB attenuation}

r4 formula: Distance = SQRT((2 / ((4)(()(10^((Xf + Xn)/20))))   { Xf = -dB attenuation at Fresnel Zone}

  REF _Ref526754824 \h 
 \* MERGEFORMAT  below shows the calculations for distance with 1 dB increments for RF attenuation.  The last column in the table shall be filled in with the measurements made when the range test site is characterized.

	
	915 MHz

Reference 

Distance


	2450 MHz 

Reference 

Distance


	

	Attenuation

(dB)
	Distance

(Meters)
	Distance

(Meters)


	Range Test Site Measurements

(Meters)



	-1

Use r2 for 900 MHz

and 2.4 GHz
	0.10
	0.04
	

	-2
	0.12
	0.04
	

	-3
	0.13
	0.05
	

	-4
	0.15
	0.05
	

	-5
	0.16
	0.06
	

	-6
	0.18
	0.07
	

	-7
	0.21
	0.08
	

	-8
	0.23
	0.09
	

	-9
	0.26
	0.10
	

	-10
	0.29
	0.11
	

	-11
	0.33
	0.12
	

	-12
	0.37
	0.14
	

	-13
	0.41
	0.15
	

	-14
	0.46
	0.17
	

	-15
	0.52
	0.19
	

	-16
	0.58
	0.22
	

	-17
	0.65
	0.24
	

	-18
	0.73
	0.27
	

	-19
	0.82
	0.31
	

	-20
	0.92
	0.35
	

	-21
	1.04
	0.39
	

	-22
	1.16
	0.43
	

	-23
	1.31
	0.49
	

	-24
	1.46
	0.55
	

	-25
	1.64
	0.61
	

	-26
	1.84
	0.69
	

	-27
	2.07
	0.77
	

	-28
	2.32
	0.87
	

	-29
	2.60
	0.97
	

	-30
	2.92
	1.09
	

	-31
	3.28
	1.22
	

	-32
	3.68
	1.37
	

	-33
	4.13
	1.54
	

	-34
	4.63
	1.73
	

	-35
	5.20
	1.94
	

	-36
	5.83
	2.18
	

	-37
	6.54
	2.44
	

	-38
	7.34
	2.74
	

	-39
	8.24
	3.08
	

	-40
	9.24
	3.45
	

	-41
	10.37
	3.87
	

	-42
	11.64
	4.35
	

	-43
	13.06
	4.88
	

	-44

(= Xf (915 MHz))

Start r4 for 915 MHz
	14.65
	5.47
	

	-45
	15.52
	6.14
	

	-46
	16.44
	6.89
	

	-47
	17.41
	7.73
	

	-48
	18.44
	8.67
	

	-49
	19.53
	9.73
	

	-50
	20.69
	10.92
	

	-51
	21.92
	12.25
	

	-52
	23.22
	13.74
	

	-53
	24.59
	15.42
	

	-54
	26.05
	17.30
	

	-55
	27.59
	19.41
	

	-56
	29.23
	21.78
	

	-57
	30.96
	24.44
	

	-58
	32.79
	27.42
	

	-59
	34.74
	30.77
	

	-60
	36.80
	34.52
	

	-61

(= Xf  (2450 MHz))

