3GPP TSG RAN WG4 meeting
 #41
   









Tdoc R4-061338
Riga, Latvia, 6th – 10th November 2006

Agenda Item:
7.1.2

Source: 
Philips

Title:
E-UTRA DownlinkTime Domain Window Impacts on OFDM receiver
Document for:
Discussion

1 Introduction

During Tallin and 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 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 order to start the study, this document aims at extending the time-windowing discussion to cover aspects that did not receive attention so far. We establish some performance measures in order to evaluate future proposals not only from the OOB emission point of view but also from the penalty induced on the receiver. 

2 Discussion

2.1 Time domain windowing function design principles 

Proposals made so far applied windowing function design principles for OOB emission control only. 

None of the previous contributions considered the impact of the time window design from the receiver perspective.

In this chapter we clarify one important design principle allowing the zero-forcing receiver formulation.

Considering a non overlapping window design, let W be the real-valued windowing function coefficient sequence of length K exactly equal to the cyclic-prefixed OFDM symbol length:
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Where the second formulation decomposes the coefficient sequence into three sub-sequences W0 , W2 of length G and W1 of length equal to N-G with G being the number of cyclic prefix samples and N being the FFT order.

In such a context, it has been evidenced [4] that at the receiver side the window post-processing is channel independent only if the window is designed to be cyclic prefixed, i.e. W0 =W2.

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

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.

Hence, a symmetric and cyclic-prefixed window results in a sequence W where W0 and W2 are constant. 

2.2 SNR reduction 

Typical OFDM receivers process received cyclic-prefixed OFDM samples following two data-paths:

1) Before the cyclic prefix samples are discarded, non-coherent detection is applied for fine synchronization purposes (timing/frequency offset estimation).

2) After the cyclic prefix samples are discarded, coherent data detection following frequency domain equalization is applied.

In both cases, the time windowing operation performed at the transmitter side influences the detection inducing an SNR loss.

In both cases, the SNR loss can be easily computed in a closed form for a generic windowing function design.

1) Non-coherent detection: Assuming, for example purposes, classical blind frequency-offset estimation performed on the cyclic prefix samples, the SNR loss 
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 can be written as:
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2) Coherent detection: The SNR loss 
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 in this case can be computed as:
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2.3 Receiver added complexity for window post-processing

Non-coherent detection does not require any window post-processing, as real-valued window coefficients do not introduce additional phase rotations to the transmitted signal.

In case of coherent detection instead, the window post-processing is necessary to re-establish the nice frequency flat OFDM property and allow for the classical OFDM equalization. 

Nevertheless, for a Zero-Forcing equalizer and in case the design principles mentioned in section 2.2 are guaranteed, the window can only be un-done in the frequency domain by multiplying the equalized signal by the constant matrix:
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, where F is the FFT matrix.

This requires NxN multiplications.

In such a context, compared to other OOB emission control techniques such as pulse shaping, the time-domain windowing is not less complex and this should be taken into account while evaluating proposals.

3 Conclusions and recommendations

We have considered time-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 receiver formulation. In view of this, we have outlined the performance impacts that windowing has on detection capability and verified what is the added complexity required at the receiver side.

These considerations should be employed in future to evaluate proposals on this topic.
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