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1. Introduction

This TP will provide the general updating from existing standards. LTE TRP and TRS study item is basically traceable from traditional chamber methodology. 
2. Reference
[1] 3GPP TR25.914, Measurements of radio performances for UMTS terminals in speech mode.
[2] CTIA 3.1, Method of Measurement for Radiated RF Power and Receiver Performance.
Text Proposal
<Start of TP>
<Unchanged section omit>

3.2
Symbols

For the purposes of the present document, the following symbols apply:

<symbol>    
      <Explanation>

(
Zenith angle in the spherical co-ordinate system 

(
Azimuth angle in the spherical co-ordinate system

(
Solid angle defined at the phase centre of the DUT 

G(((,(,f)
Antenna gain pattern in the (-polarization as function of the spherical co-ordinates and the carrier frequency 

F
Carrier frequency

Ptr
Transmitted power

Q(((,(,f)
Angular power distribution in the (-polarization as function of the spherical co-ordinates and the carrier frequency 

dB
decibel

dBm
dB referenced to one milliwatt

m
meter

mm
millimeter

kbps
kilobit per second

ms
millisecond

MHz
megahertz

3.3
Abbreviations

For the purposes of the present document, the abbreviations given in TR 21.905 [1] and the following apply. An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in TR 21.905 [1].

3G
3rd Generation

3GPP
3G Partnership Project

3-D
Three Dimensional
16QAM
16 Quadrature Amplitude Modulation
A-MPR
Additional Maximum Power Reduction
BS
Base Station

CN
Core Network

DL
Downlink

DUT
Device Under Test

ETSI
European Telecommunications Standards Institute
E-UTRA
Evolved Universal Terrestrial Radio Access
LME
Laptop Mounted Equipment
LTE
Long Term Evolution
MPR
Maximum Power Reduction
MS
Mobile Station

NB
Node B

QoS
Quality of Service

QPSK
Quadrature Phase Shift Keying (modulation)

RAB
Radio Access Bearer

RB
Radio Bearer

RAN
Radio Access Network

RF
Radio Frequency

Rx
Receiver
RB
Resource Block

RBstart
RB number where a RB allocation begins within the channel
SAM
Specific Anthropomorphic Mannequin

TRS
Total Radiated Sensitivity (also: Total Isotropic Sensitivity)

Tx
Transmitter

TRP
Total Radiated Power

UL
Uplink

UE
User Equipment

UTRA
Universal Terrestrial Radio Access
4
General

The present document is a Technical Report of the Study Item for OTA TRP and TRS requirement of LTE terminals, which was approved at TSG RAN #55 [2]. The report provides the measurement procedure of Over The Air (OTA)TRP and TRS requirements for LTE terminals. It will make a simple extension to the UE OTA TRP and TRS test methods TS34.114[3] for LTE UE with multiple receive antennas, without considering all of the aspects associated with spatial channels. The work should utilise the existing environments in TR 25.914[4]. The results of the UE OTA test method with Head and Hand Phantoms study item can be considered later on once finalized. The report also provides some future extensions and work items after LTE TRP and TRS methods mature. 

4.1
Scope

The measurement procedure explained in this document applies to all LTE devices, which are already satisfied the standard 3GPP LTE RF minimum performance requirements and conformance testing defined in 3GPP TS 36.101: Evolved Universal Terrestrial Radio Access (E-UTRA); User Equipment (UE) radio transmission and reception and 3GPP TS 36.521-1: Evolved Universal Terrestrial Radio Access (E-UTRA); User Equipment (UE) conformance specification; Radio transmission and reception; Part 1: conformance testing, respectively. 

