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1. Introduction

In Kobe meeting, applying reference signal (RS) sequence hopping and grouping for demodulation reference signal (DM-RS) were agreed. In Shanghai meeting, the number of RS groups was agreed as 30.
In this paper, we discuss uplink RS sequence grouping method with taking into account the cross-correlation between different RS sequence lengths, i.e. inter-cell interference among neighboring cells.
2. Discussion
2.1. RS sequence grouping method

According to the agreement in Jeju meeting [3] , RS sequence groups consist of one base sequence for 1 to 5 RBs and two base sequences for larger than 5 RBs. In addition, two RS sequence group design approaches have been proposed so far [4] 

 REF _Ref187579005 \n \h 
[5] 

 REF _Ref165835973 \n \h 
[6] 

 REF _Ref187579006 \n \h 
[7] . 
· Method A: CG and ZC sequence indices is assigned to each RS group in ascending order [4] 
· For 1RB ≤ n ≤ 5RBs allocations:
Each g-th (g=1,2,…,30) RS sequence group has one base sequence with sequence index r which same as RS sequence group number g (i.e. r = g), respectively.
i.e.  sequence index r = 1 ( 1st RS group, r = 2 ( 2nd RS group, …, r = 30 ( 30th RS group 
· For  n > 5RBs allocations:
Each g-th RS sequence group has two base sequences. Therefore, two successive sequence indices r is allocated to each RS sequence group in ascending order.
i.e.  sequence index r = 1, 2 ( 1st RS group, r = 3, 4 ( 2nd RS group, …, r = 59, 60 ( 30th RS group 
RS groups based on this method is shown as Table 1 in Appendix.
· Method B: ZC sequences which has large cross-correlation is grouped [5] 

 REF _Ref165835973 \n \h 
 \* MERGEFORMAT [6] 

 REF _Ref187579006 \n \h 
 \* MERGEFORMAT [7] 
· For 1RB ≤ n ≤ 3RBs allocations:
Each g-th (g=1,2,…,30) RS sequence group has one base sequence with sequence index r which same as RS group number g (i.e. r = g), respectively. 
i.e.  Sequence index r = 1 ( 1st RS group, r = 2 ( 2nd RS group, …, r = 30 ( 30th RS group
· For n > 3RBs allocation:

k-th ZC sequence of i-RB size (ri,k, k=1,2,..,Ni-1) is associated with a group which 
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 becomes the lowest value, where Ni is ZC sequence length of i-RB, r3,g is root ZC sequence of 3RB associated with g-th RS sequence group (g=1,2,…,30), and N3 is ZC sequence length of 3RB.
In n > 5RBs case, the second lowest value of 
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 is assigned to each RS sequence group as second ZC sequence of each RS sequence group
RS groups based on this method is shown as Table 2 in Appendix. 
2.2. Cross-correlation property of ZC sequence with different lengths
We evaluated cross-correlation property of ZC sequence among different sequence lengths.  Figure 1 shows the distribution of normalized peak cross-correlation values versus difference of ri / Ni value of all ZC sequences of 3 to 24RBs from ri / Ni of one ZC sequence of 3RBs and normalized peak cross-correlation (i.e. relation between 
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 and normalized peak cross-correlation, where i = 3,4,…, 24, k = 1,2,…, Ni -1, g = 1, and Ni is sequence length of i-RB).  
From the result, we can see that the normalized peak cross-correlation between two ZC sequences is very high when the difference of ri / Ni  of two ZC sequences, i.e. 
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, is close to zero. 
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Figure 1 distribution of normalized peak cross-correlation value to the difference of ri / Ni of two ZC sequence with different lengths and normalized peak cross-correlation (in case of 3 – 24RBs).
2.3. Cross-correlation property of RS grouping methods
Figure 2 and Figure 3 show distribution of ri / Ni values of ZC sequences belonging to each RS sequence group in case of Method A and Method B, respectively.
In case of Method A, for narrower bandwidth as up to 10RBs, ri / Ni  values of ZC sequences assigned to each RS sequence group are relatively spread over ri / Ni region. However, distribution of ri / Ni  values of ZC sequences are gradually converged toward smaller ri / Ni value as increasing RS bandwidth. Since the difference of ri / Ni  values among all ZC sequences of RS sequence groups becomes small, as a consequence, cross-correlation among several ZC sequences associated with some RS sequence groups becomes higher compared to other RS sequence groups, i.e. cross-correlation property among RS sequence groups is varied depending on RS sequence groups.
Meanwhile, in case of Method B, ri / Ni values of ZC sequences assigned to each RS sequence group fully distributed over ri / Ni region irrespective of bandwidth. In addition, the difference of ri / Ni value between two ZC sequences of different RS sequence groups is large enough to avoid high cross-correlation compared to the results in Figure 1. Therefore, cross-correlation between any two RS sequence groups shows similar property without high peak cross-correlation.
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Figure 2 Distribution of r/N values of base ZC sequences of each RS group (Method A).
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Figure 3 Distribution of r/N values of base ZC sequences of each RS group (Method B).
In Jeju meeting, there are comment that the impact of high peak cross-correlation property of two ZC sequences of different RS sequence groups can be mitigated when applying RS group hopping and cyclic shift hopping, because these hopping schemes reduce the occurrence probability of high cross-correlation. We agree to this point when both hopping scheme are applied. 
However, planning based DM-RS allocation should also work well in addition to RS group hopping based DM-RS allocation. In case of planning based DMRS allocation, RS sequence groups allocated to neighboring cells are not changed. Therefore, it is difficult to mitigate the occurrence probability of high cross-correlation between two RS sequence groups by using only cyclic shift hopping, especially for RS sequence groups based on Method A due to non-uniform cross-correlation property among RS sequence groups. Consequently, the planning is further complicated because it should take into account the compatibility among RS groups in terms of cross-correlation.
In addition, when using MU-MIMO operation in cells, some or all available cyclic shift sequences could be used within a cell.  Hence, effect of randomization by cyclic shift hopping decreases further. 
From the above discussion, RS sequence group design which causes non-uniform cross-correlation property among RS sequence groups should not be applied. RS sequence group method should provide uniform cross-correlation property. This aspect is very important not only to avoid BLER performance degradation but also to avoid complicated DMRS planning. Therefore, Method B should be selected from cross-correlation perspective.
2.4. Complexity of RS grouping methods
Regarding complexity, for both Method A and B simple equations to derive base CS and ZC sequence indices of each RS group has been provided. Therefore, we do not see any difference between them.
3. Conclusion

