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pCR 45.871 Downlink MIMO - Channel Models
INTRODUCTION

As part of the study item on downlink MIMO, opened in GERAN#57 [1], this paper presents the summary of study made on MIMO channel modelling in [2] and [3]. The paper is written as a direct input to sections 6.2 and 6.3 of the Draft TR on MIMO for Downlink [4] using the present section numbering.
CONCLUSION

This document presented aspects of MIMO channel modelling. We propose to include these items into the Draft TR on MIMO for Downlink [4].
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3
Definitions and abbreviations

3.1
Definitions

For the purposes of the present document, the terms and definitions given in TR 21.905 [1] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in TR 21.905 [1].

3.3
Abbreviations

For the purposes of the present document, the abbreviations given in TR 21.905 [1] and the following apply. An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in TR 21.905 [1].)

BMD
Blind Modulation Detection

DAS
Downlink level A modulation and coding scheme

MCS
Modulation and coding scheme

MSRD
Mobile Station Receive Diversity

NSR
Normal Symbol Rate

SINR
Signal to Interference and Noise Ratio

TSC
Training Sequence Code

USF
Uplink State Flag

4
Objectives

The objective of the study is to investigate the feasibility of single user MIMO in the downlink for PS data services including EGPRS and EGPRS2-A.  

For MIMO support, two operational modes are foreseen: 

a) spatial multiplexing mode based on dual stream 2x2 MIMO and 

b) single stream diversity mode based on either MSRD or Tx diversity in combination with MSRD. 

In general, the study item re-uses as much as possible existing functionality in GERAN and existing spatial channel models and principles used for UTRAN and E-UTRAN. Different aspects of MIMO, as outlined in MIMO study item proposal [2], are studied based on the following performance and compatibility objectives.
4.1
Performance Objectives

The introduction of MIMO for downlink shall significantly improve data throughput performance as compared to realistic EGPRS and EGPRS2-A performance. The performance of MIMO shall be evaluated over the SINR range relevant in GERAN networks.

4.2
Compatibility Objectives

The impact of MIMO for downlink on GSM speech codecs, GPRS, EGPRS and EGPRS2 shall be kept at a minimum. There should be no negative impact due to the introduction of MIMO to the base station and mobile station, assuming the mobile station already supports diversity antenna reception.

Any technique that requires changes to MCS design for GSM/EDGE are not part of the study.

5
Overview of 2x2 MIMO System

5.1
Spatial multiplexing mode (dual stream)

In this mode, two different encoded bit-streams with orthogonal training sequences are modulated and transmitted simultaneously through two different antennas to the same mobile having two receiving antennas. In this ‘dual stream transmission mode’, there are in effect 4 different propagation paths. When the spatial correlation between the propagation paths is sufficiently low, it should be possible for MIMO receiver to estimate the propagation paths (a minimum SINR might be needed to estimate the propagation paths with sufficient accuracy) and to jointly or iteratively detect each of the two streams. When the above conditions are met, the throughput is maximised by transmitting independent data streams from both transmitters. Henceforth this is referred to as spatial multiplexing mode.
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Figure 5.1.1: 2x2 MIMO Transmission in Spatial Multiplexing Mode

5.2
Diversity mode (single stream)

When the spatial correlation between the propagation paths is insufficient to support spatial multiplexing, a single bit-stream with legacy training sequence is modulated and transmitted either through two antennas or single antenna. It should be possible for the receiver to benefit from transmit diversity (Figure 5.2.1(a)) and/or receive diversity (Figure 5.2.1(b)). Henceforth this is referred to as diversity mode. A popular transmit diversity scheme is Delay Diversity, whereby the second transmit path is delayed relative to the first to create an artificial propagation path that can be exploited by a conventional equalizer. If an MS with dual receiver architecture experiences significant blocking in one of its receivers, it can still benefit from single antenna reception if network switches to transmit diversity mode.
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(a)



(b)

Figure 5.2.1: Single Stream Transmission in Diversity Mode. (a) Transmit Diversity, (b) Receive Diversity
6
MIMO Channel Model

To obtain a realistic evaluation of the performance of MIMO receiver, the channel model will need to consider the correlation between the propagation channels (e.g. due to the spatial proximity of the antennas or due to the orientation of the polarization of the antennas).

