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1. Introduction

In GERAN#50 meeting, when discussing CSG reporting proposal one specific scenario has been identified namely the reporting of the CSG cell at inter-PLMN handover in DTM. The LS received from CT1, SA2 and SA [1],[2],[3],[4] are addressing this particular scenario as well. 

In this discussion paper the inter-PLMN handover in DTM scenario is described and analysed further in order to determine the correct handling for CSG cell access check at the mobile side.

2. DTM Handover Background  
2.1 Location/Routing Area Update procedure

The location update procedures for an MS in DTM mode upon PLMN change are given in the Table 1 below as specified in TS43.055. 
Table 1: Location update procedures for a GPRS mobile station operating in class A

	Mode
	CS idle
	CS dedicated

	Boundary
	PS stand-by
	PS ready
	PS stand-by
	PS ready

	Cell; same RA
	Nothing
	Cell Update
	Nothing
	Cell Update

	RA; same LA
	NMO
	I
	Combined RA/LA update
	RA update. When the CS connection ends in a RA different than the original, a combined RA/LA update with IMSI attach is performed

	
	
	II, III
	RA Update

	
	

	LA
	NMO
	I
	Combined RA/LA update
	RA update. When the CS connection ends in a LA different than the original, a combined RA/LA update with IMSI attach is performed

	
	
	II, III
	Parallel RA and LA updates
	RA update. When the CS connection ends in a LA different than the original an LA update is performed.


In DTM the RA update and LA update procedures shall be supported in parallel in the main DCCH with SAPI 0. Upon interPLMN DTM Handover, RA update procedure is triggered right after successful completion of the handover.

Relevant for this discussion paper are the parts highlighted in red and yellow in Table 1 above.
The signaling flows for DTM handover are depicted in the Figure 1 and Figure 2 as specified in TS43.055.
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Figure 1. Preparation Phase
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Figure 2. Execution Phase

3. INTER-PLMN Handover in DTM
Two cases are depicted:

Case 1: 

MS in CS domain is under MSC 1 / PLMN1 and performs handover to MSC2 /PLMN2 and SGSN 2 / PLMN 2 as given in Figure 3. As per the 43.055, sec 6.4.1 MS completes the RAU, while LAU will be initiated only after the CS call is released see Figure 3. The following scenarios are possible:

· Scenario 1: PLMN 1, PLMN 2  and PLMN A are equivalent PLMNs

· Scenario 2: Either PLMN1 or PLMN 2 is an equivalent PLMN to PLMN A

 

Figure 3. Handover in DTM handover Scenario - Example
Case 2: 

MS in CS domain is under MSC 1 / PLMN1 while in the PS domain it is under the SGSN 1 / PLMN 3 and moves to MSC 2 / PLMN 2 in CS domain and SGSN 2 / PLMN 4 as given in Figure 4. If the target MSC and SGSN are associated with different PLMNs the following scenarios could occur:
· Scenario 3: PLMN 2 and PLMN 4 are equivalent 

In this scenario DTM handover will be performed following the principles of the DTM handover.
· Scenario 4: PLMN 2 and PLMN 4 are not equivalent PLMNs 

In this scenario (if realistic) DTM handover is possibly only if PLMN 1 is equivalent to PLMN 2 and PLMN 3 is equivalent to PLMN 4. In all other cases only the CS handover is possible thus no DTM handover will be performed, namely the source BSS can only initiate the CS handover to PLMN 2. In DTM mode only the CS handover can continue to PLMN 2 on its own as CS side has priority over the PS side.

Figure 4. Inter-PLMN DTM handover Scenario - Example
In terms of location management the procedure is such that both LA and RA update procedures will be performed, from which initially the RA update will complete right after the handover while the LA will only be performed after the CS connection is released. The MS will receive the serving PS domain PLMN/EPLMN list prior to receiving the PLMN of the CS domain. 
In case of DTM handover as shown in the flows above in Figure 1 and Figure 2 although the signaling in both domains is performed in parallel the handover is coordinated by the BSS and the handover send to the MS thus the DTM Handover Command shall contain both PS and CS resources. In addition the target BSS will be the same for both domains. 
4. CSG access check upon inter-PLMN handover in DTM
As given in TS25.304 and TS36.304 a CSG is considered suitable if the CSG ID broadcast by the cell is is present in the allowed CSG list associated with the PLMN which is either the: 

· the selected PLMN, or:

· the registered PLMN, or:

· a PLMN of the Equivalent PLMN list

for the mobile.

Based on the received LSes [1],[2],[3],[4] it is clear that for CSG access check selected, registered and Equivalent PLMN list is to be considered. Thus only a suitable CSG cell is an allowed CSG cell.
Scenario 1: PLMN 1, PLMN 2  and PLMN A are equivalent PLMNs

MS has to perform the access check on the CSG cell (belonging to PLMN A) potentially to be reported and its associated PLMN ID. This will result into the same outcome “Allowed” or “NOT Allowed” irrespective of whether PLMN 1 or PLMN 2 will be considered for access check for this CSG cell, but then depending on whether the (CSG ID, PLMN ID A) matched or not the PLMN1 or PLMN2 and the PLMN A of the CSG cell is in the EPLMN lists stored in the MS. Once the CSG cell is determined as allowed the MS will report it.
 

