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1. Introduction

At the last WG1#29 meeting in Shanghai an agreement was reached regarding certain aspects of the reference configuration for the OFDM Study Item. A compatible sampling frequency should be employed, which is harmonically related to 3.84 MHz. The spectral occupancy of the OFDM signal should be limited to 4.5 MHz for a fair comparison to WCDMA.

This paper proposes a set of parameters that fulfil the above requirements. The proposed configuration is a modified version of that presented in a previous Siemens contribution [1]. It employs the sampling frequency of 2*3.84 MHz with an integer power of 2 FFT and exhibits delay spread robustness in excess of 5.2 us as well as high robustness to Doppler spread. A pulse-shaping approach is proposed that ensures compliance to the spectral mask requirements [2].

In addition, this paper discusses the issues of 20 us delay-spread robustness and rate-compatible 1024 subcarrier configurations, raised at the RAN1 meeting #29.

2. The Proposed Reference Configuration

The methodology for selecting OFDM parameters given the constraints of sampling rate, transmission interval and power-of-two symbol duration is given in [1]. In short, this is achieved by relaxing the requirement of equal-length guard intervals. The configuration proposed in [1] consists of nine OFDM symbols that fit into a 0.667 us timeslot. The useful symbol duration is equal to 512 samples. The guard interval is equal to 56 samples for the 0th symbol, and 57 samples for symbols 1..8, as illustrated in figure 1.

The proposed set of physical layer parameters is given in table 1. Compared to the previous contribution [1], the number of active subcarriers has been reduced to 299 to limit the spectral occupancy to approximately 4.5 MHz. An odd number of subcarriers is chosen so that there is an active subcarrier at 0 frequency and the power spectrum is symmetrical around 0.

Table 1  Reference configuration parameters.

	Parameter
	Value

	sampling frequency
	7.68 MHz

	FFT size
	512

	useful symbol duration, samples / us
	512 / 66.67

	guard interval duration, samples / us
	56 / 7.29
57 / 7.42

	total symbol duration, samples / us
	568 / 73.96
569 / 74.09

	number of OFDM symbols per 0.667 ms timeslot
	9

	subcarrier spacing
	15 kHz

	number of active subcarriers
	299

	total transmit bandwidth
	4.485 MHz
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Figure 1  Temporal structure of the OFDM mode within a 0.667 us timeslot.
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Figure 2  Power spectral density of the proposed configuration.
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Figure 3  Out-of-band emissions of the proposed configuration.

The unshaped power spectrum of the proposed configuration is shown in figure 2 by the curve labelled ‘no overlap’. The power spectrum was obtained from a 10 ms OFDM signal frame. The sampling frequency was equal to 8*7.68 MHz, and the power spectrum was averaged over 30 kHz intervals. The curve corresponding to WCDMA transmitter’s root-raised cosine shaping filter is also included for reference. As can be seen from figure 2, the transition band roll-off is very sharp, while the out-of-band emissions decay slowly. Thus, some spectral shaping is required. One way to achieve this would be to low-pass filter the entire signal. However, the slow roll-off in the out-of band region is caused by the abrupt phase and envelope transitions at OFDM symbol boundaries. To overcome this, OFDM symbol boundaries can be overlapped [3], as illustrated in figure 4. The penalty associated with the shaping is a small reduction of the effective guard interval due to the non-square window shape. Owing to the narrow main lobe, the ‘trapezium’ window shape is and efficient one (linear ramp up, then constant, then linear ramp-down). Figure 2 shows the reduction in out-of-band emissions achieved with different amounts of overlap, using the trapezium window.

Figure 3 compares the out-of-band emissions to the WCDMA transmission mask requirements given in [2]. In the case of the Node B masks, relative emissions are drawn with respect to 99% of the maximum output power, integrated over 5 MHz. In the frequency range 2.5-3.5 MHz, the mask refers to signal power integrated over 30 kHz subbands, and beyond 3.5 MHz it refers to signal power integrated over 1 MHz subbands. In the case of the OFDM emissions, the curves are drawn relative to inband signal power integrated over 5 MHz. Out-of-band signal power was integrated over 30 kHz subbands. In all cases, the signal power integrated over 5 MHz (inband) or 1 MHz (beyond 3.5 MHz) was rescaled onto 30 kHz in order to enable a direct comparison on the same bandwidth on a single graph.

As can be verified from figure 3, a 16-sample overlap is required to obtain compliant out-of-band emissions. The overlap is formed by adding an 8-sample periodic extension at the beginning and the end of each OFDM symbol and combining neighbouring symbols according to the window function. It should be noted that superior alternatives to the trapezium window shape may exist, however, it is unlikely that such alternatives could lead to a radically shorter overlap field.

