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1/ Introduction
The mapping of physical channel symbols in frequency domain seems to be a trivial task that there has been no contribution to explicitly show how it should be done. 
This paper propose the mapping method and corresponding text proposal for [TR 25.814]
2/ Discussion
The mapping is done as illustrated in figure below
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In this figure, 

· N is number of active sub-carriers. According to numerology in Table 7.1.1-1 of [TR 25.814], (N+1) is the number of occupied sub-carriers.

· Nn is set to 37/75/150/300/450/600 when cell transmission bandwidth is 1.25/2.5/5/10/15/20 MHz respectively according to numerology in Table 7.1.1-1 of [TR 25.814] to produce symmetrical radio frequency spectrum around carrier frequency Fc
On the top part of the figure, frequency tones available for carrying physical channel symbols in one OFDM symbol are indexed from 1 to N. These tones are then mapped to NIFFT symbols input to IFFT block as shown in the middle part of the figure. After IFFT and up frequency conversion operation, the positions of tones in radio frequency spectrum at BTS Tx antenna are as shown in the bottom part of the figure.  

3/ Conclusion
In this paper, we propose to explicitly describe how physical channel symbols are mapped in frequency domain. Doing so will establish common assumption that would facilitate further RAN1 description & discussion on different topics such as design of L2/L1 control signalling for shared channel resource allocation, mapping of different sort of physical channels/signals in frequency & time domain.       
4/ Text proposal for TR 25.814
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 (of which, in case of TDD operation, a subset is allocated for downlink transmission), 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

	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) ( 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)


†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.

The mapping and indexing of N available physical channel symbols in one OFDM symbol in frequency domain should be done as illustrated in figure below to achieve symmetrical RF spectrum.
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Figure 7.1.1-1: Mapping of physical channel symbols in frequency domain
According numerology in Table 7.1.1-1, N is 75/150/300/600/900/1200 and Nn is 37/75/150/300/450/600 when transmission BW is 1.25/2.5/5/10/15/20 MHz respectively.

For E-UTRA TDD, the frame structure corresponding to Table 7.1.1-1 is supported.  In addition, a second frame structure is also supported with the intention of providing co-existence with LCR UTRA TDD.  The sampling frequency, FFT size, sub-carrier spacing, and number of occupied sub-carriers is the same as for Table 7.1.1-1. However, with this alternative frame structure, a 10 ms radio frame is divided into 2 equally sized 5 ms sub-frames
 (of which a subset is allocated for downlink transmission), one sub-frame consists of seven traffic time slots (TS0~TS6) and three special time slots, and one example is shown in Figure 6.2.1.1-1. The synchronization and guard period is between TS0 and TS1, whose duration is 0.275ms. Each time slot should contain a small idle period (Timeslot Interval) which can be used for switching guard period from UL to DL time slots. The basic transmission parameters for this alternative frame structure are specified in Table 7.1.1-2 below.
Table 7.1.1-2 - Parameters for downlink transmission scheme (alternative TDD frame structure)
	Transmission BW
	1.25 MHz
	2.5 MHz
	5 MHz
	10 MHz
	15 MHz 
	20 MHz

	Timeslot duration 
	0.675 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 Timeslot
(Short/Long CP)
	9/8

	CP length (μs/samples)
	Short
	7.29/14
	7.29/28
	7.29/56
	7.29/112
	7.29/168
	7.29/224

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

	Timeslot Interval (samples)
	Short
	18
	36
	72
	144
	216
	288

	
	Long
	16
	32
	64
	128
	192
	256


†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

� Note that the term “sub-frame” is, in this case, aligned to the LCR UTRA TDD terminology and not to the terminology currently used for E-UTRA. The E-UTRA term “sub-frame” corresponds to the term “time slot” used here. 
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