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1. Introduction

Different MIMO OTA methods are using different ways to emulate the MIMO OTA channel model to test the device’s OTA performance. There are different ways to implement the OTA channel model emulation. It is important that different implementations have comparable channel characteristics and will result in comparable performance for the same device under the same channel model. It has been noticed in the round robin test that some of the test results might be implementation dependent. In this contribution, we explored how the different implementations might have different dependencies on the initial state of the implementation and thus result in different test results and what kind of average might helpful to remove the dependency on the initial state of implementation. There are mainly two kinds of implementations to emulate the directional channel models: correlation-based and geometry-based models. This contribution investigates LTE throughput stability dependencies on the initial states of the two kinds of model implementations by throughput simulation and antenna related metric simulation. 
2. Brief on different channel model implementations

In 37.976 [1], MIMO OTA channel models have been proposed for the measurement campaign. It is agreed that CDL model will be used and it is acceptable that the model implementation is vendor specific as long as the channel model characteristics between different channel models are following the standard characteristics. There are mainly two kinds of implementations

Geometry based channel model

Geometry based channel model is trying to model the channel with geometric parameters. SCM, SCME and WINNER channel models are typical geometry based channel models. The basic model implementation can be described with the following formula in [2].
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Where u is the receive antenna index, s is the transmit antenna index, n is cluster number, m is the ray index, 
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are the angle of arrival and angle of departure for each ray respectively. ds and du are the distance between adjacent transmitter antennas and adjacent receiver antennas respectively.    
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are the XPR for mth ray. 
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 are antenna patterns for the transmitter side for vertical and horizontal polarization, respectively.  
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 are antenna patterns for the receiver side for the vertical and horizontal polarization, respectively.  
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 are the random initial phase for each drop. This model defines the channel as a number of rays, with fixed power, fixed delay, and fixed initial phases. The geometric sum of these rays determines the fading effect. To account for movement through the environment, we introduce the concept of drops, where each of these fixed parameters can be drawn from a random set. For the CDL model, once the channel model is determined and the antenna arrays are determined, the channel model characteristics are determined and only dependent on the random initial phase. Different implementation might have different settings on those initial values. Some implementation might choose to do multiple drop implementation by varying those initial phase drop by drop and then average the results among all the drops. Some implementation might only use one set of initial value (single drop) and generate the channel data for a long time.
Correlation based channel model

For correlation based model, it derives the antenna related parameters like correlation matrix, channel power etc and then emulate the channel model. TGn channel model and WiMax channel model are typical correlation based channel model. A typical diagram of the correlation based model is shown in Fig.1
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Fig.1 Correlation based model implementation

Where u,s are the receive and transmit antenna index respectively. R is the correlation matrix derived based on the transmitter antenna pattern and receiver antenna pattern and the channel model. n is the cluster number. 
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is the channel power for channel from transmitter s to receiver antenna u.  H is the channel data. Cholesky is the cholesky decomposition of the correlation matrix R.
For the correlation based model, once the channel model and the antenna patterns are determined, the Doppler filter, the correlation matrix and the channel power matrix are all determined. The initial state of the correlation based model is the random seed.  Depending on the random seed length, the correlation based model can have good randomness for a long time run for any initial random seed.

In the following, LTE throughput simulations are performed for both the geometry-based model implementation and the correlation-based model implementation for the same MIMO OTA channel model and antenna pattern. By changing the initial state for different implementations, the LTE throughput dependencies on the initial state of the different implementation are explored.

3. LTE Throughput Comparison and Analysis

Agilent SystemVue is used for the simulation and comparison. SystemVue is a system simulation tool. It has the LTE simulation library and also both correlation-based and geometry-based channel model implementations. By configuring the simulation library appropriately, we set up the 2 by 2 MIMO throughput measurement simulation platform using different channel model implementations separately as shown in Fig.2. Throughput simulation configuration parameters are listed in Table 1. 
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Fig.2 LTE throughput simulation platform set

Table 1: LTE throughput simulation configuration parameters
	Parameter
	Value

	Transmission mode
	Spatial multiplexing  

	Channel bandwidth
	10MHz

	Carrier frequency
	2.655GHz

	Allocated resource blocks
	50

	Modulation
	16QAM

	Target coding rate
	1/2

	Targeted maximum throughput
	25.92Mbit/s

	Open loop or close loop
	Open loop

	SNR 
	15dB (does not contain pattern gain influence)


We choose SCME urban micro-cell in [1] as the channel model for the comparison. The model parameters are listed in Table 2, and the mobile speed is set to 30km/h. For the antenna configuration, we configure a vertical polarized Omni-directional antenna array with 10 lambda separation at eNB side; the device side adopts the measured antenna pattern from one commercial LTE USB dongle.  The antenna patterns of the device are shown in Fig.3 and Fig4 respectively.
Table 2: 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
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Fig.3 DUT antenna pattern in horizontal polarization (dB)
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Fig.4 DUT antenna pattern in vertical polarization (dB)
Fig.5 –Fig.9 show throughput simulation results for different model implementations. 
Fig.5 shows the throughput variation of different initial states for geometry-based model implementations.  42 drops with different initial state or random initial phase are simulated. Each drop length is 1 second.  Large throughput variations are seen among the drops. The maximum throughput factor difference among these 42 drops reaches to 22.3% and the variance is 28.46%. The mean value is 51.06%. 
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Fig.5 Geometry-based model throughput variation over each drop (drop interval = 1 s)

