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1. Introduction

This document provides evaluation results for proposed CG UL DM RS from six companies: Nokia, Motorola, Qualcomm, Texas Instruments, Sharp, and LGE.
The results for most recent proposals are presented. As for the Motorola’s proposal, we’ve only evaluated the sequence set which includes extended ZC sequence.
We evaluate them to focus on following three criteria based on [1];

· Impact of cross-correlations on BLER applying circular shift and sequence hopping
· Cubic Metric

· Memory size
We have further described the detailed methodologies and simulation parameters in each section.

2. Proposed unified closed-form expression for 1/2 RB sequence
Our proposed CG sequence with unified closed-form expression is given by equation (1).
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 which is ZC sequence.

· Otherwise, 
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The exact values of u0, u1, u2 for 1/2 RB are presented as Table 1.
Table 1 Proposed sequence coefficients

	Sequence index
	1 RB sequence
	2 RB sequence

	
	u0
	u1
	u2
	u1
	u2

	0
	0
	8
	8
	8
	8

	1
	0
	32
	32
	32
	32

	2
	0
	40
	40
	48
	48

	3
	0
	48
	48
	64
	64

	4
	0
	56
	56
	72
	72

	5
	0
	80
	80
	88
	88

	6
	0
	9
	21
	96
	96

	7
	0
	19
	10
	112
	112

	8
	0
	20
	52
	120
	120

	9
	0
	26
	0
	136
	136

	10
	0
	27
	56
	152
	152

	11
	0
	61
	0
	176
	176

	12
	0
	62
	42
	6
	119

	13
	2
	13
	37
	10
	3

	14
	2
	25
	28
	25
	0

	15
	2
	42
	54
	29
	181

	16
	3
	62
	2
	35
	3

	17
	5
	38
	61
	44
	98

	18
	6
	52
	1
	51
	4

	19
	6
	63
	6
	54
	2

	20
	7
	56
	60
	58
	1

	21
	10
	33
	10
	68
	3

	22
	10
	44
	8
	109
	2

	23
	10
	60
	53
	114
	195

	24
	11
	38
	7
	125
	2

	25
	14
	51
	12
	130
	14

	26
	16
	3
	8
	140
	9

	27
	18
	29
	10
	149
	59

	28
	18
	50
	25
	159
	106

	29
	19
	62
	44
	178
	1


Note that some of the original extended ZC sequences are included in the proposed set. (pink colour in Table 1)
· For 1RB sequence set, 6 extended ZC sequences are included in the proposed set. (index 0~5)

· For 2RB sequence set, 12 extended ZC sequences are included in the proposed set. (index 0~11)

The proposed sequence sets can be also found in the following attached files;
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The advantages of using the proposed closed form expression are as follows;

· No additional generator for 1 and 2 RB UL DM RS is required.

· Polynomial-phase generator already exists for 3RB and above. Thus, it can be reused for 1RB and 2RB.
· Keeps the commonality for all RBs.
· Generation process is simple and well known as it is already used in many of the LTE specifications (ie. Cyclic extended Zadoff-Chu form)
· The entire computer generated DM RS sequences can be stored using only small amount of memory space.
· The coefficients of the generation form only need to be stored in the memory.
3. Cross-correlation
3.1 Correlation profiles
Cross-correlation profiles for all cyclic shifts are shown in Figure 1 (a) to (e) and mean/median values of cross-correlation are summarized in Table 2. 
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(a) 1RB – 1RB                                                                            (b) 1RB – 2RB
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(c) 1RB – 3RB                                                                            (d) 2RB – 2RB
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(e) 2RB – 3RB

Figure 1 CDF of cross-correlation
Table 2 Cross-correlation
[image: image19.emf]Target seq Interferred seq Xcorr CycEXTZC Nokia Motorola Qualcomm TI Sharp LGE

mean 0.276 0.258 0.258 0.256 0.253 0.252 0.257

median 0.284 0.251 0.250 0.236 0.244 0.236 0.246

mean 0.255 0.256 0.256 0.257 0.257 0.255 0.257

median 0.251 0.236 0.242 0.236 0.236 0.236 0.249

mean 0.256 0.257 0.257 0.256 0.257 0.257 0.258

median 0.253 0.242 0.246 0.240 0.243 0.245 0.251

mean 0.199 0.181 0.184 0.180 0.183 0.179 0.184

median 0.203 0.175 0.180 0.169 0.175 0.167 0.185

mean 0.180 0.181 0.181 0.181 0.180 0.180 0.181

median 0.179 0.170 0.176 0.170 0.169 0.171 0.178
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· Observations
All the proposals show similar mean and median cross-correlation profiles under given cases.
3.2 BLER performance in PUSCH/PUCCH
In addition to above numerical evaluations, we evaluated the BLER in PUSCH and the BER for ACK/NAK in PUCCH applying hopping mechanisms in order to investigate the impact of the cross-correlation properties on the practical performance as agreed in the way-forward in Athens meeting [1]. As for PUSCH, circular shift hopping per slot and root sequence hopping per subframe for DM RS is applied in this evaluation. As for PUCCH evaluation, circular shift hopping per symbol and root sequence hopping per subframe were applied. More detailed parameters can be found in Table 3.
Table 3 Simulation parameters for PUSCH/PUCCH
 [image: image20.emf]Parameters

Channel PUSCH PUCCH (ACK/NAK)

Carrier frequency

Bandwidth

Simulation run-time 20,000 subframes 40.000 subframes

MCS QPSK, R=1/3 QPSK 

Simulation cases

(Target RB - Interferred RB)

1RB-1RB, 1RB-2RB, 1RB-3RB,

2RB-2RB, 2RB-3RB 1RB-1RB

Interference model

SNR

Sequence index hopping ON (per subframe) ON (per subframe)

Circular shift hopping ON (per slot) ON (per symbol)

Number of used circular shifts

Number of UEs occupying same BW

within a cell 1 18

Channel model and speed TU6, 30km/h TU6, 3km/h

Channel estimation

Number of antennas

HARQ OFF N/A

Values

2GHz

5MHz

1Tx and 2Rx (MMSE receiver)

1 synchronized interference

10dB

6

DFT based interpolation


The BLER performances for PUSCH from the different proposals are shown from Figure 2 (a) to Figure 2 (e).
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(a) 1RB – 1RB                                                                            (b) 1RB – 2RB
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(c) 1RB – 3RB                                                                            (d) 2RB – 2RB
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(e) 2RB – 3RB

Figure 2 BLER performances in PUSCH
The BER performances for ACK/NAK in PUCCH from different proposals are shown in Figure 3.

