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1. Introduction

In LTE, 4 Tx limited-feedback based closed-loop MIMO precoding is supported. MIMO in the downlink for LTE-Advanced is targeting the support of up to eight layer spatial multiplexing. In RAN1 #55bis, it is agreed on 8 Tx limited-feedback based closed-loop MIMO precoding supported in LTE-A. Some discussion with 8 Tx limited-feedback based closed-loop MIMO precoding are discussed in [1]-[2]. These scheme are focusing on the Codebook based Precoding for 8 Tx Transmission. In this contribution, we introduce a downlink MU-MIMO scheduling and precoding scheme for LTE-A system considering the disadvantage of the existed MU-MIMO schemes in R8. Before we introduce the proposed scheme, some discussion about the MU-MIMO schme in LTE are analysed.
There are two classified MU-MIMO schemes in LTE, one is the unitary precoding MU-MIMO and another is the non-unitary precoding MU-MIMO. 
(1) unitary MU-MIMO

The typical unitary MU-MIMO scheme in LTE is the PU2RC in [2]. The Node B then utilises the feedback PMI and CQI to select the precoding matrix and schedule the users for transmission at the same RB (Resource Block) to obtain the highest sum-rate. The scheduled users on the same RB must satisfy that the index of scheduled users belongs to the same unitary matrix and the index of scheduled users belongs to different vector of the unitary matrix in the codebook. Thus, there will be possibility of user paring failure at the BS to degrade to system capacity. Especially when the antenna number of BS and the scheduling users at the same RB increases, the possibility of user paring failure will increase too.
(2) non-unitary MU-MIMO

The typical non-unitary MU-MIMO schemes in LTE are the Zero-forcing MU-MIMO with limited feedback in [3][4]. For the zero-forcing MU-MIMO with limited feedback, each MS quantizes its channel matrix with codebook (e.g. Grassmiannian codebook) of 
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 vectors. Each user will calculate the CQI with the quantized channel. Then each user feedbacks the index of the quantized channel in the codebook and the CQI to the BS.  There are some disadvantages of the zero-forcing MU-MIMO:

1) Since the precoding matrix is generated by zero-forcing the quantized user channels at the BS, each MS does not know the precoding vectors in advance. Hence each MS cannot report an accurate value for the SINR. 
2) The precoding matrix is generated at the BS by zero-forcing the quantized channel matrix of the scheduled users, so each MS does not know the precoding matrix. Thus, the DRS (dedicate reference signal) is required for MSs to obtain the precoding matrix.
In this contribution, we introduce a downlink approach of MU-MIMO scheme for LTE-A system considering the disadvantage of the existed MU-MIMO schemes with limited feedback. The proposed scheme has following features:
1) Adaptation between SU-MIMO and MU-MIMO are supported.   
2) Switch between unitary precoding and non-unitary precoding should be supported.
3) Need to define downlink control signalling for MU-MIMO, including precoding mode, codebook index format and rank mode.
2. Multi-user MIMO Downlink System
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Figure 1. MU-MIMO System
The proposed MU-MIMO scheme is described in Figure 1. Each UE is equipped by N antennas and the BS is equipped by M antennas. There are X users waiting to be scheduled. The BS will select K users to be scheduled at the same RB and one data stream for each user. 

(1) Channel quantization
After each MS obtains its channel matrix, it quantizes its channel matrix by the codebook 
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 (e.g. Grassmanian codebook or the VQ vector quantized). The k-th MS will select a best vector 
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 from the codebook as the quantized channel as follow:
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(2) CQI calculation

Each MS computes the corresponding
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 by doing SVD to its quantized channel as follow.
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Where 
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, we should do SVD to the quantized channel 
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Where 
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 is the linear MMSE detection vector for user k.  
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[image: image17.wmf]1

[]

k

U

%

 as follow.

[image: image18.wmf]kkk

=

HHU

%%

                                                            (5)


[image: image19.wmf]1

[]

kkk

=

hHU

%%

                                                          (6)

[image: image20.wmf]1,11,

,1,

M

k

NNM

hh

hh

éù

êú

=

êú

êú

ëû

H

K

MOM

K

                                       (7)

[image: image21.wmf]0

00

k

pp

NRN

b

==

                                                        (8)
Where 
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 is the MIMO channel matrix at the 
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 indicates the channel impulse response coupling the j-th transmitter to the i-th receiver element and its amplitude obeys independent and identically Rayleigh-distribution. R is the maximal user number that the BS will transmit.

