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1. Introduction

After a comprehensive discussion for more than one year, the technical problems of the LME OTA testing WI had became more and more clear. In RAN4 # 59 meeting, a big CR [1] to TR 25.914, which was based on previous discussion, had been agreed. In the CR, a definition of the laptop ground plane phantom is presented, except for several un-determined details. 
The connection between the surrogate laptop and functional laptop is one of such details. The candidate includes the regular unchecked USB cable, the USB cable with RF choke and a fiber with electrical/optical and optical/electrical interface. Also in this meeting, analysis and experiment results of the regular un-chocked and chocked USB cable interference are presented [2]. In the conclusion part of [2], it is pointed that in some cases, the USB cable equipped with RF chock can mitigate the effect of USB cable presence but in other cases the chocked USB cable will make the problem worse. So, it was suggested that a fiber with electrical/optical and optical/electrical interface should be used to connect the surrogate laptop and functional laptop.  
In this contribution, we will analyze the effect of the USB cable through comparison experiment and provide some considerations on the choice between fiber and USB cable connection. 
2. Discussion
2.1 USB cable connection
When the surrogate laptop is proposed to assist the USB dongle OTA performance testing, using regular un-chocked USB cable to connect the surrogate laptop and the functional laptop seems to be a natural choice. Although the signal transmitted on the USB cable is not the RF signal, the regular un-chocked USB cable do affect the RF performance of the DUT. The effects of the surrogate laptop and the connecting USB cable come mainly from the following aspects:

· Altering of the reference ground of the DUT’s antenna
· Generating undesirable reflections on the feed line of the antenna, which may affect the balance of the antenna
Actually, the purpose to introduce a surrogate laptop (laptop ground plane phantom) to assist the testing rather than just use a USB cable is to provide the antenna of the DUT sufficient large ground. This is also why we stress in [5] that the shielded metal film of USB cable should be connected to the metal film covered on the plane to well ground the antenna. 
In [3] and [4], the DUT directly connected to the functional laptop, as shown in Fig 1(a), is measured the pattern and TRS. The results shown that the hanging DUT has a bad performance. The explanation provided in [3] and [4] mainly concerns with the influence of the chocked / un-chocked USB cable, however, we believe that, at least, the insufficient ground is also an important reason of the bad performance. Our experiment result shown that the bad effect of the ground is especially obvious at low frequency band such as Band VIII.  
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(a) Testing configuration in [3] and [4]             (b) Approved laptop ground plane phantom in [1] 
 Fig 1 Testing configuration with USB cable connection
Table 1 Testing results comparison
	Band
	TRP
	TRS

	
	Channel
	Configure A
	Configure B
	Channel
	Configure A
	Configure B

	VIII
	2712
	18.689
	20.102
	2937
	-90.6921
	-94.7235

	
	2788
	17.757
	19.594
	3013
	-89.8723
	-94.1625

	
	2863
	17.024
	19.096
	3088
	-91.1971
	-96.4267

	I
	9612
	17.521
	17.574
	10562
	-106.485
	-106.756

	
	9750
	18.855
	18.820
	10700
	-104.241
	-104.631

	
	9888
	18.217
	17.945
	10838
	-105.085
	-105.128


We made a comparison experiment with two configurations, configure A and B, as shown in Fig 1(a) and Fig 1(b) respectively. The testing bands are Band VIII and Band I. It can be seen from the results in Table 1 that the effects of the ground on the TRP / TRS is very obvious at low frequency band (Band VIII, 880 MHz–915 MHz for UL and 925 MHz–960 MHz for DL). Considering the results in [3] and [4], we believe that the bad performance at band VIII is not just the result of the effect of un-chocked USB cable and it is also the result of the in-sufficient ground of the antenna. The later one even has larger and more obvious influence than the former one
The main problem of un-chocked USB cable is that, compared with the directed plug-in mode, it may generate undesirable reflection on the feed line and affect some characteristics of the antenna, such as balance / un-balance. Using the chocked USB cable can alleviate this problem and preserve the characteristics of the antenna.  
2.2 Fiber connection
It is proposed in [2] that the fiber with electrical/optical and optical/electrical interface should be used to connect the laptop ground plane phantom and the functional laptop to mitigate the interference from the USB cable, chocked or unchecked. Although fiber won’t bring interference for the DUT’s antenna, but it also introduces some additional problems. 
· The fiber connection will introduce new interference
Although the purpose of the fiber connection is to avoid the interference of the USB cable, the electrical/optical interface does introduce new interference. It should be noted that the electrical/optical interface is not a stand-alone passive device and, indeed, it consists of control circuits and active devices, which is also located in the near field of the DUT’s antenna. We use a surrogate laptop rather than a real laptop to do OTA testing to avoid the interference from the real laptop. However, the using of electrical/optical interface may cancel out the effects of surrogate laptop. 
· The fiber connection will increase the complexity and cost of the testing system
It is very obvious that the fiber with electrical/optical and optical/electrical interface will greatly increase the complexity and cost of the testing system. The reliability of this complex system is still un-clear. 
3. Summary

In this contribution, we analyzed the three candidate connection between surrogate laptop and the functional laptop. We found through an experiment that the effect of in-sufficient ground for the antenna is even more obvious than that of chock / unchecked USB cable, especially at low frequency band. For fiber connection, we found that although the fiber connection can alleviate the interference of the USB cable, it will introduce new interference for the DUT’s antenna. Considering that the fiber connection will also increase the complexity and cost of the testing system, we proposed to use a chocked USB cable to connect the laptop ground plane phantom and the functional laptop. 
Proposal: It is proposed to adopt a chocked USB cable to connect the laptop ground plane phantom and the functional laptop.
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