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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 submit the proposals for CG generated UL DM RS on the reflector until 7/9. Six companies submitted proposals by the September 7 deadline on the RAN1 reflector. Subsequently, 4 of the 6 companies submitted a different proposal, and one additional company submitted a proposal. In this contribution we evaluate the proposals received on the RAN1 reflector (as many as possible).

2.
Evaluation of Proposals submitted by the 7/9 Deadline

Six companies – Motorola, Nokia-NSN, Qualcomm, TI, Sharp, LG – submitted proposals by the 7/9 deadline. The CM and cross-correlation statistics of the proposals are shown in Table 1, Table 2, and Table 3.

The CM was computed without considering the CP (normal – symbol 0 or other symbols, extended, both) which we believe is not needed to be included for the RS CM criterion as the CM of QPSK~1.2dB is the average CM of a transmitted signal over larger number of SC-FDMA symbols – the CM of each symbol is not exactly 1.2dB.
Table 1. CM statistics of different proposals by 7/9 deadline.
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Motorola - QPSK + 6ZC 0.171 0.926 1.05 1.19 -0.093 0.834 1.03 1.19

Motorola - QPSK  0.716 1.04 1.09 1.19 0.938 1.11 1.14 1.19

Nokia 0.404 0.839 0.839 1.07 0.795 0.97 0.979 1.09

Qualcomm (Sept 7) 0.565 1.18 1.07 2.03 0.484 0.769 0.773 1.24

TI (Sept 7) 0.144 0.739 0.758 1.14 0.229 0.959 0.989 1.22

Sharp (Sept 7) 0.00313 0.57 0.572 1.15 -0.23 0.566 0.599 0.921

LG (Sept 7) 0.171 0.979 1.11 1.2 -0.093 0.72 0.831 1.14
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RB1 RB2


Table 2. Cross-correlation statistics of sequences of same length for different proposals by 7/9 deadline.
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Table 3. Cross-correlation statistics between sequences of different length for proposals by 7/9 deadline.
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Motorola - QPSK + 6ZC 0.257 0.245 0.865 0.257 0.244 0.961 0.181 0.173 0.878

Motorola - QPSK  0.256 0.236 0.85 0.257 0.242 0.868 0.181 0.17 0.66

Nokia 0.256 0.236 0.745 0.257 0.242 0.736 0.181 0.17 0.613

Qualcomm (Sept 7) 0.257 0.251 0.687 0.256 0.241 0.704 0.181 0.17 0.552

TI (Sept 7) 0.257 0.244 0.865 0.256 0.242 0.85 0.181 0.17 0.655

Sharp (Sept 7) 0.257 0.243 0.838 0.257 0.244 0.944 0.181 0.172 0.862

LG (Sept 7) 0.256 0.247 0.976 0.256 0.246 0.997 0.182 0.18 0.931

(Normalized) Cross-correlation Statistics

RB1 vs RB2 RB1 vs RB3 RB2 vs RB3 Proposal


The following observations can be made:
1. The CM of all proposals (except Qualcomm) is smaller or equal to QPSK

2. Some of the Qualcomm sequences have CM larger than QPSK (~1.22dB)

3. Some of Sharp 1RB sequences are highly correlated with other 1RB sequences proposed 
4. Some of LG 2RB sequences are highly correlated with other 2RB sequences proposed  
5. The cross-correlation statistics of other proposals – Motorola, Nokia, Qualcomm, TI – are similar 

6. The proposals from Motorola (Motorola – QPSK), Nokia, Qualcomm are QPSK sequences in the frequency-domain while from Sharp, TI, LG have real-valued I and Q components requiring larger storage memory for the frequency domain sequences (e.g. 16 bits v/s 2 bits per sequence element for QPSK). 
From these proposals, only proposals from Motorola, Nokia, and TI meet the requirement for CM less than QPSK and good cross-correlation. Since the cross-correlations of the proposals are similar, no significant performance different is to be expected. If restriction on storage is preferred by upper bounding the memory required at 24 or 48 bits per sequence for 1 and 2 RB, respectively, then either Motorola or Nokia proposals (or a combination) meets the requirements and are expected to have similar performance. The statistics for the combination of Nokia 1RB sequences and Motorola 2 RB sequences are considered in Appendix A. 
2. Evaluation of Updated Proposals submitted after the 7/9 Deadline
Four – Qualcomm, TI, Sharp, LG - companies submitting sequences by the 7/9 deadline have updated their proposals at least once in an attempt to resolve various issues with the original proposals. The CM and cross-correlation statistics of the new proposals, along with proposals from Motorola and Nokia from the previous section, are shown in Table 4, Table 5 and Table 6. Note that we were unable to evaluate another new proposal submitted by ZTE.
Table 4. CM statistics of different proposals (including submissions after 7/9 deadline).
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Motorola - QPSK + 6ZC (Sept 7) 0.171 0.926 1.05 1.19 -0.093 0.834 1.03 1.19

Motorola - QPSK (Sept 7) 0.716 1.04 1.09 1.19 0.938 1.11 1.14 1.19

Nokia (Sept 7) 0.404 0.839 0.839 1.07 0.795 0.97 0.979 1.09

Qualcomm (Sept 9) 0.404 0.576 0.592 0.657 0.238 0.424 0.44 0.588

TI (Sept 12) 0.00655 0.28 0.241 0.514 0.457 0.822 0.846 0.915

Sharp (Sept 19) 0.00655 0.625 0.682 0.804 0.125 0.655 0.651 0.818

LG (Sept 14) 0.171 0.911 1.01 1.17 -0.093 0.822 1.02 1.19

Proposal

CM Stats (dB)

