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Switched STBC and SFBC
Hongwei Yang, Dong Li, Xiaolong Zhu, Keying Wu, Yang Song, Liyu Cai
Alcatel Shanghai Bell Co., Ltd.
1. Introduction
IEEE802.16m system targets for providing high performance at high mobility up to 350kmph (even to 500kmph in some deployments) and large coverage. Though certain system performance degradation is acceptable in these scenarios, these targets are still challenging to achieve due to severe time-variance or large frequency selectivity of radio channels. In these complicated environments, spatial diversity shall be used in some scenarios for its low decoding complexity and robustness to spatial correlation. Space time coding (STC) based on Alamouti code is one of the promising spatial diversity schemes due to code rate-1, full spatial diversity for two transmit antennas, and low decoding complexity. There are two kinds of sub-carrier mapping modes when applying Alamouti code in OFDMA system. One is to encode two modulation symbols over two OFDM symbols of the same sub-carrier and over two antennas, called Space Time Block Coding (STBC); the other is to encode two modulation symbols over two sub-carriers of the same OFDM symbol and over two antennas, called Space Frequency Block Coding (SFBC). Through the performance comparisons of STBC and SFBC we suggest that both STBC and SFBC be supported in the IEEE802.16m SDD in order to satisfy with the targets of IEEE802.16m to support complicated application scenarios in terms of various mobility and delay spread.

2. Description of STBC/SFBC schemes
2.1. Encoding of STBC and SFBC
In a given Alamouti code block, two symbols of 
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 and 
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 are encoded using the following orthogonal matrix
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The encoding matrix defines the transmission format with the row index indicating the antenna number and the column index indicating the OFDM symbol index (sub-carrier index) for STBC (for SFBC).
A) Subcarrier mapping for STBC
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Figure 1 An example of STBC encoding
For STBC, a pair of symbols, 
[image: image5.wmf]s1

 and 
[image: image6.wmf]s2

, are encoded into four variants, 
[image: image7.wmf]s1

, 
[image: image8.wmf]s2

, 
[image: image9.wmf]s2

*

-

, and 
[image: image10.wmf]s1

*

. As illustrated in Figure 1, 
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 is transmitted over a certain sub-carrier from antenna one, and 
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 is over the same subcarrier from antenna two. During the next OFDM symbol, 
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 are mapped onto the same sub-carrier from the two antennas. That is, each symbol (or its positive/negative conjugate) is transmitted from two antennas and over two OFDM symbols.
B) Subcarrier mapping for SFBC
[image: image15.png]Transmit
antenna 1

Transmit
antenna 2

OFDM symbols

¥ OFDM subcarriers

-
= Eamout
= Code

Bloack 1
¥ OFDM subcarriers
OFDM sybols
* [ Eamouti
Code
= Block2
=+





Figure 2 An example of SFBC encoding

As depicted in Figure 2, SFBC also encodes a pair of symbols, 
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 and 
[image: image17.wmf]s2

 into four variants, 
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, and transmits s1 and –s2* over a certain sub-carrier from the two antennas. However, the other two variants, s2 and s1*, are transmitted from the subsequent contiguous or discontiguous sub-carriers. That is, each symbol (or its positive/negative conjugate) is transmitted from two antennas and over two sub-carriers (rather than over two OFDM symbols in STBC).
2.2. System transmission model
We take here a baseline configuration of MIMO with two transmit antennas and two receive antennas as an example to show the transmission model. The same principle is feasible for other MIMO configurations with two transmit antennas and multiple receive antennas. Assuming 
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 be channel matrix of receive/transmit antenna pairs during the 1st and 2nd symbol/subcarrier intervals of Alamouti code, respectively. In the equations, 
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 denotes the channel fading coefficient between the 
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th receive antenna to the 
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th transmit one during the 
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th symbol/subcarrier intervals. Then, the MIMO channel is quasi-static if 
[image: image28.wmf]12

»

HH

, otherwise the MIMO channel is selective.
A) Quasi-static flat fading channel

In the design of Alamouti code, quasi-static flat fading channels are assumed, which makes it possible to use simple decoder to achieve full spatial diversity. In this case, the received signals can be expressed as
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and 
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where 
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) is the fading coefficient during the 1st symbol/subcarrier interval; and 
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B) Selective fading channel

In a selective fading channel where the quasi-static assumption doesn’t hold, the receive signals will be expressed as
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and 
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2.3. Decoding of STBC/SFBC
Maximum likelihood decoder using only linear processing at the receiver is used for decoding Alamouti code.

