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1 Introduction

TSG RAN1 sent a LS to RAN4 [1] which asks for guidance for some implementation aspects regarding the 64-QAM signals in conjunction with OFDM.

This paper gives a short overview about OFDM and its application in UMTS.

2 Information
OFDM (Orthogonal Frequency Division Multiplexing) is a multi-carrier modulation scheme. The user data stream is distributed over a large number of orthogonal, mutually overlapping sub-carriers. These sub-carriers consist of complex exponentials that are modulated individually.

The  discrete-time baseband signal s(k) during one symbol interval 
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 is defined as the sum of the modulated sub-carriers as given in the following equation:
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where N is the number of sub-carriers, and ci is the complex symbol from the modulation alphabet that modulates the i-th subcarrier. Together with the rectangular time limitation of the symbols this creates a signal of overlapping sub-carriers with frequency spacing 
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, each one having a sin(x)/x shaped spectrum. The following figure shows the spectrum of a 5 sub-carrier OFDM signal as an example:
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Due to their orthogonality the sub-carriers can be separated at the receiver. The operation for generating an OFDM signal is an Inverse Discrete Fourier Transform (IDFT). For reasons of com​putational efficiency, usually a fast transform (IFFT) is implemented.  The complementary corresponding function at the receiver is a FFT. Thus, OFDM systems with large numbers of sub-carriers (> 1000) are easy to implement. The basic OFDM-transmission chain is given in the following figure:
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To combat Intersymbol Interference (ISI) caused by multipath propagation on the radio channel, a guard interval or cyclic prefix of length 
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 is added that precedes the original OFDM symbol, giving a total symbol duration of 
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. All multipath components that arrive at the receiver within the guard interval do not affect the orthogonality of the sub-carriers. The receiver exploits only a part of length 
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 of the whole received symbol and discards the rest.

To illustrate the time domain OFDM signal we consider real valued OFDM baseband signal with 6 sub-carriers. The following figure shows the 6 unmodulated orthogonal sub-carrier signals in one symbol interval with a guard interval of 
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If we modulate these sub-carriers with the BPSK symbols (+1, -1, +1, +1, -1, +1)  the resulting OFDM signal looks like this:
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The following figure schematically compares the spectra of single- and multi-carrier modulation schemes.
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Since they carry only a fraction of the total symbol rate, the sub-carriers are narrowband and subject to flat (non-frequency selective) fading in a multipath radio channel. The advantage of OFDM using the guard interval lies in the simple equalisation method at the receiver that has good performance even in highly dispersive channels. The equaliser basically consists of a bank of multipliers, one for each sub-carrier, that scale the received sub-carrier signal with its inverse corresponding fading coefficient. The sub-carrier time domain signals are still orthogonal at the receiver if the channel delay spread is not longer than the guard interval.

Sub-carriers in a deep fade produce a high BER and severely deteriorate the performance of the OFDM system. In order to combat this, efficient FEC coding and interleaving in frequency and/or time direction is mandatory.

For illustration, the resources that can be allocated in the shared WCDMA channel for HSDPA traffic are schematically shown in the following figure:
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Thus, scheduling is possible in time domain and code domain.

Looking at OFDM, the resources are depicted in the next figure:
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(each colour here indicates an individual UE, and each pattern indicates a different modulation/coding scheme).

It can be seen that instead of a code domain OFDM provides frequency as a 2nd dimension. Since there are much more sub-carriers than codes in HSDPA, resource allocation in OFDM can be much finer. If the radio channel is known at the transmitter, adaptive modulation/coding of the individual sub-carriers according to the actual sub-carrier channel conditions is possible (so called “waterfilling”)

From the standpoint of signal peaks the signal s(k) is the superposition of N sub-carriers. As such the peak value can be quite high and the theoretical PAPR in dB is in the order of 10 log(N), but these extreme high peaks occur with an extreme low probability. Considering the signal statistics, the signal is the superposition of N statistically independent random variables. So the distribution is in good approximation a gaussian distribution.

In the RAN WG1 SI OFDM is studied as downlink only carrier for HSDPA traffic. Currently discussed physical parameters are given in the following table 1 from the Technical Report 25892 [2]:

Table 1: Reference OFDM configuration parameter sets
Parameters
Set 1 
Set 2 

TTI duration (msec)
2 
2

FFT size (points)
512
1024

OFDM sampling rate (Msamples/sec)
7.68
6.528

Ratio of OFDM sampling rate to UMTS chip rate
2
17/10

Guard time interval (cyclic prefix) (samples/μsec)
56 / 7.29                 57 / 7.421
64/9.803

Subcarrier separation (kHz)
15
6.375

# of OFDM symbols per TTI 
27
12

OFDM symbol duration (μsec)
73.96/74.092 
166.67

# of useful subcarriers per OFDM symbol 
299
705

OFDM bandwidth (MHz)
4.485 
4.495

3 Conclusion

OFDM-principle: distribution of the user data stream to many narrowband, mutually overlapping orthogonal sub-carriers.

OFDM

· provides high bandwidth efficiency (the more sub-carriers the better)

· can cope with long multipath delays (with Guard Interval)

· allows straightforward equalisation and

· very efficient modem implementation (IFFT / FFT)

· offers radio resources (time, frequency) to be allocated on a very fine granular scale

· should only be used in conjunction with channel coding and interleaving

Difficult issues are synchronisation and power amplifier saturation due to the high PAPR.

OFDM was/is used in:

· military communication modems (1960-70s)

· DAB (Digital Audio Broadcasting) / DVB-T (Terrestrial Digital Video Broadcasting)

· ADSL (called DMT (Discrete MultiTone) here)

· IEEE 802.11a WLANs / IEEE 802.20 WAN (as a proposal) 
4 References

[1]
R1-030948

[2]
TR25892

An introduction to OFDM is given in:

[3]
S.B. Weinstein, P.M. Ebert: “Data Transmission by Frequency-Division Multiplexing Using the Discrete Fourier Transform,” IEEE Trans. Commun. Techn., vol. 19, no. 5, pp 628 – 634. 































_1129707407.unknown

_1129707796.doc


f







f







single-carrier mod.







conventional multi-carrier modulation







OFDM















f












_1129708938.doc


+







  IFFT 







Noise











 Channel







 FFT







Modulator







 Mapper 







Bits







                  c







i







                 







s(t)







                                             c







i







De-







mapper







^












_1129708274.doc
[image: image1.bmp][image: image2.bmp][image: image3.bmp][image: image4.bmp][image: image5.bmp][image: image6.bmp][image: image7.bmp][image: image8.bmp][image: image9.bmp][image: image10.bmp][image: image11.bmp][image: image12.bmp][image: image13.bmp][image: image14.bmp][image: image15.bmp][image: image16.bmp][image: image17.bmp][image: image18.bmp][image: image19.bmp][image: image20.bmp][image: image21.bmp][image: image22.bmp][image: image23.bmp][image: image24.bmp][image: image25.bmp][image: image26.bmp][image: image27.bmp]

.







.







.







.







.







.







...







time







frequency







TSym











1/ TSym
























_1129707421.unknown

_1129707278.unknown

_1129707387.unknown

_1129706897.unknown

