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Foreword

This Technical Specification has been produced by the 3rd Generation Partnership Project (3GPP).

The contents of the present document are subject to continuing work within the TSG and may change following formal TSG approval. Should the TSG modify the contents of the present document, it will be re-released by the TSG with an identifying change of release date and an increase in version number as follows:

Version x.y.z

where:

x
the first digit:

1
presented to TSG for information;

2
presented to TSG for approval;

3
or greater indicates TSG approved document under change control.

y
the second digit is incremented for all changes of substance, i.e. technical enhancements, corrections, updates, etc.

z
the third digit is incremented when editorial only changes have been incorporated in the document.

1
Scope

The present document describes the test procedure for the radiated performances measurements of the user equipment (UE) and mobile station (MS).
The handheld UE measurement procedures explained in this document are defined for roaming bands for the speech position (beside the head and beside the head and hand) and hand phantom browsing mode position. Laptop mounted equipment (LME) measurement procedures are defined for roaming bands for the data transfer position (laptop ground plane phantom). Laptop embedded equipment (LEE) measurement procedures are defined for roaming bands for the data transfer position (free space). 
The data transfer position (free space) explained in this document applies when the UE is used away from the user’s head. Free space measurements are applicable to devices used in the data transfer position that consist of the laptop mounted equipment (LME) plug-in UEs and laptop embedded equipment (LEE) UEs.
All bands are potential roaming bands, and the requirements for roaming bands shall therefore be fulfilled for all bands supported by a UE/MS.
Recommended performance values for operating bands (Annex I) are however included in this specification for information. It should be recognised that the ability to meet the recommended performance values depends on the number of frequency bands supported by the UE/MS.
The radio tests considered here are:

1. The measurement of the Total Radiated Power (TRP)

2. The measurement of the Total 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.
2
References

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

-
References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.

-
For a specific reference, subsequent revisions do not apply.

-
For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.

[1]
3GPP TR 21.905: "Vocabulary for 3GPP Specifications".
[2]
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".
[3]
IEEE standard P1528; "Recommended Practice for Determining the Peak Spatial-Average Specific Absorption Rate (SAR) in the Human Head from Wireless Communications Devices: Experimental Techniques", April, 2003.

[4]
CENELEC Standard ENS 50361: "Basic Standard for the measurement of Specific  Absorption Rate related to human exposure to electromagnetic fields from mobile phones (300 MHz-3 GHz)", Brussels, Belgium, CENELEC, July 2001, 51 p.
[5]
H. Knoess, M. Christensen, S. Svendsen, T. Hiegler, A. Friederich, "Investigation of Different Phantom Head Models Including Holder", COST 273 TD(04) 068, Gothenburg, June 2004, 6 p.

[6]
3GPP TS 25 101: "User Equipment (UE) radio transmission and reception (FDD)".
[7]
3GPP TR 25.914: "Measurements of radio performances for UMTS terminals in speech mode".
[8]
3GPP TS 34.114: "User Equipment (UE) / Mobile Station (MS) Over The Air (OTA) antenna performance; Conformance testing".

[9]
3GPP TS 36 101: "E-UTRA UE radio transmission and reception".
[10]
3GPP TS 36.508: "Common test environments for User Equipment (UE)".

[11]
3GPP TS 37.144: "User Equipment (UE) and Mobile Station (MS) over the air performance requirements".
[12]
3GPP TS 45.005: "Radio transmission and reception".

[13]
3GPP TS 51.010-1 " Mobile Station (MS) conformance specification; Part 1: Conformance specification".
[14]
ETSI ETR 273: "Electromagnetic compatibility and Radio spectrum Matters (ERM); Improvement of radiated methods of measurement (using test sites) and evaluation of the corresponding measurement uncertainties; Part 1: Uncertainties in the measurement of mobile radio equipment characteristics; Sub-part 2: Examples and annexes".
[15]
3GPP TR 37.902: “Measurements of User Equipment (UE) radio performances for LTE/UMTS terminals; Total Radiated Power (TRP) and Total Radiated Sensitivity (TRS) test methodology (Release 12)”

[16]
M.Y. Kanda, M. Ballen, C.K, Chou. "Formulation and characterization of tissue simulating liquids used for SAR measurement (500-2000 MHz)" Asia-Pacific Radio Science Conference, Tokyo, Japan, August 1-4, 2001, p. 274.

[17]
V. Vigneras, "Elaboration and characterization of biological tissues equivalent liquids in the frequency range 0.9 - 3 GHz", Final report, PIOM Laboratory, University of Bordeaux, France, November 2001.

[18]
Dr. Michael D. Foegelle, ETS-Lindgren, Kevin Li, Nokia Corp., Andrew Pavacic and Paul Moller, Motorola, Inc. “Developing a Standard Hand Phantom for Wireless Testing”Part 1,Wireless design and Development

[19]

Gabriel, C., “Tissue Equivalent Material for Hand Phantoms,” Physics in Medicine and Biology, 52 (2007), pp. 4205 - 4210,

[20]
Dr. Michael D. Foegelle, ETS-Lindgren, Kevin Li, Nokia Corp., Andrew Pavacic and Paul Moller, Motorola, Inc. Wireless Design & Development, The Development of a Standard Hand Phantom for Wireless Performance Testing: Part 2

[21]
T. Laitinen, J. Ollikainen, P. Vainikainen, C. Icheln, "Rapid Spherical 3-D Field Measurement System for Mobile Terminal Antennas", COST273 TD(03)134

[22]
3GPP 34.121: 3rd Generation Partnership Project; Technical Specification Group Terminals; Terminal conformance specification; Radio transmission and reception (FDD)

[23]
3GPP TS 34.108: "Common Test Environments for User Equipment (UE) Conformance Testing".

[24]
3GPP TS 34.109: "Terminal logical test interface; Special conformance testing functions”

[25]
3GPP TS 34.122: "Terminal conformance specification; Radio transmission and reception (TDD)"

[26]
3GPP TS 51.010-1: "Mobile Station (MS) conformance specification; Part 1: Conformance specification"

3
Definitions, symbols and abbreviations
3.1
Definitions

For the purposes of the present document, the terms and definitions given in TR 21.905 [1] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in TR 21.905 [1].
primary mechanical mode: the mode that is most often used during a call beside the head. Other mechanical modes are secondary. Every terminal has at least one primary mechanical mode.
speech position: UE used close to head phantom (specific anthropomorphic mannequin).
data transfer position: UE used away from the user’s head, applicable for LME and LEE devices.

FS: UE used in a free space configuration.

LME: Laptop mounted equipment (such as plug-in devices like USB dongles).

LEE: Laptop embedded equipment (such as embedded module card embedded in notebooks).
3.2
Symbols

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

(
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

TRPaverage
the average measured total radiated power of low, mid and high channel

TRPmin
the lowest measured total radiated power of each channel within an operating band

TRSaverage
the average measured total radiated sensitivity of low, mid and high channel

TRSmax
the highest measured total radiated sensitivity of each channel within an operating band
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

AAU
Aalborg University

APD
Angular Power Distribution

ARFCN
Absolute Radio Frequency Channel Number

BER
Bit Error Ratio

BS
Base Station

BT
Bluetooth

BTS
Base Transceiver Station

CAD
Computer Aided Design

CN
Core Network

CPICH RSCP
Common Pilot Channel Received Signal Code Power

CRC
Cyclic Redundancy Check

DCH
Dedicated Channel

DL
Downlink

DPCH
Dedicated Physical Channel

DPDCH
Dedicated Physical Data Channel

DPCCH
Physical Control Channel

DTCH
Dedicated Traffic Channel

DUT
Device Under Test

EIRP
Effective Isotropic Radiated Power
EIS
Effective Isotropic Sensitivity

ETSI
European Telecommunications Standards Institute

EUT
Equipment Under Test

E-UTRA
Evolved UMTS Terrestrial Radio Access

EUTRAN
Evolved UMTS Terrestrial Radio Access Network

FDD
Frequency Division Duplex

FS
Free Space

GPS
Global Positioning System

GSM
Global System for Mobile communications

HUT
Helsinki University of Technology

LCD
Liquid Crystal Display

LEE
Laptop Embedded Equipment (e.g. embedded module card embedded in notebooks)

LME
Laptop Mounted Equipment (e.g., plug-in devices like USB dongles)
MS
Mobile Station

NB
Node B

NSA
Normalised Site Attenuation
OTA
Over The Air
QoS
Quality of Service

PDA
Personal Digital Assistant

QPSK
Quadrature Phase Shift Keying (modulation)
RAB
Radio Access Bearer

RB
Radio Bearer

RAN
Radio Access Network

RBW
Resolution Bandwidth

RF
Radio Frequency

RMS
Root Mean Square

Rx
Receiver

SAM
Specific Anthropomorphic Mannequin

SAR
Specific Absorption Rate

SS
System Simulator

TDD
Time Division Duplex

TFCI
Transport Format Combination Indicator

Tx
Transmitter

TRP
Total Radiated Power 

TRS
Total Radiated Sensitivity 

USB
Universal Serial Bus

UTRA
UMTS Terrestrial Radio Access

XPD
Cross-Polar Discrimination of the antenna

XPR
Cross-Polarization ratio of the channel

UDP
User Datagram Protocol

UL
Uplink

UE
User Equipment

UMTS
Universal Mobile Telecommunications System 

UWB
Ultra Wide Band

VBW
Video Bandwidth 
WLAN
Wireless Local Area Network

WWAN
Wireless Wide Area Network
4
General
 [TBD]
4.1
Terminal classes

[TBD]
4.2
UTRA chip rates

[TBD]

4.3
DUT positioning

4.3.1
DUT Positioning on head phantom 

The positioning specified in this clause is used for the tests cases titled as tests with head phantom. The characteristics of the SAM phantom are specified in Annex A.2.1. 
The DUT is attached to the SAM phantom in "cheek" position as defined both by IEEE [3] and CELENEC [4] standards. The DUT performance is measured on both left and right side of the head.

Three points as shown in Figure 4.3.1-1 define the reference plane: centre of the right ear piece (RE), centre of the left ear piece (LE) and centre 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 Figure 4.3.1-1) at the line RE-LE. Then, position the DUT beside the phantom so that the vertical line (see Figure 4.3.1-3) is parallel to the reference plane in Figure 4.3.1-2 and is aligned with the line M-RE on the reference plane (see Figure 4.3.1-3).

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 in [5] 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 4.3.1-1: Reference plane on head phantom, front view
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Figure 4.3.1-2: Reference plane on head phantom, side view
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Figure 4.3.1-3: Reference lines at a UE/MS (Device Under Test (DUT)) 
Note: W is the width of the chassis [3].
4.3.2
DUT Positioning on Laptop Ground Plane Phantom

The DUT positioning on laptop ground plane phantom means that a laptop ground plane phantom is used for radiated performance measurements in case of plug-in DUT like USB dongles that is used away from the user’s head. This includes all tests cases for devices using LME. The characteristics of the laptop ground plane phantom are specified in Annex A.2.3. 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 DUT should be plugged into the USB connector and positioned in accordance with the manufacturer recommended primary mechanical mode. In the absence of such a recommendation the DUT with either rotary USB porter or non-rotary USB porter should be horizontally plugged into the horizontal USB connector, as shown in Figure A.2.3-1.
4.3.3
DUT positioning for speech mode
4.3.3.1
General

The positioning specified in this clause is used for the tests cases titled as tests with head and hand phantom. The characteristics of the head and hand phantoms are specified in Annexes A.2.1 and A.2.2.
Speech mode is simulation of a voice call user case.  DUT is placed in to a hand phantom which is holding the DUT against SAM head phantom. Positioning of the DUT in the hand phantom varies with the grip being used. Positioning of the DUT against the head phantom is identical to Subclause 4.3.2 with the exception that 6°tilt angle from the cheek is being used instead of having direct contact between the cheek and DUT. A mask may be used to help configuration of cheek + 6° tilt angle. The mask is a 32 mm wide conformal strip, created by sweeping the surface of the head phantom through a 6º rotation about the ear. Direct DUT contact against the mask thus establishes the required 6º spacing away from the cheek, regardless of DUT form factor. The material for the head phantom mask spacer shall have dielectric constant of less than 1.3 and a loss tangent of less than 0.003. Material additions can be used to help fixing of the mask spacer onto the head phantom.  
4.3.3.2
Mono-blocks and closed sliders

This procedure applies to mounting mono-block DUTs and closed-slide DUTs, when the DUT is less than 56 mm wide. For consistent, repeatable positioning that conforms to the grip studies, an alignment tool with evenly spaced rulings is first used to measure the DUT. Alignment Tool A in Figure 4.3.3.2-1, features a 120º interior corner to ensure that the ring fingertip lands in the desired position at the bottom of the DUT. The DUT is then positioned in accordance with ruled markings on a conformal palm spacer regardless of any curvature in the DUT corners. DUTs with rounded corners will sit lower in the tool than DUTs having square corners, and thus give a different reading.
1. Place the DUT face-up in Alignment Tool A with its side along the side ruler, and slide it down until it makes contact at the 120º corner. Record the bottom location of the DUT by reading off the bottom ruler of Tool A.
2. Observe the top of the DUT against the side ruler of the tool. If the top of the DUT extends past the 120 mm marking on the side ruler, then the additional length beyond 120 mm shall be added to the reading from Step 1.
3. Place the DUT on the right-handed or left-handed hand phantom spacer between the fingers. The bottom location of the DUT on the spacer should be aligned with the reading recorded in Steps 1 and 2. Vertical centreline of the DUT should be centred with the spacer. Make sure index finger is in contact with DUT. 

4. While keeping the DUT in the hand phantom in the position defined in previous steps, place the DUT and the hand phantom against the head phantom in such way that the DUT is in 6°tilt angle as described in Subclause 4.3.3. 
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Figure 4.3.3.2-1: Alignment Tool A and right-handed mono-block hand phantom with a spacer

Note: The Alignment tool is used to determine DUT bottom location on spacer. Use left-handed (mirror-imaged) spacers with left-handed phantoms.
4.3.3.3
Folds and open-slides

This procedure applies to fold and open-slide DUTs, when the DUT is less than 56 mm wide. To help maintain a consistent, repeatable positioning that conforms to the grip studies, an alignment tool with evenly spaced rulings is first used to measure the DUT. The DUT is then positioned in accordance with ruled markings on a phantom spacer. Alignment Tool B in Figure 4.3.3.3-1 features two rounded humps upon which the DUT is suspended. One hump represents the index fingertip of the hand phantom, while the other represents the palm spacer. This design helps ensure that the index finger remains in contact with the flip for any fold DUT geometry. 

1. Open the DUT and place it face-up on the alignment Tool B with its hinge suspended between the two humps. The side of the DUT shall be aligned against the side wall of the tool. The base of the DUT shall rest on the wide hump with ruled markings, and the flip of the DUT shall rest on the narrow hump.
2. Tool B has an engraved line on the side wall. Align axis of a fold hinge to this marking. An open slider should be slide longitudinally until the base part of the DUT touches the narrow hump of the Tool B. Record the correct longitudinal position of the bottom of the DUT by reading off the ruler of Tool B. Visually align the two halves of the split-level ruler to minimize parallax reading error.
3. Position the DUT in the right-handed or left-handed Fold Hand Phantom, resting on the index fingertip and palm spacer, with the bottom of the DUT aligned to the ruling on the right-handed or left-handed palm spacer that corresponds to the reading from Step 2. Ensure that all fingertips are in contact with the DUT.
4. While keeping the DUT in the hand phantom in the position defined in previous steps, place the DUT and the hand phantom against the head phantom in such way that the DUT is in 6°tilt angle as described in Subclause 4.3.3. 
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Figure 4.3.3.3-1: Alignment Tool B and right-handed fold hand phantom with a spacer 
Note: Use left-handed (mirror-imaged) spacers with left-handed phantoms.
4.3.3.4
PDA

This procedure applies to DUTs that are from 56 to 72 mm wide. To help achieve a consistent positioning, the DUT is aligned to a PDA palm spacer. No alignment tool is required. The PDA spacer features side and bottom walls to ensure consistent alignment of DUTs of various sizes.
1. Place the DUT on the PDA spacer between the fingers and align the DUT to the side wall of the PDA.
2. If the DUT is shorter than 135 mm, then align the top of the DUT with the top of the PDA spacer. Otherwise align the bottom of the DUT with the bottom wall of the PDA spacer.
3. While keeping the DUT in the hand phantom in the position defined in previous steps, place the DUT and the hand phantom against the head phantom in such way that the DUT is in 6°tilt angle as described in Subclause 4.3.3. 
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Figure 4.3.3.4-1: Right-handed PDA hand phantom with a spacer 
Note: Use left-handed (mirror-imaged) spacers with left-handed phantoms.
4.3.4
DUT positioning for browsing mode
4.3.4.1
General

Browsing mode is used to simulate user cases were the DUT is held in hand, but not pressed against ear e.g. web browsing and navigation. The DUT shall be mounted in a suitable hand phantom and oriented such that the DUT’s main display is tilted 45 degrees from vertical. Devices with a cover piece are tested cover open.
4.3.4.2
Narrow DUT

This procedure is suitable for use with all DUTs narrower than 56 mm. Alignment Tool A in Figure 4.3.4.2-1 is first used to measure the distance between the bottom of the DUT and the center of its navigation key. The DUT is then positioned in accordance with ruled markings on a palm spacer to data mode hand phantom.
1. Place the DUT on the DUT alignment Tool A. Record the chin length from the scale at the bottom of the alignment tool.
2. Record the location of the navigation key (or the “2” key, if no navigation key is present) on the side ruler of the DUT alignment tool A. The key's center is used as the reference.
3. Add the two readings from Step 2 and 3 together. If the sum is less than 30 mm, then use 30 mm location on spacer instead.
4. Place the DUT on the right-hand or left-hand narrow data palm spacer and align the side of the DUT with the side wall of the spacer. The bottom edge of the DUT shall be placed on the narrow data palm spacer at the ruling corresponding to the value obtained in Step 4.

