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1 Introduction

During previous meetings, several WG1 contributions [1,2] aimed at introducing and discussing E-UTRA out-of-band (OOB) emission control techniques. Among other techniques, time domain overlapped and non-overlapped windowing was presented.

A dedicated LS [3] on this subject stated that further work in this area should be handled in RAN4 due to its competence for this study arising from its inherent knowledge of RF characteristics.

In the previous meeting we have started the discussion by showing that the time domain non-overlapped windowing technique can increase the receiver complexity if the window shape does not satisfy the condition of symmetry and of cyclic prefix. Moreover, we have shown that the time domain windowing technique introduces a loss in signal to noise ratio that needs to be taken into account when comparing different techniques to reduce the OOB emissions [4]. 

This document aims at extending document [4] to the case of overlapped time-window. We will show that the same conditions need to be satisfied also in this case in order to limit the complexity at the receiver. Also the overlapped window introduces a loss in signal to noise ratio, but it allows better OOB emission performance. 

2 Discussion

2.1 Time domain overlapped window design principles 

Consider an overlapped window as given in Figure 1 that spans T= Tc+Tu+Tr=N+2F time samples, N is the OFDM symbol length, F is the portion of the window overlapping OFDM symbols n-1 and n+1. Te = L is the cyclic prefix length. 
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Figure 1. Graphical representation of the overlapped window [5]. 

Let W be the real-valued windowing function coefficient sequence 
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where Wa =diag(w0,..wTr-1), Wb=diag(wTr, …, wTc-1), Wc= diag(wTc, …, wTu-1), Wd= diag(wTu, …, wTc+Tu-1) and We= diag(wTu+Tc, …, wTc+Tu+Tr-1).

The transmission chain is shown in figure 2, where N=Tc+Tu and M = Tu
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Figure 2. Transmission chain (from […]??)

The multiplicative window D in the transmission chain is given by
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It is possible to generalize the results in [4] to the case of overlapping window. 

In particular the receiver is zero forcing if and only if the post processing matrix is given by
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Where G is the MxM Fourier matrix, 
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 is the frequency domain channel equalizer and C2 is the Tc by Tc lower triangular channel Toeplitz matrix with the first column given by (c0,…cL-1)T. 

The post processing matrix is channel independent if and only if 
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, i.e the cyclic prefix condition is respected.

The window design should always satisfy this additional cyclic-prefixed constraint in order to allow a simpler decoding, as the window post-processing matrix is constant with respect to the channel realizations.

In this case the post-processing matrix become
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 and it can be pre-computed.

Note that the length of the overlapping (Tr<=Tc) is not influencing the cyclic prefix condition. Only the first Tc elements of the sequence have to be equal to the last Tc elements.

In the particular case of T=L, the condition to be respected is Wa+We = Wd and Wb  will be an empty matrix.

Proposals made so far only considered symmetric window designs to minimize the spectral leakage.

Hence, a symmetric and cyclic-prefixed window results in a sequence D where 
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  and they are constant.

2.2 SNR reduction and Spectral Leakage Trade-off

The SNR loss (with respect to a rectangular window) can be easily computed in a closed form for a generic windowing function design.
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Where M is the number of sub-carriers?.

The minimization of the spectral leakage and of the SNR loss can be traded-off via a joint optimization
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Where 
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 is the spectrum of the window.

For c=1, only the spectral leakage is minimized. In the case of non-overlapped window figure 3 shows an example of window respecting the cyclic prefix condition. For those cases the SNR loss w.r.t a rectangular window is 0.84 and the ratio between the Spectral Leakage of the CP window and the rectangular window is 0.37.  

[image: image13.wmf]
Figure 3. Example of time domain non-overlapped cyclic prefixed window.

3 Conclusions and recommendations

We have considered time-overlapped windowing techniques for E-UTRA downlink from the receiver impact point of view. 

We delineated an important, and so far omitted, window design principle to be respected to have a simple (low-complex) post-processing at the receiver. This design principle is applicable to non-overlapped as well as overlapped window. In the latter case the length of the overlapping part is not influencing this design. 

In view of this, we have outlined the performance impacts. These considerations should be employed in future to evaluate proposals on this topic when developing performance requirements for LTE.
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