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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
[z1]

3GPP TS 25.331:  Radio Resource Control (RRC); Protocol specification
[z2]

3GPP TS 25.215:  Physical layer; Measurements (FDD)
[z3]

R3-112026, Macro to small cell, metro cell Hand-in (http://www.3gpp.org/ftp/tsg_ran/WG3_Iu/TSGR3_73/Docs/).
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 [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].

AC
Access Control

MV
Membership Verification

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
H

C

O, H
H

C
	O

H

C

O

H

C
	N/A

Yes
Yes
N/A

Yes
Yes
	Yes
Yes
Yes
Yes
Yes
Yes
	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. Minimize 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. HeNBs are single cell

2. No direct connectivity between HeNB-GWs, X2 based mobility (direct connectivity) for intra- and inter-GW mobility scenarios supported.
Note: Mobility from/to macro CSG will not be in the scope of the Study Item.
5
Use cases and Requirements for enhanced mobility

5.1 UMTS

5.1.1
Use cases

Table 5.1 shows the mobility usecases considered for the SI based on these items derived from the WID[2] 

Table 5.1.1.1 Mobility Enhancement Usecases for UMTS.

	Mobility Type
	From>To
	Source Type *
	Target Type *
	AC/MV needed
	Inter-GW
	Priority
	Notes

	HHO 
	Macro > HNB
	
	O

H

C
	No

Yes

Yes
	N/A

N/A

N/A
	1

1

1
	

	HHO 
	HNB > Macro
	O

H

C
	
	No

No

No
	N/A

N/A

N/A
	1

1

1
	

	SHO
	Macro > HNB
	
	O

H

C
	No

Yes

Yes
	N/A
N/A
N/A
	3

3

3
	Priority because of performance issues


	SHO
	HN B > Macro
	O

C

H
	
	No

No

No
	N/A
N/A
N/A
	3

3

3
	Priority because of performance issues

	HHO 
	HNB > HNB
	O

O

C

H

O

C

H

C

H

C

H
	O

C

O

H

H

C

C 

H

C

H

O
	No

Yes

No

Yes

Yes

Yes

Yes

Yes

No

No

No
	Yes

No
No

No

No

No

No

No

No

No

No
	2

2
1

1

1

2

2

2

1

1

1
	Inter-CSG
Inter CSG

Inter CSG

Inter CSG

Intra CSG

Intra CSG

	SHO 
	HNB > HNB
	O

O

C

O

H

H

C

H

C

H

C
	O

C

O

H

O

H

C

C 

H

C

H
	No

Yes

No

Yes

No

Yes

Yes

No

No

Yes

Yes
	Yes

No

No

No

No

No

No

No

No

No

No
	3

2

1

1

1

1

2

1

1

2

2
	Inter-CSG
Inter CSG
Intra CSG

Intra CSG

Inter CSG

Inter CSG

	CELL_FACH, CELL_PCH and URA_PCH
	Macro >  HNB
	
	O 

H 

C
	No

Yes

Yes
	N/A

N/A

N/A
	1

1

1
	

	CELL_FACH, CELL_PCH and URA_PCH
	HNB > Macro
	O

H

C
	
	No

No

No
	N/A

N/A

N/A
	1

1

1
	

	CELL_FACH, CELL_PCH and URA_PCH
	HNB > HNB
	O

H

H

C

C

H

C

O

O

H

H

C

C
	O 

H 

C

H 

C

O

O

H 

C

H 

C

H 

C
	No

No

No

No

No

No

No

Yes

Yes

Yes

Yes

Yes

Yes
	No

No

No

No

No

No

No

No

No

No

No

No

No
	1

1

1

1

1

1

1

1

1

1

1

1

1
	Intra-CSG

Intra-CSG

Intra-CSG
Intra-CSG
Inter-CSG

Inter-CSG

Inter-CSG

Inter-CSG


*
 O= open, H = Hybrid, C= closed. 
Notes:

For all approved scenarios support for legacy UEs should be studied 

Unless specified in the table, all inter-GW scenarios are FFS (priority 3)

Priorities: 1, 2, 3; where 1 is the highest and 3 the lowest.
5.2
LTE

5.2.1
Use cases

Table 5.1 shows the mobility usecases considered for the SI based on these items derived from the WID[2] 

Table 5.2.1.1 Mobility Enhancement Usecases for LTE.