Make sure that the index finger is in contact with the back of the DUT. If the device is very narrow and/or thin, it may occur that the middle finger does not curl tightly enough to contact the DUT. In such case, in order to ensure consistent test results, no attempt should be made to force the fingertip to contact the DUT. Touch fastener material may be used to maintain the DUT in the desired position.
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Figure 4.3.4.2-1: Right-handed data hand phantom with a spacer 
Note: Use left-handed (mirror-imaged) spacers with left-handed phantoms.
4.3.4.3
PDA

This procedure is suitable for use with DUTs of width 56-72 mm. The positioning of the DUT in the PDA hand for data mode is identical to that for speech mode described in Subclause 4.3.3.4.

4.3.5
DUT Positioning for devices with embedded modules
The DUT positioning in a free space configuration without head and hand phantoms as specified in Annex A.1.4 is used for radiated performance measurements in case of embedded module card that is used away from the user’s head. This positioning covers all tests cases for devices using LEE. 
4.4
Sampling grid

For the anechoic chamber based measurement procedures the measurement of TRP is basically based on the measurement of the spherical radiation pattern of the Device Under Test. The power radiated by the DUT is sampled in far field in a group of points located on a spherical surface enclosing the DUT. 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. The samples of TRP are taken using a constant sample step of 15° both in theta (() and phi (() directions. 

The measurement of TRS is based on the measurement of the spherical sensitivity pattern of the Device Under Test. The sensitivity values of the DUT at a predefined BLER level are sampled in far field in a group of points located on a spherical surface enclosing the DUT. The samples of TRS are taken using a constant sample step of 30° both in theta (() and phi (() directions. 

All the samples are taken with two orthogonal linear polarizations, 
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- and 
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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.

Alternatively, different sampling patterns may be used if they are able to ensure same or greater accuracy and provided appropriate measurement uncertainty terms are applied. The TRP can be calculated by interpolating the values to points on the regular grid. If an alternative sampling pattern is used number of measurement points should be greater than in the regular sampling grid.
4.5
Number of independent samples (for reverberation chamber procedure)
[TBD]
5
Measurement frequencies
5.1
GSM frequency bands
GSM is designed to operate in the following bands:
Table 5.1-1: GSM frequency bands

	Operating Band
	UL Frequencies

MS transmit, BTS receive
	DL frequencies

MS receive, BTS transmit

	GSM 850
	824 – 849 MHz
	869-894 MHz

	P-GSM 900
	890 – 915 MHz
	935 – 960 MHz

	E-GSM 900
	880 – 915 MHz
	925 – 960 MHz

	DCS 1800
	1710-1785 MHz
	1805-1880 MHz

	PCS 1900
	1850 –1910 MHz
	1930 –1990 MHz


Table 5.1-2: GSM Channels

	Operating Band
	Channels

	
	Low
	Mid
	High

	GSM 850
	128
	190
	251

	P-GSM 900
	1
	62
	124

	E-GSM 900
	975
	38
	124

	DCS 1800
	512
	699
	885

	PCS 1900
	512
	661
	810


5.2
UTRA FDD frequency bands
UTRA/FDD is designed to operate in the following bands:

Table 5.2-1: UTRA FDD frequency bands

	Operating Band
	UL Frequencies

UE transmit, Node B receive
	DL frequencies

UE receive, Node B transmit

	I
	1920 – 1980 MHz
	2110 –2170 MHz

	II
	1850 –1910 MHz
	1930 –1990 MHz

	III
	1710-1785 MHz
	1805-1880 MHz

	IV
	1710-1755 MHz
	2110-2155 MHz

	V
	824 – 849 MHz
	869-894 MHz

	VI
	830-840 MHz
	875-885 MHz

	VII
	2500-2570 MHz
	2620-2690 MHz

	VIII
	880 – 915 MHz
	925 – 960 MHz

	IX
	1749.9-1784.9 MHz
	1844.9-1879.9 MHz

	X
	1710 – 1770 MHz
	2110 – 2170 MHz

	XIX
	830 – 845MHz
	875 – 890 MHz


Table 5.2-2: UTRA FDD Channels

	Operating Band
	UL Channels
	DL Channels

	
	Low
	Mid
	High
	Low
	Mid
	High

	I
	9612
	9750
	9888
	10562
	10700
	10838

	II
	9262
	9400
	9538
	9662
	9800
	9938

	III
	937
	1113
	1288
	1162
	1338
	1513

	IV
	1312
	1413
	1513
	1537
	1638
	1738

	V
	4132
	4183
	4233
	4357
	4408
	4458

	VI
	4162
	4175
	4188
	4387
	4400
	4413

	VII
	2012
	2175
	2338
	2237
	2400
	2563

	VIII
	2712
	2788
	2863
	2937
	3013
	3088

	IX
	8762
	8837
	8912
	9237
	9312
	9387

	X
	2888
	3025
	3162
	3113
	3250
	3387

	XIX
	387
	412
	437
	787
	812
	837


5.3
UTRA TDD frequency bands
UTRA/TDD is designed to operate in the following bands:
Table 5.3-1: UTRA TDD frequency bands

	Operating Band
	Frequencies

	a
	1900-1920 MHz

2010-2025 MHz

	b*
	1850-1910 MHz

1930-1990 MHz

	c*
	1910-1930 MHz

	d**
	2570-2620 MHz

	e
	2300-2400 MHz

	f
	1880-1920 MHz


NOTE:
Deployment in other frequency bands is not precluded.
* Used in ITU Region 2
** Used in ITU Region 1
Table 5.3-2: UTRA TDD Channels
	Operating Band
	Channels

	
	Low
	Mid
	High

	a

1900-1920 MHz

2010-2025 MHz
	9504

10054
	9550

10087
	9596

10121

	b

1850-1910 MHz

1930-1990 MHz
	9254

9654
	9400

9800
	9546

9946

	c

1910-1930 MHz
	9554
	9600
	9646

	d

2570-2620 MHz
	12854
	12975
	13096

	e

2300-2400 MHz
	11504
	11750
	11996

	f

1880-1920 MHz
	9404
	9500
	9596


5.4
E-UTRA FDD measurement frequencies allocations
Editor’s notes: This Subclause is incomplete. The following item is missing or incomplete:

· TBDs in Tables 5.4-1 (TRP) 

· Some E-UTRA bands are not included and are  FFS
This section specifies the LTE-FDD TRP and TRS measurement frequencies allocations. Table 5.4-1 specifies the measurement frequency allocations for TRP and Table 5.4-2 specifies the measurement frequency allocations for TRS. 
Table 5.4-1:  Measurement frequency allocations for TRP (FDD)
	DL EARFCN
	UL EARFCN
	Channel  BW
	DL Carrier Frequency
	UL Carrier frequency
	DL CLRB
	DL RBStart
	UL CLRB
	UL RBStart

	Band 1
	 
	 
	 
	 
	 
	 

	50
	18050
	10
	2115
	1925
	Note*
	Note*
	12
	0

	300
	18300
	10
	2140
	1950
	Note*
	Note*
	12
	19

	550
	18550
	10
	2165
	1975
	Note*
	Note*
	12
	38

	Band 2
	 
	 
	 
	 
	 
	 

	650
	18650
	10
	1935
	1855
	Note*
	Note*
	12
	0

	900
	18900
	10
	1960
	1880
	Note*
	Note*
	12
	19

	1150
	19150
	10
	1985
	1905
	Note*
	Note*
	12
	38

	Band 3
	 
	 
	 
	 
	 
	 

	1250
	19250
	10
	1810
	1715
	Note*
	Note*
	12
	0

	1575
	19575
	10
	1842,5
	1747,5
	Note*
	Note*
	12
	19

	1900
	19900
	10
	1875
	1780
	Note*
	Note*
	12
	38

	Band 4
	 
	 
	 
	 
	 
	 

	2000
	20000
	10
	2115
	1715
	Note*
	Note*
	12
	0

	2175
	20175
	10
	2132,5
	1732,5
	Note*
	Note*
	12
	19

	2350
	20350
	10
	2150
	1750
	Note*
	Note*
	12
	38

	Band 5
	 
	 
	 
	 
	 
	 

	2450
	20450
	10
	874
	829
	Note*
	Note*
	12
	0

	2525
	20525
	10
	881,5
	836,5
	Note*
	Note*
	12
	19

	2600
	20600
	10
	889
	844
	Note*
	Note*
	12
	38

	Band 7
	 
	 
	 
	 
	 
	 

	2800
	20800
	10
	2625
	2505
	Note*
	Note*
	12
	0

	3100
	21100
	10
	2655
	2535
	Note*
	Note*
	12
	19

	3400
	21400
	10
	2685
	2565
	Note*
	Note*
	12
	38

	Band 8
	 
	 
	 
	 
	 
	 

	3500
	21500
	10
	930
	885
	Note*
	Note*
	12
	0

	3625
	21625
	10
	942,5
	897,5
	Note*
	Note*
	12
	19

	3750
	21750
	10
	955
	910
	Note*
	Note*
	12
	38

	Band 12
	 
	 
	 
	 
	 
	 

	5060
	23060
	10
	734
	704
	Note*
	Note*
	12
	0

	5095
	23095
	10
	737,5
	707,5
	Note*
	Note*
	12
	19

	5130
	23130
	10
	741
	711
	Note*
	Note*
	12
	38

	Band 13
	 
	 
	 
	 
	 
	 

	5230
	23230
	10
	751
	782
	Note*
	Note*
	12
	0

	5230
	23230
	10
	751
	782
	Note*
	Note*
	12
	19

	5230
	23230
	10
	751
	782
	Note*
	Note*
	12
	38

	Band 14
	 
	 
	 
	 
	 
	 

	5330
	23330
	10
	763
	793
	Note*
	Note*
	12
	0

	5330
	23330
	10
	763
	793
	Note*
	Note*
	12
	19

	5330
	23330
	10
	763
	793
	Note*
	Note*
	12
	38

	Band 17
	 
	 
	 
	 
	 
	 

	5780
	23780
	10
	739
	709
	Note*
	Note*
	12
	0

	5790
	23790
	10
	740
	710
	Note*
	Note*
	12
	19

	5800
	23800
	10
	741
	711
	Note*
	Note*
	12
	38

	Band 19
	
	
	
	
	
	

	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	Band 20
	 
	 
	 
	 
	 
	 

	6200
	24200
	10
	796
	837
	Note*
	Note*
	12
	0

	6300
	24300
	10
	806
	847
	Note*
	Note*
	12
	19

	6400
	24400
	10
	816
	857
	Note*
	Note*
	12
	38

	Band 21
	
	
	
	
	
	

	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	Band 22
	 
	 
	 
	 
	 
	 

	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	Band 23
	
	
	
	
	
	

	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	Band 24
	 
	 
	 
	 
	 
	 

	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	Band 25
	
	
	
	
	
	

	8065
	26065
	5
	1932.5
	1852.5
	Note*
	Note*
	8
	0

	8365
	26365
	5
	1962.5
	1882.5
	Note*
	Note*
	8
	8

	8665
	26665
	5
	1992.5
	1912.5
	Note*
	Note*
	8
	17

	Band 26
	 
	 
	 
	 
	 
	 

	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	Band 27
	
	
	
	
	
	

	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	Band 28
	 
	 
	 
	 
	 
	 

	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	Note *:
As per 3GPP TS 36.521-1 [2], Section 6.2 (UE Maximum Output Power), and Section A.3.2.A (Downlink Reference measurement channel for TX characteristics) 

Note 2:   Network signalling value NS_01 shall be used in TRP tests


Table 5.4-2:  Measurement frequency allocations for TRS (FDD)
	DL EARFCN
	UL EARFCN
	Channel  BW
	DL Carrier Frequency
	UL Carrier frequency
	DL CLRB
	DL RBStart
	UL CLRB
	UL RBStart

	Band 1
	 
	 
	 
	 
	 
	 

	50
	18050
	10
	2115
	1925
	50
	0
	50
	0

	300
	18300
	10
	2140
	1950
	50
	0
	50
	0

	550
	18550
	10
	2165
	1975
	50
	0
	50
	0

	Band 2
	 
	 
	 
	 
	 
	 

	650
	18650
	10
	1935
	1855
	50
	0
	50
	0

	900
	18900
	10
	1960
	1880
	50
	0
	50
	0

	1150
	19150
	10
	1985
	1905
	50
	0
	50
	0

	Band 3
	 
	 
	 
	 
	 
	 

	1250
	19250
	10
	1810
	1715
	50
	0
	50
	0

	1575
	19575
	10
	1842,5
	1747,5
	50
	0
	50
	0

	1900
	19900
	10
	1875
	1780
	50
	0
	50
	0

	Band 4
	 
	 
	 
	 
	 
	 

	2000
	20000
	10
	2115
	1715
	50
	0
	50
	0

	2175
	20175
	10
	2132,5
	1732,5
	50
	0
	50
	0

	2350
	20350
	10
	2150
	1750
	50
	0
	50
	0

	Band 5
	 
	 
	 
	 
	 
	 

	2450
	20450
	10
	874
	829
	50
	0
	25
	25

	2525
	20525
	10
	881,5
	836,5
	50
	0
	25
	25

	2600
	20600
	10
	889
	844
	50
	0
	25
	25

	Band 7
	 
	 
	 
	 
	 
	 

	2800
	20800
	10
	2625
	2505
	50
	0
	50
	0

	3100
	21100
	10
	2655
	2535
	50
	0
	50
	0

	3400
	21400
	10
	2685
	2565
	50
	0
	50
	0

	Band 8
	 
	 
	 
	 
	 
	 

	3500
	21500
	10
	930
	885
	50
	0
	25
	25

	3625
	21625
	10
	942,5
	897,5
	50
	0
	25
	25

	3750
	21750
	10
	955
	910
	50
	0
	25
	25

	Band 12
	 
	 
	 
	 
	 
	 

	5060
	23060
	10
	734
	704
	50
	0
	20
	30

	5095
	23095
	10
	737,5
	707,5
	50
	0
	20
	30

	5130
	23130
	10
	741
	711
	50
	0
	20
	30

	Band 13
	 
	 
	 
	 
	 
	 

	5230
	23230
	10
	751
	782
	50
	0
	15
	0

	5230
	23230
	10
	751
	782
	50
	0
	15
	0

	5230
	23230
	10
	751
	782
	50
	0
	15
	0

	Band 14
	 
	 
	 
	 
	 
	 

	5330
	23330
	10
	763
	793
	50
	0
	20
	0

	5330
	23330
	10
	763
	793
	50
	0
	20
	0

	5330
	23330
	10
	763
	793
	50
	0
	20
	0

	Band 17
	 
	 
	
	
	
	

	5780
	23780
	10
	739
	709
	50
	0
	20
	30

	5790
	23790
	10
	740
	710
	50
	0
	20
	30

	5800
	23800
	10
	741
	711
	50
	0
	20
	30

	Band 19
	
	
	
	
	
	

	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	Band 20
	 
	 
	
	
	
	

	6200
	24200
	10
	796
	837
	50
	0
	20
	30

	6300
	24300
	10
	806
	847
	50
	0
	20
	30

	6400
	24400
	10
	816
	857
	50
	0
	20
	30

	Band 21
	
	
	