[image: image26.emf]-4 -2 0 2 4 6 8 10 12

10

-4

10

-3

10

-2

10

-1

10

0

SIR[dB]

BER

PUCCH for ACK/NACK

EZC

Nokia

Motorola

Qualcomm

TI

Sharp

LGE


Figure 3 BER for ACK/NAK in PUCCH
· Observations
No difference can be found in terms of BLER in PUSCH and BER performance for ACK/NACK in PUCCH applying hopping mechanism. 
3.3 Discussion in terms of cross-correlation
As expected, the small differences in the order of fractional value of cross-correlation provide no difference in the substantial BLER/BER performance. In addition, we can recognize that the max correlation which is distributed at the edge of CDF curve with extremely low percentages (eg. See Figure 1) is effectively averaged by hopping mechanism, which is the current working assumption. After all, the cross-correlation value itself other than mean/median correlation values does not provide exact information about the practical system performance.

4. Cubic metric

Based on LS reply from RAN4 [2], we observe;

· A Release 5/6 HSDPA or potential LTE Power Amplifier (PA) can achieve the maximum nominal power for QPSK.
· It is not feasible to increase the UE output power beyond the maximum nominal output power due to federal regulatory requirements.
It means that HSPA/LTE PA can achieve nominal maximum output power with QPSK. And, if UE increases its output power above that limitation, it definitely violates the regulatory rules, which means low CM does not help coverage-limited situations. It also implies PA (eg. Power Class 3) can cover the swing range of any QPSK signal to radiate nominal maximum output power. Therefore, CM similar to QPSK case is enough for UL DM RS both in PUSCH and PUCCH, unless we ignore RAN4 recommendations.
We evaluate CM for following three cases;
· Un-modulated CM assuming periodic RS transmission

· Calculation of CM for periodic transmission (both 1RB and 2RB sequences are evaluated)
· Modulated CM for PUCCH

· Calculation of CM for one-subframe PUCCH transmission with CP attachment (only 1RB sequences is evaluated)
· Un-modulated CM for  PUSCH

· Calculation of CM for one-subframe PUSCH transmission with CP attachment, in which DM RS along with data are transmitted within a subframe (both 1RB and 2RB sequences are evaluated)
4.1 Un-modulated CM assuming periodic RS transmission
CM values for the sequences are calculated after over-sampling and it was assumed that each sequence is transmitted in a periodic manner without CP attachment. This methodology is the general CM measurement which we have been utilizing (along with many other companies) for the evaluations so far. The periodic CM for UL DM RS is shown in Table 4.
Table 4 Periodic CM
[image: image27.emf]CycEXTZC Nokia Motorola Qualcomm TI Sharp LGE

Mean CM [dB] 0.285 0.839 0.926 0.576 0.280 0.625 0.911

Max CM[dB] 1.501 1.071 1.194 0.657 0.514 0.804 1.174

Min CM[dB] 0.171 0.404 0.171 0.404 0.007 0.007 0.171

Mean CM [dB] 0.704 0.970 0.834 0.424 0.822 0.655 0.822

Max CM[dB] 2.012 1.089 1.190 0.588 0.915 0.818 1.193

Min CM[dB] -0.093 0.795 -0.093 0.238 0.457 0.125 -0.093

1RB seq.

(length 12)

2RB seq.

(length 24)


· Observation
All proposed sequence sets satisfy CM below averaged CM of QPSK case (~1.22dB).

4.2 Modulated CM for PUCCH
This methodology was first introduced by Qualcomm [4] as a measurement for the practical PUCCH transmissions. In this section, we investigate modulated CM for realistic PUCCH transmission which includes circular shift hopping per symbol [1].
The measurement assumptions and configurations are given as follows;

· CQI transmission is assumed.

· All possible combinations for modulation are considered.

· CM values are calculated as if the PUCCH in a subframe unit were transmitted in a periodic manner.
· Randomly generated circular shift hopping pattern was used if applied.

· CP attachment is considered and rectangular filtering for pulse shaping is applied during a PUCCH transmission.

· No root index hopping for the PUCCH transmission
· Preliminary
Before evaluating the each proposal, we first investigate two interesting aspects;
· Effects to CM due to modulation with CP attachment
· Effects to CM due to CP attachment

For each case, we also investigate the effects on CM due to cyclic shift hopping per symbol which is the current working assumption [1].
Figure 4 (a) and (b) show the effect due to modulation in PUCCH in terms of CM.  In Figure 4 (a), we did not apply circular shift hopping, and in Figure 4 (b), we have applied circular shift hopping per symbol basis. As shown in the figures, the impact of modulation on CM is negligible.
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(a) No circular shift hopping                                               (b) with circular shift hopping

Figure 4 Effect due to modulation in PUCCH
Figure 5 (a) and (b) show the effects to CM due to CP attachment in PUCCH. In Figure 5 (a), we have not applied circular shift hopping, and in Figure 5 (b), we have applied circular shift hopping per symbol basis. When a particular waveform of a circular shifted sequence is copied as part of the Cyclic Prefix (in no-hopping case), it could result in slightly high CM depending on what kind of waveform was copied. This is shown in Figure 5 (a). However, when circular shift hopping is applied to the same sequence, this artefact disappears as instantaneous CM will also hop on a symbol basis. Thus, we can only see the averaged CM of the entire PUCCH as shown in Figure 5 (b).
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(a) No circular shift hopping                                               (b) with circular shift hopping

