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1. Introduction

For FD-MIMO, 3GPP has decided to study DMRS enhancement to better support the high dimensional MU-MIMO subject to resolution of signalling and power imbalance issues. Among several possible DMRS enhancement solutions as stated in [1] in RAN1# 82, it is agreed to start from alternative 1:
· 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]


as the working assumption.  The issues such like power imbalance and DCI signaling should be addressed thereafter. In this contribution, we will provide our solutions and understandings for those issues.

2. Power Imbalance

In Re1 12, two OCC pattern  rotate between adjacent DMRS subcarriers for ports 7/8/11/13 used in alternative 1. If we rewrite Walsh matrix into

then the frequency-domain rotation pattern  and  can be expressed by  and  respectively. Suppose there are four MU layers and the associated precoding weights for the th transmitting antenna at eNB is denoted by . The precoding vector  depends on the channel condition and often brings different transmission powers for four DMRS symbols in one subframe. The worst case is that  matches one of the sequences in . For example, if , then we have  0.97dB of peak to average power ratio (PAPR), which will cause severe power fluctuation between OFDM symbols. 


Figure 1 Current OCC rotation pattern for DMRS ports in Rel 12

Although there is already a rotation mechanism with column permutation (like  and ), existing column permutation of Walsh matrix is not enough to make each DMRS symbol traverse all combination patterns . As a result, only  and  can be traversed in symbol 1(4) and 2(3). This directly leads to the power imbalance between OFDM symbols. If the column permutation based rotation mechanism can be enhanced to make each combination pattern being equally traversed in different symbols, the power imbalance effect can be minimized.

Observation 1: If the DMRS OCC pattern of four DMRS subcarriers for ports 7/8/11/13 is rotated between , where  is the  permutation matrix and satisfies

then the power imbalance could be eliminated if the number of used PRB is an integral multiple of four.

As a typical example of the above observation, we then have the following proposal:

Proposal 1: The OCC rotation pattern  is suggested to use for MU with OCC =4 to mitigate the issue of power imbalance.



Figure 2 OCC rotation pattern in proposal 1

If the allocated PRB number for MU with OCC = 4 is not an integral multiple of four, the power fluctuation cannot be completely removed by Proposal 1. However, as we can see from the following table, the worst power fluctuation among OFDM system is not significant. Depending on PRB allocation used for PDSCH transmission, it may not have substantial effect in practice.

	PRB number
	6
	9
	15

	PAPR
	0.12dB
	0.07dB
	0.07dB



Substituting the pattern in proposal 1 into the original Walsh matrix, we can see that it has the same rotation pattern  for ports 7/8 whereas those for ports 11/13 now become



Since the OCC pattern of ports 7’/8’ are identical with the OCC pattern of ports 7/8, proposal 1 can provide support for legacy UEs while mitigating the power imbalance between DMRS symbols. Since the OCC rotation pattern has been changed for ports 11/13, new port names such as 11’/13’ would be preferred to differentiate original port 11/13 from the point of specification.


3. [bookmark: OLE_LINK3][bookmark: OLE_LINK4]DCI Signalling

Since DMRS ports used in alternative 1 for MU cannot be supported in DCI messages of TM9/10, a new DCI table should be defined. To efficiently support the dynamic switching between MU and SU MIMO, it is better to support MU DMRS ports in alternative 1 and existing Rel 12 SU ports by a new DCI message simultaneously. Therefore, we slightly prefer to add one extra bit to current TM 9/10 DCI message with a new joint coding table of SU port, MU port and layer indication.

Proposal 2: We slightly prefer to increase the size of DCI message with one extra bit for joint coding of SU port, MU port and layer indication. 

Although ports 11’/13’ with low rank MU transmission should be indicated independently in the DCI message, whether to differentiate ports 7’/8’ in alternative 1 and original ports 7/8 in Re1 12 is still a question.  Generally ports 7 and 8 in Rel 12 are strictly defined by Walsh OCC with length 2. However OCC with length of 4 is assumed for high dimensional MU paring in the new DCI message. And the OCC with length of 4 cannot tolerate the channel variance among slots as the same as that the OCC with length of 2 can. If a MU UE use the OCC with length of 2 to perform the channel estimation but treat the interference from other MU UEs (using OCC with length of 4) as the channel variance between two slots, this will leads to degraded channel estimation result. Therefore different names such as port 7’ and 8’ shall be used for explicitly indicate the usage of OCC length 4 for MU transmission in EBF/FD MIMO. 