	From>To
	Source Type*
	Target Type *
	AC/MV needed
	Priority
	Notes

	Macro > HeNB
	
	O

H

C
	No
Yes
Yes
	1

1

2
	

	HeNB > Macro
	O

H

C
	
	No
No
No
	1

1

2
	

	HeNB > HeNB
	O

O

H

H

C

C
	H

C

H

C

C

H
	Yes
Yes
Yes
Yes
Yes
Yes
	1

2

1

3

3

3
	only applies to the case of inter-CSG.

only applies to the case of inter-CSG

only applies to the case of inter-CSG

only applies to the case of inter-CSG


*
O= open, H = Hybrid, C= closed. 
Notes:

Priorities: 1, 2, 3; where 1 is the highest and 3 is the lowest.
Inter-GW usecases are FFS.

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
6.1.3
Legacy UE mobility

The PSC Confusion problem arises from the reuse of PSCs by HNBs in the coverage of a macro cell. This may result in the inability of identifying, at the macro RNC, a unique target HNB corresponding to a PSC reported by a UE. 

This issue is illustrated in Step 2 of Figure 6.1.3-1. The Cell Id IE in this step is normally filled:

A.  via a configured PSC(Cell Id map

or

B.  from the SI Measurement Report of a supporting Rel-9 UE.

In case the association between identified PSC and Cell ID cannot be achieved, neither of these approaches is feasible for UEs not supporting the Rel-9 SI Acquisition feature.

Subsections 6.1.3.1 and 6.1.3.2 capture proposed options for addressing Legacy UE hand-in from Macro to HNB cells.
[image: image11.emf]RANAP( Which Cell Id?)

RANAP ( Which Cell Id?, HNB-GW id)

2

Signaling Issue for Pre-Rel-9 Active Hand-in

HNB-GW Core Network

S-RNC

1

3

HNB

1

How to disambiguate 

target HNB?

4

HNB

2

(In PSC

Confusion)


Figure 6.1.3-1: S-RNC cannot identify HNB in PSC Confusion causes
6.1.3.1
Options

6.1.3.1.1
Option 1: Disambiguation at HNB-GW ((OTD/Source Cell/C-PICH)

The combination of three approaches is proposed to help the HNB-GW disambiguate the correct target HNB in step 4 of Figure 6.1.3-1:

1. Source Cell

2. Timing Difference ((OTD)

3. C-PICH matching
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Figure 6.1.3.1.1-1: HNB Disambiguation

6.1.3.1.1.1
Source Cell

This technique allows the HNB-GW to consider as candidate targets only those HNBs in the neighbourhood of the source macro cell.

This requires delivery of the Source Macro cell identity from SRNC to the HNB-GW.

In the event multiple cells are measured by a UE in step 1 of Figure 6.1.3-1, providing to the HNB-GW information for all such cells can increase the resolution of the disambiguation approach. Such information helps when the UE is in soft hand-over when the Step 1 report is executed, or when the HNB is in neighborhood multiple deployed cells reportable in Step 1.

Useful information for each such macro cell is:

· Cell Id (to match against cells observed by the HNB)
· CPICH RSCP (e.g. to assist the in selecting the best matching neighbor(s) for disambiguation).

6.1.3.1.1.2
Timing Difference ((OTD)

This technique allows the HNB-GW to consider as candidate targets only those HNBs whose downlink frame timing matches with that reported by the UE.

