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1. Introduction
OFDMA is a strong candidate for 3GPP Evolution downlink technology, while interleaved FDMA (IFDMA) and DFT-spread-OFDMA (DFT-SOFDMA) are strong candidates for 3GPP Evolution uplink technology [7].
In this paper, we derive the SINR performance for IFDMA and DFT-SOFDMA with Frequency Domain Equalizer (FDE) followed by considering the non-idea factors such as non-idea channel estimation, losses due to Doppler, i.e. Evaluation methodology to calculate the equivalent SINR for system simulation with multiple IFDMA (DFT-SOFDMA) symbols and multiple transmissions of Hybrid-ARQ is proposed with verification simulation results. In order to reduce the complexity to calculate the SINR, we also propose to treat only the interference from UEs in the neighboring cells/sectors as frequency selective noise while the interference from the other UEs is treated as white noise.
2. SINR Analysis for IFDMA and DFT-SOFDMA with FDE

2.1 SINR for IFDMA with FDE

To analyze the SINR performance of IFDMA, we denote the data symbols as a vector of M elements:
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Therefore the transmit signal vector without CP is given as

[image: image2.wmf]D

T

S

m

M

N

)

(

,

=


where


[image: image3.wmf]ú

ú

ú

û

ù

ê

ê

ê

ë

é

=

M

M

m

m

M

N

I

I

E

T

M

)

(

,

 for Repetition>1 and 
[image: image4.wmf][

]

M

m

m

M

N

I

E

T

=

)

(

,

 for Repetition=1
is the repetition and frequency shifting matrix, and IM is the identity matrix.
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At the receiver, after removing the CP, the received signal vector in frequency domain can be represented as
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where H and Z are the DFT of the channel response and received noise, respectively and FN is the transform matrix for N point FFT.

Denote the frequency domain equalizer (FDE) as 
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, as derive in the Appendix, the SINR for IFDMA with FDE is given as

[image: image8.wmf](

)

(

)

(

)

2

1

0

1

1

0

2

1

2

2

1

0

1

2

1

0

1

2

2

2

4

2

2

2

å

å

å

å

-

=

-

=

-

=

-

=

+

+

+

+

+

+

+

+

-

+

=

M

k

w

H

M

M

k

M

N

w

H

M

M

N

M

k

w

H

M

M

N

M

k

w

H

M

M

N

k

M

N

m

k

M

N

m

k

M

N

m

k

M

N

m

k

M

N

m

k

M

N

m

k

M

N

m

k

M

N

m

SINR

s


2.1.1 ZF equalizer
When Zero-Forcing (ZF) equalizer is used, we have
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The SINR is then simplified as
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where SNRx is the SNR for sub-carrier x. Note that this result is applicable for the case with frequency selective noise and interference.

2.1.2 MMSE equalizer
When MMSE equalizer is used, we have


[image: image11.wmf]M

N

m

SNR

m

m

H

H

w

2

2

1

2

1

1

s

+

=

+

=


The SINR is then derive in the Appendix and  is given as
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Note that this result is also applicable for the case with frequency selective noise and interference.
Also note that for the localized FDMA scheme presented in [5], these results are also applicable by setting H to the corresponding localized sub-carriers and considering the roll-off frequency shaping filter.
2.2 SINR for DFT-SOFDMA with FDE 
To analyze the SINR performance for DFT-SOFDMA, we denote the data symbols as a vector of M elements
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Therefore the transmit signal vector without CP is given as 
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where TN,M is the mapping matrix for sub-carrier assignment, FM is the M point FFT and 
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 is the N point IFFT. After removing the guard interval and going through the N point FFT, the received signal vector at the frequency domain is given by
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The detection metric vector after FDE is given as
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Note that the detection metric vector for the DFT-SOFDMA has exactly the same format as for the IFDMA. Therefore the SINR for the DFT-SOFDMA is also given by the same equations as for the IFDMA. Also note that, in this case, the difference between the distributed and localized DFT-SOFDMA only lies on the sub-carrier assignment.
3. Considering Other Factors in the System

In the preceding section, SINR is calculated for the data symbols from the SNRs of the sub-carriers which do not take into account of the factors such as non-ideal channel estimation, inter-carrier interference. In this section, all the non-ideal factors are considered and incorporated into the calculation of SNR for each sub-carrier and the resulting effective SNR for each sub-carrier is then plugged into the expression for the data symbol SINR.
3.1 Non-ideal channel estimation[1]
With non-ideal channel estimation, we denote the SNR of the channel estimation used to demodulate the k-th sub-carrier as
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where 
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3.2 Coherent loss due to Doppler[4]

 REF _Ref111348383 \r \h 
[1]
The coherent loss due to the Doppler spread which causes variation within an OFDMA/IFDMA symbol is modeled as
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where 
[image: image23.wmf]d
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 is the Doppler frequency and NT is the OFDM symbol duration.