Figure 5 Effect due to CP attachment in PUCCH
· Modulated CM for PUCCH with circular shift hopping
Figure 6 depicts modulated CM measurement results for PUCCH with circular shift hopping per symbol. As shown in the result, all proposals CM are less than QPSK case.
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Figure 6 Modulated CM for PUCCH with circular shift hopping (1RB sequence)
· Observation
All sequence sets can satisfy CM similar to averaged CM of QPSK (~1.22dB) when used in PUCCH. The CM values for all sequences are placed at left side to QPSK CM curve in CDF plotting. 
4.3 Un-modulated CM for PUSCH
The UL DM RS in PUSCH is transmitted along with data. We investigate the CM measurement values for the PUSCH. The QPSK data transmission is assumed and the proposals from different companies are used as the reference symbols, which is embedded once in each slot. The CM values were measured for the entire PUSCH block, assuming that the PUSCH would be transmitted in a periodic manner.
Figure 7 (a) and (b) show cumulative distribution of CM for 1RB and 2RB sequences, respectively. The legend “QPSK” represents periodic transmission purely by QPSK signal, where no DM RS is present. As shown the figures, all the sequences are lower than the QPSK transmission case.
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(a) 1RB sequence                                                                   (b) 2RB sequence
Figure 7 Un-modulated CM for PUSCH

· Observation
The CM distributions for all proposals are lower than pure QPSK transmission in case of PUSCH. 
4.4 Discussion on CM
We see no additional benefit from having sequence with CM much lower than QPSK because it cannot provide any gains in terms of power saving or coverage extension in PUCCH or PUSCH. The current LTE PA can well transmit QPSK data transmission at nominal maximum power and thus have no problem transmitting a well defined a computer generated signal that has CM close to QPSK transmission.

5. Memory Consumption
The memory size determines the chip cost and is related to total size of the modem. If the performance difference from proposed sequence sets is not remarkable, we should consider memory size as the selection criterion of the sequence. Since memory can be critical factor in terms of cost, this will be obviously beneficial in creation of low cost UEs.
The required memory sizes are summarized in Table 5. The sequences from Nokia, Qualcomm, Sharp, and TI are based on frequency domain QPSK (F-QPSK) [3][4][5][6]. Thirty 1RB F-QPSK sequences can be stored in memory using 2*12*30=720 bits. For thirty 2RB F-QPSK sequences, they can be stored in 2*24*30=1440 bits. Motorola’s and LGE’s proposals both include original extended ZC sequence set (6 for 1RB sequence and 12 for 2RB sequence). Therefore, further memory reductions can be possible. That is, only roots for u < 
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 are required and the remaining roots for ZC sequences can be derived from those automatically as mentioned in Motorola’s proposal document [7].

· For Motorola’s proposal,

· 1RB sequence set: 2bits*2 (for ZC) + 16bits*24 (for seed value) = 388 bits
· 2RB sequence set: 4bits*5 (for ZC) + 24bits*18 (for seed value) = 452 bits
· For LGE’s proposal,

· 1RB sequence set: 2bits*2 (for ZC) + {5bits (for u0) + 6bits (for u1) + 6bits (for u2)}*24 = 412 bits

· 2RB sequence set: 4bits*5 (for ZC) + {8bits (for u1) + 8bits (for u2)}*18 = 308 bits

Table 5 Memory comparison
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Memory (bits) 720 388 720 720 720 412

Saving ratio to QPSK (%) 0.00 46.11 0.00 0.00 0.00 42.78

Memory (bits) 1440 452 1440 1440 1440 308

Saving ratio to QPSK (%) 0.00 68.61 0.00 0.00 0.00 78.61

2160 840 2160 2160 2160 720

0.00 61.11 0.00 0.00 0.00 66.67

1RB seq.

(length12)

2RB seq.

(length24)

Total required memory for 1/2RB (bits)

Total saving ratio for 1/2RB to QPSK (%)


· Observation
The distinguishable memory saving can be found in some proposals;
· With Motorola’s proposal, we could have up to ~46% saving in 1RB sequence and up to ~69% saving in 2RB sequence compared with QPSK sequence storage
· With LGE’s proposal, we could have up to ~43% saving in 1RB sequence and up to ~79% saving in 2RB sequence compared with QPSK sequence storage
6. Conclusions

In this document, we presented evaluation results between different proposals for CG UL DM RS. Based on evaluation, our observations can be summarized as follows;
· There is no difference among the proposals in BLER performance.
· There is no CM issue for any of the sequence sets
· All the proposals satisfy CM below QPSK.
· Much lower CM below QPSK does not provide any additional benefits, in terms of coverage extension or power savings
· However, there exists the noticeable difference for required memory size to store RS sequences.
· For 1RB, Motorola’s proposal requires the smallest memory size (saving ~46% compared to QPSK)

· For 2RB, LGE’s proposal requires the smallest memory size (saving ~79% compared to QPSK)
· Overall, LGE’s proposal requires the smallest memory size (saving ~67% compared to QPSK)
Based on above evaluation and discussion, we recommend the proposed 1/2 RB sequences with unified closed-form is adapted for E-UTRA UL DM RS.

References
[1] R1-073878, Samsung, Ericsson, Panasonic, LGE, Freescale, Texas Instruments, Sharp, Qualcomm, Nokia, NSN, Motorola, Nortel, NTT DoCoMo, “UL RS: Outcome of Offline Discussions”
[2] R1-071211, TSG RAN WG4, “Response to LS on FDSS”
[3] R1-07xxxx 3GPP TSG RAN1 Email Reflector, Nokia and Nokia Siemens Networks, “CG UL DM RS Sequences”
[4] R1-07xxxx 3GPP TSG RAN1 Email Reflector, Qualcomm, “Uplink RS for Small RB Allocation”
[5] R1-07xxxx 3GPP TSG RAN1 Email Reflector, Sharp, “Sharp NONCAZAC Sequences”
[6] R1-07xxxx 3GPP TSG RAN1 Email Reflector, TI, “TI UL CG DM RS Seq noCAZAC”
[7] R1-07xxxx 3GPP TSG RAN1 Email Reflector, Motorola, “DM RS for 1RB and 2RB”.

































































































































