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1 Introduction

In 3GPP TSG RAN WG4 Meeting #35 the TR draft for UE antenna performance in [1] was approved. The TR contains the COST report and describes the methods for WCDMA UE TRS and TRP measurements.  

It’s well known fact that over the air receiver sensitivity measurement is significantly slower to perform than transmitter output power measurement. Typically 90% of measurement time is used for sensitivity testing.

The idea of using higher data rate bearers in TRS testing [2] was introduced in the 3GPP TSG RAN WG4 Meeting #35 and more accurate test description is presented in following sections. 

2 Discussion on test time improvement for TRS measurement

So called FULL TRS measurement could be developed faster by utilizing faster data rate supported by the phone. With higher data rate bearer the BER search can be done quicker as time to receive necessary number of bits for reliable BER estimate is shorter. In order to maintain the reference to conducted sensitivity, and to set the radiated performance requirements for speech only, a calibration method, which would give the difference between the speech and, for example, 144kbps sensitivity, can be used. The actual measurement result obtained using higher data rate signal can be converted to speech sensitivity using the correction factor got from the calibration measurement.

Another way to speed up the testing is to minimize the need to move the DUT and phantom or the measurement antenna and system simulator or DUT re-configurations. This can be achieved by using same setup for both TRS and TRP measurements as then both of them can be measured simultaneously at each test position.

2.1 The common test setup for TRS and TRP testing

New settings for TRP measurements to get same settings for TRP & TRS measurements:

· Power control algorithm 2

· More stable output power

· As the TRS is tested at the same time with TRP there will be errors in received power control commands during the test. With PCA2 the impact of random PC errors to the UE output power can be minimized.

· UE output power must be set to the maximum level during TRS test as in 25.101 sensitivity test case

· Compressed mode OFF

· Transmission gaps disabled

· Test loop mode 2 

· To enable TRS measurement

· In test loop mode 2 both the received bits and the CRC are looped back to Node B simulator

· Data pattern PN15

2.2 Description of TRS testing

Full TRS measurement:

Sensitivity level is measured using 12.2kbps DL (and UL) reference channel for every position and polarization of the phone by sweeping the power transmitted by system simulator until the BER reaches target value of 1.0% ( 0.2% using at least 20000 bits. 

Faster full TRS measurement:

In order to speed up the measurement the DL and UL bit rate can be increased to maximum supported by the UE. When higher than 12.2kbps data rate is used also the BER target can be changed to 10.0% ( 2.0% using at least 20000 bits. If modified bit rate or BER target is used the effect of this modification (
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) must be measured at least in 4 different positions for each measured frequency (low, mid high). Reference sensitivity measurements must be done in a sequential order for each position.

The sensitivity level with faster method is done similarly as the full TRS measurement with 12.2kbps reference channel. The sensitivity level is measured with higher data rate and BER target for every position and polarization of the phone by sweeping the power transmitted by system simulator until the BER reaches target value. In addition to the higher data rate measurement the sensitivity level with 12.2kbps DL reference channel needs to be measured as in standard method in positions that are used in definition of the correction factor 
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  is difference in sensitivity (in dBs) between 12.2kbps DL reference channel (1.0% ( 0.2% BER using at least 20000 bits) and higher data rate DL channel with higher BER target measured at frequency a and position b. 
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 for frequency a is then dB average of measured 
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s where b= 1…bmax and bmax≥4.

At the end of the test sequence 
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for each measured frequency must be added to the measured higher data rate sensitivity level to get the corresponding 12.2kbps 1% sensitivity level.

Accuracy considerations:

In order to analyze the impact of higher data rate to test accuracy simulations were performed around 1% BER target. The simulations show that the use of higher data rate makes the measurement more accurate as the BER / EbNo relation becomes steeper. Although the analysis was not done for 10% operation point the above conclusion is still expected to be valid for TRS test, which could be characterized as noise limited AWGN channel.
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Figure 1. BER vs Eb/No delta for RAKE (12.2, 64, 144, 384kbps down link channels) 

In addition to the simulations the faster TRS measurement was performed for 2 different WCDMA phones to get an understanding of the accuracy is real measurement.

