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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


[image: image8.emf]HeNB-

GW

A

MME

S1-MME

A

HeNB

A

HeNB

B

HeNB-

GW

B

S1-GW

B

S1-MME

B

X2


	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


5.1 UMTS
5.1.1
Use cases

This section outlines a  number of use cases for enhanced mobility involving HNBs which are based on a range of deployment scenarios. These use cases are related to those defined in  22.220 [4] as  follows:

	Scenario
	22.220[4] Use cases
	Predominant HNB Mode used

	Residential
	UC1, UC3
	Closed

	Enterprise
	UC1, UC3
	Closed/Hybrid

	Shopping Mall
	UC9, UC13
	Hybrid/Open

	Metro cell
	UC10
	Open


Residential/Enterprise
Usecase-1: HNB Mobility

User A connects to the HNB via mobile device. User A should be able to move around within the HNB coverage in the home or enterprise. User should also be able to invoke additional services based on user policy and operator policy.

Usecase-3: HNB – Macro Handovers

User A subcribes to cellular services of Operator 1 and is authorised to access a HNB from same or other operator. User A starts service in the HNB coverage and continues moving into a cellular network. Similarly User A starts service in cellular network and continues moving into HNB coverage. User A does not see any impact on services due to mobility in both cases.

Further information: Residential use cases are generally based on closed mode, as it is unlikely that residential user would expect to support open mode or hybrid mode in a residential situation. HO between HNBs is a possible, but less critical aspect of residential deployment. Enterprise use cases are generally based on closed or hybrid modes.
If the HNB is deployed in a public/enterprise area there will be frequent HOs to the Macro network when the User moves to the border of HNB deployment. The user would expect performance as good as or better than that with only macro deployment. 
Shopping Mall
Usecase-9: Hybrid access mode

In order to improve the coverage in a shopping mall, HNBs are deployed. The shopping mall owner may have been provided a special deal by the network operator where the employees of the shopping mall will get preferential charging rates and priority access when accessing services via these HNBs. In exchange, the shopping mall owner allows the public to use the HNBs to access the normal network operator services. The HNB owner should not need to manage the public access and the public should not need to do anything special in order to get services on the HNB.

Usecase-13: Electronic customer guide in shopping centre, using Local IP access

A department store or shopping centre provides electronic shopping guide. When user A enters into a shopping centre where a shopping centre HNB is installed, an invitation indication shows up on his mobile device which he accepts.  This allows him access to the centre’s HNB.  Subsequently, he accesses the centre’s customer service server, which is only accessible through the HNB where he uploads his shopping list.  The customer service server responds a list of sale items of similar nature.  He accepts or declines the various choices and the final shopping list is downloaded to his UE.  While user A is waiting, User A watches free TV show or advertisement provided through the HNB for the shop customer.  While in the shopping centre the user has simultaneous access to operator’s and local shopping centre services.  
The shopping mall use cases are typically based on  hybrid mode . The member UEs (e.g. store’s employees) would have priority access when the HNB is  highly loaded , but all UEs would be able to benefit from the indoor coverage provided by these HNBs. When the UEs are moving from one store to another store in the shopping mall, it would be beneficial to support mobility enhancement in order to reduce the signaling load on the CN
For example, neighbouring stores within a shopping mall may use different CSG IDs, or one company may deploy CSG with different CSG IDs for different applications. In these cases, inter-CSG mobility is inevitable and hence it isbeneficial to study enhancements in this area.
Metro cell

Use case-10: Open access mode

Typically to enhance coverage or capacity of an operator’s public network, for example in railway stations, airports, stadiums, etc, taking benefit of the HNBs additional functionality (e.g. uncoordinated deployment).

5.1.2
Requirements and Assumptions
5.1.2.1
Requirements
The Study Item [2] shows these UMTS mobility features to be considered for Rel-11:
1. macro to HNB

2. HNB to HNB

3. RAN sharing support @ HNB (in line with SA)

4. CELL_FACH, CELL_PCH, URA_PCH support
From these features then the following general requirements can be considered for CELL_DCH:
Macro to HNB:
R1:
Support for Macro-HNB SHO

R2:
Macro-HNB HHO (CN not involved)
HNB to HNB:
R3:
Support for Inter-GW HHO between HNBs (CN not involved.)