3. Simulation assumptions
The simulation parameters used are listed in Table 1 for OFDMA MIMO.
Table 1 Simulation parameters
	Parameter
	Assumption

	Carrier frequency
	2.5 GHz

	Transmission bandwidth
	10 MHz

	Sampling rate
	11.2MHz

	Frame length
	5 ms

	FFT
	1024

	Cyclic Prefix (CP) length
	1/8

	Channel model
	ITU Vehicle A, B

	Antenna configurations 
	2x2

	Spatial correlation between transmit/receive antennas
	0

	Moving speed
	30, 350km/h 

	Data modulation
	16QAM 

	Channel coding 
	FEC
	Turbo code 

	
	Code rate
	1/2

	STBC/SFBC decoder
	ML

	Subcarrier permutation scheme
	AMC

	Channel Estimation
	Perfect channel estimation

	Definition of SNR
	The total received power per antenna to the noise power ratio


3.1. Simulation results
A) The performance of STBC/SFBC at low mobility with small delay spread
Given the simulation parameters in Table 1, baseline performances of STBC and SFBC at low mobility with small delay spread are evaluated as shown in Figure 3. Both STBC and SFBC are free of large ISI due to channel selectivity in an Alamouti code block, and therefore achieve similar performance with SFBC slightly better than STBC.
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Figure 3 Performances of STBC/SFBC in ITU vehicular A 30kmph channel
B) The performance of STBC/SFBC at high mobility
We evaluate the performances of STBC and SFBC decoder at the speed of 350kmph in ITU Vehicular A channel. The solid lines in Figure 4 show that about 2.4dB SNR degradation at PER of 0.01 when the space-time coding scheme moves from SFBC to STBC. The performance degradation of STBC is mainly from the ISI due to time selectivity of the channel in an Alamouti code block at high mobility.

[image: image46.emf]-7-6-5-4-3-2-10

10

-2

10

-1

10

0

SNR,dB

PER

STBC

SFBC


Figure 4 Performance of STBC/SFBC in ITU vehicular A 350kmph channel
C) The performance of STBC/SFBC for large delay spread

We evaluate the performances of STBC and SFBC at the speed of 30kmph in ITU vehicular B channel. As the solid lines in Figure 5 show, being contrary to STBC that achieves satisfactory performance, SFBC suffers from severe ISI so that its PER performance presents an error floor. In the channel with large delay spread, the performance degradation of SFBC mainly comes from the ISI due to the frequency selectivity of the channel in an Alamouti code block.
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Figure 5 Performance of STBC/SFBC in ITU vehicular B 30kmph channel
4. Conclusions

Preliminary performance evaluation of Alamouti code in OFDM simulation chain is presented. Using ML decoder, both STBC/SFBC achieve satisfy performance with slight difference at low mobility with small delay spread; at high mobility, SFBC often outperforms STBC, while with large delay spread, SFBC has worse performance than STBC. The performance difference between STBC and SFBC mainly comes from the sensitivity of the used ML decoder to the channel selectivity in an Alamouti code block. Therefore, for high spatial diversity gain and low decoding complexity, this contribution recommends both STBC and SFBC should be supported to adapt to various application environments in IEEE802.16m system.
5. Tex proposal
[Suggest inserting the following text into the section of MIMO in IEEE802.16m SDD]
-----------------------------------------Start of Text Proposal for SDD------------------------------------------

The use of both STBC and SFBC, and switching between STBC and SFBC shall be considered. 
---------------------------------------------- End of Text Proposal for SDD-------------------------------------
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