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Open-loop Spatial Multiplexing with pre-coding decorrelation for MBS

Wang Yonggang, Hu Zhongji, Yang Hongwei
Alcatel Shanghai Bell

1. Introduction
A single-frequency network (SFN) operation can be realized for broadcast/multicast traffic transmitted using OFDM from multiple cells with timing errors within the cyclic prefix length. In the presence of SFN operation, the broadcast SINR can be very high particularly for smaller cells deployments.

When multiple transmit and receive antennas and multiple transmit and receive chains are available, it becomes logical to exploit the MIMO benefits for E-MBS traffic as well. A key difference between unicast and broadcast, however, is that the “open-loop” MIMO techniques are primary for E-MBS. This includes some form of transmit diversity or “open-loop” Spatial multiplexing of multiple streams.
It has been pointed out that open-loop transmit diversity has little diversity gain for broadcast with SFN operation. But for open-loop spatial multiplexing, it also has strict limitation for multicast in the correlated channels, for example LOS. In this contribution, it analyzes the signal decorrelations in a MIMO broadcast system. Then it proposes a possible solution to resist the channel correlation when MS near the BS for broadcast spatial multiplexing: open-loop pre-coding decorrelation.

2. Spatial multiplexing for E-MBS
It is well-known that SFN performance is generally determined by the “outage” requirement for the cell edge users. However, the cell edge users potentially receive E-MBS signals from multiple cells. Therefore, sufficient “macro” spatial or frequency diversity is available even without any form of transmit diversity. The incremental gains due to transmit diversity for multicast/broadcast are expected to be relatively small. However, the SINR for cell edge users in a single frequency network (SFN) operation can be relatively high, for example, 10.0dB or higher for most commonly used cell sizes. Higher SINR for cell edge users can potentially be translated into higher data rates and capacity for E-MBS by MIMO spatial multiplexing. Note that without spatial multiplexing, the multicast/broadcast capacity will only grow logarithmically with SINR in the high SINR region.

It is well known that spatial multiplexing may not be possible in a unicast system when the fading is perfectly correlated. However, we will subjectively think that in a broadcast channel, the fact that the same information is transmitted from multiple correlated antennas has the effect of de-correlating the channel, thus making spatial multiplexing possible.

It evaluated the effective correlation between 2 streams for the cases of between 1 and 10 BS [1]. It looked at typical antenna correlation results based on calculations using the SCM channel model. In the SCM macro Urban Model, the 2 transmit antennas spaced 10 lambda apart could be correlated as mush as 80%-90%. In this case we show the decorrelation effect of multiple BS in Figure 1 [1].
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Figure 1 The decorrelation of correlated streams in a broadcast channel

Validation by simulation

The system simulation model and parameters refer to [3].

The inter-site distance is 500m, and there are 19 cells in SFN. When MS moves in the 300m-radius area in a cell, and when MS moves in the 100m-radius area in a cell, the CDF of correlations are shown in Figure 2.
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Figure 2a MS moves in the 300m-radius     Figure 2b MS moves in the 100m-radius
Figure 2 shows that SFN could not increase decorrelation in the actual systems from the meaning of statistics. According to the spatial channel model in [3], when MS is far from BS, the channels corresponding to different antennas are random enough, although it can receive from more than one BS, the correlation is not improved in fact. Similarly, when MS is near the BS, maybe the channel is a typical Rician or line-of-sight (LOS) channel, but because the signal from other BS is vary weak, it could not impact the existent channel correlation.

It validates that when the MS very nears one BS, and the power received from this site is much stronger than others. Furthermore, if both transmit antennas of this BS have the direct path to the MS’ receiver antennas, the channel is a typical Rician or line-of-sight (LOS) channel. In this case, the channel response vectors have strong correlativity. Because it is open-loop spatial MUX, it could not obtain the orthogonal compensation from transmitter based on the feedback information. The result is that MS could not de-multiplex these two symbols anymore. In this report, a solution is proposed to do the signal decorrelation for this case.
3. Decorrelation by pre-coding in open-loop SM

3.1 Spatial channel mode

For a [2Tx, 2Rx] system defined by channel matrix
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we have
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The kind of channel matrix which allows an SM system to achieve its maximum capacity is the one that maximizes
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. Given that the received signal strength is a constant, i.e.
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, this condition can be translated into the following relations:
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Equation (1) indicates that the two layers have equal signal strength, and equation (2) indicates that the channel vectors of the two layers are orthogonal to each other.

In measuring the robustness of the channel, we need to normalize it with some properties. In our investigation, we use
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to indicate the ratio of the signal strength of two layers, and
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to indicate the correlation of channel coefficient of two layers.

3.2 Decorrelation by linear pre-coding

In pre-coding MIMO, as Figure 3 shown, the input symbols are unitary transformed by E. An equivalent MIMO channel corresponding to a specific pre-coding matrix E can be reconstructed by applying HE=HE. Each MS knows the pre-coding method and demodulates pre-coded streams based on the HE.

