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Reporting PLMN ID for CSG cell
1 Introduction
In GERAN#46 meeting, how to report PLMN ID for CSG cell was proposed to be further investigated. This paper analyzed the PLMN IDs used during handover and proposed to include the selected PLMN ID in the measurement report for handover to a CSG cell.
2 Discussion
2.1 PLMN IDs Required for Handover

A CSG cell may broadcast a PLMN list, which gives multiple PLMNs to which the CSG cell belongs. For E-UTRAN, the PLMN list is included in the plmn-IdentityList IE, which is broadcast in the SIB1. For UTRAN, the PLMN list is included in the Multiple PLMN List IE, which is broadcast in the MIB.
In TS 36.413, there are three PLMN IDs are included in Handover Required message in table 1. 
· One is in Target Cell ID IE in Source eNB to Target eNB Transparent Container in table2. This PLMN ID is the selected PLMN ID according to description in table 3, and used to construct E-UTRAN CGI in table 4. E-UTRAN CGI is used to globally identify a E-UTRAN cell. It needs to be pointed out that E-UTRAN CGI is not Evolved CGI which is composed of the primary PLMN ID and cell identity as defined in TS 36.331.
· The other two are in Target ID IE in table 5. One PLMN ID is in Global eNB ID IE in table 6 and another PLMN ID is in Selected TAI IE in table 7. Both PLMN IDs are the selected PLMN ID according to the description in table 3.
Note: Tables 1~7 are listed in Annex.
Conclusion: All these three PLMN IDs are the selected PLMN ID in the Handover Required message. 
During the handover, there are three routing levels. 
· The first is CN level. The source CN node, e.g. MME, SGSN, uses the selected TAI IE to route handover messages to the target CN node, e.g. target MME. The selected TAI IE is also used to route handover messages to the target HeNB gateway if the HeNB gateway is deployed. 
· The second level is RAN level. The target CN node uses the Global eNB ID IE to route handover messages to the target RAN node, e.g. HeNB. 
· The third level is cell level. The target HeNB uses the E-UTRAN CGI to find the target cell.
2.2 PLMN ID Required to Report
If a MS is handed over to a HeNB, it is preferred to select the home PLMN as the target PLMN. Following figure 1 shows the problem if home PLMN is not reported.
A MS is subscribed to operator 2 (PLMN2). The GERAN cell belongs to operator 2 (PLMN2) The CSG cell broadcasts a PLMN list which includes PLMN1 for operator 1 and PLMN2 for operator 2. The PLMN1 is the primary PLMN ID. The PLMN2 is the home PLMN ID of the MS. If the MS reports the CSG cell with the primary PLMN ID, i.e. PLMN1, BSS will use PLMN1 to construct the selected TAI, the Global eNB ID, and the E-UTRAN CGI. The handover messages will be routed to the target CN node which belongs to operator 1. Then the handover messages are routed to the target HeNB using the Global eNB ID. In that case, the CN node belonging to operator 1 serves the MS after handover. Although handover succeed, roaming case occurs as shown in figure 1.
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Figure 1 Reporting the primary PLMN ID causes roaming case

If the MS reports the CSG cell with the home PLMN ID as the selected PLMN ID when its home PLMN ID is included in the PLMN list broadcast by the CSG cell, the BSS can use home PLMN ID to construct the selected TAI, the Global eNB ID, and the E-UTRAN CGI. The handover messages will be routed to the target CN node which belongs to the MS’s home PLMN. Then, the Global eNB ID and the E-UTRAN CGI are used to find the target CSG cell.
It should be pointed out that the selected PLMN ID is always correct for the handover prepare procedure, because the selected PLMN ID is the primary PLMN ID if the home PLMN ID is the first PLMN ID in the PLMN list or the home PLMN ID is not included in the PLMN list..
Proposal: The home PLMN ID of the CSG cell shall be reported as the selected PLMN ID if it is included the PLMN list broadcast by the CSG cell. Otherwise, the primary PLMN ID shall be reported as the selected PLMN ID.
3 Conclusion

According to above analysis, in order to avoid roaming case after handover, it was presented the proposal below and proposed to investigate the related CRs for CSG reporting.
Proposal: The home PLMN ID of the CSG cell shall be reported as the selected PLMN ID if it is included the PLMN list broadcast by the CSG. Otherwise, the primary PLMN ID shall be reported as the selected PLMN ID.
Annex

