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1. introduction

An open-loop Coded MIMO OFDM scheme, namely Spatial Temporal Turbo Channel Coding (STTCC), has been presented in [1]. STTCC combines channel coding (trellis/turbo), modulation and spatial multiplexing together to achieve high data rate and performance, and is effective with any number of receive antennas to meet the weight, size and battery consumption requirements of the terminal. This document provides the simulation results for a MIMO OFDM system with STTCC.

2. Simulation Model
The block diagram of the transmitter and receiver of the MIMO OFDM system with STTCC are shown in Fig.1 and Fig.2 respectively. 

In the transmitter, the source data stream is encoded by an STTCC encoder to form multiple sub-streams. The coded signals are respectively interleaved, multiplexed with the pilot symbols, and transformed via a serial/parallel converter, IFFT and parallel/serial converter. This is followed by insertion of the cyclic-prefix (CP), and the signals are transmitted from the multiple antennas independently. 

In the receiver, after CP removal and the FFT, the frequency-domain signals are de-interleaved and fed to the STTCC decoder for decoding with the help of the channel estimation results. Multiple receive antennas can achieve higher diversity gain than a single receive antenna. The channel estimation results can also be used to derive CQI, which is fed back to the transmitter in order to help select the modulation and coding scheme.
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Fig.1 The transmitter of  MIMO OFDM with STTCC
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Fig.2 The receiver of MIMO OFDM with STTCC

2.1 Basic transmission scheme

The basic transmission scheme is based on OFDMA in [4]. The STTCC scheme can be used  in both FDD and TDD modes. In the simulations here, the FDD frame structure is used for evaluation. Some results in TDD were presented previously in [6] and [7]. The main parameters of the frame structure are given in Table 1 [4]. 

Table 1 Frame structure parameters for FDD downlink transmission scheme 
	Transmission BW
	1.25 MHz
	2.5 MHz
	5 MHz
	10 MHz
	15 MHz 
	20 MHz

	Sub-frame duration 
	0.5 ms

	Sub-carrier spacing
	15 kHz

	Sampling frequency 
	1.92 MHz
(1/2 ( 3.84 MHz)
	3.84 MHz
	7.68 MHz
(2 ( 3.84 MHz)
	15.36 MHz
(4 ( 3.84 MHz)
	23.04 MHz
(6 ( 3.84 MHz)
	30.72 MHz
(8 ( 3.84 MHz)

	FFT size
	128
	256
	512
	1024
	1536
	2048

	Number of occupied 
sub-carriers
	76
	151
	301
	601
	901
	1201

	Number of 
OFDM symbols 
per sub frame
(Short/Long CP)
	7/6

	CP length (μs/samples)
	Short
	(4.69/9) ( 6,

(5.21/10) ( 1*
	(4.69/18) ( 6,
(5.21/20) ( 1 
	(4.69/36) ( 6,

(5.21/40) ( 1 
	(4.69/72) ( 6,

(5.21/80) ( 1 
	(4.69/108) ( 6,

(5.21/120) ( 1 
	(4.69/144) ( 6,

(5.21/160) (1 

	
	Long
	(16.67/32)
	(16.67/64)
	(16.67/128)
	(16.67/256)
	(16.67/384)
	(16.67/512)


2.2 Encoder

The detailed construction of the STTCC encoder is given in [1] and [2]. 

2.3 Interleaving

A block interleaver is used following the STTCC encoder, as shown in Fig.3. The number of rows is the product of the number of used subcarriers and the number of bits mapped to each symbol.
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Fig.3 Block Interleaver

2.4 Channel estimation

2.4.1 Pilot design

The placement of pilot symbols in each resource block is shown in Fig.4. The 1st and 6th OFDM symbols transmit the first and second reference OFDM symbols respectively, while the spacing of the reference symbols in the frequency domain is 6 sub-carriers. The positions of the first and second reference symbols are staggered in the frequency domain. 
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Fig.4 Pilot structure for downlink transmission

Different transmit antenna use different sub carriers to ensure the orthogonality of different pilots. This means pilots for different antennas have specific frequency shifts.

2.4.2 MIMO channel estimation

In order to estimate the frequency response of multiple MIMO sub-channels from the combined received pilot symbols, the correlation of the received pilot symbols with the local replica is transformed to the time domain. The time impulse responses of the different sub-channels are then separated from each other in the time domain, before performing an IFFT for each sub-channel’s time response to acquire the frequency response.  

The interpolation is used in the frequency domain and then done in the time domain with Lagrange interpolation algorithm. The interpolation order is 3 or 4 as a tradeoff between the complexity and accuracy.

3. SimulatIon Results

The throughput performance of STTCC is compared with PARC in the E-UTRA downlink. The main simulation parameters are summarized in Table 2. Other parameters are according to [3] and [4]. In the detection of PARC, QR decomposition and the M-algorithm (QRM-MLD) proposed in [8] is adopted, as in [9].

Table 2. Main simulation parameters

	Carrier frequency
	2GHz

	Bandwidth
	20 MHz

	Sampling frequency
	30.72 MHz

	Subcarrier spacing
	15 kHz

	FFT size (samples)
	2048

	CP length (samples)
	144

	Subframe length
	0.5 ms (7 OFDM symbols)

	Number of subcarriers
	1201 (including DC carrier that is not used)

	Reference symbols
	As in Fig. 4

	Code rate
	1/2, 1/4

	Modulation type
	QPSK, 16QAM

	Number of decoding iterations
	3

	Interleaver inside STTCC  
	Random interleaving

	Number of Transmit/Receive antennas
	2Tx, 2Rx

	Inter cell interference 
	White noise

	Channel model 
	As defined in [5]


The simulation results are shown in Fig.5. The number of source bits, code rate and modulation are the same for both PARC and STTCC, so the spectral efficiency of the two schemes is the same. It can be seen that STTCC achieves better throughput performance than PARC with QRM-MLD detection. 
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Fig. 5 BER vs. EsN0 for PARC and STTCC

4. Conclusions

In this document, we present some simulation results for MIMO OFDM with STTCC. The results show that STTCC can achieve better throughput performance than PARC with QRM-MLD detection. Therefore, we recommend that the STTCC scheme is considered for the MIMO transmitter structure defined for LTE.
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