PAGE  
1

_1252873206.unknown

_1252873242.unknown

_1252873255.unknown

_1252881825.xls
Index table

		

				Sequence
index		u0		u1		u2

				0		0		8		8

				1		0		32		32

				2		0		40		40

				3		0		48		48

				4		0		56		56

				5		0		80		80

				6		0		9		21

				7		0		19		10

				8		0		20		52

				9		0		26		0

				10		0		27		56

				11		0		61		0

				12		0		62		42

				13		2		13		37

				14		2		25		28

				15		2		42		54

				16		3		62		2

				17		5		38		61

				18		6		52		1

				19		6		63		6

				20		7		56		60

				21		10		33		10

				22		10		44		8

				23		10		60		53

				24		11		38		7

				25		14		51		12

				26		16		3		8

				27		18		29		10

				28		18		50		25

				29		19		62		44





1RB seq

		real		Sequence index

				0		1		0.84125		-0.14231		-0.95949		0.84125		-0.65486		0.84125		-0.95949		-0.14231		0.84125		1		1

				1		1		-0.65486		0.84125		0.41542		-0.65486		-0.95949		-0.65486		0.41542		0.84125		-0.65486		1		1

				2		1		-0.95949		-0.65486		-0.14231		-0.95949		0.41542		-0.95949		-0.14231		-0.65486		-0.95949		1		1

				3		1		-0.95949		-0.65486		-0.14231		-0.95949		0.41542		-0.95949		-0.14231		-0.65486		-0.95949		1		1

				4		1		-0.65486		0.84125		0.41542		-0.65486		-0.95949		-0.65486		0.41542		0.84125		-0.65486		1		1

				5		1		0.84125		-0.14231		-0.95949		0.84125		-0.65486		0.84125		-0.95949		-0.14231		0.84125		1		1

				6		1		0.47925		-0.93695		0.41542		-0.28173		0.70711		-0.93695		-0.54064		0.14231		0.21257		-0.34946		1

				7		1		0.51027		-0.95949		0.62747		0.95949		0.99427		0.14231		-0.38268		-0.65486		-0.035692		-0.65486		1

				8		1		-0.84125		0.95949		0.84125		1		-0.41542		0.65486		-0.65486		-0.65486		0.65486		-0.41542		1

				9		1		0.59928		-0.84125		-0.47925		-0.65486		-0.34946		-0.41542		0.071339		-0.95949		0.97715		0.14231		1

				10		1		-0.98411		-5.82E-16		-0.51027		-0.14231		-0.89423		-0.90963		-0.035692		-0.65486		-0.24731		-0.98982		1

				11		1		-0.57032		-0.75575		0.73189		-0.95949		-0.51027		-0.98982		0.99427		0.41542		0.89423		-0.54064		1

				12		1		-0.84125		0.75575		0.75575		-0.84125		1		0.75575		0.90963		-0.95949		-0.41542		-0.75575		1

				13		1		-0.34946		0.80054		0.84125		-0.98982		-0.071339		0.47925		0.75575		0.95949		-0.93695		0.21257		1

				14		1		-0.44762		0.90963		-0.68142		-0.65486		0.38268		0.98982		0.68142		1		-0.99936		-0.98982		1

				15		1		-0.90963		-4.29E-16		-0.41542		-1		-0.54064		-0.54064		-0.65486		-0.65486		-0.54064		-0.54064		1

				16		1		-0.80054		-0.28173		0.70711		0.65486		0.70711		0.75575		0.97715		0.84125		-0.99745		-0.90963		1

				17		1		-0.73189		0.99745		-0.99427		-0.98982		0.1069		0.70711		-0.99936		-0.41542		0.98411		0.70711		1

				18		1		-0.68142		-0.071339		-0.99427		0.75575		0.92388		-0.80054		0.82142		0.65486		-0.38268		0.21257		1

				19		1		-0.96894		0.95949		0.51027		0.14231		-0.62747		0.41542		0.51027		0.84125		0.99936		-0.41542		1

				20		1		-0.071339		-0.84125		0.97715		-0.95949		-0.80054		-0.41542		-0.071339		0.41542		0.47925		0.14231		1

				21		1		-0.62747		0.14231		0.89423		-1		0.44762		-0.65486		-0.92388		-0.65486		-0.96894		0.95949		1

				22		1		-0.84125		1		-0.95949		-0.95949		-0.41542		0.41542		-0.95949		-0.95949		-1		0.84125		1

				23		1		0.035692		0.70711		0.96894		0.90963		0.1069		-0.70711		0.24731		-0.84125		0.51027		-0.071339		1

				24		1		-0.73189		0.93695		-0.92388		-0.75575		0.17755		0.99745		-0.1069		0.65486		0.98411		0.99745		1

				25		1		-0.99427		-0.90963		0.77864		0.84125		-0.98411		0.28173		0.035692		-0.95949		0.92388		-1.47E-13		1

				26		1		0.035692		-0.75575		0.3158		0.84125		-0.73189		0.54064		-0.99427		-0.95949		-0.51027		0.98982		1

				27		1		-0.89423		-0.84125		0.44762		0.95949		0.98411		-0.95949		-0.68142		-0.14231		0.98411		-0.84125		1

				28		1		-0.68142		0.93695		-0.99936		0.28173		-0.73189		-0.071339		0.89423		0.95949		-0.82142		-0.70711		1