The correction factor (Sen for the different phone models in every measured position and polarization was measured with different data rates and the results are shown in figures below.
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Figure 2. (Sen measured at every position and polarization

The average (Sen and the standard deviation of the measurement results are collected into the tables below:
Table 1. Model 1, (P, 144kbps 10% BER vs 12.2kbps 1% BER

	Channel
	10562
	10696
	10830

	Avg Ref
	-7.85
	-7.85
	-7.83

	Ref std:
	0.245
	0.239
	0.194


Table 2. Model 2, (P, 144kbps 10% BER vs 12.2kbps 1% BER
	Channel
	10562
	10696
	10830

	Avg Ref
	-7.95
	-7.85
	-7.73

	Ref std:
	0.286
	0.280
	0.341


From the statistical data above we can conclude that if the (Sen is measured at least in four positions as proposed the accuracy of the method is in 95% of the cases better than
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3 Conclusion

A method that enables significantly faster full TRS measurement for WCDMA UE has been presented. The accuracy of the proposed method has been analysed and the results show that in 95% of the cases the difference to full TRS measurement done with 12.2kbps data rate is less than 0.34dB.

A draft text proposal to TR on antenna performance can be found from APPENDIX A.
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ANNEX A, DRAFT Text proposal to TR on antenna performance

9.1
Technical Background Information

In the WCDMA system there are two operation modes called FDD (Frequency Division Duplex) and TDD (Time Division Duplex) [44]. The FDD mode is considered in this document. Data are transmitted simultaneously in uplink and downlink to/from different users at a given frequency.

WCDMA FDD mode is designed to operate with 190MHz Tx-Rx frequency separation, and operates in Europe in the following paired bands:

1920 – 1980 MHz: 
Up-link (UE transmits)
2110 – 2170 MHz:
Down-link (Node B transmits)

The channel separation is 200 kHz, which means that the center frequency is an integer multiple of 200 kHz. In FDD mode the lowest RF uplink channel is 9612, which is equivalent to 1922.4 MHz. The middle RF uplink channel is 9750 (1950 MHz) and the highest RF uplink channel is 9888 (1977.6 MHz). The nominal frequency allocation for a single 3GPP WCDMA FDD channel is 5 MHz. The effective bandwidth for WCDMA is 3.84 MHz and with guard bands, the required bandwidth is 5 MHz.

Table 9.1 shows the UE power classes according to 3GPP TS25.101 specification [45], but normally the only power classes in use are 3 (high power data terminal including antenna gain 2dBi) and 4 (speech terminal) in the user equipment. 

Table 9.1. UE power classes according to 3GPP TS25.101, [45].

	Power Class
	Nominal maximum 

output power
	Tolerance

	1
	+33 dBm
	+1/-3 dB

	2
	+27 dBm
	+1/-3 dB

	3
	+24 dBm
	+1/-3 dB

	4
	+21 dBm
	± 2 dB


The UE transmitter has the capability of changing the output power with a step size of 1, 2 and 3 dB.
9.1.1
The common test setup for TRP and TRS testing

Common settings for TRP and TRS measurements are needed to enable simultaneous measurement of TRP & TRS:
· Power control algorithm 2

· More stable output power

· As the TRS is tested at the same time with TRP there will be errors in received power control commands during the test. With PCA2 the impact of random PC errors to the UE output power can be minimized.

· UE output power must be set to the maximum level during TRS test as in 25.101 sensitivity test case

· Compressed mode OFF

· Transmission gaps disabled

· Test loop mode 2 

· To enable TRS measurement

· In test loop mode 2 both the received bits and the CRC are looped back to Node B simulator

· Data pattern PN15

9.2
TRP measurement

Radio communications tester with WCDMA FDD option is used in the measurements to simulate a base station (BS) (also called as Node B in UMTS system) for establishing and maintaining the calls. The BS simulator is also used for controlling the transmit power level of the mobile phones.  Examples of such tester are R&S CMU200, AGILENT 8960 or ANRITSU.

