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1. SUMMARY

Previous proposals to TSG-RAN-WG1 concerning channel modelling for multiple input multiple output (MIMO) links [5][8] have offered a useful basis for commencing RAN1’s exploration of  MIMO link design options. Those proposals are based, however, on significant simplifying assumptions that may preclude sufficiently accurate modelling of real-world MIMO link and system performance.

Most importantly, in prior proposals model parameters are set by single base site (Node B) average measurements for specific antenna configurations and types. This is not a basis for predicting behavior by other antenna configurations and types because the fundamental electromagnetic field, separated from the probing antennas, is not characterized. Nor do prior proposals provide measurement support for angle-of-arrival information at either the user equipment (UE) or Node B, or of polarization effects. Furthermore, average behavior often does a poor job at conveying the character of typical behavior. This submission discusses some of these modeling problems in more detail, and outlines an alternative approach which is independent of antenna geometry and type, and includes modelling of polarization effects.  

 2.  INTRODUCTION

The traditional model of mobile radio propagation is that of a large number of nearby scatterers surrounding the mobile, illuminated fairly directly from a high Node B [1,2]. This serves to explain the Rayleigh fading character of small-scale mobile movement
. Even with a limited span for angle-of-arrival, the Central Limit Theorem still applies as the number of components is allowed to increase without bound. Thus, the received signal envelope remains Rayleigh distributed. However, the rate at which fades occur as the receiver moves decreases. Directive antennas on subscriber units can produce similar behavior, even when scatterers do completely surround the receiver (Section 3.1.3 of Reference [4]). As signaling bandwidths increase, the traditional ``flat'' fading viewpoint becomes insufficient and frequency-selective fading is observed. This is the result of multiple rays arriving with significantly different propagation delays. Such time dispersion causes intersymbol interference in digital communication systems and, without equalization, sets a lower limit to bit error rate. With the advent of multiple base and mobile antennas for the purpose of increasing system capacity, the importance of ray angle-of-arrival as well as time-of-arrival has begun to be appreciated. Only by correctly modeling both can one expect computer-optimized link and system designs to perform as expected in the field. 

3. Fundamental Attributes of a MIMO channel model
There is general agreement that wideband MIMO radio channels should be modeled as sums of delayed copies of the transmitted waveform; for example, as in equation (1) of [5]. Differences among models generally concern the number of rays received, their amplitudes, delays, arrival angles, and polarizations.

3.1 Time Delays
An early study relevant to MIMO in RAN-WG1 used flat Rayleigh fading channels at low speed with uncorrelated fading among the antennas [6]. In later work, differential time delay and antenna correlation were incorporated based on analysis of a ring of scatterers surrounding the receive array [7]
. While this approach is mathematically tractable, it tends to underestimate correlation compared to field measurements [9,10]. Furthermore, exact solutions for joint and marginal probability density functions for time-of-arrival and angle-of-arrival likewise do not agree well with observations [11]. An alternative approach is the ray cluster model of  [12], itself a refinement of Turin's early outdoor observations [13] supported by independent measurements [14]. Here, time delays are generated according to dual Poisson statistics and power levels decrease, on average, exponentially with time delay. Thus, stronger rays tend to arrive with smaller time delays. 

3.2 Arrival Angles

There is also general agreement that ray arrival angles at a Node B operating above rooftop level are Gaussian distributed about the direct path heading with a Laplacian distribution of incoming power versus arrival angle [15]. Strong rays are associated with small standard deviations of arrival angle, but there is a need to establish the relation between angle and power level (or time delay) that best fits the environment being simulated. There is also a need to distinguish Node B and UE behaviors. Motorola’s measurements suggest that a uniform distribution of arrival angle at the UE is frequently inaccurate  (Figure 1
). Also, Motorola often observes non-Rayleigh behavior by individual rays and slower decorrelation with separation than would be the case if rays were composed of many subcomponents (Figures 2 and 3).

3.3 Polarization

There is a need to establish how ray power is distributed as a function of transmit/receive polarization due to the physical constraints on multi-antenna deployments, especially at the Node B. Many publications on reception of dual polarized signals exist, some offering methods for simulation (for example, [16]). Unfortunately, these efforts match simulated behaviors to composite antenna outputs observed for specific antennas with specific placements and polarization orientations (as in Figure 4
). This offers no guidance for the polarization characteristics of individual rays (as in Figure 5), yet treatment of individual rays is necessary for credible simulation of arbitrary antennas and placements. In a future submission, we will suggest a means of handling Node B and UE antenna arrays with any mix of vertical, horizontal, slant +45, and slant –45 polarization, both uplink and downlink.

