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1. Introduction

At RAN#63 meeting a new work item proposal: UE Conformance Test Aspects - LTE UE TRP and TRS and UTRA Hand Phantom [1] was approved. At RAN#67 plenary meeting a revised WID for LTE UE TRP and TRS and UTRA Hand Phantom was approved [2]. Revision 0.5.0 of “TS 37.544: User Equipment (UE) and Mobile Station (MS) Over The Air (OTA) performance” [3] was published based on the result of RAN5#68.

RAN4 related reference are 3GPP TR 37.902 [3], 3GPP TS 37.144 [4] & 3GPP TR 25.914 [5].
2. Proposal 

It is proposed that the following text proposal is added to TS 37.544 Subclauses relating to reverberation chamber.
Affected subclauses: 4.5, 6.1.3, 6.1.3.4.3, 6.1.4, 6.1.4.4.3, 6.1.5, 6.1.5.1, 6.1.5.4.3, 6.1.6, 6.1.6.1, 6.1.6.4.3, 6.3.1, 6.3.1.4.3, 6.3.2, 6.3.2.4.3, 6.3.3, 6.3.3.1, 6.3.3.4.3, 6.3.4, 6.3.4.1, 6.3.4.4.3, 7.1.3, 7.1.3.1, 7.1.3.4.3, 7.1.4, 7.1.4.1, 7.1.4.4.3, 7.1.5, 7.1.5.1, 7.1.5.4.3, 7.1.6, 7.1.6.1, 7.1.6.4.3, 7.3.1, 7.3.1.1, 7.3.1.4.3, 7.3.2, 7.3.2.1, 7.3.2.4.3, 7.3.3, 7.3.3.1, 7.3.3.4.3, 7.3.4, 7.3.4.1, 7.3.4.4.3
<Start of Change>

4.5
Number of independent samples (for reverberation chamber procedure)

When measuring TRP and TRS in an isotropic Rayleigh fading environment, 100 independent samples can be considered sufficient for ensuring an expanded accuracy better than 0.5 dB. Observe that it might be necessary to collect more samples than this during a measurement sequence in order to ensure a sufficient number of independent samples, since all collected samples might not be independent. The number of samples to be collected during a measurement sequence for each chamber should be chosen so that the overall measurement uncertainty is within the specified limits.
<Unchange skipped>

6.1.3
Total Radiated Power (TRP) for UTRA FDD using Head and Hand Phantom 

Editor’s notes: This Subclause is incomplete. The following items are missing or incomplete:

· TBDs in Table 6.1.3.2-1 and 6.134.5-1 as they are not specified in TS 37.144 yet

· 
<Unchange skipped>

6.1.3.4.3
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 according to the DUT positioning for speech mode specified in Subclause 4.3.3.
4)
Measure a sufficient number of independent samples (see Subclause 4.5) of 
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 using a test system having characteristics as described in Annex A.

5)
Calculate TRP using equations from Subclause 6.1.3.1.

NOTE 1:
The measurement procedure is based on the measurement of the total power radiated from the UE 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.
<Unchange skipped>
6.1.4
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 6.1.4.2-1and 6.1.4.5-2 as they are not specified in TS 37.144 yet

· 
<Unchange skipped>
6.1.4.4.3
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 according to the DUT positioning for speech mode specified in Subclause 4.3.3.
4)
Measure a sufficient number of independent samples (see Subclause 4.5) of 
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 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 total power radiated from the UE 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.
<Unchange skipped>

6.1.5
Total Radiated Power (TRP) for E-UTRA FDD using Head and Hand Phantom 

Editor’s notes: This subclause is incomplete. The following items are missing or incomplete:

· Table 6.1.5.2-1 and 6.1.5.5-1 as they are not specified in TS 37.144 yet

· 
6.1.5.1
Definition and applicability

The Total Radiated Power (TRP) is a measure of how much power the antenna actually radiates, when non-idealities such as mismatch and losses in the antenna are taken into account.  The TRP is defined as the integral of the power transmitted in different directions over the entire radiation sphere:
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Using 
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-polarization component of the gain pattern for the handset antenna measured at the frequency 
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 is the solid angle describing the direction. 
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is the transmit power level of the handset so that 
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is the actually transmitted power-level, also known as EIRP, in the 
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-polarization and in the direction 
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 for frequency 
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.

