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1. Introduction

In CT1#73 Malta meeting, a discussion paper C1-113214 [1] attempted to discuss the network name display at the UE in the scenario that the selected PLMN-id for CS domain is different from the PLMN-id for PS domain in the CS fallback deployment. During the online discussion, it was commented by operator to firstly send an LS to SA1 to confirm the operator’s requirements. At the very last minute, the outgoing LS was postponed due to some companies need more time to think about the scenarios and the problems in detail.

This discussion paper attempts to re-visit such problems and scenarios in detail, to analyze possible operator requirements, to evaluate possible solutions, and finally to push the ways forward on this topic.
2. Discussion
2.1 What’s the problem and why the problem does exist
The problem shown in C1-113214 [1] is:

For a successfully combined attached UE camping on E-UTRAN, the network name displayed to the user will be changed between the name of the registered PLMN for PS domain and the name of the registered PLMN for CS domain, if the registered PLMN for CS domain is different from the PLMN for PS domain.
The above problem will result in very bad user experience and high percentage of user complaints to the serving operators. For a normal mobile user, he/she does not care, or even does not know what happened at the mobile network side. He/she just cares or knows who is his/her subscribed operator, or whether is in roaming or not. Such problem is unacceptable by a user if he/she does not get any indication from the operator.
Hence, such problem should be resolved.

Such problem is caused by:
The network name of the registered PLMN for CS domain is always transparently forwarded by the MME, and the MME uses the same NAS procedure (i.e. EMM INFORMATION procedure) to send the name of the PLMN for CS domain and the name of the PLMN for PS domain. The UE does not know this and will always associate the received network name with the PLMN for PS domain.
For the network side, the above handling can be found in 3GPP TS 29.118 [2] sub-clause 5.10.3, quote:

"
…
-    other user information in the MM information are kept unchanged.
The MME shall then send the resultant contents of the MM information information element to the UE indicated in the SGsAP-MM-INFORMATION-REQUEST message, using an EMM INFORMATION message as defined in 3GPP TS 24.301 [14]."
For the UE side, the above handling can be found in 3GPP TS 24.301 [3], sub-clause 8.2.13.2 and 8.2.13.3:

"8.2.13.2
Full name for network

This IE may be sent by the network. If this IE is sent, the contents of this IE indicate the "full length name of the network" that the network wishes the UE to associate with the MCC and MNC contained in the last visited tracking area identification. 

8.2.13.3
Short name for network

This IE may be sent by the network. If this IE is sent, the contents of this IE indicate the "abbreviated name of the network" that the network wishes the UE to associate with the MCC and MNC contained in the last visited tracking area identification."
2.2 Scenarios in which the problem will happen
Only one scenario is shown in C1-113214 [1] to cater for the above network name display problem. However, based on the further discussion and analysis, such problem can happen in the following scenarios:
2.2.1 Scenario I: Non-International-Roaming for LTE subscribers

This scenario has already indicated in C1-113214 [1]. As shown in Figure 1, the UE_a is a subscriber of Operator A which only provides the LTE PS services for its subscribers. However, Operator A, by assigning the partnership, can also provide the traditional CS services by fallback its subscribers into the CS domain of Operator B. Operator A (the name is RED) and Operator B (the name is GREEN) are in the same country and have different network names. The UE_a currently is camping on the cell of its subscribed Operator A.
2.2.2 Scenario II: Non-International-Roaming for 2/3G subscribers

As shown in Figure 1, the UE_b is a subscriber of Operator C which only provides the traditional CS services and low speed GPRS PS services for its subscribers. However, by assigning the partnership with Operator A, the UE_b can also obtain the high speed LTE PS services by registering to the network of operator A. Operator A (the name is RED) and Operator C (the name is BLUE) are in the same country and have different network names. The UE_b currently is camping on the cell of the partner Operator A.
2.2.3 Scenario III: International-Roaming

As shown in Figure 1, the UE_c is a subscriber of one of Operator A, Operator B and Operator C. The UE_c currently is camping on the cell of Operator D who is in the different country from its subscribed operator. The operator D can only provides the LTE PS services, but it can also provide the traditional CS services by fallback its subscribers and roaming users into the CS domain of Operator E (the CS services partner). Operator D (the name is YELLOW) and Operator E (the name is PINK) are in the same country and have different network names, but they are in the different country from the UE_c’s subscribed operator.
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2.3 Possible requirements on network name display
The network name displayed to the user is based on the operator’s requirements. One can see different operators may have different requirements in the same scenario. Also, the same operator may have different requirements in the different scenarios. However, all the operator’s requirements are fallen into following categories:
(1) Only to display the network name of the registered PLMN for PS domain. This requirement is much reasonable for both the Scenario I and the Scenario III;
(2) Only to display the network name of the registered PLMN for CS domain. This requirement is much reasonable for the Scenario II;

