3GPP TSG RAN WG1 Meeting #50bis
R1-074396
Shanghai, China, October 8 – 10, 2007

Source:
Panasonic
Title:
Comparison of Computer Generated sequences for E-UTRA uplink 

Agenda Item:
6.2.2

Document for:
Discussion and Decision

1. Introduction

This paper compares the computer generated (CG) sequences of 1RB (length-12) and 2RB (length-24) for uplink RS and spread sequence of PUCCH. In the evaluation we used the latest sequences which are submitted from six companies on RAN1 reflector [3] – [8] .

2. Evaluation Methodology
2.1. Cross-correlation

We evaluate the mean cross-correlation (CC) and the maximum cross-correlation of proposed CG sequences. In order to know the difference of cross-correlation properties among the proposed CG sequences [3] – [8] , we evaluate the followings.

· Mean cross correlation
· This would be the most important metric for sequence selection, because the higher mean cross-correlation causes higher inter-cell interference among neighboring cells.
· CDF of the normalized cross-correlation of whole values of all sequence pairs and all shifts except pair of the same sequence index

· These results are obtained just for comparison to the results from other companies.

· CDF of the peak cross-correlation of all sequence pairs (one cross-correlation value per pair) except pair of the same sequence index

· Distribution of the peak cross-correlation of all possible sequence pair can be seen. These results would be the second most important metric, especially length-12 (1RB) used for ACK/NACK transmission, in order to estimate the worst case of the instantaneous performance (e.g. BLER for CQI, PUCCH, BER for ACK/NACK) as shown in Appendix A [2] . The peak cross-correlation should be low and near the mean cross-correlation.

· PDF of the mean cross-correlation of all sequence pairs (one cross-correlation value per pair) except pair of the same sequence index

· Distribution of the mean cross-correlation of all possible sequence pair can be seen. These results would be an important metric in order to estimate the variation of performance (e.g. BLER, BER) deference of each possible sequence pair. The mean cross-correlation of each sequence pair should be low and near the mean cross-correlation of all over the sequence pair.

In order to take into account the cross-correlation values at fractional chip time offsets between sequence pair, we used up-sampled cross-correlation as discussed in [9] . In our evaluation 512-point IFFT is used as up-sampler for all sequence lengths.
In addition, the cross-correlation results are obtained with every possible frequency offsets (2 or 3) when the sequence lengths are different.
2.2. Cubic Metric

We evaluate the mean cubic metric (CM) and the maximum CM of proposed CG sequences. As detailed evaluation method, we use the following:
· The simplest method is to calculate the CM of just up-sampled CG sequence,
· The realistic method is to calculate the CM from the modulated CG sequence with QPSK (as CQI transmission).
3. Evaluation Results

3.1. Cross-correlation

In this section we compare the following cross-correlation properties

· Mean cross correlation and Maximum (peak) cross correlation

· CDF of the normalized cross-correlation of whole values

· CDF of the normalized cross-correlation of the peak values (one value per combination)

· PDF of the normalized cross-correlation of the mean values (one value per combination)

The mean and the maximum cross-correlation values are summarized in Table 1. 

Table 1 Cross-Correlation (CC) Results among 1RB, 2RB and 3RB.

	
	1RB (( 1RB
	1RB (( 2RB 
	1RB (( 3RB
	2RB (( 2RB
	2RB (( 3RB 

	
	Mean CC
	Max CC
	Mean CC
	Max CC
	Mean CC
	Max CC
	Mean CC
	Max CC
	Mean CC
	Max CC

	Qualcomm
	0.26 
	0.72 
	0.26 
	0.76 
	0.26 
	0.73 
	0.18 
	0.60 
	0.18 
	0.58 

	Nokia
	0.26 
	0.82 
	0.26 
	0.82 
	0.26 
	0.86 
	0.18 
	0.61 
	0.18 
	0.62 

	Motorola
	0.26 
	0.87 
	0.26 
	0.93 
	0.26 
	1.00 
	0.18 
	0.58 
	0.18 
	0.93 

	Texas Instruments 
	0.25 
	0.88 
	0.26 
	0.89 
	0.26 
	0.84 
	0.18 
	0.67 
	0.18 
	0.66 