Proposal 3: Different naming, such as 7’ and 8’, is preferred to explicitly indicate the usage of OCC length of 4 in the new DCI message.

Following proposals 2 and 3, an example of DCI message table is given below. For DMRS enhancement, one of important issues is to support legacy UEs. Generally speaking the design principle up to Rel 12 is that MU transmission is transparent to the UE. Therefore it is more reasonable to assume that it may or may not blindly detect the existence of MU pairing. Thus, for legacy UE, e.g., with port 7, it can be paired with two Rel 13 UEs with port 8’ and 13’ respectively without losing the orthogonality among DMRS port. In this case, up to three UEs/MU layers can be paired for MU MIMO with strictly orthogonal DMRS ports. 

Table 1 Example of DCI Message
	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
	2 layers, ports 7’-8’, nSCID=0

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

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

	5
	1 layer, port 7’, nSCID=1
	5
	2 layers, ports 11’ 13’, nSCID=1

	6
	1 layer, port 8’, nSCID=0
	6
	3 layers, ports 7’ 8’ 11’, nSCID=0

	7
	1 layer, port 8’, nSCID=1
	7
	3 layers, ports 7’ 8’ 11’, nSCID=1

	8
	1 layer, port 11’, nSCID=0
	8
	4 layers, ports 7’ 8’ 11’ 13’, nSCID=0

	9
	1 layer, port 11’, nSCID=1
	9
	4 layers, ports 7’ 8’ 11’ 13’, nSCID=1

	10
	1 layer, port 13’, nSCID=0
	10
	3 layers, ports 7-9

	11
	1 layer, port 13’, nSCID=1
	11
	4 layers, ports 7-10

	12
	2 layers, ports 7-8
	12
	5 layers, ports 7-11

	13
	3 layers, ports 7-9
	13
	6 layers, ports 7-12

	14
	4 layers, ports 7-10
	14
	7 layers, ports 7-13

	15
	Reserved
	15
	8 layers, ports 7-14



4. QCL-operation 

Quasi-colocation assumption is introduced in Rel 11 to link together the large scale properties of different reference signal ports, such as delay spread, Doppler spread, Doppler shift, average gain and average delay. The Type A and Type B QCL are established for different combination of CRS, DMRS and CSI-RS port. These relationships are quite useful, e.g., in acquiring the statistic channel information required by channel estimation. However, in the context of EBF/FD-MIMO, such kind of QCL assumption for DMRS ports may not be still available given different virtualization motivation between reference ports and AAS array, including antenna element mapping and assignment of weighing factors. The observed large-scale propagation channel property at UE side may be different either between CRS and DMRS or between CSI-RS and DMRS. 

Proposal 4: Type A and B quasi co-location assumption for DMRS ports may need to be studied for some EBF/FD MIMO schemes.  

5. Conclusions

In this contribution we discuss several issues for DMRS enhancement and provide possible solutions. We have following observations and proposals: 

Observation 1: If the DMRS OCC pattern of four DMRS subcarriers for ports 7/8/11/13 is rotated between , where  is the  permutation matrix and satisfies

then the power imbalance could be eliminated if the number of used PRB is an integral multiple of four.

Proposal 1: The OCC rotation pattern  is suggested to use for MU with OCC =4 to mitigate the issue of power imbalance.

Proposal 2: We slightly prefer to increase the size of DCI message with one extra bit for joint coding of SU port, MU port and layer indication. 

[bookmark: _GoBack]Proposal 3: Different naming, such as 7’ and 8’, is preferred to explicitly indicate the usage of OCC length of 4 in the new DCI message.

Proposal 4: Type A and B quasi co-location assumption for DMRS ports may need to be studied for some EBF/FD MIMO schemes.  
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