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1. Introduction
In RAN#68, the WID [1] on EBF/FD-MIMO has been approved for specifying the identified enhancements captured in TR [2] of the study item.  The enhancements are related to reference signal and CSI reporting.   In this contribution, we discuss the transmission mode considering potential enhancements on reference signal and CSI reporting.
2. DCI signaling and Transmission Mode
In this section, we discuss whether the existing transmission mode should support the feature of  EBF/FD-MIMO and/or whether a new transmission mode should be introduced.  Since the study on EBF/FD-MIMO focused on CSI-RS based CSI feedback and DMRS based transmission, it is natural that only transmission modes supporting CSI-RS and DMRS are considered.  This is then narrowed down to TM9 and TM10.  Another approach is to introduce a new transmission mode for EBF/FD-MIMO.  If sufficient changes are made on existing transmission modes, it will justify introducing a new transmission mode to make the specification clearer.  This happens usually when a new DCI format for DL signalling is introduced or the content of DCI signalling has been changed.   When we consider the design of transmission mode for EBF/FD-MIMO, the following aspects should be considered:
1. Potential enhancement(s) which are expected to affect DCI signalling
2. Number of layers supported in the transmission mode of EBF/FD-MIMO

3. Support of CoMP and EBF/FD-MIMO
4. Support of EBF/FD-MIMO with non-PMI mode in TM9 

2.1 Potential enhancements affecting DCI signaling 
· DMRS enhancements
It has been agreed in RAN1#82bis that OCC=4 and 12REs is supported for DMRS enhancements[6]. This allows up to total 4 layers per scrambling sequence.  Depending on different signaling table design, it has different approaches to change the joint-coded information of port indication, OCC indication, number of DMRS REs, scrambling sequence, etc.  More details of discussion on DCI signaling regarding DMRS enhancements can be found in [3].    The 3 bit signaling table is used for Antenna port, scrambling identity and number of layers indication in DCI format 2C and 2D for TM9 and TM10 respectively.   If additional bit(s) are required for additional information for EBF/FD-MIMO, a new DCI format may need to be defined.  
Moreover, the meaning of scrambling identity n_scid is different in TM9 and TM10.  In TM10, n_scid is also used to choose between 2 configured virtual cell IDs for generation of the scrambling sequence.  This provides more quasi-orthogonal DMRS among UEs.
· CSI-RS enhancements

New CSI-RS design may be introduced because of support of non-precoded CSI-RS and beamformed CSI-RS.  For non-precoded CSI-RS, new pattern(s) may be designed for introduction of 12 ports and 16 ports [4].   Aperiodic beamformed CSI-RS may be introduced to reduce the overhead of UE-specific beamformed CSI-RS[5].  These CSI-RS enhancements may change the how PDSCH REs are mapped.    One approach is to re-use the 2-bit PQI table in format 2D and use ZP-CSI-RS to change the PDSCH RE mapping dynamically.  Another approach is to add new bits.  
Moreover, multiple CSI-RS port-resource combination can be supported to do the beam selection.  This is closer to multiple CSI-RS configurations supported in CoMP for TM10. 
2.2  Maximum number of MIMO layers 
In terms of DCI signaling, maximum number of layers supported in TM9 and TM10 is always 8 layers regardless of the UE capability.  As described in section 2.1, new additional bits may be needed for EBF/FD-MIMO.  Signaling overhead can be reduced if maximum number of layers supported in DCI is changed according to UE capability or configuration.  It can free up bit(s) for signaling other information.
2.3  Support of CoMP and EBF/FD-MIMO 

Although the Study Item does not consider supporting any coordination including CoMP for EBF/FD-MIMO, it is beneficial to allow such combination so that it can be more compatible to the network in which CoMP is already supported.  The difference between TM10 and TM9 on DCI signalling is the addition of 2-bit PQI to support dynamic PDSCH RE mapping and quasi-co-location for CoMP.  In addition to PQI, support of multiple CSI processes and virtual cell ID support of reference signals are introduced to TM10.   Multiple CSI processes or multiple CSI-RS port-resource combination can be used for beam selection.   Therefore, it is reasonable to keep all these features from CoMP to support EBF/FD-MIMO and CoMP together although optimization on such combination may not be needed.
Based on the above discussion, TM10 seems to be one of the reasonable choices if existing transmission mode to support EBF/FD-MIMO.  If the content or overhead of DCI is different (e.g. additional new DCI bit(s)) for EBF/FD-MIMO, a new transmission mode should be introduced.   This depends on the outcome of discussion on the details of enhancements.   If new DCI bit is added, it is neat to introduce a new TM. 
2.4  Support of EBF/FD-MIMO with non-PMI mode in TM9 

For non-PMI mode operation e.g. for TDD, some features of TM10 may not be needed e.g. QCL and CSI-IMR.  In order to shorten the time to market for FD-MIMO, TM9 should be another TM to support FD-MIMO with its partial features.  The following sub-features seem to be reasonable list for TM9 with non-PMI mode:

-  SRS enhancements
- DMRS enhancement

- Measurement restriction

- Non-PMI CSI feedback with beamformed CSI-RS 

According to the above analysis, we  have the following proposal:

Proposal 1:  Support EBF/D-MIMO based on TM10.  If new DCI bit(s) is introduced, a new TM based on TM10 should be supported.
Proposal 2:  Support EBF/D-MIMO using TM9 with non-PMI mode.  
3. Conclusion
In this contribution, we discuss the transmission mode and associated DCI signalling for EBF/FD-MIMO considering potential enhancements.  Based on the analysis, we have the following proposals:
Proposal 1:  Support EBF/D-MIMO based on TM10.  If new DCI bit(s) is introduced, a new TM based on TM10 is introduced.
Proposal 2:  Support EBF/D-MIMO using TM9 with non-PMI mode.
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