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Discussion and decision

1 Introduction

The support for CSG inbound mobility is based on the UE autonomous search function for LTE and UMTS [1, 2]. UE’s which are entitled to use CSG cells typically will store additional information per allowed CSG ID based on any geographical estimation principle possible. Typical examples of a geo-location estimation are GPS or information resulting from a unique macro cell configuration in the vicinity of an allowed CSG cell (latter typically be referred as “macro cell fingerprint”). Further details on the implementation of the geo-awareness of a UE are intentionally left for implementation to allow optimization over the time and not to restrict any UE implementation.   
2 Discussion
This paper discusses the applicability of “macro cell fingerprinting” for location determination and excludes the application of GPS based methods as not relevant for this discussion. 

To support of CSG inbound mobility with UEs using “macro cell fingerprinting” no additional means or procedures are needed in the macro network. The UE relies on a configuration of the macro network in the vicinity of an allowed CSG cell and uses a matching algorithm to decide if there is a likelihood to find an allowed CSG where the UE is currently present in the network. Macro cell fingerprinting uses available information from the macro network such as PLMN id, Location Area/Tracking Area id and cell identities of the surrounding macro cells. The uniqueness of the macro cell configuration in the network makes the location estimate possible.

Trials in [3] have shown that using fingerprinting with the 6 strongest GSM cells allow location estimate with an a median error of 94m in downtown and 196m in residential areas using a single GSM network.

The problem of macro cell fingerprinting starts if the configuration of macro cells is changed. Due to this change the UE will not find any matching fingerprint and thus is not able to start the search for allowed CSGs based on it’s location in the network. A fallback solution to find back to the allowed CSG cell is to perform a periodical autonomous search for CSG cells or rely on the user using manual CSG ID selection if arrived at home and the H(e)NB is not automatically selected. Both procedures have drawbacks, which in the end affect the customer: as the first implies additional battery consumption for the periodic search and the latter is simply inconvenient for the customer.

When Rel-8 H(e)NB has been discussed some contributions proposed to introduce some additional network assistance to help UEs to find back to their CSGs also in case the macro cell configuration used for the fingerprinting has changed. It was proposed in [4] to indicate with a kind of value tag that the macro cells configuration has recently been changed to trigger a UE search for the CSG in a wider area. Further [4] made clear proposals which information is typically being used for macro cell fingerprinting.

Again, for Rel-9 it is proposed to identify a set of macro cell identifiers, which could be used for this “macro cell fingerprint” approach and recommend using this set of identifiers for the UE autonomous CSG search in Rel-9. It is not proposed to mandate that all these parameters or specific combinations are used in the implementation of a UE autonomous search algorithm, but might provide guidance. 
Further, in order allow any network support to indicate a change of a macro cell configuration to the UE it is proposed to use either the “value tag approach” proposed in [4] or alternatively evaluate the potential of a H(e)NB based approach to inform UE which are allowed on the respective H(e)NB. The latter approach is based on the fact that H(e)NB will be equipped with DL receivers to read the macro cell configuration for SON purpose and legal requirements (e.g. to disable a H(e)NB when move to a different country than the country of the HPLMN).
Proposal 1: It is proposed that the “macro cell fingerprint” may consider the identifiers PLMN Id(s), LACs/TACs, Cell IDs. This information should be captured in an informative annex of 36.331 and 25.331.
Proposal 2: Decide if network indication to support UE autonomous search for CSG also in case the macro cell configuration has been changed, but either the “value tag approach of [4]” or a H(e)NB based concept.
To use this approach it is also necessary to define min. set of information, which is typically being used by the UE for macro cell fingerprinting. 

Proposal 3: It is proposed that a clear recommendation is given, to which of the parameters of proposal 1 this “(macro cell) fingerprint change indication” or the update of the macro cell fingerprint by the H(e)NB is provided. 

Proposal as starting point would be: 


for GERAN macro cells:

[PLMN id; LAC; up to 6 Cell IDs of the strongest cells]


for UTRAN macro cells:

[PLMN id; LAC; up to 6 Cell IDs of the strongest cells]

for E-UTRAN macro cells:
[PLMN id; TAC; up to 6 Cell IDs of the strongest cells]
This information should be captured in an informative annex of 36.331 and 25.331.

The benefits of such defined records per RAT are clear:
The H(e)NB can check the configuration of the macro cells regularly and inform allowed UEs if any configuration change happened. Having a standardized record format allows also using this concept between different H(e)NB and terminal vendors without implying any constrains on the UE implementation for autonomous CSG search. The transport mechanism between the H(e)NB and the allowed UE is FFS (can also been done via a central data base server and not direct H(e)NB – UE signaling).
3 Conclusion

This contribution proposes to introduce a network based concept for indication of a macro cell fingerprint change.
It is proposed to decide if such an enhancement should be defined in the Rel-9 timeframe and if so either the “value tag approach” proposed in [4] or the H(e)NB based approach outlined in this document should be selected.

Independently of the selected approach a min. record for parameters to be used by a fingerprint algorithm should be defined in an informative annex to 25.331/36.331 which consists of the PLMN id, the LAC/TAC and up to 6 strongest cells seen by the H(e)NB.
Deutsche Telekom is happy to provide further input on this topic and the necessary stage 2 and stage 3 CRs if this proposal is agreed by RAN2.
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