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1. Introduction
The study item proposal [1] for downlink MIMO enhancements in Rel-11 is agreed in RAN#51 plenary meeting, in which MU-MIMO will be considered to be enhanced by DL signaling as below. 

▪ Evaluate enhancements for downlink control signaling
◦ to support MU-MIMO
◦ based on UE-specific reference signals
Furthermore, the following is also considered with the second priority for DL MIMO enhancements.
▪ Within the constraint of not introducing new antenna ports, evaluate possible enhancements for demodulation RS for MIMO, including considering improved orthogonality for MU-MIMO and possibilities for DMRS overhead reduction.
In this contribution, we will discuss possible enhancements of demodulation RS for DL MIMO to reduce DM-RS overhead, and guarantee or improve orthogonality for MU-MIMO.
2. Discussion
(1) DM-RS overhead reduction

In current specification, two CDM groups of DM-RS antenna ports are used for 3 or 4 layers to transmit DM-RS in SU-MIMO. To reduce DM-RS overhead, one of easy possible enhancements could be the use of only one CDM group for DM-RS transmission with 3 or 4 layers in SU-MIMO. For this, CDM group or layer to DM-RS antenna port mapping rule could be changed as below.

- Changing of CDM group

 ▪ CDM group 1: {7, 8, 11, 13}→{7, 8, 9, 10}; CDM group 2: {9, 10, 12, 14}→{11, 12, 13, 14}

- Changing of layer to DM-RS antenna port mapping rule (only for 3 or 4 layers in SU-MIMO)
▪ 3 layers: {7, 8, 9}→{7, 8, 11}; 4 layers: {7, 8, 9, 10}→{7, 8, 11, 13}

From the above, the DM-RS overhead for DM-RS transmission with 3 or 4 layers in SU-MIMO could be reduced by 1/2, and the DM-RS orthogonality could be approximately maintained except some scenarios (ex. high speed scenario).
However, the changing of CDM group or layer to DM-RS antenna port mapping rule should be carefully introduced in Rel-11 with considerations of benefit from enhancement for DM-RS overhead reduction and drawback from backward compatibility and standardization impacts. 

The other possible enhancement to reduce DM-RS overhead is the use of DM-RS antenna port(s) 7 and/or 8 with SCID=1 instead of DM-RS antenna port(s) 9 and/or 10 for DM-RS transmission with 3 or 4 layers in SU-MIMO. By this, the DM-RS overhead could be also reduced by 1/2, but there may be some decrease in DM-RS orthogonality. The standardization impacts may be lower than the changing of CDM group or layer to DM-RS antenna port mapping rule.
(2) DM-RS orthogonality

In CRS and CSI-RS sequence generation, the pseudo-random sequence generator shall be initialized at the start of each OFDM symbol. But in DM-RS sequence generation, the pseudo-random sequence generator shall be initialized at the start of each subframe. It means that DM-RS sequence is not repeated within a subframe in the application of orthogonal sequence to distinguish DM-RS antenna ports within a CDM group. Therefore, to guarantee enough orthogonality by the orthogonal sequence among UEs which use different DM-RS antenna ports in MU-MIMO, the DM-RS sequences among the UEs should be same. 

That is, to guarantee enough orthogonality in MU-MIMO (including further considerations with CoMP), the DM-RS sequences among the UEs should have same sequence length and same cell ID as initial value. Therefore, eNodeB could have scheduling restriction to allocate same bandwidth to UEs, and some schemes or methods to guarantee enough orthogonality could be needed in the case that the UEs have different cell ID.
In MU-MIMO to support maximum four layers, two alternatives are already discussed in [2] as below.

▪ Alt 1: two orthogonal DM-RS antenna ports with two SCID
▪ Alt 2: four orthogonal DM-RS antenna ports with one SCID

Although Alt 2 could have more orthogonality, Alt 1 is adopted for Rel-10 to support backward compatibility with Rel-9. For two orthogonal DM-RS antenna ports with two SCID in Alt 1, DM-RS antenna port(s) 7 and/or 8 with SCID 0 or 1 is used. 

One of easy enhancements to improve orthogonality for MU-MIMO could be introduced by revisiting of Alt 2. For four orthogonal DM-RS antenna ports with one SCID in Alt 2, four orthogonal DM-RS antenna ports within a CDM group should be used, not to increase DM-RS overhead. Therefore, DM-RS antenna port(s) 7, 8, 11 and/or 13 with SCID 0 could be used in current specification. For using four DM-RS antenna ports with one SCID, the current layer to DM-RS antenna port mapping rule and DM-RS indication table for DCI format 2C have to be modified. Therefore, the use of Alt 2 should be carefully revisited in Rel-11 with considerations of benefit from enhancement of orthogonality and drawback from backward compatibility and standardization impacts. 

The other possibility is the use of one of two alternatives with switching by high layer signalling. In this case, for Alt 2, the additional layer to DM-RS antenna port mapping rule and another DM-RS indication table for DCI format 2C could be also needed.
3. Conclusion

In this contribution, we discuss possible enhancements of DM-RS for DL MIMO. Some possible enhancements for DM-RS in Rel-11 are introduced to reduce DM-RS overhead, and guarantee or improve orthogonality for MU-MIMO. 
These enhancements should be carefully introduced in Rel-11 with considerations of benefit from enhancement and drawback from backward compatibility and standardization impacts.
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