3GPP TSG-RAN WG1 Meeting #60bis
R1-101806
12 – 16 April, 2010, Beijing, P. R. China
Source:
Toshiba
Title: 
Joint Transmitter Precoding and Receiver Beamforming for DL Multi-antenna Transmission
Agenda Item:
6.3.3
Document for:
Information/Discussion

1 Introduction

Multi-user MIMO precoding is being developed for practical system deployment and terminals equipped with multiple antennas become the baseline of configuration for LTE-Advanced [1]. Multi-Antenna UE has been widely considered/discussed in contributions of previous meeting [2]

 REF _Ref258596944 \n \h 
[3]. Therefore, it is feasible to enable joint transmitter precoding and receiver beamforming/combination to further enhance the transmission efficient for higher performance of overall system.
In this document we present the concept of the joint transmitter precoding and receiver beamforming (JTPRB). We will also describe the joint algorithm/procedures and compare the performance. Final we will propose the enabling mechanism in the standard for further study and considerations. 
2 Concept of the JTPRB 
We consider a wireless communication system depicted in Figure 1. A base station with 
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 transmit antenna communicates with 
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 users, each user has 
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 receive antennas. The base station sends 
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 data streams simultaneously to 
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 users such that each user receives one data stream. 
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Figure 1: System model of multiuser precoding with multi-antenna users.

At the transmitter side, the signal vector 
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 is precoded by a precoder 
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 to produce a transmitted vector 
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. The transmit precoding can be linearly precoded [reference on linear precoding, best from 3GPP contributions] or non-linearly precoded. 
At the receiver side, since the users are equipped with multiple receiver antennas, there are additional diversity gains that can be exploited. To improve the reception quality, each user has a linear receive combiner to combine the signals over multiple receive antennas. After that, the combined signal is fed into the data detector. 
The mathematical description of the system can be given as follows. Let 
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) be the channel matrix and receive combining vector of user 
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. The effective channel of user 
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 as seen by the base station is 
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To keep the noise power unchanged, the norm of the combining vectors are all 1, i.e. 
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Stacking all the effective row channel vectors of all users, we have the effective channel matrix 
	
[image: image18.wmf]µ

$

$

1

K

éù

êú

=

êú

êú

ëû

h

H

h

M


	 MACROBUTTON MTPlaceRef \* MERGEFORMAT (2)



Assume the base station employs a common linear minimum mean square error (MMSE) precoding, which is specified as [1]
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where 
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 is the total transmit power, 
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 is an 
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 identity matrix, superscript 
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 denotes matrix transpose conjugate operation. The power normalization factor 
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 is given by [4]
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where 
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Let 
[image: image27.wmf],
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 be the received signal at antenna 
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 of user 
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. The combined receive signal of user 
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 follows
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From the above equations, it is clearly shown that, in order to obtain the optimal transmitter precoding matrix 
[image: image32.wmf]P

, the effective channel with the receiver beamforming matrix has to be consider. The joint transmitter precoding and receiver beamforming is the best solution. 
3 Typical JTPRB Solutions and Comparison
One straightforward solution for multi-antenna at receiver side to exploit the diversity of multiple receive antennas is the antenna selection. One antenna of users might be selected using the user orthogonality criterion, so that the resulted channel vectors of users are more likely orthogonal. However, this method will cause significant performance loss since the received signals of unused receive antennas are wasted.
Another method could be on semi-combining, for example, the combining vectors are selected by taking the left singular vector corresponding to the dominant singular value of users’ channel matrices [5]; this combining method is called eigenmode beamforming hereafter. This method may suffer from significant performance loss since the combining vectors of users are not jointly designed.
One method on joint the precoding matrix and receive combining vectors is proposed based on the duality of uplink-downlink channels. Specifically, it is shown that the receive combing vectors designed for the downlink (point-to-multipoint communications) can be solved by design users’ beamforming in the uplink (multipoint-to-point communications). First, the virtual uplink transmit beamforming of all users are computed. Then receivers’ combiners and transmitter’s precoder can be derived. The virtual uplink beamforming can be iteratively computed using an alternating optimization algorithm. This method requires some optimization tools. Additionally, the iteration process may not give optimal or near optimal solution. 
It has been shown that receive combining vectors of users must be jointly designed to achieve the best performance. Nevertheless, most algorithms require either EVD or SVD decompositions, thus the optimal solution requires EVD, while near optimal solution needs SVD. We propose to use a codebook of combining vectors, where each codebook vector has unit norm. In fact, the concept of codebook has been widely used in digital communications. For example in multiuser precoding, the codebook contains precoding vectors for users [6], or the codebook contains receiver combining vectors [7]. Here, we also apply the codebook concept to design the receive combining vectors. The advantage of this approach is to combine the codebook concept with the combining vector design criterion in equation (11)