Namely, and referring to Figure 6.1.3.1.1.2-1:

· (OTD = (OTDHNB1 - OTD MNB) represents the target HNB’s timing with respect to the macro cell, as measured by the UE

· OTDcell = UE’s timing with respect to the given cell.

· OTDcell = OFFcell*10 ms + Tmcell (expressed in chips), as reported by R99 UEs [z1] 

· OFF and Tm compose the “SFN-CFN observed time difference” [z2] §5.1.8

· (OTD ( [0, 256*38400-1] chips

· OTDHNB1 and OTD MNB are reportable with event-1a.

· (Reference_OTD is measurable by each HNB

· The availability of thousands of random (Reference_OTD signatures makes timing signature confusion unlikely within the macrocell

· (Reference_OTD is robust to UTRAN clock drifts

At the HNB-GW, the comparison between (Reference_OTD and (OTD is the basis of the (OTD-based disambiguation approach. This approach is also illustrated in the Appendix of contribution [z3].

In the event multiple HNB neighbours are reported in Step 1 of  Figure 6.1.3-1, OTD MNB for each such neighbor should be made available to the HNB-GW.
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Figure 6.1.3.1.1.2-1: (OTD approach
6.1.3.1.1.3
C-PICH matching

This technique allows the HNB-GW to consider as candidate targets only those HNBs whose pilots match with that reported by the UE. While the approaches in 6.1.3.1.1.1 and 6.1.3.1.1.2 offer the most significant increase in resolution, C-PICH matching can be helpful to further increase disambiguation capability.

HNB pilots can be characterized by:

· Primary Scrambling Code

· ARFCN

· CPICH RSCP 

6.1.3.1.1.4
Signalling

Providing OFFHNB1, TmHNB1, OFFMNB, TmMNB, and the Source Cell to the target HNB-GW is necessary to address PSC Confusion, as shown in the figure below. Additional useful target information are PSC and ARFCN.

In addition HNBAP signalling would be needed to inform the HNB-GW of (Reference_OTD and corresponding macro neighbors. Signaling the HNB’s C-PICH (i.e. PSC and ARFCN) would also be helpful.
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Figure 6.1.3.1.1.4-1: Iu Signaling with Source & Delta-OTD-based disambiguation

6.1.3.1.1.5
Inter-frequency handover

The value of OFF “is always reported to be 0” for inter-frequency cells in Step-1 [z2].

Therefore it should be noted that the range of (OTD will be different for intra and inter-frequency cell measurements (e.g. when the HNB cell is measured on another frequency than the source cell) and hence the ability to disambiguate in the two scenarios will also differ.

6.1.3.1.2
Option 2: Disambiguation at Serving RNC
In this solution information needed to carry out disambiguation of the target cell are stored in the serving RNC (SRNC).  This information may consists of some or all of the following:

1. System Information of target cell
2. PSCs of cells neighbouring the target cell 

3. Timing Difference ((OTD) between source and target cell
The following sections explain how this information can be used to support mobility of legacy UEs to HNB cells.

6.1.3.1.2.1:
Acquisition of information at SRNC

It is assumed that by the time Release 11 HNB architectures would be fully deployed there would be a substantial number of Release 9 UEs available. Release 9 UEs are able to acquire System Information for detected cells. Therefore it is plausible to rely on such UEs to report to a SRNC System Information of cells not configured or not included in the Neighbour Cell List of the SRNC.
It has to be noted that this assumption is already adopted across several technical areas in 3GPP.  For example, the UTRAN ANR function purely relies on Release 10 UEs for collecting and reporting neighbour cell information able to enhance the Neighbour Relation Table of an RNC. Similarly, in LTE, the adjustment of mobility parameters between cells for resolution of mobility failures relies on the presence of Release 9 and Release 10 UEs capable of supporting the MRO function.

