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GERAN LTE Interworking Issues with Legacy Systems
Introduction
It has been clear from previous discussions that the requirement to perform significant upgrades to legacy equipment, to support the deployment of E-UTRAN, is a key concern for operators. This paper addresses the possibility that E-UTRAN is deployed in areas where GERAN base stations with overlapping coverage are not, for whatever reason, Release 8 or newer or have not been configured via O&M to take account of the E-UTRAN deployment. 
Problem Description
The problem concerns a mobile which is being served by a GERAN cell which is not transmitting an E-UTRAN neighbour cell list, even though there is E-UTRAN coverage. This can be either because the GERAN BSS is Rel-7 or earlier, or because the E-UTRAN neighbour cell list has not been configured via O&M.  In general, the mobile station may not be able to determine which of these is the case.
In these scenarios, the E-UTRAN neighbour cell list (including thresholds required for the priority-based reselection algorithm) is not available, and hence there is no means by which the mobile can perform reselection back to E-UTRAN, even though it may be preferred that the mobile camps on E-UTRAN whenever possible.

CS Fallback is a specific example of where this could happen – this does not require any upgrade to the target GERAN cell, and in this case, it is clear that camping on E-UTRAN is preferable (since the mobile was camped on E-UTRAN before the CS service was initiated).

The problem can be summarized as follows:

How can a mobile station which is camped on GERAN know when to search for, identify, and attempt reselection to an E-UTRAN cell, even though no E-UTRAN neighbour cell information is currently available?  

Discussion
Because the MS is E-UTRAN capable, it has the ability determine when to search for and subsequently reselect to an E-UTRAN cell in the problem scenario.  
The operator may however want to have some degree of control over the mobility of MSs, for example in a manner similar to the control provided by priority-based reselection.   Additionally, network control could be advantageous to the MS as permission to search and reselect a given E-UTRAN cell could be granted only when there is a reasonable chance of the MS successfully finding and reselecting this E-UTRAN cell, which would keep the MS from wasting time and battery power searching for or measuring cells that it may not reselect to.  Furthermore the network may be able to provide information that narrows the search for the MS, which would be advantageous.
Possible Solutions

1. Autonomous (implementation-specific) search/reselection with no network or standards modifications

This solution is similar to the approach taken for CSG searching.  However, it has significant disadvantages: 

i) behaviour is not deterministic 


ii) while manual searching for CSG cells could be acceptable since (to the user) 
they relate to a particular ‘service’ aspect, it is preferable that users do not need to 
be concerned with macro inter-RAT reselection;

iii) potential drain on mobile battery life, for example, in regions where there is no 
E-UTRAN coverage at all.

2. ‘Semi-autonomous’: specifying when a mobile ‘may’ attempt search/reselection

In this solution, some ‘hint’ is provided by the network that indicates that an implementation-specific algorithm for performing searches and reselection may be triggered.

Such a solution should have a minimal impact on the specifications and network, but may yield significant advantages in efficiency of searching and in terms of battery life.

3. Signalling in E-UTRAN or Rel-8 GERAN / UTRAN

A simple indication transmitted by a Rel-8 network could permit the mobile (when subsequently in a Rel-7 or earlier network) that it may search for (and reselect to, if found) an E-UTRAN cell.  The scope of this permission could be set simply based on either location (e.g. within the same routing area, or within the same PLMN), or on time (e.g. so that the indication is valid for a specified period).
4. Use of unused GERAN cell identities

A BCCH ARFCN which does not correspond to a valid GERAN cell could be used as an indicator of E-UTRAN coverage. The identity of this ARFCN could be signaled by any Rel-8 network (either AS or NAS). One or more ARFCNs could be mapped directly to one or more E-UTRAN frequencies to further assist the mobile in efficiently searching for E-UTRAN cells.
5. Automatic permission after CS fallback

As highlighted above, CS fallback is one scenario where it is relatively likely that E-UTRAN coverage is available and that it is preferable that the mobile be camped on E-UTRAN.  Therefore, the mobile could be permitted/required to attempt reselection to E-UTRAN after completing a CS call (maybe with some initial ‘barred’ period so that callbacks/subsequent calls do not trigger further CS fallback procedures).

6. Restrictions on reselecting
The most simple solution is that a mobile may search for and reselect to any E-UTRAN cells. However, it may be preferable (e.g. to simplify the mobile implementation and to speed up searches) to restrict the MS, for example, to only being able to reselect to the E-UTRAN cell that it was most recently camped on, or a cell that operates on the same E-UTRAN frequency that the MS was most recently camped on.

7. Empty neighbour cell indicator

As highlighted above, due to the lack of other Rel-8 features, it may be difficult for a mobile to distinguish the case where the E-UTRAN NCL is not present because the GERAN BSS is not Rel-8 compliant from the case where there is simply no E-UTRAN coverage.  One possible solution to this is for the GERAN BSS to explicitly indicate that the neighbour cell list is empty because there is no E-UTRAN coverage.  This would avoid the mobile station searching (perhaps according to one of the above rules) in such scenarios.

Conclusion
A problem has been identified whereby an E-UTRAN capable MS is unable to move back to E-UTRAN even in areas where such coverage exists.  Any solution to this problem needs to address the situation of allowing the MS to use its E-UTRAN capabilities to search for E-UTRAN cells, and subsequently to permit the MS to reselect to an E-UTRAN cell that is suitable.  
A number of possible solutions have been presented above.  Many of these have very limited specifications/implementation impact (and hence could be easily completed during GERAN#42), yet could provide significant benefits in the initial stages of E-UTRAN deployment.

It is proposed to agree on a solution combining any or all of the above solutions (with the exception of the possibility of an unsupported, implementation-specific solution).