(3) To display both the network name of the registered PLMN for PS domain and the network name of the registered PLMN for CS domain. When both the LTE and the CS fallback are extensively deployed in the real world and used very pervasive, at that time the normal user may want to know the used PS data services is provided by which operator and the used CS voice services is provided by which operator. Hence, This requirement may exist in the near future and will be reasonable for the Scenario I, the Scenario II and the Scenario III;
(4) To display a customized specific network name. This requirement may be reasonable for the Scenario III.
2.4 Possible solutions based on requirements

As indicated in section 2.1, the problem will result in very bad user experience and high percentage of user complaints to the serving operators. Hence there should be a solution to resolve this problem. The possible solutions will be much dependent on the different operator requirements. 
Solution 1:

The MME always replaces the received network name from the MSC/VLR with the network name of the PLMN for the PS domain.
This solution has preferred in C1-113214 [1] and can meet the operator requirement (1), but can not meet the requirement (2), (3) and (4). 
This solution will only impact the MME while keep the UE unchanged.
Solution 2:

The MME always transparently forwards the received network name from the MSC/VLR to the UE while never sends the network name of the PLMN for the PS domain.

This solution can meet the operator requirement (2), but can not meet the requirement (1), (3) and (4). This solution will clearly impact the MME side due to the MME is prohibited from sending the name of the PLMN for the PS domain. 

Another drawback of this solution is at the UE side. During the current NAS EMM INFORMATION procedure, the UE always associates the received network name with the PLMN for PS domain. Hence, the current received network name will be error interpreted as the name of the PLMN for PS domain by the UE while it is actually a name of the PLMN for CS domain. 
Hence, this solution will impact the MME side and make the error interpretation at the UE side.
Solution 3:

The MME performs solution 1 and solution 2 based on UE’s subscription data: if the UE is an LTE subscriber, then perform solution 1; if the UE is a 2/3G subscriber, then perform solution 2.
This solution is a combined solution of solution 1 and solution 2 and provides more flexibility to the MME. It can both meet the operator requirements (1) and (2), but can not meet the requirement (3) and (4). This solution will clearly impact the MME side due to the MME needs to check the UE’s subscription information based on UE’s IMSI. As indicated in Solution 2, this solution will also make the error interpretation at the UE side.
Hence, this solution will impact the MME side and make the error interpretation at the UE side.
Solution 4:

The MME includes the CN domain (PS or CS) information when sending the network name to the UE: if the network name is received from the MSC/VLR, then the MME includes the CN domain set to "CS"; if the network name is the name of the PLMN for the PS domain, then the MME includes the CN domain set to "PS".
This solution can meet the operator requirement (3), but can not meet the requirement (1), (2) and (4). This solution will clearly impact the MME side and need to add a new information into the EMM INFORMATION procedure. Also, the UE side will be much impacted due to it needs to associate the received network name with PLMN ID based on the received CN domain information.
Hence, this solution will both impact the MME and the UE sides, and will change the EMM INFORMATION procedure.
Solution 5:

The MME always sends a specific network name to the UE.
This solution can meet the operator requirement (4), but can not meet the requirement (1), (2) and (3). 
This solution will only impact the MME while keep the UE unchanged.
3. Way forward
Based on the above evaluation on the possible solutions, only the solution 1 (to meet the requirement (1)) impacts the MME only while keep the UE unchanged. Hence, in order to meet the requirement (2) and (3), all the solutions should impact the UE side, i.e. make the error interpretation for the received network name, or even change the existing NAS EMM INFORMATION procedure. Even though the solution 5 also only impacts the MME while keep the UE unchanged, but the targeted requirement (4) is a rare requirement.
Due to the possible solutions are much dependent on the operator requirements, then it is proposed that CT1 considers the possible ways forward as below:

(1) If CT1 can not determine the operator requirement on network name display in such CSFB deployment, then it is proposed to send an LS to SA1 to confirm the operator requirements. The final solution will be determined based on the feedback from SA1. The outgoing LS is tabled in C1-113945.
(2) If CT1 can determine the operator requirement on network name display in such CSFB deployment, then it is proposed to discuss and approve a feasible solution in CT1. The solution 3 in section 2.4 is preferred and shown in CR C1-113944, based on an assumption that CT1 can live with the error interpretation for the received network name at the UE side.
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