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	Abstract
	We consider a simple model for the time variance of the UWB channel. We start out by reviewing some properties of UWB systems that put restrictions to what has to be modeled. Subsequently, we present a simple model for the angular spectrum, namely a rectangular function whose width increases with delay. Next, we introduce time variations due to shadowing by persons walking through the LOS path. Finally, we discuss how the model can be adapted to fit the "samples impulse responses approach" currently under consideration by the IEEE 802.15.3a group.
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I. Introduction

    Currently, a standardized channel model for UWB is developed in IEEE 802.15 SG3a. As usual in standards developments, the channel model must be a compromise between simplicity and physical veracity. The general status of the channel model is reflected by the current version of the report of the channel modeling subgroup [IEEE P802.15-02/368rx-SG3a:]. The model is based essentially on a Saleh-Valenzuela model, with both small-scale (ray) and large-scale (cluster) fading. For the testing of system proposals, a set of approximately 100 deterministic impulse responses is to be derived for each considered radio environment class (LOS - distance less than 4m, NLOS - distance less than 4m, NLOS, distance less than 10m). A subject that has only recently been brought up is the time-variability of the channel. It is interesting to explore whether this will play a role in the evaluation of the system proposals, and if yes, how it could be described mathematically.

In this contribution we will analyze a simple model for the time variance of the channels. We will start out by reviewing some relevant facts about propagation, both by intuitive arguments and from measurements. We will then proceed to develop a simple model for a time-continuous stochastic channel model. In the last section, we will discuss how this model can be adapted for the "stored impulse response" realization of the channel model that is very likely to be adopted as recommended implementation.


II. MOVING TX/RX

In the following, we will deal with the time variance of the channel impulse response. There are two possible sources of time variance: movement of the TX or RX (or both), and/or movement of scatterers. We will discuss these contributions separately, as they lead to different mathematical models. Movement of the TX-RX can (at least on a small scale) be described stochastically, by modeling the impulse response as a WSSUS process [Bello 1963].

    Under these circumstances, the time variance can be given either by the autocorrelation function or the Doppler spectrum, which is related by Fourier Transform (FT) to the autocorrelation function. The Doppler spectrum is related to the angular power spectrum (APS) [Jakes 1974]
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 where pdfγ(γ) is the arriving angular power spectrum (more precisely, the probability density function of power arrivint at an angle γ w.r.t. the (quasi)-LOS component, and G(γ) is the antenna pattern, which is assumed omni in the current proposal of the standard; νmax is the maximum Doppler frequency. Also note that the angular power spectrum may be a function of the delay.

    We next look at the angular distribution of the arriving signal. Since TX and RX are in the same environment, we can assume that their angular spectra (with respect to the quasi-LOS) are identical. We are aware of only one publication that explicitly extracts angular spectra - the paper by Cramer et al [Cramer et al. 2002], which was also submitted in slightly modified form to the IEEE standardization group. It is based on the measurement data of Win et al. [Win et al. 1997], which also form the basis of Win, Cassioli, and Molisch [Cassioli et al. 2002]. From this model, we can see that the angular spread increases with delay, which corresponds to physical intuition.

    The shape of the angular spectrum is not known exactly. The number of measurement points in [Cramer et al. 2002] was too low to allow extraction of that information. In narrowband indoor channels, Laplacian shapes have been used for the angular spread of each cluster [Molisch et al. 2002]. In order to reduce the complexity of the model, we suggest, however, to model the angular spectrum by a simple rectangular function with a delay-dependent width. We suggest that
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The parameter τmax should be chosen in such a way that the total rms angular spread, i.e., the second central moment of the composite power azimuth spectrum

[image: image3.emf]

pdf



,PDPd


is 38 degrees, in agreement with the value suggested in [Cramer et al. 2002]. The actual value of τmax will depend on the final choices of the power delay profile PDP(τ). For some models, the "scaling factor" of the increase of the spread with delay can be computed analytically. However, if it is really just sampled impulse repsonses, then a numerical calculation will be required.


