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1 Introduction

This document summarizes the correlation studies for the Spatial Channel Model performance that has been conducted by the participating companies in the SCM Adhoc. The following contributions were used as a base line for this report:

	#
	FileName
	Date
	Description
	SOURCE

	1
	SCM-037
	07/12/2002
	Calibrating the Ray-Based Spatial Channel Model to the Correlation-Based Spatial Channel Model
	Texas Instruments

	2
	SCM-065v2
	10/10/2002
	SCM Model Correlations
	Nortel

	3
	SCM-086
	12/19/2002
	Spatial Channel Model, Fading, Propagation Models and Verification
	Motorola

	4
	SCM-093
	01/08/2003
	SCM Fading, Urban Canyon Verification
	Motorola

	5
	SCM-096R1
	01/07/2003
	Correlation Computation of SCM
	Lucent

	6
	SCM-098
	01/30/2003
	BS correlation with antenna pattern
	Nokia

	7
	SCM-101
	01/30/2003
	SCM Fading Model
	Motorola

	8
	N/A
	02/13/2003
	SCM Correlation Analysis (Note)
	Qualcomm


The agreed upon specification in the SCM-Text [1] for the generation of the spatial profile of the transmit-receive antenna pair connection calls for a sum of M=20 sinusoids (also called sub-rays or sub-paths) for each of the N=6 paths of the wideband model. Each of the sinusoids is initiated with a random phase. The M sinusoids for each path are assigned equal power but varying angles of arrival (AOA) that lead to the Laplacian angular power spectrum. 

The correlation performance analysis conducted by the participating companies studied the auto- and cross-correlation behavior of the SCM model generation method as specified in [1] in terms of:

1. Analytical derivation of the auto/cross correlation. 

2. Dependency on the Lag distance. 

3. Number of the M sinusoids assigned to generate each path.

4. Trade-offs in the generation of the Laplacian angular spectrum. (Specifically the alternative approach of modeling the Laplacian spectrum with sinusoids of varying powers but equally spaced AOAs was examined).

5. Perturbation methods for the assignment of AOAs to the sinusoids (dithering, frequency sweep, random perturbations).

No participating company provided any alternative method for the generation of the wideband SCM model that has been defined in [1].

The possibility of generating the SCM model using correlation matrices has not been considered in the SCM AHG since it lacks the capability to appropriately characterize the Doppler spectrum of each path. 

Also, the possibility of generating the SCM model using correlation matrices with filtered outputs that match the appropriate Doppler spectrum as dictated by the SCM model has not been considered in the SCM AHG. This procedure is currently viewed as cumbersome to implement and it is unknown whether it suffers from any disadvantages. 

2 sCM Correlation Study

The studies and their observations that were outlined in the Introduction section are summarized in the following Table 1.

Table 1. Summary of Correlation Performance of various SCM models

	Model Details
	Average Auto- and Cross-Correlation error (small lags)
	Average Auto- and Cross-Correlation error  (large lags)
	Variance of correlation between realizations

	SCM Model, [3], [4], [5], [6], [7]
	SMALL
	MODERATE ((<0.4)
	SMALL

	SCM Model (Large M) [6], [7]
	SMALL
	SMALL
	Not Available

	SCM Model (Varying sub-path Powers) [3] [4]
	SMALL
	SMALL
	HIGH

	SCM Model (sub-path AOA perturbation) [4], [5], [8] 
	SMALL
	SMALL
	SMALL

	SCM Model (sub-path AOA sweep) [9]
	SMALL
	SMALL
	SMALL


Below is the summary of each individual contribution’s results and observations.

In [Texas Instruments, 2], the authors show that randomly associating one angle of arrival (at the mobile) to one angle of departure (at the base) gives far less relative error, where they take as a reference the correlation-based channel model. They also show that as the number of sub-rays increases the ray-based and the correlation-based channel models essentially match. They give some examples in terms of relative error, which demonstrate that even for low correlations a hundred sub-rays gives less than 10 percent error in terms of correlations. In terms of BER performance, simulations with 20 sub-rays suffice. The conclusion of this study has been adopted by the SCM group in the default SCM implementation in [1].

