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	This contribution presents the preliminary results of Motorola Mobility, measuring MIMO OTA data throughput following CTIA MOSG120521R4 document, which guides the CTIA Inter-lab/Inter-Technique OTA Performance Comparison Testing  for MIMO devices.


1.  Summary

           In this contribution Motorola Mobility presents preliminary results of the MIMO OTA measurement campaign initiated by CTIA. 
2.  Introduction

3GPP RAN4 MIMO OTA delegates proponents of testing methodologies [1] continues to elaborate the measurement procedure in the Work Item’s TR 37.977 [2].  CTIA following these definitions had initiated the Inter-Lab/Inter-Technique OTA performance comparison activity [3] among participating labs.  Motorola’s had been schedule a limited time slot in September 2012 to evaluate CTIA reference DUT [4]. This contribution highlights the preliminary results of this effort.

3.  Measurement Setup

As shown on figure 1, MMI MIMO OTA measurement setup is based on anechoic chamber, equipped with a “ring’ of eight slanted 45⁰ dual polarized horn antennas designed by AAU [5].
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Figure 1, MMI anechoic chamber installation diagram
The setup is equipped with a turn table, fiberglass pedestal and Styrofoam DUT support, the dual polarized horns are positioned at 45⁰ from each other, where the 0⁰ azimuth reference is positioned at the chamber door between probe 1 (left in the figure 1) and 8 (right in the figure 1). 
As indicated inthe figure 2, MMI setup was equipped with R&S CMW500 Widband Radio Communication tester (v3.0.20.8.), specifically in this preliminary results, two (loaned) Spirent channel emulators (VR5), and sixteen power amplifiers (9 mini-circuits ZHL-42, and 7 HP8347A) were used to improove the setup dynamic range, no amplfier was required on the up-link path. The chamber calibration was done utilizing a Network Analyzer HP8753D, and the conducted measurements were realized in the RF enclosure.

At this moment MMI setup does not have  SW assistance for data gathering, the test setup automation is in progress.
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Figure 2. MMI MIMO OTA test setup equipment rack
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Fig 3. CTIA MIMO 2x2 Reference antennas and DUT used during these measurements

3.1 Test configuration based on MOSG120521R4[3]
eNodeB Configuration

The eNodeB emulator used during execution of the tests described in Section 4 of this document shall be configured according to Table 3.1.1 and Table 3.1.2 below

Table 3.1.1; eNodeB Configuration Parameters for Open-Loop Spatial Multiplexing (TM3) Tests
	Parameter
	Value

	Downlink Bandwidth
	10 MHz

	Duplex Mode
	FDD

	Downlink Reference Channel
	R.11 FDD
	R.35 FDD 

	Downlink Modulation
	16QAM
	64QAM

	Maximum Theoretical Throughput
	23.328 Mbps
	35.424 Mbps

	Minimum Number of Subframes
	20000
	20000

	Initial Downlink RS_EPRE (Note 1)
	-75 dBm/15 kHz
	-60 dBm/15 kHz

	Downlink TBS Index
	13 
	18 (Note 2)

	Downlink MIMO Transmission Mode 
	TM3

	Number of MIMO Transmit Antennas
	2

	Rank Indicator
	2 (forced)

	Number of Downlink RBs
	50

	Downlink RBStart
	0

	Uplink Bandwidth
	10 MHz

	Uplink Modulation
	QPSK

	Uplink TBS Index
	6

	Number of Uplink RBs
	50

	Uplink RBStart
	0

	Transmit Power Control
	Open loop nominal power = +10 dBm at full RB allocation; TX power control = constant power

	PDSCH Power Offset Relative to RS EPRE
	ρA= -3 dB
ρB= -3 dB

	HARQ Transmissions
	1 (No HARQ)

	Initial SNR at DUT Antenna Port
	15 dB
	25 dB

	OCNG Pattern
	None

	AWGN Power Level
	As needed to establish specified SNR 


Note 1: The specified RS_EPRE power level shall be measured at the UE antenna port.
Note 2: For some of the subframes other TBS settings are required for R.35. See Table A.3.3.2.1-1 Fixed Reference Channel two antenna ports in 3GPP

Table 3.2.2: SCME urban macro-cell channel model

	SCME Urban macro-cell

	Cluster #
	Delay [ns]
	Power [dB]
	AoD [(]
	AoA [(]

	1
	0
	5
	10
	-3
	-5.2
	-7
	82
	66

	2
	360
	365
	370
	-5.2
	-7.4
	-9.2
	81
	46

	3
	255
	260
	265
	-4.7
	-6.9
	-8.7
	80
	143

	4
	1040
	1045
	1050
	-8.2
	-10.4
	-12.2
	99
	33

	5
	2730
	2735
	2740
	-12.1
	-14.3
	-16.1
	102
	-91

	6
	4600
	4605
	4610
	-15.5
	-17.7
	-19.5
	107
	-19

	Delay spread [ns]
	839.5

	Cluster AS AoD / AS AoA [(]
	2 / 35

	Cluster PAS shape
	Laplacian

	Total AS AoD / AS AoA [(]
	7.8 / 62.6

	Mobile speed [km/h] / Direction of travel [(]
	30 / 120

	XPR

NOTE: V & H components based on assumed BS antennas
	9 dB 



	Mid-paths Share Cluster parameter values for: 
	AoD, AoA, AS, XPR


Table 3.2.1: SCME urban micro-cell channel model

	SCME Urban micro-cell

	Cluster #
	Delay [ns]
	Power [dB]
	AoD [(]
	AoA [(]

