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1. Introduction
Single cell MU-MIMO is accepted for LTE-A since it can provide higher spectral efficiency than SU-MIMO. With MU-MIMO, several UEs may be co-scheduled on the same set of RBs, due to which, MU-MIMO can provide multi-user diversity gain and/or spatial multiplexing to systems, especially in the scenarios with a relatively large number of high geometry UEs[1].

In LTE Rel-8 and Rel-9, most of the studies on MU-MIMO so far are focused on codebook-based precoding scheme. In this case, the leaked interference among streams could not be canceled completely at the transmitter due to the finite sizes of codebook, which will increase the complexity of receiver and degrade the system performance.

Downlink MU-MIMO forms a vector broadcast channel, whose capacity region is resolved with the dirty paper coding (DPC) approach. However, the realization of DPC is rather complicated. In this study, we consider another feasible approach nonlinear precoding method, the Tomlinson-Harashima Precoding (THP), which can be viewed as a suboptimal one-dimensional implementation of DPC[2]. Such precoding scheme eliminates interference among different streams at the transmitter which reduces the complexity of receiver significantly. Simulation result shows that compared with LTE-8, both cell average throughput and cell-edge users’ throughput are improved by THP-based MU-MIMO.

2. THP-based MU-MIMO in LTE-A

2.1. System Model

The system model of THP based MU-MIMO is illustrated in Fig.1. Assume that the eNB is equipped with K antennas and there are N UEs transmitting on the same RBs simultaneously. Further, each UE is equipped with M antennas and supports M-stream transmission. It is obvious that N*M should be less than or equal to K.
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The data vectors for UE1, UE2, . . . , UEN are denoted as 
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 respectively here. We assume that M independent data streams are transmitted to UEn; thus, 
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 is an M×1 vector. Vector 
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is used to represent the data for all the UEs. It is assumed that all the data symbols are independent and have unit power, i.e., 
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.Since transmitter preprocessing is applied in THP precoding, we assume that 
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is the preprocessing output of the data vector 
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, where 
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are the signals transmitted from

the K transmit antennas. The received signal vector 
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 at the nth UE is
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where 
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 is the noise vector and 
[image: image12.wmf]n
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is the channel matrix between nth UE and eNB.
Since the transmitted signals for all UEs are precoded centralizedly at the transmitter, (1) can be further expressed as
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where
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2.2. THP Precoding Scheme

In order to suppress the residual interference present in other data streams, which is the main idea of THP, the effective channel matrix 
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 in (2) should be decomposed with QL decomposition:
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where 
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 is an orthogonal and S is a lower triangular matrix. Through the introduction of the scaling matrix 
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, we can obtain a unit-diagonal lower triangular matrix
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That is to say, if we precode the transmitted symbols with
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, 
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will be the effective transmission matrix. Since in MU-MIMO case, antennas of UEs are distributedly located and no cooperative detection is available at the receiver, we should cancel the lower part elements of 
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at transmitter side. This process could be illustrated in Fig.2. 

[image: image24]As mentioned in 2.1, 
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 denotes the data to be transmitted and 
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 denotes the data after SIC.

The equal received signal can be expressed as
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Transmitting these symbols over the channel described by the matrix 
[image: image28.wmf]B

, the components of 
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 have to be coded such that the interference from the first symbol into the output variable corresponding to the second, third, etc., symbol is eliminated, that from the second to the third, fourth, etc., and so on. The way is to use the SIC and symmetric modulo operation
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With
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More generally, for stream k,
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At the receiver, we obtain for the highest-index subchannel
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Where
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denotes the kth row of
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, which evaluates to
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As we have used that
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Moreover, to keep transmit power constant, we scale the transmit signal by a factor 
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 and compensate for this gain at the receivers:
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From the precoding process above, the received signal is interference-free and no other complexity is introduced other than modulo and decision.
3. Simulation

Table 1 shows the simulation parameters in the evaluation[3]. Urban macro(UMa) scenario is considered in our simulations.

