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1
Introduction

IMT-Advanced channel models were agreed in ITU-R WP 5D meeting 3 in Seoul, Korea in October 2008, and confirmed in ITU-R SG3 meeting in Geneva in November 2008. The channel models were published as ITU-R Report M.2135 [1]. 
3GPP RAN1 discussed the IMT-Advanced models and how they are used in IMT-Advanced evaluations. It was agreed to cover the channel model part of M.2135 as informative text in Annex B of TR 36.814 (V0.3.1).

The IMT-Advanced channel model belongs to so-called geometry-based stochastic channel model family. WINNER I and II channel models are based on the principles of 3GPP/3GPP2 Spatial Channel Model (SCM) [2] and the extension of it (SCME) [3]. WINNER II model is described in deliverable D1.1.2 [4]. The principles of WINNER II model were adopted by ITU in IMT-Advanced evaluations in the late 2008 [1]. The WINNER model has two levels of randomness, random large-scale (LS) parameters and random small-scale (SS) parameters. The LS parameters are, e.g., angle spread (AS) at transmitter/receiver, delay spread (DS), and shadow fading (SF). Intuitively, to reach sufficient statistics, enough SS realizations are needed for each set of LS parameters (each “drop”) and number of drops needs to be high. It may lead to long periods of simulation. E.g., 1000 wavelengths per drop, 1000 drops leads to simulation period of one million wavelengths. Therefore, in some cases, channel model has to be simplified. One simplification may be reducing of the number of wavelengths per drop.

Different channel model metrics could be used to find simplification steps to the model, by e.g. identifying the parameters to be fixed and the parameters to be left random. Too simple model may cause misleading evaluation results, too optimistic or too pessimistic performance figures, or even wrong decisions in product development or standardization. On the other hand, accurate model may increase simulation time. Therefore, a good balance between the computational complexity and model accuracy is needed. Model simplification may change channel characteristics such as variation of large scale parameters, delay spread, number of taps, per-cluster angle spread and composite angle spread, (or implicitly Doppler spectrum, Doppler spread and maximum excess delay and correlation characteristics (space, time, frequency)). The impact of approximation on simulation results depends on the system of interest. When system is known, more simplification can be done than in a general case.

The approximation may have impact on system simulation results, like bit error ratio (BER), throughput, outage probability, MIMO/diversity/beam forming gain, etc. To evaluate the impact of channel model simplification on all these items, an excessive number of simulations would be needed, and the result would be not system independent. Therefore it is proposed to select a few performance metrics to compare the impact of simplification steps. The problem is a lack of good metrics. 

It is proposed that the channel model simplification and the impact of the simplification on system performance will be discussed in future 3GPP RAN4 meetings.
2
Simplification Steps
Figure 1 sketch the idea of simplification of an accurate model . Accurate model has more information than simplified one about the channel and is applicable for generic purpose. However, in some simulations, channel model can be simplified (approximated) to reduce the simulation complexity. When approximating the model, reality is reduced, and the impact of the approximation has to be understood. The impact of the approximation depends on, e.g., the transceiver system, algorithms, modulation, coding, multi-antenna technology, and required accuracy of the simulation results. Therefore, approximated models are typically used for specific purpose. One example of the generic purpose is conformance test (or type approval test), where the result of the test is of type “pass/fail”. If someone is uncertain whether approximation affects on the simulation results or not, it is better not to approximate.
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Figure 1. Accurate model vs. simple model.

Proposed approximation steps for IMT-Advanced channel model is shown Figure 2. The approximation is started from setting the zero cross-correlation between the LS parameters (Step 1). Then, we can approximate the model by assuming one or two large scale parameters fixed to median values (Step 2). If all LS parameters are fixed, the model is even more simplified (Step 3). Furthermore, we can reduce the model complexity by fixing the delays or angles (Step 4), or both of them to achieve clustered delay line (CDL) model (Step 5).
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Figure 2. Simplification steps of IMT-Advanced channel model.
If, from a good reason, correlation model is desired, we can calculate correlation matrices from the CDL model by fixing the antenna structure (Figure 3). This can also be considered as an implementation issue since the same channel realisations can be achieved via sum-of-sinusoids method. Kronecker approach can simplify the model even further, and finally, independent channels make the model very simple, but at the same time very inaccurate. 
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Figure 3. Implementation of channel realizations.

The simplification steps are listed in Table 1. The mathematical methods for all these steps are trivial. It is worth mentioning that it is not possible to go from higher step number to a lower one (upwards along the table). If we evaluate the approximation steps by balancing a gain in simplicity and a loss in inaccuracy, the step 1 is the least favourable. There we practically gain nothing, but will lose an important correlation aspect of the large scale propagation phenomena.
Table 1. Simplification Steps

	Step
	Action
	Notes

	1
	Remove cross-correlation between the LS parameters
	Negligible impact on simulation time. This simplification should not be done alone.

	2
	Fix one or two of the LS parameters
	Minor impact on simulation time

	3
	Fix all LS parameters
	Minor impact on simulation time

	4
	Fix one SS parameter
	Medium impact on simulation time

	5
	Fix all SS parameters (similar to CDL model)
	Medium impact on simulation time

	6
	Define per-tap MIMO correlation matrix by fixing the antenna structure
	Medium impact on simulation time. Physical interpretation unclear. Antenna structure cannot be easily changed.

	7
	Define per-tap TX and RX correlations separately and use Kronecker product to calculate MIMO correlation.
	Widely used modelling method in standardization, e.g. IEEE, WiMAX, 3GPP. Physical interpretation unclear. Antenna structure cannot be easily changed. Kronecker limitation.

	8
	One correlation matrix per channel
	E.g., 3GPP LTE conformance test model. Used also sometimes in analytical studies. Do not reflect reality.

	9
	Tapped Delay Line (TDL) model with i.i.d. fading or with equal fading.
	Do not reflect reality. i.i.d fading is optimal for diversity and spatial multiplexing, equal fading is optimal for coherent combining of beam forming systems.


3
Conclusion
In this contribution we discussed the possibilities to simplify IMT-Advanced channel models for other than IMT-Advanced evaluations. The other needs may be, e.g., conformance tests. In software simulations, current (not simplified) model can be used. It can be concluded that simplification is always possible, but not vice versa. The impact of the simplification has to be understood. Therefore, the following two steps are required. Firstly, a set of channel model metrics are needed for evaluation of the simplifications. Secondly, the impact of the simplification should be evaluated against the selected metrics.
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