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1
Introduction

The work in WI “UE Over The Air (OTA) conformance testing methodology – Laptop Mounted Equipment (LME) Free Space Test” (UEAnt_FSTest) has been ongoing since the beginning of 2010. According to Way Forward presented at RAN4 #61bis [1] TRP and TRS performance requirements for a limited number of frequency bands should be defined in TS 25.144 [2] before the WI is closed at the RAN meeting in December 2011.
When performance requirement values for OTA shall be included in 3GPP core specification it is important to gather information from devices already available on the market. Embedded WWAN or mobile broadband supporting GSM and WCDMA have been available for notebooks since 2008. 

This discussion paper presents an overview of current state of OTA performance measured on commercial available devices equipped with embedded WWAN support. 
2
Devices

The device collection consists of 15 different devices with embedded WWAN support. The collection consists of devices from several manufactures with a variety of different models, sizes and cost segments. Devices from 7 well known brands are included in the device collection. Devices with different form factors from all brands are included. Typical form factors are notebook and tablets with different display size. Devices aimed for different cost segment is included in the device collection. The devices are divided into two categories: professional and consumer. A device is classified as professional if the price is higher than 1000 €. All devices included in the collection were released at the market less than one year ago.
All devices are available commercially world wide in retail stores. No devices sold through operators are included in the device collection.

Information related to the device collection is listed in Table 1. Each device has been given a label. The label is used when the results are presented and makes its possible to compare results from different devices.
Table 1
Device pool

	Label
	Type
	Display size
	Cost segment

	A
	Notebook
	14”
	Professional

	B
	Notebook
	12.5”
	Professional

	C
	Tablet
	9.7”
	Consumer

	D
	Notebook
	14”
	Professional

	E
	Notebook
	14”
	Professional

	F
	Tablet
	10.1”
	Professional

	G
	Notebook
	12.1”
	Professional

	H
	Notebook
	14”
	Consumer

	I
	Netbook
	10.1”
	Consumer

	J
	Notebook
	13.3”
	Consumer

	K
	Notebook
	13.3”
	Consumer

	L
	Notebook
	14”
	Consumer

	M
	Notebook
	15.6”
	Consumer

	N
	Tablet
	10.1”
	Consumer

	O
	Notebook
	14”
	Professional


All the devices are equipped with embedded WWAN supporting WCDMA band I, II, V and VIII. The embedded radio module fulfils conducted performance requirements stated in TS 25.101 [3]. The embedded radio module mounted in each device in the collection supports power class 3 as defined in TS 25.101.
3
Measurement

The limited amount of devices available for this measurement campaign and access to OTA conformance laboratory limited the measurement scope to WCDMA only with a limited number of frequency bands. From an antenna design perspective it seems reasonable to select at least one high band and one low band. It was decided to measure TRP and TRS for band I, II, V and VIII covering a common combination of US and EU frequency bands supported by a big portion of available devices. 
The DUT was placed in a measurement chamber and configured according to CTIA [5] and TR 25.914 [6] with the display at an angle of 110 degrees and screensaver turned OFF. All other supported radio systems was turned OFF. Some devices supports dynamic power reduction (DPR) controlled by proximity sensors. If a device was found with this feature enabled it was turned OFF during the measurement.

The measurement was performed in a free space configuration without head and hand phantoms.   
The base-station emulator (BSE) is configured according to TS 34.114 [4] with respect to downlink physical channel configuration.
The radiated performance in terms of TRP and TRS was measured for each device at four different frequency bands.

From TS 25.144 TRP is defined as the linear average of TRP(f), where f is the frequency for low, mid and high frequency channel of the selected frequency band. The TRP is calculated according to following formula.

 
[image: image1.wmf]ú

ú

ú

û

ù

ê

ê

ê

ë

é

+

+

=

3

10

10

10

log

10

10

10

10

high

mid

low

TRP

TRP

TRP

TRP


From TS 25.144 TRS is defined as the linear average of TRS(f), where f is the frequency for low, mid and high frequency channel of the selected frequency band. The TRS is calculated according to following formula.
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According to 34.114 TRS is defined at a BER value of 1% +/- 0.2% using 20000 bits at data rate of 12.2 kbps. During TRS measurements the diversity receiver shall be turned OFF.
4
Results
The results from TRP and TRS measurement are consolidated and plotted in Figure 1 and Figure 2. To be able to evaluate variation as function of frequency all three measured values was plotted for each device. The results from different devices are marked with different colours. For a specific device for low, mid and high channel the values are connected with a dotted line. The variations between low, mid and high channel can be used to roughly estimate the frequency characteristics of the antenna implementation.
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Figure 1
TRP as function of frequency for all devices.
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Figure 2
TRS as function of frequency for all devices.
4.1
  Consumer notebooks
In Figure 3 average TRP is plotted for consumer notebooks.
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Figure 3
Average TRP for consumer notebooks

A common scenario for notebooks with embedded broadband is to have different antennas for different markets. In EU the antennas is optimized for band I and VIII while in US the antennas is optimized for band II and V.

The measurement result for device K, device M and device J indicates that these devices are aimed for the EU market while device L is aimed for the US market. 

The average TRP for device H at band VIII is less than 15 dBm (outside the plot) indicating that this band is not supported.
Device J shows that the difference between roaming band and operating band is approximately 3 dB.
In Figure 4 average TRS for consumer notebooks is plotted.
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Figure 4
Average TRS for consumer notebooks

From Figure 4 it is obvious that the device variation of average TRS for low frequency bands is greater compared to high frequency bands. Experiences gives that self interference is normally higher at frequencies from 700 MHz to 1000 MHz. This could explain the individual device variation for low frequencies.

4.2
  Professional notebooks

In Figure 5 and Figure 6 average TRP and average TRS is plotted for professional notebooks.
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Figure 5
Average TRP for professional notebooks.
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Figure 6
Average TRS for professional notebooks.
Figure 5 and Figure 6 shows that TRP/TRS device variation is less than for consumer notebooks for all frequency bands.
5
Conclusion

In Figure 7 TRP and TRS results from all devices and all frequency bands are collected and plotted in a histogram per frequency band. 
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Figure 7
Performance distribution
From the information presented in Figure 7 it is possible to estimate the distribution of OTA performance in terms of TRP and TRS of devices currently commercially available.

The OTA performance measurement result gives the following information to be used when stating requirements values for LME devices equipped with embedded WWAN support:

· The performance variation is greater for consumer notebooks compared to professional notebooks.


· For consumer notebooks different antenna versions for different marked exists, typically for US and EU. 


· The performance difference between operating band and roaming band is less than 3 dB.

· Estimation of the distribution of TRP and TRS.
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