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1 Introduction
In TSG-RAN#45 plenary, a new work item “New work item proposal: UE Over The Air (Antenna) conformance testing methodology- laptop mounted equipment free space test” was approved [1]. Also, Time plan for this work item was discussed and approved in [2]. In RAN4 #AH02-10 meeting test configuration of other standard group such as CTIA and WiMAX was introduced in [3]. In RAN4 #54 meeting, ZTE provided some information on test configuration on LME OTA in [4], [5] and [6]. In RAN4 #55 meeting, some proposals on test configurations for LME OTA have been presented and discussed in [7], [8], [9], [10], [11] and [12]. In RAN4 #AH03-10 meeting, some contributions on the test configurations have been presented and discussed [13], [14], [15] and [16]. In RAN4 #56 meeting, further contributions presenting measurement results have been presented and discussed [17], [18] and [19].
In particular, two approaches are currently under discussion for testing plug-in device that provides the 3GPP radio access connectivity, like e.g. USB dongles:

1) the DUT is directly plugged-in the laptop

2) the DUT is connected to the laptop through a cable.

During last RAN4#56 meeting an ad-hoc session on the topic has been held and a way forward has been agreed in order to draw a conclusion on the test configuration [20]. In particular, the following two points of the way forward in [20] are relevant to this contribution:
1. More measurement results should be presented in next meeting to draw conclusion. 

2. Address the issues of different results for different frequency bands (3 – 7 dBs). Is USB cable method frequency band agnostic? Can reference laptop be made frequency band agnostic?

In this paper, a further set of OTA measurements of plug-in devices using both approaches is reported and analysed. In addition, this paper briefly addresses the issue related to the correlation of laptop and USB cable methods to the frequency band of OTA measurements.
2 Further measurement results from Telecom Italia labs
2.1 OTA test configurations
The considered test configurations are the same as reported in [19]. On top of that, with respect to [19] a different laptop (different brand and model) has been considered with a 16:9 display size of 15.4 inches. As in [19], the USB cable length is 2 meters. The test configuration of with cable is depicted below.
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Figure 1: Telecom Italia labs test configuration with cable
2.2 OTA measurement results
As already reported in [19] three sets of TRP and TRS measurements have been performed in Telecom Italia labs premises:

1) USB dongle directly plugged-in an USB port of the laptop:

A. rear left USB port (USB port 1)
B. front right USB port (USB port 2)
2) USB dongle connected to the laptop through an USB cable.

For each test case as described above (cases 1A, 1B and 2), the same three different models of USB dongles already used in [19] (UE1, UE2, UE3) have been used in the measurements using the new laptop model. As already noted in [19], all the considered USB dongles have a fixed horizontal mechanical mode.
The obtained measurement results are reported in the following tables:
	
	TRS USB port 1 (case 1A)
	TRS USB port 2 (case 1B)
	TRS USB cable (case 2)

	UE1
	-103.0
	-105.5
	-107.0

	UE2
	-100.0
	-105.5
	-109.5

	UE3
	-100.5
	-105.0
	-106.5


Table 1: TRS measurement results [dBm]
	
	TRP USB port 1 (case 1A)
	TRP USB port 2 (case 1B)
	TRP USB cable (case 2)
	Notes

	UE1
	17.0
	18.0
	17.5
	Power class 4

	UE2
	17.0
	19.5
	19.0
	Power class 3

	UE3
	19.0
	20.0
	20.5
	Power class 3


Table 2: TRP measurement results [dBm]

3 Measurement results from Orange Labs

In order to assess the impact of the Laptop on OTA performance, different sets of TRP and TRS measurements have been performed in Orange labs with a plugged in USB dongle in 4 different configurations:

· Config.1: Dongle plugged in laptop 1
· Config.2: Dongle plugged in laptop 2

· Config.3: Dongle plugged in laptop 3

· Config.4: Dongle connected to 5 Volts power supply using a USB cable

These tests were performed both in GSM 900 and UMTS 2100 band.
3.1 Test configuration

The tests were based on CTIA test methodology as illustrated in Figure 2:
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Figure 2: Orange Labs test configuration: USB dongle plugged-in a laptop

For test configuration 1, 2 and 3, the dongle is pulgged-in the laptop following configuration 1B described above.
For test configuration 4, a 3 meters long USB cable is used to connect the dongle to a 5 volts power supply system. No laptop is used in this case. Figure 3 shows the configuration used here:
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Figure 3: Orange Labs test configuration: USB dongle connected with a cable

3.2 Impact of the laptop proximity
The average (average over low, mid and high channels) TRP and TRS
measurements' results are reported in Table 3 for GSM 900 and in Table 4 REF _Ref274234707 \h 
 for UMTS 2100.

