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1. Introduction

This paper analyzes the possible solutions for following 2 use cases and proposes a way forward.

(1)    UE doesn't have roaming agreement for a specific RAT e.g. E-UTRAN but has roaming agreement for other RATs e.g. UTRAN 

(2)    UE doesn't have subscription for a specific RAT e.g. E-UTRAN but has subscription for other RATs e.g. UTRAN

It is understood that these 2 use cases were discussed extensively in CT1#58 and it was decided that cause code #15 is the appropriate cause code to address this scenario. The assumption may have been that the routing areas / tracking areas are usually large and this kind of subscription model is temporary. Reference documents – C1-091748, C1-091822, C1-091823. Besides, the same mechanism has already been used in TS 24.008 in R99 when UTRAN was introduced as a new RAT.
However based on recent discussions in SA2/CT4/RAN2/RAN3 i.e. inter RAT roaming, it seems like that this subscription model is up to operator’s policy and it is not really temporary. The expectation for the problem addressed is to avoid unnecessary handover from 2G/3G to 4G when SGSN/RNC know that the user is not allowed to roam into LTE network e.g. using “access restriction” parameter available in the subscription data base. This paper is not meant to address handover issue directly but it is meant to focus only on CT1 aspects to address the use cases #1 and #2.
2. Discussion

2.1 Use case 1:
The subscriber A has E-UTRAN, UTRAN / GERAN capable handset. Subscriber’s HPLMN supports pre-Rel8 network. Subscriber roams into Rel-8 network; he is allowed to access UTRAN / GERAN but he is not allowed to access E-UTRAN as the roaming agreement between the operators does not include E-UTRAN. 
2.2 Use case 2:

Operators separate subscription for 3G and 4G services in the service contract as this is up to operator’s policies. The subscriber has E-UTRAN, UTRAN / GERAN capable handset. Subscriber B has subscription for UTRAN / GERAN but he does not have subscription for E-UTRAN. In such cases, operators allow the UE to access only UTRAN/GERAN regardless of the dual-mode-handset.
2.3 Resulting behaviour:

The cause code we have defined in TS 24.301 to address such use cases specified in 1, 2: #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 packet services via E-UTRAN and packet services via GERAN/UTRAN.

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 and the UE runs out of suitable LTE cells. It will then finally reselect to GERAN/UTRAN. 

As a result, following is a possible behaviour for subscribers A and B:

1. UE registers in UMTS.

2. UE moves to LTE and initiates Attach procedure as 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 reject 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 bad user experience for the end subscriber due to a possibly extended phase of ping-pong from 3G to 4G to 3G.  
3. Proposal:
Following are possible solutions to address this situation thus improve user experience:
Option 1:

Introduce a new cause code (e.g. E-UTRAN access prohibited) to address these scenarios. Upon receiving the new cause code, UE disables E-UTRA capability. E-UTRAN capability can then be enabled when one of the following conditions specified in clause 4.5:
“The UE shall enable the E-UTRA capability again in the following cases:

- 
the UE mode of operation changes from CS/PS mode 1 of operation to CS/PS mode 2 of operation;

-
the UE mode of operation changes from PS mode 1 of operation to PS mode 2 of operation; or

-
the UE powers off and powers on again or the USIM is removed.

If the E-UTRA capability was not re-enabled when performing bullets b) or c) above, then the UE shall re-enable the E-UTRA capability when performing PLMN selection.”

Option 2:
Introduce a new cause code (e.g. E-UTRAN access prohibited) to address these scenarios. Upon receiving the new cause code, UE is not allowed to access this PLMN/RAT combination, thus it adds the PLMN to “list of forbidden PLMN for E-UTRAN access”. UE(s) are not allowed to access E-UTRAN in PLMNs included in this forbidden list. The forbidden PLMN list can be deleted upon switch off, USIM removal or periodically (i.e. implementation specific timer (12 – 24 hours) if it is configured to support T3245).

Option 3:
Modify an existing cause code #14 to address these scenarios. Modify it such that only E-UTRAN access is prohibited if MME rejects the UE using cause code #14; only UTRAN/GERAN access is prohibited if SGSN rejects the UE using cause code #14.  
Upon receiving cause code #14 from MME, there are 2 options:

· E-UTRAN access is disabled 

· Current PLMN is added to “list of forbidden PLMN for E-UTRAN access”

Option 4:
Introduce a new optional IE (that can be sent when legacy cause code IE is set to #15) to indicate the scope of cause #15 to retain backward compatibility and ensure legacy UE(s) behave in a predictable manner. For instance, if the new IE is set to “current TA”, then the cause code #15 is valid only in the current TA and current TA is added to the list of forbidden TAs for E-UTRAN. If the new IE is set to “all TAs”, then following are some options: 

· All TA(s) in the PLMN can be added to the list of forbidden TAs 

· E-UTRAN access is disabled

· Current PLMN is added to “list of forbidden PLMN for E-UTRAN access”

4. Proposed way forward:

Options 1 to 3 are not backwards compatible, as the MME does not have any information whether the UE is supporting the new interpretation of #14 or new cause code. Introducing new cause values or a new interpretation of an existing cause is always tricky, as legacy UEs will treat it either as an abnormal case (if it is a new value) or will follow the legacy behaviour. One option would be to include the new cause value in a new IE, called "Second Cause", but this comes very close to option 4.

From a protocol compatibility perspective, option 4 is the best way forward. It is recommended that CT1 considers the above 2 use cases and adopt option 4. 