Each MS feedbacks
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 is the vector number of the codebook.
(3) Recovering quantized channel
Because each MS and the BS have the same codebook, after the BS received the feedback information, the BS will obtain the quantized channel 
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 of each MS by its feedback index information and the codebook.
(4) Generate an unitary matrix
The BS utilizes the quantized channel 
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 of each user to produce the precoding matrix and schedule the transmitting users. The precoding matrix is generated by doing SVD to the quantized channel of the first scheduled user.
Find user 
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 and recover its quantized channel 
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Where 
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 is the precoding matrix for the transmitting users and 
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(5) Scheduling users
We provide three scheduling algorithm: 1) Fix user scheduling; 2) Adaptive user scheduling. 
1) Fix user scheduling

The BS will schedule R users to transmit simultaneously as following steps:

a) The first scheduled user is sch1
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b) Then, we will find other R-1 users to match the precoding vectors
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, j=2… R. For j=2, using the following simplified equation to find user
[image: image46.wmf]2

sch

.

[image: image47.wmf]2

12

2

1,...,,1

11

[]

2max

[]1

Hopt

jschj

jXjsch

Hopt

schj

CQI

sch

=¹

=

+

UV

UV

%

%

                                  (11)

c) For user j=R
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2) Adaptive user scheduling
For adaptive user scheduling, the BS will schedule users adaptively according to the system capacity. 
a) The first scheduled user is sch1
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b) Calculate the system capacity 
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 while transmitting user sch1.
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c) Then, find the second user j=2 to schedule using the following simplified equation to find user
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. The sch2 is the best user that matches to the precoding vector 
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d) Calculate the system capacity 
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 while transmitting users sch1 and sch2.
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e) The BS will judge if 
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. If yes, the BS will continue to schedule users; if no, the BS will stop and just transmit user sch1.

f) For j=K, the scheduled user schK is the best user that matches the precoding vector 
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g) Calculate the system capacity 
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 while transmitting users sch1, sch2, …, schK.
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h) The BS will judge if 
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. If yes, the BS will continue to schedule users; if no, the BS will stop.
(6) Precoding

1) Unitary precoding
After the scheduling users are confirmed, the BS will utilize the generated unitary matrix as the precoding matrix. If user 
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 will be scheduled on the same RB, then the BS will utilize the unitary matrix 
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for these users for precoding.
2) Switching between unitary precoding and non-unitary precoding
  Since the precoding matrix is generated by SVD to the quantized channel of the first scheduled user. The calculated feedback CQI for the first scheduled user equals to the accurate value for its received SINR. If other users can match the precoding vector of the generated matrix well, the CCI will be small and the MU-MIMO system capacity will be enhanced.  So, when the user number to be scheduled is large, the proposed fix scheduling algorithm could obtain good performance. While the user number waiting at BS to be scheduled is small, the BS could not find proper user to match the precoding vector, which will result in large CCI. So the BS could adopt ZF (non-unitary precoding) to obtain the preocding matrix when the user number is small. While the user number waiting at BS to be scheduled is large, the BS will adopt the generated unitary matrix as the precoding matrix.
For ZF, the channel quantization, the feedback and the scheduling algorithm is the same as above, the difference lies in the precoding matrix generation. For ZF, after the user to be transmitted at the same RB is confirmed, the BS will generate the precoding matrix by zero-forcing criteria. 
The users 
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 will be transmitted simultaneously at the same RB with the precoding matrix W.
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The BS should normalize W as the precoding matrix.
(6) BS informs the MS of the precoding matrix information
For unitary precoding scheme, the BS just need to inform the transmitting R MSs 
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 in the codebook, the MS could obtain the precoding matrix 
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3. Simulation Results
We have compared the proposed downlink MU-MIMO scheme with unitary MU-MIMO (PU2RC) [3] and non-unitary MU-MIMO [4] (ZFEP) in terms of average throughput and average number of active users per sub-carrier use. We consider the independent Rayleigh fading. The elements of H are i.i.d. with Gaussian random variables ~CN(0,1). 
Figure 1 is the comparison of average system capacity of the proposed MU-MIMO with fix user scheduling, the PU2RC and the ZFEP with different user to be scheduled. We consider the case of M=4 transmit antennas and N=1 receive antennas for users. We assume a Grassmannian codebook with Nt=16 both at BS and the MSs for ZFEP and the proposed MU-MIMO scheme.  Each MS feeds back 4 bit index and an analog (i.e. unquantised) real CQI value. We also assume PU2RC use 4bits PMI and 1 analog CQI feedback. The scheduled user number for three schemes is R=2 and each user with 1 data stream.