RB1 RB2


 Table 5. Cross-correlation statistics of sequences of same length for different proposals (including submissions after 7/9 deadline).
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Motorola - QPSK + 6ZC (Sept 7) 0.258 0.25 0.606 0.184 0.179 0.449

Motorola - QPSK (Sept 7) 0.258 0.251 0.635 0.182 0.173 0.462

Nokia (Sept 7) 0.258 0.251 0.605 0.182 0.175 0.573

Qualcomm (Sept 9) 0.256 0.236 0.687 0.18 0.169 0.559

TI (Sept 12) 0.253 0.244 0.687 0.181 0.171 0.543

Sharp (Sept 19) 0.252 0.236 0.92 0.179 0.167 0.852

LG (Sept 14) 0.257 0.246 0.634 0.184 0.184 0.478

Proposal

(Normalized) Cross-correlation Statistics

RB1 vs RB1 RB2 vs RB2


Table 6. Cross-correlation statistics between sequences of different length including submissions after the 7/9 deadline.
[image: image6.emf]Mean Median Max Mean Median Max Mean Median Max

Motorola - QPSK + 6ZC (Sept 7) 0.257 0.245 0.865 0.257 0.244 0.961 0.181 0.173 0.878

Motorola - QPSK (Sept 7) 0.256 0.236 0.85 0.257 0.242 0.868 0.181 0.17 0.66

Nokia (Sept 7) 0.256 0.236 0.745 0.257 0.242 0.736 0.181 0.17 0.613

Qualcomm (Sept 9) 0.256 0.238 0.687 0.256 0.24 0.724 0.181 0.17 0.574

TI (Sept 12) 0.256 0.236 0.888 0.257 0.243 0.831 0.181 0.171 0.651

Sharp (Sept 19) 0.256 0.236 0.85 0.256 0.244 0.862 0.181 0.171 0.672

LG (Sept 14) 0.257 0.246 0.951 0.257 0.246 0.961 0.181 0.179 0.954

Proposal

(Normalized) Cross-correlation Statistics

RB1 vs RB2 RB1 vs RB3 RB2 vs RB3


The following observations can be made:

1. The CM of all proposals are smaller or equal to QPSK

2. Some of Sharp 1RB and 2RB sequences are highly correlated with other 1/2 RB sequences proposed 

3. The cross-correlation statistics of other proposals – Motorola, Nokia, Qualcomm, TI, LG – are similar 

4. All proposals except LG contain 30 QPSK sequences in the frequency-domain

The properties of these sets of sequences are more similar with each other than those in the previous section. As such, it might be possible to take a number of sequences from various proposals. As an illustration of this possibility, a combined set of sequences with good cross-correlation statistics is shown in Appendix B. 
3. Conclusion

Six companies submitted sequence proposals by the 7/9 deadline. Four of those six companies submitted a replacement proposal after the deadline. One additional proposal was submitted by ZTE, and could not be considered in this contribution. Including the updates after the deadline, all proposals have similar performance, with all but one proposal able to use simple QPSK storage. Combining different sequences from the different proposals can also have good cross-correlation properties. Overall, the performance of these sets (or a combination) is also similar to those submitted by the deadline by Nokia/Motorola. 
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Appendix A – Option A by 7/9 proposal deadline
Option A: Nokia (1RB sequences) + Motorola (2 RB sequences) 
The CM and cross-correlation statistics of this option are shown in Table 7, Table 8 and Table 9.

Table 7. CM statistics.
[image: image7.emf]Min Mean Median Max Min Mean Median Max

Motorola - QPSK (Sept 7) 0.716 1.04 1.09 1.19 0.938 1.11 1.14 1.19

Nokia (Sept 7) 0.404 0.839 0.839 1.07 0.795 0.97 0.979 1.09

Nokia 1RB + Motorola 2RB (QPSK) 0.404 0.839 0.839 1.07 0.938 1.11 1.14 1.19

Proposal

CM Stats (dB)

RB1 RB2


Table 8. Cross-correlation statistics of sequences of same length.
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Motorola - QPSK (Sept 7) 0.258 0.251 0.635 0.182 0.173 0.462

Nokia (Sept 7) 0.258 0.251 0.605 0.182 0.175 0.573

Nokia 1RB + Motorola 2RB (QPSK) 0.258 0.251 0.605 0.182 0.173 0.462

RB1 vs RB1 RB2 vs RB2

(Normalized) Cross-correlation Statistics

Proposal


Table 9. Cross-correlation statistics between sequences of different length.
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Appendix B – Option B – Combination of QPSK Proposals including submissions after 7/9 proposal deadline 
The CM and cross-correlation statistics of this option are shown in Table 10, Table 11 and Table 12. For this illustration, sequences were selected fairly evenly from the available QPSK sequences. (The LG or Motorola ZC sequences were not included in this example.).
Table 10. CM statistics.