Scenario 2: Either PLMN1 or PLMN 2 is an equivalent PLMN to PLMN A
In this scenario the MS has to perform the access check on the CSG cell (belonging to PLMN A) potentially to be reported. The MS receives the PLMN 2 upon RAU, but in dedicated mode until the CS connection is released it does not know the PLMN on the CS side. In dedicated mode the MS still has the information received on the PLMN 1. 

The outcome of the CSG access check will depend on whether the MS utilizes the PLMN 1 or PLMN 2. The target BSS in PLMN2 will receive the reporting of this CSG cell from one domain only thus either on the CS side or on the PS side. 

As per the LS from CT#1 [3], the registered PLMN of the MS is PLMN2. This means that in DTM mode the information received upon RAU will have to be used. 
 

The solution provided in the TS 23.401 Rel-10 version in the SA2 approved CR S2-112640 as given below:

 

For inter-PLMN handover to a CSG cell, based on operator's configuration the source MME/S4-SGSN may allow the handover by validating the CSG membership of the UE  in the target CSG cell using the CSG-ID list of the registered PLMN-ID. Otherwise, the source MME/S4-SGSN shall reject the handover due to no CSG membership information of the target PLMN-ID

is not applicable to the MSC/dedicated mode. Once applicable can be used for the CSG membership checking however this will go at the cost of the potentially reporting not allowed CSG cell and consequently waste of radio resources in GERAN. In addition this will not solve the problem of missing the CSG cell that should have been reported(see also [6]).
 

 

Scenario 3: PLMN 2 and PLMN 4 are equivalent 

In Scenario 3 since the PLMN 2 and PLMN 4 are equivalent, the access check on the CSG cell potentially to be reported (see Figure 4) and its associated PLMN ID will result into the same outcome Allowed or NOT Allowed irrespective of the fact whether PLMN 2 or PLMN 4 will be considered for access check for this CSG cell provided that the (CSG ID, PLMN ID) matched or not the EPLMN lists of PLMN 2 and PLMN4. Once the CSG cell is determined as allowed it will potentially yield to DTM handover to this CSG cell following the DTM handover principles as given in Section 2.

Scenario 4: PLMN 2 and PLMN 4 are not equivalent PLMNs 

In Scenario 4 since PLMN2 and PLMN 4 are not equivalent PLMNs (not on each others EPLMN list) the outcome of the access check on the CSG cell potentially to be reported will depend on the whether the PLMN2 or PLMN4 is used and their respective separate EPLMN lists. 

This means that an MS in DTM mode is handed over from PLMN1/PLMN3 to PLMN2/PLMN4 as per procedures depicted in Figure 1 and 2. The DTM handover in this case as per DTM handover principles is only possible if PLMN2 is an equivalent PLMN for the PLMN1 and PLMN4 is an equivalent for the PLMN 2. In all other cases the only possible scenario is the CS handover from PLMN 1 to PLMN3. Assuming DTM handover is possible, MS will receive the PLMN 4 and its associated EPLMN list upon RA procedure as soon as the handover is completed (see Table 1), while it will receive the PLMN2 and its EPLMN list only after the CS connection is released thus upon LAU. The mobile has no knowledge on the PLMN2 and its associated EPLMN list until LAU is completed and therefore the CSG access check can only be performed in utilizing the PLMN1 and its associated EPLMN list. This will result in inaccurate access check for the CSG cell. The issues concerning this point have been addressed in GP-111251[6]. While the CS connection is ongoing the mobile can only perform the accurate check of the potential target CSG cell for PLMN 4 and its associated EPLMN thus for the PS domain, while for the CS domain it will have to wait until the CS connection is released. But as the mobile is in DTM mode for the DTM handover both PS and CS domain CSG access check and reporting is needed for the subsequent DTM handover to CSG cell. 

Same as in Scenario 1 the solution provided in the TS 23.401 Rel-10 version in the SA2 approved CR S2-112640 does not solve the problem. 

5. Conclusions

Based on the analysis presented in this paper it can be concluded that for an MS in DTM mode upon DTM handover for subsequent handover to a CSG cell, the CSG membership checking and CSG reporting based on the target PS side PLMN and EPLMN list is accurate in the following scenarios:

· if a single PLMN and EPLMN list is used for the CS and PS domain.

· if the CS and PS domain are different but equivalent ones and the CSG Whitelist includes the CSG ID and associated equivalent PLMNs.

For the other scenarios where the target CS side PLMN and/or its EPLMN List are different from the PS side it needs to be considered whether the PS side PLMN and its EPLMN list are sufficient. The problems related to the dedicated mode and relevant solutions are given in [6]. 
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