The above equation may be written in "gain" form, that is, the TRP given by PTRP is normalized to the transmitted power 
[image: image16.wmf]tx

P

. This is the total radiation efficiency, which can also be denoted as Total Radiated Power Gain, TRPG,  
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In practice discrete samples of 
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 are measured and used to approximate the integral so that the TRP is computed as
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Or, by using the relation 
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In gain form the TRP can be expressed as:
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In these formulas 
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When measuring power radiated by active devices, expressing the data in terms of EIRP is more appropriate. The upper form of the TRP formulas (which includes EIRP terms) will be used in the data processing.
The TRP can also be calculated from Rayleigh faded samples of the total power transmitted from the UE. The measurement of transmitter performance in an isotropic Rayleigh fading environment is based on sampling the radiated power of the UE for a discrete number of field combinations in the chamber. The average value of these statistically distributed samples is proportional to the TRP and by calibrating the average power transfer function, an absolute value of the TRP can be obtained. Thus
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where 
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 is the reference power transfer function for fixed measurement antenna n, 
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 is the reflection coefficient for fixed measurement antenna n and 
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 is the path loss in the cables connecting the measurement receiver to fixed measurement antenna n. These parameters are calculated from the calibration measurement and are further discussed in 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 
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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 LTE UEs independent of release.

<Unchange skipped>

6.1.5.4.3
Procedure, reverberation chamber method


1)
Follow Steps 1 and 2 in section 6.2.2.4.2 of 3GPP TS 36.521-1 [2] and ensure that the DUT transmits with its maximum power.
2)
Measure a sufficient number of independent samples (see Subclause 4.5) of 
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 using a test system having characteristics as described in Annex A. Calculate TRP using equations from Subclause 6.1.5.1.
3)
Repeat the measurement of the DUT on the left and right ears of the head phantom using the left and right hand phantom for low, mid and high channels.

4)
Calculate the average and minimum TRP as per Subclause 6.1.5.2.
<Unchange skipped>

6.1.6
Total Radiated Power (TRP) for E-UTRA TDD using Head and Hand Phantom 

Editor’s notes: This subclause is incomplete. The following items are missing or incomplete:

· Table 6.1.6.2-1 and 6.1.6.5-1 as they are not specified in TS 37.144 yet

· 
6.1.6.1
Definition and applicability

The Total Radiated Power (TRP) is a measure of how much power the antenna actually radiates, when non-idealities such as mismatch and losses in the antenna are taken into account.  The TRP is defined as the integral of the power transmitted in different directions over the entire radiation sphere:
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Using 
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-polarization component of the gain pattern for the handset antenna measured at the frequency 
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 is the solid angle describing the direction. 
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is the transmit power level of the handset so that 
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is the actually transmitted power-level, also known as EIRP, in the 
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-polarization and in the direction 
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 for frequency 
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The above equation may be written in "gain" form, that is, the TRP given by PTRP is normalized to the transmitted power 
[image: image55.wmf]tx

P

. This is the total radiation efficiency, which can also be denoted as Total Radiated Power Gain, TRPG,  
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In practice discrete samples of 
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 are measured and used to approximate the integral so that the TRP is computed as
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Or, by using the relation 
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In gain form the TRP can be expressed as:
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In these formulas 
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When measuring power radiated by active devices, expressing the data in terms of EIRP is more appropriate. The upper form of the TRP formulas (which includes EIRP terms) will be used in the data processing.
The TRP can also be calculated from Rayleigh faded samples of the total power transmitted from the UE. The measurement of transmitter performance in an isotropic Rayleigh fading environment is based on sampling the radiated power of the UE for a discrete number of field combinations in the chamber. The average value of these statistically distributed samples is proportional to the TRP and by calibrating the average power transfer function, an absolute value of the TRP can be obtained. Thus
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where 
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 is the reference power transfer function for fixed measurement antenna n, 
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 is the reflection coefficient for fixed measurement antenna n and 
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 is the path loss in the cables connecting the measurement receiver to fixed measurement antenna n. These parameters are calculated from the calibration measurement and are further discussed in 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 
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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 LTE UEs independent of release.

<Unchange skipped>

6.1.6.4.3
Procedure, reverberation chamber method


1)
Follow Steps 1 and 2 in section 6.2.2.4.2 of 3GPP TS 36.521-1 [2] and ensure that the DUT transmits with its maximum power.
2)
Measure a sufficient number of independent samples (see Subclause 4.5) of 
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 using a test system having characteristics as described in Annex A. Calculate TRP using equations from Subclause 6.1.6.1.
3)
Repeat the measurement of the DUT on the left and right ears of the head phantom using the left and right hand phantom for low, mid and high channels.

4)
Calculate the average and minimum TRP as per Subclause 6.1.6.2.
<Unchange skipped>

6.3.1
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 6.3.1.2-1 and 6.3.1.5-2 as they are not specified in TS 37.144 yet

· 
<Unchange skipped>

6.3.1.4.3
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 and configure the LEE according to Subclause 4.3.5.
4)
Measure a sufficient number of independent samples (see Subclause 4.5) of 
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 using a test system having characteristics as described in Annex A.

5)
Calculate TRP using equations from Subclause 6.3.1.1.

NOTE 1:
The measurement procedure is based on the measurement of the total power radiated from the UE 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.
<Unchange skipped>

6.3.2
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 6.3.2.2-1 and 6.3.2.5-2 as they are not specified in TS 37.144 yet

· 
<Unchange skipped>

6.3.2.4.3
Procedure, reverberation chamber method


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 a sufficient number of independent samples (see Subclause 4.5) of 
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 using a test system having characteristics as described in Annex A.