[image: image11.emf]Min Mean Median Max Min Mean Median Max

Merged QPSK   0.228 0.67 0.625 1.09 0.298 0.799 0.84 1.15
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Table 11. Cross-correlation statistics of sequences of same length.
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Merged QPSK   0.256 0.251 0.687 0.181 0.171 0.487

Proposal

(Normalized) Cross-correlation Statistics
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Table 12. Cross-correlation statistics between sequences of different length.
[image: image13.emf]Mean Median Max Mean Median Max Mean Median Max

Merged QPSK   0.256 0.236 0.771 0.257 0.243 0.868 0.181 0.171 0.619

Proposal
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The sequence distribution between the companies with QPSK proposals:

[image: image14.emf]Sequence Distribution

Company  1RB 2RB

Motorola 7 6

Nokia 6 6

Qualcomm 7 6

Sharp 5 6

TI 6 6

For 1RB: Nokia and Qualcomm have one common sequence
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						-0.707		0.707		-0.707		-0.707		-0.707		0.707		-0.707		0.707		-0.707		-0.707		0.707		0.707		-0.707		-0.707		-0.707		-0.707		0.707		0.707		0.707		-0.707		0.707		-0.707		0.707		-0.707		-0.707		-0.707		-0.707		0.707		0.707		0.707

						0.707		0.707		-0.707		-0.707		0.707		0.707		-0.707		0.707		0.707		0.707		-0.707		0.707		-0.707		0.707		-0.707		0.707		-0.707		-0.707		-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 = 30 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

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

						-0.707		0.707		0.707		-0.707		-0.707		0.707		0.707		-0.707		0.707		0.707		-0.707		0.707		-0.707		0.707		-0.707		-0.707		0.707		0.707		-0.707		-0.707		0.707		0.707		-0.707		0.707		0.707		-0.707		0.707		0.707		0.707		-0.707

						-0.707		-0.707		-0.707		0.707		-0.707		-0.707		0.707		-0.707		0.707		0.707		0.707		-0.707		-0.707		0.707		0.707		-0.707		-0.707		-0.707		0.707		-0.707		-0.707		0.707		0.707		0.707		0.707		0.707		-0.707		-0.707		0.707		0.707

						-0.707		0.707		0.707		-0.707		-0.707		-0.707		0.707		0.707		-0.707		0.707		-0.707		0.707		-0.707		0.707		0.707		-0.707		0.707		0.707		-0.707		0.707		-0.707		-0.707		0.707		-0.707		-0.707		0.707		-0.707		-0.707		0.707		0.707

						-0.707		0.707		-0.707		-0.707		-0.707		-0.707		0.707		0.707		-0.707		0.707		0.707		0.707		0.707		-0.707		-0.707		0.707		-0.707		0.707		-0.707		0.707		-0.707		0.707		-0.707		0.707		0.707		0.707		0.707		0.707		0.707		-0.707

						0.707		-0.707		-0.707		-0.707		-0.707		0.707		-0.707		-0.707		0.707		-0.707		-0.707		-0.707		-0.707		0.707		0.707		-0.707		0.707		0.707		-0.707		-0.707		-0.707		0.707		0.707		0.707		0.707		0.707		0.707		0.707		0.707		0.707

						-0.707		-0.707		0.707		-0.707		0.707		-0.707		0.707		-0.707		0.707		-0.707		0.707		-0.707		0.707		0.707		-0.707		0.707		0.707		-0.707		0.707		0.707		0.707		-0.707		-0.707		-0.707		0.707		0.707		-0.707		-0.707		-0.707		0.707

						0.707		-0.707		0.707		0.707		0.707		-0.707		-0.707		0.707		0.707		-0.707		0.707		-0.707		0.707		0.707		-0.707		0.707		-0.707		-0.707		-0.707		-0.707		-0.707		0.707		-0.707		0.707		-0.707		0.707		0.707		-0.707		-0.707		-0.707

						0.707		0.707		0.707		-0.707		-0.707		-0.707		0.707		0.707		0.707		-0.707		-0.707		-0.707		-0.707		0.707		0.707		-0.707		0.707		0.707		-0.707		0.707		-0.707		-0.707		-0.707		-0.707		0.707		0.707		-0.707		-0.707		0.707		-0.707

						-0.707		-0.707		0.707		0.707		0.707		0.707		0.707		-0.707		0.707		-0.707		0.707		0.707		-0.707		-0.707		0.707		-0.707		0.707		0.707		-0.707		-0.707		-0.707		0.707		0.707		0.707		0.707		-0.707		-0.707		-0.707		0.707		-0.707

						-0.707		-0.707		-0.707		0.707		0.707		-0.707		0.707		0.707		-0.707		-0.707		0.707		0.707		0.707		0.707		-0.707		0.707		0.707		0.707		0.707		0.707		0.707		-0.707		0.707		-0.707		-0.707		0.707		-0.707		-0.707		0.707		-0.707

						0.707		-0.707		-0.707		0.707		0.707		0.707		0.707		-0.707		-0.707		0.707		0.707		-0.707		-0.707		0.707		-0.707		-0.707		0.707		0.707		0.707		-0.707		-0.707		0.707		-0.707		0.707		0.707		-0.707		-0.707		0.707		-0.707		-0.707

						0.707		0.707		-0.707		0.707		0.707		0.707		0.707		-0.707		-0.707		0.707		0.707		-0.707		-0.707		0.707		0.707		-0.707		0.707		0.707		0.707		0.707		-0.707		-0.707		0.707		0.707		0.707		0.707		-0.707		0.707		0.707		-0.707

						0.707		0.707		-0.707		0.707		0.707		0.707		-0.707		-0.707		-0.707		0.707		0.707		0.707		-0.707		0.707		-0.707		0.707		0.707		0.707		-0.707		0.707		0.707		0.707		0.707		0.707		-0.707		0.707		-0.707		-0.707		0.707		0.707