We discussed DMRS sequence grouping method with taking into account the cross-correlation between different RS sequence lengths.
From the discussion, we propose the followings;

· RS grouping method is that ZC sequences having large cross-correlation is grouped as follows (i.e. Method B)
· For 1 to 3RB, sequence index is assigned to each RS group in order. 
· For larger than 3RB, base ZC sequences with largest cross-correlation should be grouped among the number of associated sequences as 1 (for 4RB and 5RB) and 2 (for larger than 5RB) which make 
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Appendix 

Table of RS groups and associated ZC sequence indices of Method A and Method B are shown in Table 1 and Table 2, respectively.
Table 1 RS groups and ZC sequence indices (Method A).

[image: image9.emf]RB 3 4 5

Nzc 31 47 59

Max root per RB 1 1 1

v 0 0 0 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1

1 1 1 1 1 2 1 2 1 2 1 2 1 2 1 2 1 2 1 2 1 2 1 2

2 2 2 2 3 4 3 4 3 4 3 4 3 4 3 4 3 4 3 4 3 4 3 4

3 3 3 3 5 6 5 6 5 6 5 6 5 6 5 6 5 6 5 6 5 6 5 6

4 4 4 4 7 8 7 8 7 8 7 8 7 8 7 8 7 8 7 8 7 8 7 8

5 5 5 5 9 10 9 10 9 10 9 10 9 10 9 10 9 10 9 10 9 10 9 10

6 6 6 6 11 12 11 12 11 12 11 12 11 12 11 12 11 12 11 12 11 12 11 12

7 7 7 7 13 14 13 14 13 14 13 14 13 14 13 14 13 14 13 14 13 14 13 14

8 8 8 8 15 16 15 16 15 16 15 16 15 16 15 16 15 16 15 16 15 16 15 16

9 9 9 9 17 18 17 18 17 18 17 18 17 18 17 18 17 18 17 18 17 18 17 18

10 10 10 10 19 20 19 20 19 20 19 20 19 20 19 20 19 20 19 20 19 20 19 20

11 11 11 11 21 22 21 22 21 22 21 22 21 22 21 22 21 22 21 22 21 22 21 22

12 12 12 12 23 24 23 24 23 24 23 24 23 24 23 24 23 24 23 24 23 24 23 24

13 13 13 13 25 26 25 26 25 26 25 26 25 26 25 26 25 26 25 26 25 26 25 26

14 14 14 14 27 28 27 28 27 28 27 28 27 28 27 28 27 28 27 28 27 28 27 28

15 15 15 15 29 30 29 30 29 30 29 30 29 30 29 30 29 30 29 30 29 30 29 30

16 16 16 16 31 32 31 32 31 32 31 32 31 32 31 32 31 32 31 32 31 32 31 32

17 17 17 17 33 34 33 34 33 34 33 34 33 34 33 34 33 34 33 34 33 34 33 34

18 18 18 18 35 36 35 36 35 36 35 36 35 36 35 36 35 36 35 36 35 36 35 36

19 19 19 19 37 38 37 38 37 38 37 38 37 38 37 38 37 38 37 38 37 38 37 38

20 20 20 20 39 40 39 40 39 40 39 40 39 40 39 40 39 40 39 40 39 40 39 40

21 21 21 21 41 42 41 42 41 42 41 42 41 42 41 42 41 42 41 42 41 42 41 42

22 22 22 22 43 44 43 44 43 44 43 44 43 44 43 44 43 44 43 44 43 44 43 44

23 23 23 23 45 46 45 46 45 46 45 46 45 46 45 46 45 46 45 46 45 46 45 46

24 24 24 24 47 48 47 48 47 48 47 48 47 48 47 48 47 48 47 48 47 48 47 48

25 25 25 25 49 50 49 50 49 50 49 50 49 50 49 50 49 50 49 50 49 50 49 50

26 26 26 26 51 52 51 52 51 52 51 52 51 52 51 52 51 52 51 52 51 52 51 52

27 27 27 27 53 54 53 54 53 54 53 54 53 54 53 54 53 54 53 54 53 54 53 54

28 28 28 28 55 56 55 56 55 56 55 56 55 56 55 56 55 56 55 56 55 56 55 56

29 29 29 29 57 58 57 58 57 58 57 58 57 58 57 58 57 58 57 58 57 58 57 58