Figure 2 is the comparison of average system capacity of the proposed MU-MIMO with adaptive user scheduling, the PU2RC and the ZFEP with different user to be scheduled. We consider the case of M=4 transmit antennas and N=1 receive antennas for users. We assume a Grassmannian codebook with Nt=16 both at BS and the MSs for ZFEP and the proposed MU-MIMO scheme. Each MS feeds back 4 bit index and an analog (i.e. unquantised) real CQI value. We also assume PU2RC use 4bits PMI and 1 analog CQI feedback. Besides, for the proposed MU-MIMO with adaptive user scheduling, the BS schedules users adaptively between rank 1 SU-MIMO and MU-MIMO with 2 users. 

Figure 3 is the average system capacity of the proposed MU-MIMO with switching precoding between unitary and non-unitary, the PU2RC and the ZFEP with different user to be scheduled. We consider the case of M=4 transmit antennas and N=1 receive antennas for users. We assume a Grassmannian codebook with Nt=16 both at BS and the MSs for ZFEP and the proposed MU-MIMO scheme. Each MS feeds back 4 bit index and an analog (i.e. unquantised) real CQI value. We also assume PU2RC use 4bits PMI and 1 analog CQI feedback. The scheduled user number is R=2 and each user with 1 data stream. When the user number waiting to be scheduled is less than 10, non-unitary precoding is adopted, when the user number waiting to be scheduled is equal or larger than 10, unitary precoding is adopted.
Figure 4 is the comparison of average system capacity of the proposed MU-MIMO with fix user scheduling under different antenna configuration with different user to be scheduled. We compare the case of M=8 transmit antennas and N=2 receive antennas for users to the case of M=4 transmit antennas and N=2 receive antennas for users. We assume a Grassmaninian codebook with Nt=32, Nt=256 that corresponding to 5bits and 8bits feedback.
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Figure 1. The comparison of average system capacity of the proposed MU-MIMO with fix user scheduling, the PU2RC and the ZFEP with different user to be scheduled
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Figure 2. The comparison of average system capacity of the proposed MU-MIMO with adaptive user scheduling, the PU2RC and the ZFEP with different user to be scheduled
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Figure 3. The comparison of average system capacity of the proposed MU-MIMO with switching precoding, the PU2RC and the ZFEP with different user to be scheduled.
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Figure 4. The average system capacity of the proposed MU-MIMO under different antenna configuration with different users to be scheduled.
4. Conclusion

From the analysis and simulation results, we can conclude that the improved proposed MU-MIMO has the following advantages:

1) Good performance: Since the precoding matrix is generated by SVD to the quantized channel of the first scheduled user. Thus, the calculated feedback CQI for the first scheduled user equals to the accurate value for its received SINR. If other users can match the precoding vector of the generated matrix well, the CCI will be small and the calculated CQI for other scheduled users will close to their received SINR, which will result in enhancement of the system capacity. So, when the user number to be scheduled is large, the proposed fix scheduling algorithm could obtain good performance.
2) Low complexity: the proposed MU-MIMO has low complexity both in CQI calculation at MS and user scheduling at BS.
3) Requires no DRS: for unitary precodiing of the proposed MU-MIMO, it requires no dedicated reference signal to obtain the precoding matrix. The BS can send a control signal to the scheduled MS to tell them the precoding matrix and rank information for detection.
5. Potential impact on specification
1) Adaptation between SU-MIMO and MU-MIMO are supported. When MU MIMO scheduler can not find proper pairs to transmit or the user number to be scheduled is small, SU MIMO can be used with rank 1. 
2) Switch between unitary precoding and non-unitary precoding should be supported. When the user number to be scheduled is small, the non-unitary precoding can be used to guarantee the system performance.
3) Need to define downlink control signalling for MU-MIMO, including precoding mode, codebook index format and rank mode, and etc.
Note: This is mainly the research work by University of Electronic Science and Technology of China.
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