5)
Calculate TRP using equations from Subclause 6.3.2.1.

NOTE 1:
The measurement procedure is based on the measurement of the total power radiated from the UE 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.
<Unchange skipped>

6.3.3
Total Radiated Power (TRP) for E-UTRA FDD using LEE
Editor’s notes: This subclause is incomplete. The following items are missing or incomplete:

· Table 6.3.3.2-1 and 6.3.3.5-1 as they are not specified in TS 37.144 yet

· 
· Applicability

6.3.3.1
Definition and applicability

The Total Radiated Power (TRP) is a measure of how much power the antenna actually radiates, when non-idealities such as mismatch and losses in the antenna are taken into account.  The TRP is defined as the integral of the power transmitted in different directions over the entire radiation sphere:
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Using 
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-polarization component of the gain pattern for the handset antenna measured at the frequency 
[image: image89.wmf]f

, where 
[image: image90.wmf]W
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is the transmit power level of the handset so that 
[image: image92.wmf])

;

(

f

G

P

tx

W

y

is the actually transmitted power-level, also known as EIRP, in the 
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-polarization and in the direction 
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 for frequency 
[image: image95.wmf]f

.

The above equation may be written in "gain" form, that is, the TRP given by PTRP is normalized to the transmitted power 
[image: image96.wmf]tx

P

. This is the total radiation efficiency, which can also be denoted as Total Radiated Power Gain, TRPG,  
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In practice discrete samples of 
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 are measured and used to approximate the integral so that the TRP is computed as
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Or, by using the relation 
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In gain form the TRP can be expressed as:
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In these formulas 
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-angles, respectively, and the number of samples in the 
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-angles are given by 
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, respectively.  The sampling points of the sphere are given by  
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.  The sampling intervals are discussed further in Section 4.4. 

When measuring power radiated by active devices, expressing the data in terms of EIRP is more appropriate. The upper form of the TRP formulas (which includes EIRP terms) will be used in the data processing.
The TRP can also be calculated from Rayleigh faded samples of the total power transmitted from the UE. The measurement of transmitter performance in an isotropic Rayleigh fading environment is based on sampling the radiated power of the UE 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 
[image: image119.wmf]m

n

S

,

,

21

 is sample number m of the complex transfer function measured with fixed measurement antenna n and 
[image: image120.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).
[Applicability is TBD]
<Unchange skipped>

6.3.3.4.3
Procedure, reverberation chamber method


1)
Follow Steps 1 and 2 in section 6.2.2.4.2 of 3GPP TS 36.521-1 [2] and ensure that the DUT transmits with its maximum power.
2)
Measure a sufficient number of independent samples (see Subclause 4.5) of 
[image: image121.wmf]m

n

S

,

,
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 using a test system having characteristics as described in Annex A. Calculate TRP using equations from Subclause 6.3.3.1.
3)
Repeat the measurement of the DUT for low, mid and high channels.

4)
Calculate the average and minimum TRP as per Subclause 6.3.3.2.
<Unchange skipped>

6.3.4
Total Radiated Power (TRP) for E-UTRA TDD using LEE
Editor’s notes: This subclause is incomplete. The following items are missing or incomplete:

· Table 6.3.4.2-1 and 6.3.4.5-1 as they are not specified in TS 37.144 yet

· 
· Applicability

6.3.4.1
Definition and applicability

The Total Radiated Power (TRP) is a measure of how much power the antenna actually radiates, when non-idealities such as mismatch and losses in the antenna are taken into account.  The TRP is defined as the integral of the power transmitted in different directions over the entire radiation sphere:
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Using 
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-polarization component of the gain pattern for the handset antenna measured at the frequency 
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 is the solid angle describing the direction. 
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is the transmit power level of the handset so that 
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is the actually transmitted power-level, also known as EIRP, in the 
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-polarization and in the direction 
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 for frequency 
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.

The above equation may be written in "gain" form, that is, the TRP given by PTRP is normalized to the transmitted power 
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P

. This is the total radiation efficiency, which can also be denoted as Total Radiated Power Gain, TRPG,  
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In practice discrete samples of 
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 are measured and used to approximate the integral so that the TRP is computed as
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Or, by using the relation 
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In gain form the TRP can be expressed as:
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In these formulas 
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When measuring power radiated by active devices, expressing the data in terms of EIRP is more appropriate. The upper form of the TRP formulas (which includes EIRP terms) will be used in the data processing.
The TRP can also be calculated from Rayleigh faded samples of the total power transmitted from the UE. The measurement of transmitter performance in an isotropic Rayleigh fading environment is based on sampling the radiated power of the UE 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: image159.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).
[Applicability is TBD]
<Unchange skipped>

6.3.4.4.3
Procedure, reverberation chamber method


1)
Follow Steps 1 and 2 in section 6.2.2.4.2 of 3GPP TS 36.521-1 [2] and ensure that the DUT transmits with its maximum power.
2)
Measure a sufficient number of independent samples (see Subclause 4.5) of 
[image: image160.wmf]m

n

S

,

,

21

 using a test system having characteristics as described in Annex A. Calculate TRP using equations from Subclause 6.3.4.1.
3)
Repeat the measurement of the DUT for low, mid and high channels.

