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1 Summary

In this contribution we propose a method to incorporate a given spatial channel in a downlink system simulation that does not require construction of a modified channel model. For a modest increase in computational complexity, the proposed method allows us to accurately capture the spatio-temporal characteristics of the channels, unlike methods that involve modifying the original channel profile in temporal and/or spatial dimensions.

2 Introduction

 System simulators that do not explicitly simulate chip-rate (or higher rate) signals rely on analytical expressions to compute signal and interference energies captured by the receiver, given a realization of the spatio-temporal channel model.  The ray-splitting method that modifies the original average temporal profile of a channel  to another profile with paths positioned in multiples of chip-spaced samples helps to simplify these expressions. Each ray that is not positioned temporally at a multiple of a chip-interval is replaced by the ray-splitting technique by two rays at the two nearest chip-intervals. This simplifies expressions for signal and interference energies since the desired signal energy captured in a rake finger is made independent of powers received in the other (modified) paths, while the energy of self-interference in a finger is proportional to the sum powers in the remaining paths. However, there are several drawbacks to using this method:

1. The number of paths in the modified profile is increased (up to a factor of 2) compared to the original profile. This increases the diversity order of the channel, and may significantly affect performance results. 

2. The extension of this method to the spatial domain is at best not clear. In particular, given a spatial location of scatterers in the original profile, the ray-splitting method does not specify the spatial placement of scatterers in the modified profile. In addition to increasing temporal diversity, the ray-splitting method may introduce undesired artifacts to simulations with multiple antennas. 

3. In more general terms, ray-splitting significantly modifies both spatial and temporal characteristics of the original channel. It may not be prudent to adopt this method for system simulations without evaluating  all the effects that the modification of channel profile may have on different aspects of the system performance.

The proposed method is to keep the original spatio-temporal profile unchanged in both temporal and spatial domains, and to account for the effect of all paths in the signal and interference energies captured in any finger. This procedure is outlined in the following for a Rake receiver. 

3 Computation of Signal and Interference Energies

If
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denotes the number of paths in the spatial channel model, we denote the normalized average power and delay of the 
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 Here the path delays are arbitrary, i.e., we do not impose a constraint for 
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 to be a multiple of any specific interval. 

We can then write the chip energy, relative to 
[image: image7.wmf]oc

I

, of the desired signal captured by a rake finger positioned at a delay 
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 as  
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where 
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 is the instantaneous strength of the 
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th path, 
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is the transmit power fraction of the desired signal,  
[image: image13.wmf]oc

or

I

I

ˆ

 is the user geometry, and
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is the impulse response of the combination of transmit and receive pulse-shaping filters (raised cosine pulse). 

Similarly, the interference chip energy captured by the finger, relative to 
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, can be written as 
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The above expressions can be used to compute the signal and interference energies in each finger, which can then be combined using the appropriate rake combining rule. A method to compute the finger delay positions given an average temporal channel profile is described in the Appendix.

4 Reduced Complexity Implementation

Let the rake receiver have 
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fingers at delay offsets
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. We can define a vector 
[image: image21.wmf][

]

T

L

i

i

i

i

g

g

g

)

(

)

(

)

(

2

1

t

t

t

t

t

t

-

¢

-

¢

-

¢

=

G

L

 for the 
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th finger, so that the above equations can be written as
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where 
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 is the vector of instantaneous channel strengths, and 
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is the all-one vector, both of which are common to all fingers. The vectors 
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 that relate finger energies to path energies can be pre-computed and stored for the 
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fingers given the original average channel profile.

To reduce complexity in implementing this method for channels with a large number of paths, we can exploit the fact that several elements in each 
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 vector can be expected to be close to zero in practice for such channels. In these cases, for each finger we can store the path indexes and the corresponding entries of the non-zero entries of the 
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 vector, thereby reducing the complexity by the fraction of non-zero entries in the vector.

5 Conclusions

A method to incorporate the effect of multipath in downlink system simulations has been proposed in this contribution. The proposed method does not modify the spatial or temporal characteristics of the original spatial channel model, thereby preventing any undesired modeling artifacts from influencing the simulation results. It allows accurate modeling of the channel without substantial increase in simulation computational complexity. It can be readily verified that the proposed expressions for signal and interference energies reduce to the traditional expressions that assume paths at multiples of chip offsets, when the assumption is in fact true.

Appendix: Computation of Finger Positions

To simulate the operation of a searcher that selects a finger position for each local maximum in the output of the matched filter, we can assign a finger 
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with delay 
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to each local maximum of the function
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This is performed only once for every specification of the average channel profile.

4

_1101761269.unknown

_1101765677.unknown

_1101765845.unknown

_1101766103.unknown

_1101767157.unknown

_1101767330.unknown

_1101767141.unknown

_1101765907.unknown

_1101765708.unknown

_1101765757.unknown

_1101765697.unknown

_1101764176.unknown

_1101764602.unknown

_1101764628.unknown

_1101765211.unknown

_1101764205.unknown

_1101762849.unknown

_1101764043.unknown

_1101761688.unknown

_1101761523.unknown

_1101761650.unknown

_1101761460.unknown

_1101760063.unknown

_1101760459.unknown

_1101761163.unknown

_1101760120.unknown

_1101759914.unknown

_1101760018.unknown

_1101759823.unknown