By means of Release 9 UEs an RNC can acquire System Information about the cells neighbouring each served cell.  It has to be noted that the serving RNC does not need to be reported any System Information for cells directly served, given that all the cell configuration parameters for those cells are already known.

Moreover, an RNC can collect information about the PSCs of cells in the neighbourhood of a given target cell.  
For example, if it is assumed that a UE reports a given Cell-n with PSC-n as the strongest target cell, information about the PSCs of the cells neighbouring Cell-n are provided by the UE in the reported PSCs included in the monitored set and/or in the detected set of cells the UE is able to monitor.

Similarly, the RNC can also store timing difference information between source and target cells reported by the UE.  Such timing difference information may consist of some or all of the following (as described in [z2]):

· SFN (Target Cell) – SFN (Source Cell)
· SFN (Target Cell) – CFN (Source Cell)
Alternatively, information about the HNB cells neighbouring RNC served cells could be acquired via OAM configuration.
In fact, a HNB needs to report to its OAM system a considerable amount of information regarding every detected cells neighbouring its served cell.  This information consists of, amongst other IEs, the PSC, Cell ID, LAC, RAC and CSG ID of neighbouring cells.
The HNB OAM system could send this information to the RNC to either speed up creation of a neighbour cell database or to fully create and maintain such database.   

6.1.3.1.2.2:
Target Cell Disambiguation at SRNC


[image: image15]
Figure 6.1.3.1.2-1: Suport for HNB mobility for legacy UEs

In figure 6.1.3.1.2-1 The procedures of neighbour information acquisition described in section 6.1.3.1.2.2 are shown, where the SRNC can either acquire neighbour cell information via CSG capable UEs or it can acquire them via OAM.

In addition to these procedures the figure shows the process of target disambiguation in cases of mobility involving legacy UEs.

When a legacy UE detects a target cell (by means of detecting its PSC), it will also report to the SRNC a number of other PSCs belonging to either monitored cells (i.e. cells in the macro NCL) or to detected cells (i.e. cells not in the macro NCL). Moreover, the legacy UE will report timing difference information between source and target.

The SRNC can compare the information reported by the legacy UE with the neighbour cell information previously acquired and stored. By means of such comparison the target disambiguation can be carried out. 

It has to be noted that disambiguation of the target based on detected PSCs in a given neighbourhood is a principle already acknowledged in Release 9.  In fact, Release 9 UEs can report a CSG Proximity Indicator by means of so called “fingerprinting”, which was discussed in several occasions as consisting of monitoring and recording the ecosystem of PSCs surrounding an accessible CSG cells. The same principle is used and enhanced in this solution.

6.1.3.1.2.3:
Signalling

One of the main advantages of the proposed solution is that it does not require any changes in the signalling procedures currently standardised for relocation.


[image: image16]
Figure 6.1.3.1.2-2: Signalling exchange for HNB mobility of legacy UEs

Figure 6.1.3.1.2-2 shows an example of signalling procedure following the solution proposed.  

1) Legacy UE reports the cell associated to PSC=3 as the strongest monitored cell.
The UE also reports other monitored PSCs (i.e. PSC=1 and PSC=12) and the timing difference between source cell and target cell (i.e. HNBc).

2) SRNC uses the database of neighbour cell information to disambiguate the target cell associated to PSC=3 reported by the UE.  Such disambiguation results in identifying HNBc as the target.

3) SRNC triggers a legacy RANAP: RELOCATION REQUIRED procedure towards the SGSN/MSC

4) SGSN/MSC triggers RANAP: RELOCATION REQUEST to the HNB GW, which will then forward the message to HNBc.

The solution proposed guarantees the following:

1) It maintains a fundamental principle adopted across 3GPP networks, namely that source RNS detects and decides to which target relocation needs to be addressed

2) It minimises the impact on the network by involving only the SRNC in the target resolution process

3) It does not impact any interface, allowing for interoperability with legacy HNB infrastructure 
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Conclusions and Recommendations

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