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Abstract of the contribution: Proposes a solution to address “lack of EPS subscription”, “lack of EPS roaming agreement” and avoid ping-pong due to “pre-redirect” scenario.

1. Introduction
There are scenarios in which UE(s) are allowed to access PS services in V-PLMN via UTRAN and/or GERAN, but it might be forbidden to access E-UTRAN due to the following reasons:

1. Lack of E-UTRAN roaming agreement.
2. Lack of EPS subscription data (legacy HSS/HLR has no EPS subscription data).
3. “E-UTRAN not allowed” in the subscription profile.
Due to such restrictions, there is a possibility that UE is being moved back and forth between 2G/3G and LTE network (i.e. ping-pong). 
This paper proposes a solution to address these scenarios.
2. Discussion

2.1 Use case 1
The subscriber has E-UTRAN, UTRAN / GERAN capable handset. Either subscriber’s HPLMN is pre-Rel-8 network, subscriber has no E-UTRAN subscription or E-UTRAN is not allowed for this subscriber. Subscriber roams into E-UTRAN network. Subscriber is allowed to access UTRAN / GERAN but not allowed to access E-UTRAN. 

2.2 Currently defined NAS cause codes
The cause code as defined in TS 24.301 to address previously mentioned use cases is cause #15 “No suitable cells in tracking area”. Cause codes #7 and #14 cannot be used for these scenarios as it will prevent the user from accessing both EPS and GPRS services.

As per cause code #15, following is the expected behaviour: 

The UE will add the corresponding TAI to its “forbidden TA list” (i.e. “forbidden TAs for roaming”) but it is allowed to find another LTE cell in a different TA of the same PLMN or a GERAN/UTRAN cell of the same PLMN. If it finds an LTE cell, it will initiate another attach procedure, be rejected again due to cause code #15 until all TAs around the UE have been added to the forbidden TA list. It will then finally reselect to GERAN/UTRAN. 

As a result, following is a possible behaviour for such a UE:

1. UE registers in UMTS.

2. UE moves to LTE and initiates Attach procedure in the event the radio network is broadcasting LTE to be the priority network 

3. Attach at the LTE side fails as the UE is not provisioned with EPS. Attach procedure is rejected with a cause code #15 “No Suitable Cells in Tracking Area”. This causes the device to put the TAI in to “forbidden tracking area for roaming” and the device moves to UMTS. 

4. Once the device successfully camps on UMTS, it initiates Attach to LTE (different TA) and step 1-3 continues as a loop.

This results in a ping-pong between 3G and 4G thus bad user experience and battery drain. Moreover, as the “forbidden tracking area for roaming” is periodically cleared (i.e. every 24h to 12h), the same experience occurs again, the next day.
2.3 Use case 2

The subscriber has E-UTRAN, UTRAN / GERAN capable handset. Either subscriber’s HPLMN is pre-Rel-8 network, subscriber has no E-UTRAN subscription or E-UTRAN is not allowed for this subscriber. Subscriber turns on device e.g. at an airport. Subscriber is allowed to access UTRAN / GERAN but not allowed to access E-UTRAN at this location. Subscriber attempts a phone call while UE is attempting to attach to the network via E-UTRAN cells.

Experience in the field has shown voice call failures when the UE receives cause code #15 "No suitable cells in tracking area" when performing NAS procedures. 

2.4 Currently defined NAS procedures

On reception of cause code #15, the specification currently states "The UE shall search for a suitable cell in another tracking area or in another location area in the same PLMN". Upon receipt of cause code 15, a UE may spend a long time searching for a suitable cell in E-UTRAN before looking for suitable cells in 3G/2G. Furthermore, if the E-UTRAN and 2G/3G parts of the network are using different PLMN codes then there can be additional delay as the UE may have to perform PLMN selection. If the user is attempting to establish a CS voice call during this time then this long delay can cause the voice call attempt to fail. Voice call setup failures have been seen when the UE e.g. receives cause code #15 during attach and tracking area updating procedures.

Similar voice call failure would be expected when receiving #25.

3. NAS based solution

3.1
Description of the solution
When a UE without EPS subscription attempts to register with EPS, the MME includes a new IE along with cause code 15 in the Attach / TAU Reject message. The new IE indicates to the UE how to interpret cause code #15: whether it applies only to the current TA or all TA(s) of the PLMN. If the UE does not have EPS subscription, then the MME indicates “all TAs” in the new IE along with cause code #15. Upon receiving the new IE along with cause code #15, UE should consider “all TA(s)” in the current PLMN as forbidden and disable E-UTRAN in the selected PLMN. If the UE is attempting a voice call, it should move to the CS domain upon receiving cause #15 with new IE set to “all TA(s)”. It can seach for a suitable cell in a location area (i.e. UTRAN/GERAN) in the selected PLMN or it should be allowed to move to another PLMN in the EPLMN list where it may be allowed to access E-UTRAN, UTRAN or GERAN.
When Cause #15 is sent to the UE without the new IE or the new IE indicates “current TA”, current behaviour for cause #15 applies thus retains the expected behaviour for regional roaming restrictions.