 together with either greedy or fast user ordering methods. 

The proposed algorithms can be easily modified to incorporate the codebook-based receive combining vectors. For example, we provide in Table 1 the algorithm with codebook-based combining vectors.

Table 1: Codebook-based Design of Receive Combining Vectors with Greedy User Ordering.
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4 Performance Studies

Performance of the eigenmode beamforming and JTPRB technique will be compared. There are three JTPRB schemes: joint receive antenna selection (antenna selection codebook) (JTPRB-1), joint selection of combining vectors from codebooks(JTPRB-2), and optimal designs of combining vectors by sequential and greedy calculation (JTPRB-3). The users’ codebooks have a common structure, which includes a fixed and an adaptive parts. The fixed codewords consist of identity matrix (i.e. antenna selection codebook), DFT matrix, and a random unitary matrix. The adaptive codeword is the dominant singular vector (eigenmode combining). 

Figure 2 presents performance of the compared schemes for a system with 4 Tx at base station, 4 users, each with 2 receive antennas. All users employ 4QAM. A simple Rayleigh frequency-flat channel is adopted for an easy performance comparison. It is shown that with a simple joint antenna selection (JTPRB-1), a gain of 2.5 dB can be obtained at a BER of 10-2, compared to the eigenmode combining. The JTPRB-2 scheme gives a gain of 1.2 dB over the JTPRB-1 scheme, while its performance is only about 0.7 dB away from the optimal scheme JTPRB-3.
The SNR gain of the JTPRB schemes is even larger if users have 4 receive antennas (see Figure 3). The JTPRB-2 yields more than 5 dB compared to eigenmode beamforming scheme at the BER of 10-2.

[image: image50.wmf]
Figure 2: Performance of the conventional eigenmode beamforming and JTPRB schemes for a system employing linear MMSE precoding, 4 transmit antennas, 4 users, each user has 2 receive antennas, 4QAM.
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Figure 3: Performance of the conventional eigenmode beamforming and JTPRB schemes for a system employing linear MMSE precoding, 4 transmit antennas, 4 users, each user has 4 receive antennas, 4QAM.
5 Enabling Mechanisms and Requirements 
The JTPRB is proposed in this contribution to perform the optimization at eNB for both transmitter precoding and receiver beamforming. The enabling mechanisms for the transceiver with the receiver combination require both feedback and feedforward RSs. 
For feedback, it can easily adopt the current feedback mechanisms developed in Rel-9 and for Rel-10.

For feedforward RSs, it requires to have new aspects to the current feedforward RSs in Rel-8

6 Summary

In this contribution we proposed joint transmitter precoding and receiver beamforming to further enhance the system performance for DL multi-antenna transmission of LTE-Advanced. Although the schemes and the enabling mechanisms require extra overhead on reference signalling, it is highly possible to balance the performance and the overhead, which can be adaptive to different cases where there are different  receiver configurations. It has demonstrated clearly from our system performance studies that the proposed flexible schemes we proposed have achieved significant performance gain on system with altogether considerations of the overhead. 
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