Table 1: Simulation Assumptions
	Parameters
	Setting

	
	LTE Rel.8
	THP Based MU-MIMO

	Carrier frequency
	2 GHz
	2 GHz

	Cell layout
	Hexagonal grid, 19 cell-sites, 3 sectors per cell-site
	Hexagonal grid, 19 cell-sites, 3 sectors per cell-site

	Inter-site distance (ISD)
	500 m
	500 m

	Transmission bandwidth 
	10 MHz
	10 MHz

	Subband bandwidth
	5 RBs
	5 RBs

	Base station antenna configuration
	4 co-polarized antennas with 1/2( spacing
	4 co-polarized antennas with 1/2( spacing

	UE Rx antenna configuration

	2 co-polarized antennas with 1/2( spacing
	2 co-polarized antennas with 1/2( spacing

	Transmission power of Node B
	46 dBm
	46 dBm

	Moving speed (Max. Doppler frequency)
	3 km/h
	3 km/h

	Downlink transmission scheme 
	MIMO precoded spatial multiplexing (transmission mode 4 [36.213]): 4x2 MIMO
	Single-cell MU-MIMO and SU-MIMO with spatial multiplexing

	Link adaptation
	Rank adaptation, and up to 2 for one UE
	Dynamic MU- or SU- selection. 
MU-MIMO: up to 2 users paired in one PRB, each with rank -2 transmission.
SU-MIMO: rank adaptation, and up to 2 for one UE

	Scheduling algorithm
	Frequency-domain scheduling based on PF
	Frequency-domain scheduling based on PF

	Traffic model
	Full buffer
	Full buffer

	MCS set
	3GPP LTE MCS values 
	3GPP LTE MCS values 

	Channel estimation
	Non-Ideal
	Non-Ideal

	HARQ scheme
	Chase combining,  maximum 4 transmission
	Chase combining,  maximum 4 transmission


Fig.3 shows the cumulative distribution function (CDF) of the user throughput employing LTE Rel.8 precoding and THP based MU-MIMO scheme, respectively. In Table 2, we summarize the results of the cell spectral efficiency and the cell-edge user spectral efficiency. It can be seen that, compared with LTE Rel.8 solution, THP based MU-MIMO achieved large gain both on cell spectral efficiency and cell-edge user spectral efficiency.

[image: image42]
Table 2 Cell spectral efficiency and cell-edge user throughput in UMa Scenario
	
	Required Value
	LTE Rel.8
	THP Based MU-MIMO
	Relative Gain

	Cell spectral efficiency(bps/Hz/cell)
	2.2
	1.76
	2.51
	42%

	Cell edge user spectral efficiency(bps/Hz/cell)
	0.06
	0.033
	0.050
	50%


4. Conclusions
In this contribution, the multi-user precoding scheme based on THP is analyzed in LTE-A system. Simulation results show that compared with LTE Rel.8, a great gain can be achieved by applying THP to LTE-A system, both for cell central users and cell edge users. Cell spectral efficiency has been increased by 42%, while the relative gain for cell-edge user spectral efficiency is 50%. However, the target of cell-edge user spectral efficiency is still not fulfilled, which can be explained by the fact that the THP based MU-MIMO transmission is only conducted within the users undergoing relatively satisfactory fading channels in the simulation. Further study will focus on the MU-MIMO cooperation scheme within users of poor channel conditions.  
References
[1]. R1-094550, “Transmission schemes for DL MU-MIMO”, CATT
[2]. Quan Zhou, Huaiyu Dai, Joint Tomlinson-Harashima Precoding and Scheduling for Multiuser MIMO with Imperfect Feedback. WCNC 2006 proceedings
[3]. ITU-R, M.2135, “Guidelines for evaluations of radio interface technologies for IMT-Advanced.”



�


          Fig.3 User Throughput
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Fig. 2 THP Precoding
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Fig.1 System Model
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