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1 Introduction
[bookmark: OLE_LINK6][bookmark: OLE_LINK5][bookmark: OLE_LINK9][bookmark: OLE_LINK10]After the study item of Rel-13, a new WID proposal on Elevation beamforming/FD-MIMO was approved in RAN#68 meeting [1]. And the DMRS enhancement for higher order MU-MIMO was agreed to be included.
In RAN1#82 meeting [2], Alt.1 (detailed in TR 36.897) of DMRS enhancement was achieved as a working assumption.
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] 


Solutions for signalling and power imbalance should be submitted for RAN1#82bis. 
In the working assumption, the power imbalance issue should be addressed in RAN1#82bis meeting. In this contribution, we discuss the power imbalance issue for DMRS enhancement and provide our views.
2 [bookmark: OLE_LINK64][bookmark: OLE_LINK65]Discussion
Based on the design principle of length-4 OCC mapping for DMRS rank 5-8 in Rel-10 [3], we present our views on some considerable aspects for high order MU-MIMO.
· For the better performance in time and frequency selective channel, 2D orthogonality should be maintained.
· The power imbalance of DMRS REs in time domain should be considered.
· Backward compatibility with length-2 pattern should be supported.
· Standard effort should be little.
For the working assumption, the DMRS REs with OCC = 4 and 12 REs are shown in Figure 1.
[image: ]
Figure 1 DMRS REs with OCC = 4
The 2D orthogonality can be maintained both in frequency and time domain, as the working assumption in RAN1#82 reuses the DMRS ports and OCC sequences for Rel-10 DMRS rank 5-8 design.
[bookmark: OLE_LINK11][bookmark: OLE_LINK12]While for the power imbalance, there may be some issues. Assume the single wideband precoder used for DMRS, and for different DMRS ports 7/8/11/13 on DMRS REs, the precoding weights are w1, w2, w3 and w4 respectively. The transmit signals on the 4 REs in time domain are shown in Formula 1.

    Formula 1

For the worst case (i.e. w1=w2=w3=w4), the power imbalance is up to 0.97dB for different symbols [4]. Especially for the first antenna port, the worst case always occurs as the precoding values for different layers on the first antenna port are all fixed to be 1 (as the precoding vector is designed in the form of ), as shown in Figure 2. 
[image: ]Time
Frequency

Figure 2 Power imbalance issue with DMRS OCC sequences in working assumption
We can eliminate this issue with the smart transformation for one of the OCC sequences and no need of big standard effort. As the antenna port 7 and 8 is better to be considered for the backward compatibility, we can transform antenna port 11 or 13 for the power imbalance issue, take antenna port 11 for example, we get the reverse of the OCC sequence for DMRS antenna port 11, as shown in Table 1.
Table 1 OCC sequence for DMRS antenna ports
	
Antenna port 
	


	7
	


	8
	


	Reverse of 11
	


	13
	



With the transformed OCC sequences, the transmit signals on the 4 REs in time domain are shown in Formula 2.

  Formula 2
After transformation of OCC sequences on port 11, the power can be balanced in each PRB as the power value are always 1 for all the REs in time domain, meanwhile, the 2D time-frequency orthogonal is well maintained.
The power balance with the transformation of one OCC sequence can be shown in Figure 3, port 11’ means the reverse transformation of the OCC sequence of legacy DMRS antenna port 11.
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Figure 3 Balanced power with transformed OCC sequence
The 2D time-frequency orthogonal (both in time and frequency domain) is well maintained, as shown with dashed box in figure 4. 


Figure 4 2D orthogonality with the transformed OCC sequence
Based on the above discussion, to adress the power imbalance issue of DMRS antenna ports for higher order MU-MIMO, we only need to reverse OCC sequence of port 11. Therefore, we propose
Proposal: To address the power imbalance issue, transformation of the OCC sequence on port 11 should be adopted.
Alternatively, we can keep the OCC sequences same with the working assumption in RAN1#82, and just transform the sequence when DMRS mapped to resource elements. Therefore, the standard modification is only needed in 36.211 as shown in Formula 3. The benefit is same as discussed above. Meanwhile, the standard effort is negligible.

  Formula 3
3 Conclusion
In this contribution, we discussed the power imbalance issue of DMRS enhancement for higher order MU-MIMO, and we proposed
Proposal: To address the power imbalance issue, transformation of the OCC sequence on port 11 should be adopted.
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