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1. Introduction

      In RAN1 #59bis meeting, the details of DM-RS patterns were agreed. Followings are agreed DM-RS patterns to support up to 8 layers in normal CP case.
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      As shown in the figure, two CDM groups are used as a maximum to multiplex up to 8 layers and the CDM groups are multiplexed in TDM/FDM manner. Since hybrid DM-RS structure is employed in LTE-A, it should be further discussed that the power allocation of DM-RS and layer mapping with DM-RS ports according to the rank.
In this contribution, therefore, we discuss on the remaining details of the DM-RS port mapping based on the agreed DM-RS pattern.
2. DM-RS Power Allocation
     So far, it has been proposed to keep the same DM-RS RE power level with the data RE for a specific UE in a PRB so that it is allowed to employ flexible power control at an eNB. However, due to hybrid DM-RS, it is impossible to keep the same power level between DM-RS RE and data RE while allowing full power utilization at the eNB. For better understanding, two examples are discussed here such as rank-2 and rank-4 cases.
     The figure 1 shows the rank-2 case in which the full CDM multiplexing is possible with one CDM group so that a UE can assume that power level is the same between layers in DM-RS RE and data RE.
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Figure 1. Power allocation between DM-RS RE and data RE in rank-2 case 
      On the other hand, it is complicated to keep the same power level between RS RE and data RE in rank-4 case if full power should be utilized at an eNB as shown in the figure 2.
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Figure 2. Power allocation between DM-RS RE and data RE in rank-4 case 

        As seen in the figure 2, if the number of layers multiplexed in the RS is different between RS RE and data RE, the power level could be different assuming each RE has same PSD regardless of the type of RE. Assuming each layer has same power level, the RS RE for a layer will have doubled power level as compared with a layer in data RE, thus requiring power offset level information to allow coherent demodulation of higher modulation at a UE receiver. This happens once the number of layers between RS RE and data RE is different. To handle this in the specification, three alternatives can be considered as follows.
· Alt-1: with sacrificing full power utilization at an eNB, it is assumed always that the power level is the same between the RS RE and data RE for the sake of the simplicity although system throughput performance is degraded.

· Alt-2: the power level of DM-RS port is boosted when the number of layers in RS RE is smaller than that in data RE and the boosting level is predefined according to the rank. Therefore, DM-RS port is defined with three parameters such as a CDM group, OCC index, and power level according to the rank.
· Alt-3: full indication power level is allowed as used in Rel-8 CRS although it requires higher downlink control signalling overhead due to its UE-specific control signalling.
      Among the alternatives discussed above, Alt-1 or Alt-2 seem to be preferable to avoid unnecessary downlink control signalling overhead and minimize UE receiver implementation complexity.
3. Layer to DM-RS Port Mapping
      In LTE-A, 8 orthogonal DM-RS ports are defined to support up to 8 layers spatial multiplexing in SU-MIMO. In addition, codeword to layer mapping is also agreed such that two codewords are used as a maximum to multiplex up to 8 layers. However, it still remained as open how to map DM-RS ports onto layers. Two approaches can be considered:
· Approach-1: DM-RS ports 1 to 8 are one-to-one mapped onto layer 1 to 8 and follows codeword to layer mapping. In this case, the DM-RS ports mapping with codeword to layer mapping can be defined as shown in the table 1.
Table 1. Layer to DM-RS port mapping (Approach-1)

	Rank
	Codeword
	Layer
	DM-RS port (Port)

	1
	CW-0
	layer-0
	Port -0

	2
	CW-0
	layer-0
	Port -0

	
	CW-1
	layer-1
	Port -1

	3
	CW-0
	layer-0
	Port -0

	
	CW-1
	layer-1, layer-2
	Port -1, Port -2

	4
	CW-0
	layer-0, layer-1
	Port -0, Port -1

	
	CW-1
	layer-2, layer-3
	Port -2, Port -3

	5
	CW-0
	layer-0, layer-1
	Port -0, Port -1

	
	CW-1
	layer-2, layer-3, layer-4
	Port -2, Port -3, Port -4

	6
	CW-0
	layer-0, layer-1, layer-2
	Port -0, Port -1, Port -2

	
	CW-1
	layer-3, layer-4, layer-5
	Port -3, Port -4, Port -5

	7
	CW-0
	layer-0, layer-1, layer-2
	Port -0, Port -1, Port -2

	
	CW-1
	layer-3, layer-4, layer-5, layer-6
	Port -3, Port -4, Port -5, Port -6

	8
	CW-0
	layer-0, layer-1, layer-2, layer-3
	Port -0, Port -1, Port -2, Port -3

	
	CW-1
	layer-4, layer-5, layer-6, layer-7
	Port -4, Port -5, Port -6, Port -7


· Approach-2: DM-RS ports are independently mapped onto layers according to the rank. In this case, a CDM group is tied with a codeword so that a codeword always contains DM-RS ports from a CDM-group. In this case, the DM-RS ports mapping with codeword to layer mapping can be defined as shown in the table 2.
Table 2. Layer to DM-RS port mapping (Approach-2)

	Rank
	Codeword
	Layer
	DM-RS port (Port)

	1
	CW-0
	layer-0
	Port -0

	2
	CW-0
	layer-0
	Port -0

	
	CW-1
	layer-1
	Port -1

	3
	CW-0
	layer-0
	Port -0

	
	CW-1
	layer-1, layer-2
	Port -2, Port -3

	4
	CW-0
	layer-0, layer-1
	Port -0, Port -1

	
	CW-1
	layer-2, layer-3
	Port -2, Port -3

	5
	CW-0
	layer-0, layer-1
	Port -0, Port -1

	
	CW-1
	layer-2, layer-3, layer-4
	Port -2, Port -3, Port -5

	6
	CW-0
	layer-0, layer-1, layer-2
	Port -0, Port -1, Port -4

	
	CW-1
	layer-3, layer-4, layer-5
	Port -2, Port -3, Port -5

	7
	CW-0
	layer-0, layer-1, layer-2
	Port -0, Port -1, Port -4

	
	CW-1
	layer-3, layer-4, layer-5, layer-6
	Port -2, Port -3, Port -5, Port -7

	8
	CW-0
	layer-0, layer-1, layer-2, layer-3
	Port -0, Port -1, Port -4, Port -6

	
	CW-1
	layer-4, layer-5, layer-6, layer-7
	Port -2, Port -3, Port -5, Port -7


In both tables, it is assumed that the DM-RS ports are defined with two CDM groups such that the DM-RS ports {0, 1, 4, 6} and {2, 3, 5, 7} belong to the first CDM group and the second CDM group, respectively. 

As seen in the table 1, a DM-RS port can be defined as a layer so that it may not require any additional specification if approach-1 is adopted. On the other hand, approach-2 requires additional specification such as DM-RS port to layer mapping rule although its benefit is questionable. Therefore, it is preferred to adopt approach-1 in order to avoid unnecessary specification effort.
4. Summary
   In this contribution, we discussed on the DM-RS power allocation and layer to DM-RS port mapping issues. We can summarize the discussions as follows:
· The details of power allocation with hybrid DM-RS structure should be decided.

· Alt-1 and Alt-2 are proposed to be considered as a candidate for the power allocation. 
· DM-RS port allocation with codeword to layer mapping should be discussed

· It is preferable to define DM-RS port as layer for the sake of the simplicity and avoiding unnecessary specification effort.
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