				29		1		0.41542		-0.65486		2.94E-15		-0.95949		0.95949		0.41542		0.90963		0.84125		0.41542		-0.65486		1

		imag		Sequence index

				0		0		-0.54064		-0.98982		0.28173		0.54064		-0.75575		0.54064		0.28173		-0.98982		-0.54064		-2.33E-15		0

				1		0		-0.75575		-0.54064		-0.90963		0.75575		-0.28173		0.75575		-0.90963		-0.54064		-0.75575		-9.31E-15		0

				2		0		-0.28173		-0.75575		0.98982		0.28173		0.90963		0.28173		0.98982		-0.75575		-0.28173		-9.82E-16		0

				3		0		0.28173		0.75575		-0.98982		-0.28173		-0.90963		-0.28173		-0.98982		0.75575		0.28173		2.16E-14		0

				4		0		0.75575		0.54064		0.90963		-0.75575		0.28173		-0.75575		0.90963		0.54064		0.75575		-1.27E-14		0

				5		0		0.54064		0.98982		-0.28173		-0.54064		0.75575		-0.54064		-0.28173		0.98982		0.54064		-1.96E-15		0

				6		0		-0.87768		-0.34946		0.90963		-0.95949		0.70711		0.34946		-0.84125		-0.98982		-0.97715		-0.93695		0

				7		0		-0.86001		0.28173		-0.77864		0.28173		0.1069		-0.98982		0.92388		-0.75575		-0.99936		-0.75575		0

				8		0		-0.54064		-0.28173		0.54064		7.35E-16		-0.90963		0.75575		0.75575		0.75575		0.75575		-0.90963		0

				9		0		-0.80054		0.54064		-0.87768		-0.75575		0.93695		-0.90963		-0.99745		-0.28173		0.21257		0.98982		0

				10		0		-0.17755		-1		-0.86001		0.98982		-0.44762		-0.41542		0.99936		-0.75575		-0.96894		0.14231		0

				11		0		-0.82142		-0.65486		-0.68142		0.28173		0.86001		-0.14231		0.1069		-0.90963		-0.44762		0.84125		0

				12		0		0.54064		0.65486		0.65486		0.54064		-4.66E-15		-0.65486		0.41542		-0.28173		0.90963		0.65486		0

				13		0		-0.93695		0.59928		0.54064		-0.14231		0.99745		0.87768		0.65486		-0.28173		-0.34946		-0.97715		0

				14		0		-0.89423		-0.41542		-0.73189		-0.75575		-0.92388		0.14231		0.73189		-8.82E-15		0.035692		0.14231		0

				15		0		0.41542		1		0.90963		1.96E-15		-0.84125		-0.84125		0.75575		-0.75575		0.84125		0.84125		0

				16		0		-0.59928		0.95949		-0.70711		0.75575		-0.70711		-0.65486		-0.21257		-0.54064		-0.071339		-0.41542		0

				17		0		0.68142		-0.071339		0.1069		-0.14231		-0.99427		-0.70711		-0.035692		0.90963		-0.17755		0.70711		0

				18		0		-0.73189		0.99745		0.1069		-0.65486		0.38268		-0.59928		0.57032		0.75575		0.92388		0.97715		0

				19		0		-0.24731		-0.28173		-0.86001		-0.98982		0.77864		0.90963		-0.86001		-0.54064		-0.035692		-0.90963		0

				20		0		0.99745		0.54064		-0.21257		0.28173		0.59928		0.90963		-0.99745		0.90963		0.87768		0.98982		0

				21		0		-0.77864		0.98982		0.44762		9.81E-16		-0.89423		0.75575		0.38268		0.75575		0.24731		0.28173		0

				22		0		-0.54064		2.27E-15		-0.28173		-0.28173		0.90963		0.90963		0.28173		0.28173		4.22E-14		-0.54064		0

				23		0		0.99936		0.70711		-0.24731		0.41542		-0.99427		0.70711		0.96894		-0.54064		-0.86001		0.99745		0

				24		0		-0.68142		0.34946		-0.38268		0.65486		-0.98411		-0.071339		0.99427		-0.75575		0.17755		0.071339		0

				25		0		0.1069		0.41542		-0.62747		-0.54064		-0.17755		-0.95949		-0.99936		0.28173		-0.38268		1		0

				26		0		-0.99936		0.65486		-0.94883		-0.54064		-0.68142		-0.84125		0.1069		0.28173		-0.86001		0.14231		0

				27		0		-0.44762		-0.54064		-0.89423		0.28173		0.17755		-0.28173		0.73189		0.98982		0.17755		0.54064		0

				28		0		0.73189		-0.34946		0.035692		-0.95949		-0.68142		-0.99745		-0.44762		-0.28173		-0.57032		-0.70711		0

				29		0		0.90963		0.75575		1		-0.28173		-0.28173		0.90963		-0.41542		-0.54064		-0.90963		0.75575		0
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Index_table

		

				Sequence
index		u1		u2

				0		8		8

				1		32		32

				2		48		48

				3		64		64

				4		72		72

				5		88		88

				6		96		96

				7		112		112

				8		120		120

				9		136		136

				10		152		152

				11		176		176

				12		6		119

				13		10		3

				14		25		0

				15		29		181

				16		35		3

				17		44		98

				18		51		4

				19		54		2

				20		58		1

				21		68		3

				22		109		2

				23		114		195

				24		125		2

				25		130		14

				26		140		9

				27		149		59

				28		159		106

				29		178		1





2RB seq

		real		Sequence index

				0		1		0.96292		0.68255		-0.068242		-0.91721		-0.57668		0.85442		0.20346		-0.91721		0.96292		-0.77571		0.68255		-0.77571		0.96292		-0.91721		0.20346		0.85442		-0.57668		-0.91721		-0.068242		0.68255		0.96292		1		1

				1		1		0.46007		-0.99069		0.96292		-0.068242		-0.77571		-0.57668		0.68255		-0.068242		0.46007		-0.91721		-0.99069		-0.91721		0.46007		-0.068242		0.68255		-0.57668		-0.77571		-0.068242		0.96292		-0.99069		0.46007		1		1

				2		1		-0.068242		0.20346		-0.91721		-0.77571		0.85442		-0.99069		-0.33488		-0.77571		-0.068242		-0.57668		0.20346		-0.57668		-0.068242		-0.77571		-0.33488		-0.99069		0.85442		-0.77571		-0.91721		0.20346		-0.068242		1		1