The testing methodology applies to any 4G LTE handset, USB-dongle and LEE etc, with internal or external antenna. 3GPP TR 25.914[4] has done many meaningful studies for evaluating antenna performance of UMTS and GSM terminals. In this document, the majority work will be focus on the LTE TRP and TRS test. Just as the two antennas specification of LTE devices, so a simple test methodology without channel emulator will be studied. 
The radio tests considered here are:

1. The measurement of the radiated output power (TRP)
2. The measurement of the radiated sensitivity (TRS)

The test procedure described in this document measures the performance of the transmitter and the receiver, including the antenna and also the effects of the user.
The purpose of this document is to serve as a standard test procedure for radio performance testing of 4G LTE mobile terminals. It is the intention that this procedure is going to be used by test houses, network operators, mobile terminal and antenna manufacturers, research institutes etc. The motivation for the development of this document is the lack of standards in this area in 3GPP. CTIA and other operator standards have already done some progresses of the pre-standardization in their own standard body.
LTE TRP and TRS test method is the same for all LTE UEs independent of release, including e.g. LTE CA, UL TX Div or UL MIMO capable UEs. In the first phase re-use test environments including phantoms available already in TS34.114 for LTE TPR and TRS purposes as well. Once new methods like hand phantom based test environments are defined for UTRA TRP and TRS, then also LTE TRP and TRS testing should be extended to these additional environments.
4.2
Device Under Test(DUT) definition

<Text to be added> 

Mobile Phone：
Laptop mounted equipment:

USB-dongle:

Pad Phone:

5
Measurement environment condition

<Text to be added>

5.1
Chamber environment constraints 


5.1.1

Reverberation chamber constraints

Testing shall be performed in a reverberation chamber fulfilling the following requirements.

5.1.1.1
Mode stirring facilities
The reverberation chamber shall be equipped with mode-stirring facilities in such a way that enough number of independent power samples can be achieved for the accuracy requirement stated in this standard to be fulfilled. Possible mode-stirring methods include platform stirring, polarization stirring and mechanical stirring with fan-type stirrers, irregular shaped rotational stirrers, or plate-type stirrers. Also frequency stirring is possible if the type of measurement allows for a frequency-averaged value, but this is not necessary if the chamber is sufficiently large and well stirred.

A schematic picture of the measurement setup is provided in Figure 5.1.
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Figure 5.1: A schematic picture of the reverberation chamber measurement setup.

5.1.1.2
Measurement Antennas

It is important that the measurement antennas are configured in such a way that the statistical distribution of waves in the chamber in average corresponds to an isotropic environment.

5.1.1.3
Chamber size and characteristics

The reverberation chamber shall have a volume large enough to support the number of modes needed for the stated accuracy at the lowest operating frequency. If the UE/MS is moved around in the chamber during the measurement, the volume of the reverberation chamber can be reduced. Also, frequency stirring can be used to improve the accuracy, however, this will reduce the resolution of the results correspondingly.
The reverberation chamber can be loaded with lossy objects in order to control the power delay profile in the chamber to some extent. However the reverberation chamber should not be loaded to such an extent that the mode statistics in the chamber are destroyed. It is important to keep the same amount of lossy objects in the chamber during calibration measurement and test measurement, in order not to change the average power transfer function between these two cases. Examples of lossy object are head and hand phantoms.

Furthermore, the DUT must not be closer than 0.5 wavelengths to other electromagnetic reflective objects inside the chamber and 0.7 wavelengths to absorbing objects.

5.1.1.4
Shielding effectiveness of the chamber

The recommended level of the shielding effectiveness is -100 dB from 800 MHz to 4 GHz. See Appendix D for more details on shielding effectiveness validation.
5.2
Positioning Requirements and Coordinate system

<Text to be added>
5.2.1. Coordinate system and spherical scanning ranges
The measurement procedure is based on the measurement of the spherical radiation pattern of the Device Under Test (DUT). The power radiated by the DUT is sampled in far field in a group of points located on a spherical surface enclosing the DUT. The samples are taken using a constant sample step of 15° both in theta (() and phi (() directions. In some cases a different sampling grid can be used to speed up the measurements, e.g. TRS. All the samples are taken with two orthogonal linear polarizations, 
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-polarisations. It is also possible to measure some other polarisation components, if it is possible to recover 
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- and 
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-polarisations from the measured data by some technique. The TRP and TRS are calculated from the measured data by integration (see definitions from Chapter 6). 

