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1 Introduction

In RAN1#85 meeting, the following agreements and conclusions were made [1]:
Agreements:

· UL DMRS Enhancement

· Specify enhancement on uplink DMRS to support (more than 2) orthogonal DMRS for MU-MIMO with partially overlapping BWs allocation, i.e. one of IFDMA with OCC2 or new DMRS sequence design

Two candidates are agreed for UL DMRS enhancement. In our companion contribution [2], we discuss the two candidates and IFDMA is preferred for UL DMRS enhancement. In this contribution, the issues of sequence collision with neighboring cell in case of IFDMA DMRS are discussed.

2 Sequence collision for IFDMA DMRS
As we know, different cells may use different root sequences to generate DMRS base sequences in order to reduce inter cell interference in DMRS. If IFDMA DMRS is introduced, the correlation between UL DMRS sequence of RPF=2 and RPF=4, and between IFDMA DMRS and legacy DMRS sequence in different cells should be carefully investigated.

In legacy DMRS generation, the root sequence index is determined by 
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wherein, u is derived by physical cell ID. This design can guarantee low correlation between DMRS sequences in different cells. 
However, the legacy sequence design can only guarantee the low correlation between legacy DMRS in different cells. For IDFMA DMRS, the DMRS sequence is mapped to the comb like REs in the bandwidth. Assuming legacy DMRS sequence is reused for IFDMA DMRS, the correlation between legacy and IFDMA DMRS in different cells is investigated as following. 
Assuming that DMRS with RPF=2 of UE1 in cell 1 is transmitted, which is overlapped with legacy DMRS of UE2 in cell 2. The root sequences of the two DMRS sequences have the same length
 
. And the REs of DMRS with RPF=2 in cell 1 are overlapped with even REs of legacy DMRS in cell 2. 
The root sequence of DMRS sequence of UE1 can be expressed as
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where 
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 is the root sequence index for UE1.
Similarly, the root sequence of DMRS sequence of UE2 with root sequence index 
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 can be expressed as 

[image: image10.wmf](

)

2

RS

ZC

2

(1)

RS

ZC

,01

qmm

j

N

q

xmemN

p

+

-

=££-

,                                          (3)
If we extract the even elements of the root sequence with index
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, it is still a ZC sequence but with a different sequence index
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where 
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 denotes a cyclic shift. 
As we know, different cells may have different root sequence index
[image: image15.wmf]q

. However, it may happen that 
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. In this case, the DMRS sequence of UE1 is exactly the same with the even elements of DMRS sequence of UE2 within the bandwidth of UE2, except there is a cyclic shift between them. The similar sequence collision issue has been illustrated in [3].
Figure 1 shows the case of sequence collision between IFDMA DMRS sequence and extracted sequence from legacy DMRS sequence.
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Figure1 Sequence collision between IFDMA DMRS sequence and extracted sequence from legacy DMRS
Similarly, sequence collision may also exist in the following cases:
· DMRS with RPF=4 in cell 1 and legacy DMRS in cell 2

· Sequence collision between DMRS with RPF=4 and quarterly extracted sequence from legacy DMRS
· Sequence collision happens when 
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· DMRS with RPF=4 in cell 1 and DMRS with RPF=2 in cell 2

· Sequence collision between DMRS with RPF=4 and even elements extracted sequence from DMRS with RPF=2

· Sequence collision happens when 
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As also illustrated in [3], figure 2 shows the collision probability of 
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for the root sequence of length 47. U in the first row is the sequence group index and q in the second row is the sequence index corresponding to the sequence group. There are total 30 sequence indices generated with different sequence group index. Among the 30 root sequence index q, there are a considerable number of sequence index pairs that satisfy 
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.For instance, the sequence index pair with q=2 and q=8, q=3 and q=12 have the relationship of
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Figure2. Sequence collision probability in case of NZC length of 47

Besides the high root sequence collision probability, the probability of RB overlapping for the DMRS in different cells is also notable in some cases. If the system bandwidth of UL is narrow, e.g. 5MHz, the probability of UL transmission RB overlapping will be even higher. The demodulation performance of the DMRS for these two UEs will be seriously degraded as the sequence collision happens. To resolve the sequence collision problem, the root sequence index for DMRS in different cells should be carefully chosen. 
To avoid aforementioned DMRS sequence collision, the root sequence selection can be considered as follows. It is assumed that 
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and 
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 are the legacy root sequence index for DMRS generation in cell 1 and cell 2 respectively. 
· DMRS with RPF=2 in cell 1 and legacy DMRS in cell 2

· The root sequence index in cell 1 is changed to 
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It will never collide with the partial legacy DMRS sequence constructed with even elements, which has root sequence index
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. This is because 
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· DMRS with RPF=4 in cell 1 and legacy DMRS in cell 2

· The root sequence index in cell 1 is changed to 
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· DMRS with RPF=4 in cell 1 and DMRS with RPF=2 in cell 2

· The root sequence index in cell 1 is changed to 
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As discussed above, root sequence index for DMRS with RPF=2 and RPF=4 should be carefully selected to avoid collision in neighboring cell. If DMRS with RPF=2 and RPF=4 are accepted, the determination of the root sequence index is proposed as follows. 
Proposal: 
· Root sequence index for DMRS with RPF=2 is determined with 4*q, wherein, q is the root sequence index of legacy DMRS sequence in the cell.  
· Root sequence index for DMRS with RPF=4 is determined with 16*q, wherein, q is the root sequence index of legacy DMRS sequence in the cell.  
3 Conclusion
In this contribution, the issues of sequence collision in different cells are discussed. The root sequence of IFDMA DMRS is investigated and we propose
Proposal: 
· Root sequence index for DMRS with RPF=2 is determined with 4*q, wherein, q is the root sequence index of legacy DMRS sequence in the cell.  
· Root sequence index for DMRS with RPF=4 is determined with 16*q, wherein, q is the root sequence index of legacy DMRS sequence in the cell.  
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