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ABSTRACT

Orthogonal frequency division multiplexing (OFDM)stems divide the entire channel into many narravajbel
sub-channels, increasing the symbol duration addaieg the inter-symbol interference (1SI) causedtiie multipath.
Multiple-input multiple-output (MIMO) systems makise of multiple antennas at the transmitter andivec can exhibit a
substantially higher spectral efficiency and immgrae system capacity significantly. Therefore, tmenbination of
MIMO and OFDM, which is called MIMO-OFDM, has emerj as a major candidate for the fourth-generation
communications. First, in this paper, we introdaoeesnhanced vertical Bell Labs layered space—tWBL(AST) receiver
which takes the decision errors into account. Sgcae propose a novel iterative detection and degodDD) scheme
for coded layered space—time architectures in MIMEBDM systems. For the iterative process, a low derity
demapper is developed by making use of both naatimterference cancellation and linear minimunamsquare error
filtering and a low complexity algorithm for LLR lcalation also developed. Simulation results dertrates that the
proposed method achieves the optimal turbo-MIMOraeagh, while providing considerable reduction itefecy and also

considerable reduction in computational complexity

KEYWORDS: lterative Detection and Decoding (IDD), Multiplegut—Multiple-Output (MIMO), Orthogonal
Frequency-Division Multiplexing (OFDM), Vertical Be_abs Layered Space—Time (V-BLAST)

INTRODUCTION

The current demand for broadband multimedia servicbgjuitous networking, and explosive Internet access
using portable devices such as PDAs, cellular teaisj laptops, etc., all are growing at such arrranas pace that has
pushed the development of modem and system artthitefor high-speed data. Multiple-input multiplatput (MIMO)
systems make use of multiple antennas at the titesrand receiver. A MIMO system takes advantafi¢he spatial
diversity that is obtained by spatially separatedeanas in a dense multipath scattering environméhé layered
space—time architecture suggested in has promiseeneely high spectral efficient multiple- layerespace—time
(V-BLAST) exhibits the best tradeoff between penfiance and complexity [1]. The V-BLAST uses a corabion of

linear and nonlinear detection techniques.
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Figure 1: General Block Diagram of Communication Sgtem
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First, we introduce an enhanced V-BLAST detectitgoathm which takes the error propagation effettbi
account [2]. By including the decision errors ithe filtering formulation, an improved detectiorrfoemance is achieved.
Second, employing the enhanced V-BLAST as a frodt-eceiver for MIMO-OFDM systems, we propose &maitive
detection and decoding (IDD) approach which furtimproves the detection performance by utilizingatéer output.
The high computational complexity of IDD, howeveypses significant challenges for practical impletagons
(in terms of circuit area, latency, throughput groadver consumption). So, we include a novel itemtieceiver schedule,
which simultaneously performs detection and deapdin the same code block. This novel IDD approadieferred to as
layered detection and decoding (LDD) and achiewsget latency and better performance compared twvesdional

solutions. Figure 1 shows the location of the pemgabscheme in the complete communication system.
ENHANCED V-BLAST WITH ERROR COMPENSATION

We investigate the coded layered space-time anmthies for frequency-selective fading multiple-ibpu
multiple-output orthogonal frequency-division mpléxing (OFDM) channels. The V-BLAST uses a combora of
linear and nonlinear detection techniques: firdlifiguthe interference from yet undetected signalsd then canceling out
the interference using already detected signalshasvn in Figure 2. By computing outage capacityrigias, we will
indicate that the capacity of the vertical Bell kalayered space-time (V-BLAST) architecture becatuser to the
Shannon capacity in the frequency-selective OFDMrenment. First, we start with a comprehensivenaignodeling
which takes error propagation into account. Wewean improved signal detector and describe thenaptsoft-bit
log-likelihood ratio value-computation method bycliding the decision errors for soft-input chanrEcoding.

