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1. Introduction
The work item on elevation beamforming/full-dimension MIMO (EB/FD-MIMO) was approved in RAN#68 with the following objective on DMRS enhancements 
· 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
The introduction of DMRS enhancements means that a new transmission mode and a DCI format are needed to support enhanced higher-order MU-MIMO for EBF/FD-MIMO. In this contribution we present our views on the high-level design principles. 
2. Discussion
2.1. Current MU-MIMO functionality

The current MU-MIMO functionality supports two layer orthogonal multiplexing with two orthogonal DMRS ports (port 7/8). Non-orthogonal MU-MIMO with two non-orthogonal ports have been supported since Rel.9 with scrambling sequences nSCID = 0/1. With the introduction of virtual scrambling sequences 
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, MU-MIMO was further enhanced in Rel.111 where the number of non-orthogonally multiplexed layers is actually unlimited. Hence, the benefits of DMRS enhancements in Rel.13 mainly come from the increase of orthogonal ports. 
Observation: 

· Rel.12 specification already supports MU-MIMO with unlimited orthogonal multiplexing capability by higher-layer configured virtual scrambling.

· Benefits of DMRS enhancements mainly come from increase of orthogonal DMRS ports.
2.2. Dimension of high-order MU for EBF/FD-MIMO
The following DMRS enhancement candidate schemes have been studied during the Rel.13 EBF/FD-MIMO SI. 
· Alt. 1: 12 DM-RS REs with OCC = 4 for up to total 4 layers per scrambling sequence

· Alt. 2: 24 DM-RS REs with OCC = 2 for up to total 4 layers per scrambling sequence

· Alt. 3: 24 DM-RS REs with OCC = 4 for up to total 8 layers per scrambling sequence

· Alt. 4: DM-RS estimation accuracy improvement by advanced receiver assuming interference channel estimation

· Alt. 5: Larger PRG size

Both Alt.1 and Alt.2 enable 4 layer orthogonal multiplexing in MU-MIMO; however the DMRS overhead of Alt-2 is doubled compared to Alt.1 which degrades the system performance. Further increasing the number of orthogonal DMRS ports to 8 (Alt.3) achieves marginal performance gain compared to 4 orthogonal DMRS ports (Alt.1), which is expected as the possibility of scheduling more than 4 layers is very limited in realistic non-full-buffer traffic (c.f. [2]). Hence, 4-layer orthogonal multiplexing  is sufficient.
Proposal:

· MU-MIMO for EBF/FD-MIMO supports a maximum of 4 orthogonal DMRS ports in Rel.13. 

2.3. Transmission mode and DCI format
The current MU-MIMO transmission modes (TM10) and associated DCI format (DCI 2D) are based on a few design principles to achieve tradeoff between system operating flexibility, system performance and specification/implementation complexity. The same principles are preferred to be retained for high-order MU-MIMO operation in EBF/FD-MIMO, barring strong technical reasons to do otherwise. Namely, these principles include:
· A single transmission mode (e.g. TM11) and DCI format (e.g. DCI 2E) to support dynamic switching between SU-MIMO up to 8 layers and MU-MIMO of maximum 4 orthogonal ports. This is beneficial for the eNB to achieve flexible rank adaptation and dynamic SU/MU-MIMO switching in a seamless manner. It is also important to reduce specification/testing efforts as well UE implementation complexities.
· Virtual scrambling of two scrambling IDs 
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 is to be retained in TM11. 
· Enhanced MU-MIMO with physical cell ID scrambling (e.g. TM9) can be realized as an implementation optimization, as long as RRC configured virtual scrambling is supported. Hence, enhancement to physical cell ID based MU-MIMO (e.g. TM 9) is not needed.
Proposal: 

· A new transmission mode (e.g. mode 11) and DCI format (e.g. DCI 2E) is introduced for high-order MU-MIMO in Rel.13 with EBF/FD-MIMO. 
· DCI design may be based on DCI 2D as a starting point.
· Dynamic switching between SU-MIMO of max 8 layers and MU-MIMO of maximum 4 layers per UE is to be supported in a single TM.
· The existing mechanism of non-orthogonal DMRS with 2 RRC configured virtual scrambling sequences is to be retained, 
With the increase of orthogonal DMRS ports in MU-MIMO, the DCI format naturally has to be increased to enable a larger set of DMRS/scrambling scheduling possibilities. It’s preferred to minimize the DCI format as much as possible for EBF/FD-MIMO, compared to the existing format 2D. On the other hand, massive MIMO also benefits CRS and common control channel transmission with CRS virtualization; hence a minor increase in the DCI overhead (e.g. 1-bit) may be considered if it significantly improves the scheduling flexibility. The final decision will be made based on the tradeoff of (e)PDCCH coverage, scheduling flexibility and system performance.
Proposal:

· DCI format design should consider tradeoff between (e)PDCCH coverage, scheduling flexibility and system performance.
3. Conclusions
In this contribution we presented our views on the high-level design principles of DMRS enhancement and high-order MU-MIMO for Rel.13 EBF/FD-MIMO. Our current preferences are summarized below.
Proposal:

· Support MU-MIMO with up to a maximum of 4 orthogonal DMRS ports for EB/FD-MIMO in Rel.13.
· Define a new transmission mode (e.g. mode 11) and DCI format (e.g. DCI 2E) for high-order MU-MIMO for EBF/FD-MIMO. 
· Use DCI 2D as a starting point.
· Support dynamic switching between SU-MIMO (up to 8 layers) and MU-MIMO (maximum 4 layers per UE).
· Retain existing mechanism of non-orthogonal DMRS with two RRC configured virtual scrambling sequences. 
· DCI format design should consider tradeoff between (e)PDCCH coverage, scheduling flexibility and system performance.
References
[1]. 3GPP RP-151085, “New SID Proposal: Elevation beamforming/full-dimension (FD) MIMO for LTE”, Samsung, RAN#68, Malmo, Sweden, June 2015

[2]. R1-152589, “DMRS enhancements for high-order MU-MIMO in FD-MIMO,” CATT, RAN1#81, Fukuoka, Japan, May 2015

3.1.1 CSI-RS density

_1498336866.unknown

_1498338091.unknown

