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1. Introduction
In this paper, the background and a detailed analysis of the issues identified in Reply LSes from CT1 [1] and CT4[2] with respect to CSG access check and PLMN, EPLMNlists in dedicated and DTM mode are presented. The intention is to provide better understanding of the issues depicted in the LSes and enable GERAN WG2 to conclude on these issues. 

2. Successful CSG access check in Dedicated Mode
In order to enable the UE to report an allowed CSG cell the proposal is to perform a detection such that the UE’s registered PLMN and EPLMN list used in the old cell are made invalid by the PLMN and associated EPLMN list in the new cell. 
This detection could be made:

a1) by the network during the handover preparation (e.g as in Annex §A.1) 
and/or 
a2) by the UE during the handover execution or after the successful completion of the handover. 

An example of the problems in dedicated mode is depicted in A1. There are several solutions possible as listed in [3]. Solutions that require LAU in dedicated mode are not considered further seen that CT1 and CT4 did not see those as feasible.

3. Agreed Working Assumption  in GERAN 

In GERAN#52, GERAN has acknowledged the problems and agreed to a working assumption where the SYSTEM INFORMATION TYPE 6 message which contains the LAI of the cell (LAI = PLMN ID with LAC) is used by the mobiles and the networks supporting CSG cells reporting in dedicated mode. Currently this message is restricted to the use of VGCS/VBS feature. The network in this case would not necessarily make a detection (a1) before sending the SI6 message. Based on the received PLMN ID in SI6,  the UE could detect whether there is a change of the registered PLMN or not and thereafter  based on a2) the UE in dedicated mode would use the {PLMN}new cell instead of the {rPLMN, EPLMN list}old cell to perform the access check in order to determine whether CSG cells are allowed or not.

In this case the EPLMN list of the new cell is not provided and as such it can be seen as a partial registration update in the mobile station. 

3.1.1 Concerns 

Dedicated Mode

The concern with this solution as depicted in the LSes [1][2] is that if as of Rel-11 the anchor MSC performs the CSG Membership Check, a CSG membership check failure may occur, as the anchor MSC in an interPLMN handover may not know the PLMN ID of the new cell if not an equivalent PLMN.
However it must be noted that the CSG membership check performed by the mobile in this solution is always the correct one. 
If {rPLMN, EPLMN list}old cell was used by the mobile as suggested by Answer 1 in [1] certainly a successful CSG membership check would be derived by the MSC, with the major drawback that it is not correct! This may then lead to a handover failure due to the rejection at the Home NB at the UTRAN side. 
DTM Handover Case 

In the Answer 3 [1], CT1 agrees to utilize the rPLMN, EPLMN list received during the RAU procedure. 
However this is contradictory with their Answer 1. The problem with the CSG membership check at the MSC is identical in case of DTM as well. CT1 has missed a key point that in DTM the CS measurement procedure is used. 
4. CSG Membership Check at the MSC

As per CT4 LS [2] prior to Rel-11 there is no CSG membership check performed at the MSC. As of Rel-11 the CSG membership check is to be performed by the anchor MSC initially and thereafter (see CT1 and CT4 answers below):

· as per CT1 answer in case of inter-MSC always by the anchor MSC and in case of intra-MSC by the the new MSC (MSC-B);
· as per CT4 answer if the PLMN of target MSC is an Equivalent PLMN of the anchor MSC it will pass the CSG subscription data to the target MSC and upon inter-MSC handover the new MSC that performs the handover (MSC B);
“Question 4: In inter-MSC handover, which MSC will perform the CSG membership check at the network side: the old/anchor MSC or the new/target MSC?”

“[CT1 Answer]: CT1 did not yet take a final decision, but current assumption is that during basic inter-MSC handover from MSC-A to MSC-B and subsequent inter-MSC handover back to the anchor MSC-A or to a third MSC-B', the anchor MSC-A will perform the CSG membership check. During subsequent intra-MSC-B handover, MSC-B will perform the check.”