R4:
Support for Inter-GW SHO between HNBs

R5:
Support for Inter-CSG HHO between HNBs (CN not involved)

R6:
Support for Inter-CSG SHO between HNBs

CELL_FACH, CELL_PCH, URA_PCH mobility:
R7:
Support for Macro to HNB, HNB to macro mobility (reselection) in CELL_FACH, CELL_PCH, URA_PCH
R8:
HNB to HNB mobility (reselection) in CELL_FACH, CELL_PCH, URA_PCH.
Further requirements:

R9:
No changes to the macro network should be needed to support enhanced mobility.
R10:
Release agnostic for macro nodes

Based on R1 to R8 Table 5.1 shows the mobility enhancements considered for the SI based on these items derived from the WID[2] 

Table 5.1 Enhanced Mobility Functions.

	Mobility Type
	From/To
	CN involved
	UE required
	Source O/H/C *
	Target O/H/C *
	Inter-CSG
	Inter-GW
	Notes

	HHO 
	Macro > HNB
	No
	Any
	O
	O, H, C
	N/A
	N/A
	

	SHO
	Macro <> HNB
	No
	Any
	O
	H,C
	No
	No
	

	HHO 
	HNB > HNB
	No
	Any
	O

H

C
	O

H, C
C, H
	N/A

Yes
Yes
	Yes
Yes
Yes
	1

1

	SHO 
	HNB > HNB
	No
	Any
	O

H

C
	O

H

C
	N/A

Yes
Yes
	Yes
Yes
Yes
	1

1

	CELL_FACH, CELL_PCH and URA_PCH
	Macro >  HNB
	No
	Any
	O


	O, H, C
	N/A
	N/A
	

	CELL_FACH, CELL_PCH and URA_PCH
	HNB > Macro
	No
	Any
	O,H,C
	O
	N/A
	N/A
	

	CELL_FACH, CELL_PCH and URA_PCH
	HNB > HNB
	No
	Any
	O

H

C
H

C
	O, H, C
H, C
H, C
O

O
	N/A

Yes

Yes
N/A

N/A
	Yes

Yes

Yes
Yes

Yes
	1

1


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

1.
Support for Inter-CSG as well as Inter-GW is an issue for consideration. 
5.1.2.2
Assumptions

A1:
UMTS Macro cells do not support CSG

A2:
HNBs are single cell

A3:
Support for legacy UEs is required in some scenarios

A4:
Any interfaces defined between macro and HNB-GW will be statically setup (e.g. by OA&M at startup)

A5:
HNB-GW will continue to operate as a concentrator for macro/CN access to HNB

5.1.3
Summary
Enterprise, shopping mall, and metro cell deployments
In such deployments it is likely that frequent HOs will occur, including to and from the Macro network and between HNBs.

In R10, a direct interface between HNBs was introduced to support soft handover and enhanced mobility between HNBs. Supporting SHO can decrease interference and call drops, whereas HHO can decrease the signalling load in CN and reduce the latency during the handover etc.  Interference between the macro and HNB networks is also considered to be an issue for co-channel deployments and in addition it is preferable to limit the load on the CN when a UE moves between the macro and HNB networks. Hence it now seems reasonable to also consider the Rel-10 mobility enhancements for Macro<>HNB scenarios.
Proposal 1: Both SHO and enhanced SRNS relocation between HNB and Macro should be supported in Rel-11.
Target HNB in hybrid access mode
As described in 5.1.1 there are a number of scenarios when mobility involving hybrid HNBs may result in a change in CSG. Therefore it is necessary to consider such scenarios as enhanced mobility procedures.
Proposal 2  Inter-CSG HNB-HNB enhanced mobility should be supported in Rel-11
Home and Enterprise deployments
Such deployments are typically characterised by operation in closed mode.

-
For home deployment: the home owner may grant access to his neighbour. When the neighbour visits the owner’s home, the UE is handed over from the neighbour’s HNB to the “visited” HNB. It is obvious that this type of mobility does not happen very often. Even if this HO occurs, S1/Iu HO can be used. It is not worthy to have enhancement for home deployment. 

-
For enterprise deployment: it may be possible that each department of the enterprise deploy their own HNB, which is not shared with other departments. Each department’s HNBs uses a different CSG ID. Some managers may be granted access to multiple department’s HNBs. It is questionable whether the low number of managers who have access right to multiple departments’ HNBs and their active mobility between departments justifies any optimisation. 

Issue 1:

The benefit of inter-CSG enhanced mobility between two closed mode CSG HNBs is questionable, especially when considering use cases like home- and enterprise deployment.
5.2
LTE
5.2.1
Use Cases
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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