Finally, simulations prove that the proposed sctemdicate significant performance improvement dber conventional

methods.
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Figure 2: V-BLAST Architecture
V-BLAST Signal Processing Algorithms

The V-BLAST signal processing algorithms are usetha receiver. The V-BLAST signal processing aildpons
are the heart of the technique. At the receivintpramas, high-speed signal processors look at tivealsi from all the
receiver antennas simultaneously, first extracting strongest sub-stream from the morass, thenepding with the
remaining weaker signals, which are easier to recance the stronger signals have been removed smirge of
interference. Again, the ability to separate thb-stieams depends on the inconsiderable differemcébe way the
different sub-streams propagate through the enmissm. Under the widely used theoretical assumptibimdependent
Rayleigh scattering, the theoretical capacity &f YhBLAST architecture grows roughly linearly withe number of
transmitter antennas, even when the total transthipower is kept constant. In the real world, scaty will be less

favourable than the independent Rayleigh assumpmiot it remains to be seen how much capacitytisallg available in
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different propagation environments. Neverthelesgnein relatively poor scattering environments, YAST provides
significantly higher capacities than conventionathitectures. It has already demonstrated speetffidiencies of
20 - 40 bits per second per Hertz of bandwidth, lmers which are simply unattainable using standaeHrtiques.

ITERATIVE DETECTION AND DECODING

We now describe an IDD scheme combined with V-BLA®F MIMO-OFDM systems. In this section,
we exploit the channel coding gain to further imgraehe performance. Comparing with the turbo-MIM&eiver, one big
difference in the proposed IDD block is that MIM@mndapper block is replaced by single-input—singlgou (SISO)
demapper. Thus, a complex BCJR decoder can becegpblay much simpler Viterbi decoder to reduce thmputational
complexity further which is shown in Figure 4. They mechanism of the IDD process is the informatxehange
between MIMO detector and channel decoder, leatlinguccessive performance improvement. They exehaudt
information, which has a form of log likelihood i@m{LLR) of a certain bit [3]. First, the MIMO dettor processes the
received signal and the soft information delivefesim the channel decoder to obtain the LLRs of cibed bits
(called extrinsic information). Such extrinsic infieation is delivered to the SISO channel decoderuth deinterleaver.
The extrinsic information is seen as a priori imfation at the side of the hannel decoder. Basedumh a priori
information, the channel decoder computes the LoRsoded bits, which form extrinsic information, ish can be used
for better MIMO detection. Such extrinsic LLRs ameerleaved and fed back to the MIMO detector psiari information.

The procedure mentioned so far completes one oféteration and the iterations continues untikiaiches a desired level.
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Figure 3: Receiver Structure of Proposed IDD Scheme
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Figure 4: IDD Architecture
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NOVEL ITERATIVE APPROACH

The high computational complexity of IDD, howevpgses significant challenges for practical impletatons
(in terms of circuit area, latency, through put graver consumption) [5]. In this paper, we propaseovel iterative
receiver schedule, which simultaneously performteat®mn and decoding on the same code block. ThisIniDD
approach is referred to as layered detection amtdileg (LDD) and achieves lower latency and begterformance

compared to conventional solutions.

We show that LDD is able to substantially simpltfye task of matching the throughput of the deteeiud
decoder unit, while being able to achieve loweenay and better performance than conventional I2Bemes.
Non-iterative receivers (I = 1) resemble a coansengd pipelined architecture consisting of twogeta where the first
stage corresponds to a soft-output detector andabend stage to the channel decoder. In suchtectine, the overall

throughput is limited by the maximum run-time aheir the detector or the decoder unit, i.e., weshav

C

]non
max {tgetector-tdecoder}

where C denotes the code-word sizged,r Stands for the time required by the detector tmmate the LLR
values (1), and 4coqer is the time required by the channel decoder to ctenpa set of new a-priori LLRsS
(and the estimates for the transmitted bits). tfdllowing, we refer to both quantitiegitcio@nd tecoge@s the runtimes of

the two units.
Serial Architecture

Serial architecture is an straightforward designr f@an IDD receiver. A shared memory
(used for storing the LLR-values) is connected tihp the detector and the decoder unit as showfigure 5.
One code-word block is processed in an alterndtisgion in both units. Specifically, the throughpiithis architecture

corresponds to

c
Tser =

(I-Dtgetectorttdecoder

The latency associated with the serial architechabaves similarly and increases linearly in thenlber of

iterations as

Lser = (I - l)tdetector + Itclecoder

In addition to the rather poor throughput and layebehaviour of the serial architecture, it is imtpat to realize
that one of the two units in this architecture liwagys idle. Hence, the serial architecture is highlib-optimal from a

resource utilization point-of-view.
Ping-Pong Architecture

An architecture that uses pipeline interleavingpriocess two different set of code words withintive pipeline
stages. Specifically, while the LLR values assetawith codeword ‘A’ are processed in the detedtor,codeword ‘B’ is
processed concurrently in the decoder unit. Therlesving of two codeword blocks allows to utilibeth units

simultaneously, which increase the throughput (caneg to the serial schedule) to
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C