In general, for rank=2, the codebook of pre-coding in 2*2 SU-MIMO is
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Without loss general, we use the E0 to analyse firstly.
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Figure 3 Pre-coding MIMO channel

The analysis can be simplified with the use of the Kronecker MIMO channel model with correlation parameterized by the transmit and receive parameters 
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. The channel matrix is given by [2]
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Where RR is the reception correlation matrix and RT is the transmission correlation matrix, under the assumption that matrix RR and RT remain unchanged, regardless of the transmitting and receiving elements respectively. For a [2Tx, 2Rx] system, the RR, RT matrices have the form
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HW is referred to as spatially white matrix. The elements of HW can be modeled as zero mean circularly symmetric complex Gaussian random variables. This is to say, the HW is independent to the antenna correlation.

To simplify the analysis, the case of channel model applied in this report is that the 2 transmit antennas from a given Node B is perfectly correlated, and the MS receives on 2 uncorrelated receive antennas (as is typical in the SCM, the same as which in section 3.2). Then the channel matrix is 
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. An equivalent MIMO channel corresponding to a specific pre-coding matrix E is 
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 is the correlation of channel coefficient of two layers before pre-coding, and 
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. After pre-coding the correlation of channel coefficient and the ratio of the signal strength of two layers can be deduced as


[image: image23.wmf]0

=

-

coded

pre

r

, 
[image: image24.wmf]r

r

-

+

×

=

-

1

1

P

p

coded

pre


The result is not so good, because although the channel vectors of the two layers are orthogonal to each other, two layers have quite different signal strength. For example, if 
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, which indicates that imbalance of two layer is up to 11dB.

It can add the extra gain to the first layer to balance the signal strength of two layers after pre-coding both in NLOS and LOS environments, for example, let the pre-coding matrix is 
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After pre-coding the correlation of channel coefficient and the ratio of the signal strength of two layers can be deduced as
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We attempt the other pre-coding scheme, CDD pre-coding. We assume that CDD is implemented in the frequency-domain. In this case, the composite pre-coder combines CDD delay based phase shifts with the Fourier-based pre-coding as below.
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An equivalent MIMO channel is 
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. Then the correlation of channel coefficient and the ratio of the signal strength of two layers can be deduced as
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We can find that codebook pre-coding is an especial case in CDD pre-coding when 
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The 
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 allows an SM system to achieve its maximum de-multiplexing performance.
3.3 Numerical simulation

The spatial channel model refers to [3].

The line-of-sight (LOS) model is an option that is switch selectable for the urban micro scenario only. The LOS modelling is based on the Ricean K factor defined as the ratio of power in the LOS component to the total power in the diffused non line-of-sight (NLOS) component.

For the LOS case, the Ricean K factor is based on a simplified version of K = 13-0.03*d (dB) where d is the distance between MS and BS in meters.

The probability for LOS or NLOS depends on various environmental factors, including clutter, street canyons, and distance. For simplicity, the probability of LOS is defined to be unity at zero distance, and decreases linearly until a cutoff point at d=300m, where the LOS probability is zero. 
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Following the definitions in [2][3], the (u,s)th component of the channel coefficient (s = 1,…,S; u = 1,…,U) and path n is given by: 
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where 
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is as defined in [3] Clause 5.4, and 
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. Under the assumption of R>>d, HLOS is given by an matrix with ones as elements (we refer to this matrix as H(1)) [2].

To numerical simulate the LOS characteristics, we only consider the MS in single cell and within 300m. The probability for LOS is constant 1.

Figure 4a shows the effect of decorrelation with the pre-coding matrix of 
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. Figure 4b shows the corresponding ratio of two layers’ signal strength. Although the decorrelation effect in this case is very obviously, the difference of signal strength of two layers is also very large.
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Figure 4a 
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Figure 5a shows the effect of decorrelation with the pre-coding matrix of 
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. Figure 5b shows the corresponding ratio of two layers’ signal strength. Increasing the 
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 of CDD pre-coding can decrease difference of signal strength of two layers, but the decorrelation effect will be weaken accordingly.
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Figure 5a 
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Figure 6a shows the effect of decorrelation with the pre-coding matrix of 
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, the geometry of LOS channel after decorrelation is similar to what of NLOS channel. Figure 6b shows the corresponding ratio of two layers’ signal strength. It shows that the curves of which after pre-coding are shifted 5dB.
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Figure 6a 
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4. Conclusion

Do the signal decorrelation in LOS environment in open-loop SM by pre-coding method must pay some sacrifices on other things, for example, the balance of signal strength of two layers. It can add the extra gain to the first layer to balance the signal strength of two layers after pre-coding.
Based on the analysis and numerical simulation, the linear pre-coding is a feasible solution for open-loop SM in MBSFN.
Approach: 
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 is recommended;

And we consider that the SNR in SFN operation is high enough to resist the difference between signal strength of two layers.
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15 Support for Enhanced Multicast Broadcast
…

15.2 Enhancements to MBSFN MIMO 

It is expected that the E-MBS would use some form of MIMO technique for unicast traffic. When multiple transmit and receive antennas and multiple transmit and receive chains are available, it becomes logical to exploit the MIMO benefits for E-MBS traffic as well. A key difference between unicast and broadcast in MBSFN is that the “open-loop” MIMO techniques are primary for E-MBS. This includes some form of transmit diversity or “open-loop” Spatial multiplexing of multiple streams.
For open-loop spatial multiplexing with SFN operation, it has strict limitation for multicast and broadcast in the correlated channels, for example LOS channel. Open-loop linear pre-coding is a feasible solution to resist the channel correlation when MS near the BS for broadcast spatial multiplexing.
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