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Introduction 

The RAN groups have been discussing the Home Cell concept, and as part of this work RAN2 has introduced the concept of closed subscriber groups (CSGs) to address the requirements in the RAN for radio and UE battery efficiency. 
With this concept it would be possible to restrict the cell or cells covering a person's home or a business campus to a group of subscribers, named by the subscriber who owns the CSG. The coverage for a CSG will therefore usually be smaller than a TA.

The requirements which gave rise to the CSG concept are difficult to fulfil with UMTS, and problems were only identified by operators as they analysed possibility of the Home Cell deployments for 3G [1]. 
Closed Subscriber Groups
A closed subscriber group is equivalent to a tracking area, although usually smaller than most tracking areas, and consists of one or more cells. Figure 1 shows the relationship between tracking areas, closed subscriber groups and cells. 
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Figure 1 Tracking Areas, Closed Subscriber Groups and Cells 

The cells with a common closed subscriber group would be represented by a unique Tracking Area, but it is suggested that this also be known as a CSG. The following applies to this figure:

· One cell belongs to exactly one CSG or exactly one TA, the CSG and TA identifiers are completely independent 

· CSGs and TAs overlap geographically. (In an example deployment, different radio frequency planes for CSGs and TAs prevents coverage holes) 
· Multiple cells belonging to a CSG may not be geographically contiguous, and may be located within a single or multiple TAs 

· A cell broadcasts whether it is a CSG cell or a TA cell 

An example identity broadcast as a group of octets is shown in Figure 2. 
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Figure 2 CSG Indicator, TA, CSG, Cell ID

Tracking Areas, and Tracking Area Lists 

In LTE the mobility/paging areas have been called Tracking Areas (TA), and it has been agreed that there is no linkage between a TA and the 2G/3G LA or RAs. It has been agreed (by RAN3) that a cell will only belong to a single TA, and therefore only broadcast a single TA Code. Additionally it has been agreed that the registration area of a UE is assigned by the MME and defined using a list of TA Codes. 
Sizes and Relationships of Identifiers 
Each cell would need to be uniquely identifiable in the network, and it is assumed that a cell would be identified by the combination of the Tracking Area Code and the Cell ID, and uniquely globally by prefixing with the MCC and the MNC.
For the Home cell deployment each cell would need a unique Closed Subscriber Group. It is assumed that in the extreme case an operator may need up to 200 million  unique closed subscriber groups to avoid limiting the number of home deployments in large networks. So for CSG the TA Code would need to be in the order of 28 bits. However for this deployment the Cell Id would not be needed, as the TA Code would uniquely identify the cell in the network.
For the Campus deployment a group of cells would need a unique Closed Subscriber Group. It is assumed that in the extreme case an operator may need up to 200k unique closed subscriber groups. So for this deployment case the TA Code identifying the CSG would need to be in the order of 18 bits. However there would be the need for a Cell ID for this deployment scenario and it is assumed that should be at least 8 bits.
For the normal/traditional cellular deployments the Tracking Area should be able to include up to approximately 4000 cells (e.g. 500 3-sector-eNodeB providing 3 carriers/sector), and therefore the Cell ID would need to be approx 12 bits
To taking the worst case for both the Tracking Area Code of 28bits, and Cell ID of 12bits, the Unique Cell Id would require 5 Octets.   There have been some proposals to optimise the coding of this unique cell ID to allow the size to be reduced, and these should be considered.

Relationship of Identifiers with GSM/UMTS Identifiers 

CSGs and TAs are identical in syntax, therefore CSG identities are subject to the same compatibility considerations with GSM and UMTS identifiers as TAs. It is likely that a TA identity will have to be long enough to accommodate a complete LAI or RAI. 

Sizes of Lists 
A network is expected to have a very large number of closed subscriber groups, and a normal subscriber might only belong to one of them, e.g. the closed subscriber group associated to the cell in the subscriber’s home.

Currently the forbidden TA list is a black list, i.e. the subscriber can access a TA unless it is on the list. However, it would not be practical to add the CSG cells to which that a subscriber does not belong, to the forbidden TA list, as there would be too many of them.  
It is therefore proposed that the CSG cells that a subscriber is allowed to access forms a separate list, which would be a white list i.e. the subscriber cannot access a CSG cell unless it is on the list. CSGs do not, therefore, influence the length of the forbidden TA list. It is expected that The length of the allowed CSGs list is FFS, but is expected to be at least 16. 
UMTS and GSM have a forbidden location areas list, which prevents access in some LAs. To support home cells, an additional list is proposed for the Enhanced Packet System of allowed CSGs which, in combination with the Forbidden TAs list controls access to the network. It should be understood that the Access List is independent to the Mobility List which defines the Registration of the UE. Adding CSGs to the mobility list is expected to increase its length by 0 to 2 entries. 
Conclusion 

The enhanced packet system requires the concept of Tracking Areas, Closed Subscriber Groups and cell IDs in order to provide closed group access in a home or campus environment. 
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