6.1
MSRD Antenna Correlation Model

In [3] Annex N, a Single-Input-Multiple-Output (SIMO) model has been defined (depicted in Figure 6.1.1 in this document) which is based on a magnitude of complex correlation parameter ρ and an antenna gain imbalance G. To use the model in the performance evaluation, the model would need to be extended to a MIMO system comprising independent paths for a second transmit antenna and with realistic spatial correlation values for the transmit antennas and the receive antennas (two values of ρ are given in the MSRD performance requirements, but these only loosely correspond to best and worse case values).

[image: image5.emf]Multipath

fading

2

1

 



Multipath

fading

1

X

2

X

1

Y

2

Y

G


Figure 6.1.1: Single-Input-Multiple-Output channel model for MS Receiver Diversity.
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6.2
Spatial Channel Model (SCM)
[Editor’s note: This section will treat modifications of SCM models used in 3GPP TR25.814.]
Spatial Channel Models were first introduced to 3GPP RAN4 based on work in the WINNER project for systems beyond 3G, for a bandwidth up to 20MHz. The spatial channel model for use in system-level simulations is described in 3GPP TR 25.996 (section 5) [9] for generic antenna configurations in the Node-B and UE. For performing link simulations, the model requires a significant amount of simulation time. Therefore, taking into consideration specific antenna configurations for the Node-B and UE, relevant aspects of the channel properties and reasonable simulation assumptions, simplified models have been defined for the four scenarios depicted in Table 6.2.1(copied from [8]).
Table 6.2.1: Representative cases of the Spatial Channel Model ([8])

	Name
	Propagation scenario
	BS arrangement
	MS arrangement

	SCM-A
	Suburban Macro
	3-sector, 0.5λ spacing
	Handset, talk position

	SCM-B
	Urban Macro (low spread)
	6-sector, 0.5λ spacing
	Handset, data position

	SCM-C
	Urban Macro (high spread)
	3-sector, 4λ spacing
	Laptop

	SCM-D
	Urban Micro
	6-sector, 4λl spacing
	Laptop


The simplified model consists of two components: 1) a tapped delay line propagation model which is similar to the GSM models in 3GPP TS 45.005 Appendix C.3 [3] and 2) covariance matrices for describing the correlation between the propagation paths . These covariance matrices assume antenna configurations consisting of two spatially separated +45/-45 degree slant cross-polarized antennas in the Node-B and one (in case of handset) or two spatially separated (in case of laptop) double-polarized antennas (V and H). For each tap a distinct covariance matrix is defined.
The per-tap covariance matrix Rtap is obtained from the Kronecker product of the polarization covariance matrix Г and the Node B and UE spatial correlation matrices A and B, further weighted by the antenna gains at Node B and UE: 
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(6.2.1)
where ptap is the relative power of the tap, 
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 and α and β are the spatial correlation parameters of Node B and UE respectively. [image: image12.emf] 



denotes Kronecker multiplication. 

The values of α, β, Г and ptap can be found for all the four scenarios in the tables A.1.3-2 to A.1.3.-5 of TR 25.814 [8]. 
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are assumed to be unity.

The antenna polarization correlation matrix Г is organised as [NodeB+45UEvert, NodeB-45UEvert, NodeB+45UEhor, NodeB-45UEhor]. Here the notation NodeB+45UEvert refers to “from +45° slant element at NodeB to vertically polarized element of UE”.
For the performance evaluation of the downlink MIMO concept with 2 transmit antennas and 2 receive antennas, it is possible to simplify these models further and apply these in the GSM link simulations.

