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1
Introduction

This contribution discusses the definition of the CSG ID and especially the impact to 3G network deployments.
2
CSG ID

2.1
Definition

The CSG ID definition has been agreed in CT1 and can be found in [1]. Here a short recap:

· CSG ID is embedded in cell ID.

· CSG ID is partitioned into several groups to support different numbers of cells under a CSG according to different CSG deployment scenarios (Home, enterprise etc.)

· TAC is independent of CSG identity. Current working assumption in CT1 is that this length will be 16 bits. The TAC length will be the same for CSG and non-CSG cells. 
· To ensure unique cell IDs in the core network, the CSG indicator must be taken into account. The cell identity used on the S1 interface is therefore defined as CSG Indicator (1 bit) + the cell identity (28bits) and is named the network unique cell identity (NUCI). The cell global identity is therefore PLMN ID + NUCI. 
Note: The terms NUCI and cell global identity = PLMNID + NUCI are used here to illustrate and describe the solution given in this paper. It is the decision of the RAN WGs whether they adopt the term NUCI and the statement of cell global identity = PLMNID + NUCI. 
· The Cell ID (embedding CSG ID) and TAC are included in SIB1 and broadcast over the air.

Further agreements:
The CI (28Bits) is made up of a group ID and cell Broadcast ID. 
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Figure 1: Definition of the Group ID

For different CSG types are defined (home, small, medium, large)
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Figure 2: Interpretation of CI for CSG type ‘Home’
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Figure 3: Interpretation of CI for CSG type ‘Small Enterprise’
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Figure 4: Interpretation of CI for CSG type ‘Medium Enterprise’
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Figure 5: Interpretation of CI for CSG type ‘Large Enterprise’

2.2.1 
Impact coming from legacy 

In case the LTE CSG concept applied for UTRAN, support of legacy terminals needs to be considered. Hence we have 3 kinds of HNB configuration in terms of access concept:

a.) Pre Rel.8 access concept
This concept is intended to support legacy and CSG capable terminals. However for CSG capable terminals the CSG functionality is not required
b.) Rel.8 access concept based on CSG
This concept is based only on CSG procedures. Hence it will not support legacy or non CSG capable terminals.

c.) Mixed Pre Rel.8 and Rel.8 access concept.
This concept is aimed to support both legacy and CSG capable terminals and is a mixture of 1.) and 2.). For CSG capable terminals CSG concept is used and legacy terminals will be handled with 1.).

As the CSG concept has been only considered for scenarios like described under b.). Migration scenarios like described under c.) haven’t been fully studied yet. 

Background:

Legacy terminals do not understand the CSG indication. Hence they cannot differentiate CI range used for macro cells from the CI range used for CSG cell.

In general the UTRAN CI is a 28 Bit string which should be unique in the PLMN. However several systems carry implementation dependent identities in the UTRAN CI such as RNC ID and local cell id [3]. Furthermore for GAN to UTRAN HO the Cell id shall be encoded as required in [3].
UTRAN cell ID (28 bits) = RNC ID (12 or 16 bits) + local cell ID (16 or 12 bits)

In case a network uses coding as defined in [3] the limitation of available CSG IDs is much more critical as the RNC ID has to be unique in the PLMN. This means that all CSG IDs which uses an existing RNC ID number cannot be used and RNC ID and CSG ID needs to be co-ordinated respectively split into parts for macro and home NB deployments. 
Please note that HNB deployment is uncorrelated. Therefore a re-usage of RNC ID in CSG ID based on local co-ordination is impossible.
Dedicated Cell Id ranges for home and macro NB deployment is needed only if Cell id and CSG id mapped together
As scenario c.) is quite important for operators here are some considerations on this scenario while assuming to split up the CI ranges:

· In order to have a network wide unique CI for legacy terminals the CI used for macro cell and CSG cell the CI range has to split up. 
E.g. in case the MSB of the CI is used to differentiate between Macro UTRAN cells and CSG UTRAN Cells i.e. the CI range is split into equal parts. In this case e.g. the structure looks like in the figure below:
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Figure 6: Interpretation of CI for CSG type ‘Home’ in case of mixed Pre Rel.8 and Rel.8 access concept
· In case of special deployments like network sharing, were RNC ID ranges already coordinated between two or more operators, the situation becomes even more critical, as e.g. in the next step only ¼ of the RNC Id range would remain only i.e.:

· 210 = 1024 RNC Ids are available for Macro deployments for traditional RNCs
· 214 = 16384 RNC Ids are available for Macro deployments for extendet RNCs
· 225 = 33.554.432 CSG IDs would be available for e.g. home deployments and similar reductions would apply for the other home NB deployment scenarios

· Beside the limitation already against the requirements in [2] of 125 million CSG IDs, this leads to cumbersome and painful reconfigurations for operators, as those identifiers are already allocated.
· These identifiers are already used by various tools within operators. The users of this tools span from operation staff to legal departments and customer care.

· Home NB deployments shall be plug and play capable for the end customers, and should not put additional burden at operators.
· In case of eHSPA deployments with it’s challenging configuration rules as defined in [5] Section 7.4.3, it becomes even more challenging to operate networks, and the initial targets numbers given for eHSPA deployments are limited by home NB deployments.
· However even more severe are enterprise deployment scenarios, e.g. where customer offices spread over a country. Instead of having only one CSG ID allocated to the customer, several different CSG IDs have to be configured within the terminal and HSS in order to allow the customer access to a certain home NB network of an enterprise customer. Please note in [6] the following is required: 
If a mobile subscriber has a Closed Subscriber Group (CSG) subscription, the HLR/HSS shall store a list of up to 50 CSG-Ids per PLMN and for each CSG-Id optionally  an associated expiration date; an absent expiration date indicates unlimited subscription. The structure of CSG-Id is defined in 3GPP TS 23.003 [5].
This would limit “enterprise” scenarios to max. 50 home NBs and/or cells per PLMN and customer.
De-facto the scope of CSG home NB deployments [1] for enterprise scenarios can’t be achieved at all, as the limitation is originated by the number of CSG ID entries to be stored in the UE/respectively HSS as proposed by [6].
Please note, this limitation applies to LTE home NBs using CSG concept as described in [1] too.

Conclusion 1: The required number of CSG cells cannot be reached in case of support of legacy terminals.
Conclusion 2: Already existing macro network deployments are limited and constraint by home NB deployments too. Increased operational complexity 

Proposal 3: In order not to limit the number of CSG cells and CSG IDs in case of mixed access concepts it is proposed to separate UTRAN Cell ID and CSG ID. 
2.2
Proposal for CSG in UTRAN

The defined CSG ID definition is based on the definition of a CSG indicator. The CSG indicator separates CI address range from macro cells and CSG cell. 

Proposal 1: Include CSG indication in UTRAN.

It seems logical to include the CSG indication in SIB 3 because parameter for cell selection and re-selection are contained in this SI.

Proposal 2: Include CSG indication in SIB3.
3
Conclusion
It’s proposed to take above considerations into account and to liaise to RAN2 and CT1 to reconsider the linking of CSG ID and Cell ID. 
In order not to limit the number of CSG cells and CSG IDs in case of mixed access concepts it is proposed to separate UTRAN Cell ID and CSG ID. 
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