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1
Introduction
Release 9 has seen the specification of the inter-RAT SON MLB exchanges whereby one RAT can assess the load situation in the other RAT and consequently trigger some inter-RAT handover decisions due to load reasons. The support of services or E-RAB combinations at the UE at this moment is not considered in this process. 

Release 9 has also seen the specification of first energy savings solution whereby some LTE cells can switch off autonomously after checking their radio environment. Some forced mobility may be triggered in this use case as well to push some UEs to another RAT before switching off. Again the support of services or E-RAB combinations at the UE at this moment is not considered as well in this process.

More generally, the issue of directing UEs to the correct RATs or avoiding to direct UEs to some RATs depending of services/features ongoing has not yet been seriously treated in LTE release 9. This paper addresses this issue and investigates possible solutions.

2
Description of the problem
The issue of directing (respectively forbidding) UEs to the correct (respectively incorrect) RATs depending of requested services has not yet been seriously treated in LTE.

For example one UE could be served by LTE with one or several applications running, using the default E-RAB and optionally dedicated E-RAB. The UE starts another application and this application/RAB is not supported by (or suitable for) UMTS.
There may be several reasons for that:

· operator preferences,

· Services not supported on 3G  (e.g. IMS Voip supported in LTE but not supported on 3G)

· Some restrictions on QoS on 3g (related to new services, no QoS mapping defined in R8 SGSN),

· Some restrictions related to some RABs combinations supported in LTE not in 3g. 
For all these scenarios it is very bad if the eNB has no visibility on the non-support on 3g side and triggers multiple handovers that regularly fail or are partially accepted with some services/RABs dropped, or simply if such handovers don’t match operator preferences.
Many reasons could however make eNB trigger such regular handovers to 3G in release 9: inter-RAT load balancing, congestion or traffic segmentations, energy saving, etc…
Again if eNB is not aware, undue handovers to 3G with failure at MME/3G SGSN/ 3G RNC level will result:
· eNB will trigger HO without view of target RAT services capability; 

· the MME and/or SGSN may have a view of the applications mapped onto each E-RAB; 

· the MME and/or SGSN will detect applications not supported or RABs combinations not supported when trying to map E-RAB(s) onto PDP contexts during HO preparation phase. When mapping cannot be done PDP context is not created. The RAB Setup List IE of RANAP Relocation Request message will only contain RAB having PDP contexts; 

· The MME will inform the eNB of E-RAB(s) not served (either by 3G core CAC or by the RNC CAC) when sending the S1 Handover Command (partial allocation) or the S1 Handover preparation failure (all E-RABs failed); 

· In case of partial allocation it is eNB accountability to launch or not the HO execution based on the E-RAB list failed. Before HO execution it has to release the “E-RAB to be released” (=not admitted in UTRAN)
In contrast, if the eNB is aware of which application/RAB combination is not supported (or not desirable) in UTRAN, it may decide to launch or not a S1 Handover towards this RAT. No message and no processing will be wasted.
The same use case (=non continuity of service) may be met with other target RATs. Different mobility procedures may be used (HO, CCO, RRC release with redirection,…). The end to end behaviour may be worse than the partial handover example above because a redirection for example may result in an interruption of other services with no service established at target side (e.g. VoIMS fails in 3G while all data bearers interrupted in a redirection). 
Besides, operators may have preferences of RATs with regards to certain RAB/ RAB combinations.

3
Identification of the solution
Two IEs are currently sent over S1:
· HO Restriction List: set in S1 messages Initial Context Setup, Downlink NAS Transport, but not in UE Context Modification Request, E-RAB Setup/Modify, and Handover Request messages;
· SPID: set in S1 messages Initial Context Request, UE Context Modification Request, Handover Request, but not in E-RAB Setup/Modify.
These two IEs however relate to subscription information that do not relate to services or RAB combinations. They are typically not present in E-RAB Setup/Modify which means that they cannot influence the handover decision to 3G based on the setup of a new application/RAB as presented in the examples in section 2.
Option 1 : use of SPID
If we decide to use SPID for example, this means two consequences:
· the decision would be based per UE and not per service (RAB) requested/active at a given time: this means that based on UE capabilities, some SPID values could be set to mean that the UE should be kept in LTE and not handed over “in case” it could start some service not supported in 3G. However this means UE will stay LTE also when it doesn’t/never activate such services/RAB combination.

· The use of SPID entails a lot of configuration effort. How to interpret the particular SPID value in the eNB is indeed a configuration matter to be done in each and every eNB (local RRM). 
Option 2: use HO Restriction List
Using HO Restriction List result in the same drawback as using SPID for the granularity. It would be a per UE decision even if the UE doesn’t use any particular service.
Option 3: use of a new “Service Handover” IE
UMTS and GSM include today a “service handover” IE which correspond to resolve the problem explained here. Therefore one can similarly introduce this Service Handover IE for LTE as well.
The only question would be at which level: MME or eNB ?

In UMTS and GSM, the RNC (resp. BSC) is connected to two different Core Network nodes: the MSC and the SGSN. Therefore it is the only node that can do the merge of RAT preferences of all services (RABs) ongoing at a given point in time (SGSN cannot know MSC ongoing services and conversely). Therefore it relies on MSC and SGSN expressing the preferences for each RAB. 
In LTE, the MME is aware of all services/RAB combinations ongoing at any given point in time for a given UE and can do the merge of RAT preferences and inform the eNB. MME can be made aware of the restrictions in 3G (other RAT) with regards to certain services, RAB combinations, QoS or operator preferences.
The MME could for example indicate these preferences in a “service handover” IE sent:
- at context setup

- at E-RAB setup/modify/release.

4
Conclusion and Proposal
This paper has shown the problem of making the eNB aware of the restrictions of support of some LTE services/RAB combinations in another RAT (e.g. 3G) before handing over mobiles due to load balancing, energy saving, congestion, etc reasons or to make eNB aware of operator preferences before attempting such handovers.

Several solutions have been investigated and the introduction of a “service handover” a la UMTS or GSM seems the most appropriate to solve the problem.

It is proposed to share these conclusions with RAN3. ALU has drafted necessary CRs in tdoc R3-101587 and R3-101588.
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