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1. Introduction

There has been intensive discussion on the complexity of MIMO radio channel models during the last months. The focus has been on the model simplification.
Our intention is to bring technical facts on the table. The goal is to define adequate (and realistic enough) radio channel model, which can be simplified for software simulations, if necessary. The earlier GSM and ITU channel models are not adequate since LTE is targeted on wider bandwidth and MIMO.

Complexity issues under discussion are related only for software simulations. For the most of the available hardware channel emulators the complexity of any proposed models is not an issue.
2. Complexity
The complexity of the channel simulation can be roughly categorized in two parts:

A. generation of tap coefficients

B. wireless link simulation (convolution of transmitted signal and radio channel)

The following facts shall be considered.
· In software simulations, B. dominates.

· With L tap channel and M x N MIMO the total number of real operations per second in channel convolution is C = 2BMN(8L-2), where B is the bandwidth. 

· Thus the complexity increases linearly with L, M, N, and B.

· Realistic L should be in the range of 15-20 when bandwidth is 20 MHz.

· There were 12 taps in the GSM models already in the beginning of 1990’s. Systems with wider bandwidth see more taps of the channel.
· In hardware emulations, L does not affect on the test time.

· In software simulations, A. is in the same order of magnitude for both correlation matrix based and geometry based models. However, this is valid up to 4x4 MIMO. Beyond that, geometry based models are less complex.
· The values of the elements of the correlation matrices do not affect on complexity.

· In the real propagation environment, multi-paths arrive from (depart to) different directions. Thus, correlation matrix should be defined for each tap separately. 

· Realistic tap-wise correlation does not increase test time

· In hardware emulation, the complexity is not a problem.

MIMO antenna configuration is important and affects on the system performance significantly. Therefore it has to be taken into account when defining the channel models. Correlation matrix based approach leads to antenna dependency (in contrary to intuition). Geometric based approach is antenna independent. Correlation matrices can be derived from the geometric model and antenna geometry, but not vice versa. This approach the physical interpretation is maintained. Additionally, it makes it possible to modify the channel model for different antenna configurations and thus compare different antenna concepts.
4. Proposal
Our proposal is that the above mentioned channel model complexity and quality issues are considered when defining the LTE channel models.
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Annex A.
Number of real operations per second in channel convolution (time domain) and channel coefficient generation with various system bandwidths and radio channel Doppler spreads is depicted in Figure 1. With e.g. bandwidth B = 20MHz and maximum Doppler spread fmax =  500Hz, convolution is approximately 1000 times more complex than channel coefficient generation. Number of real operations in convolution is approximated by 
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, where M and N is the number of Tx and Rx antennas respectively, and L is the number of taps.
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Figure 1. Number of real operations in channel convolution (time domain) and channel coefficient generation.

Number of real operations required in channel tap coefficient generation is illustrated in Figure 2. There is compared two generation methods, 1) correlation matrix based method like e.g. in [2] and 2) geometric sum-of-rays method like e.g. 3GPP SCM. Reported numbers are per delay tap per generated time sample. Up to 4x4 MIMO configuration the complexity is approximately equal. With higher number of MIMO antennas, the correlation matrix based method is clearly more complex.
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Figure 2. Number of real operations in channel coefficient generation .
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