	Sharp
	0.25 
	0.93 
	0.26 
	0.86 
	0.26 
	0.87 
	0.18 
	0.89 
	0.18 
	0.69 

	LG
Electronics
	0.26 
	0.95 
	0.26 
	0.99 
	0.26 
	1.00 
	0.18 
	0.72 
	0.18 
	1.00 


3.1.1 Normalized cross correlation of whole values

The evaluation results of CDF of the normalized cross-correlation of whole values of all sequence pairs except pairs of the same sequence index are shown in Figure 1.
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(a) 1RB and 1RB
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(b) 1RB and 2RB                                                        (c) 1RB and 3RB
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(d) 2RB and 2RB                                                        (e) 2RB and 3RB 

Figure 1 CDF of normalized cross correlation.

Observation

No remarkable difference among proposed CG sequences

3.1.2 Peak cross correlation

The evaluation results of CDF of the peak cross-correlation of all sequence pairs (one peak cross-correlation value per pair) except pair of the same sequence index are shown in Figure 2.
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(a) 1RB and 1RB
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(b) 1RB and 2RB                                                        (c) 1RB and 3RB
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(d) 2RB and 2RB                                                        (e) 2RB and 3RB 

Figure 2 CDF of peak cross correlation.

Observation

As a whole, the Qualcomm proposal shows the lower peak cross-correlation compared to all other proposals.
3.1.3 Mean cross correlation

The evaluation results of PDF of the mean cross-correlation of all sequence pairs (one mean cross-correlation value per pair) except pair of the same sequence index are shown in Figure 3.

[image: image11.emf]0.1 0.12 0.14 0.16 0.18 0.2 0.22 0.24 0.26 0.28

0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0.4

0.45

0.5

Cross correlation PDF of 1RB <-> 1RB

Cross-correlation value

PDF

 

 

Qualcomm

Nokia

Motorola

TI

Sharp

LGE


(a) 1RB and 1RB
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(b) 1RB and 2RB                                                        (c) 1RB and 3RB
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(d) 2RB and 2RB                                                        (e) 2RB and 3RB 

Figure 3 PDF of mean cross correlation

Observation

From the variation of mean cross-correlation perspective, the difference among proposed CG sequences is negligible for 1RB and 2RB. For 2RB, LGE proposal shows slight different distribution, however, the difference is just 0.01-0.02, this would be negligible. 

3.2. Cubic Metric

In this section we compare the cubic metric (CM) property. The mean and the maximum cubic metric (CM) values are summarized in Table 2, and the evaluation results of CM of proposed GC sequences are shown in Figure 4 in case of non-modulated signals, and shown in Figure 5 in case of modulated signals, respectively.
Table 2 Cubic Metric Results of proposed CG sequences.

	
	CM of non-modulated signals 
	CM of modulated signals

	
	1RB
	2RB
	1RB
	2RB

	
	Mean
	Max
	Mean
	Max
	Mean
	Max
	Mean
	Max

	Qualcomm
	0.58
	0.66
	0.42 
	0.59 
	0.57 
	0.79 
	0.44 
	0.62 

	Nokia
	0.84
	1.07
	0.97 
	1.09 
	0.82 
	1.13 
	0.97 
	1.15 

	Motorola
	0.95
	1.19
	0.91 
	1.19 
	1.00 
	1.38 
	0.94 
	1.40 

	Texas Instruments 
	0.28
	0.51
	0.82 
	0.92 
	0.26 
	0.51 
	0.80 
	0.97 

	Sharp
	0.63
	0.80
	0.66 
	0.82 
	0.62 
	0.95 
	0.67 
	0.95 

	LGE
	0.91
	1.17
	0.82 
	1.19 
	0.91 
	1.24 
	0.82 
	1.24 
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                             (a) 1RB (length–12)                                                           (b) 2RB (length–24)

Figure 4 Cubic Metric comparison among proposed CG sequences (Non-modulated signals).
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                             (a) 1RB (length–12)                                                           (b) 2RB (length–24)

Figure 5 Cubic Metric comparison among proposed CG sequences (Modulated signals).

