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1 Introduction

The work on LTE is progressing to a point where we will soon start to produce simulations to set the receiver performance of User Equipment and Base Stations. Those simulations will require channel models that can be used in the simulations to model the radio propagation for radio links in typical LTE deployments for UEs and BSs. Discussions on channel models for LTE have been ongoing in parallel with work on other requirement. Because of the imminent need for LTE channel models it is time to agree on a framework for the channel models.

Several options were discussed in the recent meetings. Fundamentally two proposals on the table:

1. SCME models

Proposals for Spatial Channel Models (SCM) for LTE have been discussed in RAN4 since 2005, based on the models developed for MIMO evaluation in TR 25.996. The extension to a 20 MHz channel is called SCME. It was agreed at RAN4#38 to use SCME-based models with fixed angular parameters for the LTE concept evaluation in RAN1. At RAN4#41 in St. Louis, proposals for SCME models were presented by Ericsson [1] and Elektrobit [2].

2. Extended ITU models

ITU models were defined with the ITU and used for IMT-2000 evaluation. In 3GPP they are used to set HSDPA and E‑DCH requirements. Extensions of the ITU models to 20 MHz have also been proposed in RAN4. At RAN4#41 in St. Louis, proposals for extended ITU models were presented by Nokia [3] and Rohde & Schwarz [4] (with reference a conference paper in [5]).

This document provides a comparison between the two approaches. 

Areas of interest for a comparison are:
· Propagation modelling:
Bandwidth, sampling grid and Doppler

· Complexity of model:
Number of taps

· Multiple antenna modelling:
Correlation matrices for multi-antenna properties

· Scope of propagation environments covered
2 Comparison of SCMA and Extended ITU models 

2.1 Propagation modelling

Both models were originally sets of 6-tap models, intended for propagation over a 5 MHz bandwidth. For both SCME and the Extended ITU model, additional taps are added to better represent a 20 MHz bandwidth without too high correlation in the frequency domain. 

The frequency domain correlation is one measure of how well propagation over a 20 MHz bandwidth is modelled. Since a tapped delay line model only has a limited set of taps, there will be “peaks” in the correlation over the frequency domain, indicating that the fading may be correlated for frequencies at certain spacing. Both proposed models show significant improvement over the original SCM and ITU models.

The frequency domain correlation for the Extended ITU model is demonstrated in [5]. It does have some dependence on the sampling grid, but is shown to have a few peaks of 0.6-0.7 correlation for the two models included in the paper (Extended ITU Vehicular A and Pedestrian B). The original models had correlation peaks close to 1 over 20 MHz. Note that analysis is not available for the ITU models with lower delay spread (e.g. Pedestrian A).
The SCME proposal is further analysed in [6] where frequency correlation properties for SCME with both 18 and 10 taps are shown. For the models that are most comparable to the ITU models analysed in [5] (Suburban Macro SCM-A and Urban Macro High Spread SCM-C), there are a few peaks at 0.7-0.8 correlation. This is independent of using 18 or 10 taps in the models. The reason for the slightly higher correlation than for the ITU models is that the frequency correlation properties of the SCME tapped delay lines were optimized without considering any antenna radiation pattern, whereas the proposal in [1] includes realistic radiation patterns at both base station and terminal. This can be seen as a trade off between low frequency correlation and having more realistic antenna modelling as discussed below in 2.3.

The sampling grid proposed for the models is 12.5 [3], 10 and 32.55 ns [5] for the ITU models and 12.5 ns for the SCME models [1]. In the end, both models can be adapted to any desired sampling grid used in a simulation or test setup using the Procedure defined to align sampling grids shown in Annex B of TR 25.943 [7].
Both Extended ITU and SCME use classical Doppler Spectrum.

2.2 Complexity

The computational complexity of a multi-antenna channel model is related to the number of taps and the size of the correlation matrix. Especially in performance simulations, the channel model complexity is of importance since it may consume a large fraction of the simulation time.

The complexity of deriving the model has no impact on applying the model, since it is only an a priori impact. The SCME has a larger set of assumptions the Extended ITU models, in order to derive the channel taps and correlation matrices using assumed antennas and scenarios. It does however not has any complexity impact when applying the model for simulations or in a test setup, since all channel taps and matrices are fixed, exactly as they are for the Extended ITU model.