				3		1		-0.57668		0.96292		0.85442		-0.99069		0.20346		-0.33488		-0.068242		-0.99069		-0.57668		0.68255		0.96292		0.68255		-0.57668		-0.99069		-0.068242		-0.33488		0.20346		-0.99069		0.85442		0.96292		-0.57668		1		1

				4		1		-0.77571		0.46007		-0.57668		0.85442		0.68255		0.20346		0.96292		0.85442		-0.77571		-0.99069		0.46007		-0.99069		-0.77571		0.85442		0.96292		0.20346		0.68255		0.85442		-0.57668		0.46007		-0.77571		1		1

				5		1		-0.99069		-0.91721		0.68255		0.20346		0.46007		0.96292		-0.77571		0.20346		-0.99069		-0.33488		-0.91721		-0.33488		-0.99069		0.20346		-0.77571		0.96292		0.46007		0.20346		0.68255		-0.91721		-0.99069		1		1

				6		1		-0.99069		-0.91721		0.68255		0.20346		0.46007		0.96292		-0.77571		0.20346		-0.99069		-0.33488		-0.91721		-0.33488		-0.99069		0.20346		-0.77571		0.96292		0.46007		0.20346		0.68255		-0.91721		-0.99069		1		1

				7		1		-0.77571		0.46007		-0.57668		0.85442		0.68255		0.20346		0.96292		0.85442		-0.77571		-0.99069		0.46007		-0.99069		-0.77571		0.85442		0.96292		0.20346		0.68255		0.85442		-0.57668		0.46007		-0.77571		1		1

				8		1		-0.57668		0.96292		0.85442		-0.99069		0.20346		-0.33488		-0.068242		-0.99069		-0.57668		0.68255		0.96292		0.68255		-0.57668		-0.99069		-0.068242		-0.33488		0.20346		-0.99069		0.85442		0.96292		-0.57668		1		1

				9		1		-0.068242		0.20346		-0.91721		-0.77571		0.85442		-0.99069		-0.33488		-0.77571		-0.068242		-0.57668		0.20346		-0.57668		-0.068242		-0.77571		-0.33488		-0.99069		0.85442		-0.77571		-0.91721		0.20346		-0.068242		1		1

				10		1		0.46007		-0.99069		0.96292		-0.068242		-0.77571		-0.57668		0.68255		-0.068242		0.46007		-0.91721		-0.99069		-0.91721		0.46007		-0.068242		0.68255		-0.57668		-0.77571		-0.068242		0.96292		-0.99069		0.46007		1		1

				11		1		0.96292		0.68255		-0.068242		-0.91721		-0.57668		0.85442		0.20346		-0.91721		0.96292		-0.77571		0.68255		-0.77571		0.96292		-0.91721		0.20346		0.85442		-0.57668		-0.91721		-0.068242		0.68255		0.96292		1		1

				12		1		-0.5341		-0.23676		0.74238		-0.94226		0.98822		-0.98546		0.92388		-0.68255		0.11923		0.6572		-0.98241		0.13617		0.96738		-0.16991		-0.99287		-0.57668		0.25332		0.79681		0.98241		0.99767		0.99287		0.99942		1

				13		1		0.97547		0.70711		-0.11923		-0.97908		-0.18671		0.98546		-0.76482		0.33488		-0.15306		0.30251		-0.71908		0.99767		-0.31874		-0.93028		0.085266		0.85442		0.99869		0.95314		0.97547		0.97908		0.56265		-0.49011		1

				14		1		0.91028		-0.13617		-0.76482		0.85442		-0.31874		-0.94226		-0.47516		-0.57668		-0.99985		0.2698		0.18671		0.20346		-0.99287		-0.3984		-0.22014		-0.77571		-0.66998		0.99767		-0.98822		0.46007		0.96738		0.73084		1

				15		1		-0.90307		-0.30251		0.3984		0.13617		-0.90307		0.23676		-0.33488		0.99069		0.36685		0.30251		0.94226		1.67E-14		-0.23676		-0.49011		0.77571		0.96292		0.6572		-0.75371		0.2698		-0.63109		0.87166		0.97157		1

				16		1		0.79681		-0.79681		0.73084		-0.94226		-0.87166		-0.98546		-0.20346		0.57668		0.16991		-0.83618		-0.81697		0.2698		0.42948		0.034141		-0.99069		-0.99069		-0.70711		0.97157		-0.99767		0.2698		0.75371		0.23676		1

				17		1		-0.75371		0.99767		0.70711		0.99069		-0.42948		0.81697		-0.16991		0.20346		0.87166		-0.73084		-0.79681		-0.85442		-0.49011		0.51958		0.79681		0.68255		0.87166		-0.97908		0.16991		0.57668		-0.42948		-0.13617		1

				18		1		0.59054		-0.88789		-0.18671		-0.068242		-0.99287		0.94226		0.66998		0.96292		-0.44484		0.97908		0.76482		0.85442		-0.92388		-0.3984		-0.56265		-0.57668		0.085266		0.81697		0.085266		-0.57668		-0.56265		-0.3984		1

				19		1		0.57668		-0.81697		-0.51958		-0.68255		-0.33488		-0.3984		0.13617		-0.91721		0.91721		-0.13617		0.3984		0.33488		0.68255		0.51958		0.81697		-0.57668		-1		-0.63109		0.88789		0.33488		0.46007		0.63109		1

				20		1		0.5341		-0.6572		-0.89561		-0.97908		0.95817		-0.36685		-0.051199		0.77571		0.25332		0.23676		0.80701		-0.13617		-0.47516		0.90307		-0.99985		-0.77571		-0.8267		0.75371		0.94784		0.81697		-0.92388		-0.54845		1

				21		1		0.35092		0.034141		-0.38268		0.99767		-0.5341		-0.30251		0.76482		0.77571		0.96738		-0.93028		-0.94784		-0.2698		-0.50492		-0.49011		-0.31874		-0.91721		-0.96738		0.99476		0.64424		0.88789		-0.5341		-0.75371		1

				22		1		-0.31874		0.33488		-0.414		0.068242		-0.91028		-0.33488		-0.94784		1		0.96738		-0.46007		0.80701		-0.20346		0.69493		0.68255		-0.15306		0.85442		-0.35092		0.91721		0.98241		-0.85442		-0.085266		-0.99069		1

