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1. Introduction

In Athens RAN1#50 it was decided to use extended Zadoff-Chu (ZC) sequences for 3 or more RB, and to create at least 30 “computer generated” sequences for 1 and 2 RB. It was agreed to have the proposals for CG generated UL DM RS to be submitted on the reflector until 7/9. The sequences proposed in this contribution was submitted on the reflector by the 7/9 deadline. The sequence set includes a set of “random” sequences where the Rel-7 scrambling PN generators [1] are used to create QPSK sequences. In addition, to promote improved CM and cross-correlations and reduce storage requirements, some of the ZC sequences for 1 and 2 RB may also be used. 
2.
Desired Properties for Sequence Selection
As noted in [2], desired sequence properties include

•
Low CM

•
Good cross-correlation

•
Low complexity (e.g., memory size)

Using QPSK based sequences upper bounds the memory required for storage at 24 or 48 bits per sequence for 1 and 2 RB, respectively. The existing Rel-7 scrambling generators [1] were considered as they are well known and can be used to “randomly” create sequences. The storage (per sequence) is at most the 24 bits needed to initialize the shift register, potentially less if some of the shift register states can be initialized to known values.

In addition, the mechanism needed to generate extended ZC sequences is already available, and the ZC sequences can be used as part of the set of sequences. Using ZC sequences can further reduce memory and provide excellent CM and cross-correlation properties. However, as there was an expressed desire to have the CM of the computer generated sequences roughly the same as QPSK and the full set of 10 (22) ZC sequences (for 1/2 RB case) has some sequences with higher CM than QPSK, only the best 6 (12) ZC sequences should be used as part of the set.

The next section describes sequence generation based on Rel-7 PN, with and without ZC.
2. RS Sequence Generation

The QPSK RS sequence generation is based on Rel-7 Uplink long scrambling PN generator. The length-N RS sequence (N=12/24 for 1/2 RB) is constructed from N chip segments of a binary m-sequence (denoted as x which is used for the real part, cre,n,of the RS sequence) generated by means of generator polynomial of degree 25 using the primitive (over GF(2)) polynomial  X25+X3+1 as shown in Figure 1.  The imaginary component of the RS sequence, cim,n is a 16777232 chip shifted version of the sequence cre,n.

[image: image1.wmf] 

c

im,n

 

MSB

 

LSB

 

c

re,n

 


Figure 1: RS sequence generator

Let n23 … n0  be the 24 bit binary representation of the RS sequence index n with n0  being the least significant bit. The x sequence depends on the chosen RS sequence index n and is denoted by xn. Furthermore, let xn(i) denote the i:th element of the sequence xn.

The m-sequence xn is constructed as:

Initial conditions:

-
xn(0)=n0 , xn(1)= n1 ,  … =xn(22)= n22 ,xn(23)= n23, xn(24)=1.
Recursive definition of subsequent symbols:

-
xn(i+25) =xn(i+3) + xn(i) modulo 2,
The real valued sequence zn is defined by the BPSK mapping:
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The real-valued RS sequences cre,n and cim,n are defined as follows:


cre,n(i) = zn(i),   i = 0, 1, 2, …, N-1and

cim,n(i) = zn((i + 16777232) modulo (225 – 1))  )),  i = 0, 1, 2, …, N-1.

Finally, the complex-valued QPSK RS sequence cn, is defined as:
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Thus, the “I” and  “Q” components of the QPSK RS sequence based on Rel-7 PN are created by clocking the PN generator 12/24 times from the initial state for the 1/2 RB case. Thus, for 1/2 RB case, the “I” component corresponds to the initial shift register states n0 … n23 
The extended-ZC sequence root indices for 1 and 2 RB with best CM are listed below.
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2 RB (12): 
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The ZC sequences have better CM and cross-correlation properties than randomly generated sequences.
The length-N RS sequence can be time-domain cyclic shifted and is applied to N reference signal sub-carriers of the OFDM modulator as in [4] and also shown in Appendix A. 
3. RS Sequences 

For 1 RB, 36 sequences are listed. The first 6 are extended-ZC.