						0.707		-0.707		0.707		0.707		0.707		0.707		0.707		0.707		-0.707		-0.707		0.707		0.707		0.707		-0.707		-0.707		-0.707		-0.707		0.707		-0.707		0.707		-0.707		-0.707		-0.707		0.707		-0.707		0.707		0.707		0.707		-0.707		-0.707

						-0.707		-0.707		0.707		-0.707		0.707		-0.707		0.707		-0.707		-0.707		0.707		-0.707		0.707		0.707		-0.707		-0.707		-0.707		-0.707		-0.707		-0.707		-0.707		0.707		-0.707		0.707		-0.707		-0.707		0.707		0.707		0.707		-0.707		-0.707

						-0.707		-0.707		0.707		-0.707		-0.707		-0.707		-0.707		0.707		-0.707		-0.707		-0.707		0.707		-0.707		-0.707		0.707		-0.707		0.707		0.707		-0.707		0.707		-0.707		0.707		0.707		0.707		0.707		0.707		-0.707		0.707		-0.707		-0.707

						-0.707		-0.707		-0.707		0.707		-0.707		-0.707		-0.707		-0.707		-0.707		0.707		0.707		0.707		-0.707		-0.707		0.707		-0.707		-0.707		-0.707		-0.707		0.707		0.707		-0.707		0.707		-0.707		-0.707		0.707		0.707		0.707		0.707		0.707

						0.707		-0.707		0.707		-0.707		-0.707		-0.707		0.707		0.707		0.707		-0.707		-0.707		0.707		0.707		-0.707		0.707		0.707		-0.707		-0.707		-0.707		0.707		0.707		-0.707		-0.707		-0.707		0.707		-0.707		-0.707		-0.707		-0.707		-0.707

						0.707		0.707		0.707		0.707		0.707		0.707		-0.707		-0.707		0.707		-0.707		-0.707		0.707		0.707		0.707		-0.707		-0.707		0.707		0.707		0.707		-0.707		-0.707		-0.707		-0.707		-0.707		-0.707		-0.707		0.707		0.707		0.707		0.707

						-0.707		-0.707		0.707		0.707		0.707		0.707		0.707		-0.707		0.707		0.707		0.707		0.707		0.707		0.707		0.707		0.707		0.707		0.707		-0.707		-0.707		-0.707		-0.707		-0.707		-0.707		0.707		-0.707		-0.707		0.707		-0.707		-0.707

						-0.707		-0.707		0.707		0.707		0.707		-0.707		-0.707		-0.707		0.707		0.707		0.707		-0.707		-0.707		-0.707		-0.707		-0.707		0.707		-0.707		0.707		0.707		0.707		0.707		-0.707		-0.707		0.707		0.707		-0.707		0.707		0.707		-0.707

						0.707		0.707		-0.707		-0.707		-0.707		-0.707		-0.707		-0.707		0.707		0.707		0.707		0.707		0.707		0.707		0.707		0.707		-0.707		-0.707		0.707		0.707		0.707		0.707		0.707		0.707		0.707		0.707		0.707		-0.707		-0.707		-0.707

						0.707		0.707		0.707		0.707		0.707		0.707		0.707		0.707		-0.707		-0.707		-0.707		-0.707		-0.707		-0.707		-0.707		-0.707		-0.707		-0.707		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		-0.707		0.707		-0.707		0.707		0.707		-0.707		-0.707		0.707		-0.707		0.707		-0.707		-0.707		0.707		0.707		0.707		0.707		-0.707		0.707		-0.707		-0.707		0.707		-0.707		-0.707		-0.707		-0.707		-0.707		-0.707		0.707		0.707		-0.707

						0.707		-0.707		-0.707		0.707		0.707		-0.707		0.707		0.707		0.707		-0.707		-0.707		0.707		0.707		0.707		-0.707		-0.707		0.707		0.707		0.707		0.707		-0.707		0.707		0.707		0.707		-0.707		-0.707		-0.707		-0.707		0.707		-0.707

						-0.707		-0.707		0.707		-0.707		0.707		-0.707		0.707		-0.707		0.707		0.707		0.707		-0.707		-0.707		-0.707		-0.707		-0.707		0.707		-0.707		0.707		0.707		0.707		0.707		0.707		0.707		0.707		0.707		-0.707		0.707		0.707		0.707

						0.707		-0.707		-0.707		0.707		0.707		-0.707		0.707		-0.707		-0.707		0.707		0.707		0.707		-0.707		-0.707		-0.707		-0.707		-0.707		0.707		-0.707		-0.707		-0.707		-0.707		0.707		0.707		0.707		0.707		0.707		0.707		-0.707		-0.707

						0.707		-0.707		0.707		0.707		0.707		0.707		-0.707		0.707		-0.707		-0.707		-0.707		0.707		0.707		0.707		-0.707		0.707		-0.707		-0.707		-0.707		-0.707		0.707		-0.707		0.707		-0.707		0.707		-0.707		0.707		0.707		0.707		-0.707

						-0.707		-0.707		-0.707		0.707		0.707		0.707		0.707		0.707		0.707		0.707		-0.707		0.707		-0.707		0.707		-0.707		-0.707		-0.707		-0.707		-0.707		-0.707		0.707		-0.707		0.707		0.707		-0.707		0.707		-0.707		0.707		-0.707		-0.707

						0.707		0.707		-0.707		-0.707		-0.707		0.707		0.707		0.707		-0.707		0.707		-0.707		-0.707		0.707		-0.707		-0.707		-0.707		-0.707		-0.707		0.707		-0.707		-0.707		0.707		-0.707		0.707		-0.707		-0.707		-0.707		-0.707		-0.707		0.707