	
	
	

	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	Band 22
	 
	 
	
	
	
	

	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	Band 23
	
	
	
	
	
	

	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	Band 24
	 
	 
	
	
	
	

	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	Band 25
	
	
	
	
	
	

	8065
	26065
	5
	1932.5
	1852.5
	25
	0
	25
	0

	8365
	26365
	5
	1962.5
	1882.5
	25
	0
	25
	0

	8665
	26665
	5
	1992.5
	1912.5
	25
	0
	25
	0

	Band 26
	 
	 
	
	
	
	

	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	Band 27
	
	
	
	
	
	

	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	Band 28
	 
	 
	
	
	
	

	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	Note 1:
Refer to TS 36.521 [6], Table A.3.2-1 (Fixed Reference Channel for Receiver Requirements (FDD)), 10MHz configuration

Note 2:
Network signalling value NS_01 shall be used in TRS tests unless explicitly specified

Note 3:
Network signalling value NS_03 shall be used for Bands 2, 4, and 23

Note 4:
Network signalling value NS_06 shall be used for Bands 12, 13, 14, and 17

Note 5:
Network signalling value NS_08 shall be used for Band 19

Note 6:
Network signalling value NS_09 shall be used for Band 21 


5.5
E-UTRA TDD measurement frequencies allocations
Editor’s notes: This Subclause is incomplete. The following item is missing or incomplete:

· TBDs in Tables 5.5-1 (TRP)

This section specifies the LTE-TDD TRP and TRS measurement frequencies allocations. Table 5.5-1 specifies the measurement frequency allocations for TRP and Table 5.5-2 specifies the measurement frequency allocations for TRS. 
Table 5.5-1:  Measurement frequency allocations for TRP (TDD)
	DL EARFCN
	UL EARFCN
	Channel  BW
	DL Carrier Frequency
	UL Carrier frequency
	DL CLRB
	DL RBStart
	UL CLRB
	UL RBStart

	Band 33
	
	
	
	
	
	

	36100
	36100
	20
	1910
	1910
	Note *
	Note *
	18
	41

	Band 34
	
	
	
	
	
	

	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	Band 35
	
	
	
	
	
	

	36450
	36450
	20
	1860
	1860
	Note *
	Note *
	18
	0

	36650
	36650
	20
	1880
	1880
	Note *
	Note *
	18
	41

	36850
	36850
	20
	1900
	1900
	Note *
	Note *
	18
	82

	Band 36
	
	
	
	
	
	

	37050
	37050
	20
	1940
	1940
	Note *
	Note *
	18
	0

	37250
	37250
	20
	1960
	1960
	Note *
	Note *
	18
	41

	37450
	37450
	20
	1980
	1980
	Note *
	Note *
	18
	82

	Band 37
	
	
	
	
	
	

	37650
	37650
	20
	1920
	1920
	Note *
	Note *
	18
	41

	Band 38
	
	
	
	
	
	

	37850
	37850
	20
	2580
	2580
	Note *
	Note *
	18
	0

	38000
	38000
	20
	2595
	2595
	Note *
	Note *
	18
	41

	38150
	38150
	20
	2610
	2610
	Note *
	Note *
	18
	82

	Band 39
	
	
	
	
	
	

	38350
	38350
	20
	1890
	1890
	Note *
	Note *
	18
	0

	38450
	38450
	20
	1900
	1900
	Note *
	Note *
	18
	41

	38550
	38550
	20
	1910
	1910
	Note *
	Note *
	18
	82

	Band 40
	
	
	
	
	
	

	38750
	38750
	20
	2310
	2310
	Note *
	Note *
	18
	0

	39150
	39150
	20
	2350
	2350
	Note *
	Note *
	18
	41

	39550
	39550
	20
	2390
	2390
	Note *
	Note *
	18
	82

	Band 41
	
	
	
	
	
	

	39750
	39750
	20
	2506
	2506
	Note *
	Note *
	18
	0

	40620
	40620
	20
	2593
	2593
	Note *
	Note *
	18
	41

	41490
	41490
	20
	2680
	2680
	Note *
	Note *
	18
	82

	Band 42
	
	
	
	
	
	

	41690
	41690
	20
	3410
	3410
	Note *
	Note *
	18
	0

	42590
	42590
	20
	3500
	3500
	Note *
	Note *
	18
	41

	43490
	43490
	20
	3590
	3590
	Note *
	Note *
	18
	82

	Band 43
	
	
	
	
	
	

	43690
	43690
	20
	3610
	3610
	Note *
	Note *
	18
	0

	44590
	44590
	20
	3700
	3700
	Note *
	Note *
	18
	41

	45490
	45490
	20
	3790
	3790
	Note *
	Note *
	18
	82

	Band 44
	
	
	
	
	
	

	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	Note *:
As per 3GPP TS 36.521-1 [6], Section 6.2 (UE Maximum Output Power), and Section A.3.2.A (Downlink Reference measurement channel for TX characteristics) 

Note 2:   Network signalling value NS_01 shall be used in TRP tests


Table 5.5-2:  Measurement frequency allocations for TRS (TDD)
	DL EARFCN
	UL EARFCN
	Channel  BW
	DL Carrier Frequency
	UL Carrier frequency
	DL CLRB
	DL RBStart
	UL CLRB
	UL RBStart

	Band 33
	
	
	
	
	
	

	36100
	36100
	20
	1910
	1910
	100
	0
	100
	0

	Band 34
	
	
	
	
	
	

	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	Band 35
	
	
	
	
	
	

	36450
	36450
	20
	1860
	1860
	100
	0
	100
	0

	36650
	36650
	20
	1880
	1880
	100
	0
	100
	0

	36850
	36850
	20
	1900
	1900
	100
	0
	100
	0

	Band 36
	
	
	
	
	
	

	37050
	37050
	20
	1940
	1940
	100
	0
	100
	0

	37250
	37250
	20
	1960
	1960
	100
	0
	100
	0

	37450
	37450
	20
	1980
	1980
	100
	0
	100
	0

	Band 37
	
	
	
	
	
	

	37650
	37650
	20
	1920
	1920
	100
	0
	100
	0

	Band 38
	
	
	
	
	
	

	37850
	37850
	20
	2580
	2580
	100
	0
	100
	0

	38000
	38000
	20
	2595
	2595
	100
	0
	100
	0

	38150
	38150
	20
	2610
	2610
	100
	0
	100
	0

	Band 39
	
	
	
	
	
	

	38350
	38350
	20
	1890
	1890
	100
	0
	100
	0

	38450
	38450
	20
	1900
	1900
	100
	0
	100
	0

	38550
	38550
	20
	1910
	1910
	100
	0
	100
	0

	Band 40
	
	
	
	
	
	

	38750
	38750
	20
	2310
	2310
	100
	0
	100
	0

	39150
	39150
	20
	2350
	2350
	100
	0
	100
	0

	39550
	39550
	20
	2390
	2390
	100
	0
	100
	0

	Band 41
	
	
	
	
	
	

	39750
	39750
	20
	2506
	2506
	100
	0
	100
	0

	40620
	40620
	20
	2593
	2593
	100
	0
	100
	0

	41490
	41490
	20
	2680
	2680
	100
	0
	100
	0

	Band 42
	
	
	
	
	
	

	41690
	41690
	20
	3410
	3410
	100
	0
	100
	0

	42590
	42590
	20
	3500
	3500
	100
	0
	100
	0

	43490
	43490
	20
	3590
	3590
	100
	0
	100
	0

	Band 43
	
	
	
	
	
	

	43690
	43690
	20
	3610
	3610
	100
	0
	100
	0

	44590
	44590
	20
	3700
	3700
	100
	0
	100
	0

	45490
	45490
	20
	3790
	3790
	100
	0
	100
	0

	Band 44
	
	
	
	
	
	

	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	Note 1:
Refer to TS 36.521 [6], Table A.3.2-2 (Fixed Reference Channel for Receiver Requirements (TDD)), 20MHz configuration

Note 2:
Network signalling value NS_01 shall be used in TRS tests


6
Transmitter Performance
6.1
Performance for handheld UE

[TBD]
6.1.1
Total Radiated Power (TRP) for GSM using Head Phantom 

6.1.1.1
Definition and applicability

The Total Radiated Power (TRP) is a measure of how much power the DUT actually radiates. The TRP is defined as the integral of the power transmitted in different directions over the entire radiation sphere:
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Where 
[image: image16.wmf]W

 is the solid angle describing the direction, 
[image: image17.wmf]f

 is frequency. 
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 and 
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 are the orthogonal polarizations. 
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EIRP

 and 
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EIRP

 are the actually transmitted power-levels in corresponding polarizations.

Thus


[image: image22.wmf][

]

)

sin(

)

;

,

(

)

;

,

(

2

1

0

1

0

n

N

n

M

m

m

n

m

n

f

EIRP

f

EIRP

NM

TRP

q

j

q

j

q

p

j

q

å

å

-

=

-

=

+

»


In these formulas 
[image: image23.wmf]N

 and 
[image: image24.wmf]M

 are the number of sampling intervals for theta and phi. 
[image: image25.wmf]n

q

 and 
[image: image26.wmf]m

j

 are the measurement angles. The sampling intervals are discussed further in Subclause 4.4.

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 
[image: image28.wmf]n

ref

P

,

 is the reference power transfer function for fixed measurement antenna n, 
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R

 is the reflection coefficient for fixed measurement antenna n and 
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C

 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. 
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P

 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 
[image: image34.wmf]M

 is the total number of samples measured for each fixed measurement antenna.

The requirements and this test apply to all types of MS that support GSM for Release 7 and later releases.

6.1.1.2
Minimum Requirements

The average TRP of low, mid and high channel in beside head position shall be higher than minimum performance requirements for roaming bands shown in Table 6.1.1.2-1. The averaging shall be done in linear scale for the TRP results of both right and left side of the phantom head.
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In addition the minimum TRP of each measured channel in beside head position shall be higher than minimum performance requirements shown in the columns “Min”.
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Table 6.1.1.2-1: TRP minimum requirement for GSM roaming bands in the speech position and the primary mechanical mode

	Operating band
	Power Class 1
	Power Class 2
	Power Class 3
	Power Class 4
	Power Class 5

	
	Power (dBm)
	Power (dBm)
	Power (dBm)
	Power (dBm)
	Power (dBm)

	
	Average
	Min
	Average
	Min
	Average
	Min
	Average
	Min
	Average
	Min

	GSM 850
	
	
	
	
	
	
	19.5
	17.5
	
	

	GSM 900
	
	
	
	
	
	
	20.5
	18.5
	
	

	DCS 1800
	21
	19
	
	
	
	
	
	
	
	

	PCS 1900
	21
	19
	
	
	
	
	
	
	
	

	Note: applicable for dual-mode GSM/UMTS.


The normative reference for this Subclause is TS 37.144 Subclause 6.1.1.1.

6.1.1.3
Test purpose

The purpose of this test is to verify that 
[image: image37.wmf]average
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 and 
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TRP

 of the MS is not below specified values. A lower 
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 and 
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decrease the coverage area.

6.1.1.4
Method of test

6.1.1.4.1
Initial conditions

A call is set up by the SS according to the generic call set up procedure on a channel with ARFCN in the Mid ARFCN range, power control level set to Max power. MS TXPWR_MAX_CCH is set to the maximum value supported by the Power Class of the Mobile under test. 

The SS sends Standard Test Signal C1; see TS51.010-1 [13] Annex A5.2.

The downlink power is set such that there will not be transmission gaps due to too low signal strength throughout the measurement

Test environment: normal condition; see TS51.010-1 [13] Annex A1.2.2.

6.1.1.4.2
Procedure

1)
Position the MS against the SAM phantom

2)
Measure the 
[image: image41.wmf]q

EIRP

 and 
[image: image42.wmf]j

EIRP

 with a sample step of 15° in theta (() and phi (() directions using a test system having characteristics as described in Annex A.

3)
Calculate TRP using equations from Subclause 6.1.1.1

4) Test steps 1 to 3 is repeated for ARFCN in the low and high range

NOTE 1:
Measurement of normal burst transmitter output power. The SS takes power measurement samples evenly distributed over the duration of one burst with a sampling rate of at least 2/T, where T is the bit duration. The samples are identified in time with respect to the modulation on the burst. The SS identifies the centre of the useful 147 transmitted bits, i.e. the transition from bit 13 to bit 14 of the midamble, as the timing reference

NOTE 2:
The measurement procedure is based on the measurement of the spherical radiation pattern of the DUT. The power radiated by the DUT is sampled in far field in a group of points located on a closed surface enclosing the DUT. The EIRP 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 (See Subclause 4.4). All the EIRP samples are taken with two orthogonal polarizations, 
[image: image43.wmf]q

- and 
[image: image44.wmf]j

-polarisations.

NOTE 3:
The noise floor of the measurement receiver shall not disturb the power measurement.

NOTE 4:
Non Standard settings: To speed up sensitivity measurements, power measurements can be done with non standard modulation. However to obtain TRP result the measured EIRP figures shall be normalized by
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where 
[image: image46.wmf]i

EIRPstd

 is power measurement done with standard setting. 
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EIRPnstd

 is power measurement done with non standard modulation. 
[image: image48.wmf]n

 is amount of reference measurement points.

To ensure accuracy of TRP, the amount of reference points measured should be at least 4. It is recommended to spread the reference measurements equally during the measurement time.

6.1.1.4.3
Procedure, reverberation chamber method

1)
Position the UE against the SAM phantom

2)
Measure a sufficient number of independent samples (see Subclause 4.5) of 
[image: image49.wmf]m
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 using a test system having the characteristics described in Annex A.

3)
Calculate TRP using equations from Subclause 6.1.1.1.

4)
Test steps 1 to 3 is repeated for ARFCN in the low and high range

NOTE 1:
Measurement of normal burst transmitter output power. The SS takes power measurement samples evenly distributed over the duration of one burst with a sampling rate of at least 2/T, where T is the bit duration. The samples are identified in time with respect to the modulation on the burst. The SS identifies the centre of the useful 147 transmitted bits, i.e. the transition from bit 13 to bit 14 of the midamble, as the timing reference

NOTE 2:
The measurement procedure is based on the measurement of the total power radiated from the UE/MS to a full 3 dimensional isotropic environment with uniform elevation and azimuth field distribution. The power transmitted by the DUT is undergoing Rayleigh fading and is sampled by the fixed measurement antennas. Moreover, it is important that the samples collected are independent, in order to get sufficient accuracy of the estimated TRP value. 

NOTE 3:
The noise floor of the measurement receiver shall not disturb the power measurement.

6.1.1.5
Test requirements

The average TRP of low, mid and high channel in beside head position shall be higher than test performance requirements for roaming bands shown in Table 6.1.1.5-1. The averaging shall be done in linear scale for the TRP results of both right and left side of the phantom head.
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In addition the minimum TRP of each measured channel in beside head position shall be higher than minimum performance requirements shown in the columns “Min”.
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Table 6.1.1.5-1: TRP test requirement for GSM roaming bands in the speech position and the primary mechanical mode

	Operating band
	Power Class 1
	Power Class 2
	Power Class 3
	Power Class 4
	Power Class 5

	
	Power (dBm)
	Power (dBm)
	Power (dBm)
	Power (dBm)
	Power (dBm)

	
	Average
	Min
	Average
	Min
	Average
	Min
	Average
	Min
	Average
	Min

	GSM 850
	
	
	
	
	
	
	18.8
	16.5
	
	

	P-GSM 900
	
	
	
	
	
	
	19.8
	17.5
	
	

	E-GSM 900
	
	
	
	
	
	
	19.8
	17.5
	
	

	DCS 1800
	20.3
	18
	
	
	
	
	
	
	
	

	PCS 1900
	20.3
	18
	
	
	
	
	
	
	
	

	Note 1: Applicable for dual-mode GSM/UMTS.

Note 2: The test requirements for E-GSM 900 and P-GSM 900 are specified from GSM 900 minimum requirements in Table 6.1.1.2-1.


NOTE:
If the above Test Requirement differs from the Minimum Requirement then the Test Tolerance applied for this test is non-zero. The Test Tolerance for this test is defined and the explanation of how the Minimum Requirement has been relaxed by the Test Tolerance is given in Annex D.

6.1.2
Total Radiated Power (TRP) for UTRA FDD using Head Phantom 

6.1.2.1
Definition and applicability

The Total Radiated Power (TRP) is a measure of how much power the DUT actually radiates. The TRP is defined as the integral of the power transmitted in different directions over the entire radiation sphere:
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Where 
[image: image53.wmf]W

 is the solid angle describing the direction, 
[image: image54.wmf]f

 is frequency. 
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 and 
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 are the orthogonal polarizations. 
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EIRP

 and 
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EIRP

 are the actually transmitted power-levels in corresponding polarizations.

