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Radix sizes for SPEED 
1. INTRODUCTION

At the SPEED telco #4, a number of companies expressed an interest to have a common maximum number for the radix sizes, to avoid unnecessarily large computational effort for the IDFT and DFT. See also the discussion in ‎[9].

No common value was identified and so to facilitate the discussion, this contribution proposes a common maximum value that is aligned to those adopted in LTE.

The contribution is an update of a similar proposal in ‎‎[6].

2. DFT SIZES

The DFT sizes under consideration in the ongoing investigations on SPEED ‎[1]‎[2]‎[3]‎[7] are listed in Table 1.

Table 1. DFT and radix sizes in ‎‎[1]

 REF _Ref292830151 \r \h 
‎[2]

 REF _Ref292830158 \r \h 
‎[3]

 REF _Ref292830183 \r \h 
‎[7].
	Investigation
	DFT size
	Prime factors
	Radix sizes

	Ericsson ‎[1]
	PC-EGPRS2-A
	144
	2x2x2x2x3x3
	2, 3

	
	PC-EGPRS2-B
	168
	2x2x2x3x7
	2, 3, 7

	Huawei ‎[2]
	PC-EGPRS2-A
	140
	2x2x5x7
	2, 5, 7

	
	PC-EGPRS2-B
	168
	2x2x2x3x7
	2, 3, 7

	Motorola ‎[3]
	PC-EGPRS2-A
	58*
	2x29
	2, 29

	
	PC-EGPRS2-B
	69*
	3x23
	3, 23

	RIM ‎[7]
	PC-EGPRS2-A
	50*
	2x5x5
	2, 5

	
	PC-EGPRS2-B
	65*
	5x13
	5, 13

	* IDFT needs to be run twice per burst


It is understood that very low complexity implementations of the DFT are possible when the radix sizes (prime factors) of the DFT size are small.

Bandwidth in LTE is scalable, and accordingly DFT sizes need to be flexible. To place a limit on the DFT complexity, a restriction has been put on the allowed DFT size: 12·2a·3b·5c for any non-negative of a, b and c and up to a maximum of 1296 ‎‎[4]. The DFT is therefore restricted to radix sizes 2, 3 and 5. The supported DFT sizes are depicted in Table 2.

Table 2. Supported DFT sizes in LTE uplink.
	12, 24, 36, 48, 60, 72, 96, 108, 120, 144, 180, 192, 216, 240, 288, 300, 324, 360, 384, 432, 480, 540, 576, 600, 648, 720, 768, 864, 900, 960, 972, 1080, 1152, 1200, 1296


While this restriction applies to the uplink, sufficient flexibility exists in the choice of sampling rates on the downlink to avoid radix sizes other than those required in the uplink. For example in Table 3 (taken from ‎‎[5]), only radix size 2 is required in all the Transmission BWs except 15 MHz where only radix sizes 2 and 3 are required.
Table 3. Parameters for LTE downlink transmission scheme (based on ‎[5]).
	Transmission BW
	1.25 MHz
	2.5 MHz
	5 MHz
	10 MHz
	15 MHz 
	20 MHz

	Sub-frame duration 
	0.5 ms

	Sub-carrier spacing
	15 kHz

	Sampling frequency 
	1.92 MHz
(1/2 ( 3.84 MHz)
	3.84 MHz
	7.68 MHz
(2 ( 3.84 MHz)
	15.36 MHz
(4 ( 3.84 MHz)
	23.04 MHz
(6 ( 3.84 MHz)
	30.72 MHz
(8 ( 3.84 MHz)

	FFT size
	128=27
	256=28
	512=29
	1024=210
	1536=3·29
	2048=212

	Number of occupied 
sub-carriers†, ††
	76
	151
	301
	601
	901
	1201

	Number of 
OFDM symbols 
per sub frame
(Short/Long CP)
	7/6

	CP length (μs/samples)
	Short
	(4.69/9) ( 6,

(5.21/10) ( 1*
	(4.69/18) ( 6,
(5.21/20) ( 1 
	(4.69/36) ( 6,

(5.21/40) ( 1 
	(4.69/72) ( 6,

(5.21/80) ( 1 
	(4.69/108) ( 6,

(5.21/120) ( 1 
	(4.69/144) ( 6,

(5.21/160) (1 

	
	Long
	(16.67/32)
	(16.67/64)
	(16.67/128)
	(16.67/256)
	(16.67/384)
	(16.67/512)


To keep DSP requirements for calculating the IDFT in the BTS and the DFT in the MS at a reasonable level, it is proposed to follow the LTE approach and avoid radix sizes greater than 5. To fulfil this restriction, a modification to the DFT size can be achieved by modifying the number of time-domain modulated symbols in case of ‎‎[7] or, in the case of mixed mode modulation ‎[8] or padded HOM ‎[2], by shortening or lengthening the cyclic prefix, the training sequence or the guard period. 

3. CONCLUSION

To avoid unnecessarily large computational effort for the IDFT and DFT, it is proposed to only use radix sizes up to 5 to allow for an efficient DSP implementation. This would be in line with the radix sizes allowed for LTE which provide a similar restriction. Exemplary DFT sizes that fulfil this restriction can be found in the Annex.
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ANNEX
Table 4. DFT sizes (between 50 and 200) that fulfil the proposed restriction on radix size.
	DFT size
	Radix sizes

	50
	2, 5

	54
	2, 3

	60
	2, 3, 5

	64
	2

	72
	2, 3

	75
	3, 5

	80
	2, 5

	81
	3

	90
	2, 3, 5

	96
	2, 3

	100
	2, 5

	108
	2, 3

	120
	2, 3, 5

	125
	5

	128
	2

	135
	3, 5

	144
	2, 3

	150
	2, 3, 5

	160
	2, 5

	162
	2, 3

	180
	2, 3, 5

	192
	2, 3

	200
	2, 5
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