						0.707		0.707		-0.707		0.707		-0.707		-0.707		-0.707		-0.707		-0.707		-0.707		-0.707		-0.707		0.707		0.707		0.707		0.707		0.707		0.707		-0.707		0.707		-0.707		-0.707		0.707		0.707		-0.707		0.707		-0.707		0.707		0.707		0.707

						-0.707		-0.707		0.707		-0.707		0.707		0.707		0.707		-0.707		-0.707		0.707		0.707		-0.707		0.707		0.707		-0.707		-0.707		0.707		-0.707		-0.707		0.707		0.707		0.707		0.707		-0.707		-0.707		-0.707		-0.707		0.707		-0.707		0.707

						0.707		-0.707		-0.707		0.707		-0.707		0.707		-0.707		-0.707		0.707		0.707		0.707		0.707		0.707		-0.707		-0.707		-0.707		-0.707		-0.707		-0.707		0.707		-0.707		0.707		0.707		0.707		-0.707		0.707		-0.707		0.707		-0.707		-0.707

						-0.707		-0.707		-0.707		0.707		0.707		-0.707		-0.707		0.707		-0.707		0.707		-0.707		-0.707		0.707		0.707		0.707		-0.707		0.707		0.707		-0.707		0.707		0.707		0.707		0.707		-0.707		-0.707		0.707		0.707		0.707		0.707		-0.707

						0.707		-0.707		-0.707		-0.707		0.707		0.707		-0.707		-0.707		0.707		0.707		0.707		-0.707		0.707		-0.707		-0.707		-0.707		0.707		-0.707		0.707		0.707		0.707		0.707		-0.707		0.707		0.707		-0.707		-0.707		0.707		-0.707		0.707

						-0.707		0.707		-0.707		-0.707		-0.707		0.707		-0.707		0.707		-0.707		0.707		0.707		0.707		-0.707		-0.707		-0.707		0.707		0.707		0.707		-0.707		0.707		0.707		0.707		0.707		0.707		-0.707		-0.707		0.707		-0.707		-0.707		0.707

						0.707		0.707		-0.707		-0.707		-0.707		0.707		-0.707		0.707		-0.707		0.707		0.707		-0.707		0.707		0.707		-0.707		0.707		-0.707		0.707		-0.707		0.707		0.707		-0.707		0.707		-0.707		-0.707		0.707		-0.707		0.707		0.707		0.707

						0.707		0.707		-0.707		-0.707		-0.707		0.707		0.707		-0.707		-0.707		-0.707		-0.707		0.707		-0.707		0.707		-0.707		-0.707		0.707		-0.707		0.707		-0.707		-0.707		0.707		-0.707		-0.707		0.707		-0.707		-0.707		-0.707		0.707		0.707

						0.707		-0.707		0.707		0.707		0.707		0.707		0.707		-0.707		-0.707		0.707		0.707		0.707		0.707		0.707		0.707		-0.707		-0.707		-0.707		-0.707		0.707		-0.707		0.707		-0.707		0.707		-0.707		0.707		0.707		0.707		0.707		-0.707

						0.707		0.707		-0.707		0.707		0.707		0.707		0.707		-0.707		0.707		0.707		-0.707		0.707		-0.707		0.707		-0.707		-0.707		-0.707		-0.707		0.707		0.707		-0.707		0.707		-0.707		-0.707		-0.707		-0.707		0.707		0.707		0.707		0.707

						-0.707		-0.707		-0.707		-0.707		-0.707		-0.707		-0.707		-0.707		-0.707		0.707		-0.707		0.707		-0.707		0.707		0.707		0.707		-0.707		0.707		0.707		-0.707		-0.707		0.707		0.707		-0.707		-0.707		-0.707		0.707		-0.707		-0.707		-0.707

						0.707		0.707		0.707		-0.707		0.707		0.707		0.707		0.707		-0.707		-0.707		-0.707		-0.707		0.707		0.707		0.707		0.707		-0.707		-0.707		-0.707		0.707		-0.707		-0.707		0.707		0.707		-0.707		0.707		-0.707		-0.707		-0.707		-0.707

						-0.707		-0.707		0.707		-0.707		0.707		0.707		0.707		-0.707		0.707		-0.707		-0.707		0.707		-0.707		-0.707		0.707		0.707		-0.707		0.707		-0.707		0.707		0.707		0.707		0.707		-0.707		0.707		0.707		0.707		-0.707		0.707		-0.707

						-0.707		0.707		0.707		-0.707		0.707		-0.707		0.707		0.707		-0.707		-0.707		-0.707		-0.707		-0.707		0.707		0.707		0.707		0.707		0.707		0.707		-0.707		0.707		-0.707		-0.707		-0.707		0.707		-0.707		0.707		-0.707		0.707		0.707

						-0.707		-0.707		-0.707		0.707		-0.707		0.707		0.707		0.707		0.707		0.707		0.707		-0.707		-0.707		-0.707		0.707		-0.707		-0.707		0.707		-0.707		-0.707		-0.707		0.707		0.707		-0.707		-0.707		-0.707		0.707		0.707		0.707		-0.707

						0.707		-0.707		0.707		-0.707		0.707		-0.707		-0.707		0.707		-0.707		0.707		-0.707		-0.707		-0.707		0.707		-0.707		0.707		-0.707		-0.707		0.707		-0.707		-0.707		0.707		-0.707		0.707		0.707		0.707		-0.707		0.707		-0.707		0.707

