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1 Introduction
There are still some open issues to be decided regarding uplink demodulation reference signal [1]. Some analysis and recommendation are provided in this document.  
2 Discussions
2.1 Base sequence allocation: dynamic or static
Base sequence shall be allocated in a cell-specific (or eNB-specific) way to reduce inter-cell interference [2]. According to whether base sequence allocation dynamically changes in different subframes or slots, base sequence allocation methods are divided into two categories: dynamic or static base sequence allocation.  
· Dynamic base sequence allocation 
Base sequence hopping is one of dynamic base sequence allocation methods. It can result in more UL RS allocation patterns to ensure easy planning. But base sequence hopping can’t avoid occasional collisions of identical base sequences in neighbour cells (when inter-cell coordination is not used). 
· Static base sequence allocation
With static base sequence allocation or sequence planning, different neighbour cells shall be allocated with different base sequences. Planning might be difficult due to the limited number of ZC (Zadoff-Chu) sequences, especially for short ZC sequences.  But static base sequence allocation can always avoid collision, so possibly provide a better performance than base sequence hopping does.
We suggest that base sequence hopping should be adopted for easy planning at least for short ZC sequences. 
2.2 Necessity of grouping ZC sequences of different lengths 

When the RSs of the two eNBs simultaneously use the different length ZC base sequences which generate a high cross-correlation in frequency domain (even only on a few frequency shift offsets) [5], the cross-correlation in time domain will also be high which means a strong interference between the two eNBs. Figure 1 depicts an example of such relationship.
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Figure 1 Cross-correlation relation in frequency and time domain 
Here, ZC sequences ZC (N, r) are defined: 
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where r is the sequence index and N is the length of sequence.  
The cross-correlation between 
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 in frequency domain is shown in the left graph of Figure 1, where 
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denotes the frequency shift offset. It can be found that high cross-correlation occurs at frequency shifts
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. The  corresponding time domain cross-correlation, for example, between the sequences of length 23 with
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, and the sequence of length 11 is shown in the right graph. Obviously, higher cross-correlations are located round time shift 0. Note, 32-points IFFT is applied to obtain the ZC sequences in time domain.
Considering the property described above, it will give a high cross-correlation between ZC (11, 2) and ZC (23, 4) with the same time shift. For example, in case there are six cyclic shifts in time domain, i =  0, 1, 2,3,4,5 for sequences ZC (11, 2) and ZC (23, 4), each ZC (11, 2) with shift i is highly correlated with ZC (23, 4) with shift i in time domain. So when the two base sequences, ZC (11, 2), ZC (23, 4), and their cyclic shifts are allocated to the two adjacent eNBs, the whole interference between the two eNBs will be high.
With the method of grouping base sequences of different lengths, the base sequences with high cross-correlation shall be grouped into the same group. Therefore, high cross-correlation or high interference can be avoided when the RS of the two eNBs use different sequence groups. We believe that sequence grouping is necessary for reducing or controlling inter-cell interference regardless of static or dynamic base sequence allocation. As for the concrete grouping method [4] [5] [6], it can be finalized when RAN1 decides the ZC sequence generation methods. 
2.3 Shift coordination between cells in the same eNB

Different cyclic shifts might be allocated to DM RSs for cells in the same eNB to obtain the benefits from the orthogonality of the shifted sequences [3]. Cyclic shift coordination can be used together with grouping for cells in the same eNBs since the different shifted sequences are nearly orthogonal when they have the different lengths, while orthogonal when they have the same lengths. Thus shifts coordination between cells might be useful, but its availability still depends on the total number of supported UL DM RS in the same bandwidth and the cyclic shifts available, e.g., there will be only 6 cyclic shifts for UL RS in 1 RB [7].
Figure 2 describes the cross-correlation of two different length base sequences in time domain. We observe that the high cross-correlation only occurs at several time shifts around zero-shift. (Note, 32-points IFFT is applied to both the sequence of length 23, frequency shift
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 and the sequence of length 11).
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Figure 2 Cross-correlation between two sequences with different lengths
3 Conclusion 
In this paper, some open issues of UL demodulation RS are discussed. Our standpoints can be summarized as follows:

· Base sequence hopping for easy planning at least for short ZC sequences
· Grouping of different length ZC sequences for reducing the inter-cell/eNB interference
· Shift coordination in the same eNB when possible
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