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Introduction

In RAN2#59bis two email discussions on the CSG Cells / home cells / home Node B were agreed.

Email discussion 1: LTE & general concepts (Axel)

Email discussion 2: UMTS specific solutions (Johan)

This document is an attempt to kick off the discussion for the 2nd email discussion focusing on UMTS specific solutions. 

It is proposed to:

a) Capture text on handling of legacy terminals: configuration options, pros/cons and remaining problems, within the scope of current SI, ref [1]. Proposed to have an agreed text proposal to the TR, ref [2], at RAN2#60.

b) Discuss further Rel-8 enhancements (might be outside the scope of any current WIs/SIs). Agreements, if any, could be used as reference for future work.
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Background

The following tdocs were submitted to RAN2#59bis on this topic (none were treated at the meeting): 

R2-074117, Measurement and mobility issues for femtocells, Qualcomm
R2-074406, Restricted Association for HNBs, Qualcomm

R2-074499, Email discussion 12: legacy mobiles mobility, Home NodeB
The main problems addressed are: 

· CSG UEs finding, reselecting to, and prioritizing allowed CSG cells.

· UE mobility behaviour: impact on UE battery consumption.

· Mobility Management Signalling load. 

The following concepts are used in this document: “CSG UEs”, which prefer service on allowed CSG cell(s) (hNB) when it is available, and “macro UEs” which are not allowed service on any CSG cells (hNB).
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Scenarios

The deployment of UTRA hNB may be made in scenarios are listed below.

1. hNB is out of coverage from macro of GSM/UMTS

2. hNB is in coverage of macro GSM 

3. hNB is in coverage of the macro of UMTS (hNB uses the same frequency as the macro)

4. hNB is in coverage of the macro of the UMTS (hNB uses a different frequency as the macro)
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Legacy Mobiles
4.1 Access Control

4.1.1 By mobility management signalling
A common assumption is that Access Control is done by mobility management signalling. Each CSG is assigned a CSG specific registration area. UEs not allowed in a certain CSG receives negative response at location registration, having the effect that UEs not allowed in this CSG are not allowed to camp normally. 

Reject causes, depending on use case, could be: 
· PLMN Not allowed

· LA Not allowed
· Roaming not allowed in LA.
A side-effect of using registration area update rejects, is that a UE would not reattempt to reselect to this frequency for the next 300s (unless there is no alternative).

To reduce time in out-of-service or limited camped state there should always be a frequency available with cells where LA is allowed, i.e. there should be a non-CSG frequency layer.

Pro: Access Control is immediate, simple solution.

Con: This method involves quite much MM signalling. Also, if a CSG UE slips outside the coverage of his CSG cell, and tries to register to a neighbour CSG cell, he cannot re-register with his own CSG cell until after 300s timer expiry.

4.1.2 Mainly by redirection and handover
An alternative approach is to allow CSG UEs to roam and camp also on CSG cells, where they are not allowed. Access Control would then be done by redirecting or handing over non-allowed UEs to a macro cell, when data transmission service is requested.

In this approach a number of CSG cells / hNBs would be configured in to one LA. Mobiles would perform cell reselection between these cells without the need to perform location update (for example all hNBs in a building are configured as one LA) so as long as coverage is more or less constant no LA update is needed when moving from one hNB to another hNB in the same local vicinity.
An issue with this network configuration is that hand-over or redirection might not always work, e.g. in case there is no macro cell in coverage. In this situation, a non-allowed UE camping on a CSG cell would “erroneously” indicate to the user that it is in-service. 

A possible way of handling this could be that CSG hNBs that are out of service of the macro cell would need to be identified and allocated a specific LA (which would be barred for non CSG users with “LA not allowed” or for users with out CSG subscription with “PLMN not allowed”).
Pros: Reduced MM signaling, and corresponding battery saving, especially in dense CSG deployments.

Cons: Configuration of location area for a CSG cell might need to depend on coverage / deployment scenario, i.e. if deployment case 1 applies or not. Another side effect could be increased session setup times, or increased handover signaling
4.2 CSG UEs to find and prioritize CSG Cell
In deployment case 1, when the mobile performs a cell selection it will find the CSG Cell (no problem). 

In deployment case 3, the mobile could find the hNB due to quality based S & R criteria (incl interference) as it approaches close to the hNB.
In case 2 and 4, when/if the macro coverage is good, a UE would not normally trigger a search for the hNB.
4.2.1 Cell Reselection Parameters

Ref [4] shows principles for how cell reselection parameters could be set to make a UE find CSG cells and stay there once camped.