III. MOVING SCATTERER

    If the scatterers are moving, the angular power spectrum becomes time-variant itself, and the description becomes considerably more complicated. For these reasons, we consider only one case where a single scatterer is moving, namely when a person is moving through the (quasi) LOS direction, thus shadowing off the most significant power contribution. This is also the case considered in [Schell 2002]. The simplest way to deal with that situation would be to impose a (time-varying) attenuation of the total received power (we are talking shadowing over a duration of about 1s here). However, that would be unfair to systems that can actually adapt to those situations and get more energy from the angular ranges that are not shadowed. We thus think that a good channel model must be able to deal with that.

    For the moving scatterers, we will assume that this person moves through the LOS with a speed of 1m/s. The movement is on a line perpendicular to the LOS between transmitter and receiver, with a distance (when it crosses the LOS connection) of 80cm from the receiver. The person is modeled as a cylinder with 40cm radius. We neglect transmission of radiation through that person, as well as diffraction around it. The person will thus shadow an angular region of 52 degrees (in the worst case), with the mean angle varying with the specified 1m/s. We assume that such an interruption of the quasi-LOS happens in 10% of all cases. This model is actually very similar to the one considered in [Schell 2002], although the investigations were done independently. We will describe an implementation of the model for simulation purposes below.


IV. Implementation Aspects

    After having established the model, the question is how to realize it in practice. Note that the usual fading simulators cannot easily be applied in practice, because they are assuming Rayleigh fading (see, e.g., [Paetzold 2002]). This is a topic for further research.

    In principle, the implementation can be done in a simple (but CPU-intensive) way by filtering in the time domain.In a first step, independent samples of the impulse response, obeying the Nakagami (or lognormal) statistics of the channel are created by a standard random number generator. For each separate delay, these samples are then filtered by the autocorrelation function belonging to a specific delay. Note that the ACF is the Fourier transform of the angular power spectrum as described in Eq. (1). Note that an implementation of the filtering process in the frequency domain will improve efficiency considerably. Possible changes of the delays of the multipath components can be taken into account by linear interpolation

    For the time-variance due to moving scatterers cutting off the (quasi) LOS, we suggest a different implementation, because in this case the WSSUS assumption is not fulfilled. We assume for this case that the transmitter/receiver is stationary (the combination of moving receiver with the moving scatterers would become very difficult to implement). We first create a random channel realization, with a certain power (according to the given statistics) ascribed to each tap. The power in this tap is distributed to rays coming from different angles, but having the same delay, distributed uniformly about the considered angular range. 
The fading process is then easily simulated. As the cylinder moves through the room, it cuts off certain angular ranges, from which power now cannot reach the receiver anymore. These angular ranges follow from simple geometrical considerations. We thus compute the "remaining" power for each delay tap, and thus arrive at a new channel impulse response. Computations are done for several disrete positions of the person, and linearly interpolated, until it moves out of range.

To summarize, we have the following "recipes" for the moving-transceiver case:

1. create N realizations of the impulse response following the Nakagami statistics describing the small-scale fading

2. for each delay tap, compute the (small-scale averaged) azimuthal power spectrum, following the suggestions above (rectangle with width increasing with delay)

3. Compute the Doppler spectrum from the azimuthal power spectrum and the antenna pattern, according to Eq. (1)

4. Perform a Fourier transformation of the Doppler spectrum to obtain the ACF

5. Filter the (independent) samples of the impulse response created in step one with the ACF. Note that the number of independent impulse responses that has to be created is rather low - the rate should be about four times the maximal Doppler frequency. Any changes in between the sampled (filtered) values can be obtained from (linear) interpolation.

    For the moving-scatterer case, we get

1. Create a realization of the impulse response that follows the desired statistics (or pick one of the 100 samples from the set provided by the 802 group)

2. ascribe an angular power spectrum to each delay, as also discussed in item 2 in the above recipe

3. position the scatterer at a certain location. Perform the geometrical computations to see which angular range the scatterer is shadowing off

4. Sum up the power for each delay tap that is not in the shadowed angular region. This gives the new impulse response.

    If we use the implemenation with the sampled impulse responses, we would suggest to use the sampled values as local mean averages, and use the Nakagami m-factors that will be specified for the analytical description of the model to clarify the fading statistics. This gives a complete description of the small-scale fading. This disregards the effects of large-scale channel variations on the power delay profile. Especially it does not allow changes of the delays of the taps.This might have an effect on tracking algorithms. It might thus seems worthwhile to investigate this closer. One thought might be a linear interpolation between the profiles (amplitude and position of paths changes continuously, or a birth/death process of the paths (one path dying down, another one with a different delay coming up, possibly linearly). However, this might complicate the model too much.