	GSM 900
	TRS measurement [dBm]
	TRP measurement [dBm]

	Config.1 (Laptop 1)
	-78.7
	29.1

	Config.2 (Laptop 2)
	-71.5
	27.5

	Config.3 (Laptop 3)
	-88.7
	28.6


Table 3: TRS and TRP measurement results for GSM 900 [dBm] (Orange Labs)
	UMTS 2100
	TRS measurement
	TRP measurement

	Config.1 (Laptop 1)
	-104.9
	18.5

	Config.2 (Laptop 2)
	-102
	18.7

	Config.3 (Laptop 3)
	-103.2
	18.3


Table 4: TRS and TRP measurement results for UMTS 2100MHz [dBm] (Orange Labs)

For GSM 900 for the same dongle we see an extremely large difference, up to +17dB, on TRS performance when measured with different laptops.On the other hand we experience a smaller difference 1.5 dB between laptops when it comes to TRP performance.

For UMTS 2100, there is an important impact of the laptop of the order of 2.9dB on TRS performance and 0.4dB for TRP.

Detailed TRS performance measured over low, mid and high channels are presented for information in Figure 4 for GSM 900 and Figure 5 for UMTS 2100.
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Figure 4: TRS measurement results for GSM 900 [dBm] (Orange Labs)

Figure 5, shows that the difference between TRS performance can be up to 4dBs (low channel measured in Laptop 1 and 2). 
The Performance measured with the cable is shown here as a reference for the intrinsic behavior of the USB dongle.
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Figure 5: TRS measurement results for UMTS 2100 MHz[dBm] (Orange Labs)

3.3 Impact of screen

In order to assess the screen noise effect on OTA performance, TRS measurements have been performed with two different laptops on UMTS 2100 band by switching the screen ON then OFF. The results are gathered in the following figure.
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Figure 6: Screen noise impact on TRS measurements (Orange Labs)
The screen activity might degrade the TRS performance. Depending on the laptop the negative impact on TRS of the screen-on can vary between 0dB and 3 dB for UMTS 2100.

4 Analysis of measurement results
The measurement results reported above in section 2 have been analysed first as a whole and then jointly with the measurements already reported in [19].

The following points are observed carrying out a quantitative analysis of the obtained OTA measurement results (see also figures 7 and 8), in line with the analysis already done in [19]:
1) TRS performance seems to be quite sensitive to the considered test case, varying up to 4 dB among different configurations;
2) TRS performance are always better using the USB cable (case 2) than using a direct plug-in approach (cases 1A and 1B);
3) the worst TRS performance are obtained using USB port 1 (case 1A), where the USB dongle is closer to the display of the laptop;

4) TRP performances seem to be essentially aligned among the different set-up configuration;

5) the quantitative impact due to the laptop on the results of the plug-in approach (cases 1A and 1B) compared to the USB cable case (case 2) is not a constant and varies on a case-by-case basis, i.e. one USB dongle could be affected more than another one (e.g. UE1 seems to be less affected than UE2 or UE3).
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Figure 7: TRS measurement results comparison (Telecom Italia labs)
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Figure 8: TRP measurement results comparison (Telecom Italia labs)
In addition, the following qualitative points can be also observed as already reported in [19]:
1) the influence due to the laptop is strongly evident testing the receiver (i.e. TRS measurements), since the noise generated by the laptop is directly affecting the sensitivity of the device under test; 
2) the presence of the laptop is less affecting the test of the transmitter (i.e. TRP measurements), since the noise generated by the laptop is almost negligible compared to the transmitted power; in this case, the position of the USB dongle coupled to the presence of the laptop could modify the radiation pattern of the device under test and could affect the final result.
3) in the previous meetings one of the comments to the laptop approach was related to the possible gain due to the extended-ground-plane given by the laptop to the plugged-in device, with respect to the cable approach: from the OTA measurements reported above and in [19] it seems that such gain is not evident at all, since the OTA performance obtained with the laptop are lower or aligned to the performance obtained with the cable.
As a further analysis, the measurement results reported in this contribution and in [19] have been considered all together, and the following points can then be observed, in line also with the analysis done in [17] (see also figure 9, 10 and 11):

1) the influence on the measurements due to the two laptops is different: indeed, the obtained results are generally different in terms of both TRS and TRP;
2) the impact on the measurements due to the presence of the laptop is not the same with both laptops: indeed, a USB dongle could be more(less) affected than another one; 