Thus
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In these formulas 
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 and 
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 are the number of sampling intervals for theta and phi. 
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q

 and 
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j

 are the measurement angles. The sampling intervals are discussed further in Subclause 4.4.

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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R

 is the reflection coefficient for fixed measurement antenna n and 
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C

 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: image68.wmf]n

P

 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 
[image: image71.wmf]M

 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).

The requirements and this test apply to all types of UTRA for the FDD UE for Release 7 and later releases.

6.1.2.2
Minimum Requirements

The average TRP of low, mid and high channel in beside head position shall be higher than minimum performance requirements for roaming bands shown in Table 6.1.2.2-1. The averaging shall be done in linear scale for the TRP results of both right and left side of the phantom head.
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In addition the minimum TRP of each measured channel in beside head position shall be higher than minimum performance requirements shown in the columns “Min”.
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Table 6.1.2.2-1: TRP minimum performance requirement for FDD roaming bands in the speech position and the primary mechanical mode

	Operating band
	Power Class 1
	Power Class 2
	Power Class 3
	Power Class 3bis
	Power Class 4

	
	Power (dBm)
	Power (dBm)
	Power (dBm)
	Power (dBm)
	Power (dBm)

	
	
	
	Average
	Min
	Average
	Min
	Average
	Min

	I
	-
	-
	+15
	+13
	+15
	+13
	+13
	+11

	II
	-
	-
	+15
	+13
	+15
	+13
	+13
	+11

	III
	-
	-
	+15
	+13
	+15
	+13
	+13
	+11

	IV
	-
	-
	+15
	+13
	+15
	+13
	+13
	+11

	V
	-
	-
	+11
	+9
	+11
	+9
	+9
	+7

	VI
	-
	-
	+11
	+9
	+11
	+9
	+9
	+7

	VII
	-
	-
	+15
	+13
	+15
	+13
	+13
	+11

	VIII
	-
	-
	+12
	+10
	+12
	+10
	+10
	+8

	IX
	-
	-
	+15
	+13
	+15
	+13
	+13
	+11

	XIX
	-
	-
	+11.5
	+9.5
	+11.5
	+9.5
	+9.5
	+7.5

	NOTE:
Applicable for dual-mode GSM/UMTS.


The normative reference for this Subclause is TS 37.144 Subclause 6.1.1.2.

6.1.2.3
Test purpose

The purpose of this test is to verify that 
[image: image74.wmf]average
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 and 
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TRP

of the UE is not below specified values. A lower 
[image: image76.wmf]average
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 and 
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TRP

decrease the coverage area.

6.1.2.4
Method of test

6.1.2.4.1
Initial conditions

The output power is a measure of the maximum power the UE can transmit in a bandwidth of at least (1+  times the chip rate of the radio access mode, for more information see 3GPP TS 34.121 chapter 5.2. The period of measurement shall be at least one timeslot. Also care should be taken that the noise floor of the measurement receiver is not disturbing the power measurement.

Test environment: normal; see TS34.121-1 [3] Annex G.2.1.

Frequencies to be tested: low range, mid range, high range; see TS34.121-1 [3] Annex G.2.4.

1)
Set the SS downlink physical channels according to settings in Table 6.1.2.4.1-1. Set the DPCH power such that there will not be transmission gaps due to too low signal strength throughout the measurement.

2)
Power on the UE.

3)
A call is set up according to the Generic call setup procedure. The power control algorithm shall be set to Power Control Algorithm 2. Compressed mode shall be set to OFF.

4)
Enter the UE into loopback test mode 2 and start the loopback test.

See TS 34.108 [10] and TS 34.109 [11] for details regarding generic call setup procedure and loopback test.

Table 6.1.2.4.1-1: Downlink Physical Channels transmitted during a connection

	Physical Channel
	Power

	CPICH
	CPICH_Ec / DPCH_Ec
= 7 dB

	P-CCPCH
	P-CCPCH_Ec / DPCH_Ec
= 5 dB

	SCH
	SCH_Ec / DPCH_Ec
= 5 dB

	PICH
	PICH_Ec / DPCH_Ec
= 2 dB

	DPCH
	Test dependent power


6.1.2.4.2
Procedure

1)
Send continuously Up power control commands to the UE.

2)
As the UE reaches maximum power, start sending PN15 data pattern.

3)
Position the UE against the SAM phantom

4)
Measure the 
[image: image78.wmf]q

EIRP

 and 
[image: image79.wmf]j

EIRP

 with a sample step of 15° in theta (() and phi (() directions using a test system having characteristics as described in Annex A.

5)
Calculate TRP using equations from Subclause 6.1.2.1

NOTE 1:
The measurement procedure is based on the measurement of the spherical radiation pattern of the 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 EIRP samples are taken using a constant sample step of 15° both in theta (() and phi (() directions. In some cases a different sampling grid may be used to speed up the measurements (See Subclause 4.4). All the EIRP samples are taken with two orthogonal polarizations, 
[image: image80.wmf]q

- and 
[image: image81.wmf]j

-polarisations.

NOTE 2:
The noise floor of the measurement receiver shall not disturb the power measurement.

NOTE 3:
Non Standard settings: To speed up sensitivity measurements, power measurements may be done with non standard modulation. However to obtain TRP result the measured EIRP figures shall be normalized by
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where 
[image: image83.wmf]i

EIRPstd

 is power measurement done with standard setting. 
[image: image84.wmf]i

EIRPnstd

 is power measurement done with non standard modulation. 
[image: image85.wmf]n

 is amount of reference measurement points.

To ensure accuracy of TRP, the amount of reference points measured should be at least 4. It is recommended to spread the reference measurements equally during the measurement time.

6.1.2.4.3
Procedure, reverberation chamber method

1)
Send continuously Up power control commands to the UE.

2)
As the UE reaches maximum power, start sending PN15 data pattern.

3)
Position the UE against the SAM phantom

4)
Measure a sufficient number of independent samples (see Subclause 4.5) of 
[image: image86.wmf]m
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 using a test system having characteristics as described in Annex A.

5)
Calculate TRP using equations from Subclause 6.1.2.1.

NOTE 1:
The measurement procedure is based on the measurement of the total power radiated from the UE/MS to a full 3 dimensional isotropic environment with uniform elevation and azimuth field distribution. The power transmitted by the DUT is undergoing Rayleigh fading and is sampled by the fixed measurement antennas. Moreover, it is important that the samples collected are independent, in order to get sufficient accuracy of the estimated TRP value. 

NOTE 2:
The noise floor of the measurement receiver shall not disturb the power measurement.

6.1.2.5
Test requirements

The average TRP of low, mid and high channel in beside head position shall be higher than test performance requirements for roaming bands shown in Table 6.1.2.5-1. The averaging shall be done in linear scale for the TRP results of both right and left side of the phantom head.
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In addition the minimum TRP of each measured channel in beside head position shall be higher than minimum performance requirements shown in the columns “Min”.
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Table 6.1.2.5-1: TRP test requirement for FDD roaming bands in the speech position and the primary mechanical mode

	Operating band
	Power Class 1
	Power Class 2
	Power Class 3
	Power Class 3bis
	Power Class 4

	
	Power (dBm)
	Power (dBm)
	Power (dBm)
	Power (dBm)
	Power (dBm)

	
	
	
	Average
	Min
	Average
	Min
	Average
	Min

	I
	-
	-
	+14.3
	+12.0
	+14.3
	+12.0
	+12.3
	+10.0

	II
	-
	-
	+14.3
	+12.0
	+14.3
	+12.0
	+12.3
	+10.0

	III
	-
	-
	+14.3
	+12.0
	+14.3
	+12.0
	+12.3
	+10.0

	IV
	-
	-
	+14.3
	+12.0
	+14.3
	+12.0
	+12.3
	+10.0

	V
	-
	-
	+10.3
	+8.0
	+10.3
	+8.0
	+8.3
	+6

	VI
	-
	-
	+10.3
	+8.0
	+10.3
	+8.0
	+8.3
	+6

	VII
	-
	-
	+14.3
	+12.0
	+14.3
	+12.0
	+12.3
	+10.0

	VIII
	-
	-
	+11.3
	+9.0
	+11.3
	+9.0
	+9.3
	+7

	IX
	-
	-
	+14.3
	+12.0
	+14.3
	+12.0
	+12.3
	+10.0

	XIX
	-
	-
	+10.8
	+8.5
	+10.8
	+8.5
	+8.8
	+6.5

	NOTE:
Applicable for dual-mode GSM/UMTS.


NOTE:
If the above Test Requirement differs from the Minimum Requirement then the Test Tolerance applied for this test is non-zero. The Test Tolerance for this test is defined and the explanation of how the Minimum Requirement has been relaxed by the Test Tolerance is given in Annex D.


6.1.3
Total Radiated Power (TRP) for UTRA LCR TDD using Head Phantom 

[TBD]
6.1.4
Total Radiated Power (TRP) for UTRA FDD using Head and Hand Phantom 
Editor’s notes: This Subclause is incomplete. The following items is missing or incomplete:

· TBDs in Table 6.1.4.2-1 and 6.1.4.5-1 as they are not specified in TS 37.144 yet

· Text for Subclause 6.1.4.4.3
 Procedure, reverberation chamber method
6.1.4.1
Definition and applicability

The Total Radiated Power (TRP) is a measure of how much power the DUT actually radiates. The TRP is defined as the integral of the power transmitted in different directions over the entire radiation sphere:
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Where 
[image: image90.wmf]W

 is the solid angle describing the direction, 
[image: image91.wmf]f

 is frequency. 
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 and 
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 are the orthogonal polarizations. 
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EIRP

 and 
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EIRP

 are the actually transmitted power-levels in corresponding polarizations.

Thus
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In these formulas 
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 and 
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 are the number of sampling intervals for theta and phi. 
[image: image99.wmf]n

q

 and 
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j

 are the measurement angles. The sampling intervals are discussed further in Subclause 4.4.

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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R

 is the reflection coefficient for fixed measurement antenna n and 
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C

 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: image105.wmf]n

P

 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 
[image: image108.wmf]M

 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).

The requirements and this test apply to all types of UTRA for the FDD UE for Release 7 and later releases.

6.1.4.2
Minimum Requirements

The average TRP of low, mid and high channel in beside head position shall be higher than minimum performance requirements for roaming bands shown in Table 6.1.4.2-1. The averaging shall be done in linear scale for the TRP results of both right and left side of the phantom head.
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In addition the minimum TRP of each measured channel in beside head position shall be higher than minimum performance requirements shown in the columns “Min”.
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Table 6.1.4.2-1: TRP minimum performance requirement for UTRA FDD roaming bands in the speech mode and the primary mechanical mode

	Operating band
	Power Class 1
	Power Class 2
	Power Class 3
	Power Class 3bis
	Power Class 4

	
	Power (dBm)
	Power (dBm)
	Power (dBm)
	Power (dBm)
	Power (dBm)

	
	
	
	Average
	Min
	Average
	Min
	Average
	Min

	I
	-
	-
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	II
	-
	-
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	III
	-
	-
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	IV
	-
	-
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	V
	-
	-
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	VI
	-
	-
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	VII
	-
	-
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	VIII
	-
	-
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	IX
	-
	-
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	XIX
	-
	-
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	NOTE:
Applicable for dual-mode GSM/UMTS.


The normative reference for this clause is TS37.144 [11] Subclause 6.1.2.1.

6.1.4.3
Test purpose

The purpose of this test is to verify that 
[image: image111.wmf]average
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 and 
[image: image112.wmf]min

TRP

of the UE is not below specified values. A lower 
[image: image113.wmf]average
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 and 
[image: image114.wmf]min

TRP

decrease the coverage area.

6.1.4.4
Method of test

6.1.4.4.1
Initial conditions

The output power is a measure of the maximum power the UE can transmit in a bandwidth of at least (1+  times the chip rate of the radio access mode, for more information see 3GPP TS 34.121 [22] Subclause 5.2. The period of measurement shall be at least one timeslot. Also care should be taken that the noise floor of the measurement receiver is not disturbing the power measurement.

Test environment: normal; see TS34.121 [22] Subclause G.2.1.

Frequencies to be tested: low range, mid range, high range; see Table 5.2-2.

1)
Set the SS downlink physical channels according to settings in Table 6.1.4.4.1-1. Set the DPCH power such that there will not be transmission gaps due to too low signal strength throughout the measurement.

2)
Power on the UE.

3)
A call is set up according to the Generic call setup procedure. The power control algorithm shall be set to Power Control Algorithm 2. Compressed mode shall be set to OFF.

4)
Enter the UE into loopback test mode 2 and start the loopback test.

See TS 34.108 [23] and TS 34.109 [24] for details regarding generic call setup procedure and loopback test.

Table 6.1.4.4.1-1: Downlink Physical Channels transmitted during a connection

	Physical Channel
	Power

	CPICH
	CPICH_Ec / DPCH_Ec

= 7 dB

	P-CCPCH
	P-CCPCH_Ec / DPCH_Ec
= 5 dB

	SCH
	SCH_Ec / DPCH_Ec


= 5 dB

	PICH
	PICH_Ec / DPCH_Ec

= 2 dB

	DPCH
	Test dependent power


6.1.4.4.2
Procedure

1)
Send continuously Up power control commands to the UE.

2)
As the UE reaches maximum power, start sending PN15 data pattern.

3)
Position the UE according to the DUT positioning for speech mode specified in Subclause 4.3.3.
4)
Measure the 
[image: image115.wmf]q

EIRP

 and 
[image: image116.wmf]j

EIRP

 with a sample step of 15° in theta (() and phi (() directions using a test system having characteristics as described in Annex A.

5)
Calculate TRP using equations from Subclause 6.1.4.1.
NOTE 1:
The measurement procedure is based on the measurement of the spherical radiation pattern of the 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 EIRP samples are taken using a constant sample step of 15° both in theta (() and phi (() directions. In some cases a different sampling grid may be used to speed up the measurements (See Subclause 4.4). All the EIRP samples are taken with two orthogonal polarizations, 
[image: image117.wmf]q

- and 
[image: image118.wmf]j

-polarisations.

NOTE 2:
The noise floor of the measurement receiver shall not disturb the power measurement.

NOTE 3:
Non Standard settings: To speed up sensitivity measurements, power measurements may be done with non standard modulation. However to obtain TRP result the measured EIRP figures shall be normalized by
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where 
[image: image120.wmf]i

EIRPstd

 is power measurement done with standard setting. 
[image: image121.wmf]i

EIRPnstd

 is power measurement done with non standard modulation. 
[image: image122.wmf]n

 is amount of reference measurement points.

To ensure accuracy of TRP, the amount of reference points measured should be at least 4. It is recommended to spread the reference measurements equally during the measurement time.

6.1.4.4.3
Procedure, reverberation chamber method

[TBD]
6.1.4.5
Test requirements
The average TRP of low, mid and high channel in beside head position shall be higher than test performance requirements for roaming bands shown in Table 6.1.4.5-1. The averaging shall be done in linear scale for the TRP results of both right and left side of the phantom head.
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In addition the minimum TRP of each measured channel in beside head position shall be higher than minimum performance requirements shown in the columns “Min”.
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Table 6.1.4.5-1: TRP test requirement for UTRA FDD roaming bands in the speech position and the primary mechanical mode

	Operating band
	Power Class 1
	Power Class 2
	Power Class 3
	Power Class 3bis
	Power Class 4

	
	Power (dBm)
	Power (dBm)
	Power (dBm)
	Power (dBm)
	Power (dBm)

	
	
	
	Average
	Min
	Average
	Min
	Average
	Min

	I
	-
	-
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	II
	-
	-
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	III
	-
	-
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	IV
	-
	-
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	V
	-
	-
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	VI
	-
	-
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	VII
	-
	-
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	VIII
	-
	-
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	IX
	-
	-
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	XIX
	-
	-
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	NOTE:
Applicable for dual-mode GSM/UMTS.


NOTE:
If the above Test Requirement differs from the Minimum Requirement then the Test Tolerance applied for this test is non-zero. The Test Tolerance for this test is defined and the explanation of how the Minimum Requirement has been relaxed by the Test Tolerance is given in Annex D.