In the measurement the DUT is located in the center of the spherical surface. 
Basically, there are two kinds of coordinate system, Conical Cut and Great Circle Cut. The Conical Cut needs measurement probe positioned at a starting theta (() angle. The DUT will then be rotated around the full 360 degrees of phi (() rotation. The measurement probe will then be positioned at the next Theta angle, and the process repeated. The Great Circle Cut needs DUT positioned at a starting phi (() direction. The measurement probe will rotated along theta(() direction, or multi probes fast switch along theta(() direction. The DUT will then be positioned at the next phi angle, and the process repeated. 
In order to satisfy the requirement of Conical Cut and Great Circle Cut sampling stage, dual-axis positioner system and multi-probe system are introduced. 
One of the most common systems is the dual-axis positioner system, which is also known as combined-axis systems. In this system the DUT is rotated around two axes and the probe antenna that measures the samples of the power radiated by the DUT, remains fixed. In the transmitter case, the probe antenna measures the power radiated by the DUT sampled at different angles. In the receiver case, the probe antenna measure angular samples of the dedicated channel signal containing the information needed by the NB/BS simulator to extract the DUT receiver performances. Typically, in the dual-axes positioner system, the DUT is rotated to a given azimuthal angle position. For this angle, the DUT is then rotated in the elevation plane, thus giving a complete measurement in constant plane. Then the DUT is moved to the next azimuthal angle, and so on. 

In spherical scanning systems the DUT is rotated in azimuthal plane and the probe antenna is moved in semicircular (or almost a fully circular) trajectory. The probe moves on an arch, or is moved by a rotating arm on the trajectory. The spherical scanning system can also be based on multiple probes, in which case the scanning in elevation direction is performed electrically. A multi-probe system having a number of probes on the full spherical surface can also be used, in which case the DUT can remain stationary. Typically in the spherical scanning system the probe antenna is moved to fixed elevation angle position, in which the DUT is rotated in the azimuthal plane. Then the probe antenna is moved to the next elevation angle, in which the rotation of the DUT in azimuth plane is repeated, and so on. 
In the measurement the DUT is located in the center of the spherical surface. Examples of antenna pattern measurement systems are presented in Figure 5.l and 5.m. 
In both systems, it is possible to use a dual-polarised probe antenna or a single polarised probe antenna rotated by a polarisation positioner. The measurement system may use a dual-polarised probe antenna for taking the data with two polarizations, or the system may use a polarisation positioner. The systems and rotation sequences shown are examples of existing systems. Other rotation schemes and positioner are as well acceptable, as long as they produce the far field radiation pattern data with similar properties as the systems presented here. In all cases the data is post-processed by a similar calculation method. The standard spherical coordinate system used in the presentation of the radiation patterns is shown in Figure 5.n.

[image: image6.wmf]DUT

probe antenna

f

q


[image: image7.wmf]DUT

f

q


Figure 5.l: Example of a spherical positioner system with a moving probe antenna (left), and with multiple probe antennas (right).
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Figure 5.m Example of a dual axis (roll-over-azimuth) positioner system.
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Figure 5.n The coordinate system used in the measurements.

5.2.2

Positioning Requirements in Reverberation Chamber
The DUT should be placed in such a way that, after a full measurement cycle, the number of independent samples is large enough to fulfil the uncertainty requirements. Furthermore, the DUT must not be closer than 0.5 wavelengths to other electromagnetic reflective objects inside the chamber and 0.7 wavelengths to absorbing objects.

5.3
DUT Test Positions and Phantom Specifications
5.3.1.1.1 Head phantom
The Specific Anthropomorphic Mannequin (SAM) is used for radiated performance measurements. The phantom shape is derived from the size and dimensions of the 90-th percentile large adult male reported in an anthropometric study. It has also been adapted to represent the flattened ear of a wireless device user.

For DUT radiated performance measurements in "intended use" position SAM head phantom without a shoulder section will be used. 

The shell of the SAM phantom should be made of low-loss material (loss tangent less than 0.05) with low permittivity (less than 5). The thickness has to be 2.0±0.2mm in the areas close to the handset in "intended use" position.

