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1. Introduction

The discussion regarding the type of the PLMN-ID namely primary, selected or home PLMN to be included in the measurement reporting for the CSG/hybrid cell for the purpose of routing in case of handover to a CSG/Hybrid cell has led to the discussion on whether the RAN sharing architecture is applicable to the CSG/hybrid cells and the validity of the CSG ID across several PLMNs.
In this paper, RAN sharing in 3GPP as well as CSG ID in relation to a PLMN is summarized based on the description in the current 3GPP specifications. The intention is to show that in GERAN there is no other choice rather reporting primary PLMN ID as suggested in G2-100284, G2-100285.
2. RAN sharing in 3GPP

The RAN sharing functionality for UTRAN and E-UTRAN in 3GPP is described in TS 23.251. This specification focuses on sharing of a single radio access network by several core network operators. 

The network sharing impacts the network elements as well as the terminals. In order to enable network sharing there is support needed from the terminal in performing functionality such as PLMN selection and system information receipt. 
Therefore in 23.251 there is a separation of scenarios between a “Supporting UE” and “Non-supporting UE”:

“

Non-supporting UE: A UE that does not support network sharing in the sense that it ignores the additional broadcast system information that is specific for network sharing. In other specifications, the term "network sharing non-supporting UE" may be used.

Supporting UE: A UE that supports network sharing in the sense that it is able to select a core network operator as the serving operator within a shared network. In other specifications, the term "network sharing supporting UE" may be used.
“

Concerning the Home cells, it is not clear in 3GPP TS 23.251 whether and how RAN sharing is working.
In 3GPP TS 36.300 as well 3GPP TS 25.467 it seems that the H(e)NB/HNB GW supports:

· NAS Node Selection Function




· MOCN Rerouting Function

However although it seems that one can deduce based on this support that RAN sharing is applicable to HeNB/HNB there is no specification currently in 3GPP that explains how this works. One could of course argue that all the functionality of an eNB or RNC is applicable to the HeNB/HNB/HeNB GW or HNB GW. But this is more of an indication that the current specs do seem to be “prepared” to introduce/support this functionality. Whether this is enough to conclude that this functionality is supported in Rel-9 for CSG/hybrid cells remain questionable.

2.1 PLMN selection during inter-RAT handover

G2-100296 seems to assume that the terminal shall select the PLMN to be used in the target cell while in connected mode in the source cell when performing measurement reporting in GERAN for the handover purpose in the same manner as it would when establishing a connection / establishing a RAB in UTRAN or E-UTRAN. This behaviour is different and contradicting with the 23.122, 23.251, 36.331 seen that target cell PLMN selection is not performed during reporting for handover purposes. According to 23.251 it is in fact the network namely eNB, RNC or BSC that determine the correct PLMN based on its current PLMN. Below a list of excerpts from 3GPP specs. 
· 3GPP TS23.251:

“
5.2a
eNodeB functions

Network sharing information, i.e. available core network operators in the shared network, shall be transmitted in broadcast system information.

The eNodeB shall indicate the selected core network operator when transferring initial layer 3 signalling. The eNodeB uses the selected core network information (provided by the UE at RRC establishment, or, provided by the MME/source eNodeB at S1/X2 handover) to select target cells for future handovers appropriately.

In case of handover to a GWCN or a MOCN:

-
the source eNodeB determines a core network operator to be used in the target network based on current PLMN in use, or other information present in the eNodeB, the source eNodeB shall at handover indicate that selected core network operator to the MME as part of the TAI/RAI sent in the HO required message. The selected target core network operator should be the same as the one in use. This is accomplished by not changing the serving PLMN if the PLMN in use is supported in the target cell. If the PLMN in use is not supported in the target cell the eNB selects the target PLMN based on either (i) pre-configured information in the eNB, or (ii) the Equivalent PLMNs list (see TS 36.413[14]) provided by the MME.

-
the target eNodeB uses the selected core network information to select target cells for future handovers appropriately.