V. Relevance of time variance for system simulations

    Let us now discuss the subject "does time variance of the channel have to be taken into account". To answer this, a simple back-of-the-envelope calculation is sufficient. The anticipated speed of moving users is 1m/s. With a maximum frequency of 10GHz, this results in a maximum Doppler frequency of 30Hz. This implies coherence times on the order of 30ms. The big question is now whether the transmission of an "independent block of information" occurs within a time that is much smaller or much larger than this coherence time.

1. Let us first look at the case where the information is transmitted independently, (i.e., packet by packet), without relying in any way on information, channel properties, etc., at other times, and that only the pdf of packet errors, but not their temporal structure plays a role. In this case, taking the temporal correlation between blocks into account is unnecessary. One can simulate the transmission of one block over one channel realization, then the transmission of another block over a different channel realization, etc. As long as all possible channel realizations are covered with equal probability, it does not matter in what sequence the different channel realizations are simulated - they might just as well be simulated in a random sequence.

2. If the temporal structure of the errors plays a role (e.g., if it is said in a streaming application that errors lasting 10ms are imperceptible, while errors lasting 1s are considered annoying by the user, then the knowledge of the temporal correlation of the channel becomes vital. We agree with a point raised in the last teleconference that this also requires a model for the data/application. While this is an additional complication, we see no way around it if a realistic qualitity assessment is to be done for typical applications.Perhaps the extreme assumptions of completely random scheduling and continuous data streams could work as models.

3. The temporal correlation is also important if the channel estimation relies in any way on the information of previous packets. While the worst case there would be independent channels from burst to burst, this might penalize proposals that make clever use of information from previous bursts. In order to assess the requirements on the channel trackers, a realistic model for the mobility is required - just looking at the extreme cases of independent channels and stationary channels is not going to help.

4. Similarly, the signal acquisition and synchronisation are strongly related to this topic. In the case that the channel is completely stationary, a single acquisition process is sufficient for the transmission of arbitrarily many blocks, while the "uncorrelated" case requires acquisition in every case, and thus constitutes a worst-case scenario. However, not including a continuous change of the channel is going punish any tracking scheme.

5. If there is coding across several blocks of data, the temporal evolution of the channel might play a role as well. A first qualitative assessment can be made by comparing the length of the coder/interleaver with the coherence time of the channel. If the coding length is much shorter, then we are essentially faced with a stationary channel during the duration of a block, and it should be possible to perform simulations by simulations with block-fading channels, where each block is the length of the coder-interleaver. If, however, the coder length is longer than the channel coherence time, and the coded bits are distributed continuously over that time, then the temporal behaviour of the channel plays an important role.

    It is interesting to compare our analysis with the interpretation of [Schell 2002]. There is agreement between the two papers that "blockwise-independent fading" must be taken into account in order to obtain realistic scenarios. The author there states also that intermediate cases might be considered, but require a larger amount of modeling and simulation effort; a statement we agree with. The main difference lies in the interpretation of the relative importance of the "intermediate case". We have mentioned above some cases (especially with respect to tracking and acquisition) where neither of the extreme models is satisfactory. We thus propose the following solution:

1. for all systems proposals, evalutions should cover both the completely stationary and the completely independent case.

2. Proposers that claim additional benefits by adding features to their system that depend on a continuous change of the impulse response should prove those advantages by simulations with the model suggested above.

VII. Conclusions

We looked at the modeling of the time variance of the channel. We suggested some very simple methods for modeling the small-scale variations of the fading, as well as shadowing by moving persons. The main points of discussion are the implementation, especially if the sampled-impulse response model is chosen.
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� Note that in order to obtain Nakagami small-scale fading, the phases of the arriving rays have to be correlated. If we have many equipowered rays with uncorrelated, uniformly distributed phases, the resulting fading statistics will be Rayleigh.
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