The phantom has to be filled with tissue simulating liquid. It is recommended to use one of the typical SAR tissue simulating liquids and Appendix B gives four example recipes of such liquids. It is also recommended to verify the RF properties of the liquid with suitable equipment. The values should be maintained within 15% of the values relative permittivity 40 (±15%) and sigma 1.4 (±15%) at 1900 MHz. If the difference is more than ±15%, it should be taken in to account in the uncertainty budget. Dielectric properties measurement methods can be found in TR 25.914.

Alternatively a dry SAM phantom made of plastic material with corresponding electrical parameters can be used. 

Note: 
Measurements have that the radiated performance of a terminal can be influenced by the hand presence. However, it is very difficult to develop a standardized hand phantom, which could allow pertinent and reproducible measurements. Therefore a phantom hand is not included in this test procedure.

5.3.2.1 Laptop Ground Plane Phantom
A laptop ground plane phantom is used for radiated performance measurements in case of plug-in DUT like USB dongles. The objective of the laptop ground plane phantom is to reproduce the effects of the ground plane for the antenna of the DUT while avoiding the variation of the measurements introduced by a real laptop. 
The laptop ground plane phantom, as showed in Figure 5.e, is composed by the following parts,:

-
a rectangular plane covered by a conductive film on the upper side with thickness of 4mm to emulate the keyboard and main body of the laptop; 
-
a rectangular plane covered by the same conductive film on the upper side with thicknessof 4mm to emulate the screen of laptop;
-
the conductive film on the two planes is connected. The angle between the two planes is 110 degrees. The material is FR-4 copper-clad sheet and the length and width of these two planes are 345mm and 238mm respectively;
-
a horizontal USB connector placed along the short end of the plane; the location of the port is at the right back corner, the distance between the central axis of the USB connector and the rear edge of plane is 45mm, the ground of the USB connector is welded on the conductive film of the plane. The detailed description of the structure is presented in Figure 5.f;
-
a USB cable crossing the ground plane and connecting the USB connector to a real functional laptop; the USB cable should be equipped with a shielded metal film, and the portion of the cable that is hunged in the air shall be covered with absorbing material or treated with quarter wave chokes. The part of the USB cable lying on the plane is covered by a conductive adhesive strip used for fixing the cable on the plane and for guarantying at the same time the superficial continuity of the conductive plane. The shielded conductive film of this part of the USB cable is connected to the conductive film of the plane and the covered strip to well ground the antenna. The length of the USB cable should be no more than 3 meters.
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Figure 5.e: The laptop grond plane phantom, the DUT and the real functional laptop
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Figure 5.f: The structure and dimension of the laptop ground phantom
The real functional laptop is laid on the floor of the chamber, supplies power to the DUT and controls the state of the DUT. Both the USB cable and the real functional laptop are properly setup in order to have a negligible impact on the measurements: the real functional laptop is fully wrapped up with anechoic absorbers. The real functional laptop can be placed outside the chamber if the connection to the DUT can be maintained and if the communication interface between DUT and real functional laptop has negligible impact on measurements.
5.3.4.1 DUT Positioning on Free Space

<Text to be added>

5.3.4.2 DUT Positioning on Laptop Ground Plane Phantom

The DUT is connected to the USB connector of the laptop ground plane phantom. The DUT should be configured with the following primary mechanical mode: the DUT with either rotary USB porter or non-rotary USB porter should be horizontally plugged into the horizontal USB connector, as shown in Fig. 5.e.
5.3.4.3 DUT Positioning on Hand and Head phantom 

<Text to be added>

The DUT is attached to the SAM phantom in "cheek" position. The DUT performance is measured on both left and right side of the head.

Three points as shown in Fig. 5.a define the reference plane: center of the right ear piece (RE), center of the left ear piece (LE) and center of mouth (M). 

At first, set the DUT ready for operation. 

Definition of the 'Cheek' position: 

1) Align the ear piece of the phone (see Fig. 5.a) at the line RE-LE. Then, position the DUT beside the phantom so that the vertical line (see Fig. 5.c) is parallel to the reference plane in Fig. 5.b and is aligned with the line M-RE on the reference plane (see Fig. 5.c).

2) Position the DUT so that the ear piece of the DUT touches the ear piece of the phantom head on the line RE-LE. Tilt the DUT chassis towards the cheek of the phantom having the vertical line aligned with the reference plane until any point on the front side of the DUT is in contact with the cheek or until the contact with the ear is lost.

