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1 Introduction

The final stage of this work item, UE Over The Air (Antenna) conformance testing methodology – Laptop mounted equipment Free Space test” will be used to update TS25.144 [1] to support Laptop Mounted Equipment (LME) and Laptop Embedded Equipment (LEE) devices in free space measurement configurations.  

This paper presents measurement results needed to find the TRP/TRS requirement values applicable for LME/LEE devices in a free space configuration. 

Theoretically the OTA performance is related to the conducted performance stated in TS25.101 [2] according to following simplified equations: 
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 ,where tx and rx is the total radiated efficiency for the transmitter antenna and receiver antenna. Total radiated efficiency includes cable loss, matching loss and the efficiency of the antenna element. The minimum requirements for conducted performance Ptx and Prx is defined in TS25.101 for different power classes and frequency bands. To be able to determine TRP and TRS it is necessary to estimate the antenna efficiency of typical notebook and tablet devices. This paper will present efficiency figures measured on commercial available devices.

The conducted radio performance specified in TS 25.101 is measured at the Antenna Reference Point (ARP) connector on the embedded radio module. A conventional HSPA WWAN module uses the PCI express mini-card standard form factor. A WWAN module is normally equipped with two RF connectors called main antenna port and auxiliary antenna port. The main antenna is tuned for WWAN transmission and reception. The auxiliary antenna is tuned for WWAN reception and GNSS reception. Typically a set of dual band PIFA element are used together with an embedded module in notebook or tablet type of device. The antenna element is tuned for one low band (V, VIII) and one high band (I, II). The auxiliary antenna efficiency may suffer from the combination of GNSS and WWAN operation. 

The output power (Ptx) is specified to be 24 dBm +1/-3 dB for power class 3 according to section 6 in TS25.101. This means that the output power variations over frequency and temperature shall be within the interval 21 to 25 dBm.  

The receiver sensitivity (Prx) requirements are stated in section 7 in TS25.101. The conducted receiver sensitivity is defined for BER equal to 1.10-3 while TRS is defined for BER equal to 1.10-2. Therefore the receiver sensitivity must be translated to the proper BER value defined for OTA performance. This translation will be described in  more detail in a future discussion paper. 
The TRS is also dependent on self interference generated by the device it self. Typical sources generating this noise are CPU, display, memory busses, hard-drives and USB controllers. The results in this paper will not include contribution from self interference sources.   

2 Measurement results

To determine proper requirements values for TRP and TRS it is necessary to estimate the total radiated efficiency for the antenna system for both transmitting and receiving frequencies. The antenna efficiency estimation presented in this paper is based on measurements performed on different devices at different frequency bands (I, II, V and VIII). The antenna efficiency for both antennas has been measured for 5 different devices from different vendors. 
The antenna efficiency is measured at ARP for the main antenna and at ARP for auxiliary antenna. The antenna efficiency was measured passively focusing only on the antenna performance at the mid channel. The measurements were performed in a reverberation chamber placing the DUT in a free space configuration, according to TR25.914 [3]. 
The results for the measurements are listed in Table 1, Table 2 and Table 3.

Table 1
Total radiated efficiency for main antenna transmitter band

	 Band
	Device 1
	Device 2
	Device 3
	Device 4
	Device 5

	I 
	-2.3
	-2.1
	-1.3
	-6.5
	-2.3

	II
	-2.1
	-2.1
	-1.3
	-5.6
	-2.3

	V 
	-6.4
	-5.8
	-4.0
	-7.5
	-5.0

	VIII
	-1.7
	-3.1
	-2.9
	-9.0
	-3.8


Table 2
Total radiated efficiency for main antenna receiver band
	Band
	Device 1
	Device 2
	Device 3
	Device 4
	Device 5

	I
	-3.9
	-4.6
	-1.7
	-6.0
	-3.4

	II
	-2.4
	-2.1
	-1.4
	-6.2
	-2.3

	V
	-2.2
	-3.3
	-3.0
	-8.8
	-3.8

	VIII
	-1.9
	-3.2
	-2.9
	-9.8
	-4.2


Since TX diversity not is facilitated the auxiliary antenna is tuned only for reception frequencies.
Table 3
Total radiated efficiency for auxiliary antenna receiver band
	 Band
	Device 1
	Device 2
	Device 3
	Device 4
	Device 5

	I
	-1.9
	-4.3
	-2.9
	-4.7
	-3.4

	II
	-2.8
	-2.7
	-2.1
	-4.7
	-2.7

	V
	-2.9
	-4.4
	-3.4
	-5.4
	-3.9

	VIII
	-3.7
	-2.8
	-2.6
	-5.3
	-4.8


Overall the measurement results seems to be reasonable for a dual band PIFA element integrated in a notebook equipped with WWAN support. The antenna consists of an antenna element and a coaxial cable. The cable length will vary depending on display size. It can be up to 0.75 m for a full size notebook. 
The measurement result shows the individual device variation between different notebook models. It can be seen that total radiated efficiency will be lower for low band frequencies such as band V and VIII. 
3 Conclusion

This paper presents results from antenna efficiency measurements performed on commercial devices equipped with WWAN modules. It is easy to believe that the antenna system will perform excellent due to the relatively large size of the device. But the result in this paper shows that this is not always the case. The total radiated efficiency will not only depend on the antenna element performance also the cable loss will have a non negligible impact.
The measurement results shows that different TRP/TRS requirements are needed for low and high frequency bands as result of the frequency varying antenna efficiency. 
According to the results it can be seen that devices are tuned for different operating bands. This means that different requirement is needed for operating bands and roaming bands. 
The result gives that -6 dB is a good approximation of radiated efficiency for low band frequencies (V, VIII) and -3 dB is a good approximation for radiated efficiency for high band frequencies (I, II). These values will be used for further studies finding the proper requirement levels for TRP and TRS maintaining alignment with conducted requirements in TS 25.101. 
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