Tpp =

Imax {tgetector-tdecoder}

However, to achieve full hardware utilization, tlumtime of the detector and decodnit tyerectoraNd ecogerMust

bematched. A mismatch between both runtimes forcesumit into an idle phase, which degrades the tjirput
Layered Detection and Decoding

The key idea of layered detection and decoding (L.¥to get rid of thesequential dependency betwe
detection andiecoding altogether. LDD is not merely another égclure option for conventional IDD schedules, bt
new scheduleof its own With LDD, the SISO detector and chandetoder process the same block of LLR vs
simultaneously(see Figure.6Since both units can now operate independentty ia parallel without requiring to t
synchronized, the utilization of the detector aretaller unit can be maximized without the need of matching
respective runtimes. &ie LDD avoids the notion of iterations, one get rid of the strict dichotomy between
SISO detectoand the channel decoder that cases the rathefdtamg) associated with IDC
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SIMULATION RESULTS
Simulation Results for Enhanced VBLAST

First, we compare the performance of the enhanc-BLAST with the conventional -BLAST. Here, we
consider flat fading. The packet size is taken @3 block length is set to 200. Nterative decoding is assumed for

evaluation. A binary convolutional code with polynials (133,171) in octal notation of rate 1/2 isedisfor the

simulations.
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For 4bps, we can see that the enhanced V-BLASTigesvabout 6 dB gain at 1% FER over the convenitiona
V-BLAST as shown in Figure 7. The improvements ackieved by considering the decision errors ingt@aalization
process and the soft bit metric generation. As eskin Figure 6, the gain of the enhanced V-BLA8Ver the
conventional V-BLAST increases to 8 dB at 1% FERtfee case of 8bps. These results confirm thad#wsion error

compensation is crucial for the coded layered sgéaoe architectures.
Simulation Results for IDD (Comparison of IDD with Various Schemes)

In order to demonstrate the performance of the ggeg scheme, we compare the following systemsasrsin
Figure 9.

e The IDD with ML Detector: Applying the conventional V-BLAST with ML detectar the IDD block.
e The IDD with ZF Detector: Applying the conventional V-BLAST with ZF detectiorthe IDD block.

» The IDD with V-BLAST Detector: Applying the conventional V-BLAST with VBLAST dettar in the IDD
block.

» The Proposed IDD with ZF Detector:Applying the conventional V-BLAST with ZF detectiorthe IDD block.

» The Proposed IDD:Applying the enhanced V-BLAST with Viterbi algorithin the IDD block.
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Figure 9: BE® Eb/NO Figul0: LDD Latency Performance
Simulation Results for LDD

The proposed LDD schedule is particularly suitediferative receivers based on LDPC decoders. &h ¢hse,
the fact that no interleaving is required by theptayed LDPC decoder simplifies the concurrent memamcess of the
detector and the decoder and enables its effigigriementation which is shown in Figure 10.

CONCLUSIONS

In this paper, we have proposed pragmatic scheorethé layered space—time architectures in MIMO-@FD
systems. Employing the enhanced V-BLAST as a fesrt-demodulator, the proposed IDD scheme enablés ashieve
further performance gain. LDD significantly reducd® processing latency compared to existing IDBEhiagctures.

The proposed LDD scheme is particularly well suitedwireless standards which mandate stringeeniat constraints.
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Simulation results shows that the performance ef jloposed iterative scheme is just less than law8y from the

near-optimum turbo-MIMO for all the simulation cagrations with remarkably reduced complexity. Tdimulation

results confirm that by properly treating the diegiserrors in interference cancellation, the dedrial effects of error

propagation can be almost completely overcome bytbhposed iterative processing.
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