6.1.5
Total Radiated Power (TRP) for UTRA LCR TDD using Head and Hand Phantom 
Editor’s notes: This Subclause is incomplete. The following items are missing or incomplete:

· TBDs in Tables 6.1.5.2-1and 6.1.5.5-2 as they are not specified in TS 37.144 yet

· Text for Subclause 6.1.5.4.3
 Procedure, reverberation chamber method
6.1.5.1
Definition and applicability

The Total Radiated Power (TRP) is a measure of how much power the DUT actually radiates. The TRP is defined as the integral of the power transmitted in different directions over the entire radiation sphere:
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Where 
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 is the solid angle describing the direction, 
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 is frequency. 
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 are the orthogonal polarizations. 
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 are the actually transmitted power-levels in corresponding polarizations.

Thus
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In these formulas 
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 and 
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 are the number of sampling intervals for theta and phi. 
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q

 and 
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j

 are the measurement angles. The sampling intervals are discussed further in Subclause 4.4.

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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R

 is the reflection coefficient for fixed measurement antenna n and 
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C

 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. 
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P

 is the average power measured by fixed measurement antenna n and can be calculated using the following expression:


[image: image142.wmf]M

S

P

M

m

m

n

n

å

=

=

1

2

,

,

21


where 
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 is sample number m of the complex transfer function measured with fixed measurement antenna n and 
[image: image144.wmf]M

 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).

The requirements and this test apply to all types of UTRA for the TDD UE for Release 8 and later releases.

6.1.5.2
Minimum Requirements

The average TRP of low, mid and high channel in beside head position shall be higher than minimum performance requirements for roaming bands shown in Table 6.1.5.2-1. The averaging shall be done in linear scale for the TRP results of both right and left side of the phantom head.
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In addition the minimum TRP of each measured channel in beside head position shall be higher than minimum performance requirements shown in the columns “Min”.
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Table 6.1.5.2-1: TRP minimum performance requirement for UTRA LCR TDD roaming bands in the speech mode and the primary mechanical mode

	Operating band 
	Power Class 1 
	Power Class 2 
	Power Class 3 
	Power Class 4 

	
	Power (dBm) 
	Power (dBm) 
	Power (dBm) 
	Power (dBm) 

	
	Average 
	Min
	Average 
	Min
	Average 
	Min
	 Average 
	Min 

	a
	 －
	－
	TBD
	TBD
	－
	－
	－
	－

	b
	 －
	－
	TBD
	TBD
	－
	－
	－
	－

	c
	 －
	－
	TBD
	TBD
	－
	－
	－
	－

	d
	 －
	－
	TBD
	TBD
	－
	－
	－
	－

	e
	 －
	－
	TBD
	TBD
	－
	－
	－
	－

	f
	 －
	－
	TBD
	TBD
	－
	－
	－
	－

	Note:
Applicable for dual-mode GSM/UTRA LCR TDD.


The normative reference for this clause is TS37.144 [11] Subclause 6.1.2.2.
6.1.5.3
Test purpose

The purpose of this test is to verify that 
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 and 
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of the UE is not below specified values. A lower 
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 and 
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decrease the coverage area.

6.1.5.4
Method of test

6.1.5.4.1
Initial conditions

The output power is a measure of the maximum power the UE can transmit in a bandwidth of at least (1+  times the chip rate of the radio access mode, for more information see 3GPP TS 34.122 [25] Subclause 5.2. The period of measurement shall be at least one timeslot. Also care should be taken that the noise floor of the measurement receiver is not disturbing the power measurement. Normally, the receiving device should be set accordingly so that the receiving signal will be at least 30dB higher than the system noise floor.

Test environment: normal; see 3GPP TS34.122-1 [25] Subclause G.2.1.

Frequencies to be tested: low range, mid range, high range; see Table 5.3-2.

1)
Set the SS downlink physical channels parameters. Set the DPCH power such that there will not be transmission gaps due to too low signal strength throughout the measurement.

2)
Power on the UE.

3)
A call is set up according to the Generic call setup procedure. The power control algorithm shall be set to Power Control Algorithm 2.

4)
Enter the UE into loopback test mode and start the loopback test.

5)
The measurement receiver shall be set to: zero span, video trigger and RMS detector. The RBW shall be at least (1+  times the chip rate of the radio access mode and the VBW at least 3 times bigger than the RBW. For 1.28Mcps TDD UE, the RBW shall be set to 3MHz, and VBW shall be set to 10MHz.  
See TS 34.108 [23] and TS 34.109 [24] for details regarding generic call setup procedure and loopback test.

6.1.5.4.2
Procedure

1)
Send continuously Up power control commands to the UE.

2)
As the UE reaches maximum power, start sending PN15 data pattern.

3)
Position the UE according to the DUT positioning for speech mode specified in Subclause 4.3.3.
4)
Measure the EIRPθand EIRPφwith a sample step of 15° in theta (θ) and phi (φ) directions using a test system having characteristics as described in Annex A.

5)
Calculate TRP using equations from Subclause 6.1.5.1.

NOTE 1:
The measurement procedure is based on the measurement of the spherical radiation pattern of the 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 EIRP samples are taken using a constant sample step of 15° both in theta (θ) and phi (φ) directions. In some cases a different sampling grid may be used to speed up the measurements (See Subclause 4.4). All the EIRP samples are taken with two orthogonal polarizations, θ- and φ- polarizations.

NOTE 2:
The noise floor of the measurement receiver shall not disturb the power measurement.

NOTE 3:
Non Standard settings: To speed up sensitivity measurements, power measurements may be done with non standard modulation. However to obtain TRP result the measured EIRP figures shall be normalized by


[image: image151.wmf](

)

å

=

-

=

D

n

i

i

i

EIRPnstd

EIRPstd

n

EIRP

1

1


where i EIRPstd i is power measurement done with standard setting. EIRPnstd i  is power measurement done with non standard modulation. n is amount of reference measurement points.

To ensure accuracy of TRP, the amount of reference points measured should be at least 4. It is recommended to spread the reference measurements equally during the measurement time.

6.1.5.4.3
Procedure, reverberation chamber method

[TBD]
6.1.5.5
Test requirements
The average TRP of low, mid and high channel in beside head position shall be higher than test performance requirements for roaming bands shown in Table 6.1.5.5-1. The averaging shall be done in linear scale for the TRP results of both right and left side of the phantom head.
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In addition the minimum TRP of each measured channel in beside head position shall be higher than minimum performance requirements shown in the columns “Min”.
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Table 6.1.5.5-1: TRP test requirement for UTRA LCR TDD roaming bands in the speech position and the primary mechanical mode

	Operating band 
	Power Class 1 
	Power Class 2 
	Power Class 3 
	Power Class 4 

	
	Power (dBm) 
	Power (dBm) 
	Power (dBm) 
	Power (dBm) 

	
	Average 
	Min
	Average 
	Min
	Average 
	Min
	 Average 
	Min 

	a
	 －
	－
	TBD
	TBD
	－
	－
	－
	－

	b
	 －
	－
	TBD
	TBD
	－
	－
	－
	－

	c
	 －
	－
	TBD
	TBD
	－
	－
	－
	－

	d
	 －
	－
	TBD
	TBD
	－
	－
	－
	－

	e
	 －
	－
	TBD
	TBD
	－
	－
	－
	－

	f
	 －
	－
	TBD
	TBD
	－
	－
	－
	－

	Note:
Applicable for dual-mode GSM/UTRA LCR TDD.


NOTE:
If the above Test Requirement differs from the Minimum Requirement then the Test Tolerance applied for this test is non-zero. The Test Tolerance for this test is defined and the explanation of how the Minimum Requirement has been relaxed by the Test Tolerance is given in Annex D.


6.1.6
Total Radiated Power (TRP) for E-UTRA FDD using Head and Hand Phantom 
6.1.6.1
Definition and applicability

[TBD]
6.1.6.2
Minimum Requirements

[TBD]
6.1.6.3
Test purpose

[TBD]
6.1.6.4
Method of test

[TBD]
6.1.6.4.1
Initial conditions

[TBD]
6.1.6.4.2
Procedure

[TBD]
6.1.6.4.3
Procedure, reverberation chamber method

[TBD]
6.1.6.5
Test requirements
 [TBD]
6.1.7
Total Radiated Power (TRP) for E-UTRA TDD using Head and Hand Phantom 
[TBD]
6.1.8
Total Radiated Power (TRP) for UTRA FDD using Head Phantom
[TBD]
6.1.9
Total Radiated Power (TRP) for UTRA LCR TDD using Head Phantom
[TBD]
6.1.10
Total Radiated Power (TRP) for E-UTRA FDD using Browsing Mode
[TBD]
6.1.11
Total Radiated Power (TRP) for E-UTRA TDD using Browsing Mode
[TBD]
6.2
Performance for LME

6.2.1
Total Radiated Power (TRP) for GSM using LME
[TBD]
6.2.2
Total Radiated Power (TRP) for UTRA FDD using LME
[TBD]
6.2.3
Total Radiated Power (TRP) for UTRA LCR TDD using LME
[TBD]
6.2.4
Total Radiated Power (TRP) for E-UTRA FDD using LME
[TBD]
6.2.5
Total Radiated Power (TRP) for E-UTRA TDD using LME
 [TBD]
6.3
Performance for LEE

6.3.1
Total Radiated Power (TRP) for GSM using LEE
Editor’s notes: This Subclause is incomplete. The following items are missing or incomplete:

· TBDs in Tables 6.3.1.2-1and 6.3.1.5-2 as they are not specified in TS 37.144 yet

· Text for Subclause 6.3.1.4.3
 Procedure, reverberation chamber method

6.3.1.1
Definition and applicability

The Total Radiated Power (TRP) is a measure of how much power the DUT actually radiates. The TRP is defined as the integral of the power transmitted in different directions over the entire radiation sphere:
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Where 
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 is the solid angle describing the direction, 
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 is frequency. 
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 and 
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 are the orthogonal polarizations. 
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 and 
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 are the actually transmitted power-levels in corresponding polarizations.

Thus
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In these formulas 
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 and 
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 are the number of sampling intervals for theta and phi. 
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q

 and 
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j

 are the measurement angles. The sampling intervals are discussed further in Subclause 4.4.

The TRP can also be calculated from Rayleigh faded samples of the total power transmitted from the LEE. The measurement of transmitter performance in an isotropic Rayleigh fading environment is based on sampling the radiated power of the LEE 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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R

 is the reflection coefficient for fixed measurement antenna n and 
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C

 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. 
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P

 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 
[image: image173.wmf]M

 is the total number of samples measured for each fixed measurement antenna.

The requirements and this test apply to all types of LEE that support GSM for Release 11 and later releases.

NOTE: This test case can be optionally executed for Release 7 and onward MS’s supporting LEE feature.

6.3.1.2
Minimum Requirements

The average TRP of low, mid and high channel of the LEE in the data transfers position shall be higher than minimum performance requirements for roaming bands shown in Table 6.3.1.2-1 for notebook devices and in Table 6.3.1.2-2 for tablet devices. The averaging shall be done in linear scale for the TRP results.
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In addition the minimum TRP of each measured channelling the data transfers position shall be higher than minimum performance requirements shown in the columns “Min”.
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Table 5.3.1.2-1: TRP minimum performance requirement for GSM notebook devices in the data transfer position

	Operating band
	Power Class 1
	Power Class 2
	Power Class 3
	Power Class 4
	Power Class 5

	
	Power (dBm)
	Power (dBm)
	Power (dBm)
	Power (dBm)
	Power (dBm)

	
	Average
	Min
	Average
	Min
	Average
	Min
	Average
	Min
	Average
	Min

	GSM 850
	-
	-
	-
	-
	-
	-
	TBD
	TBD
	-
	-

	GSM 900
	-
	-
	-
	-
	-
	-
	TBD
	TBD
	-
	-

	DCS 1800
	TBD
	TBD
	-
	-
	-
	-
	-
	-
	-
	-

	PCS 1900
	TBD
	TBD
	-
	-
	-
	-
	-
	-
	-
	-

	NOTE 1:
Applicable for dual-mode GSM/UMTS.

NOTE 2: 
Applicable for notebook devices.


Table 5.3.1.2-2: TRP minimum performance requirement for GSM tablet devices in the data transfer position

	Operating band
	Power Class 1
	Power Class 2
	Power Class 3
	Power Class 4
	Power Class 5

	
	Power (dBm)
	Power (dBm)
	Power (dBm)
	Power (dBm)
	Power (dBm)

	
	Average
	Min
	Average
	Min
	Average
	Min
	Average
	Min
	Average
	Min

	GSM 850
	-
	-
	-
	-
	-
	-
	TBD
	TBD
	-
	-

	GSM 900
	-
	-
	-
	-
	-
	-
	TBD
	TBD
	-
	-

	DCS 1800
	TBD
	TBD
	-
	-
	-
	-
	-
	-
	-
	-

	PCS 1900
	TBD
	TBD
	-
	-
	-
	-
	-
	-
	-
	-

	NOTE 1:
Applicable for dual-mode GSM/UMTS.

NOTE 2: 
Applicable for tablet devices.


The normative reference for this clause is TS37.144 [11] Subclause 6.3.1.

6.3.1.3
Test purpose

The purpose of this test is to verify that 
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 and 
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 of the MS is not below specified values. A lower 
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 and 
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decrease the coverage area.

6.3.1.4
Method of test

6.3.1.4.1
Initial conditions

A call is set up by the SS according to the generic call set up procedure on a channel with ARFCN in the Mid ARFCN range, power control level set to Max power. MS TXPWR_MAX_CCH is set to the maximum value supported by the Power Class of the Mobile under test. 

The SS sends Standard Test Signal C1; see TS51.010-1 [26] Annex A5.2.

The downlink power is set such that there will not be transmission gaps due to too low signal strength throughout the measurement

The LEE shall be tested according to DUT positioning described in Subclause 4.3.5.

Test environment: normal condition; see TS51.010-1 [26] Annex A1.2.2.

6.3.1.4.2
Procedure

1)
Position and configure the LEE according to Subclause 4.3.5.
2)
Measure the 
[image: image180.wmf]q

EIRP

 and 
[image: image181.wmf]j

EIRP

 with a sample step of 15° in theta (() and phi (() directions using a test system having characteristics as described in Annex A.

3)
Calculate TRP using equations from Subclause 6.3.1.1.
4) Test Steps 1 to 3 is repeated for ARFCN in the low and high range

NOTE 1:
Measurement of normal burst transmitter output power. The SS takes power measurement samples evenly distributed over the duration of one burst with a sampling rate of at least 2/T, where T is the bit duration. The samples are identified in time with respect to the modulation on the burst. The SS identifies the centre of the useful 147 transmitted bits, i.e. the transition from bit 13 to bit 14 of the midamble, as the timing reference.

NOTE 2:
The measurement procedure is based on the measurement of the spherical radiation pattern of the DUT. The power radiated by the DUT is sampled in far field in a group of points located on a closed surface enclosing the DUT. The EIRP 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 (See Subclause 4.4). All the EIRP samples are taken with two orthogonal polarizations, 
[image: image182.wmf]q

- and 
[image: image183.wmf]j

-polarisations.

NOTE 3:
The noise floor of the measurement receiver shall not disturb the power measurement.

NOTE 4:
Non Standard settings: To speed up sensitivity measurements, power measurements can be done with non standard modulation. However to obtain TRP result the measured EIRP figures shall be normalized by
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where 
[image: image185.wmf]i

EIRPstd

 is power measurement done with standard setting. 
[image: image186.wmf]i

EIRPnstd

 is power measurement done with non standard modulation. 
[image: image187.wmf]n

 is amount of reference measurement points.

To ensure accuracy of TRP, the amount of reference points measured should be at least 4. It is recommended to spread the reference measurements equally during the measurement time.

6.3.1.4.3
Procedure, reverberation chamber method

[TBD]

6.3.1.5
Test requirements

The average TRP of low, mid and high channel in the data transfers position shall be higher than test performance requirements for roaming bands shown in Table 6.3.1.5-1 for notebook devices and in Table 6.3.1.5-2 for tablet devices. The averaging shall be done in linear scale for the TRP results.
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In addition the minimum TRP of each measured channel in the data transfers position shall be higher than minimum performance requirements shown in the columns “Min”.
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Table 6.3.1.5-1: TRP test requirement for GSM notebook devices in the data transfer position

	Operating band
	Power Class 1
	Power Class 2
	Power Class 3
	Power Class 4
	Power Class 5

	
	Power (dBm)
	Power (dBm)
	Power (dBm)
	Power (dBm)
	Power (dBm)

	
	Average
	Min
	Average
	Min
	Average
	Min
	Average
	Min
	Average
	Min

	GSM 850
	-
	-
	-
	-
	-
	-
	TBD
	TBD
	-
	-

	GSM 900
	-
	-
	-
	-
	-
	-
	TBD
	TBD
	-
	-

	DCS 1800
	TBD
	TBD
	-
	-
	-
	-
	-
	-
	-
	-

	PCS 1900
	TBD
	TBD
	-
	-
	-
	-
	-
	-
	-
	-

	NOTE 1:
Applicable for dual-mode GSM/UMTS.

