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1 Introduction

In the Enhanced Multimedia Broadcast/Multicast Services (E-MBMS), common information is to be conveyed to multiple UEs.  However, these UEs’ different channel qualities result in their different decoding capabilities and therefore, open-loop E-MBMS mode faces a dilemma to convey common information in terms of different decoding capabilities.  For single-cell MIMO E-MBMS, to improve the performance of the UE in the worst channel-case, in this contribution we present a candidate technique for LTE-Advanced that efficiently utilizes limited feedback to conduct the precoding.
2 Single-Cell MIMO E-MBMS with Maximum Selection for the Worst User
Under the proposed approach, at eNodeB we select the transmit antenna according to the UE in the worst channel-case (i.e., the worst UE).  And, the selected transmit antenna is the best antenna for the worst channel-case UE.

The baseband transmission format of single-cell MIMO E-MBMS with precoding is shown in Figure 1, where UE 
[image: image1.wmf]k

 is assumed to be the worst-case UE.  The transmit antenna corresponding to the best channel state of UE 
[image: image2.wmf]k

 is used to perform the E-MBMS transmission.
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Figure 1.  Baseband transmission format of single-cell MIMO E-MBMS with maximum selection for worst UE.

Consider an E-MBMS with 
[image: image4.wmf]K

 UEs.  The number of transmit antennas at eNodeB is 
[image: image5.wmf]M

, and the number of receive antennas at the 
[image: image6.wmf]k

th UE is 
[image: image7.wmf]k

N

.  The flat-fading channel coefficients from eNodeB to the 
[image: image8.wmf]k

th UE can be denoted by an 
[image: image9.wmf]k
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 matrix as
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where 
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 denotes the flat-fading channel coefficient from the 
[image: image13.wmf]m

th transmit antenna of eNodeB to the 
[image: image14.wmf]n

th receive antenna of the 
[image: image15.wmf]k

th UE.

Next, we will use the mathematical expression to describe the proposed maximum selection in E-MBMS.  Based on the maximum selection strategy, the codebook consists of 
[image: image16.wmf]M

 precoding vectors and the 
[image: image17.wmf]m

th vector is denoted by
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where only the 
[image: image19.wmf]m

th element in the 
[image: image20.wmf]m

th vector is 1 and all others in this vector are 0, i.e.,
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which means the 
[image: image22.wmf]m

th transmit antenna is selected if the 
[image: image23.wmf]m

th codebook is used.

The precoding vector is selected from the codebook in terms of the worst channel-case UE’s maximum gain channel.  The equivalent diversity gain of the 
[image: image24.wmf]k

th UE can be expressed by
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All UEs feedback their channel gains 
[image: image26.wmf]k
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, to eNodeB, and simultaneously each UE feedbacks the index of its expected precoding vector, 
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is the index of the transmit antenna, from which to the 
[image: image30.wmf]k

th UE, the equivalent diversity gain is highest among all channels from 
[image: image31.wmf]M

 antennas of the transmitter to the 
[image: image32.wmf]k

th UE.  The transmitter will take the worst channel-case UE’s expected precoding vector as the precoding vector, that is, the final precoding vector is 
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As is shown in the numerical results in the appendix, the performance of worst channel-case user is improved dramatically with the proposed scheme.  And moreover, when there are more than 2 transmit antennas, the average performance within a multicast group of the proposed scheme is better than that of the open-loop STBC scheme.

3 Conclusion

UE transmit antenna selection has been proved beneficial and adopted for both FDD and TDD with little additional complexity [3].  In this contribution, we apply the transmit antenna selection technique into single-cell MIMO E-MBMS and select the best antenna at the eNodeB for the worst channel-case user.

If there are 
[image: image35.wmf]M

 transmit antennas at eNodeB, the precoding vector is chosen from the following codebook with 
[image: image36.wmf]M

 vectors: 
[image: image37.wmf][

]

1

100

=

φ

L

, 
[image: image38.wmf][

]

2

010

=

φ

L

, ……, 
[image: image39.wmf][

]

001

M

=

φ

L

.  The eNodeB’s selected precoding vector is the one corresponding to the maximum channel gain of the worst channel-case UE.
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Appendix

In Figure A1, the capacity complementary cumulative distribution functions (CCDF) comparisons of the worst channel-case UE between the proposed scheme and the open-loop STBC scheme are shown.  In Figure A2, the corresponding average performance of all users in the multicast group is compared between the proposed scheme and the open-loop STBC scheme.  The number of users in the multicast group is assumed to be 
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Figure A1.  Capacity CCDFs Comparison of the worst channel-case UE.
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Figure A2.  Average Capacity CCDFs Comparison.

Note that, in Figures A1 and A2, 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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