For 2 RB, 42 sequences are provided. The first 12 are extended-ZC.

Table 1 list the RS sequence index/Initial state corresponding to the 24 LSB bits of shift register for 1 and 2RBs. For 1RB, the 8-bits n23 … n16 are set to 0.
Table 1. RS Sequence Index corresponding to 24 LSB bits of shift register for 1/2RB case.
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The excel spreadsheet in Appendix B lists 36/42 RS sequences for 1/2 RBs.
The CM and cross-correlation statistics are shown in Table 2. The CM of the proposed sequences is less than QPSK CM of 1.2dB.
Table 2. Statistics for RS sequences for 1/2RB case.
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The cross-correlation CDF between all sequences for 1RB and 2RB is shown in Figure 2.
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Figure 2.
Cross-correlation CDF for 1/2 RB RS sequence set (36/42 sequences).

The cross-correlation CDF between sequences of different lengths are shown in Figure 3.
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Figure 3.
Cross-correlation CDF for sequences of different lengths.
4. Storage

The storage requirements vary with whether the sequence is ZC or PN based. For each sequence in the set of 30:
Table 3. Storage requirement for each RS sequences for 1/2RB case.
	Storage Type
	1 RB
	2 RB

	QPSK
	24 bits
	48 bits

	Rel-7 PN-based
	16* bits
	24 bits

	ZC#
	2 bits (root index u)
	4 bits (root index u)


* only 8 of the 24 state bits were set to known values
# need to store only for sequences with root index u < 
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The storage requirements for 30 sequences for 1RB and 2RB are shown in Table 4.
Table 4. Storage requirement for 30 RS sequences for 1/2RB case.
	Storage Type
	1 RB
	2 RB
	Total (savings relative to QPSK)

	QPSK
	720 bits
	1440 bits
	2160 bits

	Rel-7 PN-based
	480 bits
	720 bits
	1200 bits (~45% savings)

	Rel-7 PN-based +ZC
	388 bits
	452 bits
	840 bits (~62% savings)


Both ZC and Rel-7 PN can offer significant savings from QPSK. QPSK storage can always be used if desired for the sequences as well (~2k total bits).

5. Conclusion

For 1 RB, 36 sequences are listed. For 2 RB, 42 sequences are provided. The sequences were provided on the reflector by the 7/9 deadline. If exactly 30 sequences are desired for LTE, two options are available.

Option 1: Rel-7 PN + ZC. Use the first 30 sequences of each set, ~45% memory savings over QPSK.

Option 2: Rel-7 PN. Use the last 30 sequences of each set, ~62% memory savings over QPSK.

Option 1 has some advantages in terms of storage and CM/cross-correlation performance.
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Appendix A –RS Sequence Transmission
The length-Np RS sequence is applied to Np reference signal sub-carriers of the OFDM modulator (i.e., IFFT) as shown in Figure 4. 
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Figure 4.
Transmitter Structure for SC-FDMA Reference Signals – No DFT spreading on RS sequence.

Appendix B –RS Sequences for 1 and 2 RB case
The excel spreadsheet lists 36/42 RS sequences for 1/2 RBs. The first 6/12 sequences are extended ZC with the remaining are QPSK based on Rel-7 PN generator.  The integer (RS sequence index) corresponding to the 16/24-bit binary word for initializing the Rel-7 m-sequence based RS sequence generator as shown in Figure 1 is also provided.
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1RB Length=12

		

				1RB RS  = 6 ZC (Cylic Extension) + 30 PN-generated QPSK

						Extended ZC (N=11)												PN generated QPSK

				Sequence Number		1		2		3		4		5		6		7		8		9		10		11		12		13		14		15		16		17		18		19		20		21		22		23		24		25		26		27		28		29		30		31		32		33		34		35		36

