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1 Introduction
In 3GPP RAN #68 meeting, the work item on EBF and Full Dimension MIMO (FD-MIMO) was agreed for Release 13. The agreed work scope of the work item as documented in [1] can be summarized as follow:

The work item aims to specify the enhancements identified for utilizing both elevation and azimuth domains with 2D antenna array with cross-poles at eNBs. The detailed objectives are as follows. 

· Specify enhancements on reference signal in the following areas: non-precoded CSI-RS, beamformed CSI-RS, SRS, DMRS

· Specify enhancements on CSI reporting
This contribution discusses about transmission modes (TMs) for supporting enhanced FD-MIMO features. 
2 Transmission modes for FD-MIMO
2.1 FD-MIMO with existing TM
In this section, we discuss whether to allow FD-MIMO related features on legacy TMs. The following is a list of enhanced FD-MIMO features to date (RAN1#82 and RAN1#82b):
· CSI-RS enhancement

· Non-precoded CSI-RS with 12 and 16 CSI-RS ports

· Beamformed CSI-RS 

· CSI reporting enhancement

· 2D codebook

· Measurement restriction

· Beam index for beamformed CSI-RS

· SRS enhancement

· SRS capacity improvement

· 4Tx switching SRS transmission (if feasibility is identified)
· DMRS enhancement

· Additional DMRS ports for MU transmission
If these FD-MIMO features introduced in Rel-13 are supported as UE optional features (very likely), it could be possible to have a Rel-13 UE with only a subset of the FD-MIMO features implemented. An example would be a UE with the following features implemented:

· Implemented: CSI-RS for 12 or 16 CSI-RS ports and relevant CSI reporting mechanism
· Not implemented: DMRS for additional ports
For this type of UE, the legacy DCI can be reused without any modification.
The issue here is to determine which TMs can be combined with which FD-MIMO features, if any. First of all, CSI-RS and CSI reporting enhancements are considered. Obviously, CSI-RS enabled TMs, which are TM9 and TM10, can be considered for supporting enhanced CSI-RS and CSI report. Moreover, since CSI-RS and CSI reporting enhancements are closely related to CSI processes which can be configured only for TM10, TM10 can support all FD-MIMO features related to CSI-RS and CSI report. On the other hand, support of CSI-RS and CSI reporting enhancements in TM9 can be limited (more details are discussed in our companion contribution [2]). Secondly, SRS enhancement can be configurable for those TMs used for TDD beamforming. In this regard, TM7, 8, 9, and 10 can be considered. Lastly, whether or not to support DMRS enhancement in the legacy TMs is depending on the DCI design for signalling additional DMRS ports. DMRS enhancement naturally requires modification of the indication for antenna port(s), scrambling identity and number of layers. In other words, contents of the DCI would need to be modified either in size and/or the information it represents (new interpretation). More details on TMs supporting DMRS enhancement will be discussed in the next section. The observations from this section are summarized below:
Observations:
· CSI-RS and CSI reporting enhancements can be supported in TM9 and TM 10. 
· SRS enhancement can be supported in TM7, 8, 9, and 10.
· Support of DMRS enhancement in legacy TMs is depending on the DCI design for signalling additional DMRS ports.
2.2 FD-MIMO with a new TM
As we discussed in the previous section, most of the enhanced FD-MIMO features can be implemented in the legacy TMs. However, support of DMRS enhancement in legacy TMs is depending on the DCI design for signaling additional DMRS ports. In the last RAN1#82b meeting [3], it was agreed that a new table for DMRS enhancement will be adopted and it is configurable by RRC. However, whether or not to maintain or increase DCI overhead will be decided until RAN1#83 meeting (more details are discussed in our companion contribution [4]). In the current LTE specification, all TMs are different in terms of DCI at least. In other words, the need for introducing a new TM for FD-MIMO is dependent whether the DCI format is modified or not. We expect that even if the DCI overhead is maintained, since the eNB would have to indicate new DMRS ports, a new interpretation of the DCI is inevitable. Therefore, depending on the DCI design for signalling additional DMRS ports, we can think of following two alternatives for TMs supporting FD-MIMO features:
· Alt.1: legacy TMs with limited FD-MIMO features + TM10 with all FD-MIMO features

· Alt.2: legacy TMs with limited FD-MIMO features + TM10 with all FD-MIMO features (except DMRS enhancement) + TM 11 with all FD-MIMO features

In Alt.1, DCI format 2C and/or 2D can be reused without introducing a new DCI format and new table for DMRS enhancement is indicated by RRC. Note that in this case the size of new table for DMRS signalling should be maintained into 3bits. With Alt.1, TM9 and/or TM10 can support DMRS enhancement. On the other hand, Alt. 2 is an introduction of a new TM (TM11). In Alt. 2, a new DCI format (2E) is introduced and DMRS enhancement is supported only in TM11. Therefore, if Alt.2 is adopted and TM10 is allowed to support all FD-MIMO features without DMRS enhancement, TM11 only offers DMRS enhancement on top of what is supported in Alt.1. Since DMRS enhancement is the only differentiation between Alt.1 and Alt.2, it seems insufficient to justify a new transmission mode. Therefore, we prefer Alt.1. The proposal from this section is summarized below:
Proposal: We prefer Alt.1 between the following two alternatives for TMs supporting FD-MIMO features
· Alt.1: legacy TMs with limited FD-MIMO features + TM10 with all FD-MIMO features

· Alt.2: legacy TMs with limited FD-MIMO features + TM10 with all FD-MIMO features (except DMRS enhancement) + TM 11 with all FD-MIMO features
3 Conclusions
This contribution summarizes Samsung’s view on the issues related to transmission modes for FD-MIMO. The following observation and proposal are made:
Observations:
· CSI-RS and CSI reporting enhancements can be supported in TM9 and TM 10. 
· SRS enhancement can be supported in TM7, 8, 9, and 10.

· Support of DMRS enhancement in legacy TMs is depending on the DCI design for signalling additional DMRS ports.

Proposal: We prefer Alt.1 between the following two alternatives for TMs supporting FD-MIMO features
· Alt.1: legacy TMs with limited FD-MIMO features + TM10 with all FD-MIMO features

· Alt.2: legacy TMs with limited FD-MIMO features + TM10 with all FD-MIMO features (except DMRS enhancement) + TM 11 with all FD-MIMO features
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