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MIMO E-MBS with Precoding
Yuli YANG, Hongwei YANG
Alcatel Shanghai Bell Co., Ltd.
1. Introduction
Enhanced Multicast/Broadcast Services (E-MBS) have been considered in TGm, and the open-loop mode is preferred since the task of E-MBS is to convey the common information to all MSs in the E-MBS group.  However, these MSs’ different channel qualities result in their different decoding capabilities and therefore, open-loop E-MBS mode faces a dilemma to convey common information in terms of different decoding capabilities.  Consequently, the performance of the MS with the worst channel-case is used to measure the E-MBS performance.  On the other hand, multiple input multiple output (MIMO) technique has been mandatory with downlink configuration in the system requirement [1].  Motivated by these issues, in this contribution we discussed the precoding schemes of MIMO E-MBS with limited channel state information (CSI) known at BS.
2. Transmission Model
Consider MIMO E-MBS with 
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 MSs in a cell.  The number of transmit antennas at BS is 
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, and the number of receive antennas at the 
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th MS is 
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.  The flat-fading channel coefficients from BS to the 
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 denotes the flat-fading channel coefficient from the 
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th transmit antenna of BS to the 
[image: image11.wmf]n

th receive antenna of the 
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th MS.

    The kth MS’s received signal can be expressed by
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where 
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 vector for the kth MS’s received signal, and 
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 vector for the common transmitted signals at BS.  
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 vector for the received additive white Gaussian noise at the 
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th MS with zero-mean and covariance matrix 
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.

The baseband transmission format of MIMO E-MBS with precoding is shown in Figure 1.
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Figure 1.  Baseband ransmission format of MIMO E-MBS with precoding.

The transmitted common signal at BS can be expressed by


[image: image23.wmf]s

=

x

φ

,                                            (3)

where 
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 is the original symbol from the information resource, and 
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 vectors for the transmitted common signals and the precoding factors at BS, respectively.  An important assumption is that the design of the precoding vector is constrained by 
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 is the total transmitted power at BS.

Substitute Eq.(3) for the transmitted common information in Eq.(2), the received signal at the 
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th MS can be expressed by


[image: image31.wmf]kkkkk

s

y=Hx+n=H

φ

+n

.                                (4)

At the 
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th MS, the received signal is processed as
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where 
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 is the 
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th MS’s calculation of the original symbol, 
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 vector for the 
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th MS’s decoding factors.

Next, we will describe two designs for the precoding vector 
[image: image40.wmf]φ

: the first is based on the minimum mean-square error (MMSE) principle, and the second is based on the maximum selection principle.

2.1 Precoding Vector Design Based on MMSE

The mean-square error (MSE) of the 
[image: image41.wmf]k

th MS’s estimation of the original symbol can be expressed by
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where 
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 is the expectation operator with respect to the distribution of the original symbol.
Firstly, we consider each MS’s decoding vector.  Without loss of generality, the 
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th MS’s decoding vector, 
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, can be calculated by
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and his corresponding MSE can be expressed by
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Then, the MMSE of the 
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th MS is
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where 
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That is, based on the MMSE principle, the 
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th MS’s expected precoding vector 
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Therefore, we can design the transmission strategy in terms of the worst channel-case MS’s MMSE.  In detail, each MS feedbacks his maximum eigenvalue,
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, and the corresponding eigenvector 
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where 
[image: image63.wmf]ˆ

k

 is the index of the worst channel-case MS, whose MMSE is the maximum MMSE in the set of all MSs’ MMSEs, i.e.,
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The simulation results on BER performance is shown in Figures 2 and 3.  In these figures, the performance loss of the MSs besides the worst channel-case MS is also shown.  Considering the performance loss and the cost of feedback signaling, the precoding for the worst channel-case MS will be performed if equivalent gain of the precoding scheme is more than that of the open-loop mode.
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a)  Transmission rate of 1bit/sec/Hz

[image: image66.emf]02468101214

10

-6

10

-5

10

-4

10

-3

10

-2

10

-1

10

0

SNR(dB)

