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1. Summary
At the RAN1#47bis Sorrento meeting, it was agreed as a working assumption that
· UL RS sequence length is equal to the number of sub-carriers in the resource blocks, and

· RS sequence is generated either by truncation or cyclic extension of ZC (Zadoff-Chu) sequences depending on the RB allocation size. 
It was observed that for a given RB size, neither truncation nor cyclic extension was the best. Many options exist for selecting either truncation or cyclic extension RS construction method, including:

1. Choose the method that for a given RB size minimizes the amount of truncation or cyclic extension,

2. Choose the method that for a given RB size maximizes the number of sequences with CM <= data modulation. 

For (2), the data modulation may be a single data modulation at which the number of sequences is desired to be maximized (i.e., QPSK), or could possibly be the assigned data modulation for that user. In this case, however, cross-correlation between same RB allocations with the different methods may have to be considered. 
With either option (1) or (2) ties (same amount of truncation/cyclic extension, same number of sequences) may occur. Ties can be handled by, for example,
a. Use one method (e.g., cyclic extension method) for ties,

b. Pick the method that minimizes the number of correlation lags with correlation values > optimal correlation threshold of 1/sqrt(N).
Detailed simulations, of course, may also be used to further refine the selection.
Table 1 below is an example of option 1(a) and 1(b) while Table 2 is an example of 2(b). For option 1(a), selecting truncation method for a tie maximizes the number of RS sequences for the RB allocation which may be beneficial especially for small number of RB allocations (e.g., 1RB).
Table 1: Truncation or cyclic extension RS generation as a function of number of RBs for option 1(a) and 1(b). Yellow highlighting indicates tie locations.
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1 EXTENSION TRUNCATION

2 EXTENSION EXTENSION

3 TRUNCATION TRUNCATION

4 EXTENSION EXTENSION

5 EXTENSION TRUNCATION

6 EXTENSION TRUNCATION

8 TRUNCATION TRUNCATION

9 EXTENSION TRUNCATION

10 EXTENSION TRUNCATION

12 EXTENSION TRUNCATION

15 EXTENSION TRUNCATION

16 EXTENSION TRUNCATION

18 EXTENSION EXTENSION

20 EXTENSION TRUNCATION

24 EXTENSION TRUNCATION
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Table 2: Truncation or cyclic extension RS generation as a function of number of RBs for option 2(b).
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6 TRUNCATION EXTENSION

8 EXTENSION EXTENSION

9 EXTENSION TRUNCATION

10 TRUNCATION EXTENSION

12 TRUNCATION EXTENSION

15 TRUNCATION TRUNCATION

16 TRUNCATION TRUNCATION
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24 TRUNCATION TRUNCATION

# of RBs 

Allocated

DATA MODULATION TYPE


Appendix B and C shows the cross correlation and CM (slope 1.56) of the truncation and cyclic extension methods for RS sequences with CM <= QPSK or 16-QAM respectively.
2. Methods of Generating RS sequences

Appendix A provides details on the method for generating the UL RS sequences based on truncation and cyclic extension methods. The primes used for the truncation and cyclic extension methods as a function of number of RBs (up to 24RBs) is given below in Table 2.
Table 2: Prime factors for RS generation as a function of number of RBs.
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1 12 13 11

2 24 29 23

3 36 37 31

4 48 53 47

5 60 61 59

6 72 73 71

8 96 97 89

9 108 109 107

10 120 127 113

12 144 149 139

15 180 181 179

16 192 193 191

18 216 223 211

20 240 241 239

24 288 293 283


Cross correlation and CM (slope 1.56) of the truncation and cyclic extension methods for RS sequences with CM <= QPSK or 16-QAM respectively are shown in Appendix B and C.