NOTE: 
A holder fixture made of e.g. plastic may be used to position the handset against the phantom. An experimental study presented shows that some plastic holders might introduce an unexpectedly large effect to the measurement results. Therefore, special care must be seen when selecting such fixtures for radiated measurements. 
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Figure 5.a: Reference plane on head phantom, front view.
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Figure 5.b: Reference plane on head phantom, side view.
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Figure 5.c: Reference lines at a mobile handset (Device Under Test (DUT)). 
W is the width of the chassis.

6
Measurement parameters

<Text to be added> 

6.1
Definition of the Total Radiated Power (TRP)

The Total Radiated Power (TRP) is a measure of how much power the antenna actually radiates, when non-idealities such as mismatch and losses in the antenna are taken into account.  The TRP is defined as the integral of the power transmitted in different directions over the entire radiation sphere:
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(6.1)

Using 
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-polarization component of the gain pattern for the handset antenna measured at the frequency 
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 is the solid angle describing the direction. 
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is the actually transmitted power-level, also known as EIRP, in the 
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The above equation may be written in "gain" form, that is, the TRP given by PTRP is normalized to the transmitted power 
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. This is the total radiation efficiency, which can also be denoted as Total Radiated Power Gain, TRPG,  
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In practice discrete samples of 
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 are measured and used to approximate the integral so that the TRP is computed as
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Or, by using the relation 
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(6.4)
In gain form the TRP can be expressed as:
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(6.5)

In these formulas 
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When measuring power radiated by active devices, expressing the data in terms of EIRP is more appropriate. The upper form of the TRP formulas (which includes EIRP terms) will be used in the data processing.

The TRP can also be calculated from Rayleigh faded samples of the total power transmitted from the UE/MS. The measurement of transmitter performance in an isotropic Rayleigh fading environment is based on sampling the radiated power of the UE/MS for a discrete number of field combinations in the chamber. The average value of these statistically distributed samples is proportional to the TRP and by calibrating the average power transfer function, an absolute value of the TRP can be obtained. Thus
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where 
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 is the reference power transfer function for fixed measurement antenna n, 
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 is the reflection coefficient for fixed measurement antenna n and 
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 is the path loss in the cables connecting the measurement receiver to fixed measurement antenna n. These parameters are calculated from the calibration measurement and are further discussed in clause 7 and 8. 
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 is the average power measured by fixed measurement antenna n and can be calculated using the following expression:
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where 
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 is sample number m of the complex transfer function measured with fixed measurement antenna n and 
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 is the total number of samples measured for each fixed measurement antenna.

Note that all averaging must be performed using linear power values (e.g. measurements in Watts).
6.2
Definition of Total Radiated Sensitivity (TRS)

6.2.1. Total Radiated Sensitivity (TRS)
The TRS can also be calculated from measurements in a Rayleigh fading 3 dimensional isotropic environment with in average uniform elevation and azimuth distribution. The calculation of the TRS is in this case based on searching for the lowest power received by the UE/MS for a discrete number of field combinations in the chamber that gives a BER that is better than the specified target BER level. By calibrating the average power transfer function, an absolute value of the TRS can be obtained. The following expression can be used to find the TRS.
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where 
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 is the reference power transfer function for fixed measurement antenna n, 
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 is the path loss in the cables connecting the measurement receiver to fixed measurement antenna n. These parameters are calculated from the calibration measurement and are further discussed in Annex B.2. 
[image: image57.wmf]n

thres

P

,

 is calculated by using the following equation:
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where 
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 is the m:th value of the transfer function for fixed measurement antenna n, which gives the BER threshold. 
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 is the total number of values of the BER threshold power measured for each fixed measurement antenna.
6.2.2. Alternate measurement parameter

6.3
Sampling grid

There is a trade-off between the accuracy of the approximated TRP and TRS values and the total measurement time required to obtain a complete 3-D gain pattern of the antenna. It is important to limit the total measurement time since the handsets must be battery powered during the measurements.