Observation

· All proposed sequences achieve lower CM than 1.2dB (CM of QPSK) in CM evaluation results of non-modulated signals. However, a few of Motorola and LGE sequences are beyond the CM of QPSK, i.e. 1.2dB. 
· The following ranking make sense only If lower CM provide any remarkable benefit;

· For 1RB, The TI proposal provides the lowest CM, and then, Qualcomm and Sharp proposal follow.

· For 2RB, The Qualcomm proposal provides the lowest CM, and then, Sharp proposal follows

4. Conclusion

In this paper, we compared the six proposed CG sequences of 1RB (length-12) and 2RB (length-24) for uplink RS and spread sequence of PUCCH from several cross-correlation properties and cubic metric property.

From the several evaluation results and observations, 

· CG sequencers proposed by Qualcomm seem provide the best performance, irrespective of whether lower CM than 1.2dB (CM of QPSK) provides remarkable benefit;
· Their proposed sequences synthetically achieve lower peak cross-correlation properties in all cross-correlation conditions. In addition, their sequences provide lower CM property.

We propose to select the CG sequence set proposed by Qualcomm as uplink reference signal both for 1RB and 2RB.
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Appendix A: BLER performance vs. peak cross-correlation

In [2] , in order to estimate the performance degradation depending on the peak cross-correlation, we evaluated BLER performance in case of QPSK R=1/2 using the simulation condition shown in Table 3, where the peak cross-correlation values are used as parameter. 

Figure 6shows BLER performance to different peak cross-correlation values within detection window in case of QPSK R=1/2 as discussed in [2] .

From the results, we can see the higher peak cross-correlation leads the large BLER performance degradation when SIR larger than 9dB. The peak cross-correlation should be low and near the mean cross-correlation.

Table 3 Simulation condition
	Parameter
	Value

	RS generation method
	Cyclic-extended Zadoff-Chu sequence

	Interference RS
	Bandwidth of interference RS
	3RB (length-36, 540kHz)

	
	ZC sequence length
	31 

	Desired RS
	Bandwidth of desired RS
	1RB (length-12, 180kHz)

	
	ZC sequence length
	11

	Number of cyclic-shift
	6

	Cyclic shift separation method
	Simple rectangular mask is used after IDFT in time domain

	SIR of Power spectrum density
	3, 6, 9dB

	Channel model
	Typical Urban 6-path (mobility: 30km/h)

	Modulation and coding scheme
	QPSK R=1/2

	Peak cross-correlation value
	0.3/0.35/0.55/0.6/0.8/0.9


[image: image20.emf]B

l

o

c

k

 

E

r

r

o

r

 

R

a

t

e

Es/No [dB]

 r1=3, r2=8, Rcross = 0.9

 r1=1, r2=3, Rcross = 0.8

 r1=6, r2=8, Rcross = 0.6 

 r1=3, r2=7, Rcross = 0.55

 r1=2, r2=7, Rcross = 0.35

 r1=2, r2=8, Rcross = 0.3

4 5 6 7 8 9 10 11 12 13 14

10

-2

10

-1

10

0

SIR=3dB

SIR=6dB

SIR=9dB

QPSK R=1/2

TU6 (30km/h)

B

l

o

c

k

 

E

r

r

o

r

 

R

a

t

e

Es/No [dB]

 r1=3, r2=8, Rcross = 0.9

 r1=1, r2=3, Rcross = 0.8

 r1=6, r2=8, Rcross = 0.6 

 r1=3, r2=7, Rcross = 0.55

 r1=2, r2=7, Rcross = 0.35

 r1=2, r2=8, Rcross = 0.3

4 5 6 7 8 9 10 11 12 13 14

10

-2

10

-1

10

0

SIR=3dB

SIR=6dB

SIR=9dB

QPSK R=1/2

TU6 (30km/h)


Figure 6 BLER performance to different peak value of cross-correlation within detection window (QPSK R=1/2).
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