Appendix A – Generation of RS sequences
Zadoff-Chu (ZC) sequence of odd-length NG is given by, 
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where, 

u=1, . . . NG-1 is the sequence index
k=0, 1, . . . NG-1
q=any integer.
For simplicity, it is proposed to use q=0.
For a target length Np (# of RS sub-carriers) sequence, the truncation or cyclic extension method of generating UL RS based on prime length-NG ZC/CAZAC sequences are:

1. Truncation. Smallest prime-NG >= Np. 
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2. Cyclic Extension. Largest prime-NG <= Np. and cyclically extending the sequence 
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The length-Np RS sequence is applied to Np reference signal sub-carriers of the OFDM modulator (i.e., IFFT) as shown in Figure 1. The sequence extension or truncation in the frequency domain preserves the constant amplitude properties (in the frequency domain) and also the zero auto-correlation cyclic shift orthogonality of GCL sequences. 
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Figure 1.
Transmitter Structure for SC-FDMA Reference Signals – No DFT spreading on RS sequence.

Appendix B –RS Sequences with CM <= QPSK
[image: image8.emf]# of RBs 

Allocated
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subcarriers

Prime ZC 

Length 
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(dB) 

Median 
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# of Seq with 

CM <= QPSK 

(1.2)

Optimal 

Cross-

correlation 

Threshold Median  Max

% of lags 

with corr > 

optimal

Median corr 

value for lags 

with corr > 

optimal

1 12 13 0.46 0.74 0.90 6 0.29 0.23 0.51 45% 0.36

2 24 29 0.54 0.95 1.11 8 0.205 0.19 0.34 45% 0.25

3 36 37 -0.18 0.63 0.85 18 0.168 0.16 0.32 40% 0.20

4 48 53 -0.04 0.76 1.12 24 0.145 0.14 0.28 45% 0.17

5 60 61 -0.36 0.57 1.12 32 0.13 0.13 0.25 44% 0.15

6 72 73 -0.41 0.57 1.07 38 0.119 0.11 0.24 43% 0.14

8 96 97 -0.49 0.58 1.18 52 0.10 0.10 0.21 44% 0.12

9 108 109 -0.52 0.50 1.12 58 0.10 0.09 0.19 44% 0.11

10 120 127 -0.41 0.64 1.12 66 0.09 0.09 0.19 45% 0.11

12 144 149 -0.52 0.60 1.13 78 0.08 0.08 0.17 45% 0.10

15 180 181 -0.62 0.53 1.17 98 0.08 0.07 0.16 44% 0.09

16 192 193 -0.63 0.53 1.17 104 0.07 0.07 0.16 43% 0.08

18 216 223 -0.59 0.59 1.16 118 0.07 0.07 0.14 42% 0.08

20 240 241 -0.66 0.52 1.17 130 0.07 0.06 0.14 43% 0.07

24 288 293 -0.67 0.54 1.19 158 0.06 0.06 0.12 42% 0.07
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Optimal 

Cross-

correlation 

Threshold Median  Max

% of lags 

with corr > 

optimal

Median corr 

value for lags 

with corr > 

optimal

1 12 11 0.17 0.43 0.85 6 0.29 0.30 0.44 50% 0.34

2 24 23 -0.09 0.44 0.84 12 0.205 0.20 0.36 46% 0.24

3 36 31 0.46 0.88 1.17 24 0.168 0.16 0.27 48% 0.20

4 48 47 -0.32 0.46 0.81 24 0.145 0.14 0.29 44% 0.17

5 60 59 -0.38 0.50 1.09 32 0.13 0.13 0.25 49% 0.15

6 72 71 -0.43 0.47 1.07 38 0.119 0.12 0.23 47% 0.14

8 96 89 -0.01 0.50 1.17 54 0.10 0.10 0.19 47% 0.12

9 108 107 -0.52 0.52 1.12 58 0.10 0.09 0.20 44% 0.11

10 120 113 -0.15 0.51 1.17 66 0.09 0.09 0.17 45% 0.11

12 144 139 -0.42 0.49 1.07 76 0.08 0.08 0.16 45% 0.10

15 180 179 -0.62 0.50 1.14 96 0.08 0.07 0.16 44% 0.09

16 192 191 -0.63 0.52 1.16 104 0.07 0.07 0.16 45% 0.08

18 216 211 -0.56 0.48 1.17 116 0.07 0.07 0.14 44% 0.08

20 240 239 -0.66 0.52 1.16 130 0.07 0.06 0.13 44% 0.07

24 288 283 -0.63 0.47 1.12 154 0.06 0.06 0.12 43% 0.07

LB RS WITH CYCLIC EXTENSION

Sequence Statistics CM Statistics (CM < QPSK) Cross-Correlation (Normalized) Statistics (CM < QPSK)

