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1. Introduction
In last several meetings, some decisions were made on demodulation reference signal (DM-RS) pattern design[1][2]. With the baseline pattern, for rank1-2, 12 REs in green were used as shown in figure1.  For rank3-4, 24 REs were used with green REs for layer1-2 and blue REs for layer3-4.  The OCC length for rank1-4 equal to 2 and mapping is done in time direction . For rank5-8,  24 REs were used with OCC length equal to 4 and OCC mapping is also done in time direction.
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Figure 1 DMRS pattern in normal CP

With these defined patterns, some other detailed issues related to DMRS mapping need to be further studied.  In this contribution, we mainly focused on the power offset issue caused by introducing FDM+CDM hybrid multiplexing method.
2. Power offset issue on DMRS mapping
Based on the DMRS patterns defined in recent several meetings, the power allocated per layer of DMRS RE and data RE may not be equal in all cases.  Also, the power ratio between DMRS RE/layer and data RE/layer may not be fixed with different total number of layers depending on how power allocation is done.  There can be three alternatives for DMRS power allocation:

Alt1:  Allow different power ratios for different total number of layers. Power ratios are signaled to UE implicitly with the total number of layers.

In this alternative, the total power of DMRS RE and data RE is equal. Table 1 shows the power ratios between DMRS RE and data RE per layer.
Table 1 Power ratios per layer between DMRS RE and data RE(layer {1,2,5,7} with first group CDM REs  and {3,4,6,8} with second CDM group REs)
	Total number of layers
	Power offsets between DMRS RE and data RE per layer

	1,2
	1:1

	3
	CDM group1 (layer 1 2) :  3:2
CDM group2 (layer 3) :    3:1

	4,6,8
	2:1

	5
	CDM group1 (layer 1,2,5):  5:3
CDM group2 （layer 3,4）:    5:2

	7
	CDM group1（layer 1,2,5,7）:  7:4
CDM group2 （layer 3,4,6）:   7:3


From table 1, we can see that there are totally 8 types of power ratio values for different total number of layers. Figure 2 illustrates the cases when the total number of layers is equal to 3 and 4.
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Figure 2 Power balancing according to the table 1 when the total number of layers is 3 and 4.
In SU-MIMO, if transmitted rank information is informed to UE like in Rel-8, then UE can obtain the exact ratio based on the rank information.  
For MU-MIMO, UE cannot know the power offsets from UE’s own rank since each UE uses only part of the transmission layers.  In this case, power offsets can be obtained from either of the following ways:

· Power offset is signaled explicitly to each UE. 

· UE can get the power offset implicitly from the mapping of assigned ports/layer and the total rank to power offset[4].  So in additional to the assigned ports, the total number of layers in the MU transmission is signaled to UE. This method is preferred as we can use the same table for both SU and MU to map the total rank to power offset.
Alt2: Adjust the power of DMRS RE to keep the power offset of DMRS RE per layer and data RE per layer to be a fixed value
Based on the DMRS pattern agreed in Rel9 and Rel10, the power ratio will be 1 for rank1-2 transmission if we assume that the total power of DMRS RE and data RE are always equal.  For rank 3-8 transmission, the total power of DMRS RE is different from data RE if we keep the power offset to DMRS RE per layer to be a fixed value according to the following table.  Assume P is the total power of one data RE.  
	Rank
	Total DMRS RE power

	1-2
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In this case, we don’t need to signal UE the power offset but the total power of DMRS RE and data RE would be unbalanced.  Figure 2 illustrates the cases when the total number of layers is equal to 3 and 4.
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Figure 3 The same power offset is maintained if certain power variation is allowed in DMRS REs.


Alt3: Allow a single DMRS port mapped to two adjacent subcarriers (two CDM groups)
Some other schemes were proposed based on flexible mapping. One example is illustrated in [5]. A single DMRS port can be mapped to both CDM groups to make all CDM group have the same number of layers.  For convenience, we give an example of rank3 again.  
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            Figure 2 Layer pairing for odd number case (rank3)

We can see that with this scheme, the power offset will be same for all layers and the channel estimation accuracy can be further improved because of increased density.  However, the drawback of this scheme is complexity of having different channel estimation in different cases.  Also, power allocation of data per layer can be different if we want to maintain the total power of data RE and DMRS RE to be the same.  Some data layer may have double power.  This is not consistent with Rel-8 CQI/RI calculation that power allocation per data layer should be same.
3. Conclusion
In this contribution, the power offset issue was discussed, and three alternative schemes were considered:

· Allow different power ratios for different total number of layers.  Power ratios are signaled to UE implicitly with the total number of layers.
· Adjust the power of DMRS RE in eNB to keep the power ratio between DRMS RE per layer and data RE per layer to be a fixed value.
· Allow a single DMRS port mapped to two adjacent subcarriers (two CDM groups) 
We prefer the first two alternatives over the third one.    
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