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Enhanced SFBC for UL Transmissions with Severe Frequency Offset
Dong LI, Hongwei YANG, Xiaolong Zhu, Liyu CAI, Keying Wu
Alcatel Shanghai Bell Co., Ltd.
1 Introduction
This contribution proposed an enhanced SFBC scheme, termed Double-Polarized SFBC (DP-SFBC), for the uplink transmissions with severe frequency offset. The new scheme can greatly mitigate the Inter-Carrier interference (ICI) while achieving the spatial diversity gain with low-complexity detectors. 
2 Proposed solutions
In practical OFDM systems, some frequency offset may exist at the receiver due to some imperfect factors, such as inaccurate frequency synchronization and tracking, large Doppler spread from high mobility etc. The frequency offset will destroy the orthogonality between subcarriers resulting in inter-carrier interference (ICI). The system performance will be degraded significantly if the ICI is relatively large. An efficient ICI self-cancellation scheme was proposed in reference [1] to combat the impact of ICI for single antenna systems. In this contribution, the ICI self-cancellation concept is extended to the ordinary SFBC, generating the so-called DP-SFBC scheme. The SFBC scheme is focused based on the following considerations
1) In some extreme application scenarios, e.g., high mobility results in large frequency offset, the spatial diversity gain instead of throughput gain is preferred. 

2) The frequency offset results in inter-carrier interference in frequency domain. On the other hand, in time domain, the frequency offset makes the channel variant in time rapidly. The semi-static requirement for the low detection of STBC may not hold.
The encoding matrix for DP-SFBC can be expressed as follows
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In this expression, the rows correspond to the physically adjacent subcarriers and the columns correspond to the two transmit antennas (here, two transmit antennas are assumed, but the concept can be extended to transmission with more antennas). It can be seen that the DP-SFBC encoding matrix is a staggered arrangement of ordinary SFBC encoding matrix (i.e., positive version) and its negative version. The double-polarized SFBC encoding can be understood as an ICI canceling space-frequency modulation. Correspondingly, at the receiver side, a simple ICI canceling demodulation can be performed firstly, that is, the odd-numbered subcarriers are subtracted from the even-numbered subcarriers for all receive antennas, and then ordinary SFBC detection procedure follows. 
It is well-known that for the normalized frequency offset 
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, the ICI coefficient between kth and lth subcarriers can be expressed as follows
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where N denotes the FFT size of the OFDM system. Based on this equation, the ratio of signal to inter-carrier interference (SIR) of ordinary SFBC and the new DP-SFBC schemes can be deduced as
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The comparison of the SIR for SFBC and DP-SFBC schemes is depicted in Figure 1. In this figure, the FFT size N is set to 1024 as an example. But note that the SIR varies very little as a function of N. 
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Figure 1 SIR improvement using DP-SFBC
Figure 2 and 3 shows the simulations results for the proposed DP-SFBC scheme and the ordinary SFBC scheme. In the simulations, each packet contains 1536 information bits. Each packet transmission occupies a number subcarriers over 6 OFDM symbols, where the number of occupied subcarriers is dependent on the modulation & coding scheme and the multiple antenna scheme (i.e., SFBC or DP-SFBC). In addition, the VA channel at velocity of 60kmph was applied. 
In Figure 2, QPSK and 1/2 Turbo coding were simulated. We can observe from this figure that when there is no frequency offset, the DP-SFBC outperforms SFBC by about 3dB, which comes from the repetition coding implicitly performed in the DP-SFBC. The performance gain of DP-SFBC over SFBC increases to 4.3dB and more than 16dB, for frequency offset of 0.2 and 0.4, respectively, at the PER of 0.1.
In Figure 3, high spectral efficiency scheme of 64QAM and 2/3 Turbo coding was simulated. From this figure, we can see that when the normalized frequency offset is 0.2, the SFBC scheme totally collapses while the performance of the proposed DP-SFBC scheme is only degraded by about 0.5dB (at PER of 0.1) in comparison with the performance without frequency offset.
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Figure 2 PER comparison for QPSK, 1/2TC
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Figure 3 PER comparison for 64QAM, 2/3TC
3. Proposed SDD text

------------------------------------------- Start of Proposed SDD Text --------------------------------------------------------

For the application scenarios with severe frequency offset, the double-polarized SFBC can be applied in the uplink with the following encoding matrix.


[image: image9.wmf]ú

ú

ú

ú

û

ù

ê

ê

ê

ê

ë

é

-

-

-

-

=

*

0

*

1

*

0

*

1

1

0

1

0

SFBC

-

DP

 

Matrix

 

s

s

s

s

s

s

s

s


where the rows correspond to the physically adjacent subcarriers and the columns correspond to the two transmit antennas. The concept can also be extended the transmissions with more transmit antennas. 
------------------------------------------- End of Proposed SDD Text --------------------------------------------------------
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