				ZC root index / RS Sequence Index corresponding to 16 LSB bits of shift register state binary word		1		4		5		6 = (N-5)		7 = (N-4)		10 = (N-1)		1296		4819		6167		11416		11554		18811		24117		24223		24740		26304		27300		28999		31301		33354		36156		37395		38718		44877		48685		49790		57022		60534		62772		65062		27881		40052		43037		45993		47523		58306

				CM (dB)		0.171		0.846		0.43		0.43		0.846		0.171		1.043		0.716		1.149		1.167		1.090		0.982		1.071		0.967		1.048		0.914		1.167		1.080		1.194		1.113		1.057		0.824		1.094		1.108		1.122		1.126		0.814		1.135		0.814		1.099		1.122		1.108		0.919		0.929		1.149		1.194

				Real Value of Sequence		1.000		1.000		1.000		1.000		1.000		1.000		0.707		-0.707		-0.707		0.707		0.707		-0.707		-0.707		-0.707		0.707		0.707		0.707		-0.707		-0.707		0.707		0.707		-0.707		0.707		-0.707		-0.707		0.707		0.707		0.707		0.707		0.707		-0.707		0.707		-0.707		-0.707		-0.707		0.707

						0.841		-0.655		-0.959		-0.959		-0.655		0.841		0.707		-0.707		-0.707		0.707		-0.707		-0.707		0.707		-0.707		0.707		0.707		0.707		-0.707		0.707		-0.707		0.707		-0.707		-0.707		0.707		0.707		-0.707		-0.707		-0.707		0.707		-0.707		0.707		0.707		0.707		0.707		-0.707		-0.707

						-0.142		0.841		-0.655		-0.655		0.841		-0.142		0.707		0.707		-0.707		0.707		0.707		0.707		-0.707		-0.707		-0.707		0.707		-0.707		-0.707		-0.707		0.707		-0.707		0.707		-0.707		-0.707		-0.707		-0.707		-0.707		-0.707		-0.707		-0.707		0.707		-0.707		-0.707		0.707		0.707		0.707

						-0.959		0.415		-0.142		-0.142		0.415		-0.959		0.707		0.707		0.707		-0.707		0.707		-0.707		0.707		-0.707		0.707		0.707		0.707		0.707		0.707		-0.707		-0.707		0.707		-0.707		-0.707		-0.707		-0.707		-0.707		0.707		0.707		0.707		-0.707		0.707		-0.707		-0.707		0.707		0.707

						0.841		-0.655		-0.959		-0.959		-0.655		0.841		-0.707		-0.707		-0.707		-0.707		0.707		-0.707		-0.707		-0.707		0.707		0.707		0.707		0.707		0.707		0.707		-0.707		-0.707		-0.707		0.707		0.707		-0.707		-0.707		-0.707		-0.707		0.707		0.707		-0.707		-0.707		0.707		0.707		0.707

						-0.655		-0.959		0.415		0.415		-0.959		-0.655		0.707		0.707		0.707		0.707		-0.707		-0.707		-0.707		0.707		-0.707		0.707		-0.707		0.707		0.707		0.707		-0.707		0.707		-0.707		0.707		-0.707		-0.707		-0.707		-0.707		-0.707		-0.707		-0.707		-0.707		0.707		-0.707		-0.707		0.707

						0.841		-0.655		-0.959		-0.959		-0.655		0.841		0.707		-0.707		0.707		0.707		0.707		-0.707		0.707		0.707		0.707		-0.707		0.707		-0.707		-0.707		-0.707		0.707		0.707		0.707		-0.707		0.707		-0.707		0.707		-0.707		0.707		0.707		-0.707		-0.707		0.707		0.707		0.707		-0.707

						-0.959		0.415		-0.142		-0.142		0.415		-0.959		0.707		-0.707		0.707		-0.707		0.707		0.707		0.707		-0.707		-0.707		-0.707		-0.707		0.707		0.707		0.707		0.707		0.707		0.707		0.707		0.707		0.707		-0.707		0.707		0.707		0.707		-0.707		0.707		0.707		-0.707		-0.707		-0.707