“[CT4 Answer]: During an inter-MSC handover, the CSG membership check is performed at the anchor MSC, same as other access check. For Release 11 onwards, the anchor MSC passes the user's CSG subscription data to the target MSC during the inter-MSC handover if the PLMN of the target MSC is the EPLMN of the anchor MSC, and consequently after the inter-MSC handover, the new serving MSC (i.e. target MSC) checks the CSG membership during a subsequent intra-MSC handover.”

In Figure 1 and Figure 2, the CT1 and CT4 proposals as per [1][2] are depicted. These figures show where the CSG Membership Check is performed according to these proposals. The CT4 view is consistent, but under condition that the PLMNs (A and B) are equivalent to each other, while the CT1 view is contradictory as it allows for different behaviour in case of intra and inter-MSC and also depending on the type of handover; basic or subsequent. 

Analyzing the CS handover signaling flows below (see Figure 1 and Figure 2) based on the input from CT1 and CT4 the most appropriate MSC to perform the CSG access check is the MSC which receives the A-HO-REQUIRED message. In basic handover (see Figure 1) this is the MSC –A thus anchor MSC but in subsequent handover this is MSC B (see Figure 2). In this way regardless of the type of handover intra of inter-MSC or basic or subsequent the same behaviour is ensured, namely MSC performs the CSG membership check upon receiving the A-HO-REQUIRED message. 
As the problem to solve is related to the subsequent handovers (i.e. to MSC-B’), based on the input from CT4 the MSC-B shall have the CSG subscription data for this mobile as of Rel-11. This seen the fact that MSC-A and MSC-B are already involved in handover and as such CSG Subscription data is available at MSC B provided PLMN-A and PLMN-B are equivalent ones. 
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Figure 1: Basic Handover Procedure requiring a circuit connection
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Figure 2: Subsequent handover procedure ii): Successful handover
from MSC‑B to MSC‑B'requiring a circuit connection

5. 3. Alternative Solutions 
Seen the input from CT1 and in particular the explanation from CT4 the working assumption agreed in GERAN#52 is a good solution that works for sure in Rel-9 and Rel-10 given the lack of CSG membership check in the MSC. 
For Rel-11 the standard must make sure that the new MSC (MSC B) receives upon basic handover the CSG subscription data or said differently the standard must ensure that the MSC receiving the A-HO-REQUIRED message is able to perform the CSG membership check. This seems to be the case in intra-MSC handovers as CT1, CT4 answers.
Alternative solutions presented in GERAN#52 [3] that could be used as well are described below:

Solution 1) – No CSG Cells Reporting until registration update 

The network based on a1) indicates the result of the detection in the handover signalling to the UE (e.g. in the RR HANDOVER COMMAND message). Such notification can be used to order the UE not to report any CSG cells in dedicated mode after successful completion of the handover at least as long as no successful registration update is made in the UE in the new cell. This requires the introduction of a new indicator in the handover signaling: PLMN/EPLMNList Change Indicator (set by the network, see an example in A1).

Solution 1) has the consequence that no mobility to CSG cells is possible in dedicated mode after basic handover as no wrong cells will be reported but the mobile shall not reported allowed cells either. 

Solution 2) – CSG Cells Reporting with corrected access check in the network until registration update

The UE continues reporting CSG cells irrespective of the {PLMN, EPLMN list} change. Based on a1) it is proposed the network performs the access check with the correct {PLMN, EPLMN list} in the new cell for each CSG cell reported by the UE in the new cell in dedicated mode after successful completion of the handover at least as long as no successful registration update is made in the MS in the new cell, to correctly determine whether the CSG cell is allowed or not. It must be noted that this solution will not work in Rel-9 and Rel-10 as there is no CSG subscription data at the MSC. But it should work for Rel-11 provided the new MSC (MSC-B) thus not the anchor MSC has the CSG Subscription data.

6. Conclusion

Based on the input from the CT1 and CT4 groups, the solution agreed as a working assumption in GERAN#52 works well in Rel-9 and Rel-10. It is suggested to adopt this solution for Rel-11 as well. However this would require that the CSG Subscription Data is available at the new MSC (MSC B in Figure 2). It must be noted that as agreed working assumption in GERAN the CSG access check at the mobile based on the rPLMN of the is the most accurate one. 