 “ 

· 3GPP TS 36.331 

§5.5.3.1 "performing measurements" the relevant parts state:

3>  if si-RequestForHO is configured for the associated reportConfig:

4>  perform the corresponding measurements on the frequency and RAT indicated in the associated measObject using autonomous gaps as necessary;

3>  try to acquire the global cell identity of the cell indicated by the cellForWhichToReportCGI in the associated measObject by acquiring the relevant system information from the concerned cell;

3>  if the cell indicated by the cellForWhichToReportCGI included in the associated measObject is an E-UTRAN cell:

4>  try to acquire the CSG identity, if the CSG identity is broadcast in the concerned cell;

4>  if si-RequestForHO is not configured for the associated reportConfig:

5> try to acquire the list of additional PLMN Identities, as included in the plmn-IdentityList, if multiple PLMN identities are broadcast in the concerned cell;
NOTE 2:   The 'primary' PLMN is part of the global cell identity.
- and §5.5.5 "measurement reporting" the relevant parts state:

3>  else if the purpose is set to 'reportCGI':

4>  if the mandatory present fields of the cgi-Info for the cell indicated by the cellForWhichToReportCGI in the associated measObject have been obtained:

5> if the cell broadcasts a CSG identity:

6>  include the csg-Identity;

6>  include the csg-MemberStatus and set it to 'member' if the CSG identity is included in the UE’s CSG whitelist;

5> if the 'si-RequestForHO' is configured within the reportConfig associated with this measId:

6>  include the cgi-Info containing all the fields that have been successfully acquired, except for the plmn-IdentityList;
5> else:

6>  include the cgi-Info containing all the fields that have been successfully acquired;

3. CSG ID and its Associated PLMN 

The CSG Identity is defined in 23.003 as:

“

Within a PLMN, a Closed Subscriber Group is identified by a Closed Subscriber Group Identity (CSG-ID). The CSG‑ID shall be fix length 27 bit value.

”

This indicates that the CSG ID is unique within a PLMN and therefore it cannot be assumed that this CSG ID is valid for any of PLMNs broadcasted in the PLMN lists. This is also confirmed in the specs listed below.
· 3GPP TS 22.022:

§5.1
“
-
All the H(e)NBs serving the same CSG share the same unique (within the PLMN) identity called CSG Identity.

NOTE: 
CSGs of different PLMNs are considered different, even if the PLMNs are indicated to the UE as "equivalent PLMNs" [10].

“

Table C.1:

“

A CSG identity is unique within a PLMN. In the UE a CSG ID, to​gether with a network identifier, identifies a CSG globally uniquely.

“

· 3GPP TS 23.122: 

§3.1A
 

“

If the MS supports CSG, it is provisioned with an Allowed CSG list and an Operator CSG list and associated PLMN identities. Both lists can be retrieved either from the USIM if the lists are available in the USIM, or as described in 3GPP TS 24.285 [47] if the lists are not available in the USIM. These lists have zero or more entries…

“

and from 3GPP TS 24.285 [47]:
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Figure 4-1: The Allowed CSG List Management Object [3GPP TS24.285]
4. Summary 
Based on the information provided it is clear that:

· It cannot be assumed by default that all terminals will be “Supporting UEs” for network sharing. 

· CSG ID is unique within a PLMN. 

· In case of handover when RAN sharing is used it is the source RAN node, not the MS, that determines the core network operator based on the rules specified in 3GPP TS 23.251 for handover / relocation to a Multi-Operator Core Network (MOCN) in UTRAN or E-UTRAN.
· Stage2 description for RAN sharing does not include the CSG/hybrid cells

· RAN Stage3 specs are prepared for RAN sharing of CSG/hybrid cells, however no detailed description is given to explain that the RAN sharing includes CSG/hybrid cells as well. 

5. Conclusions

In GERAN the only PLMN to be reported in measurement reporting for the purpose of handover is the PLMN ID for which the CSG ID is valid. This PLMN is the primary PLMN as broadcasted in SIB1/MIB1. Regardless whether RAN sharing applies to CSG / hybrid cells or not this PLMN ID should be used when performing measurement reporting for the purpose of handover in GERAN. 
Allowing Rel-9 terminals to by default support the acquiring of the PLMN list and performing target cell PLMN selection in connected mode in the source cell imposes an additional requirement to the Rel-9 terminals. This requirement is in addition to the requirement of the “Supporting UE” needed for the RAN sharing as it applies to connected mode only.

In addition the GERAN network does not support any UTRAN/E-UTRAN sharing mechanism in Rel-9 or interworking with UTRAN/E-UTRAN shared networks and as such no functionality is defined neither in terminal or network nodes.  
Proposal: it is suggested that in GERAN primary PLMN ID is used as given in G2-100284, G2-100285 and that an inquiry is initiated with respective 3GPP TSGs on the applicability of the RAN sharing to CSG/hybrid cells. 
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