						-0.142		0.841		-0.655		-0.655		0.841		-0.142		-0.707		0.707		0.707		0.707		-0.707		-0.707		0.707		0.707		0.707		0.707		0.707		-0.707		0.707		0.707		-0.707		0.707		-0.707		-0.707		0.707		0.707		0.707		0.707		-0.707		0.707		0.707		0.707		0.707		-0.707		-0.707		-0.707

						0.841		-0.655		-0.959		-0.959		-0.655		0.841		0.707		-0.707		0.707		0.707		0.707		0.707		-0.707		-0.707		0.707		-0.707		-0.707		0.707		-0.707		-0.707		0.707		-0.707		-0.707		-0.707		-0.707		-0.707		-0.707		0.707		0.707		-0.707		0.707		0.707		0.707		-0.707		0.707		-0.707

						1.000		1.000		1.000		1.000		1.000		1.000		-0.707		0.707		0.707		-0.707		-0.707		0.707		-0.707		-0.707		0.707		-0.707		0.707		0.707		0.707		0.707		-0.707		0.707		-0.707		-0.707		-0.707		0.707		-0.707		-0.707		-0.707		-0.707		-0.707		-0.707		0.707		0.707		0.707		0.707

						1.000		1.000		1.000		1.000		1.000		1.000		0.707		0.707		-0.707		-0.707		-0.707		-0.707		-0.707		-0.707		0.707		0.707		-0.707		0.707		-0.707		0.707		-0.707		0.707		0.707		-0.707		-0.707		0.707		-0.707		-0.707		0.707		-0.707		-0.707		-0.707		-0.707		0.707		-0.707		0.707

				Imaginary Value of Sequence		0.000		0.000		0.000		0.000		0.000		0.000		-0.707		0.707		-0.707		0.707		0.707		-0.707		-0.707		0.707		-0.707		-0.707		-0.707		0.707		0.707		0.707		-0.707		-0.707		-0.707		0.707		0.707		-0.707		0.707		-0.707		-0.707		0.707		-0.707		-0.707		-0.707		-0.707		-0.707		-0.707

						-0.541		-0.756		-0.282		0.282		0.756		0.541		-0.707		0.707		0.707		0.707		0.707		0.707		-0.707		0.707		-0.707		0.707		-0.707		-0.707		0.707		0.707		0.707		0.707		0.707		-0.707		-0.707		-0.707		-0.707		-0.707		0.707		-0.707		-0.707		-0.707		0.707		0.707		0.707		-0.707

						-0.990		-0.541		-0.756		0.756		0.541		0.990		0.707		0.707		0.707		0.707		0.707		-0.707		-0.707		-0.707		0.707		0.707		-0.707		-0.707		0.707		0.707		0.707		-0.707		-0.707		0.707		-0.707		0.707		-0.707		-0.707		0.707		-0.707		-0.707		-0.707		0.707		-0.707		0.707		0.707

						0.282		-0.910		0.990		-0.990		0.910		-0.282		-0.707		-0.707		0.707		0.707		-0.707		0.707		-0.707		0.707		-0.707		0.707		-0.707		0.707		0.707		0.707		-0.707		0.707		-0.707		-0.707		-0.707		0.707		0.707		-0.707		-0.707		-0.707		0.707		-0.707		0.707		-0.707		-0.707		-0.707

						0.541		0.756		0.282		-0.282		-0.756		-0.541		-0.707		0.707		-0.707		-0.707		0.707		0.707		-0.707		-0.707		0.707		0.707		-0.707		-0.707		-0.707		0.707		0.707		0.707		-0.707		0.707		-0.707		0.707		-0.707		-0.707		-0.707		-0.707		-0.707		-0.707		-0.707		-0.707		0.707		-0.707

						-0.756		-0.282		0.910		-0.910		0.282		0.756		0.707		0.707		-0.707		0.707		0.707		0.707		0.707		0.707		0.707		-0.707		-0.707		-0.707		0.707		-0.707		0.707		0.707		0.707		-0.707		0.707		-0.707		0.707		0.707		-0.707		0.707		0.707		-0.707		0.707		0.707		-0.707		-0.707

