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Abstract of the contribution: discuss the potential issue for in terms of network name display and charging for CSFB with multiple PLMNs.
1. Legacy system

Regarding the displayed network, UE shows the name of the PLMN it has registered with. Normally the name stored in the UE for the PLMN is displayed except when the network indicates a network name. However, the UE will display in priority the indicated network named. 
Please note MSC/SGSN/ MME can use NAS messages (i.e./GMM/EMM information) to indicate a network name to UE. Please also note these NAS messages can also be used to synchronize the local time between the UE and network. 
Regarding charging issue, it is clear for legacy system that CDR will include the serving PLMN information and consequently the end user shall be charged per the displayed network name. The serving PLMN in CDR is equal to the displayed PLMN that is used by UE or network to derive the displayed network name. 
One can wonder why it is worthy discussing the network name display here. The main reason is that the network name display is only the method that the user get know which operator she/he is using and consequently she/he can be aware of the tariff, which is highly related with user experience and money. 
Therefore, these aspects should be clear without any ambiguity otherwise it results in user complaint and even law issue in some countries.
2. CSFB System
The above procedure works perfectly for the UE that only attaches in one single RAT e.g. UE only attach in GERAN or UTRAN or E-UTRAN. However, it seems not workable with CS Fallback UE as it may register with two different PLMNs (i.e. 2/3G CS PLMN and LTE PLMN) during combined attach procedure and as consequence during the CSFB call, the UE call fall back to 2/3G PLMN from LTE PLMN.

Two fundamental problems are:

a) Which network name the UE shall display to the user, the2/3G CS PLMN or the LTE PLMN? 
b) How about the end user charging and inter-operator charging?
Please note the MSC does not differentiate the legacy CS call and the CSFB CS call but MSC has been updated to resolve the charging issue for MTRF and SMS over SGs.

2.1 Before CS Fallback

2.1.1 Network name display issue
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Figure 1 Network name display with multiple PLMNs
As shown in Figure 1, LTE PLMN A cooperate with 2/3G PLMN B and 2/3G PLMN C and the UE performs combined attach and registers to LTE PLMN A and 2/3G PLMN B. The UE shall display the network name per LTE PLMN A or 2/3G PLMN B?
The similar issue has been discussed in CT1 (C1-114477/C1-113943) and the agreement is that if the MME received the MM information from the VLR and the MME decides to update the content of the MM information for sending the EMM information to the UE, based on operator preference, the network name displayed to the user could be the name of either LTE PLMN or 2/3G PLMN
To our understanding, displaying multiple network names or to change the network name due to CSFB is not meaningful for end users. Users might get confused about such display and also question whether they have to pay more on registering on different PLMNs. To avoid such misunderstanding it is expected that PLMN-id displayed for the end-user is the PLMN id of the registered LTE PLMN unless the network explicitly indicates a network name based upon operator’s preference.
Note the displayed PLMN refers to the PLMN that is used by UE or network to derive the displayed network name. 
In a summary the network name display should follow the following two rules:
· The UE is to display the indicated network name if the MME indicates a network name to the UE.
· If the MME does not indicate a network name to the UE, the UE shall display the network name of the registered LTE PLMN as the UE is camping on E-UTRAN. 
-->Please note this bullet is still under SA1/SA2 discussion so far.
2.1.2 Charging issue 
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Figure 2 PS Data Charging 