The covariance matrixes above have been defined for antenna configurations 4x2 (SCM-A and B) and 4x4 (SCM-C and D). However, our interest is in only 2x2 configuration. Hence it can be assumed that one +45/-45 degree slant cross-polarized antenna at the BTS and one double-polarized antenna (V and H) at the MS are used. With this assumption we can ignore both spatial correlation matrices A and B and use only the 4x4 polarization covariance matrix Г for computing the per-tap covariance matrix for 2x2 MIMO simulation. We can also extend the assumption of unity antenna gains at transmitting and receiving antennas for simplicity.
In tables A.1.3-2 to A.1.3.-5 of TR 25.814 [8], the delay values and the power of taps for each profile are given in six clusters, with 3 taps in each cluster. The 3 taps in each cluster are each 12.5 nanoseconds apart. Also the relative powers of taps within the cluster is same in all clusters. This fine resolution is applicable only to wideband carriers; hence for narrowband GSM, we can simply take a single value from each cluster without loss of precision. This study takes the first value from each cluster. So, we have six delay values and six corresponding tap powers in each SCM profile for GSM simulation.

Further details about the realization of the modified SCM can be found in the Annex A.

Since the original SCM profiles were derived for the 2.1GHz band and above, the modified model is used only at high band GSM simulation.

In case of MSRD simulation (see section 6.1), there are only two paths. So the 4x4 correlation matrix Г is unsuitable. Since the Г matrix is organised as [NodeB+45UEvert, NodeB-45UEvert, NodeB+45UEhor, NodeB-45UEhor], we can take the 1st and 3rd element of the 1st and 3rd row of each 4x4 matrix to form the 2x2 correlation matrix. The correlation matrix computed in this way is applied in the same way as the 4x4 correlation matrix is applied but for two paths (L =2) (see Annex A).

6.3
Channel model with variable correlation

[Editor’s note: This section will treat the definition of channel models that can have variable correlation between paths and adjustable gain imbalance.]

Although the modified SCMs described in section 6.2 are sufficient enough in most scenarios, there is no flexibility to change the amount of correlation between the propagation paths. Performance of a MIMO receiver largely depends on correlation between the multiple propagation paths between the transmitter and receiver. Moreover, MS possibly needs to detect the channel rank and thus indicate to the network if MIMO with spatial multiplexing is the better mode of transmission. Therefore, to evaluate such detection performance, it is essential to use a channel model with variable correlation.
6.3.1
Variable Correlation Spatial Channel model from UTRA/E-UTRA
MIMO Channel Correlation Matrices for 3G and LTE system is defined in annex B.2.3.1 of [7] for 1x2, 2x2, 4x2 and 4x4 antenna configurations. The overall spatial correlation matrix, Rspat is expressed as the Kronecker product of correlation matrix for the eNodeB (ReNB) and the UE (RUE) i.e.
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(6.3.1.1)
The 2x2 MIMO system in this study assumed 2 spatially separated antennas at the transmitter and 2 spatially separated antennas at the receiver. For this configuration, ReNB and RUE are defined using correlation parameters α and β as:
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(6.3.1.2)

Using equations 6.3.1.1 and 6.3.1.2, it is possible to compute the channel correlation matrix for 2x2 MIMO simulation for any value of α and β between 0 and 1. In section B.2.3.2 of [7], three sets of α and β are specified for low, medium and high correlation.
Table 6.3.1.1: REF  Table \f  \* MERGEFORMAT  Channel Correlation Parameters

	Low correlation
	Medium Correlation
	High Correlation

	(
	(
	(
	(
	(
	(

	0
	0
	0.3
	0.9
	0.9
	0.9


It is necessary to note that Annex B.2.3A of [7] also defines spatial correlation matrix for cross polarised antennas according to 
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(6.3.1.3)

where, Г is the polarization correlation matrix and P is the permutation matrix whose elements depend on antenna element labelling system. However, Г is defined for at least one pair of cross polarised antennas at eNodeB and one pair of cross polarised antennas at the UE. So, for a 2x2 MIMO system, the spatial correlation matrix ReNB and RUE become redundant in equation (6.3.1.3) and the Rspat matrix turns into the polarisation covariance matrix of the SCM profiles described in section 6.2. Therefore, 2x2 MIMO simulations with variable correlation spatial channel model assumes only spatially separated antennas at the transmitter and receiver.