						0.541		0.756		0.282		-0.282		-0.756		-0.541		0.707		-0.707		-0.707		-0.707		-0.707		-0.707		0.707		0.707		0.707		-0.707		0.707		0.707		0.707		-0.707		0.707		-0.707		0.707		-0.707		-0.707		-0.707		0.707		-0.707		-0.707		-0.707		-0.707		0.707		0.707		0.707		0.707		0.707

						0.282		-0.910		0.990		-0.990		0.910		-0.282		0.707		-0.707		0.707		0.707		-0.707		0.707		-0.707		0.707		-0.707		-0.707		0.707		0.707		-0.707		-0.707		0.707		-0.707		-0.707		-0.707		-0.707		0.707		-0.707		0.707		-0.707		0.707		0.707		-0.707		-0.707		0.707		0.707		-0.707

						-0.990		-0.541		-0.756		0.756		0.541		0.990		-0.707		-0.707		-0.707		-0.707		-0.707		0.707		0.707		-0.707		0.707		0.707		0.707		0.707		-0.707		0.707		0.707		0.707		0.707		-0.707		0.707		-0.707		0.707		-0.707		-0.707		-0.707		0.707		-0.707		0.707		0.707		-0.707		0.707

						-0.541		-0.756		-0.282		0.282		0.756		0.541		0.707		0.707		-0.707		-0.707		0.707		-0.707		0.707		-0.707		-0.707		-0.707		-0.707		0.707		0.707		0.707		0.707		0.707		0.707		0.707		-0.707		0.707		0.707		-0.707		-0.707		-0.707		0.707		0.707		0.707		0.707		0.707		-0.707

						0.000		0.000		0.000		0.000		0.000		0.000		0.707		-0.707		0.707		-0.707		0.707		-0.707		-0.707		0.707		-0.707		0.707		-0.707		0.707		0.707		0.707		-0.707		0.707		-0.707		0.707		-0.707		-0.707		0.707		0.707		-0.707		-0.707		-0.707		-0.707		-0.707		-0.707		0.707		0.707

						0.000		0.000		0.000		0.000		0.000		0.000		-0.707		0.707		-0.707		0.707		0.707		-0.707		-0.707		0.707		-0.707		-0.707		-0.707		0.707		0.707		-0.707		0.707		0.707		0.707		-0.707		-0.707		0.707		-0.707		0.707		0.707		-0.707		-0.707		0.707		0.707		0.707		0.707		0.707





2RB Length=24

		

				2RB RS =12 ZC (Cylic Extension) + 30 PN-generated QPSK

						Extended ZC (N=23)																								PN generated QPSK

				Sequence Number		1		2		3		4		5		6		7		8		9		10		11		12		13		14		15		16		17		18		19		20		21		22		23		24		25		26		27		28		29		30		31		32		33		34		35		36		37		38		39		40		41		42

				ZC root index / RS Sequence Index corresponding to 24 LSB bits of shift register state binary word		1		4		6		8		9		11		12 = (N-11)		14 = (N-9)		15 = (N-8)		17 = (N-6)		19 = (N-4)		22 = (N-1)		3376735		3657444		4340788		4555131		4653374		6784476		7020705		8043110		8649752		9258976		9273642		10492388		10697518		10994193		11070674		11262767		13025429		15106244		1565627		1608359		1661884		2020681		3951058		4097353		9102473		10226179		11878221		12855245		14010560		16113554

				CM (dB)		-0.093		0.835		0.677		0.38		0.49		0.179		0.179		0.49		0.38		0.677		0.835		-0.093		1.056		1.158		1.157		1.170		1.083		1.070		0.975		1.140		1.152		1.161		1.188		1.149		1.152		1.190		1.150		0.938		1.169		1.013		1.138		1.085		1.065		1.114		1.157		1.028		1.174		1.097		1.133		1.118		1.070		1.187