It involves setting Low Serving cell (S) thresholds in macro layers for deployment cases 2, 4 & 3 to make UEs measure frequently when on a non-CSG cell, and to set ranking parameters (e.g. Qoffset) to favour CSG cells and to trigger mobility to CSG cells also when in good/acceptable macro coverage.

CSG cells should be deployed on one carrier frequency, to make this work.

Pros: It might be possible to set cell reselection parameters to 1) have CSG UEs camped on a macro layer automatically find his CSG cell(s), and 2) once camped on the CSG cell prioritize this cell. 

Cons: To achieve 1), All UEs, also macro UEs, camped on macro layers, especially on other frequencies, will measure very frequently for cells on the CSG frequency, which has a negative impact on battery consumption. All UEs attracted to the CSG frequency will try to register and the signalling load towards the core network will be high.

4.2.2 Separate CSG PLMN ID

4.2.2.1 General

Proposal: CSG Cells would have a separate PLMN ID.
Pros: Macro UEs could be configured to not access the CSG PLMN, resulting in better battery performance for them, and less signalling load towards the core Network (compared to only relying on Cell Reselection parameters). This is an easy way to make UE display a network identifier, indicating to the user that he camps on a CSG cell. 
Cons: Operators might not have additional PLMN IDs. Introduction of additional PLMN ID might be costly as PLMN IDs have impact on existing business infrastructure (billing, roaming agreements etc). 
4.2.2.2 Manual Selection

Relying more on manual PLMN selection, Cell reselection parameters on the macro layers could be set less aggressively. 

Pros: Less aggressive cell reselection parameter settings could lead to better UE battery performance, and less signalling load towards the core network. Manual Selection is a robust mechanism that could work also in abnormal cases. 

Cons: Some users would need to use manual selection frequently, i.e. user intervention. 
4.2.2.3 Equivalent PLMN

Equivalent PLMN feature was introduced as a means to facilitate roaming of mobiles when they roam outside their HPLMN. The equivalent PLMNs are considered equivalent to the selected PLMN regarding PLMN selection, cell selection, cell re-selection and handover.
The equivalent PLMNs of a UE can be updated at location registration. Macro UEs would never have a CSG PLMN as an equivalent PLMN, thus macro UEs would never try to access a CSG cell. CSG UEs could be configured with CSG PLMN ID (as an equivalent PLMN) only in registration areas overlapping the geographical location of the CSG cell (hNB).  

Pros: Additional PLMN ID for CSG cells can be introduced without modifying UE SIM. CSG UEs could be configured to not access the CSG PLMN outside the macro registration area overlapping their CSG cell, resulting in better battery performance for them, and less signalling load towards the core Network
Cons: This mechanism does not really provide any help to CSG UEs to find their CSG cell. 

4.2.2.3 National Roaming

National roaming is a feature where when the mobile is not roaming in its HPLMN, but on a PLMN of the same country as the HPLMN. In automatic PLMN selection mode it will search periodically for it HPLMN [TS 22.011].
Proposed solution:

CSG Mobiles are national roaming when in macro cell layer. The PLMN id of the hNB is the HPLMN of the UE and is different from the Macro cells PLMN identity. The Macro PLMN is thus a VPLMN. In this case the UE performs a background PLMN search depending on the configuration of the SIM timer field. By configuring the background PLMN search timer to the minimum of every 6 mins. So the average time to finding the hNB when in coverage would be around 3 mins.
As a refinement to this scheme (and save UE power) the timer can be reconfigured when moving outside its "home" macro LA for example using SIM tool kit details are FFS and need to be studied.

Pros: CSG UEs could find CSG cells irrespective of Macro Layer Cell Reselection parameters. Thus, the impact to Macro UEs of introducing CSG cells would be minimal/zero, regarding battery consumption and signaling load towards the core network. There would be no need to include CSG cells in macro layer neighbor cell lists. This mechanism is robust. There would be no need to rely on manual selection. 

Cons: Need to update SIM and IMSI for CSG UEs. 
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Rel-8 UMTS Specific solutions
Note: There is no WI / SI defined yet for new non-backwards compatible features

As a starting point it is assumed that UMTS CSG for Rel-8 is similar to CSG for E-UTRAN. 

Noted differences: 

· CSG identity for LTE has been proposed to be the TA identity. This might not be possible for UMTS. Separate CSG identity has been proposed instead.
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