				23		1		0.5341		-0.30251		-0.71908		0.88789		-0.78637		-0.49011		0.76482		0.91721		0.64424		-0.16991		-0.38268		0.97908		0.051199		0.6572		-0.59054		0.20346		-0.97547		0.83618		0.80701		-0.99767		-0.051199		-0.83618		1

				24		1		-0.56265		-0.68255		0.89561		-0.96292		-0.99287		-0.068242		-0.414		0.20346		-0.92388		0.99069		0.5341		0.99069		-0.98822		-0.57668		-0.99869		0.96292		-0.051199		0.57668		-0.15306		0.99069		0.84542		-0.99069		1

				25		1		-0.77571		-0.99767		-0.2698		0.33488		0.99069		0.94226		-0.88789		0.85442		0.96292		-0.2698		0.51958		-0.46007		0.33488		0.13617		0.94226		0.96292		-0.068242		0.63109		9.36E-14		0.91721		-0.85442		0.3984		1

				26		1		-0.8267		-0.90307		-0.99985		0.3984		-0.66998		0.54845		0.38268		-0.96292		0.97547		-0.23676		-0.31874		0.88789		-0.76482		0.83618		0.97547		0.20346		-0.64424		-0.30251		0.31874		-0.51958		-0.22014		-0.49011		1

				27		1		-0.91721		0.93028		0.70711		0.73084		0.88789		-0.97157		0.97157		0.33488		0.068242		0.83618		0.034141		0.13617		-0.99767		-0.79681		-0.99942		0.20346		-0.068242		0.90307		0.23676		0.51958		0.88789		-0.99942		1

				28		1		-0.18671		-0.33488		0.017073		0.91721		0.051199		-0.20346		0.38268		0.96292		-0.84542		0.85442		-0.94784		-0.46007		0.085266		-0.20346		-0.97547		0.20346		0.085266		0.46007		-0.94784		-0.85442		-0.84542		-0.96292		1

				29		1		-0.99636		0.93028		-0.64424		-3.67E-15		0.78637		-0.90307		-0.18671		0.99069		0.2862		-0.79681		-0.93641		-0.3984		0.18671		0.54845		0.69493		0.68255		0.50492		0.10226		-0.50492		-0.97908		-0.66998		0.49011		1

		imag		Sequence index

				0		0		-0.2698		-0.73084		-0.99767		-0.3984		0.81697		0.51958		-0.97908		0.3984		0.2698		-0.63109		0.73084		-0.63109		0.2698		0.3984		-0.97908		0.51958		0.81697		-0.3984		-0.99767		-0.73084		-0.2698		-4.41E-15		0

				1		0		-0.88789		0.13617		-0.2698		0.99767		0.63109		0.81697		0.73084		-0.99767		0.88789		0.3984		-0.13617		0.3984		0.88789		-0.99767		0.73084		0.81697		0.63109		0.99767		-0.2698		0.13617		-0.88789		-1.76E-14		0

				2		0		-0.99767		0.97908		0.3984		0.63109		0.51958		-0.13617		-0.94226		-0.63109		0.99767		-0.81697		-0.97908		-0.81697		0.99767		-0.63109		-0.94226		-0.13617		0.51958		0.63109		0.3984		0.97908		-0.99767		1.95E-15		0

				3		0		-0.81697		-0.2698		-0.51958		-0.13617		-0.97908		-0.94226		0.99767		0.13617		0.81697		-0.73084		0.2698		-0.73084		0.81697		0.13617		0.99767		-0.94226		-0.97908		-0.13617		-0.51958		-0.2698		-0.81697		-3.53E-14		0

				4		0		-0.63109		-0.88789		-0.81697		0.51958		0.73084		-0.97908		0.2698		-0.51958		0.63109		0.13617		0.88789		0.13617		0.63109		-0.51958		0.2698		-0.97908		0.73084		0.51958		-0.81697		-0.88789		-0.63109		-2.55E-14		0

				5		0		-0.13617		-0.3984		0.73084		0.97908		-0.88789		-0.2698		-0.63109		-0.97908		0.13617		-0.94226		0.3984		-0.94226		0.13617		-0.97908		-0.63109		-0.2698		-0.88789		0.97908		0.73084		-0.3984		-0.13617		1.08E-13		0

				6		0		0.13617		0.3984		-0.73084		-0.97908		0.88789		0.2698		0.63109		0.97908		-0.13617		0.94226		-0.3984		0.94226		-0.13617		0.97908		0.63109		0.2698		0.88789		-0.97908		-0.73084		0.3984		0.13617		3.91E-15		0

				7		0		0.63109		0.88789		0.81697		-0.51958		-0.73084		0.97908		-0.2698		0.51958		-0.63109		-0.13617		-0.88789		-0.13617		-0.63109		0.51958		-0.2698		0.97908		-0.73084		-0.51958		0.81697		0.88789		0.63109		2.35E-14		0

				8		0		0.81697		0.2698		0.51958		0.13617		0.97908		0.94226		-0.99767		-0.13617		-0.81697		0.73084		-0.2698		0.73084		-0.81697		-0.13617		-0.99767		0.94226		0.97908		0.13617		0.51958		0.2698		0.81697		1.47E-13		0

				9		0		0.99767		-0.97908		-0.3984		-0.63109		-0.51958		0.13617		0.94226		0.63109		-0.99767		0.81697		0.97908		0.81697		-0.99767		0.63109		0.94226		0.13617		-0.51958		-0.63109		-0.3984		-0.97908		0.99767		-6.08E-14		0

				10		0		0.88789		-0.13617		0.2698		-0.99767		-0.63109		-0.81697		-0.73084		0.99767		-0.88789		-0.3984		0.13617		-0.3984		-0.88789		0.99767		-0.73084		-0.81697		-0.63109		-0.99767		0.2698		-0.13617		0.88789		1.86E-13		0