				Real Value of Sequence		1.000		1.000		1.000		1.000		1.000		1.000		1.000		1.000		1.000		1.000		1.000		1.000		-0.707		0.707		0.707		-0.707		0.707		0.707		-0.707		0.707		0.707		0.707		0.707		0.707		0.707		-0.707		0.707		-0.707		-0.707		0.707		-0.707		-0.707		0.707		-0.707		0.707		-0.707		-0.707		-0.707		-0.707		-0.707		0.707		0.707

						0.963		0.460		-0.068		-0.577		-0.776		-0.991		-0.991		-0.776		-0.577		-0.068		0.460		0.963		-0.707		0.707		0.707		-0.707		-0.707		0.707		0.707		-0.707		0.707		0.707		-0.707		0.707		-0.707		0.707		-0.707		-0.707		0.707		0.707		-0.707		-0.707		0.707		0.707		-0.707		0.707		0.707		-0.707		0.707		0.707		0.707		-0.707

						0.683		-0.991		0.203		0.963		0.460		-0.917		-0.917		0.460		0.963		0.203		-0.991		0.683		-0.707		-0.707		-0.707		0.707		-0.707		-0.707		0.707		-0.707		0.707		0.707		0.707		-0.707		-0.707		0.707		0.707		-0.707		-0.707		-0.707		0.707		-0.707		-0.707		0.707		0.707		0.707		0.707		0.707		-0.707		-0.707		0.707		0.707

						-0.068		0.963		-0.917		0.854		-0.577		0.683		0.683		-0.577		0.854		-0.917		0.963		-0.068		-0.707		0.707		0.707		-0.707		-0.707		-0.707		0.707		0.707		-0.707		0.707		-0.707		0.707		-0.707		0.707		0.707		-0.707		0.707		0.707		-0.707		0.707		-0.707		-0.707		0.707		-0.707		-0.707		0.707		-0.707		-0.707		0.707		0.707

						-0.917		-0.068		-0.776		-0.991		0.854		0.203		0.203		0.854		-0.991		-0.776		-0.068		-0.917		-0.707		0.707		-0.707		-0.707		-0.707		-0.707		0.707		0.707		-0.707		0.707		0.707		0.707		0.707		-0.707		-0.707		0.707		-0.707		0.707		-0.707		0.707		-0.707		0.707		-0.707		0.707		0.707		0.707		0.707		0.707		0.707		-0.707

						-0.577		-0.776		0.854		0.203		0.683		0.460		0.460		0.683		0.203		0.854		-0.776		-0.577		0.707		-0.707		-0.707		-0.707		-0.707		0.707		-0.707		-0.707		0.707		-0.707		-0.707		-0.707		-0.707		0.707		0.707		-0.707		0.707		0.707		-0.707		-0.707		-0.707		0.707		0.707		0.707		0.707		0.707		0.707		0.707		0.707		0.707

						0.854		-0.577		-0.991		-0.335		0.203		0.963		0.963		0.203		-0.335		-0.991		-0.577		0.854		-0.707		-0.707		0.707		-0.707		0.707		-0.707		0.707		-0.707		0.707		-0.707		0.707		-0.707		0.707		0.707		-0.707		0.707		0.707		-0.707		0.707		0.707		0.707		-0.707		-0.707		-0.707		0.707		0.707		-0.707		-0.707		-0.707		0.707

						0.203		0.683		-0.335		-0.068		0.963		-0.776		-0.776		0.963		-0.068		-0.335		0.683		0.203		0.707		-0.707		0.707		0.707		0.707		-0.707		-0.707		0.707		0.707		-0.707		0.707		-0.707		0.707		0.707		-0.707		0.707		-0.707		-0.707		-0.707		-0.707		-0.707		0.707		-0.707		0.707		-0.707		0.707		0.707		-0.707		-0.707		-0.707

