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1 Introduction
One of the requirements of ETURA in TR 25 913[1] is to support scalable bandwidth. To fulfill this requirements, TR 25.814 [2] gives 6 sets of transmission parameters in the downlink  to support 1.25MHz, 2.5MHz, 5MHz, 10MHz, 15MHz, 20MHz transmission bandwidth respectively:

Table 7.1.1-1 - Parameters for downlink transmission scheme
	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
	256
	512
	1024
	1536
	2048

	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) ( 5,
(4.95/19) ( 2
	(4.69/36) ( 3,

(4.82/37) ( 4
	(4.75/73) ( 6,

(4.82/74) ( 1
	(4.73/109) ( 2,

(4.77/110) ( 5
	(4.75/146) ( 5,

(4.79/147) (2

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


Each transmission bandwidth has its own sampling frequency and FFT size which will lead to the diversity of specification for base station and user equipment. Another problem is, the FFT size for 15MHz bandwidth is not the power of 2, this means higher complexity in the algorithm and computation.

2 Principle for one chip rate to support multiple transmission bandwidth in OFDM based multiple access technology

OFDM is the basic operation in EUTRA multiple access. Unlike TDM or CDM in which the bandwidth is mainly determined by base band chip rate,  the base-band bandwidth in OFDM can be easily controlled through setting the power of part of the sub-carriers to zero. 

If the base band chip rate is fchip, according to Shannon’s sampling theory, the base band bandwidth is [-fchip/2, fchip/2]. When the base band signal is modulated on carrier frequency fc, the frequency band on RF is [fc - fchip/2, fc＋fchip/2].

If we limit the bandwidth of the base band signal in [f- , f＋] ( [- fchip/2, fchip/2], which is a subset of the possible largest base band bandwidth, when modulated onto fc, the RF frequency band is  [fc ＋f-,  fc＋f＋], which can be rewrite as [fc +(f＋+f-)/2 - (f＋-f-)/2,  fc+(f＋+f-)/2+(f＋-f-)/2].  This is equivalent to a base band signal with a chip rate of  (f＋-f-) is modulated to a carrier frequency fc +(f＋+f-)/2.  So, the OFDM operation provide means to control the equivalent carrier frequency and bandwidth in the base band within the limitation of it’s largest possible base band bandwidth. The following figure is an illustration in which a 7.68MHz chip rate can support one 5MHz bandwidth and 2  2.5MHz bandwidth:


[image: image1]
· Virtual sub-carrier is the sub-carrier outside  the transmission bandwidth, it’s power should be set to zero.

· Guard sub-carrier is the sub-carrier inside the transmission bandwidth, however it’s power is set to zero to act as the guard band between adjacent carriers. The number of guard sub-carriers can be further studied according to the RF requirements.

· Effective sub-carrier is the sub-carrier to carrier the user data and signaling.

Fig.1 Illustration of one chip rate to support multiple transmission bandwidth

3 Solution for reduced set of transmission parameters
According to the analysis in the above section, we suggest to reduce the set of transmission parameter, one example is as the following table:

Table 7.1.1-1 - Parameters for downlink transmission scheme
	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

	Chip rate
	7.68 MHz
(2 ( 3.84 MHz)
	30.72 MHz
(8 ( 3.84 MHz)

	FFT size
	512
	2048

	Number of virtual 
sub-carriers
	429
	346
	179
	1382
	1048
	715

	Number of guard 
sub-carriers
	7
	15
	32
	65
	99
	132

	Number of effective 
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
	(4.69/36) ( 3,

(4.82/37) ( 4
	(4.75/146) ( 5,

(4.79/147) (2

	
	Long
	(16.67/128)
	(16.67/512)


In this solution, a 7.68MHz chip rate and 512 FFT size are used  to support 1.25MHz, 2.5MHz and 5MHz transmission bandwidth, and 30.72MHz chip rate and 2048 FFT size to support 10MHz, 15MHz and 20MHz transmission bandwidth.  The consideration is, with the development of IC technology, a higher rate IC chip is not necessarily expensive than a lower rate one.  If we reduce the number of specifications,  the large scale economical effect will decrease the cost obviously, especially for the user terminal chipset.

Another aspect is, operators may deploy different transmission bandwidth in different country and area. The harmonization of basic physical layer transmission parameter may facilitate the roaming among the different bandwidth systems belonging to different operators just by adjusting a few parameter which can be modified by higher layer signaling.

Thirdly, it’s well known that the SDR is a promising technology in the future wireless communication system.  At the present period, the digitalization at the RF frequency is still a difficulty because of sampling rate limitation of the A/D converter. However, with the development of IC technology, we can continually increase the base-band chip rate and sampling rate to enlarge the frequency range which can be controlled at the base-band in the OFDM based MA technology. This paves the way to achieve the ultimate objective of SDR smoothly. 

4 Text proposal
-------------------------------------Start of text proposal----------------------------------------------------------

7.1.1
Basic transmission scheme

The downlink transmission scheme is based on conventional OFDM using a cyclic prefix, with a sub-carrier spacing (f = 15 kHz and a cyclic-prefix (CP) duration TCP (4.7/16.7 (s (short/long CP). Assuming that a 10 ms radio frame is divided into 20 equally sized sub-frames, this parameter set implies a sub-frame duration Tsub-frame = 0.5 ms. The basic transmission parameters are then specified in more detail in Table 7.1.1-1 below. It may be noted that numerology specified below are for evaluation purpose only.

Table 7.1.1-1 - Parameters for downlink transmission scheme
	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

	Chip rate 
	7.68 MHz
(2 ( 3.84 MHz)
	30.72 MHz
(8 ( 3.84 MHz)

	FFT size
	512
	2048

	Number of virtual 
sub-carriers&
	429
	346
	179
	1382
	1048
	715

	Number of guard 
sub-carriers&&
	7
	15
	32
	65
	99
	132

	Number of effective 
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
	(4.69/36) ( 3,

(4.82/37) ( 4
	(4.75/146) ( 5,

(4.79/147) (2

	
	Long
	(16.67/128)
	(16.67/512)


& Virtual sub-carrier is the sub-carrier outside  the transmission bandwidth, it’s power should be set to zero.
&& Guard sub-carrier is the sub-carrier inside the transmission bandwidth, however it’s power is set to zero to act as the guard band between adjacent carriers. The number of guard sub-carriers can be further studied according to the RF requirements.
†Includes DC sub-carrier which contains no data

†† This is the assumption for the baseline proposal. Somewhat more carriers may be possible to occupy in case of the wider bandwidth
*: {(x1/y1) ( n1, (x2/y2) ( n2} means (x1/y1) for n1 OFDM symbols and (x2/y2) for n2 OFDM symbols
The sub-frame duration corresponds to the minimum downlink TTI. The possibility to concatenate multiple sub-frames into longer TTIs, e.g. for improved support for lower data rates and QoS optimization, should be considered.
Note that the sub-carrier spacing is constant regardless of the transmission bandwidth. To allow for operation in differently sized spectrum allocations, the transmission bandwidth is instead varied by varying the number of OFDM sub-carriers. The necessity for supporting an additional longer cyclic-prefix duration, see Table 7.1.1-1, is under consideration. The longer cyclic prefix should then target multi-cell broadcast and very-large-cell scenarios.
-------------------------------------End of text proposal----------------------------------------------------------
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