4)
Calculate the average and minimum TRP as per Subclause 6.3.4.2.
<Unchange skipped>

7.1.3
Total Radiated Sensitivity (TRS) for UTRA FDD using Head and Hand Phantom

Editor’s notes: This subclause is incomplete. The following items are missing or incomplete:

· Table 7.1.3.2-1 and 7.1.3.5-1 as they are not specified in TS 37.144 yet

· 
· The Subclause number from Annex E

7.1.3.1
Definition and applicability

The Total Radiated Sensitivity is defined as:
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Where the effective isotropic sensitivity (EIS) is defined as the power available at the antenna output such as the sensitivity threshold is achieved for each polarization. 
[image: image162.wmf]W

 is the solid angle describing the direction, 
[image: image163.wmf]f

 is frequency. 
[image: image164.wmf]q

 and 
[image: image165.wmf]j

 are the orthogonal polarizations.
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In these formulas 
[image: image167.wmf]N

 and 
[image: image168.wmf]M

 are the number of sampling intervals for theta and phi. 
[image: image169.wmf]n

q

 and 
[image: image170.wmf]m

j

 are the measurement angles. The sampling intervals are discussed further in Subcluase 4.4.
The TRS can also be calculated from measurements in a Rayleigh fading 3 dimensional isotropic environment with in average uniform elevation and azimuth distribution. The calculation of the TRS is in this case based on searching for the lowest power received by the UE/MS for a discrete number of field combinations in the chamber that gives a BER that is better than the specified target BER level. By calibrating the average power transfer function, an absolute value of the TRS can be obtained. The following expression can be used to find the TRS.
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where 
[image: image172.wmf]n
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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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where 
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 is the m:th value of the transfer function for fixed measurement antenna n, which gives the BER threshold. 
[image: image178.wmf]M

 is the total number of values of the BER threshold power measured for each fixed measurement antenna.
The requirements and this test apply to all types of UTRA for the FDD UE for Release 7 and later releases.

<Unchange skipped>

7.1.3.4.3
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)
Set the base station simulator to a specific output power and perform a BER measurement.

4)
Increase or decrease the base station output power as needed, and repeat step 4 until the lowest output power is found that gives a BER value of 1% ( 0.2% using 20000 or more bits, see Annex E [TBD]. This corresponds to 
[image: image179.wmf]2
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.

NOTE: To meet BER value target DL power level can be changed using user’s freely selectable algorithm. 

5)
Repeat step 3 and 4 until a sufficient number of independent samples (see section 4.5) of 
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 has been measured.

7)
Calculate TRS using equations from chapter 7.1.3.1.
NOTE 1:
The measurement procedure is based on samples of the received signal power at the UE/MS from a full 3 dimensional isotropic environment with uniform elevation and azimuth field distribution.  The power received by the DUT is undergoing Rayleigh fading and is transmitted by the fixed measurement antennas. Moreover, it is important that the samples collected are independent, in order to get sufficient accuracy of the estimated TRS value.

The Total Radiated Sensitivity is calculated from the measured data by equation in Subclause 7.1.3.2.
<Unchange skipped>

7.1.4
Total Radiated Sensitivity (TRS) for UTRA LCR TDD using Head and Hand Phantom

Editor’s notes: This subclause is incomplete. The following items are missing or incomplete:

· Table 7.1.4.2-1 and 7.1.5.4-1 as they are not specified in TS 37.144 yet

· 
· The Subclause number from Annex E

7.1.4.1
Definition and applicability

The Total Radiated Sensitivity is defined as:


[image: image181.wmf]W

ú

ú

û

ù

ê

ê

ë

é

W

+

W

=

ò

d

f

EIS

f

EIS

TRS

)

;

(

1

)

;