Generally it can be said that since the radiating object has a limited size the gain pattern cannot change arbitrarily versus angle, and therefore only a limited number of samples are required to represent the gain pattern to a given accuracy. Furthermore, it can be expected that the sampling density can be smaller for integral parameters (TRP, TRS) computations compared to what is required to represent the gain pattern, since the TRP are computed using an integration of the gain pattern. A 15(-sample grid in both azimuth and elevation is sufficient for accurate measurements. 

Alternatively, different sampling patterns can be used, if they can provide benefit in terms of measurement time. For example, sampling the sphere on a continuous spiral trajectory with constant speed of rotation in elevation and azimuth can be a very convenient option for TRP measurements. Since the rotation around both axes is continuous, the total time required by the measurement can be significantly shorter than for a regular sampling grid. The continuous movement does not introduce a significant error provided that the transmitted power for each angle is recorded on a time scale much shorter than the angular variation. The TRP can be calculated by interpolating the values on the spiral trajectory to points on the regular grid or by using an alternative quadrature formula. As first order approximation the simple summation over the measurement points is adequate. It is convenient, in practice, to synchronize the azimuth and elevation rotation speed so that the DUT makes an integer number of complete revolutions, while the elevation changes from 0( to 180(. The number of complete revolutions defines the sampling interval in elevation and the overall number of measurements points.
7
Measurement procedure – transmitter performance

7.1


Reverberation chamber

The measurement of transmitter performance in the reverberation chamber is based on sampling the radiated power of the UE/MS for a discrete number of field combinations in the chamber. The average value of these statistically distributed samples is proportional to the Total Radiated Power (TRP), and by calibrating the average power transfer function in the chamber, an absolute value of the TRP can be obtained.

Setup the DUT by locating the head phantom and the UE/MS in one of the specified positions inside the chamber. It is important that the objects placed inside the chamber during DUT measurements are the same as those present during the calibration measurement.

Measure and save DUT radiated power levels for all the positions of the platform stirrer and mechanical stirrer and for all the frequency points used. Do this for each of the chamber's fixed measurement antennas. Average the saved DUT power levels over all stirrer positions. Note that all averaging must be performed using linear power values (e.g measurements in Watts). Thus the following equation applies 
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where 
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 is the reference power transfer function for fixed measurement antenna n, 
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 is the path loss in the cables connecting the measurement receiver to fixed measurement antenna n. These parameters are calculated from the calibration measurement and are further discussed in subclause 7.1.1. 
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 is the average power measured by fixed measurement antenna n and can be calculated using the following expression:
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where 
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 is sample number m of the complex transfer function measured with fixed measurement antenna n and 
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 is the total number of samples measured for each fixed measurement antenna.

7.1.1

Calibration Measurement

The purpose of the calibration measurement is to determine the average power transfer function in the chamber, mismatch of fixed measurement antennas and path losses in cables connecting the power sampling instrument and the fixed measurement antennas. Preferably a network analyzer is used for these measurements. Recommended calibration antennas are dipoles tuned to the frequency band of interest.

In general, the calibration of a reverberation chamber is performed in three steps:

1.
Measurement of S-parameters through the reverberation chamber for a complete stirring sequence

2.
Calculation of the chamber reference transfer function

3.
Measurement of connecting cable insertion loss

If several setups are used (e.g. empty chamber, chamber with head phantom, etc.), steps 1 and 2 must be repeated for each configuration. The calibration measurement setup can be studied in Figure B.2.
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Figure 7.1 Calibration measurement setup in the reverberation chamber, using a vector network analyzer.

