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1 Introduction
According to 3GPP RAN1 #46 meeting [1], Zadoff-Chu (ZC) sequences are adopted as uplink (UL) reference signal (RS) sequences due to their CAZAC property. Additionally, the ZC sequences which are allocated to UEs in adjacent cells should have low cross-correlation to mitigate the inter-cell interference on UL RS transmission [2~3].  
In this document, we study the sequence allocation method when different frequency resources, i.e. different number of RBs, are allocated to different RSs, under the condition of keeping low interference among adjacent cells as much as possible. 
2 UL RS Discussions 
2.1 Frequency resource allocation
The UL demodulation RS shall be allocated the same frequency resource as the data of the UE, but TDMed with data in different blocks [4]. It is most likely the data frequency resource will be allocated independently from each cells, thus the RS frequency resource allocations of adjacent cells will be changed in accordance with each scheduled data respectively. 
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Figure 1. Example of different frequency resource allocation 
As mentioned above, the UL RS of adjacent cells can be allocated different number of RBs. For example, in Figure 1, the RS in case A is allocated 1 RB and the RS in case B is allocated 2 RBs. Obviously, the two RSs need different length of ZC sequences. How to allocate RS sequences with different lengths in adjacent cells should be considered. 
2.2 Cross-correlation property of ZC sequences with different lengths
Now we investigate the cross-correlation property of the ZC sequences with different lengths, e.g. a short sequence vs. a long sequence, corresponding to the RS in case A (RS A) vs. the RS in case B (RS B) in Figure 1.
ZC sequences ZC (N, r) are defined by 
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where r is the sequence index and N is the length of sequences.  
In the following comparison, the sequence of length 12 is obtained by truncation of ZC (13,p), which is 
[image: image3.wmf]))

11

(

),...,

1

(

),

0

(

13

13

13

p

p

p

c

c

c

（

, allocated to RS A. The other sequences are obtained by cyclically shifted ZC (23, q), which are
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 allocated to RS B. The sequences are truncated and modulated in frequency domain. The cross-correlation is investigated between 
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 since RS A and RS B only overlap within 1 RB in frequency domain, where 
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is the shift index. 
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Figure 2 Cross-correlation property comparison
From Figure 2, we can see some sequence-pairs, for example, some shifts of ZC (23, 2) and ZC (13, 1) will produce excessively higher cross-correlation value than the ideal one (
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). Some pairs of sequences will produce only slightly higher cross-correlation value than the ideal one at all shifts. If we can ensure the RS A with the short sequences interferes with RS B with randomly different long sequences, the interference will be randomized and averaged. 
3 Method of UL RS sequences allocation 
Cell-specific UL RS sequences may be allocated for UEs in the cells [2, 3, 5]. If the sequences allocated to different cells have low cross-correlation between each other on the overlapped RBs, the interference among adjacent cells can be maintained low. 
In case of small RS bandwidth allocation, there are only a few ZC sequences, which will consequently lead to complex RS sequence planning. The approach of cell-specific sequence hopping may be used for avoiding complex RS sequence planning [5, 6], additionally may provide interference randomization.
Based on discussion in section 2, the UE shall have different allocated RS frequency resource in accordance with the allocated frequency resource of scheduled data. A proper solution for cell-specific sequence allocation should be the one to keep the low inter-cell interference regardless of the different allocated RS frequency resource in adjacent cells. 
Hence, we propose to build a sequence group in accordance with the different allocated frequency resource based on a certain rule. This rule is common in all cells, which is called a cell-common grouping rule. But a cell-specific random number sequence can be used to select the sequence group for hopping in each RS block or subframe.  
The method of grouping and hopping can be described as: 
· For M kinds of UL RS frequency allocation, one sequence group shall have M sequences accordingly. 
· The ZC sequence length is denoted by
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· Then the group can be composed of sequences
[image: image16.wmf],...

2

,

1

},

,...,

2

,

1

|

)

,

,

(

{

=

=

=

k

M

i

l

N

k

f

r

i

i

i

, the function 
[image: image17.wmf])

(

×

f

 can take the cross-correlation into consideration in principle, or select some other relation, e.g. modulo operation, but the specific function need FFS. There are NM (the largest Ni possible) groups in the whole, which implies the shorter sequences are re-used among these groups.
· A cell-specific random number sequence can be used to determine group index 
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according to slot number, etc. The sequence allocated to a certain UE is selected from this group in accordance with its RB allocations. And this UE may use any shifts of this sequence if all its shifts can be used in this cell.
By cell-specific sequence hopping, one short RS sequence may be interfered by different long sequences in different sequence groups. So the interference among different length of sequences is randomized. Thus the case of always having strong interference between two cells is avoided. 

For example, for 5 MHz system bandwidth, there are totally 25 RBs. We suppose there are 25 kinds of UL RS frequency allocations, i.e. 1 RB, 2 RBs… 25 RBs in accordance with RB allocations for data and ZC sequence in the length of 293 is used for the RS with 25 RBs allocation with LB RS assumption, then N25=292. The group is composed of sequences
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. And then a cell-specific random number sequence can be used to determine the group index
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, and finally the sequence
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4 Conclusion 
In this document, we have studied the RS sequence allocation issue for different RS resource allocations. And we also provide one solution of cell-common grouping of different RS sequences in accordance with different RS frequency resource allocation.
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