(

1

4

j

q

p


Where the effective isotropic sensitivity (EIS) is defined as the power available at the antenna output such as the sensitivity threshold is achieved for each polarization. 
[image: image182.wmf]W

 is the solid angle describing the direction, 
[image: image183.wmf]f

 is frequency. 
[image: image184.wmf]q

 and 
[image: image185.wmf]j

 are the orthogonal polarizations.
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In these formulas 
[image: image187.wmf]N

 and 
[image: image188.wmf]M

 are the number of sampling intervals for theta and phi. 
[image: image189.wmf]n

q

 and 
[image: image190.wmf]m

j

 are the measurement angles. The sampling intervals are discussed further in Subcluase 4.4.
The TRS can also be calculated from measurements in a Rayleigh fading 3 dimensional isotropic environment with in average uniform elevation and azimuth distribution. The calculation of the TRS is in this case based on searching for the lowest power received by the UE/MS for a discrete number of field combinations in the chamber that gives a BER that is better than the specified target BER level. By calibrating the average power transfer function, an absolute value of the TRS can be obtained. The following expression can be used to find the TRS.
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where 
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 is the reference power transfer function for fixed measurement antenna n, 
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 is the 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 calculated by using the following equation:
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where 
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 is the m:th value of the transfer function for fixed measurement antenna n, which gives the BER threshold. 
[image: image198.wmf]M

 is the total number of values of the BER threshold power measured for each fixed measurement antenna.
The requirements and this test apply to all types of UTRA for the TDD UE for Release 8 and later releases.

<Unchange skipped>

7.1.4.4.3
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)
Set the base station simulator to a specific output power and perform a BER measurement.

4)
Increase or decrease the base station output power as needed, and repeat step 4 until the lowest output power is found that gives a BER value of 1% ( 0.2% using 20000 or more bits, see Annex E [TBD]. This corresponds to 
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NOTE: To meet BER value target DL power level can be changed using user’s freely selectable algorithm. 

5)
Repeat step 3 and 4 until a sufficient number of independent samples (see section 4.5) of 
[image: image200.wmf]2
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 has been measured.

7)
Calculate TRS using equations from chapter 7.1.4.1.
NOTE 1:
The measurement procedure is based on samples of the received signal power at the UE/MS from a full 3 dimensional isotropic environment with uniform elevation and azimuth field distribution.  The power received by the DUT is undergoing Rayleigh fading and is transmitted by the fixed measurement antennas. Moreover, it is important that the samples collected are independent, in order to get sufficient accuracy of the estimated TRS value.

The Total Radiated Sensitivity is calculated from the measured data by equation in Subclause 7.1.4.2.
<Unchange skipped>

7.1.5
Total Radiated Sensitivity (TRS) for E-UTRA FDD Head and Hand Phantom
Editor’s notes: This subclause is incomplete. The following items are missing or incomplete:

· Table 7.1.5.2-1 and 7.1.5.5-1 as they are not specified in TS 37.144 yet

· 
7.1.5.1
Definition and applicability

The Total Radiated Sensitivity is defined as:
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Where the effective isotropic sensitivity (EIS) is defined as the power available at the antenna output such as the sensitivity threshold is achieved for each polarization. 
[image: image202.wmf]W

 is the solid angle describing the direction, 
[image: image203.wmf]f

 is frequency. 
[image: image204.wmf]q

 and 
[image: image205.wmf]j

 are the orthogonal polarizations.
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In these formulas 
[image: image207.wmf]N

 and 
[image: image208.wmf]M

 are the number of sampling intervals for theta and phi. 
[image: image209.wmf]n

q

 and 
[image: image210.wmf]m

j

 are the measurement angles. The sampling intervals are discussed further in Subcluase 4.4.
The TRS can also be calculated from measurements in a Rayleigh fading 3 dimensional isotropic environment with in average uniform elevation and azimuth distribution. The calculation of the TRS is in this case based on searching for the lowest power received by the UE/MS for a discrete number of field combinations in the chamber that gives a BER that is better than the specified target BER level. By calibrating the average power transfer function, an absolute value of the TRS can be obtained. The following expression can be used to find the TRS.
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where 
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 is the reference power transfer function for fixed measurement antenna n, 
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 is the reflection coefficient for fixed measurement antenna n and 
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 is the path loss in the cables connecting the measurement receiver to fixed measurement antenna n. These parameters are calculated from the calibration measurement and are further discussed in Annex B.2. 
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 is calculated by using the following equation:


[image: image216.wmf]M

S

P

M

m

thres

m

n

n

thres

å

=

=

1

2

,

,

21

,

1


where 
[image: image217.wmf]thres

m

n

S

,

,

21

 is the m:th value of the transfer function for fixed measurement antenna n, which gives the BER threshold. 
[image: image218.wmf]M

 is the total number of values of the BER threshold power measured for each fixed measurement antenna.
The requirements and this test apply to all types of LTE UEs independent of release.
<Unchange skipped>

7.1.5.4.3
Procedure, reverberation chamber method


1)
Follow Steps 1 through 4 in Subclause 7.3.4.2 of 3GPP TS 36.521-1 [2], with the following exception: measure the receiver sensitivity by adjusting the downlink signal level to 95 % throughput of the maximum throughput of the reference channel (maximum throughput is per Appendix A of 3GPP TS 36.521-1 [2]). 
2)
Repeat Step 1) until a sufficient number of independent samples (see section 4.5) of 
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 has been measured. The minimum RF power level resulting in a data throughput greater than or equal to 95 % throughput of the maximum throughput for each sample shall be recorded for calculating the TRS according to Subclause 7.1.5.1.
3)
Repeat the measurement of the DUT on the left and right ears of the head phantom using the left and right hand phantom for low, mid and high channels.
4)
Calculate the average and minimum TRS as per Subclause 7.1.5.2.
<Unchange skipped>

