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Localized and Distributed SC-FDMA and OFDMA for Uplink Multiple Access
J Klutto Milleth,  Kiran Kuchi, Vinod Ramaswamy, Dhivagar, K Giridhar, Bhaskar Ramamurthi
CEWiT, Chennai, India

The block error rate performances of OFDMA and SC-FDMA schemes for both localized and distributed subcarrier allocation are provided. We considered SIMO and MIMO configurations in this study.

1. SIMO - Simulation setup
· Number of sub carriers used – 256

· OFDMA – Equi-spaced subcarriers as in SC-FDMA

· FEC – CTC as in 16e

· FEC block size – 384

· Modulation – QPSK and 16-QAM

· Code Rate – ½ and ¾ 

· Antenna Configuration – SISO (1x1) and SIMO (1x2)

· Receiver – MMSE with bias removed

· Channel model as in 16m EMD

· PED B – 3 Km/hr

· VEH A – 120 Km/hr

· Channel Estimation – Ideal 
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Fig. 1 - PED B, SIMO, QPSK, CTC – ½, ¾
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Fig. 2 - VEH A, SIMO, QPSK, CTC – ½, ¾
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Fig. 3 - PED B, SIMO, 16-QAM, CTC – ½, ¾
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Fig. 4 - VEH A, SIMO, 16-QAM, CTC – ½, ¾
2. Summary for SIMO
· SC-FDMA  (Distributed) with 2 Rx antennas at BS

· BLER performance SC-FDMA compares favourably with OFDMA

· BLER performance difference for PED B (1% BLER)

· less than 0.25 dB for QPSK

· less than 0.9 dB for 16-QAM

· BLER performance difference for VEH A (1% BLER)

· less than 0.27 dB for QPSK

· less than 0.85 dB for 16-QAM 

· Performance gap will vanish with DFE/Turbo equalizers

3. MIMO - Simulation setup
· Number of sub carriers used – 16 and 256

· OFDMA vs SC-FDMA – Distributed (equi-spaced) subcarrier allocation

· OFDMA vs SC-FDMA – Localized (contiguous) subcarriers allocation

· FEC – CTC as in 16e

· FEC block size – 384 for 256 sub carriers and 96 for 16 subcarriers

· Modulation – QPSK and 16-QAM

· Code Rate – ½ and ¾ 

· Antenna Configuration – MIMO (2x2)

· Receiver – 

· SC-IFDMA
· MMSE only
· MMSE+ML (MMSE equalizer followed by ML)

· OFDMA
· MMSE
· ML

· Channel model as in 16m EMD

· PED B – 3 Km/hr

· VEH A – 120 Km/hr

· Channel Estimation – Ideal
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Fig. 5 – Subcarrier – 256  Distributed, PED B, QPSK, CTC – ½, ¾ with MMSE receiver
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Fig. 6 - Subcarrier – 16 Localized, VEH A, QPSK, CTC – ½, ¾ with MMSE receiver
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Fig. 7 - Subcarrier – 16 Localized, PED B, QPSK, CTC – ½ with ML* and MMSE
*In case of SC-FDMA, ML implies that the receiver is MMSE equalizer followed by a joint MLD with comparable ML complexity
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Fig. 8 - Subcarrier – 16 Localized, PED B, 16 – QAM, CTC – ½ with ML* and MMSE
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Fig. 9 - Subcarrier – 256 Localized, PED B, QPSK, CTC – ½ with ML* and MMSE
*In case of SC-FDMA, ML implies that the receiver is MMSE equalizer followed by a joint MLD with comparable ML complexity

4. Summary for MIMO
· MIMO 2 x 2

· MMSE receiver as base line

· OFDMA vs SC-FDMA (Distributed)
· SC-FDMA is better for most cases

· OFDMA vs SC-FDMA (Localized)
· Similar, but in most cases localized is better

· ML receiver as base line

· OFDMA vs SC-FDMA (Localized)
· OFDMA performs better with ML receiver

· Loss is within 1 dB with 16 subcarriers

· Loss is within 1.8 dB with 256 subcarriers

· SC-FDMA ML after MMSE is not beneficial for 256 subcarriers

· However, useful for 16 subcarriers 

· The MMSE+ML complexity is comparable to OFDMA ML
5. Conclusion
· Based on our simulation results, we propose SC-FDMA and OFDMA  to be considered for uplink multiple access technique as separate zones in order to reap the benefits of both the schemes in different deployment scenarios
· Link margin obtained through the low PAPR of SC-FDMA to enhance the coverage range
· OFDMA can be used in regions of high SINR
· Collaborative uplink MIMO can be implemented with OFDMA

















































































































































































































































































