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1. Introduction
Based on LS in R2-123236 during the RAN WG#79 it was discussed how the roaming UEs have to be treated for the scenario 4 (RRC connection reject based solution). This scenario describes the following use case: 

a)
The HPLMN has 3G roaming agreement with the VPLMN.
b)
The HPLMN might or might not have a 4G roaming agreement with the visiting network.
c)
The roaming subscriber has an LTE capable device but does not have an LTE subscription.
d)
The UE firstly attaches to the visiting 3G Network and gets accepted as it has roaming agreement. The UE is returned to idle mode. 
e)
The UE needs to transfer data and initiates the Service Request procedure. The RRC Connection Request message includes the “Pre-Redirection Info” IE indicating support of EUTRA FDD or EUTRA TDD and the establishment cause indicates ‘data’. The RNC decides that the UE can be better served by LTE (considering information that UE supports EUTRA) and rejects the RRC Connection.
f)
The UE moves to LTE and performs a Tracking Area Update that gets rejected (with cause #15). Sooner or later, the UE returns to 3G.
g)
 The UE (re)initiates the Service Request procedure. The RNC rejects the RRC connection request and directs the UE to LTE.
h)
The UE moves to LTE, sees that the cell(s) are in a forbidden Tracking Area, and (sooner or later) returns to 3G coverage.

i) steps g and h repeat continually and the UE gets no 3G or 4G service.

Some companies expressed the opinion that RAN2 does not need to do anything as proprietary solutions e.g. based on TMSI and P-TMSI range separations would ensure that only 4G capable UE with 4G Subscription to the visiting network will be redirected to 4G and consequently no ping pong between RATs (3G and 4G) due to the TAU reject with the cause#15 in LTE would happen. However, CT4 are not examining how information on the lack of an LTE subscription can be transferred to the MSC, and, SA 2/CT 4 have not examined the impact of a such functionality on the number of allocatable TMSIs.
Considering that:

- the use/non use of Pre-connection Re-direction is a VPLMN feature that the HPLMN does not know about; 
- the use of Pre-connection Re-direction can completely destroy the 3G user experience; and

- LTE capable devices will be widely sold by network operators without LTE in the HPLMN;

it is vital that solution(s) to this issue are clearly documented.

This papers aims to evaluate possible solutions and drive the conclusion if there is anything needed to be changed in RAN WG2 specifications in order to prevent possible ping pong between RATs.
3.           Evaluation of the Scenario 4 and Possible Solutions
Solution 1: One of the solution candidates is based on availability of the LTE subscription information in the RNC by applying TMSI/P-TMSI splitting. (Note that section 8.5.1 of TS 25.331 mandates the use of the CS TMSI in preference to the P-TMSI for PS domain RRC connection requests) This might be a solution, but it is based on the following assumptions:

· The HLR is able to provide the information regarding 4G subscription status to the MSC and SGSN. Currently provision of this information to the SGSN is under SA2/CT4 discussion, but, as yet no such discussion has been held with respect to the MSC.

· Both MSC and SGSN have implemented the TMSI/P-TMSI split.
· RNC is able to understand what this split means (and that the RNC checks the LAI to verify that the TMSI/P-TMSI was allocated by its own PLMN/ePLMN)
In multi-vendor networks, the operator has to ensure that all network nodes are updated and support this solution. As the HPLMN has no control over VPLMN functionality; the MSC and SGSN changes are significant; the additional coding within the TMSI/P-TMSI impacts LA size; AND the LTE capable VPLMN has no real need of this functionality for its own subscribers, this is a completely untenable candidate solution.

.Solution 2: One Another  solution is based on re-definition of the use of the Pre-redirectional IE.
Currently the following is described in section 8.1.3.3 of TS 25.331:
If the UE supports E-UTRA 

THEN 

IF (the UE is attempting to establish the signalling connection as a result of being redirected by E-UTRA,     

AND   if this is the first attempt to establish the signalling connection)

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

ELSE

(if the variable EUTRA_FREQUENCY_INFO_LIST contains no E-UTRA frequencies)  include the IE "Pre-Redirection info";

In Vodafone’s understanding this means that if the UE is LTE capable and the UE performs “Service Request”, it will include "Pre-Redirection info" irrespective of whether or not the UE has an LTE subscription.. Therefore it is proposed to change the text to:
If the UE supports E-UTRA and the UE is registered in E-UTRAN on this PLMN or an equivalent PLMN (i.e. the UE has a valid GUTI for this PLMN/ePLMN):

THEN 

IF (the UE is attempting to establish the signalling connection as a result of being redirected by E-UTRA,     

AND   if this is the first attempt to establish the signalling connection)

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

ELSE

(if the variable EUTRA_FREQUENCY_INFO_LIST contains no E-UTRA frequencies)  include the IE "Pre-Redirection info";

This solution would ensure that the ping pong between 4G and 3G network would not occur. The solution does not need any changes to the network nodes and also do not have any ASN.1 impact.  
This solution places no requirements on any HPLMN and so permits the VPLMN to safely deploy the pre-connection redirection feature without any risk of annoying the high-value customers of their roaming partners.
Solution 3: A  third solution is based on RNC not using the Pre-connection re-direction information until the core network has had chance to supply the “LTE subscription flag” to the RNC. This means that the RRC connection has to be established (wasting radio resources), and hence, that any re-direction information will only be sent in the RRC Connection Release and not in an RRC Connection reject.
This would slow down the re-direction to LTE process for users with LTE subscriptions, and basically converts scenario 4 into the scenario 3 (ref S2-123023). 
4.
Conclusion
It is proposed that RAN 2 adopt solution 2, above, and make the corresponding changes to TS 25.331 in Release 8 and onwards.
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