7.1.6
Total Radiated Sensitivity (TRS) for E-UTRA TDD using Head and Hand Phantom
Editor’s notes: This subclause is incomplete. The following items are missing or incomplete:

· Table 7.1.6.2-1 and 7.1.6.5-1 as they are not specified in TS 37.144 yet

· 
7.1.6.1
Definition and applicability

The Total Radiated Sensitivity is defined as:
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Where the effective isotropic sensitivity (EIS) is defined as the power available at the antenna output such as the sensitivity threshold is achieved for each polarization. 
[image: image221.wmf]W

 is the solid angle describing the direction, 
[image: image222.wmf]f

 is frequency. 
[image: image223.wmf]q

 and 
[image: image224.wmf]j

 are the orthogonal polarizations.
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In these formulas 
[image: image226.wmf]N

 and 
[image: image227.wmf]M

 are the number of sampling intervals for theta and phi. 
[image: image228.wmf]n

q

 and 
[image: image229.wmf]m

j

 are the measurement angles. The sampling intervals are discussed further in Subcluase 4.4.
The TRS can also be calculated from measurements in a Rayleigh fading 3 dimensional isotropic environment with in average uniform elevation and azimuth distribution. The calculation of the TRS is in this case based on searching for the lowest power received by the UE/MS for a discrete number of field combinations in the chamber that gives a BER that is better than the specified target BER level. By calibrating the average power transfer function, an absolute value of the TRS can be obtained. The following expression can be used to find the TRS.
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where 
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 is the reference power transfer function for fixed measurement antenna n, 
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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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 is calculated by using the following equation:
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where 
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 is the m:th value of the transfer function for fixed measurement antenna n, which gives the BER threshold. 
[image: image237.wmf]M

 is the total number of values of the BER threshold power measured for each fixed measurement antenna.
The requirements and this test apply to all types of LTE UEs independent of release.

<Unchange skipped>

7.1.6.4.3
Procedure, reverberation chamber method


1)
Follow Steps 1 through 4 in Subclause 7.3.4.2 of 3GPP TS 36.521-1 [2], with the following exception: measure the receiver sensitivity by adjusting the downlink signal level to 95 % throughput of the maximum throughput of the reference channel (maximum throughput is per Appendix A of 3GPP TS 36.521-1 [2]). 
2)
Repeat Step 1) until a sufficient number of independent samples (see section 4.5) of 
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 has been measured. The minimum RF power level resulting in a data throughput greater than or equal to 95 % throughput of the maximum throughput for each sample shall be recorded for calculating the TRS according to Subclause 7.1.6.1.
3)
Repeat the measurement of the DUT on the left and right ears of the head phantom using the left and right hand phantom for low, mid and high channels.

4)
Calculate the average and minimum TRS as per Subclause 7.1.6.2.
<Unchange skipped>

7.3
Performance for LEE

7.3.1
Total Radiated Sensitivity (TRS) for UTRA FDD using LEE
Editor’s notes: This subclause is incomplete. The following items are missing or incomplete:

· Table 7.3.1.2-1 and 7.3.1.5-1 as they are not specified in TS 37.144 yet

· 
· The Subclause number from Annex E

· Applicability

7.3.1.1
Definition and applicability

The Total Radiated Sensitivity is defined as:
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Where the effective isotropic sensitivity (EIS) is defined as the power available at the antenna output such as the sensitivity threshold is achieved for each polarization. 
[image: image240.wmf]W

 is the solid angle describing the direction, 
[image: image241.wmf]f

 is frequency. 
[image: image242.wmf]q

 and 
[image: image243.wmf]j

 are the orthogonal polarizations.
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In these formulas 
[image: image245.wmf]N

 and 
[image: image246.wmf]M

 are the number of sampling intervals for theta and phi. 
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q

 and 
[image: image248.wmf]m
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 are the measurement angles. The sampling intervals are discussed further in Subcluase 4.4.
The TRS can also be calculated from measurements in a Rayleigh fading 3 dimensional isotropic environment with in average uniform elevation and azimuth distribution. The calculation of the TRS is in this case based on searching for the lowest power received by the UE/MS for a discrete number of field combinations in the chamber that gives a BER that is better than the specified target BER level. By calibrating the average power transfer function, an absolute value of the TRS can be obtained. The following expression can be used to find the TRS.
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where 
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 is the reference power transfer function for fixed measurement antenna n, 
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 is the 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 calculated by using the following equation:
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where 
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 is the m:th value of the transfer function for fixed measurement antenna n, which gives the BER threshold. 
[image: image256.wmf]M

 is the total number of values of the BER threshold power measured for each fixed measurement antenna.
[Applicability is TBD]
<Unchange skipped>

7.3.1.4.3
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)
Set the base station simulator to a specific output power and perform a BER measurement.

