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1. Introduction

During the previous RAN4 meetings, there have been discussions on GSM/UMTS 900 TRP and TRS measurement values [1][2]. However, there were no agreements reached regarding the OTA performance requirements for UMTS900. This is undesirable as there will be commercial impacts to the successful launch of UMTS 900 services. 
The basic driver behind continuous UE antenna performance improvement is that if all UEs are properly equipped with a good antenna system, then substantial network capacity can be achieved. UMTS operating at lower than 2 GHz carrier frequency is known to provide better coverage due to its inherent signal propagation characteristics [3]. This would help to improve the existing UMTS 2100 coverage and provide substantial cost saving from the deployment cost. 

However, it was later found that there were challenges in the UMTS 900 handset design, particularly the OTA antenna performance for multi-mode/multi-band terminals, where OTA performance equivalent to UMTS 2100 may be difficult to achieve. In this contribution, we present some measurement results to show that realistic TRP and TRS values can be obtained from commercial UMTS 900 devices. 
2. OTA Measurement results
The OTA performance of UMTS 900 mobiles can be evaluated by using the 3-D radiation (Spherical) measurement method in a fully anechoic chamber. The measurement setup is as follows:
2.1. Measurement setup

Figure 2.1-1 shows the setup of the DUT in the anechoic chamber. The DUT is arranged in “speech mode” position using a human head phantom. However, measurements were performed both in talk position and “free-space” situations. 
Figure 2.1-1: Setup for UMTS 900 OTA measurements
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Additionally, the test parameters used during the measurement process are set according to 3GPP specification in [4]. Some of the parameters are highlighted in Table 2.1-1. 
Table 2.1-1: TRP/TRS parameters for UMTS 900 OTA measurements

	TRP/TRS Measurement Parameters
	Values

	Operating channel frequency (MHz) [high/medium/low]
	UL: [2712/2788/2863]

DL: [2937/3013/3088]

	Data throughput (kbps)
	12.2

	BER threshold (%)
	0.1

	Azimuth sampling granularity (o)
	7.5

	Elevation sampling granularity (o)
	22.5

	Power control step size (dB)
	1

	RRC filter coefficient, α
	0.22

	Configuration of interest
	Beside phantom head


[Note: The use of BER threshold of 1% corresponding to a fixed TRP/TRS offset, i.e. a UMTS 900 mobile with BER threshold of 1% has slightly better TRP and TRS performance. This has been confirmed during the calibration process]

2.2. Measurement Results

From the measurement setup and parameters above for both discrete TRP and TRS measurements, the following results can be obtained, as shown in Table 2.2-1 and 2.2-2 for TRP and TRS, respectively. These results are obtained from measurements over multiple UMTS 900 devices and represent a typical standard UMTS 900 device.
Uplink
Table 2.2-1: TRP measured values
	Channel
	Radiated Power (TRP) [dBm]

	
	Free Space
	Phantom Head (RHS)

	2712
	20.9
	16.8

	2788
	20.5
	15.5

	2863
	20.6
	15.7

	Band Averaged (linear)
	20.6
	16.0
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Table 2.2-2: TRS measured values

	Channel
	Radiated Sensitivity (TRS) [dBm]

	
	Free Space
	Phantom Head (RHS)

	2937
	-105.9
	-100.7

	3012
	-104.4
	-98.8

	3088
	-104.7
	-99.6

	Band Averaged (linear)
	-105.1
	-99.9


The measured values of TRP and TRS in Table 2.2-1 and Table 2.2-2 respectively show good consistency across low, medium and high channel frequency. The free space OTA performance also proves to be better than the case when the mobile is attached to a phantom head.
The linear averaging is applied across the three channels to obtain the recommended TRP and TRS value. It should be noted that the measurement results obtained in this measurement campaign are not influenced by the test tolerance or measurement uncertainty. However, all the measurement equipment used during the measurement process have been carefully calibrated and ensured that they are within the 3GPP measurement uncertainty [5]. 
3. Discussions

Under reasonable anechoic chamber environment, a consistent set of measured TRP values should be able to achieve. The same applies to the measured TRS values. In fact, comparing the values obtained in this contribution with the values obtained in [1][2], we can see some good agreements in TRP and TRS values. During the measurement campaign, it was found that two important factors which could influence the measurement results: The power drift and Impact of phantom head. 
It was observed that due to the relatively long measurement period used for a UMTS 900 mobile, the transmit power from the mobile can drift over time. This is mainly attributed to the temperature variation of the handset itself. Such effect should be compensated by properly recording of a drift value and apply the offset to the final measurement results. Figure 3-1 shows such drift effect. 

Figure 3-1: Power drift over time for a UMTS 900 mobile
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However, in general, such power drift over time would cause: <0.5 dB deviation from actual measured TRP and <1 dB deviation to the actual measured TRS. 
On the other hand, the impact of phantom head is seen to be more significant. By comparing the measurement results in Table 2.2-1 and Table 2.2-2 respectively for TRP and TRS, a difference of up to 5 dB is observed between free-space and phantom head values. 
Based on the measurement results, the following power and sensitivity budget can be obtained. 

[image: image3.emf]Conducted  24 dBm

SAR factor -1.5 dB

Tx power at antenna connector 22.5 dBm

Antenna efficiency -3.5 dB

Free-space TRP 20 dBm

Phantom head impact 4 dB

Recommended/Target TRP 16 dBm

Rx sensitivity level -103.7 dBm

fade margin  4.3 dB

Received power at antenna connector -108 dBm

Antenna efficiency -3.5 dB

Free-space TRS -104.5 dBm

Phantom head impact 4 dB

Recommended/Target TRS -100.5 dBm
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Note that the antenna efficiency can also vary, depending mainly on the antenna design and physical form factor of the UMTS 900 device. 
4. Conclusions

In this contribution, we have presented some UMTS 900 OTA measurement results and the principle behind the derivation of the recommended TRP and TRS values. We also demonstrated that using the well established 3-D measurement technique in an anechoic chamber, realistic measurement values for TRP and TRS can be obtained for UMTS 900 mobiles. Under careful control of measurement parameters, there should not be a large variation in the TRP/TRS values across low, medium and high channel for UMTS 900 frequency band. 
Due to its sole purpose of providing good design target, the recommended TRP/TRS value should realistically fulfil only 30 – 35 % of UMTS 900 devices based on 95 – 96% confidence level. Such statistical attributes have also been used in the past (i.e. UMTS core band OTA) and the same should apply to the UMTS Band VIII OTA. 
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