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FULL MOCN and mobility to other RATs 
1 Introduction

Network sharing is a way for operators to share deployment costs and one plausible sharing scenario is operators sharing the GERAN radio access network while having dedicated UTRAN and E-UTRAN radio access networks. In this context, it is desirable to provide FULL MOCN capable mobile stations with UTRAN/E-UTRAN neighbor cell information in a PLMN specific manner. This will help minimize the volume of system information they read and thereby prevent these mobile stations from potentially measuring on cells/performing cell reselection to UTRAN/E-UTRAN cells to which they have no access. This paper discusses a potential solution that addresses these challenges. 
2 Background
Generally, UTRAN and E-UTRAN neighbor cell information is broadcasted in two system information messages, SI2ter and SI2quater (SI2ter only UTRAN related information). In order to provide idle mode mobility to legacy mobile stations the information in these two messages need to be consistent and contain neighbor cell information from all of the sharing operators. The consistency part concerns all measurement and RAT priority related parameters that need to be the same despite the fact that the sharing operators may have different views on this matter. This implies that if any of the sharing operators would like to prioritize the RATs differently a solution is needed for this as well (i.e. operators may wish to provide one view of the UTRAN/E-UTRAN world to legacy mobile stations and a different one to FULL MOCN capable mobile stations). When it comes to including UTRAN/E-UTRAN neighbor cell information from potentially 5 sharing operators each with dedicated UTRAN and E-UTRAN radio access networks the challenge lies in accommodating all of the necessary information within the available capacity of these two messages. In fact, it may not be uncommon for a single operator to use a majority of the available 16 instances in SI2quater. 
Moreover, since a legacy (non-supporting) mobile station will attempt to read all of the instances, the 3G cell reselection list and 4G neighbor cell list can consist of the union of all of the included cells/frequencies. This in turn implies a negative impact on the battery lifetime of non-supporting MS since neighbor cell measurements and cell reselection may be performed on/to cells to which such mobile stations may have no access. However, for FULL MOCN supporting mobile stations it is desirable to avoid this behavior allowing them to only read message instances providing neighbor cell information and priorities associated with their selected PLMN. 
3 Proposed solution
One possible way to make sure a FULL MOCN capable mobile station only reads information associated with its selected PLMN is to reorganize the information broadcast in SI2quater and SI2ter. The instances can, e.g., be grouped into instances belonging to different PLMNs allowing a FULL MOCN capable mobile station to read only the message instances belonging to the particular PLMN to which the mobile is registered. See Figure 1 where different ways of organizing the information in SI2quater are illustrated. 
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Fig. 1, Illustration of different ways of organizing the information in SI2quater and how SI16/17 can be used to identify PLMN specific instances.

In Figure 1, the information associated with particular PLMNs is given by a distinct color. However, the purple cells (i.e. in instance 1) illustrate a common instance with, e.g., measurement parameters that all mobile stations have to read (i.e. irrespective of which PLMN the mobile station belongs to) and the white color is used to illustrate empty information (i.e. instances with unused payload). In the first example the instances are fully filled with information from each PLMN and organized in consecutive groups. In the second example the instances 5, 9, 12 and 16 are partially filled PLMN related information. In the third example all 16 instances are used and instances 6, 9 and 15 contain information belonging to two PLMNs. 
Now, in order for a FULL MOCN capable mobile station to distinguish between the different PLMN specific instances of SI2ter and SI2quater it is proposed to broadcast an instance bitmap along with the other network sharing information. The following PLMN specific CSN.1 encoding is proposed for inclusion within SI messages providing PLMN specific information (e.g. SI16/SI17):


{ 0 | 1 < SI2q instances bitmap: bit (15) > }


{ 0 | 1 < SI2ter instances bitmap: bit (8) > } 
Notes: 

· The SI2q instances bitmap is optional and it indicates which of the 15 instances belong to a given PLMN (assumes that all MS read instance #0).

· The SI2ter instances bitmap is optional and it indicates which of the 8 instances belong to a given PLMN. 

This approach, has however, a drawback in that some of the instances may not be fully filled with information from one PLMN as illustrated in example 2 above. This in turn would result in increased number of instances to read for a legacy mobile station as well as possibly hitting (or exceeding) the maximum number of available instances in SI2ter and SI2quater. To overcome this problem in SI2quater the basic principle can still be to group the information according to a specific PLMN but to allow UTRAN/E-UTRAN neighbor cell information from more than one PLMN per instance as per example 3 in Figure 1.  This has the implication that FULL MOCN capable mobile stations reading a shared SI2quater instance would perform measurements on some cell/frequencies to which the mobile station has no access. The sourcing companies would encourage GERAN to discuss whether this side-effect is acceptable or if additional mechanisms for distinguishing frequencies on a PLMN basis within a shared SI2quater instance are also needed. 

Furthermore, as pointed out in the background discussion above, it may be necessary to include PLMN specific priorities if a given operator would like to have either (a) a different priority order than indicated by the common UTRAN/E-UTRAN world view broadcast in SI2quater or (b) allow for indicating PLMN specific cells/frequency/priority information that is not indicated by the common UTRAN/E-UTRAN world view. 
· In support of (a) it is suggested to only broadcast (e.g. in SI16/17) which of the RATs has the highest priority where the following PLMN specific CSN.1 encoding is suggested. 
{ 0 | 1< RAT priority:bit(2) >}

Note that the RAT priority is optional and is used if, for a given PLMN, the priority of the different RATs is different than the RAT priority as provided in SI2quater. The indication specifies the RAT with the highest priority. 
· In support of (b) a Rel-12 extension can be added to SI2quater/SI2ter message instances as necessary and thereby preclude legacy mobile stations from accessing PLMN specific information intended only for MOCN capable mobile stations.
4 Conclusions
In this discussion paper a solution for providing FULL MOCN capable mobile stations with UTRAN/E-UTRAN neighbor cell information in a PLMN specific manner has been provided. The solution is based on broadcasting (e.g. in SI16/SI17) an SI2quater and SI2ter bitmap together with the networks sharing information. The solution also requires that the information in SI2quater and SI2ter are grouped based on PLMN association. This allows a FULL MOCN capable mobile station to single out the instances that provide UTRAN/E-UTRAN neighbor cell information belonging to the registered PLMN of the mobile station. 

In addition, a solution to override the priority order provided by the common UTRAN/E-UTRAN world view broadcasted in SI2quater and a solution for supplementing the common UTRAN/E-UTRAN world view with PLMN specific cells/frequency/priority information has also been suggested.  
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