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Abstract of the contribution: The paper discusses the issues raised in SA2 #91 related to the impact of limited E-UTRAN roaming on inter-RAT mobility between UTRAN/GERAN and E-UTRAN, and discusses key aspects of possible solutions.
1. Introduction

In SA2 #91, a discussion took place triggered by S2-122051 regarding  a set of issues with inter-RAT mobility between UTRAN/GERAN and E-UTRAN with limited E-UTRAN roaming. No conclusions were reached. 
This paper attempts to address some of the open points from the previous discussion and presents some conclusion regarding solutions for such issues.
2. LTE Roaming and Handover Issues

2.1. RANAP features (TS 25.413)

The RANAP specification contains the following tools that can be used to help handle UEs that do not have LTE roaming in the serving network:
· Each RAB that is established can include a "E-UTRA Service Handover" IE that, if included, means that the RAB shall not be handed over to E-UTRA. The SGSN could set this IE for all RABs for a given UE in order to prevent the UE from being handed over (or redirected) to E-UTRA.
· Similarly, each RAB that is established can include a "Service Handover" IE that controls handover to GERAN. Note, this had more granularity in the signalling, being able to include "RAN should be handed over to GERAN", "RAB should not be handed over to GERAN" or "RAB shall not be handled over to GERAN". 
· In addition, the RANAP specification enabled the SGSN to provide the UTRAN with a "Subscriber profile for RAT/frequency priority" (SPID aka RFSP). This can be set to a value that would trigger the UTRAN to provide the UE with dedicated priorities that do not include any priority information for E-UTRA frequencies. This would disables cell reselection towards E-UTRA, even if the UTRAN cell include E-UTRA frequencies in system information. 

2.2. Cell reselection behaviour (TS 25.304)

If the UE is not provided with dedicated priorities that disables cell reselection to E-UTRA cells, then the cell reselection rules in 25.304 could trigger the UE attempt to reselect to an E-UTRA cell. When this occurs the UE stops considering cells on that frequency as reselection candidates for 5 minutes. This reduces the power consumption and service interruption impact of repeated attempts to reselect an E-UTRA cell that, upon acquiring the system information of the cell, is found to be unsuitable due to the TA being in the forbidden TA list. (Note the first time that this occurs the UE would attempt to perform a TAU but would be rejected, we assume with cause #15, and the TA of the cell would be added to the list of forbidden TAs).

Extracts from TS 25.304:

5.2.6.1.3
Highest ranked cells with cell reservations, access restrictions or unsuitable for normal camping

For the highest ranked cell (including serving cell) according to cell reselection criteria specified in subclause 5.2.6.1.4, or for the best cell according to absolute priority reselection criteria specified in subclause 5.2.6.1.4a, the UE shall check if the access is restricted according to the rules in subclause 5.3.1.1.

If that cell and other cells have to be excluded from the candidate list, as stated in subclause 5.3.1.1, the UE shall not consider these as candidates for cell reselection. This limitation is removed when the highest ranked cell changes.

If the highest ranked cell or best cell according to absolute priority reselection rules is an intra-frequency or inter-frequency cell which is not suitable due to being part of the "list of forbidden LAs for roaming" or belonging to a PLMN which is not indicated as being equivalent to the registered PLMN, the UE shall not consider this cell and other cells on the same frequency, as candidates for reselection for a maximum of 300s. If the UE has to perform an any cell selection procedure any limitation shall be removed. If the UE is redirected under UTRAN control to a frequency for which the timer is running, any limitation on that frequency shall be removed.

If the highest ranked cell or best cell according to absolute priority reselection rules is an inter-RAT cell which is not suitable due to being part of the "list of forbidden LAs for roaming" or belonging to a PLMN which is not indicated as being equivalent to the registered PLMN, the UE shall not consider this cell and other cells on the same frequency as candidates for reselection for a maximum of 300s. If the UE has to perform an any cell selection procedure any limitation shall be removed. If the UE is redirected under UTRAN control to a frequency for which the timer is running, any limitation on that frequency shall be removed.
2.3. Redirection by RRC Connection Reject

The UTRAN can redirect a UE to E-UTRAN using the RRC Connection Reject message. When sending this message the Iu connection has not been established and hence the E-UTRAN has no information from the SGSN about whether the UE is allowed to be handled over or redirected to E-UTRAN. The UE includes in the RRC Connection Request flags that indicate whether the UE supports E-UTRA FDD and TDD and therefore may be subject to redirection in the RRC Connection Reject. 