PS Data charging issue:

a) As shown in Figure 2, if the UE shows the name of LTE PLMN A, the SGW/PGW CDRs include the serving PLMN (LTE PLMN A), PGW PLMN and IMSI. 
Therefore, the billing system would think the network name displayed to the end user is per LTE PLMN A and the end use will be charged per LTE PLMN A as the LTE PLMN A act as the serving PLMN. There is no problem. 
b) If the UE shows the name of 2/3G PLMN B, the SGW/PGW CDRs still include the serving PLMN (LTE PLMN A), PGW PLMN and IMSI but without 2/3G PLMN B. 
Therefore, the billing system still think the network name displayed to the end user is per LTE PLMN A and the end use will be charged per LTE PLMN A as the LTE PLMN A act as the serving PLMN. This could result in user complaint and even law issue. 
-> Problem: the end user is charged per LTE PLMN A while the displayed PLMN is per 2/3G PLMN B.
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Figure 3 SMS over SGs 
SMS over SGs charging issue:

a) As shown in Figure 3, if the UE shows the name of LTE PLMN A, the MSC/VLR CDRs include the serving PLMN (2/3G PLMN B) and IMSI. 
Therefore, the billing system would think the network name displayed to the end user is per 2/3G PLMN B and the end use will be charged per 2/3G PLMN B as the 2/3G PLMN B act as the serving PLMN. 
-> Problem: the end user is charged per 2/3G PLMN B while the displayed PLMN is per LTE PLMN A.
Also, the CDR does not contain LTE PLMN A and LTE PLMN A can not get money from 2/3G PLMN B.

->Problem: the LTE PLMN A shall get money but the billing system can not support this. However, there is ECGI in SMS CDR that could be used for inter-operator charging.
b) If the UE shows the name of 2/3G PLMN, the MSC/VLR CDRs the serving PLMN (2/3G PLMN B) and IMSI. 
Therefore, the billing system would think the network name displayed to the end user is per 2/3G PLMN B and the end use will be charged per 2/3G PLMN B as the 2/3G PLMN B act as the serving PLMN. 
->No problem.
However, the CDR still does not contain LTE PLMN A and LTE PLN A can not get money.

->Problem: the LTE PLMN A shall get money but the billing system can not support this. However, there is ECGI in SMS CDR that could be used for inter-operator charging.
2.2 During CS Fallback 
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Figure 4 CS Fallback call 

For legacy system, when the user requests CS call and there is no PLNM change during the call setup procedure and therefore the end user shall be charged per the displayed network name. But this is not the case for CS Fallback as during CSFB procedure the UE will fall back to anther 2/3G PLMN from LTE PLMN. 
For example:

a) As shown in Figure 4, before CS Fallback, assume the UE shows the name of LTE PLMN A. However, during CS Fallback procedure, the UE falls back to 2/3G PLMN B and shows the name of 2/3G PLMN B. For CS call, the MSC/VLR CDRs include the serving PLMN (2/3G PLMN B) and IMSI. 
Therefore, the billing system would think the network name displayed to the end user is per 2/3G PLMN B and the end use will be charged per 2/3G PLMN B as the 2/3G PLMN B act as the serving PLMN. 
-> Problem: For both CSFB call and PS data, the end user is charged per 2/3G PLMN B while the displayed PLMN is per LTE PLMN A.
Also, the CDR does not contain LTE PLMN A and LTE PLMN A can not get money from 2/3G PLMN B.

->Problem: the LTE PLMN A shall get money but the billing system can not support this.
b) Before CS Fallback, assume the UE shows the name of 2/3G PLMN B. However, during CS Fallback procedure, the UE CS falls back to 2/3G PLMN B and will show the name of 2/3G PLMN B. The MSC/VLR CDRs include the serving PLMN (2/3G PLMN B) and IMSI. 
Therefore, the billing system would think the network name displayed to the end user is per 2/3G PLMN B and the end use will be charged per 2/3G PLMN B as the 2/3G PLMN B act as the serving PLMN. 
->No problem
Also, the CDR does not contain LTE PLMN A and LTE PLMN A can not get money from 2/3G PLMN B.