4)
Increase or decrease the base station output power as needed, and repeat step 4 until the lowest output power is found that gives a BER value of 1% ( 0.2% using 20000 or more bits, see Annex E [TBD]. This corresponds to 
[image: image257.wmf]2
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NOTE: To meet BER value target DL power level can be changed using user’s freely selectable algorithm. 

5)
Repeat step 3 and 4 until a sufficient number of independent samples (see section 4.5) of 
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 has been measured.

7)
Calculate TRS using equations from chapter 7.3.1.1.
NOTE 1:
The measurement procedure is based on samples of the received signal power at the UE/MS from a full 3 dimensional isotropic environment with uniform elevation and azimuth field distribution.  The power received by the DUT is undergoing Rayleigh fading and is transmitted by the fixed measurement antennas. Moreover, it is important that the samples collected are independent, in order to get sufficient accuracy of the estimated TRS value.
The Total Radiated Sensitivity is calculated from the measured data by equation in Subclause 7.3.1.2.

<Unchange skipped>

7.3.2
Total Radiated Sensitivity (TRS) for UTRA LCR TDD using LEE
Editor’s notes: This subclause is incomplete. The following items are missing or incomplete:

· Table 7.3.2.2-1 and 7.3.2.5-1 as they are not specified in TS 37.144 yet

· 
· The Subclause number from Annex E

· Applicability

7.3.2.1
Definition and applicability

The Total Radiated Sensitivity is defined as:
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Where the effective isotropic sensitivity (EIS) is defined as the power available at the antenna output such as the sensitivity threshold is achieved for each polarization. 
[image: image260.wmf]W

 is the solid angle describing the direction, 
[image: image261.wmf]f

 is frequency. 
[image: image262.wmf]q

 and 
[image: image263.wmf]j

 are the orthogonal polarizations.
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In these formulas 
[image: image265.wmf]N

 and 
[image: image266.wmf]M

 are the number of sampling intervals for theta and phi. 
[image: image267.wmf]n

q

 and 
[image: image268.wmf]m

j

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

The TRS can also be calculated from measurements in a Rayleigh fading 3 dimensional isotropic environment with in average uniform elevation and azimuth distribution. The calculation of the TRS is in this case based on searching for the lowest power received by the UE/MS for a discrete number of field combinations in the chamber that gives a BER that is better than the specified target BER level. By calibrating the average power transfer function, an absolute value of the TRS can be obtained. The following expression can be used to find the TRS.
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where 
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 is the reference power transfer function for fixed measurement antenna n, 
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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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 is calculated by using the following equation:
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where 
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 is the m:th value of the transfer function for fixed measurement antenna n, which gives the BER threshold. 
[image: image276.wmf]M

 is the total number of values of the BER threshold power measured for each fixed measurement antenna.
 [Applicability is TBD]

<Unchange skipped>

7.3.2.4.3
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)
Set the base station simulator to a specific output power and perform a BER measurement.

4)
Increase or decrease the base station output power as needed, and repeat step 4 until the lowest output power is found that gives a BER value of 1% ( 0.2% using 20000 or more bits, see Annex E [TBD]. This corresponds to 
[image: image277.wmf]2
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NOTE: To meet BER value target DL power level can be changed using user’s freely selectable algorithm. 

5)
Repeat step 3 and 4 until a sufficient number of independent samples (see section 4.5) of 
[image: image278.wmf]2
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 has been measured.

7)
Calculate TRS using equations from chapter 7.3.2.1.
NOTE 1:
The measurement procedure is based on samples of the received signal power at the UE/MS from a full 3 dimensional isotropic environment with uniform elevation and azimuth field distribution.  The power received by the DUT is undergoing Rayleigh fading and is transmitted by the fixed measurement antennas. Moreover, it is important that the samples collected are independent, in order to get sufficient accuracy of the estimated TRS value.
The Total Radiated Sensitivity is calculated from the measured data by equation in Subclause 7.3.2.2.
<Unchange skipped>

7.3.3
Total Radiated Sensitivity (TRS) for E-UTRA FDD using LEE
Editor’s notes: This subclause is incomplete. The following items are missing or incomplete:

· Table 7.3.3.2-1 and 7.3.3.5-1 as they are not specified in TS 37.144 yet

· 
· Applicability 

7.3.3.1
Definition and applicability

The Total Radiated Sensitivity is defined as:
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Where the effective isotropic sensitivity (EIS) is defined as the power available at the antenna output such as the sensitivity threshold is achieved for each polarization. 
[image: image280.wmf]W

 is the solid angle describing the direction, 
[image: image281.wmf]f

 is frequency. 
[image: image282.wmf]q

 and 
[image: image283.wmf]j

 are the orthogonal polarizations.
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In these formulas 
[image: image285.wmf]N

 and 
[image: image286.wmf]M

 are the number of sampling intervals for theta and phi. 
[image: image287.wmf]n

q

 and 
[image: image288.wmf]m

j

 are the measurement angles. The sampling intervals are discussed further in Subcluase 4.4.
The TRS can also be calculated from measurements in a Rayleigh fading 3 dimensional isotropic environment with in average uniform elevation and azimuth distribution. The calculation of the TRS is in this case based on searching for the lowest power received by the UE/MS for a discrete number of field combinations in the chamber that gives a BER that is better than the specified target BER level. By calibrating the average power transfer function, an absolute value of the TRS can be obtained. The following expression can be used to find the TRS.
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where 
[image: image290.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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 is calculated by using the following equation:
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where 
[image: image295.wmf]thres
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 is the m:th value of the transfer function for fixed measurement antenna n, which gives the BER threshold. 
[image: image296.wmf]M

 is the total number of values of the BER threshold power measured for each fixed measurement antenna.
 [Applicability is TBD]
<Unchange skipped>

7.3.3.4.3
Procedure, reverberation chamber method


1)
Follow Steps 1 through 4 in Subclause 7.3.4.2 of 3GPP TS 36.521-1 [2], with the following exception: measure the receiver sensitivity by adjusting the downlink signal level to 95 % throughput of the maximum throughput of the reference channel (maximum throughput is per Appendix A of 3GPP TS 36.521-1 [2]). 
2)
Repeat Step 1) until a sufficient number of independent samples (see section 4.5) of 
[image: image297.wmf]2
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 has been measured. The minimum RF power level resulting in a data throughput greater than or equal to 95 % throughput of the maximum throughput for each sample shall be recorded for calculating the TRS according to Subclause 7.3.3.1.
3)
Repeat the measurement of the DUT for low, mid and high channels.

4)
Calculate the average and minimum TRS as per Subclause 7.3.3.2.
<Unchange skipped>

7.3.4
Total Radiated Sensitivity (TRS) for E-UTRA TDD using LEE
 Editor’s notes: This subclause is incomplete. The following items are missing or incomplete:

· Table 7.3.4.2-1 and 7.3.4.5-1 as they are not specified in TS 37.144 yet

· 
· Applicability

7.3.4.1
Definition and applicability

The Total Radiated Sensitivity is defined as:
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Where the effective isotropic sensitivity (EIS) is defined as the power available at the antenna output such as the sensitivity threshold is achieved for each polarization. 
[image: image299.wmf]W

 is the solid angle describing the direction, 
[image: image300.wmf]f

 is frequency. 
[image: image301.wmf]q

 and 
[image: image302.wmf]j

 are the orthogonal polarizations.
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In these formulas 
[image: image304.wmf]N

 and 
[image: image305.wmf]M

 are the number of sampling intervals for theta and phi. 
[image: image306.wmf]n

q

 and 
[image: image307.wmf]m

j

 are the measurement angles. The sampling intervals are discussed further in Subcluase 4.4.
The TRS can also be calculated from measurements in a Rayleigh fading 3 dimensional isotropic environment with in average uniform elevation and azimuth distribution. The calculation of the TRS is in this case based on searching for the lowest power received by the UE/MS for a discrete number of field combinations in the chamber that gives a BER that is better than the specified target BER level. By calibrating the average power transfer function, an absolute value of the TRS can be obtained. The following expression can be used to find the TRS.
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where 
[image: image309.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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 is calculated by using the following equation:
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where 
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 is the m:th value of the transfer function for fixed measurement antenna n, which gives the BER threshold. 
[image: image315.wmf]M

 is the total number of values of the BER threshold power measured for each fixed measurement antenna.
 [Applicability is TBD]
<Unchange skipped>

7.3.4.4.3
Procedure, reverberation chamber method


1)
Follow Steps 1 through 4 in Subclause 7.3.4.2 of 3GPP TS 36.521-1 [2], with the following exception: measure the receiver sensitivity by adjusting the downlink signal level to 95 % throughput of the maximum throughput of the reference channel (maximum throughput is per Appendix A of 3GPP TS 36.521-1 [2]). 
2)
Repeat Step 1) until a sufficient number of independent samples (see section 4.5) of 
[image: image316.wmf]2
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 has been measured. The minimum RF power level resulting in a data throughput greater than or equal to 95 % throughput of the maximum throughput for each sample shall be recorded for calculating the TRS according to Subclause 7.3.4.1.
3)
Repeat the measurement of the DUT for low, mid and high channels.

4)
Calculate the average and minimum TRS as per Subclause 7.3.4.2.
<End of Change>

3. Conclusion

If the proposals are agreed by RAN WG5 we recommended it’s included in the next release of TS 37.544.
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