NOTE 2: 
Applicable for notebook devices.


NOTE:
If the above Test Requirement differs from the Minimum Requirement then the Test Tolerance applied for this test is non-zero. The Test Tolerance for this test is defined and the explanation of how the Minimum Requirement has been relaxed by the Test Tolerance is given in Annex D.

Table 6.3.1.5-2: TRP test requirement for GSM tablet devices in the data transfer position

	Operating band
	Power Class 1
	Power Class 2
	Power Class 3
	Power Class 4
	Power Class 5

	
	Power (dBm)
	Power (dBm)
	Power (dBm)
	Power (dBm)
	Power (dBm)

	
	Average
	Min
	Average
	Min
	Average
	Min
	Average
	Min
	Average
	Min

	GSM 850
	-
	-
	-
	-
	-
	-
	TBD
	TBD
	-
	-

	GSM 900
	-
	-
	-
	-
	-
	-
	TBD
	TBD
	-
	-

	DCS 1800
	TBD
	TBD
	-
	-
	-
	-
	-
	-
	-
	-

	PCS 1900
	TBD
	TBD
	-
	-
	-
	-
	-
	-
	-
	-

	NOTE 1:
Applicable for dual-mode GSM/UMTS.

NOTE 2: 
Applicable for tablet devices.


NOTE:
If the above Test Requirement differs from the Minimum Requirement then the Test Tolerance applied for this test is non-zero. The Test Tolerance for this test is defined and the explanation of how the Minimum Requirement has been relaxed by the Test Tolerance is given in Annex D.


6.3.2
Total Radiated Power (TRP) for UTRA FDD using LEE
Editor’s notes: This Subclause is incomplete. The following items are missing or incomplete:

· TBDs in Tables 6.3.2.2-1 and 6.3.2.5-2 as they are not specified in TS 37.144 yet

· Text for Subclause 6.3.2.4.3
 Procedure, reverberation chamber method
6.3.2.1
Definition and applicability

The Total Radiated Power (TRP) is a measure of how much power the DUT actually radiates. The TRP is defined as the integral of the power transmitted in different directions over the entire radiation sphere:
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Where 
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 is the solid angle describing the direction, 
[image: image192.wmf]f

 is frequency. 
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 and 
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 are the orthogonal polarizations. 
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 and 
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 are the actually transmitted power-levels in corresponding polarizations.

Thus
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In these formulas 
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 and 
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 are the number of sampling intervals for theta and phi. 
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q

 and 
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j

 are the measurement angles. The sampling intervals are discussed further in Subclause 4.4.

The TRP can also be calculated from Rayleigh faded samples of the total power transmitted from the LEE. The measurement of transmitter performance in an isotropic Rayleigh fading environment is based on sampling the radiated power of the LEE 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 
[image: image203.wmf]n
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 is the reference power transfer function for fixed measurement antenna n, 
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R

 is the reflection coefficient for fixed measurement antenna n and 
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C

 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. 
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P

 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).

The requirements and this test apply to all types of UTRA for the FDD UE for Release 11 and later releases that support LEE.

NOTE: This test case can be optionally executed for Release 7 and onward UE’s supporting LEE feature.
6.3.2.2
Minimum Requirements

The average TRP of low, mid and high channel of the LEE in the data transfers position shall be higher than minimum performance requirements for roaming bands shown in Table 6.3.2.2-1 for notebook devices and in 6.3.2.2-2 for tablet devices. The averaging shall be done in linear scale for the TRP results.
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In addition the minimum TRP of each measured channel in the data transfers position  shall be higher than minimum performance requirements shown in the columns “Min”.
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Table 6.3.2.2-1: TRP minimum performance requirement for UTRA FDD notebook devices in the data transfers position

	Operating band
	Power Class 1
	Power Class 2
	Power Class 3
	Power Class 3bis
	Power Class 4

	
	Power (dBm)
	Power (dBm)
	Power (dBm)
	Power (dBm)
	Power (dBm)

	
	
	
	Average
	Min
	Average
	Min
	Average
	Min

	I
	-
	-
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	II
	-
	-
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	III
	-
	-
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	IV
	-
	-
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	V
	-
	-
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	VI
	-
	-
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	VII
	-
	-
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	VIII
	-
	-
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	IX
	-
	-
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	XIX
	-
	-
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	NOTE 1: Applicable for dual-mode GSM/UMTS.

NOTE 2: Applicable for notebook devices.


Table 6.3.2.2-2: TRP minimum performance requirement for UTRA FDD tablet devices in the data transfers position

	Operating band
	Power Class 1
	Power Class 2
	Power Class 3
	Power Class 3bis
	Power Class 4

	
	Power (dBm)
	Power (dBm)
	Power (dBm)
	Power (dBm)
	Power (dBm)

	
	
	
	Average
	Min
	Average
	Min
	Average
	Min

	I
	-
	-
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	II
	-
	-
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	III
	-
	-
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	IV
	-
	-
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	V
	-
	-
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	VI
	-
	-
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	VII
	-
	-
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	VIII
	-
	-
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	IX
	-
	-
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	XIX
	-
	-
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	NOTE 1: Applicable for dual-mode GSM/UMTS.

NOTE 2: Applicable for tablet devices.


The normative reference for this clause is TS37.144 [11] Subclause 6.3.2.
6.3.2.3
Test purpose

The purpose of this test is to verify that 
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 and 
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of the UE is not below specified values. A lower 
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 and 
[image: image215.wmf]min

TRP

decrease the coverage area.

6.3.2.4
Method of test

6.3.2.4.1
Initial conditions

The output power is a measure of the maximum power the UE can transmit in a bandwidth of at least (1+  times the chip rate of the radio access mode, for more information see 3GPP TS 34.121 [22] Subclause 5.2. The period of measurement shall be at least one timeslot. Also care should be taken that the noise floor of the measurement receiver is not disturbing the power measurement.

The LEE shall be tested according to DUT positioning described in Subclause 4.3.5.

Test environment: normal; see TS34.121-1 [22] Subclause G.2.1.

Frequencies to be tested: low range, mid range, high range; see Table 5.2-2.

1)
Set the SS downlink physical channels according to settings in Table 6.3.2.4.1-1. Set the DPCH power such that there will not be transmission gaps due to too low signal strength throughout the measurement.

2)
Power on the UE.

3)
A call is set up according to the Generic call setup procedure. The power control algorithm shall be set to Power Control Algorithm 2. Compressed mode shall be set to OFF.

4)
Enter the UE into loopback test mode 2 and start the loopback test.

See TS 34.108 [23] and TS 34.109 [24] for details regarding generic call setup procedure and loopback test.

Table 6.3.2.4.1-1: Downlink Physical Channels transmitted during a connection

	Physical Channel
	Power

	CPICH
	CPICH_Ec / DPCH_Ec

= 7 dB

	P-CCPCH
	P-CCPCH_Ec / DPCH_Ec
= 5 dB

	SCH
	SCH_Ec / DPCH_Ec


= 5 dB

	PICH
	PICH_Ec / DPCH_Ec

= 2 dB

	DPCH
	Test dependent power


6.3.2.4.2
Procedure

1)
Send continuously Up power control commands to the UE.

2)
As the UE reaches maximum power, start sending PN15 data pattern.

3)
Position and configure the LEE according to Subclause 4.3.5.
4)
Measure the 
[image: image216.wmf]q

EIRP

 and 
[image: image217.wmf]j

EIRP

 with a sample step of 15° in theta (() and phi (() directions using a test system having characteristics as described in Annex A.

5)
Calculate TRP using equations from Subclause 6.3.2.2.
NOTE 1:
The measurement procedure is based on the measurement of the spherical radiation pattern of the 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 EIRP samples are taken using a constant sample step of 15° both in theta (() and phi (() directions. In some cases a different sampling grid may be used to speed up the measurements (See Subclause 4.4). All the EIRP samples are taken with two orthogonal polarizations, 
[image: image218.wmf]q

- and 
[image: image219.wmf]j

-polarisations.

NOTE 2:
The noise floor of the measurement receiver shall not disturb the power measurement.

NOTE 3:
Non Standard settings: To speed up sensitivity measurements, power measurements may be done with non standard modulation. However to obtain TRP result the measured EIRP figures shall be normalized by
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where 
[image: image221.wmf]i

EIRPstd

 is power measurement done with standard setting. 
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EIRPnstd

 is power measurement done with non standard modulation. 
[image: image223.wmf]n

 is amount of reference measurement points.

To ensure accuracy of TRP, the amount of reference points measured should be at least 4. It is recommended to spread the reference measurements equally during the measurement time.

6.3.2.4.3
Procedure, reverberation chamber method

[TBD]
6.3.2.5
Test requirements
The average TRP of low, mid and high channel in the data transfers position shall be higher than test performance requirements for roaming bands shown in Table 6.3.2.5-1 for notebook devices and in Table 6.3.2.5-2 for tablet devices. The averaging shall be done in linear scale for the TRP results.
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In addition the minimum TRP of each measured channel in the data transfers position shall be higher than minimum performance requirements shown in the columns “Min”.
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Table 6.3.2.5-1: TRP test requirement for UTRA FDD notebook devices in the data transfers position

	Operating band
	Power Class 1
	Power Class 2
	Power Class 3
	Power Class 3bis
	Power Class 4

	
	Power (dBm)
	Power (dBm)
	Power (dBm)
	Power (dBm)
	Power (dBm)

	
	
	
	Average
	Min
	Average
	Min
	Average
	Min

	I
	-
	-
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	II
	-
	-
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	III
	-
	-
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	IV
	-
	-
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	V
	-
	-
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	VI
	-
	-
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	VII
	-
	-
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	VIII
	-
	-
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	IX
	-
	-
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	XIX
	-
	-
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	NOTE 1: Applicable for dual-mode GSM/UMTS.

NOTE 2: Applicable for notebook devices.


NOTE:
If the above Test Requirement differs from the Minimum Requirement then the Test Tolerance applied for this test is non-zero. The Test Tolerance for this test is defined and the explanation of how the Minimum Requirement has been relaxed by the Test Tolerance is given in Annex D.

Table 6.3.2.5-2: TRP test requirement for UTRA FDD tablet devices in the data transfers position

	Operating band
	Power Class 1
	Power Class 2
	Power Class 3
	Power Class 3bis
	Power Class 4

	
	Power (dBm)
	Power (dBm)
	Power (dBm)
	Power (dBm)
	Power (dBm)

	
	
	
	Average
	Min
	Average
	Min
	Average
	Min

	I
	-
	-
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	II
	-
	-
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	III
	-
	-
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	IV
	-
	-
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	V
	-
	-
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	VI
	-
	-
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	VII
	-
	-
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	VIII
	-
	-
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	IX
	-
	-
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	XIX
	-
	-
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	NOTE 1: Applicable for dual-mode GSM/UMTS.

NOTE 2: Applicable for tablet devices.


NOTE:
If the above Test Requirement differs from the Minimum Requirement then the Test Tolerance applied for this test is non-zero. The Test Tolerance for this test is defined and the explanation of how the Minimum Requirement has been relaxed by the Test Tolerance is given in Annex D.


6.3.3
Total Radiated Power (TRP) for UTRA LCR TDD using LEE
Editor’s notes: This Subclause is incomplete. The following items are missing or incomplete:

· TBDs in Tables 6.3.3.2-1 and 6.3.3.5-2 as they are not specified in TS 37.144 yet

· Text for Subclause 6.3.3.4.3
 Procedure, reverberation chamber method
6.3.3.1
Definition and applicability

The Total Radiated Power (TRP) is a measure of how much power the DUT actually radiates. The TRP is defined as the integral of the power transmitted in different directions over the entire radiation sphere:
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Where 
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 is the solid angle describing the direction, 
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 is frequency. 
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 and 
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 are the orthogonal polarizations. 
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 and 
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 are the actually transmitted power-levels in corresponding polarizations.

Thus
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In these formulas 
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 and 
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 are the number of sampling intervals for theta and phi. 
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 and 
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 are the measurement angles. The sampling intervals are discussed further in Subclause 4.4.

The TRP can also be calculated from Rayleigh faded samples of the total power transmitted from the LEE. The measurement of transmitter performance in an isotropic Rayleigh fading environment is based on sampling the radiated power of the LEE 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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C

 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. 
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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 
[image: image245.wmf]M

 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).

The requirements and this test apply to all types of UTRA for the TDD UE for Release 11 and later releases that support LEE.

Note: This test case can be optionally executed for Release 8 and onward UE’s supporting LEE feature.

6.3.3.2
Minimum Requirements

The average TRP of low, mid and high channel shall be higher than minimum performance requirements for roaming bands shown in Table 6.3.3.2-1 for notebook devices and in Table 6.3.3.2-2 for tablet devices. The averaging shall be done in linear scale for the TRP results.
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In addition the minimum TRP of each measured channel shall be higher than minimum performance requirements shown in the columns “Min”.
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Table 6.3.3.2-1: TRP minimum performance requirement for UTRA TDD notebook devices in the data transfers position

	Operating band
	Power Class 1
	Power Class 2
	Power Class 3
	Power Class 4

	
	Power (dBm)
	Power (dBm)
	Power (dBm)
	Power (dBm)

	
	Average
	Min
	Average 
	Min
	Average
	Min
	Average 
	Min

	a
	-
	-
	TBD
	TBD
	-
	-
	-
	-

	b
	-
	-
	TBD
	TBD
	-
	-
	-
	-

	c
	-
	-
	TBD
	TBD
	-
	-
	-
	-

	d
	-
	-
	TBD
	TBD
	-
	-
	-
	-

	e
	-
	-
	TBD
	TBd
	-
	-
	-
	-

	f
	-
	-
	TBD
	TBD
	-
	-
	-
	-

	NOTE 1: Applicable for dual-mode GSM/UTRA LCR TDD.

NOTE 2: Applicable for notebook devices.


Table 6.3.3.2-2: TRP minimum performance requirement for UTRA TDD tablet devices in the data transfers position

	Operating band
	Power Class 1
	Power Class 2
	Power Class 3
	Power Class 4

	
	Power (dBm)
	Power (dBm)
	Power (dBm)
	Power (dBm)

	
	Average
	Min
	Average 
	Min
	Average
	Min
	Average 
	Min

	a
	-
	-
	TBD
	TBD
	-
	-
	-
	-

	b
	-
	-
	TBD
	TBD
	-
	-
	-
	-

	c
	-
	-
	TBD
	TBD
	-
	-
	-
	-

	d
	-
	-
	TBD
	TBD
	-
	-
	-
	-

	e
	-
	-
	TBD
	TBd
	-
	-
	-
	-

	f
	-
	-
	TBD
	TBD
	-
	-
	-
	-

	NOTE 1: Applicable for dual-mode GSM/UTRA LCR TDD.

NOTE 2: Applicable for tablet devices.


The normative reference for this clause is TS37.144 [11] Subclause 6.3.3.
6.3.3.3
Test purpose

The purpose of this test is to verify that 
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of the UE is not below specified values. A lower 
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 and 
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decrease the coverage area.
6.3.3.4
Method of test

6.3.3.4.1
Initial conditions

The output power is a measure of the maximum power the UE can transmit in a bandwidth of at least (1+  times the chip rate of the radio access mode, for more information see TS 34.122 [25] Subclause 5.2. The period of measurement shall be at least one timeslot. Also care should be taken that the noise floor of the measurement receiver is not disturbing the power measurement. Normally, the receiving device should be set accordingly so that the receiving signal will be at least 30 dB higher than the system noise floor.

The LEE shall be tested according to DUT positioning described in Subclause 4.3.5.

Test environment: normal; see TS 34.122 [25] Subclause G.2.1.

Frequencies to be tested: low range, mid range, high range; see Table 5.3-2.

1)
Set the SS downlink physical channels according to settings in Table 6.3.3.4.1-1. Set the DPCH power such that there will not be transmission gaps due to too low signal strength throughout the measurement.

2)
Power on the LEE UE

3)
A call is set up according to the Generic call setup procedure. The power control algorithm shall be set to Power Control Algorithm 2.

4)
Enter the UE into loopback test mode and start the loopback test.

5)
The measurement receiver shall be set to: zero span, video trigger and RMS detector. The RBW shall be at least (1+ times the chip rate of the radio access mode and the VBW at least 3 times bigger than the RBW. For 1.28Mcps TDD UE, the RBW shall be set to 3MHz, and VBW shall be set to 10MHz.

