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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

The Release 10 WI for HNB and HeNB Mobility Enhancements (RP-101426) introduced signalling via horizontal RAN interfaces (Iurh, X2) for the support of H(e)NB to H(e)NB mobility. 
A new Release 11 work package was agreed at RAN#51, starting with a feasibility study, taking both 3G and LTE aspects into account:

-
UMTS only: Work on support for enhanced mobility in CELL_FACH for 3G home access was discontinued in Rel-10. This SI considers support of CELL_FACH state and the benefits that support of CELL_PCH and URA_PCH states can provide.

-
The extension of SHO capability to include operation with the macro network can allow better integration of HNB cells with the macro network.  To support SHO an extension of Iur from the HNB-GW to a macro RNC can be used, and this can also be used to link HNB-GWs as the Iur is a symmetrical interface. If supported for SHO, the presence of an Iur between the HNB-GW and macro RNC would allow use of enhanced SRNS relocation between the HNB and macro networks to further improve Hand-in/Hand-out performance compared to the CN involved methods already specified.

-
Support for inter-CSG HO was discontinued in Rel-10. The issues involved in supporting inter-CSG HO need to be studied.

-
LTE only: Support for eNB to HeNB was de-scoped in Rel-10, but provides significant benefits for open mode HeNBs used in mall environments and to extend the macro network coverage. Also deferred from Rel-10 was support for inter-CSG HeNB-HeNB HO.

-
Support of X2 via GW proxy for HeNB to HeNB mobility will be studied. 

-
RAN Sharing (UMTS and LTE):
RAN sharing, supported on the macro network has not been considered in relation to H(e)NBs. This will be studied in the context of any further requirements from SA.
1
Scope

This document captures the results of the study item on H(e)NB enhanced mobility in RP-110456[2]. It identifies the existing mobility functions for UMTS and LTE, the use cases and requirements for enhancements, and reviews and compares scenarios and techniques for enhancement of the mobility functionality. Aspects of RAN sharing related to H(e)NB mobility are also included.
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-110456
Proposed SID: Further enhancements for HNB and HeNB. Alcatel-Lucent
[3]
3GPP TS 25.467:  UTRAN architecture for 3G Home NodeB; Stage 2
[4]
3GPP TS 36.300:  Evolved Universal Terrestrial Radio Access (E-UTRA) and Evolved Universal Terrestrial Radio Access Network (E-UTRAN); Overall description; Stage 2
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].

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 [x] 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 [x].

Abbreviation format (EW)

<ACRONYM>
<Explanation>

4
Existing Mobility Functionality
4.1
UMTS
4.1.1
Mobility Functions supported
The enhancements studied in this document build on the existing functionalities provided up to Rel-10. These functionalities are listed here to form a baseline for the enhancements considered.

Table 4.1 shows the mobility scenarios supported up to Rel-10 for HNBs and UEs. This table does not include details of  support of non-CSG HNBs to improve clarity.
Table 4.1 Supported Mobility Functions.
	Mobility Type
	From/To
	Rel Intro
	CN involved
	UE required (minimum)
	Source O/H/C *
	Target O/H/C *
	Inter-CSG
	Inter-GW
	Stg 2 ref +
	Notes

	HHO 
	HNB > Macro
	Rel-8
	Yes
	Any
	C
	O
	N/A
	N/A
	-
	2

	HHO 
	Macro > HNB
	Rel-9
	Yes
	Non-csg/Pre-R9

Non-csg/Pre-R9

Rel-9
	O

O

O
	O

H,C

H.C
	N/A

N/A

N/A
	N/A

N/A

N/A
	5.9.4a

5.9.3a

5.9.2a
	1

1

	HHO 
	HNB > HNB
	Rel-9
	Yes
	Non-csg

Non-csg

Non-csg

Rel-9
Rel-9
Rel-9
	O

H

C

O

H

C
	O

H

C

O

H

C
	N/A

No

No

N/A

No

No
	No

No

No

No

No

No
	5.9.4a

5.9.3a

5.9.3a

5.9.4a

5.9.2a

5.9.2a
	1

1

1

	HHO 
	HNB > HNB
	Rel-10
	No
	Any
	O

H

C
	O

H

C
	N/A

No

No
	No

No

No
	5.7.2

5.7.2

5.7.2                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                
	

	SHO 
	HNB > HNB
	Rel-10
	No
	Any
	O

H

C
	O

H

C
	N/A

No

No
	No

No

No
	5.7.3

5.7.3

5.7.3
	


*
O= open, H = Hybrid, C= closed. 
+
Stage 2 reference is TS 25.467 [3]
Notes:

1. No mechanism is defined for the determination of the target HNB in this scenario.

2. This scenario is not defined in the stage 2.

4.1.2
Architecture

Figure 4.1 shows the Rel-10 architecture, it includes the macro architecture although no direct connections exist between the macro and the femto architectures, all connections are via the core network.
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Figure 4.1
Rel-10 architecture
Figure 4.2 shows the nodes and interfaces involved in the mobility. This shows that mobility to or from macro nodes is via the HNB-GW and the Iu. All signalling flows for mobility are carried by these interfaces. As inter-gw mobility is not supported at Rel-10, then only a single HNB-GW is shown. 
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Figure 4.2
Nodes and Interfaces involved in mobility

4.1.3
Assumption Baseline
The work up to Rel-10 has been on the basis of these assumptions:

1. UMTS Macro cells do not support CSG

2. A HNB serves a single cell

3. Support for legacy UEs is required. (This may require proprietary methods for complete support)
4. No impact on existing macro nodes.
5. No direct connectivity between HNB-GWs, only Intra-GW mobility considered.
4.2
LTE
4.2.1
Mobility Functions supported
The enhancements studied in this document build on the existing functionalities provided up to Rel-10. These functionalities are listed here to form a baseline for the enhancements considered.

Table 4.2 shows the mobility scenarios supported up to Rel-10 for HeNBs. 

Table 4.2 Supported Mobility Functions.

	Mobility Type
	From/To
	Source O/H/C *
	Target O/H/C *
	Inter-CSG
	Inter-GW
	Stg 2 ref +
	Notes

	S1 HO
	HeNB > Macro
	O, C, H
	N/A
	N/A
	N/A
	10.5.2
	

	S1 HO
	Macro > HeNB
	N/A
N/A
	O

H,C
	N/A

N/A
	N/A

N/A
	22.3.3
10.5.1
	

	S1 HO
	HeNB > HeNB
	O
O
H,C

H
C
	O
H,C
O
H,C

C,H
	N/A
N/A

Yes

Yes
Yes
	Yes
Yes
Yes

Yes
Yes
	22.3.3

10.5.1
22.3.3

10.5.1

10.5.1
	

	X2 HO
	HeNB > HeNB
	O, H, C
H

C
	O

H,C
C,H
	N/A

No

No
	Yes
Yes
Yes
	22.3.3

4.6.1
4.6.1
	


*
O= open, H = Hybrid, C= closed. 
+
Stage 2 reference is TS 36.300 [4]

4.2.2
Architecture

Figure 4.3 shows the Rel-10 architecture, it includes the macro architecture although no direct connections exist between the macro and the femto architectures, all connections are via the core network.
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Figure 4.3
Rel-10 architecture

	No GW involved
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	One HeNB via GW, one via S1
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	Both HeNBs via different GWs
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	Both HeNBs via the same GW
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Figure 4.4
Handover Scenarios
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Figure 4.5
HeNB Architecture

4.2.3
Assumption Baseline
The work up to Rel-10 has been on the basis of these assumptions:

1. LTE Macro cells do not support CSG

2. HeNBs are single cell

3. No direct connectivity between HeNB-GWs, X2 based mobility (direct connectivity) for intra- and inter-GW mobility scenarios supported.
5
Use cases and Requirements for enhanced mobility

This chapter will capture discussions on use cases and derived requirements.

6
Enhanced Mobility: description and analysis of the different architectural options

6.1
UMTS architectural topics

6.1.1
Enhanced Mobility in CELL_FACH, CELL_PCH and URA_PCH

6.1.2
Enhanced Mobility with macro network
Including inter-HNB-GW connectivity, SHO, Enhanced SRNS Relocation

6.2
LTE architectural topics

6.2.1
Support of X2 via GW proxy

6.2.2
Enhanced Mobility with macro network
6.3
Inter-CSG Mobility

6.4
RAN Sharing

7
Conclusions and Recommendations

This chapter will capture conclusions, agreements and recommendations for further work.
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