	1
	0
	5
	10
	-3.0
	-5.2
	-7.0
	6.6
	0.7

	2
	285
	290
	295
	-4.3
	-6.5
	-8.3
	14.1
	-13.2

	3
	205
	210
	215
	-5.7
	-7.9
	-9.7
	50.8
	146.1

	4
	660
	665
	670
	-7.3
	-9.5
	-11.3
	38.4
	-30.5

	5
	805
	810
	815
	-9.0
	-11.2
	-13.0
	6.7
	-11.4

	6
	925
	930
	935
	-11.4
	-13.6
	-15.4
	40.3
	-1.1

	Delay spread [ns]
	294

	Cluster AS AoD / AS AoA [(]
	5 / 35

	Cluster PAS shape
	Laplacian

	Total AS AoD / AS AoA [(]
	18.2 / 67.8

	Mobile speed [km/h] / Direction of travel [(]
	30 / 120

	XPR

NOTE: V & H components based on assumed BS antennas
	9 dB



	Mid-paths Share Cluster parameter values for: 
	AoD, AoA, AS, XPR


4.  Results

Both DUTs (B7/B13) were received without SIM cards. MMI received the DUTs and Spirent Channel emulators with delay of three days from original schedule date. At arrival it was evident that the B7 DUT (Samsung Galaxy, GT-19210) was unable to be attached in conducted mode or though the CTIA reference antennas. The prior lab was contacted who confirmed this observation. The handset wasn’t tampered thus the current assumption is that the semi-rigid coaxial cables were installed in an improper location, but at the antennas RF port. CTIA co-chair was communicated, who request MMI to return the DUT.

Moving along with the only available DUT; the B13 HTC Rezound (ADR6425LVW); after a series of attempts to acquire data, the DUT was replaced by Motorola Droid4. The HTC Rezound demonstrated abnormal behaviour where connections were dropped at high SNR, and inexplicable error bursts were noted at high SNR, forcing a constant DUT power cycle or “airplane mode on/off” cycle. The HTC Rezound also was unable to attach while connected to “bad” reference antenna, regardless of SNR level.

The following data was acquired with Motorola Droid4, while the SCME Umi measurement results demonstrated an expected discrimination between “good”, “nominal” and “bad” antennas; about 8dB discrimination. The measurement results on SCME Uma demonstrate discrepancy among reference antennas ranking, the behaviour of DUT with B13 nominal antenna seems abnormal with transition between maximum throughput and minimum throughput in very limited dynamic range (<2dB).
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           Figure 4 MMI Droid4, preliminary MIMO OTA measurement results, SCME Umi
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            Figure 5, MMI Droid4, preliminary MIMO OTA measurement results, SCME Uma
5.  Discussion
MMI and AAU just recently finalize its MIMO OTA setup, and effectively realizing the measurements new questions rises related with published measurement procedures, some of these comments & questions are listed below:

a. How does MOSG120805 relate to MOSG120521R4? The only eNodeB equipment test configuration published on CTIA MOSG site is from R&S and seems to be outdated. Does the equivalence effort among eNodeB emulators is concluded?
b. It is not well defined how to interpret the power level at the antenna port;  
c. How to measure the required specific power levels? It seems that an Spectrum Analyzer which demodulates LTE will be required;
d. How do we measure the SNR or noise level at the UE? 
e. MOSG120521R4 specifies TBS Index at TM2 = 0, doesn’t should be 13?
f. It seems better to decrease the power level, than to increase the noise, more clarification regarding the SNR sweep need to be provided;
g. Perhaps presenting the data throughput over ES EPRE should be reintroduced, thus clarifying how accurate is each lab power calibration procedure;
h.  It seems like the power decrease of 1 dB, is quite high, 0.5 dB or even smaller would be better, at least on the slope between the max and min throughput;
i.  Where to decrease the power level? Fader or tester? The same definition is needed for the noise;
j.  It is stated to stop test when under 30% BLER, perhaps this limit should be lowered to capture more appropriate data throughout  dynamic range;

k.  MOSG120521R4 on session 3.3 calls for slanted 45 degrees base station antenna configuration, however the proper path loss calibration is done using V&H polarized dipoles, since is impractical to mechanical tilt antennas between calibration and measurements, the measurement should be done with same orientation the  antennas are calibrated;
l. Starting power level of test is defined rather low, as many measurements will decrease before the starting point;
m. The UpLink power settings need to be redefined for radiated measurements;
n. Definition of number of sub frames is missing. In this work the 3GPP definition was adopted, 20000 sub-frames.
·         Starting measurements with foreign DUTS is always a challenge, a precise recipe HW, SW, FW, SIM card is needed, and hours/days can be wasted before the first call is completed if this information isn’t available. Perhaps lessons learn document could be created, therefore sharing experiences and procedures to optimize testing time among labs.
6. Conclusion

MMI preliminary measurements seems to correctly rank different CTIA MIMO reference antennas, the discrimination between antennas also match what had been shared by other labs. The CTIA DUT was the very first MIMO OTA measurement realized by MMI, with limited time between setup adjustments and channel emulator operation learning curve, due lack of automation MMI was able to run very limited set of measurements. More measurements are needed, thus MMI suggested that CTIA realize a second round of measurement campaign with interested Labs, hopefully including the B7 DUT.
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