Start r4 for 2450 MHz
	38.98
	38.73
	

	-62
	41.29
	41.03
	

	-63
	43.73
	43.46
	

	-64
	46.32
	46.03
	

	-65
	49.07
	48.76
	

	-66
	51.98
	51.65
	

	-67
	55.06
	54.71
	

	-68
	58.32
	57.95
	

	-69
	61.77
	61.38
	

	-70
	65.43
	65.02
	

	-71
	69.31
	68.87
	

	-72
	73.42
	72.96
	

	-73
	77.77
	77.28
	

	-74
	82.38
	81.86
	

	-75
	87.26
	86.71
	

	-76
	92.43
	91.85
	

	-77
	97.91
	97.29
	

	-78
	103.71
	103.05
	

	-79
	109.85
	109.16
	

	-80
	116.36
	115.63
	

	-81
	123.26
	122.48
	

	-82
	130.56
	129.74
	

	-83
	138.29
	137.42
	

	-84
	146.49
	145.57
	

	-85
	155.17
	154.19
	

	-86
	164.36
	163.33
	

	-87
	174.10
	173.01
	

	-88
	184.42
	183.26
	

	-89
	195.35
	194.12
	

	-90
	206.92
	205.62
	

	-91
	219.18
	217.80
	

	-92
	232.17
	230.71
	

	-93
	245.93
	244.38
	

	-94
	260.50
	258.86
	

	-95
	275.93
	274.20
	

	-96
	292.28
	290.44
	

	-97
	309.60
	307.65
	

	-98
	327.95
	325.88
	

	-99
	347.38
	345.19
	

	-100
	367.96
	365.65
	

	-101
	389.77
	387.31
	

	-102
	412.86
	410.26
	

	-103
	437.33
	434.57
	

	-104
	463.24
	460.32
	

	-105
	490.69
	487.60
	

	-106
	519.76
	516.49
	

	-107
	550.56
	547.09
	

	-108
	583.18
	579.51
	

	-109
	617.74
	613.85
	

	-110
	654.34
	650.22
	

	-111
	693.12
	688.75
	

	-112
	734.19
	729.56
	

	-113
	777.69
	772.79
	

	-114
	823.77
	818.58
	

	-115
	872.58
	867.08
	

	-116
	924.28
	918.46
	

	-117
	979.05
	972.88
	

	-118
	1037.06
	1030.53
	

	-119
	1098.51
	1091.59
	

	-120
	1163.60
	1156.27
	

	-121
	1232.55
	1224.79
	

	-122
	1305.59
	1297.36
	

	-123
	1382.95
	1374.23
	

	-124
	1464.89
	1455.66
	

	-125
	1551.69
	1541.92
	

	-126
	1643.64
	1633.28
	

	-127
	1741.03
	1730.06
	

	-128
	1844.19
	1832.57
	

	-129
	1953.46
	1941.16
	

	-130
	2069.21
	2056.18
	

	-131
	2191.82
	2178.01
	

	-132
	2321.70
	2307.07
	

	-133
	2459.27
	2443.77
	

	-134
	2604.99
	2588.57
	

	-135
	2759.34
	2741.96
	

	-136
	2922.84
	2904.43
	

	-137
	3096.03
	3076.53
	

	-138
	3279.48
	3258.82
	

	-139
	3473.81
	3451.92
	

	-140
	3679.64
	3656.46
	

	-141
	3897.67
	3873.12
	

	-142
	4128.63
	4102.61
	

	-143
	4373.26
	4345.71
	

	-144
	4632.39
	4603.21
	

	-145
	4906.88
	4875.97
	

	-146
	5197.63
	5164.88
	

	-147
	5505.61
	5470.92
	

	-148
	5831.84
	5795.10
	

	-149
	6177.40
	6138.48
	

	-150
	6543.43
	6502.20
	


Table 6 - Reference RF Propagation Model Calculations
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�PAGE \# "'Page: '#'�'"  �� (JM/CP) Some microphones may be mounted in ways that will not allow good shielding with a finger. Perhaps some other wording would be better.





