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1. Introduction
The WI on elevation beamforming / full-dimension MIMO (EBF/FD-MIMO) includes the following objective in the WID scope
· Support of additional ports for DMRS targeting higher dimensional MU-MIMO
· The maximum number of DMRS ports that a UE may be able to receive is kept as 8
With the introduction of additional DMRS ports, a new transmission mode targeting high-order MU-MIMO for EBF/FD-MIMO is to be introduced, which requires a new DCI format accordingly. In this contribution we present our views on the DL control signalling design for high-order MU-MIMO in EBF/FD-MIMO.
2. Discussion
DL control signaling is dependent on the DMRS antenna port design, MU-MIMO dimensioning and eNB scheduling flexibility. The details of DMRS enhancements for FD-MIMO are still under discussion in RAN1, including the DMRS port indexing, RE mapping, scrambling, OCC length, etc. As a result, the exact DL control signalling cannot be determined until after all these details are clear. However, a set of design criteria can be at least agreed on first. 
· Dynamic SU/MU switching
Dynamic SU/MU switching has been supported since Rel.9 and should continue to be supported. This is important to ensure sufficiently flexible, as opposed to fragmented, eNB scheduling behavior to cope with the bursty nature of real-life non-full-buffer traffic so that the system throughput can be optimized. 

· SU-MIMO dimensioning

Full rank adaptation up to 8 layers is to be supported. Although it is tempting to design several new DCI formats based on the maximum number of layers (e.g. DCI 2E for 2-layer UE, DCI 2F for 4 layer UE, DCI 2G for 8 layer UE), such a practice is undesirable because it results in segmented eNB scheduling behavior, unnecessary 3GPP work load and increased UE complexity. Instead, it is desirable to introduce a single DCI format (that is, a single new TM) to accommodate all scheduling scenarios.
· MU-MIMO dimensioning
A maximum of 4 orthogonal DMRS ports per UE is sufficient to achieve most of the gains of high-order MU-MIMO, as demonstrated by realistic simulation with realistic traffic [2]. Further increasing orthogonal ports beyond 4 has minimal performance gain, because the probability of scheduling more than 4 layer MU-MIMO is extremely low (c.f. [2]). 
· Virtual scrambling

Virtual scrambling with two RRC configured nSCID should continue to be supported, to allow non-orthogonal multiplexing if the physical channels of two UEs are well separated. This is also necessary to enable a seamless integration of EBF/FD-MIMO and CoMP.
· DCI overhead

It is desirable to minimize the DCI format overhead to ensure sufficient control signalling coverage. On the other hand, PDCCH coverage also benefits from massive MIMO through CRS virtualization, not to mention EPDCCH. Considering improved (E)PDCCH link-budget, a minor DCI format size increase (e.g. 1-bit) may be acceptable, especially since the link budget impact due to 1-bit DCI is less than 0.1dB (assuming DCI 2D, 20MHz, 2 CRS ports).
3. Conclusions

In this contribution we discussed the DL control signalling design to accommodate the additional DMRS antenna ports for high-order MU-MIMO in EBF/FD-MIMO. A few high-level design principles are noted:

Proposal:

· Dynamic SU/MU-MIMO switching is supported

· SU-MIMO with rank adaptation up to 8 layers is supported.

· MU-MIMO with maximum 4 orthogonal DMRS ports is supported.

· Non-orthogonal DMRS with two RRC configured scrambling ID is supported.
· 3-4 bits to indicate DMRS ports and scrambling.
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