30 30 30 30 59 60 59 60 59 60 59 60 59 60 59 60 59 60 59 60 59 60 59 60

ZC sequence indices



2 2 2

1

211 239 283

2 2 2 2 2 2 2

18 20 24

71 89 107 113 139 179 191

10 12 15 16



6 8 9


Table 2 RS groups and ZC sequence indices (Method B).

[image: image10.emf]RB 3 4 5

Nzc 31 47 59

Max root per RB 1 1 1

v 0 0 0 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1

1 1 2 2 2 3 2 3 3 4 3 4 4 5 5 6 6 7 6 7 7 8 9 10

2 2 3 4 4 5 5 6 6 7 7 8 8 9 11 12 12 13 13 14 15 16 18 19

3 3 5 6 6 7 8 9 10 11 10 11 13 14 17 18 18 19 20 21 23 24 27 28

4 4 6 8 9 10 11 12 13 14 14 15 17 18 23 24 24 25 27 28 30 31 36 37

5 5 8 10 11 12 14 15 17 18 18 19 22 23 28 29 30 31 34 35 38 39 45 46

6 6 9 11 13 14 17 18 20 21 21 22 26 27 34 35 36 37 40 41 46 47 54 55

7 7 11 13 16 17 20 21 24 25 25 26 31 32 40 41 43 44 47 48 53 54 63 64

8 8 12 15 18 19 22 23 27 28 29 30 35 36 46 47 49 50 54 55 61 62 73 74

9 9 14 17 20 21 25 26 31 32 32 33 40 41 51 52 55 56 61 62 69 70 82 83

10 10 15 19 22 23 28 29 34 35 36 37 44 45 57 58 61 62 68 69 77 78 91 92

11 11 17 21 25 26 31 32 37 38 40 41 49 50 63 64 67 68 74 75 84 85 100 101

12 12 18 23 27 28 34 35 41 42 43 44 53 54 69 70 73 74 81 82 92 93 109 110

13 13 20 25 29 30 37 38 44 45 47 48 58 59 75 76 80 81 88 89 100 101 118 119

14 14 21 27 32 33 40 41 48 49 51 52 62 63 80 81 86 87 95 96 107 108 127 128

15 15 23 29 34 35 43 44 51 52 54 55 67 68 86 87 92 93 102 103 115 116 136 137

16 16 24 30 36 37 45 46 55 56 58 59 71 72 92 93 98 99 108 109 123 124 146 147

17 17 26 32 38 39 48 49 58 59 61 62 76 77 98 99 104 105 115 116 131 132 155 156

18 18 27 34 41 42 51 52 62 63 65 66 80 81 103 104 110 111 122 123 138 139 164 165

19 19 29 36 43 44 54 55 65 66 69 70 85 86 109 110 117 118 129 130 146 147 173 174

20 20 30 38 45 46 57 58 69 70 72 73 89 90 115 116 123 124 136 137 154 155 182 183

21 21 32 40 48 49 60 61 72 73 76 77 94 95 121 122 129 130 142 143 161 162 191 192

22 22 33 42 50 51 63 64 75 76 80 81 98 99 127 128 135 136 149 150 169 170 200 201

23 23 35 44 52 53 66 67 79 80 83 84 103 104 132 133 141 142 156 157 177 178 209 210

24 24 36 46 54 55 68 69 82 83 87 88 107 108 138 139 147 148 163 164 185 186 219 220

25 25 38 48 57 58 71 72 86 87 91 92 112 113 144 145 154 155 170 171 192 193 228 229

26 26 39 49 59 60 74 75 89 90 94 95 116 117 150 151 160 161 176 177 200 201 237 238

27 27 41 51 61 62 77 78 93 94 98 99 121 122 155 156 166 167 183 184 208 209 246 247

28 28 42 53 64 65 80 81 96 97 102 103 125 126 161 162 172 173 190 191 215 216 255 256

29 29 44 55 66 67 83 84 100 101 105 106 130 131 167 168 178 179 197 198 223 224 264 265

30 30 45 57 68 69 86 87 103 104 109 110 134 135 173 174 184 185 204 205 231 232 273 274



ZC sequence indices

2 2

Group index



20 24

2 2 2 2 2 2 2 2

239 283

6 8 9 10 12 15 16 18

139 179 191 211 71 89 107 113
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