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1. Introduction

In contribution [1], an extension to 3GPP spatial channel model (SCM) [2] was introduced. The extension is called Extended SCM (SCME). It supports bandwidths up to 100 MHz, but the contribution focused on 20 MHz version of it. It was presented to mitigate the identified artefacts of SCM in frequency domain, when applied to bandwidths over 5 MHz. The presented model provided consistency and comparability, since it is backwards compatible with the original SCM, i.e., when down sampled to 5 MHz, original SCM channels are retrieved. 
Additionally, the contribution [1] mentioned the forthcoming WINNER models. WINNER project [3] is focusing on beyond 3G (B3G) radio system using a frequency bandwidth up to 100 MHz. However, this contribution considers 20 MHz version of the WINNER model. At the date of the contribution [1], the WINNER models were not public. However, in the meantime, the models were published and are described in the deliverable D5.4 [4]. 

3GPP SCM model [1] has been designed for systems operating around 2 GHz carrier frequencies with 5 MHz bandwidth. 3GPP LTE work, however, requires channel models supporting bandwidths up to 20 MHz, and SCM model with 6 paths has not been guaranteed to be directly suitable for such bandwidths. In this document we investigate the suitability of the 3GPP SCM model for wireless systems with up to 20 MHz bandwidth. As an example of potential shortages of the original 5 MHz SCM model we present some initial simulation results for a 20 MHz OFDM system.  

There are two types of WINNER channel models for each scenario: a generic model and a reduced-variability model denoted clustered delay line (CDL) model, which can for example be used for calibration and comparison simulations. The key cluster parameters of the CDL models are delay, power, angle of departure (AoD), angle of arrival (AoA), Ricean K-factor, mobile station (MS) speed, number of rays per cluster, ray powers, cluster and composite cluster azimuth-spread at MS, and cluster and composite cluster azimuth-spread at BS.
This paper compares SCM, SCME (20 MHz version), and WINNER (20 MHz version) model, and their suitability for 3GPP long term evolution (LTE) simulations. The comparison measures are frequency correlation function, wideband outage capacity, and bit error rate (BER). 

2. Comparison table
Table 1 compares the basic parameters of the models.
Table 1. Comparison of SCM, SCME, and WINNER models.

	
	SCM
	SCME 
(20 MHz version)
	WINNER phase I 

(20 MHz version)

	carrier frequency (GHz)
	2
	2
	2 and 5

	bandwidth (MHz)
	5
	20
	20

	scenarios
	1) urban macro

2) urban micro

3) suburban macro
	the same

as SCM
	1) indoor small office

2) urban micro

3) indoor hotspot

4) stationary feeder

5) suburban macro

6) urban macro

7) rural macro


Different methods for channel model evaluation are available. The wideband MIMO models have three dimensions to be evaluated, namely delay, Doppler, and space. The Fourier pairs of these three dimensions are frequency, time, and aperture. The delay dispersion has two important measures, r.m.s. delay spread and frequency correlation function. Doppler can be measured by Doppler power spectral density or path autocorrelation function. Spatial properties can be measured by angle of arrival/departure accuracy or correlation matrix. When moving from narrowband towards wideband systems, more accurate delay domain modelling is needed. Multiantenna systems naturally require accurate spatial modelling. Therefore, we study the impact of accurate delay domain modelling (frequency correlation), and the impact of accurate multiantenna modelling (correlation matrix). Additionally, channel capacity and BER figures are shown.
3. Frequency correlation properties

We calculated the frequency correlation functions (FCF) of the three models (SCM, SCME, and WINNER). SCM and SCME FCFs are calculated from the tapped delay line (TDL) model of [4]. WINNER FCFs are calculated from the CDL models. FCF (R(f)) was calculated by doing the Fourier transform to a normalized TDL (CDL) model as follows.
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where Pi and (i are the corresponding power and delay of tap i, and f is the frequency variable varying, e.g., from 0 to 20 MHz..

Figure 1 shows the frequency correlation for urban macrocell scenario within 20 MHz band. Figure 2 depicts the frequency correlation for suburban macrocell scenario within 20 MHz band. In both figures, SCM model has much higher correlation than SCME. It means that potential frequency diversity gain is lower with the SCM model. In reality, frequency correlation should decrease while frequency offset (frequency difference between the two frequency points) is increasing. The difference between the SCME and WINNER models is not so clear. The benefits of the WINNER model are the number of scenarios (including indoor), and the fact that the parameters have been obtained by measurements.
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Figure 1. Frequency Correlation for Urban Macrocell Scenario, 20 MHz bandwidth.
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Figure 2. Frequency Correlation for Suburban Macrocell Scenario, 20 MHz bandwidth.
4. Multi-channel correlation accuracy

All three models (SCM, SCME, and WINNER) are based on the same approach, namely geometry based stochastic channel modelling approach. Correlation matrix can be calculated from the channel realisations, when antenna coordinates and patterns are known. However, implementation of these matrices may cause some inaccuracy. The inaccuracy can be measured by, e.g., correlation matrix distance (CMD) [5], which is the distance between realized Rrealized and ideal Roriginal correlation matrices as shown in equation below
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where 
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the Frobenius norm. It would be necessary to define the maximum limit of the correlation matrix distance.

