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1. Introduction

In this contribution, we show the cross-correlation property of UL RS sequences with different lengths generated by the current working assumption. Based on the cross-correlation property, we propose binding method to avoid high cross-correlation between Zadoff-Chu (ZC) sequences with different lengths, when they are used for different RB RS sequences.
2. UL RS sequence allocation
In previous Sorrento meeting, RAN1 discussed about UL sequence generation method [1][2][3]. A working assumption which either truncation or cyclic extension of ZC sequences of the several UL sequence generation methods are used, depending on the RB allocation size was made in order to increase the number of RS sequences for multi-cell operation. But cross-correlation problem between ZC sequences for UL RS with different lengths was indicated in [4][5]. Some mitigation methods for the consistent high cross-correlation are discussed [5][6].

In the followings, the cross-correlation property of UL RS sequences, when different length sequences are overlapped partially over the same bandwidth, are depicted. Then we propose UL RS sequence binding method to avoid high cross-correlation among neighboring cells.
2.1 Cross-correlation property of ZC sequence with different length
First of all, we investigated for three kinds of basic RB sized sequences (1-RB, 2-RBs, 3-RBs). We employ cyclic copy sequence for both 1-RB and 2-RBs sized RS and truncated sequence is used for 3-RBs sized RS. And we assumed that the number of circular shift per root sequence is 12 regardless of RB-size.
Figure 1 and 2 shows the correlation property between 1 RB and 2 RB sized RS sequence. Figure 1 shows the correlation result when 1-RB sequence is overlapped with first half (first 12 sub-carriers) of 2-RB sequence. And Figure 2 is for second half part. From the histogram of both PDF and CDF plot, we note that there exist very high correlation values. To spot this situation, the sequence combinations are selected and plotted as a 2-D combination map. Figure 1-(b) and 2-(b) show the combinations which have cross-correlation value larger than 0.8, where we can recognize some pattern on index/shift combination.
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(a) PDF and CDF 


(b) Pattern for high cross-correlation value
Figure 1. Cross-correlation between 1-RB and 2-RBs (first part)
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(a) PDF and CDF 


(b) Pattern for high cross-correlation value 
Figure 2. Cross-correlation between 1-RB and 2-RBs (second part)

The high cross-correlation value appears in the combination of sequence index which has relatively very low value of 
[image: image5.wmf](

)

2211

sNsN

-

. The s1 and s2 are relatively prime number indices (i.e. s1=1, 2,…,10 and  s2=1, 2, …,22) to N1 and N2, which are equal to 11, 23 respectively due to assuming cyclic copy sequence for both 1-RB and 2-RBs.
Figure 3~5 depicts the cross-correlation property between 1-RB and 3-RB sized RS sequence. The Figure 3-(b), Figure 4-(b) and Figure 5-(b) show the combination of sequence index/shift with high cross-correlation values more than 0.8. In this situation, we can find out a few combination of sequence index with high cross-correlation values.
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(a) PDF and CDF 


(b) Pattern for high cross-correlation value
Figure 3. Cross-correlation between 1-RB and 3-RBs (first part)
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(a) PDF and CDF 


(b) Pattern for high cross-correlation value
Figure 4. Cross-correlation between 1-RB and 3-RBs (second part)
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(b) Pattern for high cross-correlation value
Figure 5. Cross-correlation between 1-RB and 3-RBs (third part)

Similarly with cross-correlation property between 1RB and 2-RBs sized RS sequences, the high cross-correlation value occurs at the combination of sequence index which has relatively very low value of 
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. Since we use cyclic copy sequence for 1-RB size and truncated sequence for 3-RBs size, the s1 and s3 are relatively prime number indices (i.e. s1=1, 2,…,10 and  s3=1, 2, …,36) to N1 and N3 , where they are equal to 11, 37 respectively.
2.2 Binding method for UL RS sequence allocation with different lengths
As shown in above cross-correlation property, we consider to bind the high correlation combination as a single allocation unit. Since every different length RS should be available for any cell, we have to allocate the corresponding different length sequences to each cell. Therefore, if RS sequence is used for a cell, then the related high correlation sequence of different length can be also allocated to the same cell. In this way, each cell can avoid very high cross-correlation which may occur if sequences are randomly assigned to cells.  To further decrease the somehow high correlation events, additional randomization procedure, such as shift/sequence hopping, is required.

As we saw in previous figures, the sequence combination of high cross-correlation has some regular patterns. Here, we propose to associate sequences based on 1-RB RS sequence. For 2-RB RS sequence, we can associate two 2-RB RS sequences with one 1-RB RS sequence. If 3-RB RS sequence is considered, three 3-RB RS sequences can be associated with one 1-RB RS sequence. Of course, if we lower the search threshold for the detection of combination with high correlation values, some different pattern can be obtained. However, the proposed association is to allocate extremely high correlation sequence combination into the same cell, where the sequences will be used as FDM manner within the same cell. The similar property can be observed with the other RB size combination and the similar association rule can be applied. 
3. Conclusions

In this contribution, we investigated the cross-correlation property of UL RS ZC-based sequences with different lengths. And also we introduced the UL RS sequence binding allocation method to avoid high cross-correlation between ZC sequences in UL RS among adjacent cells. We recommend to use this associated sequence set to be assigned to the same cell and hop the sequence/shift index considering this bound sets. 
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