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1 Introduction
In 3GPP RAN1#59bis, DM RS patterns that can multiplex up to 8 streams are agreed. In Rank-2 and Rank-4 patterns, spreading factor 2 CDM is applied in two adjacent REs to multiplex two UE-RS. In the Rank-8 pattern, spreading factor 4 CDM is applied in four REs in a subcarrier to multiplex four UE-RS.
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Figure 1 Rank-2 and Rank-4/8 DM RS patterns
In this contribution, we discuss about layer to DM RS port mapping. These issues have been considered in a few contributions in the past meetings, e.g., [1]

 REF _Ref250907658 \r \h 
[2]

 REF _Ref250907659 \r \h 
[3][4].
2 Layer to DM RS port mapping

2.1 Problem Statement

When these DM RS patterns are used, a total number of DM RS REs per RB varies upon the number of streams transmitted in the assigned RBs. In case the number of streams (or layers) scheduled in an RB is 1 or 2, 12 REs (or one CDM set of DM RS REs) are used for DM RS in the RB, or the Rank-2 pattern is used. On the other hand in case the number of streams is 3 or greater, 24 REs (or two CDM sets of DM RS REs) are used for DM RS in the RB. For lower rank, i.e., for rank 1 or 2, there is no ambiguity of mapping 1 or 2 DM RS to DM RS REs, as there exists only one CDM set of DM RS REs in an RB, where the one CDM set of DM RS REs can multiplex up to two DM RS corresponding to up to two layers. However, when rank is 3 or greater, multiple methods of layer to DM RS port mapping can be considered. For example, when rank is 3, one CDM set of DM RS REs would map two CDM-multiplexed DM RS, while the other CDM set would map only one DM RS, leaving an ambiguity to us of mapping 3 layers onto 2 CDM sets. In summary, the discussion in this paragraph identifies an issue of mapping layers to DM RS ports:

(Issue) Layer to DM RS port mapping for ranks greater than 2: how to map 3 or more layers to the 2 CDM sets in the rank-4/8 pattern.

On the other hand, in Rel-8 single-layer beamforming and Rel-9 dual layer beamforming, it is agreed to have the UE-RS EPRE the same as the PDSCH EPRE for each UE-RS port (each of antenna ports 5, 7 and 8). Going forward, in Rel-10, a ratio of UE-RS EPRE to the PDSCH EPRE for each UE-RS port (antenna ports 7, 8, 9 and 10) when the rank is 3 or greater needs to be defined. Here, we consider one option for defining the ratio of UE-RS EPRE to PDSCH EPRE as proposed in [5]: when the rank is greater than 2, UE-RS EPRE is twice as large as PDSCH EPRE in OFDM symbols containing UE-RS. 
In addition, as we define ratio of UE-RS EPRE to PDSCH EPRE per UE-RS port, assigning different PDSCH EPREs in different UE-RS ports would be an implementation issue. However, an eNodeB is required to have proper channel state information between a UE and the eNodeB for implementing non-balanced power across different layers, which may not always be available at the eNodeB; for example, when the eNodeB has only a Rel-8 PMI/QCI type of feedback in FDD. Hence, in this contribution, we consider balanced power across layers as a baseline implementation of eNodeB.
2.2 Layer-to-port mapping alternatives
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Figure 2 Layer to DM RS mapping alternatives
Considering the a rank-3 case of layer to DM RS port mapping, one natural approach (denoted by Alternative 1) would be map layers 0 and 1 to the top CDM set, or antenna ports 7 and 8; and layer 2 to the bottom CDM set, or antenna ports 9 and 10, as illustrated in Figure 2(a). This alternative has been considered in [1] as well. If each layer has equal power, and assuming this implies that the top CDM set would transmit twice as large power (carrying 2 DM RS from 2 layers) as the power of the bottom CDM set (carrying only 1 DM RS from 1 layer), and the elevated power in the top CDM set could result in high interference to the other cells’ DM RS allocated in the same top CDM set. In addition, as the CW-to-layer mapping maps layer 0 to a first CW and layers 1 and 2 to a second CW, Alternative 1 maps the DM RS from the two layers of the second CW to two CDM sets seeing different inter- and intra-cell interference. 
Another alternative of mapping 3 layers to 2 CDM sets (denoted by Alternative 2) would be assigning layers from each CW to each CDM set. In one example, DM RS for layer 0 from CW1 is mapped to the top CDM set, and DM RS for layers 1 and 2 from CW2 are mapped the bottom CDM set, as illustrated in Figure 2(b). This alternative has been considered in [1] as well. One may have benefits of adopting Alternative 2 over Alternative 1. For example, the elevated power in bottom CDM set owing to having two DM RS may not always interfere to other cell’s DM RS since other cells may implement rank 1 or 2 in the same bandwidth. In Alternative 3, we allow cell-specific or UE-specific switching between two methods in Alternative 1 and Alternative 2, to further average out the inter-cell DM RS interference, can be considered between the two mapping methods illustrated in Figure 2(b). 
A similar mapping methods as in Alternative 1 and Alternative 2 can be considered up to rank 8, as shown in Table 1. 

Table 1 Layer to DM RS port mapping Alternatives 1 and 2

	
	Alt 1
	Alt 2

	Rank 3
	L0,L1 on the top

L2 on the bottom
	L0 on the top

L1,L2 on the bottom

	Rank 4
	L0,L1 on the top

L2,L3 on the bottom
	L0,L1 on the top

L2,L3 on the bottom

	Rank 5
	L0,L1,L2 on the top

L3,L4 on the bottom
	L0,L1 on the top

L2,L3,L4 on the bottom

	Rank 6
	L0,L1,L2 on the top

L3,L4,L5 on the bottom
	L0,L1,L2 on the top

L3,L4,L5 on the bottom

	Rank 7
	L0,L1,L2,L3 on the top

L4,L5,L6 on the bottom
	L0,L1,L2 on the top

L3,L4,L5,L6 on the bottom

	Rank 8
	L0,L1,L2,L3 on the top

L4,L5,L6,L7 on the bottom
	L0,L1,L2,L3 on the top

L4,L5,L6,L7 on the bottom


3 Conclusion

Based on the observations in this contribution we propose the following:
1. Adopt Alternative 2 as a baseline layer to DM RS port mapping.

2. FFS on switching between Alternatives 1 and 2.
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