Bit Error Rate

2Tx at BS & 2Rx at each user with 2bits/sec/Hz

the user who feedbacks his channel case

average BER of max MMSE feedback

open-loop 2Tx STBC with QPSK


b)  Transmission rate of 2 bits/sec/Hz

Figure 2.  BER performance comparison for 
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a)  transmission rate of 1bit/sec/Hz

[image: image69.emf]024681012141618

10

-7

10

-6

10

-5

10

-4

10

-3

10

-2

10

-1

10

0

SNR(dB)

Bit Error Rate

4Tx at BS & 2Rx at each user with 2bits/sec/Hz

the user who feedbacks his channel case

average BER of max MMSE feedback

open-loop 4Tx STBC with 16QAM


b)  transmission rate of 2 bits/sec/Hz
Figure 3.  BER performance comparison for 
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2.2 Precoding Vector Design Based on Maximum Selection
Based on the maximum selection strategy, the codebook consists of 
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 precoding vectors and the 
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th vector is denoted by
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where only the 
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th element in the 
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th vector is 1 and all others in this vector are 0, i.e.,
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The precoding vector is selected from the codebook in terms of the worst channel-case MS’s maximum gain channel.  The equivalent diversity gain of the 
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th MS can be expressed by
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All MSs feedback their channel gains 
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is the index of the transmit antenna, from which to the 
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th MS, the equivalent diversity gain is highest among all channels from 
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 antennas of the transmitter to the 
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th MS.

The transmitter will take the worst channel-case MS’s expected precoding vector as the precoding vector, that is, the final precoding vector is 
[image: image86.wmf]ˆ

ˆ

k

m

φ

, where


[image: image87.wmf]{

}

1,2,,

ˆ

argmin

k

kK

kG

=

=

L

.                                  (16)

For the worst channel-case MS (the 
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th MS), with a given realization of the flat-fading channels with 
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 receive- antennas, the instantaneous capacity of the precoding system with 
[image: image91.wmf]ˆ

ˆ

k

m

φ

 can be expressed by

[image: image92.wmf]ˆ

ˆ

ˆ

222

ˆ

ˆ

ˆ

()()()

Pre2,1,2,

111

log1max,,,

kkk

NNN

kkk

nnnM

nnn

Chhh

r

===

æö

ìü

ïï

=+×

ç÷

íý

ç÷

ïï

îþ

èø

ååå

L

,               (17)

while the instantaneous capacity of the open-loop STBC scheme can be expressed by
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where 
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 denotes the received average signal-to-noise power ratio (SNR) and 
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 is the code rate of STBC scheme.  For complex signals, 
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The capacity complementary cumulative distribution functions (CCDF) comparisons of the worst channel-case MS between the precoding scheme and the open-loop mode are shown in Figure 4.
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Figure 4.  Capacity CCDFs Comparison of the worst channel-case MS.

Next, the average capacity will be considered.  The average capacity of a multicast system is defined by the mean of the sum capacity with the number of MSs in the multicast system.
The average capacity of the precoding scheme is
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and the average capacity of the STBC scheme is
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The average capacity CCDFs comparisons between the precoding scheme and the open-loop STBC scheme are shown in Figure 5.
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Figure 5.  Average Capacity CCDFs Comparison.

With this precoding scheme, only the case of 
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 is investigated by numerical results, which can be generalized directly to the cases of 
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3. Text proposal
-----------------------------------------Start of Text Proposal for SDD------------------------------------------

For the MIMO E-MBS, precoding technique should be taken as an alternative to the open-loop mode.  Since the performance of the worst channel-case MS is used to measure the E-MBS performance, the precoding strategy should pay attention to the worst channel-case MS.  When the average performance of the MSs in the required E-MBS coverage with precoding is better than that with open-loop mode, the precoding should be used.

There are two precoding schemes: One is based on maximum eigenvalue, where the precoding vector is the eigenvector corresponding to the maximum eigenvalue of the worst channel-case MS.  The other is based on the maximum channel gain.  If there are 
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 transmit antennas at BS, the precoding vector is chosen from the following codebook with 
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.  And the precoding vector is the one corresponding to the maximum channel gain of the worst channel-case MS.

---------------------------------------------- End of Text Proposal for SDD---------------------------------------------
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