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1 Introduction

At RAN1#42bis some concerns have been raised on OFDM/OQAM, one of them was channel estimation issues. This contribution focuses on some practical aspects for OFDM/OQAM channel estimation. The method described here is compared to conventional OFDM channel estimation. Simulation results are also provided.
2 Channel estimation for OFDM/OQAM
As already presented in [2], the OFDM/OQAM transmitted signal is expressed as
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where am,n denotes the real valued information value (can be the real part or the imaginary part if the Offset QAM symbol) sent on the mth sub-carrier at the nth symbol, M is the number of sub-carriers, 0 is the inter-carrier spacing, 0 is the OFDM/OQAM symbol duration (M samples correspond to 20), and g is the prototype function.

Here we present the issues for channel estimation specific to the OFDM/OQAM modulation. First as for conventional OFDM, the symbol duration  and the inter-carrier spacing are chosen to ensure that the channel can be considered to be constant over one symbol duration and over one sub-carrier bandwidth. Then the channel can be modelled as a complex Gaussian coefficient
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on each sub-carrier. Consequently the received signal can be expressed as
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In OFDM/OQAM, the orthogonality between sub-carriers is only guaranteed on the real part of the scalar product: "real" orthogonality. So if (m',n') ( (m,n) we have :
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As by construction of the OFDM/OQAM signal, the data am,n are real-valued there is no issue related to the "real" orthogonality if the channel has been properly estimated. 
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Note that (4) is practically performed through an FFT + polyphase filtering as described in [1].

To recover the complex-valued channel coefficients
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it is no longer possible to rely on the "real" orthogonality, otherwise only the real part of the channel coefficient can be recovered. Consequently we have to perform a complex projection on the received signal in order to recover the channel coefficients.
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In conventional OFDM, this projection is optimal as the sub-carriers 
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 (which are complex exponentials) form an orthonormal basis of the time-frequency space according to the complex scalar product. In OFDM/OQAM this complex projection induces an intrinsic ISI due to the real orthogonality between sub-carriers. In the case of no propagation channel we have 
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With
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pure imaginary. It is possible to show that for practical OFDM/OQAM prototype filters g(t) the essential part
of this intrinsic ISI is caused by the 8 first order neighbours  of the given symbol amo,no , 
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 can thus be approximated by
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With ± (j, ± (j and ±(jbeing the respective scalar products of the gm,n(t) with gm0,n0(t). Figure 1 shows the reference symbol and its 8 first-order neighbour sub-carriers. The 8 corresponding norms of the respective scalar products are also represented.
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Figure 1: First order neighbour sub-carriers. 
To be able to recover the channel coefficients properly when applying the complex projection of the signal in the receiver, (7) shall be null. To satisfy this condition 1 of the 8 real-valued am,n from (7) will be determined by the 7 others. This will strongly reduce the total level of interference, the reduction depends on the prototype function g but typical values are –18 to –20 dB.
It is very important to note here that in OFDM/OQAM, the real valued pilot symbol plus the real valued compensation symbol correspond exactly to the same amount of data than the complex valued symbol in conventional OFDM. This is depicted in Figure 2 were TTIs are represented for both OFDM/OQAM and conventional OFDM.
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Figure 2: OFDM/OQAM and conventional OFDM (with CP) equivalent pilot structures over 1 TTI

Once the channel coefficients have been recovered at pilot position, an interpolation is needed to estimate the channel at all time-frequency positions. This interpolation can be performed exactly the same way as for conventional OFDM.
Optionally it is possible to spread the energy of the compensation symbol over the 8 first order neighbours of the pilot symbol. This can be performed by applying an 8*8 matrix to the 8 values surrounding the pilot (see Figure 3). This reduces the dynamic of the signal as the compensation symbol may take larger values that the data symbols.
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Figure 3: Repartition of the energy of the compensation symbol for OFDM/OQAM pilots

3 Simulation Results
For the simulations we used scattered pilots. 4 out of the 15 OFDM/OQAM symbols in the TTI contain pilots. Pilots spacing in frequency is 8 sub-carriers, the repartition of the pilot symbols over the TTI is represented on Figure 4.
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Figure 4: OFDM/OQAM scattered pilots' structure

With such a structure, the total amount of pilot symbols represents 6.7% of the available resource. The channel coefficients interpolation is performed in 2 steps:
· linear interpolation in time domain,

· Wiener filtering in frequency domain.

Figure 5 shows performance of both ideal channel estimation and realistic channel estimation over the Typical Urban channel at 3 km/h. Simulation parameters for OFDM/OQAM using the IOTA filter correspond to the 5 MHz case of Table 7.1.1.1.2-1 of [1]. Channel coding rate is ½ for both QPSK and 16-QAM modulations. We see that the degradation due to the realistic channel estimation is approximately 2 dB.
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Figure 5: OFDM/IOTA BLER over Typical Urban channel with realistic channel estimation
4 Conclusion
With this contribution we raised the channel estimation issue for OFDM/OQAM and we have shown that a pilot structure similar to conventional OFDM can be obtained. We also presented simulation results showing the feasibility of channel estimation for OFDM/OQAM, a degradation of 2 dB compared to ideal channel estimation being a typical value for OFDM.
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�  More than 98% with the IOTA function for instance.
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