Table 1
HANDOVER REQUIRED

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.2.1.1
	
	YES
	reject

	MME UE S1AP ID
	M
	
	9.2.3.3
	
	YES
	reject

	eNB UE S1AP ID
	M
	
	9.2.3.4
	
	YES
	reject

	Handover Type
	M
	
	9.2.1.13
	
	YES
	reject

	Cause
	M
	
	9.2.1.3
	
	YES
	ignore

	Target ID
	M
	
	9.2.1.6
	
	YES
	reject

	Direct Forwarding Path Availability
	O
	
	9.2.3.15
	
	YES
	ignore

	SRVCC HO Indication
	O
	
	9.2.1.59
	
	YES
	reject

	Source to Target Transparent Container
	M
	
	9.2.1.56
	
	YES
	reject

	Source to Target Transparent Container Secondary
	O
	
	Source to Target Transparent Container 9.2.1.56
	
	YES
	reject

	MS Classmark 2
	C-

ifSRVCCtoGERAN
	
	9.2.1.64
	
	YES
	reject

	MS Classmark 3
	C-

ifSRVCCtoGERAN
	
	9.2.1.65
	
	YES
	ignore

	CSG Id
	O
	
	9.2.1.62
	
	YES
	reject

	Cell Access Mode
	O
	
	9.2.1.74
	
	YES
	reject

	PS Service Not Available
	O
	
	9.2.1.77
	
	YES
	ignore


Table 2
Source eNB to Target eNB Transparent Container

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	RRC Container
	M
	
	OCTET STRING
	Includes the RRC Handover Preparation Information message as defined in subclause 10.2.2 of [16].
	-
	

	E-RABs Information List
	
	0..1
	
	
	-
	

	>E-RABs Information Item
	
	1 to <maxnoof E-RABs>
	
	
	EACH
	ignore

	>>E-RAB ID
	M
	
	9.2.1.2
	
	-
	

	>>DL Forwarding
	O
	
	9.2.3.14
	
	-
	

	Target Cell ID
	M
	
	E-UTRAN CGI

 9.2.1.38
	
	-
	

	Subscriber Profile ID for RAT/Frequency priority
	O
	
	9.2.1.39
	
	-
	

	UE History Information
	M
	
	9.2.1.42
	
	-
	


Table 3
PLMN Identity

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	PLMN identity
	M
	
	OCTET STRING (SIZE (3))
	- digits 0 to 9, encoded 0000 to 1001,

- 1111 used as filler digit,

two digits per octet,

- bits 4 to 1 of octet n encoding digit 2n-1

- bits 8 to 5 of octet n encoding digit 2n

-The Selected PLMN identity consists of 3 digits from MCC followed by either 
-a filler digit plus 2 digits from MNC (in case of 2 digit MNC) or 
-3 digits from MNC (in case of a 3 digit MNC).


Table 4
E-UTRAN CGI

This information element is used to globally identify a cell (see [2]).

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	PLMN Identity
	M
	
	9.2.3.8
	

	Cell Identity
	M
	
	BIT STRING (28)
	The leftmost bits of the Cell Identity correspond to the eNB ID (defined in section 9.2.1.37).


Table 5
Target ID

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	CHOICE Target ID
	
	
	
	
	-
	-

	>Target eNB-ID
	
	
	
	
	-
	-

	>>Global eNB ID
	M
	
	9.2.1.37
	
	-
	-

	>>Selected TAI
	M
	
	TAI

9.2.3.16
	
	-
	-


Table 6
Global eNB ID

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	PLMN Identity
	M
	
	9.2.3.8
	

	CHOICE eNB ID
	M
	
	
	

	>Macro eNB ID
	
	
	
	

	>>Macro eNB ID
	M
	
	BIT STRING (20)
	Equal to the 20 leftmost bits of the Cell Identity IE contained in the E-UTRAN CGI IE (see section 9.2.1.38) of each cell served by the eNB

	>Home eNB ID
	
	
	
	

	>>Home eNB ID
	M
	
	BIT STRING (28)
	Equal to the Cell Identity IE contained in the E-UTRAN CGI IE (see section 9.2.1.38) of the cell served by the eNB


Table 7
TAI

This information element is used to uniquely identify a Tracking Area. 

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	TAI
	
	
	
	

	>PLMN identity
	M
	
	9.2.3.8
	

	>TAC
	M
	
	9.2.3.7
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