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1. Introduction
As discussed in S2-130360 [1] in SA2#95 meeting, SA2 seems agreed a common understanding that the UE should return back to the former LTE PLMN in case of CSFB. However, the existing mechanism cannot support that UE behaviour very well. 
For example, as shown in Figure 1:
1) The UE CS fall back from LTE PLMN A1 to 2/3G PLMN B to have the CS services.
2) After CSFB, the UE may return back to the LTE PLMN C or LTE PLMN A1/A2, which is up to the equivalent PLMN indicated by the SGSN/MSC and the LTE frequency indicated by the BSC/RNC.
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Figure 1 Return back to LTE after CSFB
In above step 2), if the equivalent PLMN list indicated by the SGSN/MSC does not include the former LTE PLMN A1, based on the current suitable cell selection principle, the UE will more likely not return back the former LTE PLMN A1 but move to other LTE PLMN, e.g. move to LTE PLMN C if LTE PLMN C is included in the equivalent PLMN list.

To ensure the UE returns back the former LTE PLMN after CSFB,  we have provided a proposal in S2-130360 [1] as below:
1) At the CSFB initiation time, UE should set “CSFB flag” and store the former LTE PLMN e.g. via GUTI. 
2) After the UE falls back to GERAN/UTRAN, during LAU/RAU procedure,

a) The EPLMN list downloaded from SGSN/MSC includes the former LTE PLMN; or
b) If the former LTE PLMN is absent from the EPLMN list downloaded from SGSN/MSC, the UE adds the former LTE PLMN into EPLMN list.

3) After CSFB procedure, the UE takes into the EPLMN list which includes the former LTE PLMN ID and the stored GUTI account for suitable cell selection and PLMN selection in order to select the former LTE PLMN in priority.

Based on further offline discussion with some interested companies, there are other opinions if we cannot avoid the UE impact:
1) It is beneficial to solve this issue in more general case rather than specifically for CSFB case in order to decrease the complexity in UE.  
2) All the UE behaviour in terms of PLMN selection should be controlled by either the UE’s home operator or the visited operator.
This discussion paper attempts to analyze whether there is a new problem and how to resolve this issue in more general case.
2. Discussion

2.1  GERAN/UTRAN only scenario
When the UE successfully register on a PLMN, the PLMN may indicate an equivalent PLMN List to UE. After that, during the normal cell selection/cell reselection procedure the PLMN that the UE will camp on is clearly controlled by the registered PLMN i.e. the UE selects only a suitable cell either from the Registered PLMN or from one of the equivalent PLMN list as long as available with sufficient quality and the background scan provides no other selection.
The home operator has the capability to influence the UE’s PLMN selection procedure, e.g. by indicating a preferred PLMN list in priority order to the UE. If the UE selected a PLMN that is not in the highest priority, as defined in 3GPP TS 23.122 [2], an IDLE-mode UE in a VPLMN (in automatic network selection mode) can periodically attempt to obtain services on its (E)HPLMN or a higher priority PLMN by performing the background scan.
However, the background scan is a very slow process, which is periodically performed by an IDLE mode UE in a VPLMN based on an operator controlled timer and does not have any impact on the normal cell selection/reselection. The interval time for the background scan can be configured very long (up to 8 hours). This is mainly due to: 
1) the (E) HPLMN or a higher priority PLMN would not be always available when background scan is performed;

2) the shorter interval may result in excessive UE battery drain; and
3)  More frequent PLMN changes cause too much network load.