				11		0		0.2698		0.73084		0.99767		0.3984		-0.81697		-0.51958		0.97908		-0.3984		-0.2698		0.63109		-0.73084		0.63109		-0.2698		-0.3984		0.97908		-0.51958		-0.81697		0.3984		0.99767		0.73084		0.2698		2.16E-13		0

				12		0		-0.84542		0.97157		-0.66998		0.33488		-0.15306		0.16991		-0.38268		0.73084		-0.99287		0.75371		0.18671		-0.99069		0.25332		0.98546		0.11923		-0.81697		-0.96738		-0.60424		-0.18671		0.068242		0.11923		-0.034141		0

				13		0		-0.22014		-0.70711		-0.99287		-0.20346		0.98241		-0.16991		-0.64424		0.94226		-0.98822		0.95314		-0.69493		-0.068242		0.94784		-0.36685		-0.99636		-0.51958		0.051199		0.30251		0.22014		-0.20346		-0.8267		-0.87166		0

				14		0		-0.414		-0.99069		0.64424		-0.51958		0.94784		-0.33488		-0.8799		-0.81697		0.017073		0.96292		-0.98241		0.97908		-0.11923		-0.91721		-0.97547		-0.63109		0.74238		-0.068242		0.15306		-0.88789		0.25332		0.68255		0

				15		0		0.42948		-0.95314		-0.91721		-0.99069		-0.42948		0.97157		-0.94226		0.13617		0.93028		0.95314		0.33488		-1		0.97157		-0.87166		-0.63109		-0.2698		-0.75371		-0.6572		0.96292		-0.77571		-0.49011		0.23676		0

				16		0		-0.60424		-0.60424		0.68255		0.33488		-0.49011		-0.16991		0.97908		-0.81697		0.98546		0.54845		0.57668		0.96292		-0.90307		0.99942		0.13617		-0.13617		0.70711		0.23676		-0.068242		-0.96292		-0.6572		-0.97157		0

				17		0		-0.6572		-0.068242		0.70711		0.13617		-0.90307		0.57668		0.98546		0.97908		-0.49011		0.68255		-0.60424		-0.51958		0.87166		-0.85442		0.60424		0.73084		-0.49011		0.20346		-0.98546		-0.81697		-0.90307		0.99069		0

				18		0		-0.80701		0.46007		-0.98241		-0.99767		0.11923		-0.33488		0.74238		0.2698		-0.89561		0.20346		0.64424		-0.51958		0.38268		-0.91721		-0.8267		0.81697		-0.99636		-0.57668		-0.99636		0.81697		-0.8267		-0.91721		0

				19		0		-0.81697		0.57668		-0.85442		-0.73084		0.94226		-0.91721		-0.99069		-0.3984		0.3984		0.99069		0.91721		-0.94226		0.73084		0.85442		-0.57668		0.81697		-6.86E-15		0.77571		-0.46007		0.94226		0.88789		-0.77571		0

				20		0		-0.84542		0.75371		-0.44484		0.20346		0.2862		0.93028		0.99869		-0.63109		0.96738		0.97157		-0.59054		0.99069		0.8799		0.42948		0.017073		-0.63109		0.56265		-0.6572		0.31874		-0.57668		0.38268		-0.83618		0

				21		0		-0.93641		0.99942		0.92388		0.068242		0.84542		0.95314		-0.64424		0.63109		-0.25332		0.36685		-0.31874		0.96292		-0.86317		-0.87166		0.94784		-0.3984		0.25332		-0.10226		0.76482		-0.46007		0.84542		0.6572		0

				22		0		-0.94784		-0.94226		0.91028		0.99767		-0.414		0.94226		0.31874		-2.45E-15		-0.25332		0.88789		0.59054		0.97908		-0.71908		-0.73084		0.98822		0.51958		0.93641		-0.3984		-0.18671		0.51958		0.99636		-0.13617		0

				23		0		0.84542		-0.95314		-0.69493		-0.46007		-0.61775		-0.87166		0.64424		-0.3984		0.76482		-0.98546		-0.92388		0.20346		-0.99869		-0.75371		0.80701		0.97908		0.22014		0.54845		0.59054		0.068242		0.99869		0.54845		0

				24		0		-0.8267		-0.73084		-0.44484		-0.2698		0.11923		-0.99767		0.91028		0.97908		0.38268		-0.13617		-0.84542		0.13617		-0.15306		0.81697		0.051199		-0.2698		-0.99869		-0.81697		0.98822		0.13617		0.5341		0.13617		0

				25		0		-0.63109		-0.068242		-0.96292		0.94226		-0.13617		0.33488		0.46007		0.51958		0.2698		0.96292		-0.85442		-0.88789		-0.94226		0.99069		-0.33488		-0.2698		0.99767		-0.77571		-1		-0.3984		0.51958		0.91721		0

				26		0		-0.56265		0.42948		-0.017073		-0.91721		0.74238		0.83618		0.92388		0.2698		-0.22014		-0.97157		-0.94784		-0.46007		0.64424		0.54845		0.22014		0.97908		-0.76482		0.95314		0.94784		0.85442		-0.97547		0.87166		0

				27		0		0.3984		0.36685		-0.70711		-0.68255		0.46007		0.23676		0.23676		-0.94226		-0.99767		-0.54845		0.99942		-0.99069		0.068242		0.60424		0.034141		-0.97908		0.99767		-0.42948		-0.97157		-0.85442		0.46007		-0.034141		0

				28		0		0.98241		-0.94226		0.99985		-0.3984		-0.99869		-0.97908		-0.92388		0.2698		0.5341		-0.51958		-0.31874		0.88789		0.99636		0.97908		0.22014		-0.97908		0.99636		-0.88789		-0.31874		0.51958		0.5341		-0.2698		0

				29		0		-0.085266		0.36685		-0.76482		1		-0.61775		-0.42948		0.98241		0.13617		-0.95817		-0.60424		0.35092		0.91721		0.98241		0.83618		0.71908		0.73084		0.86317		0.99476		0.86317		0.20346		-0.74238		-0.87166		0
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