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1 Introduction
In RAN1#82, the following working assumption has been achieved for DMRS enhancement: 

Alt.1, i.e., OCC=4 and 12REs for higher order MU-MIMO transmission is supported with the following ports

	Ports for MU transmission 
	OCC 

	Port 7(’) (detailed naming FFS)
	[1 1 1 1] 

	Port 8(’)
	[1 -1 1 -1] 

	Port 11
	[1 1 -1 -1] 

	Port 13
	[1 -1 -1 1] 


Solutions for signalling and power imbalance should be submitted for RAN1#82bis. 
In this contribution we give our solutions for signalling and power imbalance. 

2 Indication of DMRS information
In this section, we discuss the potential specification impacts of DMRS enhancement.  We consider the indication of the following information.

2.1 DMRS Port indication
Currently only DMRS port 7 or port 8 or ports {7,8} is indicated to the UE when number of layers is up to 2. Given that Alt.1 is adopted as working assumption and the maximum number of layers allocated to one UE is two in MU-MIMO, the UE can be allocated with one or two ports from DMRS ports {7,8,11,13}. We should consider how to inform UE the allocated port(s) are coming from ports {11,13}.  
2.2 OCC length indication
The current MU-MIMO scheme is transparent in the existing releases.  In other words, the UE doesn't know whether another UE is paired with it in the transmission.   If we follow the same approach of transparent MU-MIMO, Rel-13 UEs may be confused whether OCC length of 2 or 4 should be used when DMRS port 7 or 8 is allocated.   One approach is to always use the assumption of OCC length of 4 for Rel-13 UEs.  This may not be an issue for low speed UEs as OCC length does not make much performance difference.  However, the performance loss cannot be ignored for medium to high speed UEs[3].   Blind detection of interfering DMRS ports can be done to decide whether the channel estimation should be done with the assumption of OCC length of 2 or 4.  However, if blind detection does not work well or UE complexity is too high to perform blind detection, it is desirable to explicitly inform the UE the OCC length.  
3 DCI signaling design
From the analysis in section 2, port indication is necessary.  OCC length indication is nice to have but it is not mandatory.  Considering this, we provide 2 signaling alternatives, one with port indication only and another with both port indication and OCC length.

In general, when we add new information to DCI signaling, we can either re-use the existing field(s) or adding a new signaling bit(s) (on DCI or RRC).  Here we mainly assume DCI Format 2D for the baseline.   
    1)  Reuse existing DCI field(s) to inform the new combination of DMRS ports
    2) Add a new RRC signaling bit to switch between the old  DCI signaling table and new DCI signaling table.  
    3) Add new bit(s) to the current 3-bit signaling table of indication of antenna port(s), scrambling identity and number of layers in DCI Format  2D.  
Or combination of the above 3 methods can be used.
3.1 Alternative 1  - DMRS group indication by re-using existing DCI field(s)
In this alternative, grouping of DMRS port {7,8} and {11,13} can be considered as shown in table 1.  
      Table 1 DMRS port grouping
	Group g
	Port {A(g),B(g)}

	0
	{A(0),B(0)}={7,8}

	1
	{A(1),B(1)}={11,13}


With known DMRS group g by signaling, the 3-bit signaling table becomes the following table:
     Table 2:  3 bit table
	One Codeword:

Codeword 0 enabled,

Codeword 1 disabled
	Two Codewords:

Codeword 0 enabled,

Codeword 1 enabled

	Value
	Message
	Value
	Message

	0
	1 layer, port A(g), nSCID=0
	0
	2 layers, ports {A(g), B(g)}, nSCID=0

	1
	1 layer, port A(g), nSCID=1
	1
	2 layers, ports {A(g), B(g)}, nSCID=1

	2
	1 layer, port B(g), nSCID=0
	2
	3 layers, ports 7-9

	3
	1 layer, port B(g), 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


There are three options of indicating the DMRS group g.
· Option A - RRC signaling
· Option B - ncsid bit 

· Option C - NDI bit when there is one codeword
Option A is the simplest but it would limit the flexibility of switching between two groups which affects significantly the flexibility of MU pairing.  
For Option B, ncsid bit is used to indicate the DMRS group.  With this method, the problem is the DMRS sequence will be different  according to the existing initialization equation (1).    
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To support orthogonal DMRS with different  ncsid , the equation can be changed to equation (2) below:
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This means different DMRS sequences can be only achieved by using different Virtual Cell IDs (VCID) 
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.  To support dynamic switching between quasi-orthogonal DMRS and orthogonal DMRS, VCID can be configured as in table 3 below assuming we have users 1-4 using 3 VCIDs {X,Y,Z}.
      Table 3  The VCIDs of four users
	user
	VCID0
	VCID1

	1
	X
	Y

	2
	Z
	X

	3
	Y
	Z

	4
	X
	Y


With this implementation, it is possible to achieve certain dynamic switching between quasi-orthogonal DMRS and orthogonal DMRS as well as dynamic indication of different DMRS groups.
For Option C, NDI bit of the disabled codeword can be used to indicate DMRS group dynamically  when only one codeword is enabled as the NDI bit is not used in TM10 in such case.  For the case of 2 codewords, there is no free NDI bit.  It needs to combine Option A or Option B to indicate DMRS group in 2 codeword case.   

