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1. INTRODUCTION

In this contribution results of SATIMO/Elektrobit testing campaign are reported. Measurement campaign is part of the 3GPP/COST2100 MIMO OTA round robin testing. Average Throughput Vs Power of some LTE MIMO capable DUTs have been measured by using single cluster and multiple cluster approaches [1]. Comparison of DUTs’ TP results when using different channel models has been highlighted.
Measurements were performed by using the internal antennas of the UE.

2. GENERAL ASPECTS

The tests performed are based on Annex B of the TR 37.976 [1].
Table 1 shows the list of LTE MIMO DUTs we did receive and the ones we were able of testing within the three weeks allocated time frame.
	Pool 1
	Model Name
	Operating Band
	Single Cluster     (Umi, Uma)
	Multiple Cluster (Umi, Uma)

	DUT1
	Huawei E398
	Band 7: DL 2620 to 2690MHz
	Yes
	No

	DUT2
	Samsung GT-B3710
	Band 7: DL 2620 to 2690MHz
	Yes
	Yes

	DUT3
	Samsung GT-B3740
	Band 20: DL 791 to 821MHz
	No 
	No

	Pool 2 
	
	
	
	

	DUT1
	Huawei E398
	Band 7: DL 2620 to 2690MHz
	Yes
	Yes

	DUT2
	Samsung GT-B3710
	Band 7: DL 2620 to 2690MHz
	Yes
	Yes

	DUT3
	ZTE AL621
	Band 7: DL 2620 to 2690MHz
	No
	Yes (UMi only) 


Table1 – LTE MIMO USB Modems of Round Robin test
For Pool1 DUTs the Host Laptop was a DELL E6400 while for Pool2 DUTs the DELL D43. UE setups is depicted in section 4.

3. TEST RANGE SETUPS
Two setups have been used for the testing campaign. One is the single cluster set up where 4 dual polarized antennas are used, and the other is the multiple cluster set  up where 8 dual polarized antennas and hence two channel emulators are used. Figure 1, and 2 show the block diagram of the two probes’ setups:

[image: image1]
Figure 1. – Single cluster probes’ setup

[image: image2]
Figure 2. – Multiple cluster probes’ setup

4. UE  SETUPS 
The following sections will detail the UE setups used for the testing. Host laptop is centered with respect to the center of the test range and the lid is kept and the angular position of the lid has been chosen according to the CTIA OTA test plan 3.1 Annex L-4 [3].
4.1. Pool 2 DUTs on Laptop DELL D43

Figure 3 shows the placement of the Huawei E398 when connected to the Host Laptop #1.
[image: image3.jpg]



Figure 3. – Pool 2 DUTs setup
Laptop’s lid is facing probe number 1 in the set up, 0° reference position, as it is reported in Figure 1, and 2.
Same placement was used for the SAMSUNG GT-B3710.

4.2. Pool 1 DUTs plus ZTE AL621 on Laptop DELL E6400
Figure 4 shows the placement of the SAMSUNG GT-B3710 when connected to Host Laptop #1.
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Figure 4. – Pool 1 DUTs setup
Again, laptop’s lid is facing probe #1, 0° reference positions. Same placement was used for the Huawei E398.
ZTE AL621 was tested when connected to the DELL E6400 even though it is included in the Pool2 DUTs. It was mainly to stick as much as possible to the set up used by R&S during their testing campaign. Figure 5, and 6 show how ZTE is connected to the Pool1 Host laptop.
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Figure 5. – ZTE AL621 side view
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Figure 6. – ZTE AL621 front view
5. RADIO COMMUNICATION TESTER – PARAMETERS’ SETTINGS

Anritsu MT8820C was used as radio communication tester. 
Table 2 shows some common communication parameters of the radio communication tester.

	General

	Model name
	Anritsu MT8820C (Signaling mode)

	Firmware version
	22.10 #18 (for LTE signaling mode)

	Communication 
technology
	LTE

	DL MIMO mode
	2(2 (open loop spatial multiplexing)

	Duplex mode
	FDD

	Operating band
	Band 7 and 20

	Schedule type
	Reference Measurement Channel (RMC)

	Connection mode of UE
	Connection Established


Table 2. – Common parameters of used radio communication tester
Table 3 shows the parameters settings for the DL stream 1, and 2 which have been used for the testing. They have been agreed during the last RAN4 meetings in Taipei [4]. 
	Parameters (Note 1)
	Unit
	Value 

	
	
	Signal level (Note 1)

	Parameters
	Unit
	middle
	high

	Physical channel

	Connection mode of UE
	
	Connection established

	DL MIMO mode
	
	2 x 2 open loop spatial multiplexing

	Duplex mode
	
	FDD

	Operating band
 (UL channel, 
DL channel)
	
	band 7 (21100, 3100)
band 20 (24300, 6300)

	Schedule tyoe
	
	Reference Measurement Channel (RMC)

	Reference Channel
	
	R.11 (Note 2)
	not applicable (Note 3)

	Bandwidth DL
	MHz
	10

	Number of RBs DL
	
	50

	Start RB DL
	
	0

	Modulation DL
	
	16QAM
	64QAM

	TBS Idx DL
	
	13 (RMC defined)
	24 (RMC defined)

