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Foreword

This Technical Report has been produced by the 3rd Generation Partnership Project (3GPP).

The contents of the present document are subject to continuing work within the TSG and may change following formal TSG approval. Should the TSG modify the contents of the present document, it will be re-released by the TSG with an identifying change of release date and an increase in version number as follows:

Version x.y.z

where:

x
the first digit:

1
presented to TSG for information;

2
presented to TSG for approval;

3
or greater indicates TSG approved document under change control.

y
the second digit is incremented for all changes of substance, i.e. technical enhancements, corrections, updates, etc.

z
the third digit is incremented when editorial only changes have been incorporated in the document.
1
Scope

The present document is related to the technical report for the study item “Study on Elevation Beamforming/Full-Dimension (FD) MIMO for LTE” [2]. The purpose of this TR is to help TSG RAN WG1 to understand the performance benefit of standard enhancements targeting two-dimensional antenna array operation with 8 or more transceiver units (TXRUs) per transmission point.
This study item is the follow-up to TR 36.873 and it will take into account the findings on 3D channel model in TR36.873 [3]

This activity involves the Radio Access work area of the 3GPP studies and has impacts both on the Mobile Equipment and Access Network of the 3GPP systems.
This document is intended to gather all information and draw a conclusion on way forward.
This document is a ‘living’ document, i.e. it is permanently updated and presented to TSG-RAN meetings.
2
References

The following documents contain provisions which, through reference in this text, constitute provisions of the present document.

-
References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.

-
For a specific reference, subsequent revisions do not apply.

-
For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.

[1]
3GPP TR 21.905: "Vocabulary for 3GPP Specifications".

[2]
RP-141644, "New SID Proposal: Study on Elevation Beamforming/Full-Dimension (FD) MIMO for LTE".

[3]
3GPP TR 36.873: "Study on 3D channel model for LTE".

It is preferred that the reference to 21.905 be the first in the list.

3
Definitions, symbols and abbreviations
Delete from the above heading those words which are not applicable.

Clause numbering depends on applicability and should be renumbered accordingly.

3.1
Definitions

For the purposes of the present document, the terms and definitions given in TR 21.905 [1] and the following apply. 
A term defined in the present document takes precedence over the definition of the same term, if any, in TR 21.905 [1].

Definition format (Normal)

<defined term>: <definition>.

example: text used to clarify abstract rules by applying them literally.

3.2
Symbols

For the purposes of the present document, the following symbols apply:

Symbol format (EW)

<symbol>
<Explanation>

3.3
Abbreviations

For the purposes of the present document, the abbreviations given in TR 21.905 [1] and the following apply. 
An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in TR 21.905 [1].

Abbreviation format (EW)

<ACRONYM>
<Explanation>

4
Introduction
Editor’s note: Capturing objective in SID [2]
At the 3GPP TSG RAN #65 meeting, the Study Item Description on “Study on Study on Elevation Beamforming/Full-Dimension (FD) MIMO for LTE” was agreed for Release 13 [2]. The study aims to understand performance benefit of standard enhancements targeting two-dimensional antenna array operation (including a single column of cross-poles) with 8 or more transceiver units (TXRUs) per transmission point, where a TXRU has its own independent amplitude and phase control. The study item consists of two phases:

· Phase 1: Identify antenna configurations and evaluation scenarios, and evaluate the performance of Rel-12 downlink MIMO using 3D channel model with realistic non-full buffer traffic model.

· Phase 2: Study enhancements and assess the performance benefit of enhancements to the standard. Develop design principles for the identified techniques and identify potential specification impact.

Phase 1 (Start at RAN1#78bis):

· Identify antenna configurations for 2D antenna arrays with {8, 16, 32, 64} TXRUs and evaluation scenarios, including homogeneous and heterogeneous scenarios, for feasibility study, taking into account the outcome of 3D channel model SI.

· Decide antenna element spacing, number of antenna elements per TXRU, polarization, etc.

· Decide how to model virtualization of antenna elements per single TXRU. 

· Identify target operating frequency range considering practical antenna size limitations.

· Evaluate the performance of Rel-12 downlink MIMO (including both SU- and MU-MIMO) using 3D-UMa and 3D-UMi channel models.

· Number of TXRUs for evaluation is 8, where each TXRU is connected to an antenna port and the antenna ports constitute a horizontal array. 

Phase 2 (Start at RAN1#79):

· Evaluate performance benefits of standard enhancements targeting two-dimensional antenna array operation (including a single column of cross-poles) using 3D-UMa and 3D-UMi channel models, taking into account the discussion and findings of the 3D channel model SI.

·  Performance evaluation for different numbers of TXRUs should be done with the following work plan. 

· Performance evaluation for 8 TXRUs starts at RAN1#79.

· Performance evaluation for {16, 32, 64} TXRUs starts at RAN1#80.

· Identify/evaluate potential enhancements required for implementing the SU/MU-MIMO transmission schemes that would provide the identified performance benefits including

· Evaluate the need for defining additional measurement antenna ports up to 64 at maximum.

· Evaluate the need for reference signal design enhancements (including SRS, CSI-RS, and DMRS).

· Evaluate the need for enhancement of codebook and feedback mechanism for SU/MU-MIMO (including CQI definition, layer mapping, and precoder/rank indication).

· Evaluate the need for enhancement of channel reciprocity based operation.

· Evaluate the need for enhancement on diversity transmission scheme. 

· Evaluate the need for control signalling enhancement for SU/MU-MIMO (including support of higher dimensional MU-MIMO).

· Evaluate the need for support in the standards for eNB antenna calibration.

· The maximum number of received layers per UE should be unchanged (up to eight).
· Investigate whether additional methods are needed to ensure common channel coverage, cell/point selection and/or RRM measurement reliability.

· Develop design principles for the identified techniques and identify potential specification impact.

Performance gain from the studied techniques should be evaluated taking into account the followings:

· eNB antenna calibration errors (time, amplitude, and phase)

· eNB antenna coupling and correlation specific to 2D active antenna array 

· Estimation errors

· Downlink overhead

· CSI feedback overhead

· Implementation complexity

· Impact on legacy UEs 

5
Evaluation Scenarios and Antenna Configurations
Editor’s note: This section will capture the evaluation scenarios and antenna configurations for 2D antenna arrays with {8, 16, 32, 64} TXRUs
5.1
Evaluation Scenarios
5.2
Antenna Configurations
6
Potential enhancements for Elevation Beamforming/FD-MIMO

Editor’s note: This section will capture the potential enhancements
7
Evaluation Results

8
Conclusions
Editor’s note: This section will capture the RAN1 conclusions 
Annex A: Simulation Assumptions
Editor’s note: This annex will capture the simulation assumptions agreed for performance evaluation of elevation beamforming/FD-MIMO in RAN WG1
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