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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.

Introduction

This TR collects the work done under the Study Item “Downlink MIMO Enhancement for LTE-Advanced” [2].
1
Scope
The scope of this study item is given in [2].
2
References

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

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

[2]
RP-111366: Study Item Description for Downlink MIMO Enhancement for LTE-Advanced
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
Objectives of the Downlink MIMO Enhancement Study
The objectives of this study are described in [2].
5
Identified scenarios
Relevant scenarios and antenna configurations for the issues from real-life MIMO deployments include:

· Geographically separated antennas

· Power-imbalanced antenna ports

· Cross-polarized antenna deployments 

For CSI feedback enhancements, the following scenarios (A, B, C) were agreed to be studied with high priority, in the following order:

Priority 1: Scenarios A and C

Priority 2: Scenario B
Details of Scenarios A, B and C are given in Annex A. 

A. Macro cell:  Cross-polarized Macro-sites (2Tx, 4Tx)
    o Closely or widely spaced

B. Outdoor and/or indoor low-power RRHs, with coordination with the macro

   o High power RRH + low power RRHs  

C. Outdoor small cell(s) with localized antennas
    o  Cross polarized/Co-polarized (mainly 4Tx)
    o  Uncorrelated (less correlated)
    o  Low mobility

The motivations for this prioritization are that single point transmission should be the focus of this study, and coordination aspects have a lower priority.
The following scenarios are also identified for study with lower priority than scenarios A, B, C:

· Indoor low power node with localized antennas
· Active antennas with vertical beamforming
· Feedback for partial reciprocity
· Homogeneous macro network with 8 cross-polarized antennas (closely or widely-spaced)
· Indoor and/or outdoor low power RRHs without coordination with the macro but with coordination between the low-power RRHs. 
6
Issues from Real-Life MIMO Deployments
<Editor’s Note: Capture the issues identified and solutions proposed.>
The following issues are identified as high-priority:
· Time misalignment / antenna calibration

· Downlink control signalling enhancement (including UE-specific RS-based)

· Feedback and related enhancements, including: 

· Interference measurement enhancement

· Rank reporting

· CSI accuracy (especially for MU-MIMO) for the high-priority scenarios and antenna configurations. 

7
CSI Feedback Enhancements
<Editor’s Note: Capture the  identification of the need for such enhancements, including corresponding evaluation results,  and details of any solutions proposed.>

The performance of any feedback scheme is the same in CoMP scenario 3 and CoMP scenario 4 assuming Rel-11 allows the necessary specification support. Therefore, it is not needed to run separate simulations for scenarios 3 and 4 for feedback performance evaluation. 
8
Downlink Control Signalling Enhancements
<Editor’s Note: Capture the  identification of the need for such enhancements, including corresponding evaluation results,  and details of any solutions proposed.>

9
Other Aspects
10
Specification Impacts
11
Conclusions
Annex A: Simulation assumptions
The system simulation parameters for the evaluations of downlink MIMO CSI feedback enhancements are as specified in TR 36.814, modified as per Annex A of TR36.819, modified as per Table A1.
Table A1: System simulation parameters for DL MIMO CSI feedback evaluations
	Performance metrics
	Cell average throughput
5%ile and 50%ile of the user throughput CDF.
For scenarios C1 and C2, performance metrics are only collected from the UEs associated with a small cell

	Deployment scenarios
	A. Homogeneous macro network (2Tx, 4Tx)
-      Reuse the macro part of the baseline simulation case for scenario 4 in TR36.819, unless otherwise stated in this table

B. Network with low power Tx points for both outdoor and indoor within the macrocell coverage 

· Reuse the assumptions from scenario 3/4 in the CoMP SI with configuration 4b of TR36.814, unless otherwise stated in this table

· CoMP is allowed

C. Outdoor low-power Tx points 

- reuse the assumptions from scenario 3/4 in the CoMP SI with configuration 4b of TR36.814, unless otherwise stated in this table

C1: with macro cell on the same carrier frequency

- no coordination between the low-power Tx points, nor with the macro

C2: with macro cell on an adjacent carrier frequency

- no coordination between the Tx points

- the macro cell has to be taken into account in the cell selection mechanisms 

	Antenna configurations
	For macro eNB, in priority order for each number of antennas:

· 2 Tx antennas

1. 1 column, cross-polarized: X

· 4 Tx antennas

1. 2 columns, cross-polarized on each column, closely-spaced: X X

2. 2 columns, cross-polarized on each column, widely-spaced: X     X 

· 8 Tx antennas

1. 4 columns, cross-polarized on each column, closely spaced: X X X X

8 Tx has lower priority than 2 and 4 Tx

For low power node
· 1 Tx antenna: vertically-polarized

· 2 Tx antennas: 

1. cross-polarized: X

2. vertically-polarized: | |

· 4 Tx antennas: 

1. 0.5 λ-spaced cross-polarized: X X

2. 0.5 λ-spaced vertically-polarized: | | | |

Array orientation needs to be defined (e.g., random for 4 Tx)

The 1Tx antenna case does not apply for scenario C 

4Tx has higher priority than 1 and 2 Tx

For UE: 

· 2Rx cross-polarized: X 2Tx cross-polarized
· 2Rx cross-polarized: X 1Tx vertically-polarized



	Feedback schemes
	Baseline: Release 10 codebooks and feedback formats. 

Single-cell CSI feedback enhancements should be described, including details of overhead and delay assumed. 

	Channel model
	For scenario A: 

Baseline: use the macro part of the baseline channel of scenario 4 in the CoMP SI with indoor-outdoor modeling

Optional: same as the baseline except that 100% of the UEs are dropped outdoors
For scenario B:

Baseline: use the baseline channel of scenario 3/4, with the following alternatives for the UE indoor dropping:

Mandatory]: all UEs are dropped outdoors

Optional]: UEs dropped in the low power node areas have a 25% probability of being indoors; the remaining UEs are dropped over the macro cell geographical area with a 80% probability of being indoors 
[Optional]: all UEs are dropped with a 80% probability of being indoors
For scenario C:

Baseline: use the baseline channel of scenario 3/4, with the following alternatives for the UE indoor dropping:

[Mandatory]: all UEs are dropped outdoors
[Optional]: UEs dropped in the low power node areas have a 25% probability of being indoors; the remaining UEs are dropped over the macro cell geographical area with a 80% probability of being indoors 
[Optional]: all UEs are dropped with a 80% probability of being indoors


	Traffic models
	Full buffer 

Non full buffer 

	Impairments modeling
	Optional for feedback investigations: Timing misalignment between antenna

· the modeling needs to be described when presenting results

Optional for feedback investigations: Modelling of antenna Tx-Rx pair calibration error (for TDD)

·  the modeling needs to be described when presenting results
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