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1. Introduction
In RAN4 #AH03-10 meeting, some contributions on the test configurations have been presented and discussed in [1], [2], [3], [4]. In RAN4 AH#3 meeting there was a discussion on the test configuration of LME OTA test methodology. It has been proposed to use a USB extension cable between the laptop and LME so as to remove the influences of the laptop from the accessed performance of the LME. A recent proposal for RAN4 #56 makes  similar in proposal [5].

In this document, OTA parameters simulation on the DUT connected to the laptop through a cable is presented. Two sceneries for simulating plug-in device are developed:

1) The DUT is directly plugged-in the laptop
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(b)
Figure 1      Plugged DUT for Ant#1 and Ant#2
2) The DUT is connected to the laptop through a USB cable.

[image: image4.wmf]L

aptop

GND

Signal line

Grounding line

Plug

-

in Device

GND

50 ohm resistance

L

aptop

GND

Signal line

Grounding line

Plug

-

in Device

GND

50 ohm resistance


（a）Cable circuits model
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（b）
                                      Figure 2         （a）Cable circuits model， (b) Cabled DUT for Ant#1 and Ant#2
Our simulation results show: 1) the TRP of cabled DUT is heavenly dependant on the cable length. 2) the TRP of cabled DUT is heavenly dependant on the cable spatial shapes even if its total length keep the same. 3) The gain pattern is very different between the cabled and plug-in DUT，which made the DUT performance very difference in realistic cases. Therefore, standardized and detuned cable is firstly needed in order to realize stable TRP measurements of cabled DUT. Cabled DUT measurement can be as an optional scheme to reflect the some few (not the most) application cases.
2. Configurations
The simulation configurations are as follows: 

1)
The USB dongle is directly plugged-in an USB port of the laptop:
a. Display screen closed 
b. Rear right USB port 
2)
The USB dongle is connected to the laptop through an USB cable
a.     Display screen closed

b.    The USB cable is a cylindrical conductor with diameter of 2 mm.

c.    The length of USB cable is 5 mm, 20 mm, 25 mm and 50 mm respectively.
d.    The USB cable connects the centre of USP port to the laptop vertically.

In all the above cases common conditions have been considered as follows:

· Laptop material: PEC

· Cellular Technology: UMTS Band (1920MHz-1980MHz)
3. Results and Analysis
3.1 Input port reflections
Fig.3-4 shows two antenna input port reflections. It is observed that the resonated frequency (small reflections) of the antennas is heavenly dependant on the length of its connected cable. That is to say, as the cable length increases, the resonated frequencies of the DUT shift towards lower frequency ranges. The max frequency shift for antenna 1 and antenna 2 is up to 115MHz and 190MHz respectively. The reason is that adding the connected cable to a DUT changes its radiation (or scatter) size. The first problem therefore is that how we can do of detuning the cabled DUT. 
[image: image6.emf]
Fig.3 S11 for antenna 1
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Fig. 4   S11 for antenna 2
3.2 Far field radiations
Fig.5-8 shows two antenna far field radiations. It can be seen that the far field radiation patterns of the antennas are heavenly dependant on the length of its connected cable. Fig.5 and Fig.7 show that cabled DUT has more uniform gain pattern (less than 3dB) in XOZ plane than the un-cabled one (more than 10dB). Fig.6 and Fig.8 show that the patterns of non-cabled DUT are smoother in XOY plane than those of the cabled one. It is also found that the max difference in XOY plane is about 15dB for Ant#1 and about 17dB for Ant#2 at cable length of 5 and 25cm respectively. 
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Fig.5   Directivity pattern for Ant#1(XOZ plane) 
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Fig.6 Directivity pattern for Ant#1(XOY plane)
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Fig.7 Directivity pattern for Ant#2 (XOZ plane) 
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Fig.8 Directivity pattern for Ant#2 (XOY plane)
3.3 TRP performance 

Based on the scenery 1), 2) and antenna model, the simulation results of DUT TRP are presented as follows:
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Figure 4: TRP simulation results for Ant1
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Figure 5: TRP simulation results for Ant# 2
1) TRP uniformly changes as the length of USB cable varies at a fixed step for the same frequency. The max TRP difference is 2.9 dB at 1.92GHz for Ant#1 but 2.7dB at 1.98GHz for Ant#2.
2) TRP doesn’t linearly change as the frequency varies linearly from 1.92-1.98GHz for the same cable length. The max TRP difference is 2.0dB for Ant#1 but 3.2dB for Ant#2 when the cable length is 25cm.
4. Conclusions and Proposals
In this document, the characteristics of DUT TRP with different cable length are simulated studied and their reasons are discussed from its both port reflections and radiation patterns points of view. 
Conclusions: 1) the TRP of cabled DUT is heavenly dependant on the cable lengths. 2) the TRP of cabled DUT is heavenly dependant on the cable spatial shapes even if its total length keep the same. 3) The gain pattern is very different between the cabled and plug-in DUT， which made the DUT performance very difference in realistic cases.
Proposals: 
1) A standardized and detuned cable is needed in order to realize stable TRP measurements of cabled DUT.

2) Cabled DUT measurement can be as an optional scheme to reflect the some few application cases.
3) Cabled DUT measurement should be as an optional scheme from MIMO OTA LTE scheme view. That is to say, if the “cable bus” instead of plug-in connection is carried out in MIMO LME OTA measurements, the difference between the RF performance and MIMO channel (including antenna correlation matrices) model makes the two measurement results independent.
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