Other solutions such as Solution 1 would result in no mobility to CSG cells in dedicated mode after basic handover, while solution 2 would not work for Rel-9 and Rel-10 and for Rel-11 it still requires that the CSG Subscription Data is available at the MSC B.
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8. Annex

A1. Example of the problems in Dedicated Mode
The MS is in a cell under PLMN1 and has EPLMN List 1 where PLMN1 is the registered PLMN (rPLMN = PLMN1) of the MS. The MS is CS-handed over to a new cell from PLMN2 (with EPLMN List 2). As the MS is in dedicated mode no LAU takes place in the MS which still assumes that  rPLMN = PLMN1, and still uses the EPLMN List 1. The MS does not know that in the new cell PLMN2 and EPLMN List 2 apply.

The MS finds a CSG Cell: CSG IDa and PLMN Ida

Problem Scenario 1:

The access check can pass in the MS if:

CSG IDa and PLMN IDa are in the CSG Whitelist

PLMN IDa is equal to one PLMN of {PLMN1; EPLMN List 1}

 

But if PLMN2 is not within the EPLMN List 1 and thus the PLMN IDa is not equal to one of {PLMN2, EPLMN List 2} then the following problem occurs: 

Problem 1 = A CSG cell is erroneously determined as allowed and may thus be reported. The access check should not have passed.

The reporting of a CSG cell with routing parameters is heavy in terms of signaling in GERAN hence the problem above should be solved.
Problem Scenario 2:

The access check does not pass in the MS if:

CSG IDa and PLMN IDa are in the CSG Whitelist

PLMN IDa is not equal to one of {PLMN1; EPLMN List 1}

 

But if PLMN2 is not within EPLMN List 1 and if PLMN IDa is equal to one of {PLMN2, EPLMN List 2} then the following problem occurs:

 

Problem 2 = A CSG cell is erroneously not determined as allowed hence cannot be reported. The check should have passed.

A2. Detecting the PLMN/EPLMN list during handover preparation phase 
An example of the procedure detecting the PLMN/EPLMN list during handover preparation phase (see above a1 in §4) is given below. 

The PLMN/EPLMNList_CHANGE Indicator will be added to the handover signaling on the A interface to indicate to the mobile whether an EPLMN list will change due to the LA change. The signaling flow is depicted in Figure 1. The MSC-B shall be able to set the PLMN/EPLMNList_CHANGE Indicator on the A interface (see steps 3 and 4 in Figure 1) based on the indicator received from the old MSC namely MSC-B. One possible implementation of the inter-MSC procedure is depicted in steps 1 and 2 in Figure 1. The MSC-A may also set the E-PLMN List Indicator based on the target cell ID in the Handover Required if it can determine that another PLMN and E-PLMN list different from its current list is valid in the new cell.
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Figure 1. Procedure for addition of the PLMN/EPLMNList_CHANGE Indicator to the handover signaling in GERAN inter/MSC handover – Example
The PLMN/EPLMNList_CHANGEindicator is to be added to the Handover Request on the A interface defined in 3GPP TS 48.008 and to the RR Handover Command defined in 3GPP TSG 44.018. 

One possible specification is given below:
The purpose of the PLMN/EPLMNList_CHANGE Indication information element is to indicate whether the PLMN/EPLMNList_CHANGEin the new cell after handover will change or not, while in dedicated mode.

The PLMN/EPLMNList_CHANGE Indication information element is coded as shown in figure 2 and table 1.

The PLMN/EPLMNList_CHANGE Indication is a type 1 information element.

	8
	7
	6
	5
	4
	3
	2
	1
	

	PLMN/EPLMN List Change

Indication

IEI
	Spare
	PLMN/EPLMN List Change Ind
	Octet 1

	
	0
	0
	0
	
	


Figure 2: PLMN/EPLMN List Change Indication information element

Table 2: PLMN/EPLMN List Change Indication information element

	The PLMN/EPLMN List Change Ind field (1 bit) is the binary indication whether the PLMN/EPLMNList_CHANGE will change in the new cell upon LAU:

0
the PLMN/EPLMNList will not change;

1
the PLMN/EPLMNList will change;


The PLMN/EPLMNList_CHANGEIndication is a type 1 information element.
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