The test procedure is based on a connection between the tester and the DUT on a Reference Measurement Channel (RMC) specified in [45]. In the RMC it is possible to carry out BER tests as well as measure the received power at the UE (so-called CPICH RSCP for Common Pilot Channel Received Signal Code Power). The RMC permits also to vary the bit rate of the connection from 12.2 kbps to 384 kbps with symmetric or asymmetric traffic depending on the terminal capability. The presented test procedure is based on 12.2 kbps data rate. A higher data rate may be used in future along with the further development of the test procedure.

The uplink measurement (TRP) algorithm measures the instantaneous maximum power by sending constant ‘power up command’ to the terminal. The mobile phone is commanded to transmit at full power so that output power variations due to the close loop power control are then avoided. 

Figure 9.1 shows an example test set-up for UMTS measurements. The filters are needed in the test set-up in order to avoid the coupling effects between the signals in the power splitter. Different filtered physical paths are shown in Figure 9.1. Using the same port for input and output on the communication tester has been discarded due to hardware restriction; indeed, the communication tester sensitivity on dual way port is much lower than single way port sensitivity. This is a typical problem of many existing BS simulators, which are still currently under development. Figure 9.1 represents a measurement set-up taking those problems into account. Splitter and filters will eventually be suppressed when it is possible to work only with one port of the BS simulator.

 Note: 
for practical reasons it may be most efficient to build a set-up that allows performing both 3G and 2G UE testing.
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Figure 9.1 Example UMTS measurement set-up. The RS CMU 200 should be replaced by BS/NB simulator.

The measurement is first initialised so that the mobile terminal is synchronised and registered with the pseudo-network emulated by the radio communications tester. To do that, signal from the Node B simulator is activated and an operator switches on the phone (in the anechoic room) so that the DUT will synchronise on start up. It is also possible to wait for a period of time if the mobile phone is already switched on, so it will synchronise itself. The mobile terminal is then fixed in the measurement position (in free space or beside the phantom). Since the established connection is a RMC, there is no need of answering a phone call (i.e. unlike in GSM). 

During the measurement the mobile terminal is controlled to transmit with full power. For all points on a spherical surface surrounding the mobile phone, the uplink received power is measured by the base station simulator. The base station simulator itself (Node B) should transmit at sufficiently high power level (e.g. 0 dBm) to ensure error-free connection in downlink.

9.3
TRS measurement

The TRS measurement is initialized in the same way as the TRP measurement: the mobile terminal is synchronised and registered with the pseudo-network emulated by the radio communications tester.

The downlink algorithm (TRS) bases its measurement on BER measurements. The aim is to determine the needed received power at UE (so-called target power or Ptarget) to achieve the BER target (e.g. 1%). 

Full TRS measurement:

Sensitivity level is measured using 12.2kbps DL (and UL) reference channel for every position and polarization of the phone by sweeping the power transmitted by system simulator until the BER reaches target value of 1.0% ( 0.2% using at least 20000 bits. 

In order to speed up the measurement the DL and UL bit rate can be increased to maximum supported by the UE. When higher than 12.2kbps data rate is used also the BER target can be changed to 10.0% ( 2.0% using at least 20000 bits. If modified bit rate or BER target is used the effect of this modification (
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) must be measured at least in 4 different positions for each measured frequency (low, mid high). Reference sensitivity measurements must be done in a sequential order for each position.

The sensitivity level with faster method is done similarly as the full TRS measurement with 12.2kbps reference channel. The sensitivity level is measured with higher data rate and BER target for every position and polarization of the phone by sweeping the power transmitted by system simulator until the BER reaches target value. In addition to the higher data rate measurement the sensitivity level with 12.2kbps DL reference channel needs to be measured as in standard method in positions that are used in definition of the correction factor 
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  is difference in sensitivity (in dBs) between 12.2kbps DL reference channel (1.0% ( 0.2% BER using at least 20000 bits) and higher data rate DL channel with higher BER target measured at frequency a and position b. 
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 for frequency a is then dB average of measured 
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s where b= 1…bmax and bmax≥4.

At the end of the test sequence 
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for each measured frequency must be added to the measured higher data rate sensitivity level to get the corresponding 12.2kbps 1% sensitivity level.
































_1186471123.unknown

_1186470890.unknown

_1186470923.unknown

_1186470944.unknown

_1186470907.unknown

_1186470781.unknown

