3GPP TR 03.024 V0.2.0 (2012-03)
Technical Report

3rd Generation Partnership Project;

Technical Specification Group Radio Access Network;

Evolved Universal Terrestrial Radio Access Network 
(E-UTRAN);

Carrier-based HetNet ICIC use cases and solutions

 (Release 11)

[image: image1.jpg]



[image: image2.png]=

A GLOBAL INITIATIVE




The present document has been developed within the 3rd Generation Partnership Project (3GPP TM) and may be further elaborated for the purposes of 3GPP.
The present document has not been subject to any approval process by the 3GPP Organizational Partners and shall not be implemented.
This Report is provided for future development work within 3GPP only. The Organizational Partners accept no liability for any use of this Specification.
Specifications and Reports for implementation of the 3GPP TM system should be obtained via the 3GPP Organizational Partners' Publications Offices.

Keywords

<keyword[, keyword]>

3GPP

Postal address

3GPP support office address

650 Route des Lucioles - Sophia Antipolis

Valbonne - FRANCE

Tel.: +33 4 92 94 42 00 Fax: +33 4 93 65 47 16

Internet

http://www.3gpp.org

Copyright Notification

No part may be reproduced except as authorized by written permission.
The copyright and the foregoing restriction extend to reproduction in all media.

© 2011, 3GPP Organizational Partners (ARIB, ATIS, CCSA, ETSI, TTA, TTC).

All rights reserved.

UMTS™ is a Trade Mark of ETSI registered for the benefit of its members

3GPP™ is a Trade Mark of ETSI registered for the benefit of its Members and of the 3GPP Organizational Partners
LTE™ is a Trade Mark of ETSI registered for the benefit of its Members and of the 3GPP Organizational Partners

GSM® and the GSM logo are registered and owned by the GSM Association

Contents

4Foreword

Introduction
4
1
Scope
5
2
References
5
3
Definitions, symbols and abbreviations
5
3.1
Definitions
5
3.2
Symbols
5
3.3
Abbreviations
5
4
Use cases for carrier-based HetNet ICIC
6
4.1
Prioritisation
6
4.2
DL interference in macro-pico environment
6
4.2.1
Description
6
4.2.2
Solution
6
4.2.3
Discussion
6
4.2.4
Specification impact
6
4.3
UL interference in macro-pico environment
7
4.3.1
Description
7
4.3.2
Solution
8
4.3.3
Discussion
8
4.3.4
Specification impact
8
4.4
Interference coordination in dense macro-pico deployments
8
4.4.1
Description
8
4.4.2
Solution
8
4.4.3
Discussion
9
4.4.4
Specification impact
9
5
Other conclusions
10
Annex A: Change history
11
























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

The existing ICIC solutions were mainly developed for macro-only scenarios or to address interference between macro and HeNB, as well as between macro and pico. Expected popularity of multi-carrier base stations calls for development of autonomous interference management mechanisms for optimally exploiting available frequency assets (carriers in same or different bands). In HetNet environments with mixture of different BTS types and without tight synchronization requirements, this seems like the next natural step. 
1
Scope

The present document provides descriptions of use cases, their analyses and possible solutions for some of them. Considerations with regards to requested functionality in scope of other 3GPP groups if any, may be captured in this document as well.
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]
3GPP TR 36.814: "Evolved Universal Terrestrial Radio Access (E-UTRA); Further advancements for E-UTRA physical layer aspects"
3
Definitions, symbols and abbreviations

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].

3.2
Symbols

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

<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].

ICIC
Intercell Interference Coordination
SC HeNB
Single Carrier HeNB
MC HeNB
Multiple Carrier HeNB

4
Use cases for carrier-based HetNet ICIC
4.1
Prioritisation

Table 4.1-1 presents the prioritisation of the interference scenarios.

Table 4.1-1: Prioritisation of interference scenarios for Carrier-based HetNet ICIC

	Interference scenario
	Priorities for:

Operational carriers selection
	Priorities for:

Per UE carrier selection of PCell and SCell

	Macro – pico
	FFS for pico

NO for macro
	YES for pico

YES for macro

	Macro – SC HeNB (coordinated)
	FFS for HeNB

NO for macro
	N/A for HeNB

NO for macro

	Macro – MC HeNB (coordinated)
	NO for HeNB

NO for macro
	NO for HeNB

NO for macro

	Macro – SC HeNB (uncoordinated)
	FFS for HeNB

NO for macro
	N/A for HeNB

NO for macro

	Macro – MC HeNB (uncoordinated)
	NO for HeNB

NO for macro
	NO for HeNB

NO for macro


Operational carrier: The carrier an eNB selected to use for its own operation. An eNB may use one or more operational carriers. An eNB selects a carrier from the set of available carriers assigned to the eNB in the network planning process. This term was introduced to differentiate with the Primary Carrier and Secondary Carrier concepts, which are "per-UE" concepts.

