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1 Introduction
[bookmark: OLE_LINK6][bookmark: OLE_LINK5][bookmark: OLE_LINK9][bookmark: OLE_LINK10]In RAN1#86 meeting [1], the following agreements for UL DMRS were achieved as
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
In this contribution, we provided our views for uplink DMRS enhancement. 
2 [bookmark: OLE_LINK64][bookmark: OLE_LINK65]Discussion
2.1 [bookmark: OLE_LINK43]DMRS enhancement with IFDMA RPF 2
DMRS enhancement with IFDMA was agreed in last meeting, and it’s obvious that more scheduling flexibility can be achieved, and system capacity can be further increased if more orthogonal DMRS ports can be supported for MU-MIMO with partially overlapping BWs allocation. However, it is not realistic that too many orthogonal DMRS ports are supported in Rel-14 for MU-MIMO. Based on Rel-13 downlink DMRS discussion, the main MU performance gain is derived from maximum 4 orthogonal DMRS ports. Likewise, 4 orthogonal UL DMRS ports for MU-MIMO with partially overlapping BWs allocation are enough. In this case, IFDMA with RPF 2 is enough to support maximum 4 orthogonal DMRS ports. In addition, the REs are separate too far from each other with RPF 4, which will reduce the channel estimation accuracy, so we propose that:
Proposal 1: Supporting IFDMA with RPF 2 is enough for DMRS enhancement.
2.2 Support co-scheduling of legacy DMRS and new DMRS configuration
In Figure 1, we provide the uplink DMRS pattern based on IFDMA with RPF 2. New UE1 and UE2 use the same subcarrier (even subcarriers) but different OCC sequences in the DMRS pattern. Likewise, UE3 and UE4 use odd subcarriers but different OCC sequences. 
Subcarrier n for RE group 1 
Subcarrier n for RE group 0 
DMRS for UE4 with OCC=[1 -1]
DMRS for UE2 with OCC=[1 -1]
Slot 0
Slot 1
PRB
RE carrying data
DMRS for UE1 with OCC=[1 1]
DMRS for UE3 with OCC=[1 1]

Figure 1 IFDMA with RFP 2 for DMRS enhancement
To support UL MU-MIMO in legacy standard, the sequence group hopping should be disabled, i.e. the cyclic shift offset between two slots for all mu-users should be same. So no sequence hopping is assumed in this contribution.



[bookmark: OLE_LINK19][bookmark: OLE_LINK20]The DMRS sequence is generated with formula  as described in spec 36.211, the cyclic shift parameter is  and . As the DMRS length is multiple of the number of subcarriers in one PRB, i.e. 12, the cyclic shift in each PRB is actually . In other words, no matter how long the DMRS bandwidth is, the cyclic shift index for different UE in the same subcarrier is same, and the cyclic shift offset between two slots for all mu-users should be same if sequence hopping is disabled, i.e. , then 2 orthogonal DMRS ports in same subcarrier will be provided with OCC, in addition, with the RPF 2 IFDMA, 2 more orthogonal DMRS ports can be obtained. So irrespectively of DMRS bandwidth, totally 4 orthogonal DMRS ports can be supported with OCC and FDM.
While considering there will be co-existence of legacy UE and new UE, the flexible co-scheduling of legacy UE and new UEs should be supported, e.g. one legacy UE0 and two new UEs (UE2 and UE4), furthermore, even the new UE should be able to select the legacy DMRS configuration to cater for different scenarios, e.g. considering different delay spread values. The orthogonality of the new DMRS configuration and legacy one should be supported, so we propose that:
Proposal 2: Orthogonality of legacy DMRS configuration and new configuration should be supported for flexible scheduling.
2.3 Consideration on DMRS sequence for paring with legacy DMRS configuration
However, if co-scheduling the legacy DMRS configuration and the new one, e.g. one legacy UE0 and two new UEs (UE2 and UE4) is considered, the orthogonality of the DMRS sequence of legacy UE and new UE should be studied.

Actually, the DMRS sequence is constituted with root sequence part and cyclic shift part. For new UEs, to keep the property of Zadoff-Chu sequence for DMRS, the root sequence index of  should be consecutive from , even the DMRS is mapped on every other subcarriers, leading to the index different from legacy UE and new UE on the same subcarrier. Take legacy UE0 and new UE2 in Figure 2 for example, the DMRS sequence in slot 0 and slot 1 for legacy UE is , and the DMRS sequence in slot 0 and slot 1 for new UE is . The conduct of the two sequences is
 
                         (1)As the cyclic shift offset of the two slots is same for MU-UEs, i.e. , then the product can be written as 
                                       (2)
If the orthogonality of legacy UE and new UE is kept, the cyclic shift index of legacy configuration  and new configuration  should be same, which means the new DMRS sequence should be , this will lead the cyclic shift index different from the sequence index for new UEs.
To keep the orthogonality of legacy and new DMRS configuration for flexible scheduling, the cyclic shift index for new DMRS sequence should be slightly modified to make the cyclic shift offset between the two slots same for the legacy and new DMRS sequence.
[bookmark: _GoBack]For example, DMRS sequence configured on even subcarriers in slot 0 is , and DMRS sequence configured on odd subcarriers in slot 0 is , 
                  (3)

where 
and 
and the detail example is shown in Figure 2.

Index of CS different with index of root sequence

Figure 2 DMRS sequences in slot 0 and 1 for legacy and new configuration
Therefore, in order to support backward compatibility and the flexible DMRS configuration and co-scheduling, the new DMRS generation should be slightly changed to keep cyclic shift between two slots same as that of legacy ones, so we propose that:
[bookmark: OLE_LINK1]Proposal 3: Slightly modification of cyclic shift for new DMRS generation should be introduced to support backward compatibility and flexible DMRS configuration and co-scheduling. 
3 Conclusion
In this contribution, we discussed the uplink DMRS design in order to support 4 orthogonal DMRS for MU-MIMO with partially overlapping BWs allocation, and we propose
Proposal 1: Supporting IFDMA with RPF 2 is enough for DMRS enhancement.
Proposal 2: Orthogonality of legacy DMRS configuration and new configuration should be supported for flexible scheduling.
Proposal 3: Slightly modification of cyclic shift for new DMRS generation should be introduced to support backward compatibility and flexible DMRS configuration and co-scheduling. 
4 [bookmark: _Ref344215723]References
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