7.1.1.1
Measurement of S-parameters through the chamber for a complete stirring sequence

This step will measure S-parameters through the reverberation chamber through a complete stirring sequence. This information is required to determine the chamber’s reference transfer function. The procedure must be performed separately for each measurement setup of which the loading of the chamber has been changed. The calibration procedure must be repeated for each frequency as defined above. Therefore, it is advantageous if the network analyzer can be set to a frequency sweep covering the defined frequencies, so that all frequencies of interest can be measured with a minimal number of measurement runs.
i.
Place all objects into the RC which will be used during TRP or TRS measurements, including a head phantom, hand phantom and fixture for the EUT. This ensures that the loss in the chamber, which determines the average power transfer level, is the same during both calibration and test measurements. Also, if the EUT is large or contains many antennas, it may represent a noticeable loading of the chamber. It should then be present in the chamber and turned on during the calibration.
ii.
Place the calibration antenna inside the chamber. The calibration antenna is preferably mounted on a low-loss dielectric fixture, to avoid effects from the fixture itself which may affect the EUT’s radiation efficiency and mismatch factor. The calibration antenna must  be placed in the chamber in such a way that it is far enough from any walls, mode-stirrers, head phantom, or other object, such that the environment for the calibration antenna (taken over the complete stirring sequence) resembles a free space environment. “Far enough away” depends on the type of calibration antenna used. For low gain nearly omni-directional antennas like dipoles, it is normally sufficient to ensure that this spacing is larger than 0.5 wavelengths. More directive calibration antennas should be situated towards the centre of the chamber. The calibration antenna should be present in the chamber during the TRP/TRS measurements.
iii.
Calibrate the network analyzer with a full 2-port calibration in such a way that the vector S-parameters between the ports of the fixed measurement antenna and the calibration antenna can be accurately measured.  Preferably, the network analyzer is set to perform a frequency sweep at each stirrer position. This will enable calibration of several frequency points during the same stirring sequence, thereby reducing calibration time. This will also enable frequency stirring, i.e., averaging the measured power transfer function over a small frequency bandwidth around each measured frequency point (moving frequency window). This will increase accuracy at the expense of frequency resolution.
iv.
Connect the antennas and measure the S-parameters for each stirrer position and each fixed measurement antenna.
The number of stirrer positions in the chosen stirring sequence, i.e. the number of S-parameter samples at each frequency point, should be chosen in such a way that it is large enough to yield an acceptable statistical contribution to the total measurement uncertainty. As a guideline it should be larger than 100, preferable 200 or 400 to ensure that the number of independent samples is not severely limited by the total number of samples measured. The number of independent samples, which is a subset of all samples, determines the statistical contribution to the expanded accuracy (which is two times the standard deviation). This should be not less than 100 to ensure an expanded accuracy better than 0.5 dB. The number of independent samples depends on the operating frequency, volume of the chamber, efficacy of the chamber’s stirrers, the level of loading by absorbing objects, and whether or not frequency stirring is used.

The sequence of moving the stirrers to different positions may be either step-wise (stopping stirrer for each sample) or continuous (sampling on-the-fly). With continuous stirring it may not be possible to characterize the chamber over a wide frequency band at the same time.

7.1.1.2

Calculation of the chamber reference transfer function 

From the S-parameters obtained in the calibration measurement, the chamber reference transfer function for fixed antenna n can be calculated. The reflection coefficient for fixed antenna n can be calculated as
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Thus, the chamber reference transfer function can be calculated as
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where M is the total number of samples of the transfer function measured for each fixed measurement antenna and 
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 is sample number m of the transfer function for measurement antenna n. Moreover, 
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 is the complex average of the calibration antenna reflection coefficient. Finally, 
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 is the radiation efficiency of the calibration antenna.

Note that the radiation efficiency of the fixed antenna is not corrected for, because it will be the same both during calibration and measurements. Therefore the fixed antenna’s radiation efficiency  will not affect the final results. The same can be said about the mismatch factor of the fixed measurement antennas, but it is still advantageous to correct for this factor if frequency stirring is applied to improve accuracy.

7.1.1.3

Cable calibration

This measurement step will calibrate the power loss of the cable needed to connect the instrument used to measure the received power at the fixed measurement antenna during TRP measurements, and to generate the power radiated by the fixed antenna during TRS measurements.
i.
Disconnect the cables between the VNA and the chamber.
ii.
Connect the cables one-by-one between the two ports of the network analyzer. The VNA must be calibrated at its own two ports.
iii.
Measure the frequency response of the transmission S-parameter (
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 or 
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) of the cable.
iv.
Save the power transfer values (
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) of the frequency response curve for the test frequencies. and cables positions, etc).