[image: image13.wmf]Mathematical Prediction of Distance Vs. Attenuation

0.01

0.1

1

10

100

1000

10000

1

11

21

31

41

51

61

71

81

91

101

111

121

131

141

Attenuation - dB

Distance - Meters

900 mHz

2.4 gHz

_1064129899.doc


Audio Measure







Audio Source















Audio Source











Audio Measure











Range = ‘X’ feet or meters, when Sound Quality = Y




















_1064319419.xls
Chart2

		0.12		0.04

		0.13		0.05

		0.15		0.05

		0.16		0.06

		0.18		0.07

		0.21		0.08

		0.23		0.09

		0.26		0.1

		0.29		0.11

		0.33		0.12

		0.37		0.14

		0.41		0.15

		0.46		0.17

		0.52		0.19

		0.58		0.22

		0.65		0.24

		0.73		0.27

		0.82		0.31

		0.92		0.35

		1.04		0.39

		1.16		0.43

		1.31		0.49

		1.46		0.55

		1.64		0.61

		1.84		0.69

		2.07		0.77

		2.32		0.87

		2.6		0.97

		2.92		1.09

		3.28		1.22

		3.68		1.37

		4.13		1.54

		4.63		1.73

		5.2		1.94

		5.83		2.18

		6.54		2.44

		7.34		2.74

		8.24		3.08

		9.24		3.45

		10.37		3.87

		11.64		4.35

		13.06		4.88

		14.65		5.67

		15.52		6.14

		16.44		6.89

		17.41		7.73

		18.44		8.67

		19.53		9.73

		20.69		10.92

		21.92		12.25

		23.22		13.74

		24.59		15.42

		26.05		17.3

		27.59		19.41

		29.23		21.78

		30.96		24.44

		32.79		27.42

		34.74		30.77

		36.8		34.52

		38.98		38.73

		41.29		41.03

		43.73		43.46

		46.32		46.03

		49.07		48.76

		51.98		51.65

		55.06		54.71

		58.32		57.95

		61.77		61.38

		65.43		65.02

		69.31		68.87

		73.42		72.96

		77.77		77.28

		82.38		81.86

		87.26		86.71

		92.43		91.85

		97.91		97.29

		103.71		103.05

		109.85		109.16

		116.36		115.63

		123.26		122.48

		130.56		129.74

		138.29		137.42

		146.49		145.57

		155.17		154.19

		164.36		163.33

		174.1		173.01

		184.42		183.26

		195.35		194.12

		206.92		205.62

		219.18		217.8

		232.17		230.71

		245.93		244.38

		260.5		258.86

		275.93		274.2

		292.28		290.44

		309.6		307.65

		327.95		325.88

		347.38		345.19

		367.96		365.65

		389.77		387.31

		412.86		410.26

		437.33		434.57

		463.24		460.32

		490.69		487.6

		519.76		516.49

		550.56		547.09

		583.18		579.51

		617.74		613.85

		654.34		650.22

		693.12		688.75

		734.19		729.56

		777.69		772.79

		823.77		818.58

		872.58		867.08

		924.28		918.46

		979.05		972.88

		1037.06		1030.53

		1098.51		1091.59

		1163.6		1156.27

		1232.55		1224.79

		1305.59		1297.36

		1382.95		1374.23

		1464.89		1455.66

		1551.69		1541.92

		1643.64		1633.28

		1741.03		1730.06

		1844.19		1832.57

		1953.46		1941.16

		2069.21		2056.18

		2191.82		2178.01

		2321.7		2307.07

		2459.27		2443.77

		2604.99		2588.57

		2759.34		2741.96

		2922.84		2904.43

		3096.03		3076.53

		3279.48		3258.82

		3473.81		3451.92

		3679.64		3656.46

		3897.67		3873.12

		4128.63		4102.61

		4373.26		4345.71

		4632.39		4603.21

		4906.88		4875.97

		5197.63		5164.88

		5505.61		5470.92

		5831.84		5795.1

		6177.4		6138.48

		6543.43		6502.2



900 mHz

2.4 gHz

Attenuation - dB

Distance - Meters

Mathematical Prediction of Distance Vs. Attenuation



Sheet1

		-2		0.12		0.04

		-3		0.13		0.05

		-4		0.15		0.05

		-5		0.16		0.06

		-6		0.18		0.07

		-7		0.21		0.08

		-8		0.23		0.09

		-9		0.26		0.1

		-10		0.29		0.11

		-11		0.33		0.12

		-12		0.37		0.14

		-13		0.41		0.15

		-14		0.46		0.17

		-15		0.52		0.19

		-16		0.58		0.22

		-17		0.65		0.24