->Problem: the LTE PLMN A shall get money but the billing system can not support this.
c) Before CS Fallback, assume the UE shows the name of LTE PLMN A or 2/3G PLMN B. However, during CS Fallback procedure, the UE may not find a suitable cell of 2/3G PLMN B and consequently fall back to 2/3G PLMN C and shows the name of 2/3G PLMN C. The MSC/VLR CDRs include the serving PLMN (2/3G PLMN C) and IMSI. 
Therefore, the billing system would think the network name displayed to the end user is per 2/3G PLMN C and the end use will be charged per 2/3G PLMN C as the 2/3G PLMN C act as the serving PLMN. 
->Problem: For both CSFB call and PS data, the end user is charged per 2/3G PLMN C while the displayed PLMN is per LTE PLMN A or 2/3G PLMN B. 
Also, the CDR does not contain LTE PLMN A and 2/3G PLMN B and LTE PLMN A and 2/3G PLMN B can not get money from 2/3G PLMN C.

->Problem: the LTE PLMN A and 2/3G PLMN B shall get money but the billing system can not support this.
4. Our observation
From the end user point of view, one consideration is that the end user does not necessarily differentiate the CSFB CS call and the legacy CS call as the user only cares the voice service itself. Therefore, it seems that CSFB procedure could be transparent for the user and the end user charging could be charged per the displayed network name when requesting voice call. 
Question 1: It is proposed to discuss whether or not CSFB procedure could be transparent for the user and the end user charging could be charged per the displayed network name when requesting voice call?
From operator network point of view, the operator network may need to record all the PLMNs that involve in the CSFB procedure e.g. LTE PLMN and 2/3G PLMN and the displayed PLMN and Home PLMN in case of roaming. 
Proposal 1: It is proposed that the operator network need to record all the PLMNs that involve in the CSFB procedure for accurate inter-operator settlement and/or end user charging.
For instance, if it is PLMN-B provides the voice service for subscribers from PLMN A due to CSFB, such information i.e. PLMN A and PLMN B needs to be accounted to allow further inter-operator charging between PLMN A and PLMN B.
For example, the CDR created by MSC VLR could include the following information:

a) What is the displayed PLMN when the user requests the CSFB call? Note the displayed PLMN could be LTE PLMN or 2/3G PLMN.
b) What is the serving LTE PLMN? Please note LTE PLMN also do part of job for the CSFB call i.e. there are some signalling exchanged between UE and MME for CSFB procedure before the UE go to 2/3G. 
c) What is the actual 2/3G CS PLMN that provides the CS call at last?
The displayed PLMN is just the one that displayed to the user and may be used for end user charging while the serving LTE PLMN and 2/3G LTE PLMN is used for inter-operator settlement. 
5. Conclusion
Based the above discussion, we would like propose SA5:

· first discuss the above points; 

· And discuss/evaluate the ways forwards to resolve these problems, e.g. TEIXX or new WID?

· Send LS to SA2 and inform the progress.
Annex – Charging Data Record for PS/CS
32.251 – PS CDR
6.1.2
IP CAN bearer charging data in S-GW (SGW-CDR)
Table 6.1.2: S-GW IP CAN bearer data (SGW-CDR)

	Field
	Category
	Description

	Record Type 
	M
	S-GW IP CAN bearer record.

	………………..
	
	

	PGW PLMN Identifier
	Oc
	PLMN identifier (MCC MNC) of the PGW used.

	………………..
	
	

	P-GW Address used.
	OC
	This field is the P-GW IP Address for the Control Plane

	Serving Node PLMN Identifier
	OC
	Serving node PLMN Identifier (MCC and MNC) used during this record, if available.

	RAT Type
	OC
	This field indicates the Radio Access Technology (RAT) type currently used by the Mobile Station as defined in TS 29.061 [205], when available.

	Start Time
	OC
	This field holds the time when User IP-CAN session starts, available in the CDR for the first bearer in an IP-CAN session. 

	Stop Time
	OC
	This field holds the time when User IP-CAN session is terminated, available in the CDR for the last bearer in an IP-CAN session. 

	Low Priority Indicator
	OC
	This field indicates if this IP-CAN session has a low priority, i.e. for Machine Type Communication.