	Bandwidth UL
	MHz
	10

	Number of RBs UL
	
	50

	Start RB UL
	
	0

	Modulation UL
	
	QPSK
	16QAM

	TBS Idx UL
	
	6 (RMC defined)
	19 (RMC defined)

	Transmit power control
	dBm
	-10, open loop (Note 4)

	PDSCH power offset relative to RS EPRE
	dB
	A = -3
B = -3

	Number of HARQ transmissions
	
	1

	AWGN
	
	OFF

	DL power level 
(RS EPRE)
	dBm / 15 kHz
	Set at eNodeB simulator 
with correction from calibration

	Number of subframes for FOM measurement
	
	2000 minimum for static channel

20000 minimum for faded channel
(Note 5)


Table 3. – Parameters settings of used radio communication tester
5.1. Maximum Theoretical Throughput for R.11 RMC

The maximum theoretical TP which could be achieved with using Table 3 settings is 23328 kbps [5], 11664kbps for each stream.
.
SAMSUNG GT-B3710: When using Anritsu call box, it can only be tested by setting a parameter named “Scenario” to Type 2. When connecting the USB modem then, Subframe No.0, and No.5 are used for System Information, apparently this comes from the USB modem spec. It means that only 8 Subframes (1-4, 6-9) are used for user data. It will lead to a maximum theoretical TP given by:
Max TP= 25456 [bit] * 8 [subframe] * (100[ms]/1000[k])=20364.8 kbps
Figure 7 shows the maximum TP as it is read on the Anritsu call box when Type 2 Scenario is used and SAMSUNG GT-B3710 is under test.
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Figure 7. – SAMSUNG GT-B3710 max TP when using Type2 scenario
Huawei E398, and ZTE AL621:
Both can be tested with “Scenario” set to Normal. Figure 8 shows the max TP as it is read on Anritsu call box when testing the Huawei data card.
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Figure 7. – Huawei E398 max TP when using Normal scenario 
It can be noted that the maximum theoretical TP is different from the one reported in TR 36.301.
The above mentioned issue must be taken into account when looking at the TP Vs Power curves in section 7.
6. CHANNEL MODELS

The following channel models have been used:

· SCME UMi and UMa for multiple cluster as it is defined in 3GPP TR 37.976 [3]

· SCME UMi single cluster as it is defined in 3GPP TR 37.976 [3]

· SCME UMa from TR 37.976 [3] modified for a single cluster set up by setting all AoA to 0°
Mobile speed used was 3km/h. XPR is defined in [3], and it is taken into account in the measurements due to the fact that dual polarized probes have been used.
7. MEASUREMENTS
For all the above specified channel models, throughput is measured for different angle of rotation of  the DUTs while average channel power is kept constant at the center of the probe array. Average throughput of 360° rotation is then calculated and plotted versus the average channel power. It has to be noted that average channel power has been measured with a Spectrum Analyzer with an integration BW of 10MHz and then converted to dBm/15KHz (RS EPRE). 
Average channel power has been decreased with 1dB step in a 30dB power range, and TP has been measured at each step and rotation angle over 20000 blocks.

7.1. Single Cluster SCME UMi vs UMa 3Km/h
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Figure 8. – Pool 2 DUTs – E398 Vs GT-B3710
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Figure 8. – Pool 1 DUTs – E398 Vs GT-B3710
7.2. Huawei E398 - Single Cluster SCME UMi 3Km/h Vs 30Km/h
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Figure 9. – Pool 1 DUT – E398 SCME UMi 3Km/h Vs 30KM/h
7.3. Multiple Cluster SCME UMi 3Km/h
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Figure 10. – GT-B3710 Vs ZTE AL621 
7.4. Multiple Cluster SCME UMi Vs UMa 3Km/h
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Figure 11. – Pool2 DUTs – E398 Vs GT-B3710
7.5. Single Cluster Vs Multiple Cluster 
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Figure 12. – Pool2 DUTs – SCME UMi Single Cluster Vs Multiple Cluster
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Figure 13. – Pool2 DUTs – SCME UMa Single Cluster Vs Multiple Cluster

8. CONCLUSIONS AND FUTURE WORKS

Differences in DUTs performances were found by using both the single cluster and multiple cluster approaches. It 
means we could differentiate between a bad and good DUTs by using the single cluster approach and hence reducing the complexity of the test setup since only one channel emulator must be used for.

Differences in TP results when comparing Single Cluster Vs Multiple cluster could be due to the fact that the spatial characteristics are different. It means different correlation at the DUT and hence different TP Vs Power results. 
Slightly different TP Vs Power results can be achieved when testing the Huawei data card with SCME UMi 3Km/h Vs 30Km/h.

UMa channel model looks more challenging than UMi for the DUTs. Maximum TP cannot be achieved even at high power level at the center of the probes’ array.
Next steps would be the following:

· compare obtained results with other labs involved in the Round Robin testing campaign

· hopefully, get back the SAMSUNG GT-B3740 in order to test it

· work on site validation tests to be performed in order to quantify the measurement uncertainty of the used test range
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