5. Channel Capacity

Figure 3 and Figure 4 show the narrowband and wideband outage capacities of different models. In Figure 4, we can see the difference in the shape of the CDF, but only minor difference in the mean value. The variation of outage is smaller with SCME model than with SCM. It is necessary to emphasize that the narrowband capacity don’t show the frequency diversity gain. In the ergodic case, evaluation of narrowband capacity is enough since wideband capacity is equal to narrowband capacity [6]. To show the impact of the frequency correlation on system capacity, a multicarrier throughput with optimal diversity reception should be evaluated (future work).
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Figure 3. Complementary CDFs of narrowband capacities on SCM (solid line), SCME (dash dotted line) and WIM (dotted line) Suburban Macro scenario. Ratio P/(2 values grows with 10 dB steps from left to right (-10..30dB).

[image: image8.png]Pr(capacity>abscissa)

o
[

o
&)

o
~

o
w

o
S}

0.1

Complementary CDF of Wideband Capacity

. T
N

* Plo? = 0,10,20,30dB

1
]
1
AW
B
AW
i
i
1]

capacity [bit/s/Hz]





Figure 4. Complementary CDFs of wideband capacities on SCM (solid line), SCME (dash dotted line) and WIM (dotted line) Suburban Macro scenario. Ratio P/(2 values grows with 10 dB steps from left to right (-10..30dB).
6. Effect of the channel model on OFDM performance

The effect of the channel model on OFDM system performance was also investigated. In the contribution [1], the comparison was done with a software simulator. The comparison below was done with a real-time hardware demonstrator and a channel emulator.
The measurement setup is shown in Figure 5.
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Figure 5. Test Connections.

Channel emulator performs real-time convolution, where channel matrix is time-variant and frequency selective. Convolution is performed in digital domain. Paths and channels are combined digitally, which is important to obtain adequate spatial accuracy.
Channel realisations, in the format of matrix coefficient channel impulse responses, were generated with WINNER Matlab implementations SCM [7], SCME [7] and WIM. The channel model parameters are shown in Table 2. Resulting impulse responses were converted to channel emulator. The transceiver parameters are shown in Table 3.
Table 2. Channel Realisation Parameters.

	Parameter
	Value

	MIMO antenna configuration
	2x2

	Tx (BS) antenna separation
	10 lambda

	Rx (MS) antenna separation
	0.5 lambda

	Number of channel samples
	200000

	Sample density (smpl/half wave lenght)
	64

	Scenario
	Urban micro NLOS

	Number of drops
	1


Table 3. Transceiver Parameters
	Parameter
	Value

	Bandwidth
	20 MHz

	Number of active sub-carriers
	52

	Carrier separation
	312.5 kHz

	FFT length
	64

	Modulation
	QPSK

	Number of TX and RX
	2 TX, 2 RX

	Code rate
	½ (convolutional)

	Interleaving
	packets interleaved over the whole bandwidth

	Mobile speed
	50 km/h

	Carrier frequency
	2.5 GHz


The BER results are shown Figure 6. The results show similar behaviour as in [1], but exact values differ slightly. It is natural since the transceiver parameters are not exactly the same. Nevertheless, it can be seen that SCME makes it possible to obtain the desired BER level at over 1 dB lower signal-to-noise ratio (BER < 0.1). 
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Figure 6. BER Test Results.

7. Conclusions and Future Work
Four different candidate models were compared. SCM is not suitable for 20 MHz simulations due to the frequency correlation problem. SCME 20 MHz version is minimum update. SCM and SCME have similar parameters, the only difference is the intra-cluster delay spread. WINNER model is more different since it has different parameters like delays, directions, mean powers etc. Main advantages of WINNER model compared to SCM and SCME is that model parameters are based on radio channel measurements, it has more parameters like cross-correlations between large scale parameters, and it has more scenarios including indoor.

A free Matlab implementation of SCME for 100 MHz is available online in [7]. With some minor modifications it can be used for 20 MHz 3GPP LTE simulations. 

The comparison in this paper was made with a single drop. We will analyze the performance with multiple drops later. Future contributions may include results from multi-channel correlation calculations. Future contributions will also compare 20 MHz version of WINNER model to SCM and SCME.

Disclaimer

If the complexity related to SCME or WINNER turns out to be overwhelming, or if a simpler model, giving similar results can be found, the channel model used in evaluations should be reconsidered
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