Both SCME and Extended ITU will need 4x4 correlation matrices in order to support 4x4 MIMO and will thus give the same complexity. 4x4 matrices are however not defined yet for the Extended ITU-models.

SCME was proposed to have 18 taps in [1], which poses a higher complexity than for the Extended ITU models in [3] and [5] that have 9 taps. It is however demonstrated in [6] that also SCME can be modeled with as few as 10 taps, thereby not giving a higher complexity than the Extended ITU model. This can be done without sacrificing the frequency correlation properties discussed above by using the same approach as in [5] of only applying tap-splitting to the strongest taps. 
Overall, the conclusion is that there is no substantial difference in complexity between SCME and the Extended ITU models.

2.3 Multiple antenna modelling 

Downlink requirements for up to 4 transmit and 4 receive antennas are envisioned for LTE. This should also be covered by the propagation models.

The SCME models include correlation matrices for 4x4 antennas that can easily be collapsed into 2x2 antennas if needed. The correlation is based on a few typical antenna configurations, including polarization and unbalanced antenna paths as described in [1]. 

The Extended ITU models are defined only up to 2x2 antennas. Two cases are defined for correlation, one uncorrelated and one with a higher degree of correlation. The assumed correlation is “artificial” in that it is not based on any scenario or configuration and identical correlation is assumed for all channel taps. Polarization or power imbalance is not included. Correlation matrices for the 4x4 case are missing. A benefit of this proposal is that the procedure of defining rather than deriving correlations ensures better control of the end result. However, the assumed Kronecker structure should be modified to allow modeling of polarized setups. 
2.4 Scope of propagation environments

The SCME models cover scenarios from Suburban Macro to Urban Macro and Micro cells with different delay spread. A fifth model was proposed in [2] to cover an outdoor-to-indoor case. The delay spread of that mode is very small and it could very well represent a pure indoor case. The models also cover a sample of different typical UE scenarios through the assumed antenna configurations, manifested both in the channel taps and the correlation matrices. The scenarios include handheld and laptop units with multiple cross-polarized antennas.
The Extended ITU models include models for Vehicular, Pedestrian and Indoor environments with different delay spreads.  No UE scenarios or antenna configurations are assumed.

The scope of deployment environments is very similar between the two proposed models. The main difference is in how the models are extended to multiple antennas. Performance requirements will be defined at the antenna connector(s), implying that some kind of assumption has to be made about the antennas, both at BS and UE. This has a considerable impact for the correlation matrices needed to define multiple antennas. Here, the SCME models are derived from a set of typical antennas assumed, while no specific antenna assumption is made for the Extended ITU models. Instead a single typical correlation matrix has been picked for BS and one for the UE, with no basis for the numbers.

3 Discussion

The comparison between the SCME and Extended ITU models above show that they do not show any significant difference in performance, in terms of modelling the 20 MHz bandwidth for LTE and to fit on a suitable sample grid. The complexity is also very similar, since both set of models can work well with 9-10 taps. Both models will in the end consist of a set of channel taps and correlation matrices of the same size, to be used in simulations and performance evaluations.
The main difference between the models is more a matter of legacy of models and philosophy for the evaluation. 

· On one hand we have the SCME models coming from the 3GPP work to develop propagation models for MIMO. The multiple antenna properties are based on a set of typical antenna configurations and user scenarios that are selected to form its part of the propagation channel.

· On the other hand we have the ITU models, stemming from the ITU work to define IMT-2000. No assumption is made here on antenna configurations or user scenarios; instead a single “artificial” matrix is picked to represent all cases.

Ericsson prefers SCME, which would form a more solid basis for LTE propagation models since it is scenario based for both single and multiple antenna cases. This also makes the models more suitable for a wider range of use, such as deployment evaluation and planning. We should avoid defining multiple set of propagation models as is the case for UTRA.

As a way forward it is proposed that a framework is agreed for the LTE channel models at RAN4 #42 bis, based either on SCME or on the Extended ITU models. Further details and exact parameters should then be worked out off-line and agreed at RAN4 #43 in Kobe.
In addition, it was proposed to also include dynamic propagation models [8]. The issue should be for further study, once the fundamental channel models are settled.
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