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1. Introduction

At the last WG1#28bis meeting in Espoo, some OFDM reference configurations have been proposed and discussed [1][2][3].

When designing OFDM physical layer parameters for UTRAN we are concerned not only with the propagation environment and power/bandwidth efficiency aims, but also with UTRAN-imposed constraints, such as transmission bandwidth, spectral mask, sampling rate and temporal structure. Some proponents [1],[2] suggest integer power-of-two OFDM symbol lengths at the expense of changing the sampling rate. Others [3],[4] propose non-integer power-of-two OFDM symbol lengths while retaining sampling rate compatibility.

This paper summarises some requirements for such a reference configuration for the OFDM physical layer and identifies a possible way, how to maintain both integer power-of-two symbol length and the UTRAN sampling grid compatibility. This is achieved by relaxing the constraint of equal guard period for all OFDM symbols in a transmission interval. Details of this relaxation would need further study wrt to implementation complexity, performance impact, etc.

2. Derivation of the Reference Parameters

In deriving the reference configuration, we initially focus on the following, reduced set of requirements:

1. Chip rate equal to 2*3.84=7.68 Mcps. It is desirable to have a simple harmonic relationship between the OFDM sampling rate and the WCDMA sampling rate for implementation simplicity. A harmonically related clock is likely to be present in transmitter/receiver equipment, obviating the need for extra hardware.

2. FFT size is an integer power of 2. This is required for implementation simplicity. At WG1 meeting 28b concerns were expressed that a 1024-point FFT may be too complex and smaller sizes should be used instead.

3. Guard interval exceeding 5 s. It is not yet clear whether a single or multiple reference configurations will be investigated under the OFDM Study Item. However, there is an agreement that a guard period exceeding 5 s should be in place in at least one configuration [2,3]. This is required to support the Pedestrian B and Vehicular A channel models (excess delay 2.51 and 3.7 us respectively) and to account for any time-domain windowing.

4. Guard interval <15% of total symbol. This is in place to limit the time overhead associated with the guard interval.
The above must be satisfied within the existing UTRAN temporal structure. That is, one must segment the smallest UTRAN temporal unit, T, into a number of OFDM symbols. For example, this could be achieved by dividing T into N sub-units of equal length T/N, where N is the number of OFDM symbols. This approach, taken by the proponents so far [1][2][3], lead to configurations satisfying either constraints 1. 3. 4. or 2. 3. 4. above, but not to satisfying the constraints 1. and 2. together.

In this contribution, we consider a relaxation of the equal-length constraint. Suppose that there are KT samples within the time interval T (with the sampling rate of 7.68 Mcps) and that KT is to be segmented into N OFDM symbols. We choose the number of samples allocated to the ith OFDM symbol as equal to K1 + K2,i where:
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is the fixed component, and K2,i is a variable component equal to either 0 or 1, with the constraint 
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. It should be noted that 
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 denotes integer rounding of x towards zero. The non-zero K2,i’s can be arbitrarily distributed among the guard intervals of the N OFDM symbols.

We consider below the case where T is equal to the timeslot duration of 0.667 ms for maximum compatibility with the existing UTRAN temporal structure. However, we feel that preserving WCDMA-specific timeslots in the OFDM mode is not mandatory, and other possibilities such as T=2 ms should not be ruled out.
There are KT = 5120 samples in a 0.667 ms timeslot given the sampling rate of 7.68 Mcps. Table 1 lists a number of segmentations of KT into OFDM symbols; the segmentations that adhere to the design constraints are highlighted in bold. It should be noted that the duration of the guard intervals (samples and s) in table 1 is approximate and originates from the fixed component K1 alone. From the two configurations that satisfy design constraints, we pick the 512-point configuration for reasons of higher guard interval (7.29 s vs. 5.86 s) and lower overhead (10% vs. 15%).

