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1 Introduction

In RAN1#86 meeting, the following on IFDMA DMRS was agreed [1].

Agreement:

· Support orthogonal DMRS (more than 2) for MU-MIMO with partial overlapping BW allocation by

· IFDMA with at least RPF 2 
· FFS: RPF 4 

· FFS during this week which new IFDMA sequence lengths (if any) shall be supported and designed
· If any new lengths larger than 36 are supported, the corresponding DMRS sequences are generated by the legacy mechanism by extension of a Zadoff-Chu sequence

· FFS:  whether and how CS of DMRS generation shall be modified to improve backward compatibility for the pairing with legacy UE. 

· Additional power boosting shall be supported and applied to IFDMA DMRS depending on the value of RPF
· FFS:  x dB for RPF 2 and y dB for RPF 4
Agreement:
· IFDMA Sequence Design for RPF=2, 

· New lengths larger than 36 are supported. The corresponding DMRS sequences are generated by the legacy mechanism by extension of a Zadoff-Chu sequence. 

· FFS: whether new lengths of 6, 18, 30 are supported

In this contribution, the IFDMA sequence design is discussed, and our views are presented. 
2 IFDMA Sequence Design
It was agreed that new lengths larger than 36 are supported and generated by the legacy mechanism by extension of a Zadoff-Chu sequence. It is not decided whether new lengths of 6, 18, 30 are supported. For RPF=2 and 4, the DMRS sequence definition is discussed as following.
· IFDMA sequence design for RPF = 2,

· In case of new uplink DMRS lengths no less than 36, the corresponding DMRS sequences are generated by the legacy mechanism by extension of a Zadoff-Chu sequence.

· In case of new uplink DMRS lengths equal to 12 or 24, the corresponding DMRS sequences are same as the legacy uplink DMRS sequences.

· In case of new uplink DMRS lengths equal to 6, 18 or 30, the corresponding DMRS sequences are generated by computer search, as same as the generation method of 12 and 24 lengths uplink DMRS. Both CM and cross-correlation features need to be considered to generate these new sequences.

· IFDMA sequence design for RPF = 4

· In case of new uplink DMRS lengths no less than 36, the corresponding DMRS sequences are generated by the legacy mechanism by extension of a Zadoff-Chu sequence.

· In case of new uplink DMRS lengths equal to 12 or 24, the corresponding DMRS sequences are same as the legacy uplink DMRS sequences.

· In case of new uplink DMRS lengths equal to 3, 6, 9, 15, 18, 21, 27, 30 or 33 the corresponding DMRS sequences are generated by computer search, the same as the generation method of 12 and 24 lengths uplink DMRS. Both CM and cross-correlation features need to be considered when searching those new sequences.

As discussed above, the support of all the possible new DMRS length is preferred. If only a subset of new DMRS length is supported, it will introduce a lot of restrictions in the PUSCH scheduling and degrade uplink performance. The following figure shows the probability of different scheduled RB number in uplink. The data is captured in a commercial network.  The figure clearly shows that the probability of scheduling small RB number is very high. Therefore the new DMRS length used for small RB number should be supported to satisfy the high requirement of small RB number scheduling. That is, for RPF=2, new uplink DMRS lengths equal to 6, 18 or 30 are supported. For RPF=4, new uplink DMRS lengths equal to 3, 6, 9, 15, 18, 21, 27, 30 or 33 are supported. 
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Figure 1 Scheduled RB number statistic in uplink
Proposal 1:

·  For RPF=2, new uplink DMRS lengths equal to 6, 18 or 30 are supported. 

· For RPF=4, new uplink DMRS lengths equal to 3, 6, 9, 15, 18, 21, 27, 30 or 33 are supported.

3 Sequence collision for IFDMA DMRS

In RAN1#86 meeting, the sequence collision for IFDMA DMRS was discussed in [2], where we proposed that different cells may use different root sequences to generate DMRS base sequences in order to reduce inter cell interference in DMRS. For an IFDMA DMRS with RPF=2, the DMRS sequence with sequence index
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 is mapped to the comb like REs in the bandwidth. For a legacy DMRS, the even element extracted from the legacy DMRS sequence with sequence index
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 is still a ZC sequence but with a different sequence index as
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. If the REs of IFDMA DMRS with RPF=2 are overlapped with even REs of legacy DMRS, the sequence collision will happen when 
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. In this case, the two DMRS sequences are exactly the same. Except there is a cyclic shift between them. Otherwise, they can’t be distinguished by eNB.
Figure 2 shows the case of sequence collision between IFDMA DMRS sequence and extracted sequence from legacy DMRS sequence.
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Figure2 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 [2], figure 3 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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. The collision probability of 
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is about 5%. If we include the collision probability of 
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, the overall collision probability will be higher, i.e. about 10%. 
[image: image17.emf]u 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29

q 2 3 5 6 8 9 11 12 14 15 17 18 20 21 23 24 26 27 29 30 32 33 35 36 38 39 41 42 44 45



Figure3. 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 collided UEs will be seriously degraded. To resolve the sequence collision problem, the root sequence index for DMRS in different cells should be carefully chosen. More specifically, the following rules in DMRS sequence selection can be considered:
Assuming that 
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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 the following. 

Proposal 2: 

· 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.  
4 Conclusion

In this contribution, the issues on IFDMA sequence design are discussed.  Hence, we propose:

Proposal 1:

·  For RPF=2, new uplink DMRS lengths equal to 6, 18 or 30 are supported. 

· For RPF=4, new uplink DMRS lengths equal to 3, 6, 9, 15, 18, 21, 27, 30 or 33 are supported.

Proposal 2: 

· 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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