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1. Introduction

In a LTE-Advanced system, deploying relay Nodes (RNs) is a very promising collaborative communications solution, it will help to increase the system capacity and extend the cell coverage area. Two types of RNs have been defined in LTE-Advanced standards, Type-I (or non-transparency) and Type-II (or transparency). Specifically, a Type-I RN can support a remote UE to access the eNB. So a Type-I RN needs to transmit the common reference signal and the control information for the eNB, and its main objective is to extend signal and service coverage. Type-I RNs mainly perform IP packet forwarding in the network layer (layer 3). On the other hand, a Type-II RN can help a local UE, which is located within the coverage of an eNB and has a direct communication link with the eNB, to improve its service quality and link capacity. So a Type-II RN does not transmit the common reference signal or the control information, and its main objective is to increase the overall system capacity.
In this proposal, we consider the multiuser transmission environment, where one eNB, many RNs and UEs are deployed in the system. Multiuser scheduling and joint transmission (JT) can be utilized to enhance the system throughput when the RNs are regarded as virtual UEs. Moreover, we have to perform users (RNs) selection since the number of transmitting antennas of eNB is limited. There are few of prior works to discuss the JT of the MU-MIMO with RNs. We expect to present a SVD based JT scheme to decompose the relayed MU-MIMO system into SU-MIMO channel, which leads lower implementation complexity and enhance the system performance.
2. System model
A relay based cellular network is considered as shown in Fig. 1. There are one eNB and 
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UE and RN. The eNB is equipped with
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 transmit antennas, whereas each UE and RN has
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 receive antennas, eNB and RN nodes exchanging their messages to each other and one relay node with multiple antennas is located between two nodes to help their reliable communications. 
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Fig.1 MU-MIMO with RN
In case of MU-MIMO transmission mode, the number of access user at the same time is
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, thus, 
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 users should be selected from
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 users. 

For the eNB-UE link, if we define the transmitting signal power at eNB is
[image: image9.wmf]eNB

P

, the channel matrix of k-th UE is
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, the noise variance is equal to
[image: image11.wmf]2

s

, then the received SNR at k-th UE end is given by
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For the eNB-RN-UE link, if we also define the transmitting signal power at RN is
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is the channel matrix of between eNB and RN,
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is the channel matrix of between RN and UE, the noise variance at RN is equal to
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, then the received SNR at k-th UE end is given by
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Base on the instantaneous received SNR of the corresponding link, the eNB can select the UEs (RNs) to maximize the achievable system capacity. Based on the selected UEs (RNs), the transceiver processing is presented in the following.
3. SVD Based JT
3.1 eNB-UE/eNB-RN link
For the eNB-UE and eNB-RN link, we can adopt transceiver processing scheme the same as the conventional MU-MIMO, such as the SVD based JT. This scheme is described as following. Assuming the symbol
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is transmitted to the kth UE or RN, it is preprocessed before its transmission by multiplying it with precoder 
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The signal broadcast by the eNB to the K UEs (RNs) can be expressed as
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The received signal of the kth UE or RN is given by



[image: image23.wmf]=+=+

kkkkk

yHxnHPsn


where
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 is the channel gain matrix,
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is the additive Gaussian noise.

Assuming that 
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and the
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, the SVD of 
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 is represented by
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where
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denotes a nonnegative diagonal, 
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are unitary matrices, and 
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is constituted by the eigenvectors corresponding the nonzero eigenvalues of
[image: image34.wmf]k

H

,
[image: image35.wmf](

)

MMN

´-

matirx
[image: image36.wmf](0)

k

V

is constituted by the eigenvectors corresponding the zero eigenvalues of
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. The received signal of k-th UE or RN is as following,
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The overall received signal of all the K UEs and RNs is given
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where 
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The precoder matrix
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is chosen to suppress the multiuser interference (MUI) between UEs and RNs. The received signal of All UEs and RNs can be simplified to
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and the signal vector of kth UE or RN is given by
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From the above equation, we can see that the MUI is removed. The post-processing matrix
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of received signal is introduced to cancel the ISI,
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Consequently, the received signal of UE and RN can be estimated. Furthermore, the recover signal at RN should be forward to the UE by RN-UE channel.
3.2 RN-UE link
For the RN-UE link, it can be regarded as a SU-MIMO system, thus, the conventional SU-SVD scheme can be adopted. Assuming the symbol
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is transmitted to the u-th UE, it is preprocessed before its transmission by multiplying it with precoder 
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The received signal of the u-th UE is given by
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where
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is the channel gain matrix,
[image: image53.wmf]u

n

is the additive Gaussian noise. The SVD of 
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Let us define the precoder
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and the equalizer
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. Consequently, the estimated signal of u-th UE can be expressed by,
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4. Conclusion

In this contribution, we have analyzed the SVD-JT based CL MU-MIMO with relay transmission. Firstly, considering the number of transmit antennas should be more than the total number of receive antennas, the UEs and RNs are selected based on maximize the achievable capacity. Then, SVD-JT can be performed for the eNB-UE or eNB-RN link, it has the following advantage which only each UE’s or RN’s own CSI is needed and the UE/RN coordination is not required and it is more. Furthermore, the MU-MIMO can be transformed into simple SU-MIMO processing. From the above analysis, we conclude that joint SVD-JT and users scheduling is a practicable CL transmission solution for MU-MIMO with Relay scheme in LTE-Advanced system.
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