(Max (Throughput) - Min (Throughput) = 22.3%, Var (Throughput Factor = 28.46%))
To check whether long simulation time for each drop can reduce the throughput variation. we selected the drop with maximum throughput and minimum throughput from the 42 drops and then used their initial states to perform longer simulation. Fig.6 gives the simulation results for one long drop lasting 10 seconds. The figure demonstrates that for each drop, after about 4 seconds the throughput converges (within 2 percent difference from stabilized result). However, big differences are still observed for those two drops for the stabilized results. 
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Fig.6 Geometry-based model throughput convergence property over one long drop

Fig. 7 shows the throughput convergence property over 42 drops for the geometry-based model implementation. It can be seen from Fig.7 that averaging over multiple drops help remove the dependency on the implementation initial state. The simulation results also show that several tens of drops average will be good enough to remove the dependency on the implementation initial state. In this example, 20 drops with each drop lasting for 1 s are good enough. 
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Fig.7 Geometry-based model throughput convergence property over multi-drop average: converge to 51.06% after about more than 20 drops average
Fig.8 shows correlation-based model throughput convergence property for one random seed. From Fig.8, it can be seen that after 3 seconds the throughput converges.  
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Fig.8 Correlation-based model throughput convergence property over one time implementation

To check the throughput dependency on the random seed value of correlation based model, the throughput simulation over 10 different random seeds is performed. The simulation time for each random seed is 5s. The simulation results over different random seeds are shown in Fig.9. From Fig.9, it is clear that the throughput results variation for different random seeds are very little. The maximum throughput percentage difference among these 10 simulations is 2.64%, and the variance is 0.6057%, the mean throughput is 43.56%. 
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Fig.9 Correlation-based model throughput variation over different implementation (simulation time = 5s)

(Max (Throughput Factor) - Min (Throughput Factor) = 2.64%, Var (Throughput Factor = 0.6057%))
Comparing converged results for the geometry-based model implementation averaged over 20 drops with that for the correlation-based model implementation, there is about a 7 percent throughput difference.  We have checked the antenna related parameters like channel capacity, correlation, power imbalance, MIMO antenna gain for both implementation and find that they are comparable. We thus believe the simulation result difference is mainly due to the way of Doppler spectrum emulation and thus the two model implementation results are comparable. The simulation results on the antenna related parameters are shown in Fig.10-Fig.13, respectively.
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Fig.10 channel capacity for geometry based channel model implementation and correlation based implementation
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Fig.11 receive antenna correlation for Geometry based channel model implementation and correlation based implementation
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Fig.12 MIMO antenna gain for Geometry based channel model implementation and correlation based channel model implementation
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Fig.13 power imbalance for geometry based channel model implementation and correlation based channel model implementation
4. Conclusion 

Based on the simulation results, the following conclusions are drawn
1) For geometry-based channel model implementation, the single drop throughput simulation results depends heavily on the random initial phase of the implementation and are not comparable across different implementations.  
2) The averaged throughput over multiple drop simulations for geometry based channel model implementation by using the same CDL model and different random initial phase can remove the dependency on the model implementation initial state. The number of drops needs to be large enough typically several tens of drops.
3) For the correlation-based model, the throughput result does not depend on the random seed or the initial state as long as the simulation time is long enough.  The simulation time is several seconds for vehicle speed 30Km/h. If the vehicle speed is lower, the simulation time needs to be longer in proportion.
4) For the same channel model, the geometry based channel model implementation needs longer simulation times (the sum of the simulation time for all the drops) than the correlation based channel model.
5)  Both geometry based channel model implementation and correlation based channel model implementation have the comparable antenna related metrics.
5. References

[1] 3GPP TR 37.976 v1.5.0, “Measurement of radiated performance for MIMO and multi-antenna reception for HSPA and LTE terminals”, Apr. 2011.

[2] WINNER II Channel Models. D1.1.2 V1.1
CWGN





CWGN





CWGN





…











Cholesky(R)  





� EMBED Equation.3 ���





� EMBED Equation.3 ���





� EMBED Equation.3 ���





� EMBED Equation.3 ���





Doppler filter





Doppler filter





Doppler filter





Doppler filter





� EMBED Equation.3 ���





� EMBED Equation.3 ���





� EMBED Equation.3 ���





� EMBED Equation.3 ���








[image: image27.wmf]n

P

,

2

,

1

[image: image28.wmf]...

[image: image29.wmf]n

s

u

P

,

,

[image: image30.wmf]n

P

,

1

,

1

[image: image31.wmf]n

H

,

1

,

1

[image: image32.wmf]n

H

,

2

,

1

[image: image33.wmf]...

[image: image34.wmf]n

s

u

H

,

,

_1374996957.unknown

_1374996961.unknown

_1374996965.unknown

_1374996967.unknown

_1374996969.unknown

_1374996968.unknown

_1374996966.unknown

_1374996963.unknown

_1374996964.unknown

_1374996962.unknown

_1374996959.unknown

_1374996960.unknown

_1374996958.unknown

_1374996953.unknown

_1374996955.unknown

_1374996956.unknown

_1374996954.unknown

_1374996951.unknown

_1374996952.unknown

_1374996950.unknown

