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1
Introduction

In this contribution we focus on the performance of Interleave Division Multiple Access (IDMA) [1] in conjunction with OFDM family waveforms [4], such as subband-filtered OFDM [5]. Universal Filtered OFDM (UF-OFDM), also denoted as Universal Filtered Multi-Carrier (UFMC) [2] [3], is regarded as a candidate. We will observe the behavior of OFDM-FDMA, OFDM-IDMA, UFMC-FDMA and UFMC-IDMA in link level. 
Section 2 outlines the basic system structure and numerical results. The paper concludes with proposals in Section 3.

2
Basic system structure and numerical results
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Figure 1: A generic UFMC-IDMA transceiver structure

UFMC [2] [3] can be considered as a generalization of filtered Orthogonal Frequency Division Multiplexing (OFDM) and Filter-Bank-based Multi-Carrier (FBMC). While filtered OFDM uses filtering for the entire band and FBMC uses a filtering per subcarrier, UFMC relies on filtering on a per subband basis, for a group of subcarriers, e.g. a Physical Resource Block (PRB) in the LTE terminology. Figure 1 contains the basic multi-carrier modulator for UFMC. 
IDMA [1] was proposed by Li Ping et al., which originally targeted to the performance enhancement for asynchronous Code Division Multiple Access (CDMA). Further studies revealed that IDMA exhibits strong robustness against asynchronicity and tolerance upon users’ overloading. Meanwhile, the IDMA receiver denoted as Elementary Signal Estimator (ESE), being recognized in literature, turns out to be simple and effective. 
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Figure 2: A scenario for FDMA and IDMA comparison

In Figure 2, a scenario for performance comparison between FDMA and IDMA is presented. In FDMA scheme, each user is allocated to a relatively narrow frequency bandwidth F/K, considering an FEC rate Rc, temporal frame-length T, and mapping MF bits to a modulated symbol. The achievable throughput per user is Rc MF (F/K×T). In IDMA scheme, all of the users are allowed to share the complete bandwidth F, by reducing the FEC rate to Rc/K, optionally deploying MI bits to a modulated symbol and a repetition code with rate Rr. The achievable throughput per user is thus Rc/K MIRr (FT).

In Table I, the simulation parameters in link layer is summarized. Notice that we have the degrees of freedom to adjust the parameters Rc, MF, MI, K and Rr. In our investigations we choose the parameters such that the achievable throughput is identical for both FDMA and IDMA, which provides a fair comparison. On the other side, the frame design can significantly benefit the IDMA scheme, due to high potential of frequency diversity and low ICI introduced by adjacent users. Especially, the reduced FEC rate can guarantee a robust IDMA performance. Throughout this contribution, each user is assigned one layer. The users of interest are assumed to have identical time offsets compared to the fully synchronized users, namely ∆τ1 = ∆τ2 =… … =∆τk ≠ 0. 

Table I: Link layer parameters
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FFT size N =1024
Subcarrier spacing 15 kHz
Filter length L =80
Filter sideband attenuation 40 dB
Subband size Nprp = 12

Allocation size for user of interest
(FDMA/IDMA)

5/10 subbands

Allocation size for adjacent users 9 subbands
Detector type FFT based
(no time deomain pre-processing)
Carrier frequency 2 GHz
Carrier Frequency Offset (CFO) Not applied
Relative delays of adjacent users AN € (0,0.45)

Channel model

ii.d. Rayleigh (block fading);
Pedestrian B 3km/h

Modulation schemes

BPSK, QPSK, 16QAM

Number of IDMA iterations

5

Number of FDMA/IDMA users

2

Repetition rate for IDMA R;

1

FEC realization

DVB-S2, LDPC decoder

FEC rate R,

1/4.3/4

Iterations in LDPC decoder

50
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Figure 3: Performance comparison: OFDM-FDMA with QPSK vs. OFDM-IDMA with BPSK for 2 layers (left), and UFMC-FDMA with QPSK vs. UFMC-IDMA with BPSK for 2 layers (right)

In Figure 3, the FDMA and IDMA related schemes are QPSK and BPSK modulated, respectively, so that the two-user overall achievable throughput is equivalent for both schemes. For the same reason, the FDMA and IDMA related schemes are 16QAM and QPSK modulated in Figure 4 similarly. It can be observed that IDMA turns out to be the better solution for lower code rates (e.g. 1/4), and outperforms FDMA by roughly 1~2 dB (at coded BER 10-3). One of the most important reasons to understand the gain is that the IDMA can potentially exploit frequency diversity due to wider frequency allocation size, as depicted in Figure 2, and suffers thus less from ICI from adjacent users. Notice that the loss of FDMA scheme under Pedestrian B channel is bigger than that of IDMA scheme. This is an indirect evidence that IDMA scheme is capable of better collecting frequency diversity gain. Due to the computational limitation for the numerical simulation, we do not consider the framing for K>2 users. Nevertheless, significant performance enhancement can be expected, if more users are involved in the framing, so that the potential frequency diversity will further increase the performance gain between IDMA and FDMA.
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Figure 4: Performance comparison: OFDM-FDMA with 16QAM vs. OFDM-IDMA with QPSK for 2 layers (left), and UFMC-FDMA with 16QAM vs. UFMC-IDMA with QPSK for 2 layers (right)

Additionally, for low code rates in both multiple access schemes, UFMC slightly outperforms OFDM. Furthermore, in high code rates (e.g. in the higher Eb/N0 operation points for 16QAM with code rate 3/4), especially in the presence of timing delays, the performance gain of UFMC exceeds 1.5 dB over OFDM, with respect to Eb/N0 at BER 10-3. This effect can be clearly observed in Figure 4, by comparing UFMC to OFDM, with respect to the green dash lines with diamond and square markers, respectively.

From these results it seems that UFMC is a candidate scheme potentially capable of replacing OFDM. For users transmitting with low code rates, IDMA is preferable over FDMA and can be combined well with UFMC. Even when users are in low-rate operation points, where UFMC gains are not large over OFDM, the filters help to protect neighbor users from ICI and provide additional benefits, like increased suitability to fragmented spectrum.

3
Conclusion

Interleave Division Multiple Access (IDMA), as a superposition based multiple access scheme, provides the degrees of freedom to adjust the link parameters to achieve the equivalent system throughput as other state of the art, e.g. FDMA. Meanwhile, superposition allows the users in IDMA system to share a wider frequency band as usual. It makes IDMA suffer less from ICI and can collect additional frequency diversity gain.

As a key technique, jointly considered with IDMA, UFMC slightly outperforms OFDM for low code rates. Especially, in the presence of timing delays or for asynchronous communications, the advantage of UFMC turns out to be obvious. 
Proposal: Investigate IDMA and its combination with OFDM family waveforms w.r.t. frequency diversity gain, complexity and its potential in uplink in conjunction with service requirements (such as suitability for machine type communication with relaxed timing alignment).
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