These flags are only set if the UE supports one of the E-UTRA frequency bands corresponding to the E-UTRA frequencies that that are listed in system information and, if the UE has been provided with dedicated priority information, a priority has been assigned to that E-UTRA frequency. Hence, providing the UE with dedicated priorities that do not give any priority to E_UTRAN frequencies, can avoid the UE from being redirected to E-UTRAN with an RRC Connection Reject.

Extract from 25.331:

8.1.3.3
RRC CONNECTION REQUEST message contents to set
The UE shall, in the transmitted RRC CONNECTION REQUEST message:

....
1>
if the UE supports E-UTRA:

2>
if the UE is attempting to establish the signalling connection as a result of being redirected by E-UTRA; and

2>
if this is the first attempt to establish the signalling connection;

3>
do not include the IE "Pre-Redirection info";

2>
else:

3>
if the variable EUTRA_FREQUENCY_INFO_LIST contains no E-UTRA frequencies:
4>
include the IE "Pre-Redirection info";

4>
if the UE supports E-UTRA FDD:

5>
set the IE "Support of E-UTRA FDD" to TRUE.
4>
if the UE supports E-UTRA TDD:

5>
set the IE "Support of E-UTRA TDD" to TRUE.
3>
if the UE supports any of the bands that the E-UTRA frequencies included in the variable EUTRA_FREQUENCY_INFO_LIST belong to:

4>
include the IE "Pre-Redirection info";
4>
if the UE supports any of the bands that the E-UTRA FDD frequencies included in the variable EUTRA_FREQUENCY_INFO_LIST belong to:

5>
set the IE "Support of E-UTRA FDD" to TRUE.

4>
if the UE supports any of the bands that the E-UTRA TDD frequencies included in the variable EUTRA_FREQUENCY_INFO_LIST belong to:

5>
set the IE "Support of E-UTRA TDD" to TRUE.
8.1.1.6.19
System Information Block type 19
If the cell is not operating in MBSFN mode according to subclause 8.1.1.6.3 the UE should store all relevant IEs included in this system information block. If the cell is not operating in MBSFN mode according to subclause 8.1.1.6.3 the UE shall:

1>
if the value of the IE "Priority status" in the variable PRIORITY_INFO_LIST equals "dedicated_priority":

2>
clear every stored value of "Threshx, high", "Threshx, low", "Threshx, high2" and "Threshx, low2" in every occurrence of the IE "Priority Info List" in the variable PRIORITY_INFO_LIST.

1>
otherwise:

2>
clear the variable PRIORITY_INFO_LIST.

1>
clear the variable EUTRA_FREQUENCY_INFO_LIST;

1>
act upon the received IE "UTRA priority info list" as described in subclause 8.6.7.3a;

1>
if the IE "GSM priority info list" is present:

2>
act upon the received IE as described in subclause 8.6.7.3b.

1>
if the IE "E-UTRA frequency and priority info list" is present:

2>
act upon the received IE as described in subclause 8.6.7.3c.
3. Comments

Our conclusion from the material highlighted is that if the source SGSN is aware of the roaming restriction then all the necessary tools to handle the issues highlighted are already in place in the current specification to address the problems:
-
"E-UTRA Service Handover" IE can be used to prevent handover and redirection to E-UTRA (i.e. issues 1 and 3 of the DOCOMO paper S2-122051)

-
RFSP and appropriate setting of dedicated priorities can be used to prevent redirection in RRC Connection Reject (i.e. issue 4 of the DOCOMO paper) and also prevent any battery impact associated with unnecessary measurements and cell reselection attempts to E-UTRA cells.

On the contrary, if the SGSN is a legacy Gn/Gp SGSN that is not aware of the roaming restriction then it the issue is much more difficult to solve. Some observations:

-
Battery impact associated with unnecessary measurements and cell reselection attempts to E-UTRA cells is not completely prevented but it is significantly reduced by the rule in 25.304 that enables the UE to ignore the E-UTRA frequency for 5 minutes periods. At present, with the current specifications, there are no better ways to solve the issues. 
-
UE based mechanisms might be possible to help address the problem but given that these would be introduced in R12 and the availability of such features in UEs might be some years away when the number of legacy SGSNs that cause the problem is likely to be small, we propose that UE based mechanisms are not considered.   
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