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1. Introduction

The RAN1 meeting #80 has agreed some selected simulation scenarios like 3D UMa and 3D UMi focusing on DMRS enhancement only.  The conclusion, which was not agreed, has summarized some candidates of DMRS enhancement for further evaluation, for example: g

· Alt. 1: 12 DM-RS REs with OCC = 4 for up to total 4 layers per scrambling sequence

· Alt. 2: 24 DM-RS REs with OCC = 2 for up to total 4 layers per scrambling sequence

· Alt. 3: 24 DM-RS REs with OCC = 4 for up to total 8 layers per scrambling sequence

· Alt. 4: DM-RS estimation accuracy improvement by advanced receiver assuming interference channel estimation

· Alt. 5: Larger PRG size

Other DMRS enhancements are not excluded. In this contribution, some specification impact has been analysed here. 

2. Discussion of Specification Impact
The first question for us is whether DMRS shall be enhanced or whether quasi-orthogonal DMRS ports are useless for MU-MIMO operation. Up to release 12, one of two scrambling sequences of DMRS ports in TM10 is preconfigured by higher layer using UE-specific virtual cell ID. If quasi-orthogonal DMRS ports are useful, the number of UE pairing for MU-MIMO can be sufficiently large for high order MU since all of UEs can be assigned with different virtual cell ID for DMRS port 7 or 8.  General speaking, using quasi-orthogonal DMRS ports for MU-MIMO is more future proof since the number of UE pairing can be up to 1024. Moreover some UE implementations may be feasible to cancel DMRS interference due to quasi-orthogonality. 
· Observation #1: If quasi-orthogonal DMRS ports can be used for MU-MIMO effectively, there is no need to enhance DMRS. 
If quasi-orthogonal DMRS ports cannot be used, then it is very likely that DMRS should be enhanced for more orthogonal ports.  Up to Rel 12, only two orthogonal DMRS ports can be used for downlink MU-MIMO. As discussed in RAN1 meeting #80, there are several ways to do that. Since DMRS ports 7~14 used for SU are orthogonal each other, there is no strong motivation to design new DMRS ports. Then from standards perspective, next question is to determine which DMRS ports should be used for MU-MIMO beyond ports 7 and 8.  

· Proposal #1:  If DMRS ports shall be enhanced for MU-MIMO with more orthogonal ports, it is not preferred introducing new definition or changing existing definition of DMRS ports. 
With respect to the number of MU pairing, our preliminary understanding is that it is still relatively limited, for example 3 or 4 users most of time.  Most of our previous simulation activities up to Rel 13 consider 2 MU users only. 
· Observation #2: The number of MU pairing up to 4 UEs may be sufficient for 3D MIMO. 

Considering 4 orthogonal DMRS ports like Alt1 and Alt2 without changing definition of existing DMRS ports, following pictures represents two choices we may have:
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	


Comparing two solutions here, the solution using DMRS ports 7/8/11/13 are preferred. Firstly if legacy UE using DMRS port 7 or 8 to participate MU with a Rel 13 UE, legacy UE does not need to puncture REs for DMRS port 9/10. The legacy and Rel 13 UE remains to be transparent to the MU operation and it can be paired with each other without any problem. Secondly the overhead of DMRS ports is not increased. Such DMRS enhancement will use the same overhead as Rel 12 MU with 12 DMRS RE per PRB.  Therefore it will lead to the minimal implementation and standards changes. 
· Proposal #2: If DMRS ports shall be enhanced for MU-MIMO with more orthogonal ports, it is preferred to use existing DMRS ports 7/8/11/13. 

If DMRS ports like 7/8/11/13 were introduced for MU-MIMO in Rel 13, it is expected that the table jointly indicating antenna port, scrambling ID and the number of layers has to be updated. Consequently a new DCI format may be needed. Therefore a sufficient performance gain is needed to show that more orthogonal DMRS ports are better than quasi-orthogonal DMRS ports. 
· Observation #3: If DMRS ports shall be enhanced for MU-MIMO with more orthogonal ports, the DCI format shall be updated for joint indication of antenna port, scrambling ID and the number of layers.

3. Conclusions

In this contribution we discuss potential specification impact related to DMRS enhancement. Some further evaluations are needed to confirm whether quasi-orthogonal DMRS ports are useful for MU-MIMO.  Hence we have following observations and proposals: 

· Observation #1: If quasi-orthogonal DMRS ports can be used for MU-MIMO effectively, there is no need to enhance DMRS. 
· Proposal #1:  If DMRS ports shall be enhanced for MU-MIMO with more orthogonal ports, it is not preferred introducing new definition or changing existing definition of DMRS ports. 

· Observation #2: The number of MU pairing up to 4 UEs may be sufficient for 3D MIMO. 

· Proposal #2: If DMRS ports shall be enhanced for MU-MIMO with more orthogonal ports, it is preferred to use existing DMRS ports 7/8/11/13. 

· Observation #3: If DMRS ports shall be enhanced for MU-MIMO with more orthogonal ports, the DCI format shall be updated for joint indication of antenna port, scrambling ID and the number of layers.
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Table 5.3.3.1.5C-1: Antenna port(s), scrambling identity and number of layers indication
	One Codeword:

Codeword 0 enabled,

Codeword 1 disabled
	Two Codewords:

Codeword 0 enabled,

Codeword 1 enabled

	Value
	Message
	Value
	Message

	0
	1 layer, port 7, nSCID=0
	0
	2 layers, ports 7-8, nSCID=0

	1
	1 layer, port 7, nSCID=1
	1
	2 layers, ports 7-8, nSCID=1

	2
	1 layer, port 8, nSCID=0
	2
	3 layers, ports 7-9

	3
	1 layer, port 8, nSCID=1
	3
	4 layers, ports 7-10

	4
	2 layers, ports 7-8
	4
	5 layers, ports 7-11

	5
	3 layers, ports 7-9
	5
	6 layers, ports 7-12

	6
	4 layers, ports 7-10
	6
	7 layers, ports 7-13

	7
	Reserved
	7
	8 layers, ports 7-14
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