						0.707		0.707		-0.707		0.707		-0.707		-0.707		0.707		0.707		-0.707		-0.707		-0.707		0.707		-0.707		-0.707		-0.707		0.707		-0.707		-0.707		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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Statistics

		

				Proposal		CM Stats (dB)																(Normalized) Cross-correlation Statistics

						RB1								RB2								RB1 vs RB1						RB2 vs RB2						RB1 vs RB2						RB1 vs RB3						RB2 vs RB3

						Min		Mean		Median		Max		Min		Mean		Median		Max		Mean		Median		Max		Mean		Median		Max		Mean		Median		Max		Mean		Median		Max		Mean		Median		Max

				Merged QPSK		0.228		0.67		0.625		1.09		0.298		0.799		0.84		1.15		0.256		0.251		0.687		0.181		0.171		0.487		0.256		0.236		0.771		0.257		0.243		0.868		0.181		0.171		0.619

				Sequence Distribution

				Company		1RB		2RB

				Motorola		7		6

				Nokia		6		6

				Qualcomm		7		6

				Sharp		5		6

				TI		6		6

				For 1RB: Nokia and Qualcomm have one common sequence





1RB Length=12

		

				1RB RS  = 30 QPSK RS

				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

				Real Value of Sequence		0.7071067812		0.7071067812		0.7071067812		0.7071067812		0.7071067812		0.7071067812		0.7071067812		-0.7071067812		0.7071067812		0.7071067812		-0.7071067812		0.7071067812		-0.7071067812		0.7071067812		0.7071067812		0.7071067812		-0.7071067812		0.7071067812		0.7071067812		-0.7071067812		-0.7071067812		-0.7071067812		0.7071067812		0.7071067812		-0.7071067812		0.7071067812		0.7071067812		0.7071067812		-0.7071067812		0.7071067812

						0.7071067812		0.7071067812		0.7071067812		0.7071067812		0.7071067812		-0.7071067812		-0.7071067812		0.7071067812		-0.7071067812		-0.7071067812		0.7071067812		-0.7071067812		-0.7071067812		-0.7071067812		0.7071067812		0.7071067812		0.7071067812		-0.7071067812		-0.7071067812		0.7071067812		0.7071067812		-0.7071067812		-0.7071067812		-0.7071067812		0.7071067812		-0.7071067812		-0.7071067812		-0.7071067812		0.7071067812		0.7071067812

						-0.7071067812		-0.7071067812		-0.7071067812		-0.7071067812		0.7071067812		0.7071067812		-0.7071067812		0.7071067812		-0.7071067812		0.7071067812		0.7071067812		0.7071067812		-0.7071067812		0.7071067812		0.7071067812		0.7071067812		0.7071067812		-0.7071067812		0.7071067812		0.7071067812		0.7071067812		0.7071067812		-0.7071067812		0.7071067812		-0.7071067812		0.7071067812		-0.7071067812		0.7071067812		0.7071067812		-0.7071067812

						-0.7071067812		-0.7071067812		-0.7071067812		0.7071067812		0.7071067812		0.7071067812		0.7071067812		0.7071067812		0.7071067812		-0.7071067812		0.7071067812		0.7071067812		-0.7071067812		0.7071067812		-0.7071067812		-0.7071067812		-0.7071067812		-0.7071067812		-0.7071067812		-0.7071067812		-0.7071067812		0.7071067812		-0.7071067812		0.7071067812		0.7071067812		0.7071067812		-0.7071067812		0.7071067812		-0.7071067812		-0.7071067812

						-0.7071067812		-0.7071067812		-0.7071067812		0.7071067812		0.7071067812		0.7071067812		0.7071067812		0.7071067812		0.7071067812		-0.7071067812		-0.7071067812		-0.7071067812		-0.7071067812		0.7071067812		-0.7071067812		-0.7071067812		0.7071067812		-0.7071067812		-0.7071067812		-0.7071067812		0.7071067812		-0.7071067812		0.7071067812		-0.7071067812		-0.7071067812		0.7071067812		0.7071067812		0.7071067812		0.7071067812		-0.7071067812

						-0.7071067812		0.7071067812		0.7071067812		0.7071067812		0.7071067812		0.7071067812		0.7071067812		-0.7071067812		0.7071067812		0.7071067812		-0.7071067812		0.7071067812		0.7071067812		-0.7071067812		-0.7071067812		-0.7071067812		0.7071067812		-0.7071067812		0.7071067812		-0.7071067812		-0.7071067812		0.7071067812		-0.7071067812		-0.7071067812		-0.7071067812		-0.7071067812		0.7071067812		-0.7071067812		0.7071067812		-0.7071067812

						0.7071067812		0.7071067812		-0.7071067812		0.7071067812		-0.7071067812		-0.7071067812		0.7071067812		-0.7071067812		0.7071067812		-0.7071067812		-0.7071067812		0.7071067812		0.7071067812		0.7071067812		0.7071067812		0.7071067812		0.7071067812		0.7071067812		0.7071067812		-0.7071067812		0.7071067812		-0.7071067812		-0.7071067812		-0.7071067812		0.7071067812		-0.7071067812		-0.7071067812		0.7071067812		-0.7071067812		-0.7071067812

						0.7071067812		-0.7071067812		-0.7071067812		-0.7071067812		-0.7071067812		0.7071067812		0.7071067812		0.7071067812		0.7071067812		0.7071067812		0.7071067812		0.7071067812		-0.7071067812		0.7071067812		-0.7071067812		-0.7071067812		0.7071067812		-0.7071067812		-0.7071067812		-0.7071067812		-0.7071067812		-0.7071067812		0.7071067812		-0.7071067812		0.7071067812		-0.7071067812		-0.7071067812		-0.7071067812		0.7071067812		-0.7071067812