Table 1  OFDM parameters retaining 0.667 ms slot structure.

	useful symbol (FFT size), samples
	Number of OFDM symbols per 0.667 ms timeslot
	guard interval, samples / s
	guard interval overhead, %
	comment



	4096
	1
	1024 / 133
	20
	

	2048
	2
	438 / 57.0
	20
	

	1024
	4
	256 / 33.3
	20
	

	512
	9
	56 / 7.29
	10
	reference configuration

	512
	8
	128 / 16.7
	20
	

	256
	19
	13 / 1.69
	4.8
	

	256
	18
	28 / 3.65
	9.9
	

	256
	17
	45 / 5.86
	15
	

	256
	16
	64 / 8.33
	20
	

	128
	39
	3 / 0.39
	2.3
	

	128
	38
	6 / 0.78
	4.5
	

	128
	37
	10 / 1.30
	7.2
	

	128
	36
	14 / 1.82
	9.9
	

	128
	35
	18 / 2.34
	12.3
	

	128
	34
	22 / 2.86
	14.7
	

	128
	33
	27 / 3.52
	17.4
	


For the reference configuration, the fixed component of every OFDM symbol is equal to 512+56 = 568 samples. The total of the variable component is equal to 5120-9*568 = 8 samples. These can be allocated to the individual OFDM symbols as follows:
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The resulting temporal structure of the OFDM mode is shown in figure 1. The 0th symbol differs from the remaining symbols by a single guard interval sample. The guard interval may be split into prefix and postfix fields for any time-domain windowing or power amplifier ramp up/down; this is left for further consideration and discussion. A summary of the proposed reference configuration parameters is given in table 2.
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Figure 1  Temporal structure of the OFDM mode within a 0.667 us timeslot.

Table 2  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
	320

	total transmit bandwidth
	4.80 MHz


3. Discussion

3.1 Robustness to Doppler

We now consider the sensitivity of the proposed configuration to the Doppler effect. It is desirable that the OFDM mode operates at mobile speeds of up to 120 km/h. The OFDM symbol duration is approximately equal to 74 us. Assuming the channel coherence time equal to t0 = 1/4fd , a number of values of t0 for different mobile speeds and carrier frequencies is given in table 3. Indeed, we find that for a carrier frequency of 2 GHz and mobile speed of 120 km/h the reference configuration provides a sufficient margin against Doppler.

Table 3  Channel coherence times, us.

	carrier frequency, GHz
	v = 50 km/h
	V = 120 km/h
	v = 250 km/h

	2.0
	2700
	1125
	540

	5.0
	1080
	450
	216


3.2 Robustness to Frequency-Selective Fading

Subcarrier separation should be significantly less than the channel coherence bandwidth, f0, to ensure flat fading on single subcarriers. Assuming f0 = 1/4trms, the coherence bandwidth evaluates to 660 kHz for the Vehicular A channel and to 400 kHz for the Pedestrian B channel. For the reference configuration, carrier spacing is equal to 15 kHz, which is over an order of magnitude smaller than channel coherence bandwidths.

3.3 Single vs. Multiple Mode OFDM

Some contributors proposed multiple OFDM configurations to suit different propagation environments [2], [4]. In our view, a single OFDM configuration would be preferred due to network planning issues and UE complexity. The single reference configuration is designed for the ‘worst case’ or ‘near-worst case’ conditions. Nevertheless, the improvement provided by multiple modes will probably not exceed a few percent of peak bit rate, which does not justify the added cost.

3.4 Preserving the 2 ms TTI

In deriving the above reference configuration, the timeslot duration of 0.667 ms was retained. However, we feel that preserving WCDMA-specific timeslots in the OFDM mode is not mandatory, and other possibilities such as preserving the 2 ms HSDPA TTI should not be ruled out. 

4. Conclusions

In this contribution we identified additional requirements for the reference configuration for the OFDM study item and proposed a reference configuration that satisfies these requirements for deployment in the Vehicular A and Pedestrian B environments at high UE speeds. Unlike the configurations contributed so far, the proposed configuration would support both an integer power-of-two FFT and WCDMA clock compatibility on the cost of relaxing the constraint of an equal guard period. Details of this configuration would need further study wrt to implementation complexity, performance impact, spectral mask etc. Also, this reference configuration is based on the requirement of maintaining the slot structure of WCDMA, which still has to be discussed and confirmed within RAN1. In our view, a single OFDM configuration would be preferred due to network planning issues and UE complexity.
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