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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 for the support of FD-MIMO. 
2 Transmission modes for FD-MIMO
The transmission mode (TM) configured for an individual UE has characterizes UE operation in following areas:

· DCI format
· Transmission scheme for PDSCH

· Reference signals for channel status measurement and PDSCH demodulation
Table 1 summarizes the transmission modes based on DMRS. Note that all transmissions are different in terms of DCI at least.

Table 1. Comparison of legacy transmission modes based on DMRS.

	
	TM 8
	TM 9
	TM 10

	DCI format
	DCI format 2B

(DMRS assignment for dual layer beamforming)
	DCI format 2C
(DMRS assignment for dynamic MU/SU-MIMO switching)
	DCI format 2D
(Support for VCID and QCL)

	Transmission scheme
	Dual layer
	Up to 8 layers
	Up to 8 layers

	Reference signals
	CRS for channel status info (channel and interference),

DMRS for demodulation
	CSI-RS for channel status info (channel and interference),

DMRS for demodulation
	CSI-RS/IMR for channel/ interference measurement,
DMRS for demodulation


The need for introducing a new TM for FD-MIMO depends whether the DCI format is modified or not. For each TM, the DCI is modified or enhanced to support the new transmission schemes and reference signals. The following subsections provide some detailed observations and proposals on TM with FD-MIMO.
2.1 Introduction of a new TM
From specification point of view, support of FD-MIMO in Rel-13 is in two areas: reference signals and CSI [1]. For CSI-RS, both non-precoded (NP) CSI-RS and beamformed (BF) CSI-RS are expected to be supported in Rel-13. As specified in the work item description, we expect specification support for NP CSI-RS with 12 and 16 CSI-RS ports using full-port mapping and BF CSI-RS. The specification support in these areas could lead to modifications in the current definition of CSI process and CSI-RS resources [2].

For DMRS, the scope of agreed FD-MIMO work item includes the support of additional DMRS ports for high order multi-user spatial multiplexing. The additional DMRS ports naturally require new indication for antenna port(s), scrambling identity and number of layers. In other words, in terms of DCI would need to be modified either in size and/or the information it represents (new interpretation). 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. In our companion contribution [3], discussion on DCI design for additional DMRS ports is provided in detail.
Observation1:
· In order to support additional DMRS ports, modification on DCI is required in terms of increase in size or interpretation of the field related to DMRS.

Proposal 1:
· Introduce TM11 for support of FD-MIMO with enhanced DMRS capability
2.2 FD-MIMO with existing TM
As we discussed in previous section, due to the modification in the DCI field, we think that introduction of a new TM is warranted. Besides the introduction of TM11, another TM related issue that needs to be discussed is whether to allow FD-MIMO related features that do not require DCI modification to other TMs. Such features would include the measurement of enhanced CSI-RS with more than 8 antenna ports, 2D codebook, and enhanced CSI reporting mechanism. Since these TMs operate with legacy DCI formats, the DMRS enhancement feature will not be applicable.

If the 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, a new DCI with additional overhead is not be necessary and therefore reusing one of the existing DCIs could be beneficial. The issue here is to determine which TMs can be combined with the FD-MIMO features such as CSI-RS and CSI reports. Obviously, the legacy TMs based on CRS are not good candidates since they lack the flexibility to measure the channel and receive PDSCH transmissions from a FD-MIMO capable eNB. In this regard, TM1 through TM8 should not be considered. Therefore, among the 10 legacy TMs currently supported in LTE, only TM9 and TM10 can be considered for support of FD-MIMO features.

Observation 2:
· Depending on UE implementation, FD-MIMO features such as CSI-RS and CSI report can be supported even when DMRS enhancement is not supported. For these UEs, legacy TMs could be used. RAN1 needs to decide which TMs are applicable for FD-MIMO.
In RAN1#82, there was a debate on whether or not to support a new type of CSI process without CSI-IM. In the meeting, one company argued that CSI processes without CSI-IM are already supported by the Rel-12 specification of 3GPP TS 36.213 [4]. However, it is not true that the Rel-12 specification supports a CSI process without CSI-IM. In Section 7.2 of 36.213, CSI process is clearly defined as in the following: “A UE in transmission mode 10 can be configured with one or more CSI processes per serving cell by higher layers. Each CSI process is associated with a CSI-RS resource (defined in subclause 7.2.5) and a CSI-interference measurement (CSI-IM) resource (defined in subclause 7.2.6).” The definition in the specification implies that the CSI process can be configured only for TM10, and each CSI process is associated with CSI-RS resource and CSI-IM. 

It seems that the confusion comes from the description for aperiodic CSI reporting in Section 7.2.1 of 36.213; in that section there is a sentence: “For a given serving cell, if the UE is configured in transmission modes 1-9, the "CSI process" in Table 7.2.1-1B and Table 7.2.1-1C refers to the aperiodic CSI configured for the UE on the given serving cell.” There is such a terminology “CSI process” in this sentence but the term “CSI process” is used to simply replace a serving cell’s CSI report configured with TM 1-9, and it does not intend to say TM 1-9 supports a CSI process without CSI-IM. 
Observation 3:
· In Rel-12 specifications 36.213, it is defined that a CSI process can be configured only for TM10 and is associated with a CSI-RS resource and a CSI-IM. 

· No legacy CSI processes can be configured without CSI-IM.
It would be a separate discussion if TM9 should be supported for FD-MIMO operations. Specification impacts to support FD-MIMO with TM9 would be at least:

· The UE should be able to be configured with an aggregation of multiple CSI-RS resources for mode A & B operations.[5][6] 
On the other hand, in RAN1#82, support of interference measurement restriction for TM9 has also been discussed [7] where interference used for CSI computation can be estimated from V subframe(s) up until and including CSI reference resource if measurement restriction is configured for a given CSI process without CSI-IM. However, as no legacy CSI processes can be configured without CSI-IM, the necessity of measurement restriction for TM9 is unclear. In our companion contribution [8], measurement restriction for TM9 is discussed more in detail. 
Observation 4: 
· In order to support FD-MIMO CSI reporting class A & B in TM9, aggregation of multiple CSI-RS resources should be able to be configured in TM9 as well as TM10.
· The necessity of interference measurement restriction for TM9 is unclear.
3 Conclusions
This contribution summarizes Samsung’s view on the issues related to transmission modes for FD-MIMO. The following observations and proposals are made:
Observation 1:
· In order to support additional DMRS ports, modification on DCI is required in terms of increase in size or interpretation of the field related to DMRS.
Proposal 1:
· Introduce TM11 for support of FD-MIMO with enhanced DMRS capability 
Observation 2:
· Depending on UE implementation, FD-MIMO features such as CSI-RS and CSI report can be supported even when DMRS enhancement is not supported. For these UEs, legacy TMs could be used. RAN1 needs to decide which TMs are applicable for FD-MIMO.

Observation 3:
· In Rel-12 specifications 36.213, it is defined that a CSI process can be configured only for TM10 and is associated with a CSI-RS resource and a CSI-IM. 

· No legacy CSI processes can be configured without CSI-IM.
Observation 4: 
· In order to support FD-MIMO CSI reporting class A & B in TM9, aggregation of multiple CSI-RS resources should be able to be configured in TM9 as well as TM10.
· The necessity of interference measurement restriction for TM9 is unclear.
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