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1. Introduction

Due to oscillator instabilities and/or Doppler shifts, there exists carrier frequency offsets (CFOs) between the transmitters and the receivers. When there are CFOs, the orthogonality among the subcarriers of OFDMA is destroyed and the received signals are contaminated by the inter carrier interference (ICI) and multi-access interference (MAI). For OFDMA uplink, each user may have a different CFO, which further worsens the problem. To combat the ICI and MAI, first of all the CFOs must be estimated. CFO estimation for the OFDMA uplink is a crucial and challenging task. Known CFO estimation methods for single-user OFDM cannot be directly used here because there are multiple CFOs in OFDMA.
2. Preamble design
Use one OFDM symbol as the preamble in OFDMA uplink.

Preamble design: The N subcarriers are divided into KQ consecutive subbands, where each subband has P=N/(KQ) subcarriers. Each user is allocated with Q subands, which are interleaved in the KQ subbands. In each subband, there is only one active subcarrier at the end of the subband. The minimum distance between any two active subcarriers is Δ1
.

For example, for N=16, K=2, Δ1=4, Q=2, the preamble structure in shown in Figure 1, where K is the number of users.
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Blue: user 1; Red: user 2
Figure 1. Preamble structure (N=16, K=2, Δ1=4, Q=2)
3. Frequency offsets estimation algorithms

Algorithm 1. Simplified ML estimation

The algorithm is shown in Figure 2.
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Figure 2. Simplified ML estimation
Algorithm 2. Fast algorithm

The algorithm is shown in Figure 3.
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Figure 3. Fast algorithm
where
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4. Simulations and conclusions
System settings
The length of OFDM block N=2048

The length of the CP is 64 

Random channels with no more than 65 taps

Random CFOs in (-0.5, 0.5)

Preamble design: The N subcarriers are divided into KQ consecutive subbands, where each subband has P=N/(KQ) subcarriers. Each user is allocated with Q subands, which are interleaved in the KQ subbands. In each subband, there is only one active subcarrier at the end of the subband. The minimum distance between any two active subcarriers is
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Simualtion results are given in Figure 4 to 6 when only one receiver antenna is used at the base-station. Figure 7 and 8 give the simualtion results when multiple receiver antennas are used at the base-station, where J is the number of antenna.


[image: image5]
Figure 4.1 MSE for the simplified ML (number of users is K=32)
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Figure 4.2 MSE for the fast algorithm (number of users is K=32)
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Figure 5.1 SER for the simplified ML (number of users is K=32)
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Figure 5.2 SER for fast algorithm (number of users is K=32)
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Figure 6.1 SER for the simplified ML (number of users is K=8)
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Figure 6.2 SER for the fast algorithm (number of users is K=8)
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Figure 7. MSE for the fast algorithm (number of users is K=16)
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Figure 8. SER for the fast algorithm (number of users is K=16)

Conclusions

Dedicated preambles are designed to estimate the carrier frequency offset (CFO) in orthogonal frequency division multiple access (OFDMA) uplink. Based on the preambles, algorithms are proposed for the CFO estimations. It is theoretically proved that the CFOs are identifiable by using the algorithms. Simulations results have been given to show the performance of the preamble design and the estimation algorithms.
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