See TS 34.108 [23] and TS 34.109 [24] for details regarding generic call setup procedure and loopback test. 

Table 6.3.3.4.1-1: Downlink Physical Channels transmitted during a connection

	Physical Channel
	Power

	Ior
	 -75 dBm

	DwPCH
	DwPCH_Ec / Ior =        0 dB 

	PCCPCH
	∑P-CCPCH_Ec / Ior = -3 dB

	SCCPCH
	∑S-CCPCH_Ec / Ior = -6 dB

	PICH
	∑PICH_Ec / Ior =         -6 dB

	FPACH
	FPACH_Ec / Ior =        -6 dB

	DL DPCH
	∑DPCH_Ec / Ior =        0 dB


6.3.3.4.2
Procedure

1)
Send continuously Up power control commands to the LEE UE.

2)
As the LEE UE reaches maximum power, start sending PN15 data pattern.

3)
Position and configure the LEE according to Subclause 4.3.5.
4)
Measure the 
[image: image252.wmf]q

EIRP

 and 
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EIRP

 with a sample step of 15° in theta (() and phi (() directions using a test system having characteristics as described in Annex A.

5)
Calculate TRP using equations from Subclause 6.3.3.2.
NOTE 1:
The measurement procedure is based on the measurement of the spherical radiation pattern of the 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 EIRP samples are taken using a constant sample step of 15° both in theta (() and phi (() directions. In some cases a different sampling grid may be used to speed up the measurements (See Subclause 4.4). All the EIRP samples are taken with two orthogonal polarizations, 
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- and 
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-polarisations.

NOTE 2:
The noise floor of the measurement receiver shall not disturb the power measurement.

NOTE 3:
Non Standard settings: To speed up sensitivity measurements, power measurements may be done with non standard modulation. However to obtain TRP result the measured EIRP figures shall be normalized by
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where 
[image: image257.wmf]i

EIRPstd

 is power measurement done with standard setting. 
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EIRPnstd

 is power measurement done with non standard modulation. 
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 is amount of reference measurement points.

To ensure accuracy of TRP, the amount of reference points measured should be at least 4. It is recommended to spread the reference measurements equally during the measurement time.

6.3.3.4.3
Procedure, reverberation chamber method

[TBD]
6.3.3.5
Test requirements
The average TRP of low, mid and high channel shall be higher than test performance requirements for roaming bands shown in Table 6.3.3.5-1 for notebook devices and in Table 6.3.3.5-2 for tablet devices. The averaging shall be done in linear scale for the TRP.
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In addition the minimum TRP of each measured channel shall be higher than minimum performance requirements shown in the columns “Min”.
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Table 6.3.3.5-1: TRP test requirement for UTRA TDD notebook devices in the data transfers position

	Operating band
	Power Class 1
	Power Class 2
	Power Class 3
	Power Class 4

	
	Power (dBm)
	Power (dBm
	Power (dBm)
	Power (dBm)

	
	Average
	Min
	Average
	Min
	Average
	Min
	Average
	Min

	a
	-
	-
	TBD +TT
	TBD +TT
	-
	-
	-
	-

	b
	-
	-
	TBD +TT
	TBD +TT
	-
	-
	-
	-

	c
	-
	-
	TBD +TT
	TBD +TT
	-
	-
	-
	-

	d
	-
	-
	TBD +TT
	TBD +TT
	-
	-
	-
	-

	e
	-
	-
	TBD +TT
	TBD +TT +TT
	-
	-
	-
	-

	f
	-
	-
	TBD +TT
	TBD +TT
	-
	-
	-
	-

	NOTE 1: Applicable for dual-mode GSM/UTRA LCR TDD.

NOTE 2: Applicable for notebook devices.


NOTE:
If the above Test Requirement differs from the Minimum Requirement then the Test Tolerance applied for this test is non-zero. The Test Tolerance for this test is defined and the explanation of how the Minimum Requirement has been relaxed by the Test Tolerance is given in Annex D.
Table 6.3.3.5-2: TRP test requirement for UTRA TDD tablet devices in the data transfers position

	Operating band
	Power Class 1
	Power Class 2
	Power Class 3
	Power Class 4

	
	Power (dBm)
	Power (dBm
	Power (dBm)
	Power (dBm)

	
	Average
	Min
	Average
	Min
	Average
	Min
	Average
	Min

	a
	-
	-
	TBD +TT
	TBD +TT
	-
	-
	-
	-

	b
	-
	-
	TBD +TT
	TBD +TT
	-
	-
	-
	-

	c
	-
	-
	TBD +TT
	TBD +TT
	-
	-
	-
	-

	d
	-
	-
	TBD +TT
	TBD +TT
	-
	-
	-
	-

	e
	-
	-
	TBD +TT
	TBD +TT +TT
	-
	-
	-
	-

	f
	-
	-
	TBD +TT
	TBD +TT
	-
	-
	-
	-

	NOTE 1: Applicable for dual-mode GSM/UTRA LCR TDD.

NOTE 2: Applicable for tablet devices.


NOTE:
If the above Test Requirement differs from the Minimum Requirement then the Test Tolerance applied for this test is non-zero. The Test Tolerance for this test is defined and the explanation of how the Minimum Requirement has been relaxed by the Test Tolerance is given in Annex D. 
6.3.4
Total Radiated Power (TRP) for E-UTRA FDD using LEE
[TBD]

6.3.5
Total Radiated Power (TRP) for E-UTRA TDD using LEE
 [TBD]

7
Receiver Performance
7.1
Performance for handheld UE

7.1.1
Total Radiated Sensitivity (TRS) for GSM using Head Phantom

[TBD]
7.1.2
Total Radiated Sensitivity (TRS) for UTRA FDD using Head Phantom

[TBD]
7.1.3
Total Radiated Sensitivity (TRS) for UTRA LCR TDD using Head Phantom
[TBD]
7.1.4
Total Radiated Sensitivity (TRS) for UTRA FDD using Head and Hand Phantom
[TBD]
7.1.5
Total Radiated Sensitivity (TRS) for UTRA LCR TDD using Head and Hand Phantom
[TBD]
7.1.6
Total Radiated Sensitivity (TRS) for E-UTRA FDD Head and Hand Phantom
7.1.6.1
Definition and applicability

[TBD]
7.1.6.2
Minimum Requirements

[TBD]
7.1.6.3
Test purpose

[TBD]
7.1.6.4
Method of test

[TBD]
7.1.6.4.1
Initial conditions

[TBD]
7.1.6.4.2
Procedure

[TBD]
7.1.6.4.3
Procedure, reverberation chamber method

[TBD]
7.1.6.5
Test requirements
 [TBD]
7.1.7
Total Radiated Sensitivity (TRS) for E-UTRA TDD using Head and Hand Phantom
[TBD]
7.1.8
Total Radiated Sensitivity (TRS) for UTRA FDD using Browsing Mode
[TBD]
7.1.9
Total Radiated Sensitivity (TRS) for UTRA LCR TDD using Browsing Mode
[TBD]
7.1.10
Total Radiated Sensitivity (TRS) for E-UTRA FDD using Browsing Mode
[TBD]
7.1.11
Total Radiated Sensitivity (TRS) for E-UTRA TDD using Browsing Mode
[TBD]
7.2
Performance for LME

7.2.1
Total Radiated Sensitivity (TRS) for GSM using LME
[TBD]

7.2.2
Total Radiated Sensitivity (TRS) for UTRA FDD using LME
[TBD]

7.2.3
Total Radiated Sensitivity (TRS) for UTRA LCR TDD using LME
[TBD]

7.2.4
Total Radiated Sensitivity (TRS) for E-UTRA FDD using LME
[TBD]

7.2.5
Total Radiated Sensitivity (TRS) for E-UTRA TDD using LME
 [TBD]
7.3
Performance for LEE

7.3.1
Total Radiated Sensitivity (TRS) for GSM using LEE
[TBD]

7.3.2
Total Radiated Sensitivity (TRS) for UTRA FDD using LEE
[TBD]

7.3.3
Total Radiated Sensitivity (TRS) for UTRA LCR TDD using LEE
[TBD]

7.3.4
Total Radiated Sensitivity (TRS) for E-UTRA FDD using LEE
[TBD]

7.3.5
Total Radiated Sensitivity (TRS) for E-UTRA TDD using LEE
 [TBD]

Annex <A> (normative): Test system characterization and environmental requirements
A.1
General

The main objective of this section is to specify basic parameters of simulated user (phantom) and anechoic and reverberation chamber suited for the Tx and Rx measurement. 


A.2
Phantom specifications

A.2.1
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 Annex 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 e.g. in [16] [17].

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 UE/MS 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.


A.2.2
Hand phantom 

A.2.2.1

General 

Users hand can have a great impact on radiated performance of a UE/MS. The impact goes beyond blocking or absorbing a portion of the radiation, since the impedance of the antenna itself may be changed due to the material in near field. Thus, a standardized hand phantom has been developed for radiated testing to reflect real world user scenarios [18].
A.2.2.2
Dimensions

Dimensions of the hand phantom are based on 50th percentile of the men’s hand and women’s hand dimensions averaged together in order to produce a standard hand phantom that lies in the middle of the expected range of users. Figure A.2.2.2-1 illustrates the segments of the human hand and Table A.2.2.2-1 summarizes the various dimensions for an open hand phantom [18].
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Figure A.2.2.2-1: Segments and dimension points of the human hand
Table A.2.2.2-1: Hand phantom dimensions

[image: image263.jpg]Dimension Description Dim. Dimension Description Dim.
(mm) (mm)

Major Hand and Wrist Dimensions it lll Dimensions
Wrist Width 61.4_| Distal Phalanx Length ? 20.1
Wrist Circumference 162.9 | Middle Phalanx Length > 317
Hand Length, Center of Wrist to Tip of Digit Ill__| 186.5 | Proximal Phalanx Length * 29.6
Hand Circumference 2002 [ Metacarpal Length 66.2
Palm Length, Middle to Distal Palm Creases 105.7 | Carpal Length * 174
Hand Width 85.0 | DIP Width 185
PIP Width 209
Between Digit Il & lll Crotch to Tip of Digit II 72.5 | DIP Circumference 54.4
Between Digit Il & Ill Crotch to Tip of Digit Il 80.5 | PIP Circumference 655

Between Digit Ill & IV Crotch to Tip of Digit IV 75.7 it IV Dimensions
Between Digit IV & V Crotch to Tip of Digit V 61.5 | Distal Phalanx Length 2 200
Between Digit | & Il Crotch to Tip of Digit I * 56.5 | Middle Phalanx Length 2 30.8
Digit | Dimensions Proximal Phalanx Length 255
Distal Phalanx Length * 29.4 | Metacarpal Length * 60.4
Proximal Phalanx Length 36.5 | Carpal Length * 194
Metacarpal Length > 46.8 | DIP Width 172
Carpal Length 2 22.0 | PP width 19.9

DIP Width DIP Circumference

DIP Circumference 67.7_| PIP Circumference 612
Digit I Dimensions Digit V Dimensions
tal Phalanx Length 2 Distal Phalanx Length 2 173
ddle Phalanx Length » Middle Phalanx Length 218
Proximal Phalanx Length ? Proximal Phalanx Length 38.0

Metacarpal Length 3

Metacarpal Length

Carpal Length * Carpal Length * 243
DIP Width DIP Width 16.1
PIP Width PIP Width 179
DIP Circumference DIP Circumference 259
PIP Circumference PIP Circumference 54.2

“Data determined using Tilley and Dreyfuss

2Greiner dimensions translated to bone joint coordinates of Buchholz, et. al
3Bone joint coordinates extrapolated from Buchholz, et. al.





A.2.2.3
Dielectric properties

Dielectric properties of dry palm human tissue are set as the target dielectric parameters for hand phantoms [19]. The properties are presented in Table A.2.2.3-1. It’s important that the hand phantom has equivalent electrical properties to real human hand to ensure that the same near field effects are seen with the hand phantom as would be seen with real hand. Relative permittivity of hand phantoms shall be within ±15% of the values listed in Table A.2.2.3-1. Conductivity of hand phantoms shall be within ±25% of the values listed in Table A.2.2.3-1. Methods for measuring dielectric properties can be found e.g. in [22] [23].
Table A.2.2.3-1: Target dielectric properties of a hand phantom

	Frequency (MHz)
	 Er
	 σ (S/m)

	300,00
	37,1
	0,36

	450,00
	33,9
	0,43

	835,00
	30,3
	0,59

	900,00
	30
	0,62

	1450,00
	27,9
	0,85

	1575,00
	27,5
	0,9

	1800,00
	27
	0,99

	1900,00
	26,7
	1,04

	1950,00
	26,6
	1,07

	2000,00
	26,5
	1,09

	2100,00
	26,3
	1,14

	2450,00
	25,7
	1,32

	3000,00
	24,8
	1,61

	4000,00
	23,5
	2,18

	5000,00
	22,2
	2,84

	5200,00
	22
	2,98

	5400,00
	21,7
	3,11

	5600,00
	21,4
	3,25

	5800,00
	21,2
	3,38

	6000,00
	20,9
	3,52


A.2.2.4
Hand phantom grips

Hand phantom grips are based on human factor studies that were done to record how a phone of certain form factor was gripped by a large sample of people. Based on the grip study findings, three grip designs are chosen for 40- to 56-mm wide devices: one for mono-block devices used in a voice call, another for fold devices in a voice call, and a third “data mode” grip, simulating for example web browsing, Figure A.2.2.4-1  shows mono-block and fold grips [20]. Grip studies showed that devices wider than 56 mm (generally PDA and touch screen devices) could be conveniently accommodated by a single grip to cover primary use cases, voice calls and data browsing [20]. 

Each grip is used with a spacer that is designed for repeatable positioning of terminals to the grips. The material for the monoblock palm spacer shall be hollow with a wall thickness less than 2 mm, and a dielectric constant of less than 5.0 and a loss tangent of less than 0.05 or it shall be solid with a dielectric constant of less than 1.3 and a loss tangent of less than 0.003. Touch fastener material may be used to affix the DUT to the palm spacer.

Figures A.2.2.4-1 and A.2.2.4-2 below illustrate the right-handed and left-handed mono-block and fold grips, respectively.

[image: image264.jpg]



Figure A.2.2.4-1: Right-handed grips defined to hold mono-block and fold UEs/MSs during voice calls
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Figure A.2.2.4-2: Left-handed grips defined to hold mono-block and fold UEs/MSs during voice calls

Figures A.2.2.4-3 and A.2.2.4-4 below illustrate the right-handed and left-handed data browsing with narrow UEs/MSs and PDA grips, respectively.
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Figure A.2.2.4-3: Right-handed grip defined for data browsing with narrow UEs/MSs and grip for holding PDA type of devices
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Figure A.2.2.4-4: Left-handed grip defined for data browsing with narrow UEs/MSs and grip for holding PDA type of devices

CAD models in Table A.2.2.4-1 define exact finger locations and spacers for the specified grips. The files are available in a subfolder of the archive area for this specification.

Table A.2.2.4-1: CAD models for specified hand phantom grips and spacers

	Hand phantom grip
	Grip CAD file name
	Grip spacer file name

	Right Mono-block grip
	25914-b10_CAD_hand1.zip
	25914-b10_CAD_spacer1.zip

	Right Fold grip
	25914-b10_CAD_hand2.zip
	25914-b10_CAD_spacer2.zip

	Right Narrow data browsing grip
	25914-b10_CAD_hand3.zip
	25914-b10_CAD_spacer3.zip

	Right PDA grip
	25914-b10_CAD_hand4.zip
	25914-b10_CAD_spacer4.zip

	Left Mono-block grip
	25914-b10_CAD_hand5.zip
	25914-b10_CAD_spacer5.zip

	Left Fold grip
	25914-b10_CAD_hand6.zip
	25914-b10_CAD_spacer6.zip

	Left Narrow data browsing grip
	25914-b10_CAD_hand7.zip
	25914-b10_CAD_spacer7.zip

	Left PDA grip
	25914-b10_CAD_hand8.zip
	25914-b10_CAD_spacer8.zip


A.2.2.5

Mechanical Requirements of Hand Phantoms

The hand phantoms shall be constructed of a material that is sufficiently flexible to accommodate the range of devices specified in A.2.2.4. The material shall also be made sufficiently stiff that the hand grip remains constant under rotation.

