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1 Introduction

The work in WI “UE Over The Air (Antenna) conformance testing methodology - Laptop mounted equipment Free Space test” (UEAnt_FSTest) has been ongoing since the beginning of 2010. From the perspective of RAN4, the main focus for the work in this WI shall be used to update TS 25.144 [1]. This specification establishes over the air antenna minimum requirements and informative recommended requirements for UE and MS. 

Good radiated performance is critical to achieve effective operation of a mobile device in a cellular network. Designing an efficient antenna system in a limited volume and over multiple frequency bands with high RF interference is a difficult task. An accurate characterization of radiated performance in terms of TRS and TRP will enable operators and vendors to determine how well the device will work within the constraints of a specific network. As data throughput capacity is growing in cellular networks new data centric devices such as notebooks, netbooks and tablets will be equipped with embedded WWAN modules. Today these devices are available on the market all over the world without support from 3GPP RAN4 regarding OTA performance. 
The requirements stated in TS 25.144 are defined for roaming bands for the speech position beside a head phantom and focused on terminals with voice capabilities. For this type of devices phantoms will be used to include human body effects in the OTA measurements. For portable PC the antenna system is placed far from impact from the human body. Therefore a free space configuration shall be used for devices such as notebooks, netbooks and tablets.
This paper presents changes to TS 25.144 to include free space measurement configurations.

An evaluation of the requirements in TS 25.144 is done to verify that these requirements are applicable for portable PC devices. The evaluation is based on measurement results from TRP and TRS measurement performed on 6 typical notebooks form different manufactures. The measurement results were evaluated and compared with the requirements stated in TS 25.144. The measurement scoop is this paper is limited to WCDMA band I, II and V. 

2 Requirements

In TS 25.144 average TRP and average TRS is measured for three different frequencies defined as low, mid and high channel in beside head position. This will end up in 6 different measurements. The measurements done as function of head position are not applicable for a free space configuration and should be removed
2.1 Total Radiated Power

The average TRP of low, mid and high channel in beside head position shall be higher than minimum performance requirements for roaming bands stated in TS 25.144. For a free space configuration the averaging shall be done in linear scale and modified to only include frequency variations according to following formula:
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In addition the minimum TRP of each measured channel shall be higher than minimum performance requirements stated in TS 25.144. For a free space configuration the minimum TRP shall be calculated as:
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Both these equations should be added into a new section of TS 25.144 handling TRP in free space configurations.

The requirements in TS 25.144, section 6.1.1.1 states the TRP requirement levels for WCDMA band I, II, III, IV, V, VI, VII, VIII, and IX. Section 6.1.1.2 states the TRP requirements levels for GSM band 850, 900, 1800 and 1900. 
The minimum requirement values for WCDMA power class 3 TRP for band I, II and V is listed in Table 1.  

Table 1
Minimum TRP requirements

	Frequency band
	Power [dBm]

	
	Average
	Minimum

	I
	+15
	+13

	II
	+15
	+13

	V
	+11
	+9


2.2 Total Radiated Sensitivity

The average TRS of low, mid and high channel for a specified BER limit and traffic channel shall be lower than minimum performance requirements for roaming bands stated in TS 25.144. For a free space configuration the averaging shall be done in linear scale and modified to only include frequency variations according to formula:
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In addition the minimum TRS of each measured channel shall be better than minimum performance requirements for roaming bands. The minimum TRS shall be calculated as:
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Both these equations should be added into a new section of TS 25.144 handling TRS in free space configurations.
The requirements in TS 25.144, section 7.2.1 states the TRS requirement levels for WCDMA band I, II, III, IV, V, VI, VII, VIII, and IX. Section 7.2.2 states the TRS requirements levels for GSM band 850, 900, 1800 and 1900. 
The minimum requirement values for WCDMA TRS for band I, II and V is listed in Table 2.

Table 2
TRS minimum requirements

	Frequency band
	<REFÎor> [dBm]

	
	Average
	Maximum

	I
	-101
	-98

	II
	-99
	-96

	V
	-96
	-93


3 Measurement

This section presents typical TRP and TRS performance figures based on measurements performed at Ericsson.
The measurements are done on six different portable PC including notebooks and netbooks manufactured by different vendors. All devices are equipped with the same type of WWAN module. The 6 notebooks are called device A, B to F.

The measurement where performed according to TS 34.114 [2]. 
The device under test (DUT) were configured and placed in the measurement chamber according to the description given in [3] and [4]. 
The base station emulator was configured according to TS 34.114.
Before the TRP/TRS measurement the conducted output power and sensitivity were verified according to TS 25.101.

The WWAN module in all devices is supporting power class 3.  
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Figure 1
TRP measurement results
The requirement threshold for average TRP is +15 dBm for high band (Band I and II) and +11 dBm for band low band (Band V).
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Figure 2
TRS measurement results
The requirement threshold for average TRS is -101 dBm for band I, -99 dBm for band II and -96 dBm for band V.

An observation from Figure 1 and Figure 2 is that device A not will fulfill 3GPP stated requirements levels. An implementation analysis of this specific notebook revealed that there were issues with the WWAN antenna efficiency for both RX and TX.  
4 Conclusion

This paper presents definition for TRP and TRS for free space measurement configurations. These definitions should be included in coming revisions of TS 25.144. A new section should be included in TS 25.144 to handle free space configurations.

The measurement results shows that well integrated notebooks with embedded broadband access fulfills the 3GPP OTA requirements stated in TS 25.144 version 9.3.0. The conclusion is that the requirement levels already stated in TS 25.144 are applicable for notebook PC.
It is also worth mention that TS 34.114 must be updated to support free space configurations, applicable for portable PC devices without head and hand phantoms.
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