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On complexity optimisation of SPEED
1. Introduction

In this contribution, two complexity aspects of SPEED are discussed:
· suitable DFT lengths and 
· assessment of complexity.

2. DFT SIZES
At GERAN #48, it was commented that the DFT sizes should exploit synergies with LTE.

This comment is qualified by the SPEED Study Item objective ‎[4] to:

· Minimize hardware impact on base station and mobile station. 

The DFT sizes under consideration in the ongoing investigations on SPEED ‎[1]‎[2]

 REF _Ref283802175 \r \h 
‎[3] are listed in Table 1.
Table 1. DFT and radix sizes in ‎[1]‎[2]

 REF _Ref283802175 \r \h 
‎[3].

	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


                * IDFT needs to be run twice per burst
It is well 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 complexity of the DFT, a restriction has been put on the allowed DFT sizes: any DFT size is permitted (between a maximum and a minimum) as long as it consists of radix sizes 2, 3 and/or 5 ‎[6]. While this restriction applies on uplink, sufficient flexibility exists in the choice of sampling rates on the downlink to also avoid radix sizes other than this. For example in Table 2 (taken from ‎[7]), only radix size 2 is required in all the Transmission BWs except 15 MHz where only radix sizes 2 and 3 are required.
To keep the computational effort and thus the 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 to avoid radix sizes above 5 where possible. Example DFT sizes which fulfil this restriction are depicted in the Annex.
Table 2. Parameters for LTE downlink transmission scheme (based on ‎[7]).

	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)


3. Assessment of Complexity

There are currently three proposals for SPEED ‎[1]

 REF _Ref283802173 \r \h 
‎[2]

 REF _Ref283802175 \r \h 
‎[3]. To conclude on their feasibility as part of the study item on SPEED, it will be necessary to compare their relative complexity as well as their throughput. In this section, two approaches are discussed in relation to assessment of complexity.

The first approach assesses each proposal against a known benchmark. The benefit is that it allows a direct comparison between the SPEED proposals. Given an assumption that SPEED will reduce complexity compared to EGPRS2 (e.g. Study Item justification ‎[1] states “the technique allows reducing receiver complexity for EGPRS2 considerably” and concept proposal ‎[2] states PC-EGPRS2 “Significantly reduces the computational complexity needed to demodulate EGPRS2 radio blocks”), then an appropriate benchmark would be EGPRS2. For example, a specific MCS could be targeted such as the complexity of DAS-12b relative to DAS-12. For an assessment which is more or less independent of the underlying hardware, the complexity of the EGPRS2 benchmark (and the SPEED proposal) could be obtained by assuming only DSP SW implementation (i.e. without HW accelerator options). 
The second approach (which could be considered as a minimum requirement) is for each company to provide an assessment of each proposed enhancement to SPEED. For example, in order to judge their feasibility objectively, a better understanding of complexity is desirable for the following enhancements:
· In proposal ‎[3] (“legacy burst proposal”), the cyclic prefix is sent within the relatively short tail symbols of the burst, which can be expected to place some restriction in performance in case of channels with long delay spreads (e.g. HT channel). To compensate for the greater presence of ISI, the equaliser may require an enhancement and the complexity of that enhancement needs to be assessed.
· While ‎[3] is expected to be more robust against ICI, the proposals in ‎[1] (“Single Block PCE2”) and ‎[2] (“Padded HOM”) provide sub-carrier spacings which may or may not require ICI cancellation. If this enhancement is assumed in the performance comparison, then its complexity should also be assessed.
· Finally, the proposal in ‎[8] introduces symbol rotation as an enhancement to PAR reduction. The rotation is applied adaptively prior to IDFT which means the IDFT needs to be performed as many times as there are rotation angles (in this case three). To determine if this enhancement is a realistic contender in the study, its complexity should also be assessed.
While piecemeal assessment provides better visibility of some of the complexities of the different proposals, it does not allow an objective comparison between the different proposals, hence Nokia Siemens Networks prefers the first approach.

4. Conclusion
To avoid unnecessarily large computational effort for the IDFT and DFT, DFT sizes with radix sizes up to 5 should be clearly preferred to allow for an efficient DSP implementation. This would be in line with the radix sizes allowed for LTE which provide a reasonable restriction.
In order to conclude on the feasibility of the SPEED proposals, two approaches on complexity assessment have been considered. The first is an assessment against a benchmark, such as EGPRS2, in order to allow an objective comparison between the proposals (this is the Nokia Siemens Networks preferred option) and the second is an assessment of any enhancement to SPEED that may require considerable computational effort (such as those identified in this contribution).
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Annnex

	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























































































































































































































































































































































































































































































































































































































	
	
	1 / 4



