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1 Introduction
[bookmark: OLE_LINK6][bookmark: OLE_LINK5][bookmark: OLE_LINK9][bookmark: OLE_LINK10]In RAN1#84bis meeting, some possible candidates were proposed and summarized for uplink DMRS enhancement as follows
Conclusions:
· Consider the following possible DMRS enhancements in the evaluation:
· IFDMA DMRS with a comb number of 2 and/or 4
· More DMRS symbols (with or without larger OCC), e.g.:
· IFDMA DMRS subcarriers with PUSCH REs, or 
· across 2-subframe pairing
· Enhancement of DMRS sequence generation, including DMRS transmitted in a wider BW than the associated PUSCH
· Frequency domain OCC
· Other solutions are not precluded 
· Companies are to state their Rel-13 baseline scheme. 
In this contribution, we analyse the above candidates and provide some proposals. 
2 [bookmark: OLE_LINK64][bookmark: OLE_LINK65]Discussion
[bookmark: OLE_LINK43]According to the standard before Rel-10, the UL DMRS of all mu-users can be multiplexed by different ZC sequences (different cyclic shift with same root sequence). Therefore, all co-scheduling users should have equal allocated bandwidth. Otherwise, DMRS orthogonality between co-scheduling users with unequal bandwidth cannot be guaranteed. 
In Rel-10, one motivation of UL DMRS enhancement was to support 2 orthogonal DMRS for MU-MIMO with partially overlapping bandwidth allocation. In that time, some candidates were proposed, like as IFDMA, introduction of OCC to two DMRS symbols in two slots, new DMRS sequence, etc.  Finally, OCC was adopted in the standard. Therefore, two co-scheduling users with different bandwidth can distinguish DMRS by different OCC sequences.
Now, this new WID’s motivation is to further relax the restriction of allocated bandwidth for co-scheduling mu-users. 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 uplink 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. Similar with downlink scheduling, each mu-user has often low rank in uplink, e.g. rank 1 or 2, especially for more than 2 co-scheduling users. 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 1: Supporting 4 orthogonally co-scheduling users is enough for MU-MIMO with partially overlapping bandwidth allocation, where each user has low rank.
To analyse the enhancement candidates, we should consider following factors
· Uplink DMRS overhead
· Standard effort including control signal design
· Backward compatibility
· PAPR
· Channel estimation accuracy
Based on these factors, we analyse the proposed candidates in the section 1 one by one.
· IFDMA based scheme
Although larger comb number can introduce more orthogonal DMRS ports with different allocated bandwidths, it may degrade the channel estimation accuracy, especially for large delay spread scenarios. As described in the analysis of proposal 1, maximum 4 orthogonal ports with different bandwidths may be enough. Therefore, the comb number of 2, which can support maximum 4 orthogonal ports should be prioritized. Furthermore, supporting too many DMRS ports means requirement of more control signalling indication. 
· More DMRS symbols based scheme
For the candidate with more DMRS symbols (with or without larger OCC), the possible drawbacks are as following
· The DMRS overhead will be double if simple extension from 2 DMRS symbols to 4. 
· PAPR may be increased if the IFDMA based DMRS subcarriers are introduced to the more than 2 DMRS symbols. If we want to keep the DMRS overhead same as legacy ones, the resource elements between the two DMRS subcarriers may be used for PUSCH transmission. However, this will lead to large PAPR.
In addition, more DMRS symbols + IFDMA seems unnecessary since one of them can support enough orthogonal ports. 
· Channel estimation accuracy will be degraded if larger OCC across 2-subframe pairing is introduced. Furthermore, PUSCH scheduling will be limited because of consecutive 2-subframe pairing.
· Inter-cell interference may be serious if neighbour cells schedule different type UEs (e.g. R13 UE with two DMRS symbols or R14 UE with four DMRS symbols in one subframe).
Considering the above drawbacks, more DMRS symbols based scheme may be studied more carefully to solve these problems.
· Enhancement of DMRS sequence generation 
The main problem of this scheme [2] is on the dynamic DRMS BW indication. In this scheme, the DRMS BW may be different with PUSCH, eNB need to inform UE the DMRS BW dynamically, and it may lead to large control signal overhead. In addition, DMRS transmission without PUSCH will introduce more power consumption. 
· Frequency domain OCC based scheme
This is another candidate as described in [2], it may have similar effect with IFDMA based scheme. However, the caused PAPR may be larger than that of IFDMA. 
Based on above analysis, we propose 
Proposal 2: IFDMA based enhancement with comb 2 is adopted.
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. 
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 
In this scheme, 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, if the sequence group hopping is disabled, the cyclic shift offset will be same for all these UEs in order to supporting MU-MIMO as shown in Table 1.
Table 1 Example of 4 UEs with orthogonal DMRS ports
	
	OCC
	DMRS sequence in slot 0
	DMRS sequence in slot 1

	UE0
	[1     1]
	

	


	UE1
	[1     -1]
	

	


	UE2
	[1     1]
	

	


	UE3
	[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 that the cyclic shift  in a slot  is given as . So if the uplink PUSCH BW is a multiple of 2 PRBs, the four orthogonal DMRS ports with different BWs can be supported.
However, if co-scheduling the legacy UE and the new UEs, the orthogonality will not be kept. So the backward compatibility should be further studied. 
Proposal 3: Backward compatibility for IFDMA based scheme is FFS. 
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: Supporting 4 orthogonally co-scheduling users is enough for MU-MIMO with partially overlapping bandwidth allocation, where each user has low rank.
Proposal 2: IFDMA based enhancement with comb 2 is adopted.
Proposal 3: Backward compatibility for IFDMA based scheme is FFS. 
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