						-0.7071067812		-0.7071067812		0.7071067812		0.7071067812		0.7071067812		0.7071067812		0.7071067812		0.7071067812		0.7071067812		0.7071067812		-0.7071067812		-0.7071067812		0.7071067812		-0.7071067812		-0.7071067812		0.7071067812		-0.7071067812		0.7071067812		-0.7071067812		-0.7071067812		-0.7071067812		0.7071067812		-0.7071067812		-0.7071067812		0.7071067812		0.7071067812		0.7071067812		0.7071067812		-0.7071067812		0.7071067812

						0.7071067812		0.7071067812		-0.7071067812		-0.7071067812		-0.7071067812		0.7071067812		-0.7071067812		-0.7071067812		-0.7071067812		0.7071067812		0.7071067812		-0.7071067812		-0.7071067812		0.7071067812		-0.7071067812		-0.7071067812		0.7071067812		-0.7071067812		0.7071067812		0.7071067812		-0.7071067812		0.7071067812		0.7071067812		0.7071067812		-0.7071067812		0.7071067812		-0.7071067812		0.7071067812		0.7071067812		-0.7071067812

						-0.7071067812		-0.7071067812		0.7071067812		0.7071067812		-0.7071067812		0.7071067812		-0.7071067812		-0.7071067812		0.7071067812		0.7071067812		-0.7071067812		-0.7071067812		-0.7071067812		-0.7071067812		0.7071067812		0.7071067812		0.7071067812		-0.7071067812		-0.7071067812		-0.7071067812		0.7071067812		0.7071067812		0.7071067812		0.7071067812		-0.7071067812		-0.7071067812		-0.7071067812		-0.7071067812		-0.7071067812		0.7071067812

						-0.7071067812		-0.7071067812		0.7071067812		-0.7071067812		0.7071067812		-0.7071067812		0.7071067812		0.7071067812		0.7071067812		0.7071067812		-0.7071067812		0.7071067812		-0.7071067812		-0.7071067812		-0.7071067812		0.7071067812		-0.7071067812		-0.7071067812		0.7071067812		0.7071067812		0.7071067812		-0.7071067812		-0.7071067812		-0.7071067812		-0.7071067812		0.7071067812		0.7071067812		-0.7071067812		0.7071067812		-0.7071067812

				Imaginary Value of Sequence		-0.7071067812		0.7071067812		0.7071067812		-0.7071067812		-0.7071067812		-0.7071067812		0.7071067812		-0.7071067812		0.7071067812		0.7071067812		0.7071067812		0.7071067812		0.7071067812		0.7071067812		0.7071067812		0.7071067812		0.7071067812		0.7071067812		0.7071067812		-0.7071067812		-0.7071067812		-0.7071067812		0.7071067812		-0.7071067812		-0.7071067812		0.7071067812		0.7071067812		0.7071067812		0.7071067812		0.7071067812

						0.7071067812		0.7071067812		0.7071067812		0.7071067812		0.7071067812		0.7071067812		-0.7071067812		-0.7071067812		-0.7071067812		-0.7071067812		0.7071067812		-0.7071067812		0.7071067812		0.7071067812		0.7071067812		0.7071067812		-0.7071067812		-0.7071067812		-0.7071067812		0.7071067812		0.7071067812		0.7071067812		-0.7071067812		0.7071067812		-0.7071067812		0.7071067812		0.7071067812		0.7071067812		0.7071067812		0.7071067812

						0.7071067812		0.7071067812		-0.7071067812		0.7071067812		0.7071067812		0.7071067812		0.7071067812		-0.7071067812		0.7071067812		-0.7071067812		-0.7071067812		0.7071067812		-0.7071067812		0.7071067812		0.7071067812		-0.7071067812		0.7071067812		-0.7071067812		-0.7071067812		0.7071067812		-0.7071067812		0.7071067812		0.7071067812		-0.7071067812		-0.7071067812		0.7071067812		0.7071067812		0.7071067812		0.7071067812		-0.7071067812

						-0.7071067812		0.7071067812		-0.7071067812		0.7071067812		0.7071067812		-0.7071067812		-0.7071067812		-0.7071067812		0.7071067812		0.7071067812		-0.7071067812		0.7071067812		0.7071067812		-0.7071067812		-0.7071067812		0.7071067812		-0.7071067812		0.7071067812		0.7071067812		0.7071067812		-0.7071067812		0.7071067812		0.7071067812		0.7071067812		-0.7071067812		-0.7071067812		0.7071067812		0.7071067812		0.7071067812		-0.7071067812

						0.7071067812		0.7071067812		-0.7071067812		0.7071067812		0.7071067812		0.7071067812		-0.7071067812		0.7071067812		-0.7071067812		0.7071067812		0.7071067812		-0.7071067812		-0.7071067812		0.7071067812		-0.7071067812		0.7071067812		-0.7071067812		-0.7071067812		0.7071067812		-0.7071067812		-0.7071067812		-0.7071067812		0.7071067812		-0.7071067812		-0.7071067812		0.7071067812		-0.7071067812		0.7071067812		0.7071067812		-0.7071067812