						-0.917		-0.068		-0.776		-0.991		0.854		0.203		0.203		0.854		-0.991		-0.776		-0.068		-0.917		0.707		0.707		0.707		-0.707		-0.707		-0.707		0.707		0.707		0.707		-0.707		-0.707		-0.707		-0.707		0.707		0.707		-0.707		0.707		0.707		-0.707		0.707		-0.707		-0.707		-0.707		-0.707		0.707		0.707		-0.707		-0.707		0.707		-0.707

						0.963		0.460		-0.068		-0.577		-0.776		-0.991		-0.991		-0.776		-0.577		-0.068		0.460		0.963		-0.707		-0.707		0.707		0.707		0.707		0.707		0.707		-0.707		0.707		-0.707		0.707		0.707		-0.707		-0.707		0.707		-0.707		0.707		0.707		-0.707		-0.707		-0.707		0.707		0.707		0.707		0.707		-0.707		-0.707		-0.707		0.707		-0.707

						-0.776		-0.917		-0.577		0.683		-0.991		-0.335		-0.335		-0.991		0.683		-0.577		-0.917		-0.776		-0.707		-0.707		-0.707		0.707		0.707		-0.707		0.707		0.707		-0.707		-0.707		0.707		0.707		0.707		0.707		-0.707		0.707		0.707		0.707		0.707		0.707		0.707		-0.707		0.707		-0.707		-0.707		0.707		-0.707		-0.707		0.707		-0.707

						0.683		-0.991		0.203		0.963		0.460		-0.917		-0.917		0.460		0.963		0.203		-0.991		0.683		0.707		-0.707		-0.707		0.707		0.707		0.707		0.707		-0.707		-0.707		0.707		0.707		-0.707		-0.707		0.707		-0.707		-0.707		0.707		0.707		0.707		-0.707		-0.707		0.707		-0.707		0.707		0.707		-0.707		-0.707		0.707		-0.707		-0.707

						-0.776		-0.917		-0.577		0.683		-0.991		-0.335		-0.335		-0.991		0.683		-0.577		-0.917		-0.776		0.707		0.707		-0.707		0.707		0.707		0.707		0.707		-0.707		-0.707		0.707		0.707		-0.707		-0.707		0.707		0.707		-0.707		0.707		0.707		0.707		0.707		-0.707		-0.707		0.707		0.707		0.707		0.707		-0.707		0.707		0.707		-0.707

						0.963		0.460		-0.068		-0.577		-0.776		-0.991		-0.991		-0.776		-0.577		-0.068		0.460		0.963		0.707		0.707		-0.707		0.707		0.707		0.707		-0.707		-0.707		-0.707		0.707		0.707		0.707		-0.707		0.707		-0.707		0.707		0.707		0.707		-0.707		0.707		0.707		0.707		0.707		0.707		-0.707		0.707		-0.707		-0.707		0.707		0.707

						-0.917		-0.068		-0.776		-0.991		0.854		0.203		0.203		0.854		-0.991		-0.776		-0.068		-0.917		0.707		-0.707		0.707		0.707		0.707		0.707		0.707		0.707		-0.707		-0.707		0.707		0.707		0.707		-0.707		-0.707		-0.707		-0.707		0.707		-0.707		0.707		-0.707		-0.707		-0.707		0.707		-0.707		0.707		0.707		0.707		-0.707		-0.707

						0.203		0.683		-0.335		-0.068		0.963		-0.776		-0.776		0.963		-0.068		-0.335		0.683		0.203		-0.707		-0.707		0.707		-0.707		0.707		-0.707		0.707		-0.707		-0.707		0.707		-0.707		0.707		0.707		-0.707		-0.707		-0.707		-0.707		-0.707		-0.707		-0.707		0.707		-0.707		0.707		-0.707		-0.707		0.707		0.707		0.707		-0.707		-0.707