Usually, there are two methods for how the home operator informs the preferred PLMN list to the user:

1) Home operator configure the preferred PLMN list (in priority order) in the relevant USIM EFs; or
2) Home operator will push the preferred PLMN list (in priority order) to its user via e.g. SMS.
2.2  E-UTRAN/GERAN/UTRAN scenario
Although the interval time for the background scan is quite long, the current mechanism described above can work well as the PLMN change is not frequent in GERAN/UTRAN scenario e.g. mainly due to coverage. And it is also wanted that coverage induced PLMN changes are infrequent. However, when taking CSFB   into account, the inter PLMN change may happen more frequent, which could result in problems . 
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Figure 2 problematic scenarios for E-UTRAN/GERAN/UTRAN 
One example flow (seeing Figure 2) is stated as follows:

1. UE roams to the visited network where LTE PLMN A has a higher priority compared to LTE PLMN B and the UE gets the preferred PLMN list in priority order from home operator and UE performs combined attach to LTE PLMN A and 2/3G PLMN C. The MME of PLMN A register in HSS.
Please note in case of UE performing combined attach to LTE PLMN B and 2/3G PLMN C, the background may result in the UE reselecting to LTE PLMN A.
2. CSFB procedure is initiated and the UE falls back to 2/3G PLMN C. During the LAU and/or RAU procedure performed after falling back to 2/3G PLMN C, the MSC and/or SGSN provides an equivalent PLMN list which does not include the former LTE PLMN A but include the LTE PLMN B.
3. After CSFB, the UE takes the current RPLMN (i.e. PLMN C here) and the equivalent PLMN list provided by the MSC/SGSN into account for a suitable TLE cell selection. Due to the former LTE PLMN A is not included in the equivalent PLMN list, the UE returns back to LTE PLMN B rather than the former LTE PLMN A. This will cause unnecessary inter-PLMN change and result in more signalling exchange between visited PLMN and home PLMN, e.g. the MME of PLMN B has to register in the HSS.
4. The UE will stay in the LTE PLMN B until background scan procedure triggers to reselect back to the former LTE PLMN A. However, the interval time for the background scan can be configured very long (up to 8 hours) and therefore the UE could stay on the PLMN B for a long time which is obviously not in line with the home Operator policy i.e. prefer LTE PLMN A than LTE PLMN B.
If returning back the preferable LTE PLMN A via background scan, in addition to the delay, it will result in much signalling exchange between visited PLMN and home PLMN and also longer PS service interruption:
·     The UE will try to perform combined TAU in PLMN A that could fail if there is no cooperation between PLMN A and PLMN B, e.g. the MME of PLMN A cannot retrieve the MM contexts from the MME of PLMN B. 
·      Then the UE has to perform combined attach in PLMN A and the MME of PLMN A has to register in the HSS.

·      This takes a long time for the CSFB UE to resume the PS services and also the IP address of UE may be changed which will result in bad user experience.
5. After a long time, the UE eventually reselects back to the LTE PLMN A. Hereafter, in case of subsequent CSFB procedure, the UE will repeat the step 1 to step 4 again and in a “PLMN A -> PLMN C -> PLMN B -> PLMN A” tri-angle cycle, which causes the following issues:
· Unnecessary inter-PLMN change which makes many signalling exchange between visited PLMN and home PLMN, especially between MME and HSS.
·  Longer PS service interruption and bad user experience.

·  Against the home operator policy as the UE stays in the lower priority PLMN B in most of time.
· An unnecessary background scan procedure has to be performed that causes UE battery drain.

One can see the root reason is the UE cannot return back to the former LTE PLMN. Let’s see what will happen if the UE can always return back to the former LTE PLMN (as shown in Figure 3):
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Figure 3 Scenarios for E-UTRAN/GERAN/UTRAN 
1. When return back LTE PLMN A, the UE can perform the combined TAU to regain the PS services and  need not perform combined attach procedure.