Calibration shall be performed yearly or if any equipment in the measurement system is changed.
8
Measurement procedure – receiver performance

8.1


Reverberation chamber

The DUT’sTRS can be calculated from measurements made in a Rayleigh fading three dimensional isotropic environment with uniform elevation and azimuth distribution. The calculation of TRS is in based on searching for the lowest power received by the UE/MS for a discrete number of field combinations in the chamber. The power received by the UE at each discrete field combination that provides a BER (or BLER) which is better than the specified target BER/BLER  level shall be averaged with other such measurements using different field combinations. By calibrating the average power transfer function, an absolute value of the TRS can be obtained when the linear values of all downlink power levels described above have been averaged. The following expression can be used to find the TRS.
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where 
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 is the reference power transfer function for fixed measurement antenna n, 
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 is the path loss in the cables connecting the measurement receiver to fixed measurement antenna n. These parameters are calculated from the calibration measurement and are further discussed in subclause 7.1.1. 
[image: image82.wmf]n

thres

P

,

 is calculated by using the following equation:


[image: image83.wmf]M

S

P

M

m

thres

m

n

n

thres

å

=

=

1

2

,

,

21

,

1




where 
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 is the m:th value of the transfer function for fixed measurement antenna n, which gives the BER threshold. 
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 is the total number of values of the BER threshold power measured for each fixed measurement antenna.
8.1.1

Calibration Measurement

The calibration proceedure for TRS measurements is the same as for TRP measurements outlined in subclause 7.1.1.
------ next changed section ------

Annex D(informative): Reverberation chamber specifications and validation method

This Annex presents the specifications for the shielded reverberation chamber and the validation methods.

D.1


Shielded reverberation chamber specifications

Before measuring the test site characteristics in terms of stirring effectiveness etc., the shielding effectiveness of the metallic enclosure must be measured.

To avoid environmental perturbations the measurements must be performed in a shielded enclosure, preserved from electromagnetic disturbances coming from electromagnetic environment (Radio and TV broadcast, cellular, ISM equipment, etc…). The shielding effectiveness recommended to be tested according to the EN 50 147-1 standard in the frequency range of 800 MHz up to 4 GHz.

The recommended level of the shielding effectiveness is -100 dB from 800 MHz to 4 GHz.

D.2


Reverberation chamber statistical ripple and repeatability validation

The reverberation chamber is typically evaluated according to its isotropy level and ability to produce independent samples. The uncertainty due to chamber statistics is determined by repeated calibration measurements. This uncertainty contribution is a composite value consisting of most of the specific reverberation chamber contributions, such as limited number of modes, polarization imbalance and mode-stirring techniques.

The uncertainty contribution value shall be determined by repeated calibration measurements for nine different positions and orientations of the calibration antenna in order to determine the statistical variation as a function of frequency, or at least at the frequencies where the chamber shall be used. This uncertainty contribution value can be assumed to have a normal distribution.

The uncertainty will depend on chamber size, frequency, stirrer sequence, stirrer types and shapes, polarization stirring (if any), and the degree of chamber loading. All these factors must remain the same for all nine calibration measurements. The uncertainty will also depend on frequency stirring bandwidth (if any), but the effects of different amounts of frequency stirring can be studied with the same sets of calibration data as when no frequency stirring is applied.

The nine net average power transfer functions of all or some of the nine calibration configurations for each loading case shall be averaged to provide a good reference level. Frequency stirring can only be applied to improve the reference level. Therefore, the uncertainty shall be found by computing the average and standard deviation of the net average power transfer function of each of the nine reference (antenna) positions and orientations (without frequency stirring) around the reference level (which can be frequency stirred if it gives better overall accuracy).

The data obtained during these reference measurements can be used for analysis of the chamber’s systematic and deterministic contribution to S21. Such analysis can help determine possible uncertainty sources in chambers where the “chamber statistics” portion of the uncertainty analysis is too high to fulfil the total uncertainty criterion. The normalized standard deviation is calculated using the following expression:
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is the standard deviation of the power transfer function over T different calibration antenna positions. 
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where N is the total number of fixed measurement antennas. Moreover,
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is the average power transfer function over the T calibration antenna positions.
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