In [Nortel, 3] the contribution considers four methods of deriving the correlation between antenna elements when assuming a mean AoA, a Laplacian with a specific variance ( and certain element spacing. The results of this analysis show that the approach proposed in [1] for modeling the AoA and powers of the sub-rays does not provide waveforms with the required correlations as presented in Table 2.8 of [1]. The power and angle assignment of the sub-rays that form a path is shown in Figure 1 (b). The alternative method of modeling varying sub-ray powers but equally spaced angles is provided and is shown to offer convergence to the correlations of Table 2.8 of [1]. Figure 1 (a) shows this alternative approach for 200 sub-rays per path. 

The [Motorola, 4] contribution investigates the fading behavior when the spatial channel model components are time-evolved. These effects are examined and compared using the autocorrelation function. The study continues in a follow up contribution [Motorola, 5], which investigates further details of the fading behavior of the spatial channel model, which is characterized by its narrow angle spread. The default SCM, [1], and its variation with power-varying sub-paths with equal AOA spacings is analyzed. These effects are examined and compared using the autocorrelation function, and the length of the simulated segment is also considered. Moreover, the variation of the auto-correlation is shown for both implementations. The comparisons are repeated here is Figures 2,3,4, and 5.

In [Lucent, 6] the authors compute the correlation of the default SCM, [1], and give a series expression for cross or auto correlation as a function of parameters like antenna spacing, angle of arrival etc. Since such a representation is exact i.e. when infinite oscillators are present (instead of few as in most practical implementations), it provides a benchmark to test the various implementations like the ones mentioned in [2, 3, 4]. The contribution shows plots of the correlation as a function of distance for both small and large lag distances. Example results for large lag distances are shown in Figures 6 and 7. The auto- and cross-correlation of the three types are given with the simulated SCM showing moderate increase for large lags. 

In [Nokia, 7] the aim of the document is to provide a closed form solution to antenna correlation at the base station, based on the SCM model [1], which also takes into account the antenna pattern of the base station antennas. A previous contribution [6] assumes an omnidirectional antenna pattern for the BS antennas. Even though only one case is shown in this contribution, the other cases can be easily derived using the same method. For small angular spreads, the original closed form expression does not provide a result due to numerical issues. Hence a new expression is derived based on an approximation. The implication of the approximation is that, for small angular spreads at the base station, the antenna pattern does not affect the correlation computation. This fact is reflected by comparison of the closed form expression with numerically integrated results.
Another follow-up contribution [Motorola, 8] investigates further details of the fading behavior of the spatial channel model, which is characterized by narrow angle spreads. Here, the analysis increases the lag distance to 20
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. An additional variation of the default SCM model  with AOA dithering is also considered.

The note in [Qualcomm, 9] examines the auto-correlation behavior of the default SCM with the variation of applying a time-sweep of the sub-path AOAs.
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Figure 1. (a) Left: 200 sub-rays with unequal powers, equally spaced in angle. (b) Right: 20 sub-rays with equal powers as used in the SCM adopted method. 
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Figure 2. Autocorrelation (magnitude). 
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Figure 3. Autocorrelation (magnitude) of standard SCM. 
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Figure 4. Autocorrelation (magnitude) of Nortel example. 
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Figure 5. Autocorrelation (magnitude) of standard SCM with dithering. 
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Figure 6. Normalized Auto-correlation function as a function of distance (in multiples of wave-length) with mobile direction perpendicular to the ray arrival.

[image: image16.wmf]
Figure 7. Normalized Cross-correlation function as a function of distance (in multiples of wave-length) with mobile direction perpendicular to the ray arrival.

3 CONCLUSION

Based on the studies conducted by the SCM participating companies, the SCM group has so far concluded that the current specification of the SCM model implementation in [1] offers a good balance between correlation behavior (moderate to low errors) and consistency from realization to realization.
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