3) the same USB dongle could reveal a completely different performance using the two different laptops: e.g. UE2 in [19] and the front right USB port has a TRP of 17.5 dBm, while with the laptop considered above has a TRP of 19.5 dBm.
4) the same USB dongle reveals the same performance (rounded at closer 0.5 dB) using the cable and the two different laptops; it seems to have an independency between USB dongles and the considered laptop when using the cable.
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Figure 9: TRS measurement results comparison with laptop A and laptop B (Telecom Italia labs)
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Figure 10: TRP measurement results comparison with laptop A and laptop B (Telecom Italia labs)
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Figure 11: UE2 TRP measurement results comparison with laptop A and laptop B (Telecom Italia labs)
The measurement results reported above in section 3 have been analysed and the following points are observed in the considered test cases:

1) TRS performance is significantly influenced by the laptop used: up to 17dB of difference for GSM 900 and 4dB for UMTS 2100 between different laptops and the same reference dongle;

2) TRP performance depends less on the laptop used but the difference between laptops can be in the order of 1.5dB;
3) The screen activity might degrade the sesnsitivity performance. Depending on the laptop the negative impact on TRS of the screen-on can vary between 0dB and 3 dB for UMTS 2100.
5 Frequency band dependency of laptops and USB cable
Another point discussed during the last RAN4 #56 meeting was related to the band dependency of laptop and USB cable methods. Indeed, it would be important that the considered test configuration be frequency band agnostic.
In case of laptop, [18] and [21] report some electromagnetic interference (EMI) analyses of different laptop models. Figures 4 and 5 below are extracted from [18] and [21] respectively and report the EMI analysis for two different laptops. It can be seen that the electromagnetic interference (EMI) coming from such two different laptops is strongly varying according to the considered frequency. For example, considering the measurement reported in figure 5, for 3GPP band 8 an electromagnetic interference of about 25 dBuV/m is found and for 3GPP band 1 an interference of about 40 dBuV/m is found, leading to a difference of 15 dB in terms of electromagnetic interference between such two bands. In addition, since the considered distance between the laptop and the measurement antenna in both [18] and [21] is 3 meters, it could be expected even a stronger impact in terms of dBuV/m for closer distances such as e.g. the case of directly plugged-in device (i.e. zero meters distance). As a further point, in figure 4 above where the same dongle is measured using the same laptop in different frequency points, there are more than 10 dB of difference in TRS measurements between different frequencies.
On top of that, it seems that the laptop cannot be considered band agnostic, i.e. the electromagnetic interference generated by the laptop is strongly different in the different OTA measurement frequency bands.
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Figure 4: EMI measurement [18]
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Figure 5: EMI measurement [21]
In case of USB cable, it is firstly important to better understand the USB standard as reported in [22] and [23]. According to [22] USB cable consists of four conductors, two power conductors, and two signal conductors; the transmitted signal is base-band signal +/- Data waveform. The signal conductors are twisted in order to reduce noise and crosstalk. The maximum allowed cable length is 5 m, due to the maximum specified cable delay of 26 ns. An analogous approach is also described in [23].

On the basis of such preliminary description of USB standard it seems that the USB cable is designed to be in principle band agnostic, i.e. the behavior of the USB cable is in principle uncorrelated from the OTA measurement frequency band.
6 Conclusion and Proposal
On the basis of the measurement results and the corresponding quantitative and qualitative analyses presented above and in [19], it seems clear that the test configuration with a direct plug-in approach is deeply affected by the presence of the laptop, while using the cable the impacts on the DUT from laptops are minimized. In addition, the measurements above and in [19] did not point out any gain in terms of OTA performance due e.g. to the extended-ground-plane provided by the laptop, compared to the cable approach.
On top of that, the test configuration using the USB cable decorrelates the DUT's performance from the influences of many uncertain factors due to the laptop and deeply simplifies the testing compared to the test configuration where the DUT is plugged-in the laptop. The same conclusion has already been derived in [17] and [19], based on a different set of measurements (a single USB dongle measured using three different laptops). The measurements reported above show that the cable method decouples the OTA performances from the used laptops, indeed the same USB dongle has been measured to have the same performance (rounded at closer 0.5 dB) using the cable and the two different laptops.
As already shown in [12], [13] and [19], although the test configuration using USB cable doesn't reflect perfectly the "real" usage conditions from the field, it enables comparison of different devices' performance based on the same environment and fulfils the conditions of test repeatability, sustainability and simplicity. 

In addition, as shown above, the laptop cannot be considered band agnostic, i.e. the electromagnetic interference generated by the laptop is strongly different in the different OTA measurement frequency bands, while the USB cable is designed to be in principle band agnostic, i.e. the behavior of the USB cable is in principle uncorrelated from the OTA measurement frequency band. Since it would be important that the considered test configuration be frequency band agnostic, the test configuration using USB would seem the most appropriate approach.
Proposal: In case of  plug-in DUT (e.g. USB dongles) it is proposed to use a test configuration where the DUT is connected to a laptop or a power supply through a reference cable with well specified characteristics (length, etc.), as already shown in [12], [13], [17] and [19].
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