						0.854		-0.577		-0.991		-0.335		0.203		0.963		0.963		0.203		-0.335		-0.991		-0.577		0.854		-0.707		-0.707		0.707		-0.707		-0.707		-0.707		-0.707		0.707		-0.707		-0.707		-0.707		0.707		-0.707		-0.707		0.707		-0.707		0.707		0.707		-0.707		0.707		-0.707		0.707		0.707		0.707		0.707		0.707		-0.707		0.707		-0.707		-0.707

						-0.577		-0.776		0.854		0.203		0.683		0.460		0.460		0.683		0.203		0.854		-0.776		-0.577		-0.707		-0.707		-0.707		0.707		-0.707		-0.707		-0.707		-0.707		-0.707		0.707		0.707		0.707		-0.707		-0.707		0.707		-0.707		-0.707		-0.707		-0.707		0.707		0.707		-0.707		0.707		-0.707		-0.707		0.707		0.707		0.707		0.707		0.707

						-0.917		-0.068		-0.776		-0.991		0.854		0.203		0.203		0.854		-0.991		-0.776		-0.068		-0.917		0.707		-0.707		0.707		-0.707		-0.707		-0.707		0.707		0.707		0.707		-0.707		-0.707		0.707		0.707		-0.707		0.707		0.707		-0.707		-0.707		-0.707		0.707		0.707		-0.707		-0.707		-0.707		0.707		-0.707		-0.707		-0.707		-0.707		-0.707

						-0.068		0.963		-0.917		0.854		-0.577		0.683		0.683		-0.577		0.854		-0.917		0.963		-0.068		0.707		0.707		0.707		0.707		0.707		0.707		-0.707		-0.707		0.707		-0.707		-0.707		0.707		0.707		0.707		-0.707		-0.707		0.707		0.707		0.707		-0.707		-0.707		-0.707		-0.707		-0.707		-0.707		-0.707		0.707		0.707		0.707		0.707

						0.683		-0.991		0.203		0.963		0.460		-0.917		-0.917		0.460		0.963		0.203		-0.991		0.683		-0.707		-0.707		0.707		0.707		0.707		0.707		0.707		-0.707		0.707		0.707		0.707		0.707		0.707		0.707		0.707		0.707		0.707		0.707		-0.707		-0.707		-0.707		-0.707		-0.707		-0.707		0.707		-0.707		-0.707		0.707		-0.707		-0.707

						0.963		0.460		-0.068		-0.577		-0.776		-0.991		-0.991		-0.776		-0.577		-0.068		0.460		0.963		-0.707		-0.707		0.707		0.707		0.707		-0.707		-0.707		-0.707		0.707		0.707		0.707		-0.707		-0.707		-0.707		-0.707		-0.707		0.707		-0.707		0.707		0.707		0.707		0.707		-0.707		-0.707		0.707		0.707		-0.707		0.707		0.707		-0.707

						1.000		1.000		1.000		1.000		1.000		1.000		1.000		1.000		1.000		1.000		1.000		1.000		0.707		0.707		-0.707		-0.707		-0.707		-0.707		-0.707		-0.707		0.707		0.707		0.707		0.707		0.707		0.707		0.707		0.707		-0.707		-0.707		0.707		0.707		0.707		0.707		0.707		0.707		0.707		0.707		0.707		-0.707		-0.707		-0.707

						1.000		1.000		1.000		1.000		1.000		1.000		1.000		1.000		1.000		1.000		1.000		1.000		0.707		0.707		0.707		0.707		0.707		0.707		0.707		0.707		-0.707		-0.707		-0.707		-0.707		-0.707		-0.707		-0.707		-0.707		-0.707		-0.707		0.707		0.707		0.707		0.707		0.707		0.707		-0.707		-0.707		-0.707		-0.707		-0.707		-0.707

				Imaginary Value of Sequence		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		-0.707		0.707		-0.707		0.707		0.707		-0.707		-0.707		0.707		-0.707		0.707		-0.707		-0.707		0.707		0.707		0.707		0.707		-0.707		0.707		-0.707		-0.707		0.707		-0.707		-0.707		-0.707		-0.707		-0.707		-0.707		0.707		0.707		-0.707
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