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1. Introduction 
Some concepts have already been proposed as the DL MIMO schemes for the EUTRA. Some of these schemes are compared in [1]. 
In this paper, we propose a closed-loop MIMO scheme that is a simple combination of multi-beam multiple-datastream transmission and adaptive UE-based beam selection. The scheme benefits from feed-back signaling compared to other proposed closed-loop MIMO schemes. 

2. The proposed scheme
The proposed scheme is illustrated in Figure 1.  The scheme is similar to ETRI’s proposed scheme of switched beamforming [2]. Multiple beams are used at the transmitter to transmit multiple data streams.  Adaptive beam and stream selection is employed at UE to receive the transmitted data. Functional description of each block in Figure 1 is provided in Table 1. 

[image: image1.wmf] 

User

 

Data

 

(Single

 

/Multi)

 

Beam

 

Selection

 

(a) BS Transmitter

 

Multi

-

 

Beam

 

Former

 

Scheduler

 

(include Beam)

 

From UE

 

Channel

 

Encoder

 

&

 

Modulator

 

User

 

Selection

 

        [image: image2.emf]Feedback

Infomation

TX Beam

Measurement

(b) UE Receiver

Chennel

Decoder

MIMO

or

SIMO

Detector

Received

Data

TX Beam&Stream

Decision


Fig. 1  Transmitter and receiver structure

Table 1  Description of  each functional part in the transmitter and receiver shown in Figure 1
	
	functional part
	operation

	Transmitter
	User selection
	Select user data to transmit, according to the scheduler decision.

	
	Channel encoder and modulator
	Channel encoding, physical channel mapping,

modulation…
(similar to typically used schemes)

	
	Beam selection
	Select beam(s) to use for the data transmission and map the data to the beam(s).  The beam selection follows the scheduler decision. 

	
	Multi-beam former
	Generate signals to form multiple fixed beams

	
	Scheduler
	Schedule UEs and arrange Tx beams according to the feedback from UEs, amount of data, QoS…

	Receiver
	MIMO or SIMO detector
	MMSE, MLD…..

	
	Tx beam measurement
	Measure CQI of the pilot of each received beam every TTI. Rank the received beams according to the measurement results. 

	
	Tx beam and stream decision
	Select the best beam or several best beams, according to the beam-wise CQI measurement result.  

Generate feedback signal including the number of selected beams, CQI of each selected beam and the beam ID(s) corresponding to the selected beam(s).

	
	Channel decoder
	Turbo decoder 


One pilot is assigned to one beam. The pilots between beams are orthogonal. Each beam is assigned one unique ID and identified by the ID.

The proposed scheme is a closed-loop type, however, requires less amount of feedback than other types of closed-loop MIMO schemes. The proposed scheme needs only the feedback of beam selection information and CQI. For a 2 by 2 multi-beam MIMO, only two bits are needed for the beam selection information. Some of the other closed-loop schemes require the large amount of feed-back of channel matrix information and CQI from UEs to the serving NodeB.  If one element of the channel matrix is expressed in 12 bits(6 bits in real part and 6 bits in imaginary part) in a 2 by 2 MIMO requiring the feedback of channel matrix, the necessary number of bits for the channel matrix information is 48 bits(=2*2*12).  Some closed-loop schemes exploiting the use of codebook instead of the feedback of channel matrix information may need small amount of feedback, however, our scheme may be comparable to such schemes. 

3. Simulation

Channel Model

Kronecker model [3] 
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  was used in the simulation. This model is often used to evaluate ordinary MIMO transmission schemes.
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Multi-beam MIMO is expressed such as 
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while typically used normal MIMO is expressed such as 
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: Tx signal vector   
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:  Rx signal vector
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Antenna correlation
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 were derived from Tx antenna element separation, AS and AoD, using formulas in TR25.996 [4].   In the simulation, it was assumed that correlation matrix between receive antennas 
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Fig. 2  Beam pattern (2 Tx antennas, d=10 )

wavelength   d: Tx antenna element separation

4. Simulation Result

We evaluated the data throughput performance of the proposed multi-beam MIMO according to the link-level simulation assumptions in Appendix.  For comparison, link-level simulations of normal SISO, SIMO and MIMO were also carried out. The simulation results are provided in Figure 3. The labels appearing in the legend in the simulation results are defined as follows.    
 MB2x2 means a multi-beam MIMO where two data-streams for a UE are transmitted over two beams formed by two Tx antennas, and the two data-streams are received by two Rx antennas of the UE. 