LB RS WITH TRUNCATION

Sequence Statistics CM Statistics (CM < QPSK) Cross-Correlation (Normalized) Statistics (CM < QPSK)


Appendix C – RS Sequences with CM <= 16-QAM
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Optimal 

Cross-

correlation 

Threshold Median  Max

% of lags 

with corr > 

optimal

Median corr 

value for lags 

with corr > 

optimal

1 12 13 0.46 0.90 1.95 10 0.29 0.26 0.51 45% 0.35

2 24 29 0.54 1.69 2.09 24 0.205 0.20 0.38 46% 0.25

3 36 37 -0.18 0.77 2.04 32 0.168 0.16 0.32 42% 0.20

4 48 53 -0.04 0.99 2.06 40 0.145 0.14 0.28 45% 0.17

5 60 61 -0.36 0.83 2.01 52 0.13 0.13 0.25 43% 0.15

6 72 73 -0.41 0.86 1.97 62 0.119 0.11 0.24 44% 0.14

8 96 97 -0.49 0.81 2.01 84 0.10 0.10 0.21 43% 0.12

9 108 109 -0.52 0.82 2.08 96 0.10 0.09 0.20 44% 0.11

10 120 127 -0.41 0.88 2.06 106 0.09 0.09 0.19 45% 0.11

12 144 149 -0.52 0.86 2.08 128 0.08 0.08 0.17 44% 0.10

15 180 181 -0.62 0.82 2.02 158 0.08 0.07 0.16 43% 0.09

16 192 193 -0.63 0.82 2.08 170 0.07 0.07 0.16 43% 0.08

18 216 223 -0.59 0.85 2.09 194 0.07 0.07 0.14 43% 0.08

20 240 241 -0.66 0.82 2.04 210 0.07 0.06 0.14 43% 0.07

24 288 293 -0.67 0.84 2.07 256 0.06 0.06 0.12 42% 0.07
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Length 
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QAM (2.1)

Optimal 

Cross-

correlation 

Threshold Median  Max

% of lags 

with corr > 

optimal

Median corr 

value for lags 

with corr > 

optimal

1 12 11 0.17 0.85 1.50 10 0.29 0.28 0.44 47% 0.34

2 24 23 -0.09 0.84 2.01 22 0.205 0.20 0.36 45% 0.24

3 36 31 0.46 0.91 1.33 30 0.168 0.16 0.27 48% 0.20

4 48 47 -0.32 0.74 1.98 42 0.145 0.14 0.29 45% 0.17

5 60 59 -0.38 0.80 2.06 54 0.13 0.13 0.25 47% 0.15

6 72 71 -0.43 0.77 2.06 64 0.119 0.12 0.24 46% 0.14

8 96 89 -0.01 0.83 1.70 88 0.10 0.10 0.19 46% 0.12

9 108 107 -0.52 0.78 1.94 94 0.10 0.09 0.20 44% 0.11

10 120 113 -0.15 0.80 1.85 112 0.09 0.09 0.17 46% 0.11

12 144 139 -0.42 0.72 2.07 138 0.08 0.08 0.16 45% 0.10

15 180 179 -0.62 0.79 2.08 158 0.08 0.07 0.16 44% 0.09

16 192 191 -0.63 0.78 2.00 168 0.07 0.07 0.16 44% 0.08

18 216 211 -0.56 0.73 2.07 192 0.07 0.07 0.14 44% 0.08

20 240 239 -0.66 0.80 2.08 212 0.07 0.06 0.14 44% 0.07

24 288 283 -0.63 0.75 2.09 256 0.06 0.06 0.12 43% 0.07

LB RS WITH CYCLIC EXTENSION

Sequence Statistics CM Statistics  (CM < 16-QAM) Cross-Correlation (Normalized) Statistics (CM < 16-QAM)

LB RS WITH TRUNCATION
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