3.4 Number of Rays

The number of rays should of course be set by the environment, not one's field test equipment. With narrow beamwidth antenna probes, dozens of samples
 may be necessary to contain most of the power received at the mobile (Figure 6). This number is greater than the numbers associated with models like [17,18]. To handle movement in system simulations, a birth/death process for individual rays must be specified. Numerous simulation suggestions have been published for this purpose [19,20,21], but observational backing is lacking.

3.5 Bulk Propagation Effects

The propagation model requires a means for adjusting baseline rms delay and angular spreads to match field observations in the environments of interest. Likewise, system simulations require a means of assigning bulk path loss values and accounting for shadowing

4. CONCLUSIONS

The following issues need to be addressed with regard to the channel models proposed to TSG-RAN-WG1, such as [5] and [6,7,22]:

(1) the use of a ring or disk of scatterers surrounding the receive array which is assumed to be submerged below the tops of buildings in an urban area underestimates antenna array correlations; furthermore, exact solutions of joint and marginal probability density functions for time-of-arrival and angle-of-arrival do not match observations.

(2) the treatment of rays as independent Rayleigh fading entities is at odds with observation, where non-Rayleigh behavior is commonplace; the latter leads to slower decorrelation with separation than would be the case if rays were composed of many comparable subcomponents (the essence of the former).

(3) the proposed number of rays is much less than the number needed to contain most of the power received at UE.

(4) no observationally-backed birth/death process is offered for system simulation applications.

(5) polarization characteristics of individual rays are not addressed; instead, average coupling values for specific antenna outputs and polarization combinations are used and antenna correlations are presumed to equal the independent product of spatial and polarization correlations.

To overcome these problems, Motorola proposes that a ray-based model of the electromagnetic field should be adopted, into which antenna arrays of arbitrary elements, spacings, and polarizations can be introduced for link and system performance analysis. For all antenna pairs and for both uplink and downlink, the model should specify a number of rays, their power levels, their times-of-arrival, and their angles-of-arrival. According to the geometry of the array in question, proper phase delays can then be inserted. And, according to the polarization arrangements at both transmit and receive ends, representative adjustments for received power levels can be made.  Finally, for system simulation applications, ray particulars should be modulated in time according to a birth/death process supported by observation.  Those observations should be wideband, use real subscriber products and antennas, include vehicle and body effects, move at realistic speeds, and involve multiple sectors and sites.
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Figure 1: Average Power at Mobile Receiver

2.3 GHz measurements, suburban Chicago, 3' rotatable dish
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[image: image2.png]Figure 2: Non-Rayleigh Character of Individual Ray
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Figure 3: Spatial Correlation at Mobile Receiver
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[image: image4.png]Figure 4: Polarization Behavior at Mobile Receiver

2.3 GHz measurements, suburban Chicago, 3' rotatable dish
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[image: image5.png]Figure 5: Polarization Coupling at Mobile

2.3 GHz measurements, suburban Chicago, 3' rotatable dish
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[image: image6.png]Figure 6: Number of Rays at Mobile Receiver

2.3 GHz measurements, suburban Chicago, 3' rotatable dish
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�A generalization that does not require signal arrivals uniformly from all angles has been analyzed by Aulin [3]


� The antenna correlation model is an extension of  reference [8], which addresses the multiple transmit antenna case.


� These data, and data in Figures that follow, pertain to a link frequency of 2.3 GHz. The –3 dB azimuthal beamwidth of the 3’ dish used to gather the data is 10 degrees.


� The index plotted on the horizontal axis is a sequential count of six observing positions separated by 1” for each of 4 receive/transmit  polarization combinations. Thus, indices 1,7,13, and 19 refer to the sums of powers received over all headings using receive/transmit polarizations of horizontal/horizontal, vertical/vertical (the reference), horizontal/vertical, and vertical/horizontal, respectively. In general, small  differences are seen over the six observing positions while substantial differences can exist due to polarization.


� With azimuth sampling intervals decimated to match the antenna beamwidth, rays can be taken as synonymous with samples.


� Movement over larger distances is associated with lognormal fading. That is, when small-scale fading is averaged out and expressed in decibels, such averages tend to be Gaussian distributed. This behavior is consistent with radio paths composed of numerous points of reflection and diffraction. The signal level passed along at each such point is some fraction of the incident signal. The logarithm of such coefficients equals the sum of the logarithms of individual contributors. Through the Central Limit Theorem under quite general circumstances, sums will be Gaussian in character.












_1050327748.bin

_1050824374.bin

_1050310163.bin

_1050310187.bin

_1050310210.bin

_1050310140.bin