The realisation of the correlation in the simulation as described in Annex A is also applicable here. Instead of the principle square root of polarisation covariance matrix, it is necessary to apply the principle square root of Rspat to the independent Rayleigh faded waveforms to achieve the desired correlation between the paths.
In the single stream receive diversity mode, ReNB is ignored in the computation of the Rspat matrix using equation (6.3.1.1). Therefore, the amount of correlation can be varied only by varying β.
6.3.2
Simulation using Variable Correlation Spatial Channel model
Reference [6.3-1] provides 2x2 MIMO simulation results with variable correlation spatial channel model and channel correlation parameters given in Table 6.3.1.1. The reference also provides the details about the simulation settings and the receiver type used for the simulation.
Figure 6.3.2.1 shows the impact of low, medium and high channel correlation on EGPRS2-A peak MIMO throughput in dual stream spatial multiplexing mode as well as in single stream diversity mode. It is evident that the impact of channel correlation on the throughput of MIMO spatial multiplexing mode is significant. Moreover, at low correlation, the throughput of dual stream spatial multiplexing mode exceeds the throughput of single stream diversity mode at very low Es/No, but at high correlation this happens only at very high Es/No.
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Figure 6.3.2.1: Impact of different channel correlations on MIMO throughput (2x2 Spatial Multiplexing and 1x2 MSRD)

Figure 6.3.2.2 shows the EGPRS2-A peak MIMO throughput in dual stream spatial multiplexing mode in the three levels of correlations, as well as in case of SCM-A correlations described in section 6.2. The figure shows that the impact of SCM-A correlation on a 2x2 MIMO system with cross polarised antennas at the BTS and MS is almost same as that of medium level of spatial correlation on a 2x2 MIMO system assuming spatially separate antenna.
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Figure 6.3.2.2: MIMO Throughput in different correlations compared to SCM-A correlation

Thus, the simulation results with variable spatial correlation channel model given in this section indicates that we can use these models to investigate channel rank estimation techniques or any other aspects that require variable channel correlation settings.
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Annex A: SCM Realization in GSM

The Spatial Channel Models can be realized for GSM simulation in the following way.

First we generate independent Rayleigh fading waveforms as a sum-of-sinusoids representing scatterers emanating from transmitting antenna arriving with random but uniformly distributed phase at the receiving antenna. A modified Jakes model can be used to achieve independence between different paths from transmitting to receiving antennas. The sum of sinusoid is defined in the equation below.
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Here, 

t = sample time, i.e., from 0 to number of samples in the burst-1 multiplied by sample duration

L = number of paths between transmitting and receiving antenna (e.g. 4 in case of 2x2 MIMO)
K = number of channel taps in each path (6 in our case)
N0 = Number of scatterers for each tap in each path (used 200 in our simulation)
wM = maximum Doppler frequency=2(v/(
v= speed of MS, (=wavelength
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 and  are 2LKN0 independent random phases, each of which is uniformly distributed in [0, 2(]
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 is random initial arrival angle which satisfies following condition
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Once the independent Rayleigh faded waveforms are generated as above, these are then correlated with the square-root of the polarization covariance matrix Г to achieve the desired correlation between the paths. These waveforms are then weighted according to the tap power for each tap and convolved with the transmitted signal. Finally, appropriate scaling factors are applied to faded signals to achieve unity power over a long periods of time.
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