3.3 Inter-Tone-Interference (ITI) due to Doppler[4]

 REF _Ref111348383 \r \h 
[1]
The Doppler spread also causes inter-tone-interference since the adjacent sub-carriers are not orthogonal. ITI effect can be included as
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where 
[image: image26.wmf]d
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 is the Doppler frequency and NT is the OFDM symbol duration.
3.4 Other Limiting Factors
Let SNRmax denotes the maximum achievable C/I fro the sub-carrier due to other factors, such as ADC quantization noise and Radio noise floor, interference from the users allocated the adjacent sub-carriers in localized FDMA scheme, etc., the effective SNR of the sub-carrier is then given as followed:
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3.5 Diversity combining across the received antennas[2]
When multiple antenna is used at the receiver, the combined SNR is given as:
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         where 
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4. Equivalent SINR Calculation in System Simulation

The equivalent SNR of the packet is computed over initial and re-transmissions and mapped to a FER using the AWGN reference curve. The AWGN reference curves are obtained by simulating the turbo code performance on an AWGN channel for each transport block size (TBS). The equivalent SNR of each packet is calculated according to the following steps:

1) Calculate the SNR of sub-carrier k for user n as following
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where Px is the transmit power of user x, 
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 is the frequency channel response of user x at sub-carrier k, and 
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 is equal to 1 if sub-carrier k is assigned to user x and 0 if not. To reduce the complexity, only the interference contribution from the UEs in the neighboring sectors/cells is calculated using their frequency channel response. The rest of the UEs’ signal is treated as white noise.
2) Modify the SNR of each sub-carrier including the non-ideal factors as discussed in the preceding section.
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Figure 1 EESM procedure.
3) Calculate the SINR for the data symbols within each IFDMA (DFT-SOFDMA) symbol as shown in Section 3. We notice that the SINR for the data symbols within the same IFDMA (DFT-SOFDMA) symbol are the same. However, since each frame includes multiple IFDMA (DFT-SOFDMA) symbols and multiple transmissions may be received before being successfully decoded, SINR for the data symbols within the same packet may still vary and a single equivalent SNR for the packet is calculated as 
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 is a factor that depends on the SNR, and Nsymb is the number of IFDMA (DFT-SOFDMA) symbols received for the packet. This is called the exponential effective SINR mapping (EESM) procedure as shown in Figure 1.  For detailed proposal on EESM procedure refers to [6].
4) To reduce the number of reference AWGN curves, puncturing penalty is used to map the equivalent SINR to AWGN curves of lowest code rate. Therefore, we only need one AWGN curve for each TBS.
5. Accuracy of Proposed Evaluation Methodology
In this section, we present results to show the accuracy of our proposed evaluation methodology for IFDMA/DFT-SOFDMA. 
Figure 2 shows the statistics of the difference in dB between the calculated and measured SINRs for DFT-SOFDMA with MMSE FDE. The channel model is TU at 30 km/h and 5 MHz bandwidth. The overall difference is very small. The mean difference is -0.012 dB, and the standard deviation is 0.095 dB. Note that the difference is mainly because of the variation of the measured noise.
Figure 3 shows the short term FER curve for DFT-SOFDMA with MMSE FDE for QPSK/16-QAM and coding rate ½ and compared with the corresponding AWGN reference link curve. The link simulation results confirm the accuracy of the equation for SINR calculation of SC-OFDM with FDE.
Figure 4 compares the link performance of OFDM and DFT-SOFDM. The performances of QPSK, which applicable to low SNR range, are very close for these two technologies. When SNR is high enough, 16 QAM or 64 QAM should be used and OFDM performs better.
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Figure 2 Difference between the calculated and measured SINR for DFT-SOFDMA.
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Figure 3 Link performance verification of the evaluation methodology
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Figure 4 - Link Performance Comparison for OFDM and DFT-SOFDM
6. Conclusion

In this paper we derived the symbol SINR expression for the IFDMA and DFT-SOFDMA and provided the methodology to calculate the equivalent SINR in the system simulation for the E-UMTS uplink. We further propose a method to reduce the complexity in the calculation of the SINR for IFDMA/DFT-SOFDM UL. We also presented link level simulation results showing the accuracy of the proposed evaluation methodology.
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APPENDIX:
A. Derivation of the SINR for IFDMA
The vector of detection metric after frequency domain equalizer (FDE) is then given as
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where 
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 is the frequency domain equalizer, 
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Therefore the noise variance is given as


[image: image44.wmf]2

1

0

1

2

2

2

~

s

s

å

-

=

+

+

=

M

k

w

H

M

M

N

k

M

N

m

k

M

N

m


The desired symbol’s power is given as 
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Hence, the SINR for IFDMA with FDE is given as
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B. Derivation of the SINR with MMSE FDE
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