If it is combined with Option B, then ncsid bit can be used to indicate the DMRS group in 2 codeword case.   In such case, the sequence initialization should be done differently according to equation (1) and (2) for 1 codeword and 2 codeword cases respectively.   Configuration of 2 VCIDs  should also be done differently for 1 codeword and 2 codeword cases.
3.2 Alternative 2  - Adding additional DCI bit

By adding one additional DCI bit, the 3 bit signaling table is extended to 4 bit signaling table as shown in Table 4.  Since we have enough signaling, indication of OCC length can be considered as well. The indication table of Antenna port(s), scrambling identity, number of layers and OCC length in DCI  is  shown in table 4. This method can dynamically switch over SU-MIMO and MU-MIMO. It also dynamically supports four orthogonal DMRS ports with the number of users between two and four users. However, it adds one bit that will give some complexity  to the user and increase the overhead of DCI. 
Table 4: 4bit table 
	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,OCC=2
	0
	2 layers, ports 7-8, nSCID=0,OCC=2

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

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

	3
	1 layer, port 8, nSCID=1, OCC=2
	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
	1 layer, port 11, nSCID=0,OCC=4
	7
	8 layers, ports 7-14

	8
	1 layer, port 11, nSCID=1,OCC=4
	8
	2 layers, ports 7-8, nSCID=0,OCC=4

	9
	1 layer, port 13, nSCID=0, OCC=4
	9
	2 layers, ports 7-8, nSCID=1, OCC=4

	10
	1 layer, port 13, nSCID=1, OCC=4
	10
	2 layers, ports 11,13, nSCID=0,OCC=4

	11
	1 layer, port 7, nSCID=0,OCC=4
	11
	2 layers, ports 11,13, nSCID=1, OCC=4

	12
	1 layer, port 7, nSCID=1,OCC=4
	12
	Reserved

	13
	1 layer, port 8, nSCID=0, OCC=4
	13
	Reserved 

	14
	1 layer, port 8, nSCID=1, OCC=4
	14
	Reserved 

	15
	Reserved
	15
	Reserved 


Considering the DCI overhead and the flexibility of MU pairing, we have the following proposals:

Proposal 1:  DMRS group indication by re-using existing DCI field(s)

Proposal 2:  - In case of one codeword, use NDI bit of the disabled codeword to indicate the DMRS port group between two groups {7,8} and {11,13}.
- In case of two codewords, use ncsid bit to indicate the DMRS port group between two.
4 Power imbalance issue
The power imbalance issue is identified in [5].   It happens only when certain precoding weights are assigned.   If this is an issue to implementation, we provide two OCC mapping schemes to avoid power imbalance in Tables 4-1 and 4-2.
Table 4-1:  The first OCC mapping scheme
	PRB
	Subcarrier number
	OFDM5
	OFDM6
	OFDM12
	OFDM13

	3
	11
	b
	a
	d
	c

	
	6
	c
	d
	a
	b

	
	1
	b
	a
	d
	c

	2
	11
	c
	d
	a
	b

	
	6
	b
	a
	d
	c

	
	1
	c
	d
	a
	b

	1
	11
	d
	c
	b
	a

	
	6
	a
	b
	c
	d

	
	1
	d
	c
	b
	a

	0
	11
	a
	b
	c
	d

	
	6
	d
	c
	b
	a

	
	1
	a
	b
	c
	d


Table 4-2: The second OCC mapping scheme
	PRB
	Subcarrier number
	OFDM5
	OFDM6
	OFDM12
	OFDM13

	3
	11
	d
	c
	b
	a

	
	6
	a
	b
	c
	d

	
	1
	d
	c
	b
	a

	2
	11
	c
	d
	a
	b

	
	6
	b
	a
	d
	c

	
	1
	c
	d
	a
	b

	1
	11
	b
	a
	d
	c

	
	6
	c
	d
	a
	b

	
	1
	b
	a
	d
	c

	0
	11
	a
	b
	c
	d

	
	6
	d
	c
	b
	a

	
	1
	a
	b
	c
	d


The first and the second OCC mapping scheme both have the following advantages:    
1) Satisfying 2D-orthogonality in one PRB-pair. 
2) Backward compatibility with the mapping scheme for DMRS ports 7-8
3) Achieving peak power randomization in four PRB-pair 

The first OCC mapping scheme is better than the second  because  the first scheme provides better 2D-orthogonality between two neighbor PRB-pair. This favors the larger PRG in the future and improves the channel estimation performance.  

Proposal 3:  OCC mapping schemes in table 4-1 can be adopted to solve the power imbalance issue. 
5 Conclusion

In this contribution, we discuss the potential DMRS enhancements for Rel-13. From the above discussion, we have the following proposals:
Proposal 1:  DMRS group indication by re-using existing DCI field(s)

Proposal 2:  - In case of one codeword, use NDI bit of the disabled codeword to indicate the DMRS port group between two groups {7,8} and {11,13}.
- In case of two codewords, use ncsid bit to indicate the DMRS port group between two.
Proposal 3:  OCC mapping scheme in table 4-1 can be adopted to solve the power imbalance issue. 
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