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Enhanced Synchronization via MIMO Structures 

Fatih Kocak and Sinan Gezici 

Bilkent University
Introduction
Multiple-input multiple-output (MIMO) systems facilitate high speed and reliable communications by means of multiplexing and diversity techniques. In addition to communications, MIMO structures can also improve performance of radar systems by providing better detection and characterization of target objects [1]. Similarly, they can be employed for enhanced time delay estimation and synchronization. In [2], advantages of multiple receive antennas are quantified for time delay estimation of narrowband signals by means of Cramer-Rao lower bound (CRLB) calculations. This contribution emphasizes the advantages of MIMO structures for timing synchronization and proposes effective use of space diversity for enhanced synchronization in IEEE 802.16m systems.
Synchronization with Multiple Transmit Antennas
Consider a downlink MISO system with M transmit antennas and one receive antenna. Note that the results can easily be extended to the case of multiple receive antennas by using the results in [2]. The received signal can be expressed as
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where si(t) is the signal transmitted from the ith transmit antenna, αi is the channel coefficient for the ith signal, and n(t) is additive white Gaussian noise with spectral density σ2. Note that each signal is assumed to have significantly larger duration than the maximum distance between the antennas divided by the speed of light; hence, the same time delays are considered. The model in (1) also covers OFDM systems when the signals si(t) are considered as different subcarriers. 
From the signal model in (1), the CRLB on the variances of unbiased time delay estimators can be obtained. For the special case in which the signals si(t) are orthogonal to each other, and to their derivatives, the CRLB can be expressed as
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where 
[image: image3.wmf])

(

'

t

s

i

is the first derivative of si(t) and [0,T] is the observation interval (symbol time).

For orthogonal first derivatives, (2) becomes



[image: image4.wmf]1

2

0

'

1

2

2

)

(

1

-

=

÷

÷

ø

ö

ç

ç

è

æ

-

=

ò

å

dt

t

s

CRLB

T

i

M

i

i

t

a

s

 . 







(3)

Note that when the channel coefficients are independent, lower CRLBs can be achieved. However, for highly correlated channel coefficients, a strong fading can result in very large CRLBs. In other words, independently fading channels can provide “diversity” for time delay estimation.
Simulation Results

In order to illustrate the advantages of multiple antennas in synchronization, consider a simple case with 2 OFDM subcarriers. In the first case, these subcarriers are transmitted from the first and the second antennas, respectively, in a 2x1 (MISO) system. In the second case, both subcarriers are sent from the same antenna in a 1x1 (SISO) system. The signals are the first and the second subcarriers of an OFDM signal with duration 100 μs. Both channels experience Rician fading with a K-factor of 1, and there is a correlation of ρ between the channel coefficients. In the MISO case, the channels are assumed to be uncorrelated, but in the SISO case, they are highly correlated as the subcarriers are closely spaced. Figure 1 illustrates the CRLBs for the MISO case and the SISO case for ρ=1 and ρ=0.75. The MISO case provides about 2dB gain over the SISO case with ρ=0.75 and 8dB gain over the SISO case with ρ=1.
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Figure 1: CRLB versus SNR for the 2 antennas/subcarriers scenario.  
In Figure 2, a similar scenario is considered for 4 subcarriers. For the MISO case, a 4x1 structure is considered. Similar results as in Figure 1 are observed. In addition, 4 antennas/subcarriers provide better time delay estimation accuracy than 2 antennas/subcarries do.
The previous results are simple examples of gains that can be obtained from MIMO structures for timing synchronization. The space diversity can be also useful for IEEE 802.16m preambles. Therefore, the following text is proposed for the SDD.
Text Proposal to the 802.16m SDD

Add this into Section 11.4.x of the SDD document (IEEE 802.16m-08_003r3).
================================= Text Start ==================================
The preamble provides support for MIMO systems: 

· The preamble can be coded and transmitted from different antennas.
· The subcarriers of the preamble can be divided into disjoint sets and transmitted from different antennas.

· The preamble can be transmitted from one of the antennas.
================================== Text End ==================================
[image: image6.jpg]CRLB (sec.)

T2 4 & & o
SNR (dB)




Figure 2: CRLB versus SNR for the 4 antennas/subcarriers scenario.
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