3.2

Resolve ping-pong due to “Reject with redirection” (pre-redirect)

1. UE attempts to register in 3G network. RNC is configured to redirect UE(s) based on E-UTRAN capability provided in the RRC Connection Request.

2. RNC redirects the UE to E-UTRAN network. 
3. UE attempts to register in EPS network.
4. MME rejects the UE with cause code #15 and includes the new proposed IE.

5. UE disables E-UTRAN in the selected PLMN and considers all the TA(s) to be forbidden.

6. Further attempts to register with RNC will not cause redirection to E-UTRAN as E-UTRAN capability has been disabled in the UE.
Note: RAN2 documented the following in TS 25.331 for this scenario:

“NOTE 3: UTRAN should not send RRC CONNECTION REJECT message to direct UE to E-UTRAN if there is no means for UTRAN to determine that UE subscription allows UE access to E-UTRAN.”

3.3

Specification impact
1. Define new optional IE in the attach reject / TAU reject messages.

2. Specify how it is used, e.g. MME sends this optional IE along with cause code #15 in case UE has no EPS subscription or no E-UTRAN roaming agreement with HPLMN exists.
3. Specify UE reaction when it receives the new IE along with cause code #15 i.e. disable E-UTRAN and consider any TA in the current PLMN as forbidden.
Note: Conditions to re-enable E-UTRAN will be as specified in TS 24.301 section 4.5.

Note: 
If E-UTRA is disabled, then the ability for the UE to perform cell selection to LTE cell or perform any LTE related operation (e.g. LTE paging channel) is disabled. In addition, UE disables its LTE capability indicators.

If E-UTRA is enabled, then the ability for the UE to perform cell selection to LTE cell or perform any LTE related operation (e.g. LTE paging channel) is enabled. In addition, UE enables its LTE capability indicators.
3.4

Benefits of the solution

1. Could address any scenario for UE(s) without EPS subscription – Handover, Idle mode mobility, RRC release with redirection, RRC reject with redirection (pre-redirect). 
2. Retains current behaviour of cause #15, thus regional roaming restrictions can be supported.
3. Optimizes signalling / attach attempts for LTE capable UE(s) with no E-UTRAN subscription or E-UTRAN roaming agreement. 

4. Backward compatible as legacy UE(s) ignore the new IE and reacts as per behaviour specified for cause #15. .
5. Ping-pong effect for legacy UE(s) can be avoided when the RNC is configured not to redirect “old” UE(s) based on the “Access Stratum Release Indicator” included in the RRC Connection Request message. This is an implementation specific option.
3.5

Limitations of the solution

1. Could result in 1 additional attempt at the UTRAN / E-UTRAN network for pre-redirect scenario for restricted UE(s).
3.6

Considerations to “disable E-UTRA capability”

Solution described above proposes to disable E-UTRAN and this is because user is not allowed to access LTE in the selected PLMN anyway. This will help avoid ping-pong in some scenarios as UE will not express its LTE capability when camping on 2G/3G thus redirection can be avoided. 
However, if E-UTRA capability is disabled at the UE and the UE remains in the same PLMN, the UE may not be able to camp on LTE even for emergency calls but the UE can move to 2G/3G to make voice calls or it can attempt to access E-UTRAN when it moves to another PLMN
This should be a point of consideration in CT1 while specifying the solution.
4 Conclusion
Voice call failure or delay in voice call setup occurs for a UE when it receives a cause code that requires it to search for a suitable cell in a tracking area or a location area in the same PLMN. Upon receipt of cause code 15, a UE may spend a long time searching for a suitable cell in E-UTRAN before looking for suitable cells in 3G/2G. Furthermore, if the E-UTRAN and 2G/3G parts of the network are using different PLMN codes then there can be additional delay as the UE may have to perform PLMN selection.
Thus, based on our analysis, a NAS based solution is future proof not just to address inter RAT HO i.e. pre-redirect scenario, but also in helping to define an optimal behaviour for UE(s) with single RAT subscription / roaming agreement, in general. It has minimal impact from an end to end system perspective (i.e. only minor impact to MME, no impact to 3G network). It is fully backward compatible and legacy UE(s) behaviour is predictable. Thus it is proposed to adopt the NAS based solution in Rel-12.
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