		-18		0.73		0.27

		-19		0.82		0.31

		-20		0.92		0.35

		-21		1.04		0.39

		-22		1.16		0.43

		-23		1.31		0.49

		-24		1.46		0.55

		-25		1.64		0.61

		-26		1.84		0.69

		-27		2.07		0.77

		-28		2.32		0.87

		-29		2.6		0.97

		-30		2.92		1.09

		-31		3.28		1.22

		-32		3.68		1.37

		-33		4.13		1.54

		-34		4.63		1.73

		-35		5.2		1.94

		-36		5.83		2.18

		-37		6.54		2.44

		-38		7.34		2.74

		-39		8.24		3.08

		-40		9.24		3.45

		-41		10.37		3.87

		-42		11.64		4.35

		-43		13.06		4.88

		-44		14.65		5.67

		-45		15.52		6.14

		-46		16.44		6.89

		-47		17.41		7.73

		-48		18.44		8.67

		-49		19.53		9.73

		-50		20.69		10.92

		-51		21.92		12.25

		-52		23.22		13.74

		-53		24.59		15.42

		-54		26.05		17.3

		-55		27.59		19.41

		-56		29.23		21.78

		-57		30.96		24.44

		-58		32.79		27.42

		-59		34.74		30.77

		-60		36.8		34.52

		-61		38.98		38.73

		-62		41.29		41.03

		-63		43.73		43.46

		-64		46.32		46.03

		-65		49.07		48.76

		-66		51.98		51.65

		-67		55.06		54.71

		-68		58.32		57.95

		-69		61.77		61.38

		-70		65.43		65.02

		-71		69.31		68.87

		-72		73.42		72.96

		-73		77.77		77.28

		-74		82.38		81.86

		-75		87.26		86.71

		-76		92.43		91.85

		-77		97.91		97.29

		-78		103.71		103.05

		-79		109.85		109.16

		-80		116.36		115.63

		-81		123.26		122.48

		-82		130.56		129.74

		-83		138.29		137.42

		-84		146.49		145.57

		-85		155.17		154.19

		-86		164.36		163.33

		-87		174.1		173.01

		-88		184.42		183.26

		-89		195.35		194.12

		-90		206.92		205.62

		-91		219.18		217.8

		-92		232.17		230.71

		-93		245.93		244.38

		-94		260.5		258.86

		-95		275.93		274.2

		-96		292.28		290.44

		-97		309.6		307.65

		-98		327.95		325.88

		-99		347.38		345.19

		-100		367.96		365.65

		-101		389.77		387.31

		-102		412.86		410.26

		-103		437.33		434.57

		-104		463.24		460.32

		-105		490.69		487.6

		-106		519.76		516.49

		-107		550.56		547.09

		-108		583.18		579.51

		-109		617.74		613.85

		-110		654.34		650.22

		-111		693.12		688.75

		-112		734.19		729.56

		-113		777.69		772.79

		-114		823.77		818.58

		-115		872.58		867.08

		-116		924.28		918.46

		-117		979.05		972.88

		-118		1037.06		1030.53

		-119		1098.51		1091.59

		-120		1163.6		1156.27

		-121		1232.55		1224.79

		-122		1305.59		1297.36

		-123		1382.95		1374.23

		-124		1464.89		1455.66

		-125		1551.69		1541.92

		-126		1643.64		1633.28

		-127		1741.03		1730.06

		-128		1844.19		1832.57

		-129		1953.46		1941.16

		-130		2069.21		2056.18

		-131		2191.82		2178.01

		-132		2321.7		2307.07

		-133		2459.27		2443.77

		-134		2604.99		2588.57

		-135		2759.34		2741.96

		-136		2922.84		2904.43

		-137		3096.03		3076.53

		-138		3279.48		3258.82

		-139		3473.81		3451.92

		-140		3679.64		3656.46

		-141		3897.67		3873.12

		-142		4128.63		4102.61

		-143		4373.26		4345.71

		-144		4632.39		4603.21

		-145		4906.88		4875.97

		-146		5197.63		5164.88

		-147		5505.61		5470.92

		-148		5831.84		5795.1

		-149		6177.4		6138.48

		-150		6543.43		6502.2





Sheet1

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0



900 mHz

2.4 gHz

Attenuation - dB

Distance - Meters

Attenuation Vs. distance



Sheet2

		





Sheet3

		






_1059508720.vsd

_1059510657.vsd

_1059543794.vsd

_1041248705.doc


Downrange







0.8m











CPE Base







Control Station











Loop



Simulator







>3m 