						0.7071067812		-0.7071067812		-0.7071067812		-0.7071067812		-0.7071067812		-0.7071067812		0.7071067812		-0.7071067812		-0.7071067812		-0.7071067812		0.7071067812		0.7071067812		0.7071067812		0.7071067812		-0.7071067812		0.7071067812		-0.7071067812		0.7071067812		0.7071067812		0.7071067812		0.7071067812		0.7071067812		0.7071067812		-0.7071067812		0.7071067812		0.7071067812		-0.7071067812		-0.7071067812		-0.7071067812		0.7071067812

						0.7071067812		0.7071067812		-0.7071067812		0.7071067812		-0.7071067812		-0.7071067812		0.7071067812		0.7071067812		-0.7071067812		-0.7071067812		-0.7071067812		0.7071067812		0.7071067812		-0.7071067812		-0.7071067812		0.7071067812		0.7071067812		0.7071067812		0.7071067812		-0.7071067812		0.7071067812		-0.7071067812		0.7071067812		-0.7071067812		0.7071067812		0.7071067812		-0.7071067812		-0.7071067812		-0.7071067812		-0.7071067812

						0.7071067812		-0.7071067812		-0.7071067812		0.7071067812		-0.7071067812		-0.7071067812		-0.7071067812		-0.7071067812		0.7071067812		0.7071067812		0.7071067812		0.7071067812		0.7071067812		-0.7071067812		0.7071067812		0.7071067812		0.7071067812		-0.7071067812		0.7071067812		-0.7071067812		0.7071067812		-0.7071067812		0.7071067812		-0.7071067812		-0.7071067812		0.7071067812		-0.7071067812		-0.7071067812		-0.7071067812		-0.7071067812

						0.7071067812		-0.7071067812		0.7071067812		-0.7071067812		0.7071067812		0.7071067812		-0.7071067812		0.7071067812		0.7071067812		0.7071067812		0.7071067812		-0.7071067812		-0.7071067812		-0.7071067812		-0.7071067812		0.7071067812		0.7071067812		0.7071067812		0.7071067812		0.7071067812		0.7071067812		-0.7071067812		-0.7071067812		-0.7071067812		0.7071067812		-0.7071067812		0.7071067812		0.7071067812		0.7071067812		0.7071067812

						0.7071067812		0.7071067812		-0.7071067812		-0.7071067812		-0.7071067812		-0.7071067812		0.7071067812		-0.7071067812		0.7071067812		0.7071067812		0.7071067812		-0.7071067812		-0.7071067812		0.7071067812		-0.7071067812		-0.7071067812		0.7071067812		0.7071067812		-0.7071067812		0.7071067812		0.7071067812		-0.7071067812		-0.7071067812		0.7071067812		0.7071067812		-0.7071067812		-0.7071067812		0.7071067812		0.7071067812		-0.7071067812

						-0.7071067812		-0.7071067812		0.7071067812		0.7071067812		0.7071067812		0.7071067812		-0.7071067812		0.7071067812		-0.7071067812		0.7071067812		0.7071067812		-0.7071067812		0.7071067812		0.7071067812		0.7071067812		-0.7071067812		-0.7071067812		0.7071067812		-0.7071067812		0.7071067812		-0.7071067812		0.7071067812		-0.7071067812		-0.7071067812		-0.7071067812		0.7071067812		0.7071067812		-0.7071067812		-0.7071067812		0.7071067812

						0.7071067812		0.7071067812		-0.7071067812		-0.7071067812		-0.7071067812		0.7071067812		0.7071067812		0.7071067812		0.7071067812		0.7071067812		0.7071067812		0.7071067812		0.7071067812		0.7071067812		-0.7071067812		0.7071067812		-0.7071067812		-0.7071067812		0.7071067812		-0.7071067812		0.7071067812		-0.7071067812		0.7071067812		-0.7071067812		-0.7071067812		-0.7071067812		-0.7071067812		0.7071067812		-0.7071067812		0.7071067812





2RB Length=24

		

				2RB RS  = 30 QPSK RS

				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

				Real Value of Sequence		0.7071067812		-0.7071067812		-0.7071067812		0.7071067812		0.7071067812		0.7071067812		-0.7071067812		-0.7071067812		0.7071067812		-0.7071067812		-0.7071067812		0.7071067812		0.7071067812		0.7071067812		0.7071067812		0.7071067812		0.7071067812		0.7071067812		0.7071067812		-0.7071067812		-0.7071067812		-0.7071067812		0.7071067812		0.7071067812		-0.7071067812		-0.7071067812		-0.7071067812		-0.7071067812		-0.7071067812		0.7071067812

						-0.7071067812		-0.7071067812		0.7071067812		0.7071067812		-0.7071067812		0.7071067812		0.7071067812		0.7071067812		-0.7071067812		-0.7071067812		0.7071067812		-0.7071067812		-0.7071067812		0.7071067812		-0.7071067812		0.7071067812		0.7071067812		-0.7071067812		0.7071067812		0.7071067812		-0.7071067812		0.7071067812		0.7071067812		0.7071067812		0.7071067812		-0.7071067812		-0.7071067812		-0.7071067812		-0.7071067812		0.7071067812

						0.7071067812		-0.7071067812		-0.7071067812		-0.7071067812		-0.7071067812		0.7071067812		-0.7071067812		0.7071067812		0.7071067812		0.7071067812		0.7071067812		-0.7071067812		-0.7071067812		0.7071067812		0.7071067812		-0.7071067812		-0.7071067812		-0.7071067812		0.7071067812		0.7071067812		0.7071067812		-0.7071067812		-0.7071067812		0.7071067812		-0.7071067812		0.7071067812		-0.7071067812		-0.7071067812		-0.7071067812		0.7071067812
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