MB2s1x2 means a multi-beam MIMO where two beams formed by two Tx antennas are used for a UE, the better one of the two beams is adaptively selected every TTI to use to transmit one single data-stream for the UE, and the single data-stream over one beam is received by two Rx antennas of the UE.

1x1, 1x2 and 2x2 represent a normal SISO, SIMO(1 by 2) and MIMO(2 by 2) respectively. 
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                                (a)  Tx AS(Angle spread)=5°                                                (b)  Tx AS=2°
Fig. 3  Simulation results

Tx antenna correlation coefficients are between 0.22 and 0.52 in the case of Figure 3(a) and between 0.62 and 0.86 in the case of Figure 3(b). These values are calculated in compliance with 3GPP SCM [5].

Figure 3 (a) shows data throughput performance for angle spread(AS) of 5 degrees. The conventional MIMO (2x2) and multi-beam MIMO(MB2x2) provide similar performance.  In low SNR region, multi-beam MIMO(MB2s1x2) scheme shows better performance than both the conventional MIMO and multi-beam MIMO(MB2x2) scheme.　　

Figure 3 (b) shows data throughput performance for angle spread of 2 degrees. Conventional 2x2 MIMO and multi-beam MIMO(MB2x2) performance degrades compared with those in Figure 3 (a), while multi-beam MIMO(MB2s1x2) retains almost the same performance as in Figure 3 (a).　

In low SNR region, multi-beam MIMO(MB2s1x2) is advantageous over the other schemes under comparison. Multi-beam MIMO(MB2s1x2) is less sensitive to angle spread than the other schemes are.
5. Conclusion

For EUTRA Downlink we propose a multi-beam MIMO scheme that is a simple combination of multi-beam multiple-data-stream transmission and adaptive UE-based beam selection.   The two operation modes of MB2s1x2 and MB2x2 in the multi-beam MIMO can be adaptively and smoothly switched.  So multi-beam MIMO can effectively operate in both low SNR region by MB2s1x2 and high SNR region by MB2x2. The multi-beam MIMO is comparable with normal MIMO operation where Tx diversity may be employed for low-SNR UEs.  The proposed multi-beam MIMO is a closed-loop scheme, however, it doesn’t require the feedback of channel matrix unlike other closed-loop schemes. It only requires the feedback of beam selection information and CQI information. From a feedback complexity of view, the proposed scheme is even to some MIMO schemes requiring feedback of Tx antenna selection information. 
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Appendix:   Link-level simulation assumptions
  Table A1    Simulation assumptions
	Parameter
	Assumption

	Access
	OFDM

	RF carrier frequency
	2 GHz

	Bandwidth
	5 MHz

	Number of sub-carriers
	200

	FFT point
	512

	Sub-carrier spacing 
	22.5 kHz

	TTI length
	0.5 ms

	Number of OFDM symbols per TTI
	10 (pilot:1, control:1, data:8)

	Pilot
	TDM  (in the first OFDM symbols every TTI) 

 for 2 Tx transmission
  Every other sub-carrier is alternately used as “pilot” sub-carrier for each Tx antenna.

   Tx Ant#1: 0,2,4....198

   　Tx Ant#2: 1,3,5....199

   　  where 0,1,2,3,...199 are sub-carrier number 

	Efficient Symbol Length
	44.444 us

	CP length
	5.556 us

	Sampling rate
	11.52 MHz

	MCS
	see Table A2


	Channel coding
	Turbo（K=4, R=1/3）

	Channel model
	Kronecker model:

6-path exponential (-2 dB decay)、 fD=20 Hz

6 paths come from the same direction, with the same angle spread.

	Channel estimation
	Averaging in the frequency domain.

For the time domain channel estimation,

the channel estimate for the first OFDM symbols are

also applied to the remaining(2nd to 10th) OFDM symbols.


	MIMO signal detection
	QRM-MLD [4]

	Antenna configuration
	2 Tx,  2 Rx

	Tx antenna separation
	10

	Tx antenna correlation
	compliant to 3GPP SCM [5]

	Rx antenna correlation
	0    (no correlation)

	AoD
	uniform distribution in 120 degrees-wide sector

	Tx beamforming
	DFT multi-beam forming

	Beam selection frequency
	every TTI


Table A2   MCS table
	Modulation
	Coding rate

	QPSK
	1/3

	QPSK
	1/2

	QPSK
	2/3

	QPSK
	6/7

	16QAM
	1/2

	16QAM
	2/3

	16QAM
	3/4

	16QAM
	5/6

	16QAM
	6/7

	16QAM
	8/9
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