6.1.3
FBC IP CAN bearer charging data in P-GW (PGW-CDR)

Table 6.1.3: P-GW IP CAN bearer data (PGW-CDR)

	Field
	Category
	Description

	Record Type 
	M
	P-GW IP CAN bearer record.

	………………………..
	
	

	PGW PLMN Identifier
	Oc
	PLMN identifier (MCC MNC) of the PGW.

	……………………..
	
	

	Serving node PLMN Identifier
	OM
	Serving node PLMN Identifier (MCC and MNC) used during this record.

	PS Furnish Charging Information
	OC
	Online charging session specific information

	CAMEL Information 
	OC
	Set of CAMEL information related to IP CAN bearer, if available. This field applies only for GPRS. 

	RAT Type
	OC
	This field indicates the Radio Access Technology (RAT) type currently used by the Mobile Station as defined in TS 29.061 [205], when available.

	Start Time
	OC
	This field holds the time when User IP-CAN session starts, available in the CDR for the first bearer in an IP-CAN session. 

	Stop Time
	OC
	This field holds the time when User IP-CAN session is terminated, available in the CDR for the last bearer in an IP-CAN session. 

	Low Priority Indicator
	OC
	This field indicates if this IP-CAN session has a low priority, i.e. for Machine Type Communication.


32.250– CS CDR
5.1.3.16
CS Fallback and SMS over SGs

CS Fallback is defined in 3GPP TS 23.272 [214] and provides a mechanism to move a UE from EUTRAN PS only access to CS to deliver voice service i.e. over GSM or UMTS access. As a result, charging procedures for call handling are performed as per GSM and UMTS access.
Within SMS over SGs also defined in 3GPP TS 23.272 [214], SMS is delivered in the EUTRAN NAS signalling via the SGs interface between the MME and the MSC/VLR.
………………………………
5.1.3.18
Mobile Terminating Roaming Forwarding call after successful Retrieval of Routeing Information (MTRF)

Mobile Terminating Roaming Forwarding call after successful Retrieval of Routeing Information (MTRF) procedure is described in TS 23.018 [216] and provides a mechanism to reroute a terminating call while the called mobile is simultaneously moving from an old to a new MSC/VLR. 

The charging procedures for call handling are performed as for a terminating call in the new MSC/VLR to which the call is rerouted. Dedicated charging is provided by the old MSC/VLR from which the call is rerouted as a result of MTRF procedure, in order to complete the set of CDRs produced along the path of the call and avoid charging duplication. 

When the terminating call is rerouted towards a new MSC/VLR which is located in a different PLMN than the Old MSC/VLR, a roaming CDR is produced by the Old MSC/VLR, even when the new MSC/VLR resides in HPLMN.
6.1.3.1
Mobile originated call attempt

If the generation of these records is enabled then an MOC record shall be created for each outgoing call attempt made by a mobile station. These MOC records shall be produced in the originating MSC.

Table 6.1.3.1: MOC record

	Field
	2G
	3G
	Description

	Record Type 
	M
	M
	Mobile originated.

	Served IMSI
	M
	M
	IMSI of the calling party. 

	Served IMEI
	C
	C
	IMEI of the calling ME, if available.

	Served MSISDN
	OM
	OM
	The primary MSISDN of the calling party. 

	Called Number
	M
	M
	The address of the called party i.e. the number dialled by the calling subscriber.

	Translated Number
	OC
	OC
	The called number after digit translation within the MSC (if applicable)

	Connected Number
	OC
	OC
	The number of the connected party if different to the Called Number

	Roaming Number
	OC
	OC
	The Mobile Station Roaming Number employed to route this connection, if applicable.

	Recording Entity
	M
	M
	The E.164 number of the visited MSC producing the record.

	Partial Record Type
	OC
	OC
	Indicates the event (time limit etc.) that caused the generation of a partial record.

	Reason for service change
	-
	OC
	Indicates the type of service change and fallback.

	Service change initiator
	-
	OC
	Indicates the service change initiator.

	……………………
	
	
	


