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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

This document is related to the technical report for the study item “Small Cell Enhancements for E-UTRA and E-UTRAN – Physical-layer Aspects” [1]. The purpose of this TR is to help TSG RAN WG1 to define and describe the potential physical layer small cell enhancements under consideration and compare the benefits of each enhancement technique, along with the complexity evaluation of each technique.
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 TD RP-122032, "New Study Item Proposal for Small Cell Enhancements for E-UTRA and E-UTRAN – Physical-layer Aspects ". 
[2]
3GPP TR 21.905: "Vocabulary for 3GPP Specifications".
[3]
3GPP TR 36.932: “Study on Scenarios and Requirements of LTE Small Cell Enhancements”.
[4]            3GPP TD RP-122033, “New Study Item Description: Small Cell Enhancements for E-UTRA and E-UTRAN – Higher-layer aspects”.
3
Definitions, symbols and abbreviations

3.1
Definitions

Void
3.2
Symbols

Void
3.3
Abbreviations

For the purposes of the present document, the abbreviations defined in 3GPP TS 21.905 [2] and the following apply:
4
Introduction

At the 3GPP TSG RAN #58 meeting, the Study Item description on “Small Cell Enhancements for E-UTRA and E-UTRAN – Physical-layer Aspects” was agreed for Release 12 [1]. The study item covers the technologies for further enhancements of indoor and outdoor scenarios using low-power node, taking into account the scenarios and requirements for small cell enhancements studied and captured in [3]. This technical report covers the physical-layer aspects of these technologies.
5
Potential enhancements to improve the spectrum efficiency
Editor's note: This section will capture the potential enhancements to improve the spectrum efficiency, i.e. achievable user throughput in typical coverage situations and with typical terminal configurations, for small cell deployments.
5.1
Introduction of a higher order modulation scheme for the downlink
Editor's note: This section will capture a higher order modulation scheme (e.g. 256 QAM) for the downlink.
5.2
Enhancements and overhead reduction for UE-specific reference signals and control signaling
Editor's note: This section will capture the techniques of enhancements and overhead reduction for UE-specific reference signals and control signaling to better match the scheduling and feedback in time and/or frequency to the channel characteristics of small cells with low UE mobility, in downlink and uplink based on existing channels and signals. 

6
Mechanisms to ensure efficient operation of a small cell layer 
Editor's note: This section will capture the mechanisms to ensure efficient operation of a small cell layer composed of small cell clusters. Coordinated and time synchronized operation of the small cell layer and between small cells and the macro layer can be assumed.
6.1
Mechanisms for interference avoidance and coordination among small cells
Editor's note: This section will capture the mechanisms for interference avoidance and coordination among small cells adapting to varying traffic and the need for enhanced interference measurements, focusing on multi-carrier deployments in the small cell layer and dynamic on/off switching of small cells.
6.2
Mechanisms for efficient discovery of small cells and their configurations

Editor's note: This section will capture the mechanisms for efficient discovery of small cells and their configuration.

6.3
Feasibility and benefits of radio-interface based synchronization mechanisms
Editor's note: This section will address the feasibility and benefits of radio-interface based synchronization mechanisms. 
7
Physical layer study for small cell enhancement higher-layer aspects
Editor's note: This section will capture physical layer study for small cell enhancement higher-layer aspects [4], in particular concerning the benefits of mobility enhancements and dual connectivity to macro and small cell layers and for which scenarios such enhancements are feasible and beneficial.
8
Evaluation of techniques for small cell enhancements
Annex A: Simulation model

Editor's note: This annex will capture the evaluation model agreed for performance evaluation of small cell enhancements in RAN WG1.
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