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1. Introduction

In the previous meetings, frame structures was defined and mostly accepted by RAN1. To support scalable bandwidths, each bandwidth is assigned with a set of parameter. Since the symbol number of each sub-frame is not even, different lengths of CP have to be applied to match the total number of samples per sub-frame. This contribution identifies problems for that uneven placement and proposes a modification to fix them.

2. Rules for designing CP length

[2] presents the principles, which was taken for calculating the CP length. 

· Cyclic Prefix Duration (Guard Interval)

· ~5 us for unicast, 10-15us for broadcast 

· CP should also be integer number of samples (preferred, but not essential)

Then we derived the set of CPs as table 1, which is the content of TR25.814.

Table 1 - Parameters for downlink transmission scheme
	Transmission BW
	1.25 MHz
	2.5 MHz
	5 MHz
	10 MHz
	15 MHz 
	20 MHz

	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)


Since the multicast sub-frame has 6 symbols, long CP take only one value of 16.67us. The number of samples range from 2^k which k=5..10. That means convenience for digital hardware to process. But it has to differentiate the short CPs. The table 1 also implies the additional rules to design that specific short CP sets.

· Cyclic Prefix Duration (Guard Interval) (Additional rules)

· When same CP length can not be derived for certain kind of sub-frame in one transmission band, two CP lengths should be used.

· The difference between the two CP lengths should not be more than 1 sample. 

3. Unifying CP lengths for different bandwidths

Totally, 8 short CP lengths are in table 1: 4.69, 5.21, 4.95, 4.82, 4.75, 4.73, 4.77, and 4.79. And for different bandwidths, the number for those CP of different lengths ranges from 1 to 6 in a sub-frame. That means the uni-cast symbols are not aligned in time dimension for different bandwidths. Figure 1 illustrates the situation. 

Figure 1.   8 CP lengths for all bandwidths
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When UE try to search cell, it must search different bandwidths of cell. The synchronization could be a little difficult, since it must match different bandwidth with different CP pattern. FFT synchronization must synchronization at sample level. It has to match six CP pattern. 

One solution could be reached by changing the additional rules to the following:

· If two CP lengths are applied in one sub-frame, only one longer CP lengths should be used. 

Figure 2 Two CP lengths for all bandwidths
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Table 2

	FFTsize
	Sample per sub-frame (0.5ms)
	Symbol samples for 7 symbol case
	Remain samples
	“Longer” short CP
	“Shorter” short CP

	128
	960
	896
	64
	10
	9

	256
	1920
	1792
	128
	20
	18

	512
	3840
	3584
	256
	40
	36

	1024
	7680
	7168
	512
	80
	72

	1536
	11520
	10752
	768
	120
	108

	2048
	15360
	14336
	1024
	160
	144


The arrangement has several benefits:

1.The synchronization for different bandwidth is simplified.

2.Implementation would be easier, since the CP ratio is fixed 10 samples (longer)/ 9 samples (shorter). If we put the longer CP into a fixed position, some specific signal could be enhanced.
4. Recommendation

By the slight change of rules for CP design, we derive a simpler CP arrangement. The attached TP shows that uniformed of 4.69us/5.21us can be achieved. 

---------------------------------Start of Text Proposal--------------------------------------------
The following text proposal is for TR25.814.

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,

(4.82/40) ( 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)


---------------------------------End of Text Proposal---------------------------------------------
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