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1 Introduction
[bookmark: OLE_LINK6][bookmark: OLE_LINK5][bookmark: OLE_LINK9][bookmark: OLE_LINK10]In RAN1#85 meeting, the following agreement for UL DMRS was formed as   
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
In this contribution, we provided our views for uplink DMRS enhancement. 
2 [bookmark: OLE_LINK64][bookmark: OLE_LINK65]Discussion
[bookmark: OLE_LINK43]In previous two meetings, several possible DMRS enhancements were proposed, such as IFDMA, More DMRS symbols (with or without larger OCC), Enhancement of DMRS sequence generation, Frequency domain OCC and so on. As described in our previous contribution [1], we analyzed these possible schemes and we proposed to adopt IFDMA based enhancement.
Proposal 1: IFDMA based enhancement should be adopted.
It is 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, maximum 4 users with unequally allocated RBs can be supported. Therefore, Rel-14 enhancement schemes should focus on maximum 4 co-scheduling users unless the obvious benefit can be observed by supporting more than 4 co-scheduling users.  
Proposal 2: Supporting 4 orthogonally co-scheduling users is enough for MU-MIMO with partially overlapping bandwidth allocation.
We provide the uplink DMRS pattern based on IFDMA with comb 2 as described in Figure1. By OCC and FDM, 4 orthogonal DMRS ports with different bandwidth allocations can be supported. 
Subcarrier n for RE group 0 
Subcarrier n for RE group 1 
DMRS for UE3 with OCC=[1 -1]
DMRS for UE1 with OCC=[1 -1]
Slot 0
Slot 1
PRB
RE carrying data
DMRS for UE0 with OCC=[1 1]
DMRS for UE2 with OCC=[1 1]


Figure1, UL staggered DMRS pattern 
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.
As described in the Figure 1, UE0 and UE1 use the same subcarrier (even subcarriers) but different OCC sequences in the DMRS pattern. Likewise, UE2 and UE3 use odd subcarriers but different OCC sequences.  Taking single layer for these four UEs as an example as shown in Table 1.
Table 1 Example of 4 UEs with orthogonal DMRS ports
	
	OCC
	RE group
	DMRS sequence in slot 0
	DMRS sequence in slot 1

	UE0
	[1     1]
	0
	

	


	UE1
	[1     -1]
	0
	

	
-

	UE2
	[1     1]
	1
	

	


	UE3
	[1     -1]
	1
	

	
-


The DRMS complex values in the closest four REs as described in the dash rectangle in the Figure 1 are following






It is noted thatis the cyclic shift in slot j for UE i where  and as described in the section 5.5.2 of 36.211. Because the cyclic shift offset between two slots for all mu-users should be same, i.e. , the four orthogonal DMRS ports with different BWs can be supported.
However, if co-scheduling the legacy UE and the new UEs e.g. one legacy UE0 and two new UEs(UE1 and UE3 in the Table 1), is considered, the orthogonality will not be kept because the DMRS length of legacy UE is two times of new ones in one PRB. The DRMS complex values in the closest four REs are following




As shown in the above formula, excluding the OCC factors, the phase shift in RE group 0 between two slots for legacy UE0 is , but that of new UE1 is . Since the phase shift between two slots for legacy UE and new UEs are different, the orthogonality cannot be guaranteed anymore. 
Therefore, in order to support backward compatibility, the DMRS generation should be slightly changed to keep phase shift between two slots same as that of legacy UEs.
[bookmark: OLE_LINK1]Proposal 3: Slightly modification of DMRS generation should be introduced to support backward compatibility. 
One simple solution can be considered as 
· For RE group 0

  
· For RE group 1

       Where 

3 Conclusion
In this contribution, we discussed the uplink DMRS design in order to support more than 2 orthogonal DMRS for MU-MIMO with partially overlapping BWs allocation in Rel-14, and we proposed
Proposal 1: IFDMA based enhancement should be adopted.
Proposal 2: Supporting 4 orthogonally co-scheduling users is enough for MU-MIMO with partially overlapping bandwidth allocation.
Proposal 3: Slightly modification of DMRS generation should be introduced to support backward compatibility. 
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