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1 Introduction  
In the WID [1], support of additional ports for DMRS targeting higher order of MU-MIMO transmission is agreed to be specified. Based on the agreement, in RAN1#82 meeting, the DMRS enhancement was discussed and the following working assumption was made: 
Working Assumption, subject to resolution of signalling and power imbalance issues:

· 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] 


In this contribution, the related issues of DMRS enhancement, i.e., power imbalance and DCI signaling are further discussed and the solutions for the two issues are given. 
2 Discussion on power imbalance issue  

2.1 Power imbalance issue  

When OCC length 4 mapping in Rel-10 is reused for Alt.1, the issue of power imbalance across DMRS REs in the time domain was discussed at the last meeting. 
OCC length 4 with Walsh cover code is given as following:
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Where, symbols a, b, c and d represent the element of the Walsh cover code. 
The transmission signal on the four resource elements (REs) for DM-RS with the same sub-carrier index at the n-th eNodeB transmit antenna, xn, can be represented as
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where wn,1 , wn,2, wn,3, and wn,4 represent the precoding weights for layer 1, layer 2 and layer 3, layer 4 at the n-th eNodeB transmit antenna, respectively. These precoding weights for MU-MIMO transmission are usually stochastic. 
When the OCC mapping in time /frequency domain is invariable, it may cause that there are peak power and zero power appearing in different OFDM symbol(s) for DMRS transmission. As seen in [2], for the worst case wn,1 = wn,2,= wn,3 = wn,4 with wideband precoding, there would be peak power for DMRS on the 6th OFDM symbol and zero power on 7th, 13th and 14th OFDM symbols. There is the power fluctuation between different OFDM symbols. In order to mitigate this problem, some specification effort was spent in Rel-9/10 to define swapping of OCC mapping in time/frequency domain. In Rel-10, swapping of OCC mapping at 24 REs’ DMRS region is used to solve the power imbalance issue. The detailed mapping can be found on the left part of Figure 1. 
When Alt.1 OCC=4 and 12REs is used for higher order MU-MIMO transmission, the same OCC mapping as Rel-10 over the 12 REs can be reused. Due to the OCC swapping, the power fluctuation is actually has been mitigated to a certain extent.  Furthermore, this is an extreme case because it assumes there are the same UE pairing across different PRGs and the specific precoding weights are used across PRGs, and therefore it can be avoided by scheduling. 
For example, eNB can multiply different complex factors to these precoding weights at the scheduled PRG. Four complex factors p, q, r, s can be separately applied for the four layers  Thus, the power at n-th eNodeB transmit antenna, x’n can be further randomized by the proper setting of the four complex factors.
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Observation: Power imbalance issue of Alt.1 is a small issue which can be avoided by scheduling. 
2.2 Scheme to resolve the power imbalance issue 
Based on the discussion in section 2.1, it can be found that the power imbalance issue in the system is a small issue and can be avoided by scheduling in Rel-13. If this issue is really needed to be solved in Rel-13 specification, a simple way is to reuse the swapping scheme of OCC mapping in Rel-10.
An example for this OCC swapping is shown on the right of Figure 1, where four OCC mapping sequences at 24 DMRS REs across two PRB pairs in Rel-10 are alternatively applied to four PRB pairs in Rel-13.  The OCC mapping scheme in Figure 1 can be expressed by the existing formula in [3] with minor changes as below:
Normal cyclic prefix:
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Figure 1 Swapping scheme for OCC=4 

From the Figure 1, it can be observed that, the transmission power of the DM-RS for the 6th, 13th OFDM symbols and the 7th, 14th OFDM symbols are balanced across 4 PRB pairs by reusing the swapping of OCC4 in Rel-10.
Based on the above discussions, it can be found that the swapping method is a very simple and efficient way to solve the power imbalance issue. Little specification impact is brought. Thereby we have the following proposal:

Proposal 1: If power imbalance of Alt.1 really needs to be solved by standard scheme, the swapping of OCC in frequency domain expressed in formula (1) can be used for the OCC mapping in Rel-13.                                              
3 DCI signalling design for additional DMRS ports for MU-MIMO
In Rel-10, the design of signalling the used DMRS ports has the following considerations:
a) Support dynamic SU/MU switching 

b) Support up to 8 layers for SU-MIMO
c) Support up to 2 orthogonal layers MU-MIMO transmission and 4 non-orthogonal layers MU-MIMO transmission
d) Using 3 bits for DCI signalling  
Based on the working assumption, there are at least four orthogonal ports { 7, 8, 11, 13}  supported for MU-MIMO transmission and the need of further naming of port 7 and 8 is FFS. Regarding the naming for DMRS port, the current DMRS port definition can be directly reused for higher order MU-MIMO and there is no need to define new port. 
The detailed definition for the four DMRS ports can be found in Table 1, where antenna port 11 and 13 are the additional DMRS ports for higher order MU-MIMO in Rel-13. 

Table 1  DMRS port definition for 4 layers’ MU-MIMO 

	Antenna port 
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In new DCI signalling design, most principles of  Rel-10 DCI signalling can be reused. First, dynamic SU/MU switching is supported for the transparent and flexible one or more users’ data transmission. The current DMRS ports indication use 3 bits. It is preferred to use 3 bits for the new DMRS ports indication as well in order to reduce DCI overhead.
Proposal 2: DMRS ports indication use 3 bits in DCI.
Up to 8 layers transmission has been supported in Rel-10, and therefore this signalling capability should also be retained in Rel-13.  Because the MU pairing probability with more than four layers is small for 16 ports [4], the scrambling code is not needed any more in case there are 4 orthogonal DMRS ports for MU-MIMO. In addition, regarding the MU-MIMO dimensioning, up to rank 2 transmission for one UE during MU-MIMO is supported.
Based on the above discussion, a design of 3 bits signalling for DMRS ports indication is shown in the Table 2. From Table 2, it can be found that the design can fulfill the requirements. 
Table  2  DCI signalling (antenna port(s), scrambling identity and number of layers indication)

[image: image14.emf]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   0   2 layers ， ports 7 - 8  

1   1 layer ， port  8   1   2 layers ,  ports  11,13  

2   1 layer ， port  11   2   3 layers ， ports 7 - 9  

3   1 layer ， port  13   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  

 


Proposal 3: Adopt Table 2 for DMRS ports indication.   
4 Conclusions
In the contribution, the issues of DMRS enhancement including power imbalance and signaling are discussed. Based on the analysis and discussions, there are the following proposals:
Observation: Power imbalance issue of Alt.1 is a small issue which can be avoided by scheduling 
Proposal 1: If power imbalance of Alt.1 really needs to be solved by standard scheme, the swapping of OCC in frequency domain expressed in formula (1) can be used for the OCC mapping in Rel-13.     
Proposal 2: DMRS ports indication use 3 bits in DCI.
Proposal 3: Adopt Table 2 for DMRS ports indication.  
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		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

		0

		2 layers，ports 7-8



		1

		1 layer，port 8

		1

		2 layers, ports 11,13



		2

		1 layer，port 11

		2

		3 layers，ports 7-9



		3

		1 layer，port 13

		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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