Per UE carrier selection for PCell and SCell: user carrier selection assistance when carrier-based ICIC is used for interference management purposes. The carrier aggregation feature is available on the network side and both CA-capable and non CA-capable UEs are present in the system.

4.2
DL interference in macro-pico environment

4.2.1
Description

This scenario concerns per-UE carrier selection for PCell and SCell(s).

The scenario corresponds to the deployments described in subclause 9A of TR 36.814 [2]. 
In this case, with the use of Cell Range Expansion (CRE), there will be a group of users that are going to be served by the pico cells while still far away from it. For these users, ICIC techniques (either in the time-domain or frequency-domain or in combination) are necessary to counteract interference, and providing inter-eNB assistance can be beneficial to optimize the selection of the Pcell/Scell(s) of those users.
4.2.2
Solution

The solutions proposed for DL interference mitigation in macro-pico environment shall be enhancements to the existing mechanisms defined in Rel.10 and before. The assumptions and pre-requirements for those solutions should not be changed.

4.2.3
Discussion

4.2.4
Specification impact
4.3
UL interference in macro-pico environment

4.3.1
Description

This scenario concerns per-UE carrier selection for PCell and SCell.

A macro UE (MUE) interferes in the UL with the pico cell, while not being able to detect the pico. Both, macro and pico share at least one carrier. An example of this scenario is depicted in figure 4.3.1-1.
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Figure 4.3.1-1: UL interference scenario in macro-pico environment, Macro Cell overlapping Pico Cell coverage.
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Figure 4.3.1-2: UL interference scenario in macro-pico environment, Macro Cells bordering Pico Cell.
Figures 4.3.1-1 and 4.3.1-2 show two typical cases of Pico cell deployments where the Pico cell is either located within the coverage of a macro cell or it is bordering a macro cell. It has to be noted that in the scenario presented in figure 4.3.1-2 the pico cell coverage (i.e. DL coverage) does not necessarily need to overlap with the coverage of the neighbour Macro cell. 

In such deployments a MUE has been assigned one or more carriers (either as PCell or as SCell or both) of which at least one is on the carrier frequencies used by the Pico cell.

For the reason of simplicity, the pico eNB in the figures above is shown as serving only one cell, but it could instead serve multiple cells on the same carriers used by macro cells.

In such scenario, the asymmetry between the UL coverage of MUE and the DL coverage of pico eNB implies that a MUE, not able to detect the Pico cell, will cause UL interference to the Pico cell. It can be basically modeled by a geometric area, i.e. UL interference area, where MUEs cause UL interference to pico. 

4.3.2
Solution

Editor’s note:
RAN3 has asked RAN1 (CC RAN4) to confirm the relevance of this problem (see LS in R3-112705 – answer pending) and if any methods to handle it have already been discussed or can be considered from a RAN1 perspective.

4.3.3
Discussion

4.3.4
Specification impact
4.4
Interference coordination in dense macro-pico deployments
4.4.1
Description

This scenario concerns operational carriers selection.

The problem occurs in a scenario, where the pico cells share one or more carriers (macro cells may share this carrier, too). In this case, for the shared carrier, the available interference mitigation methods apply to data channels only (and selected control channels), while broadcast and most other signalling channels may still be interfered. Hence, methods that enable protection of both, data and signalling channels on one or more shared carriers, may be needed.
4.4.2
Solution
Existing solution

It is understood the existing mechanisms may and shall, whenever it is found beneficial, be reused. An example of how those mechanisms can be used today to perform cell switching on/off is presented in Figure 4.4.2-1.
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Figure 4.4.2-1, Operational Carrier Selection for Pico

The most relevant existing mechanisms are:

· Exchange of carrier information of neighboring eNBs via X2 setup procedure, including EARFCN, Transmission Bandwidth, etc.

· Exchange of interference information of neighboring eNBs via X2 ICIC procedures, including OI, HII, RNTP, ABS information

· Exchange of Load Status of neighboring eNBs via X2 resource status report procedure, including Hardware Load, S1 TNL Load, Radio Resource Status, ABS Status, etc.

· OAM configuration of the operational carriers to Pico, with carriers allocated per cell. Pico performs Cell activation/deactivation according to the load, interference information, etc. 

· OAM activation/deactivation of the operational carriers to Pico, with carriers allocated per cell. OAM performs Cell activation/deactivation according to measurements collected per UE, per eNB, etc.
· Configuration and reporting of UE measurements triggered by events based on neighbour cell signals or based on comparative neighbour to serving cell signals. Such measurements could support the carrier activation/deactivation decision process.
· When carrier activation/deactivation is performed for Energy Savings purposes, activation/deactivation of a carrier is informed to the neighbors eNBs by the meas of eNB Configuration Update X2 procedure. A neighbor may request carrier activation by the means of Cell Activation X2 procedure.
4.4.3
Discussion
4.4.4
Specification impact
5
Other conclusions
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