Adequate material stiffness of the hand phantom is necessary to maintain high repeatability of OTA measurements. The stiffness of the hand material shall be verified by measuring the deflection of the index finger of a moulded monoblock hand phantom under a given weight. Test procedure is following;

1. Position the hand phantom such that the index finger is horizontal.

2. Apply an indicator needle that extends horizontally 55 mm ±1 mm beyond the tip of the index finger.

3. Record the position of the indicator needle on a vertical scale.

4. Apply 20 g ±0.2 g of weight centered 6 mm ±0.5 mm from the tip of the index finger towards the hand.

5. Record the new position of the indicator needle on a vertical scale.

The deflection of the index finger of the hand phantom shall be between 2 and 5 mm. Deflection less than 2 mm per 20 g weight indicates a material that is too rigid. Deflection greater than 5 mm per 20 g weight indicates a material that is too soft. 

[image: image270.emf]
Figure A.2.2.5-1: Hand phantom stiffness test
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Figure A.2.2.5-2: A weight container designed for a hand phantom stiffness test
A weight container presented in Figure A.2.2.5-2 may be used in the stiffness test. It is assumed that other grips will have similar stiffness as the monoblock hand from the same material. Therefore, a stiffness test of the monoblock hand alone is considered sufficient.

A.2.3
Laptop Ground Plane Phantom
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 A.2.3-1, 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 thickness of 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 A.2.3-2;
-
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 hung 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 A.2.3-1: The laptop ground plane phantom, the DUT and the real functional laptop
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Figure A.2.3-2: The structure and dimension of the laptop ground phantom

The real functional laptop is laid on the floor of the anechoic 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.


A.2.4
Parameters for embedded devices
A.2.4.1
General

The main objectives of this section are to define basic parameters required when performing TRP and TRS measurements on notebooks and tablets.

A.2.4.2
Notebook

A notebook PC is a portable personal computer combining the computer, keyboard and display in one form factor. Typically the keyboard is built into the base and the display is hinged along the back edge of the base. The largest single dimension for a notebook is limited to 0.42 m.

As notebooks are not body worn equipment nor recommended for use placed directly on the lap, the notebook shall be tested in a free space configuration without head and hand phantoms. 

When the notebook is placed in a measurement chamber the display shall be configured according to Table A.2.4.2-1.
Table A.2.4.2-1: Display Settings

	Parameter
	Value
	Note

	Display lid angle
	110 +/- 5 degrees
	The lid angle is defined as the angle between the front of the display to the leveled base.

	LCD Backlight
	50%
	

	Ambient sensor
	Disabled
	


A typical notebook PC is equipped with several radio access technologies. During the measurement the DUT shall be configured according to Table A.2.4.2-2.
Table A.2.4.2-2: Embedded radio transmitters

	Parameter
	Value
	Note

	WWAN
	Enabled
	This is the DUT tranceiver

	Other transceivers
	Disabled
	UWB, WLAN, Bluetooth™


The notebook power management shall be configured according to Table A.2.4.2-3.

Table A.2.4.2-3: Power management

	Parameter
	Value
	Note

	Screensaver
	Disabled
	

	Turn OFF display
	Never
	

	Turn OFF Hard drive
	Never
	

	System Hibernate
	Never
	

	Sysem Standby
	Never
	

	Dynamic control of clock frequencies
	Disabled
	

	Power source
	Standard battery
	


If the notebook is equipped with retractable antennas the device shall be tested with the antennas in a configuration recommended by the manufactures.

A.2.4.3
Tablet

A tablet is a portable personal computer combining the computer and display in a single form factor. User input is accomplished via touchscreen or a pen. The largest single dimension (i.e., length, width, height) for a tablet is limited to 0.42 m.  Tablet devices may have different primary mechanical modes.

Tablet shall be tested in a free space configuration without head and hand phantoms. If hand phantom grips become available for tablets, the testing configuration for tablets may be revisited. The center of rotation shall be the three-dimensional geometric center of the EUT, display facing free space.

When a tablet is placed in a measurement chamber the display shall be configured according to Table A.2.4.3-1.
Table A.2.4.3-1: Display Settings

	Parameter
	Value
	Note

	LCD Backlight
	50%
	

	Ambient light sensor
	Disabled
	


A typical tablet  is equipped with several radio access technologies. During the measurement the EUT shall be configured according to Table A.2.4.2-2. 

EUT shall be powered by battery and power management settings in Table A.2.4.2-3 shall be used.

If a fixture is required to mount the EUT to the positioning system, the EUT holding fixture shall be made of a material with a dielectric constant of less than 5.0, and loss tangent less than 0.05. The fixture shall not extend beyond the footprint of the EUT by more than 20 mm and shall be no more than 20 mm in thickness. It is recommended, but not required, that a Styrofoam spacer would be used between the holding fixture and the EUT.


A.3
Anechoic chamber constraints

A.3.1


General 

The main objective of this section is to define basic parameters of the anechoic chamber suited for the Tx and Rx measurement of GSM UMTS and E-UTRA UEs/MSs. 

The chamber should be equipped with an antenna positioner making possible to perform full 3-D measurements for both Tx and Rx radiated performance. Two main measurement set-ups are presented for this purpose:

a)
A so-called spherical scanner system implies that the DUT is placed on a positioner that rotates in a horizontal plane. The probe antenna is rotated physically in the vertical plane. Alternatively, multiple probe antennas can be placed along an arch in vertical plane and electronically switched in order to get the full 3-D radiation/sensitivity pattern (see Figure A.3.1-1). Alternatively a multiple probe system, which has a set of probes located on the full spherical surface may be used [21]. In this case the DUT does not have to be rotated.  

b)
A dual axis system implies that the DUT is placed on a positioner that is able to rotate around two different axes. The signal is transmitted/received by a fixed probe (see Figure A.3.1-2). It is noted that many conventional two-axis systems (i.e. many commercially available systems built for a more general use) are built for the support of rather heavy test objects (with narrow antenna beam), which by their mechanical size may disturb the measurement of nearly omnidirectional antennas. Note that such systems are equipped with a positioner that may disturb the measurement of nearly omnidirectional antennas.
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Figure A.3.1-1: Example of a spherical positioner system with a moving probe antenna (left), and with multiple probe antennas (right)
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Figure A.3.2-2: Example of a dual axis (roll-over-azimuth) positioner system

[image: image277.wmf]Z

Y

X

q

f

E

q

E

f


Figure A.3.3-3: The coordinate system used in the measurements

In both cases the measurement antenna should be able to measure two orthogonal linear polarizations (typically theta (() and phi (() polarizations). 

Note that for an anechoic chamber, horn antennas are usually used as probe antennas. There are two kinds of horn antennas: single-polarized and dual-polarized. The dual-polarized horn antenna has advantages of a major importance in comparison with the single-polarized. In fact, it is possible to measure two orthogonal polarizations without any movement of the probe, and this will:

a)
Reduce the cable antenna uncertainty contribution 

b)
Improve the measurement stability 

c)
Reduce the time delay between the acquisitions of each polarized signal due to the electrical RF relay.

If using single-polarized probe antenna, it is possible to perform the measurements by turning one linear polarized antenna by 90 ° for every measurement point. However, this technique has a major drawback: the cable of this antenna is subjected to numerous bendings and rotations, which brings some measurement instabilities. The various positions of the cable have an effect on the repeatability of measurements, and the stress applied to the cable can reduce its performance. The use of a "stress cable", or a rotary joint, connected to the main low-loss cable that is connected to the BTS simulator is recommended if using a single-polarized probe.

A.3.2
Quiet zone dimension

Quiet zone has to be large enough to contain DUT attached to a phantom head and shoulders. The dimensions have to be slightly larger than the phantom dimension due to the fact that the rotation axes are not passing through the symmetry plane of the phantom, but through the phase center of the DUT. Thus minimum radius of the quiet zone has to be 150mm, which is the approximate distance from a UE/MS to the edge of the head and shoulders phantom while the phone is placed in an "intended use" position.

A.3.3
Minimum distance between the DUT and the measurement antenna

For far-field measurements, the distance r between the DUT and the measurement antenna should be calculated by the following equation.
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where  is the largest wavelength within the frequency band of interest and D the maximum extension of the radiating structure. Then the phase and amplitude uncertainty limits and the reactive near field limit are not exceeded. The influence of measurement distance is discussed in Annex E.

A.3.4
Reflectivity of the quiet zone

Reflectivity of the quiet zone must be measured for frequencies used with method described in Annex G. Measured reflectivity level is used in uncertainty calculations.
A.3.5
Shielding effectiveness of the chamber

In order to be able to measure sensitivity all external radiation has to be eliminated. Depending on the conditions at the test site in question, different values of shielding effectiveness of the measurement chamber might be required. The only general requirement on the shielding effectiveness of the chamber is that the measured level of external signals at the frequency of interest (GSM, UMTS, E-UTRA frequency band) has to be 10dB below sensitivity level of the UE/MS. See Annex G for more details on shielding effectiveness validation.

When specified in a test, the manufacturer shall declare the nominal value of a parameter, or whether an option is supported.

 
A.4
Reverberation chamber constraints

A.4.1

General 
The main objective of this section is to define basic parameters of the reverberation chambers suited for the Tx and Rx measurement of GSM, UMTS, and E-UTRA UEs/MSs.
The reverberation chambers have for a couple of decades been used for some types of EMC measurements. A reverberation chamber is a metal cavity that is sufficiently large to support many resonant modes, and it is provided with means to stir the modes. The measurements in the reverberation chamber are fast and repeatable, provided the chambers utilize efficient stirring methods. The following sections describe how the reverberation chamber can be used for measurements of TRP and TRS. 

A.4.2

Positioning and 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.

For the DUT positioning on head phantom or for the DUT positioning on laptop ground plane phantom, the DUT should be placed in such a way that a sufficient number of independent samples are obtained to fulfil the uncertainty requirements. For example, for chambers utilizing platform stirring the DUT should be placed on the edge of the turntable in order to maximize rotation of the DUT. In addition, 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.

For the DUT positioning on laptop ground plane 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 the measurements.

A schematic picture of the measurement setup is provided in Figure A.4.2-1.
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Figure A.4.2-1: A schematic picture of the reverberation chamber measurement setup

A.4.3

Polarization imbalance and receiving antennas

It is important that the statistical distribution of waves in the chamber corresponds to the chosen test environment. Present knowledge about reverberation chambers limits this to isotropic environments, i.e. the TRP and TRS parameters can be measured. Since the probability of each polarization is equal in the isotropic environment, a check of the polarization imbalance in the reverberation chamber must be done. 

The polarization imbalance can be obtained during the calibration measurement by measuring both when the calibration antenna is oriented for vertical polarization and when it is oriented for horizontal polarization. These two values shall differ by less than the specification in Table A.4.3-1. In order to obtain values for comparison with the results in the table, the reference levels shall be measured for both orientations of the calibration dipole at 8 different positions of the dipole inside the chamber. The average, standard deviation and maximum deviation shall be evaluated by comparing results for both polarizations over the whole set of 8 measurements. Alternatively, the levels for the two polarizations of the calibration antenna at 1 MHz intervals between 1900 MHz and 2200 MHz can be measured, and thereafter the average, standard deviation and maximum of the difference between the two sets of values over these frequency ranges are calculated. 

An effective way of avoiding polarization imbalance is to use polarization stirring, i.e. using three orthogonal linearly polarized receiving antennas. These three receiving antennas may be monopoles connected orthogonally to three different and orthogonal walls (including ceiling/floor) of the chamber.  The three antennas are below referred to as the three fixed wall mounted antennas.

Table A.4.3-1: Specifications of differences of measured reference levels in each frequency band between using vertically and horizontally polarized calibration dipoles
	
	Maximum tolerable value

	Average
	0.2 dB

	Standard deviation
	0.5 dB

	Maximum
	1.0 dB


A.4.4

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.

A.4.5

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.

A.4.6

Shielding effectiveness of the chamber

The shielding effectiveness of the chamber shall be as large as needed for the interference from other sources not to influence the measured parameters. This means that the requirements of the shielding is specific to each test site and may vary accordingly.

The recommended level of the shielding effectiveness is -100 dB from 800 MHz to 4 GHz. See Appendix H for more details on shielding effectiveness validation.




Annex <B> (normative): Calibration
B.1
General
The relative power values of the measurement points will be transformed to absolute radiated power values (in dBm) by performing a calibration measurement. The calibration measurement is done by using a reference antenna with known efficiency or gain values. In the calibration measurement the reference antenna is measured in the same place as the DUT, and the attenuation of the complete transmission path (
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) from the DUT to the measurement receiver/NB/BS simulator is calibrated out. 

The gain and/or radiation efficiency of the reference antenna shall be known at the frequency bands in which the calibrations are performed. Recommended calibration antennas are monopole antennas or sleeve dipoles tuned for the each frequency band of interest. Alternatively, other methods may be used if they ensure an equal or greater level of accuracy. A network analyzer is recommended to be used to perform the calibration measurement. Also other devices can be used to measure attenuation. 

The principle is based on the use of calibration/substitution antennas presenting an efficiency known with a sufficient accuracy in the measurement bandwidths. Such a calibration antenna is placed on the DUT positioner at the exact MS location used for TRP and TRS measurement. It is possible to use a mechanical piece to place the calibration antenna on the positioner. This mechanical piece should not present any electromagnetic properties, which could influence the frequency response and the radiation properties of the calibration antenna. 

B.2


Calibration procedure
B.2.1

Calibration procedure for Anechoic chamber method

For the anechoic chamber method, the calibration is performed individually for the both orthogonal polarizations, all the transmission paths and all frequencies used in the testing. An illustration of the substitution configuration is shown in Figure B.2.1-1.


[image: image281.wmf]total

L

 is the attenuation between P and B, see Figure B.2.1-1.
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Where 
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 is cable loss from A to C. The cable AC connecting the substitution antenna should be such that its influence upon radiation pattern measurements is minimal. 
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 is the attenuation between points A and B. In TRP and TRS measurements point B is connected to the calibrated input/output port of measurement receiver.
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 is the efficiency or gain of the calibration antenna at the frequency of interest.
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Figure B.2.1-1: Calibration/substitution procedures using a vector network analyzer

If the calibration is based on known efficiency of the calibration antenna, a full spherical scanning is performed to determine
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. Unless the otherwise specified in the calibration antenna documentation, TRP sampling grid and equation for TRP in section 5.2.1 should be used for head phantom and TRP sampling grid and equation for TRP in section 5.5.1 should be used for laptop ground plane phantom and embedded devices.

This procedure has to be done at each frequency of interest.

To achieve measurements with an uncertainty as low as possible, it is absolutely necessary to exactly keep the same P to B configuration (cables, dual-polarized antenna.

B.2.2

Calibration procedure for Reverberation chamber method

For the reverberation chamber method, all polarizations and transmission paths are included in one calibration measurement. The calibration antenna can be place in an arbitrarily position, as long as it is placed 0.5 wavelengths from other metallic objects and 0.7 wavelengths from absorbing objects. An illustration of the measurement setup for this procedure is shown in Figure B.2.2-1.

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 is shown in Figure B.2.2-1.
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Figure B.2.2-1: Calibration measurement setup in the reverberation chamber, using a vector network analyzer
B.2.2.1
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.

B.2.2.2
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 by the following equation,
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Thus, the chamber reference transfer function can be calculated by the following equation,
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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: 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.

B.2.2.3
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.
Annex <C> (informative): Measurement test report
C.1
General
[TBD]
Annex <D> (normative): Maximum uncertainty of test system and test tolerance
D.1
Maximum uncertainty of test system
[TBD]
D.2
Test tolerances
[TBD]
Annex <E> (informative): Estimation of measurement uncertainty
E.1
General
[TBD]
Annex <F> (informative): Suggested recipes of liquid to be used inside SAM phantom
F.1
General
[TBD]
Annex <G> (informative): Anechoic chamber specification and validation method
G.1
Shielded anechoic chamber specifications
[TBD]
G.2
Quiet zone reflectivity level validation
[TBD]
G.3
Standard deviation of electric field
[TBD]
Annex <H> (informative): Reverberation chamber specifications and validation method
H.1
Shielded reverberation chamber specifications
[TBD]
H.2
Reverberation chamber statistical ripple and repeatability validation
[TBD]
Annex <I> (informative): Recommended performance for Handheld UE
I.1
General
[TBD]
I.2
Total Radiated Power
[TBD]
I.3
Total Radiated Sensitivity
[TBD]
Annex <J> (informative): Recommended performance for LME
J.1
General
[TBD]
J.2
Total Radiated Power
[TBD]

J.3
Total Radiated Sensitivity
[TBD]

Annex <K> (informative): Recommended performance for LEE
K.1
General
[TBD]
K.2
Total Radiated Power
[TBD]

K.3
Total Radiated Sensitivity
[TBD]
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