It should be noted that, due to a high peak-to-average power ratio (PAPR), a regrowth of out-of-band emissions is likely to occur due to transmitter hardware nonlinearities. The exact amount of regrowth will be implementation dependent and the means of overcoming any such regrowth is not a topic for standardization. However, the standard should facilitate various spectral shaping solutions, including e.g. low-pass filtering or windowing, as described above. Therefore, a 16-sample idle region is proposed (consisting of 8 samples at the beginning and end of each symbol) to mitigate any side effects of pulse shaping, such as ISI. Thus, the final temporal structure of the proposed configuration is shown in figure 5. Either 40 or 41 samples remain as the delay spread guard, which is sufficient to absorb a channel delay spread of 5.2 us.

The proposed configuration achieves the useful symbol rate of 4.036 Msym/s. Table 2 shows example achievable bit rates, assuming a 15% channel sounding and signalling overhead.


[image: image4.wmf]...

symbol N-1

symbol N

GI

symbol N+1

GI - guard interval          US - useful symbol

US

GI

US

GI

US

...

symbol N

symbol N-1

symbol N+1

...

...

US

GI

US

GI

US

GI

overlap

prefix

postfix


Figure 4  Top – no pulse shaping (square windowing); bottom – pulse shaping with a non-square window.
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Figure 5  The final temporal structure of the OFDM mode within a 0.667 us timeslot.

Table 2  Achievable bit rates in Mb/s, assuming 15% signalling overhead.

	Coding rate
	QPSK
	16 QAM

	1/2
	3.431
	6.862

	3/4
	5.146
	10.293

	1
	6.862
	13.723


3. Discussion

Besides the above Siemens configuration, a sampling rate-compatible configuration was also proposed by France Telecom [4]. The main features of the France Telecom contribution are repeated in table 3 below. The FFT length is a non-integer power of 2. The configuration occupies a bandwidth of 4.8 MHz, but this could be easily changed to 4.5 MHz by reducing the number of active carriers. The guard interval overhead is relatively small: 6.25%, because of a shorter guard interval of 5.21 us. However, if an idle field is introduced as suggested above, the effective guard interval will be reduced to 3.13 us, rendering the ISI robustness in Vehicular A and Pedestrian B channels marginal. The subcarrier spacing is equal to 12.8 kHz, giving slightly less Doppler robustness than the Siemens configuration.

Table 3  Parameters proposed in [4].

	Parameter
	Value

	sampling frequency
	7.68 MHz

	FFT size
	600

	useful symbol duration, samples
	600

	guard interval duration, samples / us
	40 / 5.21

	number of OFDM symbols per 0.667 ms timeslot
	8

	Subcarrier spacing
	12.8 kHz

	number of active subcarriers
	375

	total transmit bandwidth
	4.8 MHz


Table 4  Example 1024-point configurations.

	#
	useful symbol
(FFT size), samples
	# OFDM symbols
per 2 ms TTI
	guard interval
 samples / s
	guard interval overhead, %
	comment



	(a)
	1024
	14
	73 / 9.51
74 / 9.64
	6.67
	not compatible with 0.667 timeslot

	(b)
	1024
	13
	157 / 20.44
158 / 20.57
	13.3
	not compatible with 0.667 timeslot

	(c)
	1024
	12
	256 / 33.33
	20.0
	timeslot compatible
(4 symbols per timeslot)


4. Other Issues

4.1. Supporting the 20 us Delay Spread

The issue of 20 us delay spread robustness was raised at the Shanghai meeting. In reply, we demonstrate that the methodology outlined in [1] does allow for such an eventuality. In order to reduce the relative guard time overhead, we focus on 1024-sample configurations instead of 512-sample ones. Table 4 shows two configurations (labelled (b) and (c)) that provide a guard interval of at least 20 us. However, we stress that these configurations lead to a significant overhead penalty. In addition, configuration (b) is not timeslot compatible and the implications of this would have to be carefully examined.

4.2. Configurations Based on a 1024-Point FFT

The issue of compatible 1024-sample configurations was also raised at the Shanghai meeting. In table 4, we show the possible 1024-sample configurations obtained by following the methodology described in [1]. Configuration (a) may be attractive as it provides a desirable guard interval and little overhead, giving a symbol rate of 4.193 Msym/s in a 4.5 MHz bandwidth. However, it is not timeslot compatible and the implications of this would have to be carefully examined.

5. Conclusion

We presented an updated set of physical layer parameters for the OFDM mode. We described an example pulse shaping approach based on overlapping neighbouring OFDM symbols that ensures transmission mask compliance. The overlapping process requires designating idle regions at the beginning and end of each OFDM symbol, which reduces the effective guard period available to absorb the delay spread. However, the remaining delay spread guard is equal to 5.2 us, which is sufficient for Vehicular A or Pedestrian B environments. Other advantages of the proposed configuration include sampling rate compatibility, integer power of 2 FFT length and high robustness to Doppler spread.
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