2. Also, as the serving MME in LTE PLMN A will probably not change, the MME need not register in HSS again.
3. No background scan procedure is needed.
With the above procedure, the UE could regain the PS services quickly and provide better user experience due to there is no signalling exchange between visited PLMN and home PLMN, especially between MME and HSS.
Please note here we only take CSFB as an example which triggers the inter-PLMN change between LTE PLMN and 2G/3G PLMN. The inter-PLMN change between LTE PLMN and 2G/3G PLMN can also happen due to other triggers, e.g.  the inter-PLMN PS handover, or the lost of LTE coverage.
3.  Alternative solution
As we know all the UE behaviour in terms of PLMN selection should be controlled by either the UE’s home operator or the visited operator.  The home operator can provide a preferred PLMN list in priority order to the UE to control the UE’s PLMN selection.
In typical network deployments, the EUTRAN has a higher priority compared to GERAN/UTRAN. Therefore, it is natural to use the preferred PLMN list in priority order provided by the home operator to control how the UE returns back to the LTE PLMN after the UE changes to the 2G/3G PLMN due to, e.g. CSFB.
If taking into the inter-PLMN change between LTE PLMN and 2G/3G PLMN in more general cases, we dared to propose that the UE takes the preferred PLMN list in priority order into account when performing the cell selection/reselection and/or the PLMN selection:
a) For the cell selection/reselection, in addition to taking into RPLMN and its EPLMN list into account, the UE should also take the preferred PLMN list into account for suitable cell selection. By doing this, the door is opened for the UE to select a suitable cell of a PLMN in the preferred PLMN list if one of PLMNs in the preferred PLMN list is available.
b) For the PLMN selection, after camping on a selected suitable cell, the UE takes the preferred PLMN list into account to select the highest priority and available PLMN. 

To help understand the above solution, we would like to provide an exact UE behaviour in a typical scenario as shown in Figure 4:
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Figure 4 Typical scenario for proposed solution

Provided that:

(a)  PLMN A is in the preferred PLMN list provided by the home operator and is the highest PLMN for the UE;

(b) the UE performed the inter-PLMN change from LTE PLMN A to 2G/3G PLMN C due to, e.g. CSFB or PS HO; and
(c) PLMN B is equal to PLMN C and PLMN B is included in the equivalent PLMN list provided by the MSC/SGSN of PLMN C. PLMN A is not in the equivalent PLMN list.

When the UE is required to return back to an LTE PLMN, and reselect to a shared LTE cell which is shared by PLMN A, PLMN B and PLMN D, the UE will act as below:

(a) The UE AS layer takes the preferred PLMN list, PLMN C and its equivalent PLMN list into account for suitable cell selection. Here the LTE cell is a suitable cell for both PLMN A and PLMN B;

(b) The UE AS layer indicates both PLMN A and PLMN B to the UE NAS layer; and
(c) The UE NAS layer performs PLMN selection to select PLMN A, which is the highest PLMN for the UE.
Following above typical scenario, if taking network sharing into account, this solution can also meet a new requirement for HPLMN selection in a shared network which is under discussion between SA1 and CT1. A scenario and use case on PLMN selection enhancements towards a shared area was agreed by SA1 in their #60 meeting [3] and a new requirement was also added in Rel-12 3GPP TR 22.852 [4] subclause 4.13.5, quoted:
“Upon the operator’s policy, the UE shall be able to reselect to its HPLMN when moving towards a shared RAN where at least one participating operator is UE’s Home operator, even though the old registered PLMN is still available.”
If going to this solution, the home operator which has above requirement can include the HPLMN ID into the preferred PLMN list and make the HPLMN as the highest priority PLMN for the UE in the visited country/region. By doing this way, if the UE reselects to a shared LTE cell and its HPLMN is available, the UE can return back HPLMN even HPLMN is not equal to the current RPLMN when the UE is roaming.
4. Conclusion
This discussion paper extended the scenarios from CSFB specific to more general case for inter-PLMN change between LTE PLMN and 2G/3G PLMN and provided a solution to cater for each scenario:

(1)  For CSFB specific scenario, to ensure the UE returns back the former LTE PLMN after CSFB, it proposes to adopt the solution highlighted in section 1 which was already discussed in S2-130360 [1]; or
(2) For more general cases, to avoid the tri-angle cycle problem showed in section 2.2, it proposes to adopt the solution highlighted in section 3.
We would like to propose SA2 and CT1 to discuss the above scenarios and proposals, and finally decide a way forward.
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