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1.   Introduction

SA2 has introduced a solution for the support of SMS over SGs. The solution relies on the mechanisms specified in TS 23.272 for CSFB. Specifically, the solution redefines CS fallback services as being CS services available to the UE over the CS infrastructure minus SMS, and enables a UE to be IMSI attached in LTE (though combined EPS/IMSI attach and combined TAU procedures) only for SMS.
2.   SMS over SGs Interaction with Voice Domain Selection
The introduction of SMS over SGs introduces a level of interaction with the voice domain selection mechanisms. In fact, whereas before the introduction of the SMS over SGs solution a UE attempting a combined EPS/IMSI attach/TAU would either receive an accept or a reject, now the UE can also receive an accept with the “SMS-only” indication. An example of the logical flows for voice domain selections in TS 23.221 augmented with the scenario introduced by the SMS over SGs solution is shown in Figure 1.
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Figure 1. Example for UE set to IMS voice preferred, CS voice secondary when SMS over SGs is used. 
Though there is an interaction, it can easily be seen in the various cases that there is no impact on the voice domains selection logic, but as we describe below this interaction introduces some ambiguous situations.

3.  Types of Terminals
SA2 has introduced the concept that the UE could be either data centric or voice centric. It is expected that a variety of LTE terminals will be available on the market that somehow will bend the definition of voice centric and data centric. Specifically there will be data centric devices for which voice service is of no importance at all (e.g. data cards), and devices for which pursuing the highest speed data service available (i.e. the service provided over LTE) is of the utmost importance, but that also need to provide voice services. The operator may be willing to have a sub-optimal provisioning of voice service to the latter type of devices in order to give them access to both voice and high speed data services.  
4.  Provisioning of Differentiated Services for Different UE Usage Settings
It is assumed that the network is not aware of whether the device is data centric or voice centric.

An operator that is concerned about providing the best possible user experience for CS services like voice to voice centric UEs (e.g. to minimize call setup delays and terminating drop rates) may decide to push voice centric UEs to reselect to another RAT even if CS fallback services (e.g. voice) would be available over LTE, and at the same time have data centric UEs camp in LTE. Another reason is that the LTE coverage may be spotty  (e.g. at launch of LTE, in-door environments or “hot spots”), hence having the UE frequently changing RAT every time the LTE coverage becomes unavailable or available again may not be desirable.
In order to push the voice centric UEs to reselect to other RAT, the network could simply reject the combined EPS/IMS attach/TAU request, but this would cause data centric devices to not have access even to SMS, which is undesirable. 

Therefore, a better solution to achieve the desired result is for the network to respond to the combined EPS/IMS attach/TAU request not with a reject but with an indication that “SMS-only” is supported. By doing so, the result is that a voice centric UE will reselect to another RAT, whereas a data centric UE will camp in LTE and have access to SMS services.  

However, this would not completely meet the desired outcome. In fact, as from the scenarios above the current network may support CS fallback services and the network returns the “SMS-only” indication not because only SMS can be supported. A data centric UE that remains camped in LTE at this point does not know whether CSFB services are available or not.

In other words, when the network returns in the combined EPS/IMSI attach/TAU success the indication “SMS-only” to a UE that did not provide the indication “SMS-only” in the combined EPS/IMSI attach/TAU request, the network may be conveying an indication that can have different meaning to voice centric and data centric UEs. Specifically, the network may be indicating:

· CS fallback services (e.g. voice) are not available for either voice centric or data centric UEs, and only SMS in LTE is available for both types of UEs

· Only SMS is available for voice centric UEs, whereas CS fallback and SMS is available for data centric UEs.

5.  Data Centric UE Behaviour After “SMS-only” Indication
Upon receiving a combined EPS/IMSI attach/TAU accept with the “SMS-only” indication, a data centric UE may behave in a variety of ways. 
Specifically, it is desirable that a data centric UE that received a combined EPS/IMSI attach/TAU accept with the “SMS-only” indication will not attempt to establish any mobile originated CSFB services (e.g. voice calls). However, in the scenarios described above, it is not possible for the UE to know if the “SMS-only” indication actually meant that only SMS is available or if CS fallback services are indeed also available. If the user attempts to establish a voice call, the UE may have to attempt the MO CS fallback call establishment just to verify whether CS fallback services are available. It would instead be preferable for the data centric UE to know deterministically whether CS fallback services are available or not. Unless the data centric is provided with sufficient information in order to make a more informed and deterministic decision, it would have to be left up to the UE implementation to decide whether to attempt MO CSFB services or not in such scenarios. 

Let’s consider instead incoming paging for CSFB services (e.g. voice calls). Upon receiving the incoming paging with the CS domain indication, the data centric UE that received a combined EPS/IMSI attach/TAU accept with the “SMS-only” indication should in theory reject the paging. However, if the UE rejects the paging, then the UE cannot receive any mobile-terminated CS fallback services even if the network can support them and is willing to support them for such UE. 
In conclusion, it is possible that non-deterministic behaviours will take place, and at the same time that desirable behaviours will not be allowed.

6.  Discovery of CSFB Availability for Data Centric UE Behaviour After “SMS-only” Indication
As a consequence the network should indicate to data centric UEs that received a combined EPS/IMSI attach/TAU accept with the “SMS-only” indication whether such UEs can use CS fallback services in addition to SMS services while camping in LTE.
The network, upon receiving a combined EPS/IMSI attach/TAU request, would in such case react in four possible ways:

· Reject the request, in which case neither CSFB services nor SMS services are available for the UE

· Accept the request with no indications: in such case both CS fallback and SMS are available for both a voice centric and a data centric UE, and the UE does not reselect to another RAT

· Accept the request with the “SMS-only” indication: in such case in LTE only SMS service is available for both a voice centric and a data centric UE. Upon lack of other voice solutions, a voice centric UE would reselect to another RAT, whereas a data centric UE will remain camped in LTE and have SMS service

· Accept the request with the “SMS-only, CS fallback supported” indication: the network provides such indication when it is configured to prefer that voice centric UEs reselect to another RAT to use CS voice, and to provide both CSFB and SMS services to data centric UE over LTE.

On the terminal side, a data centric UEs that received a combined EPS/IMSI attach/TAU accept with the “SMS-only, CSFB supported” indication is deterministically aware that it can use MO and MT CSFB services, and therefore that it can trigger MO CSFB procedures to establish outgoing voice calls, and respond to incoming paging for mobile terminated voice calls.

Figure 2 and Figure 3 contain two examples of the UE behaviour when considering the additional indication with respect to the voice domain solution and the SMS over SGs solution. 
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Figure 2.
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Figure 3.

 7.        Signalling and backwards compatibility considerations

At TSG-CT-44 it was decided that “From now on CT WGs were encouraged to stop making changes that would not interoperate with previous versions of Rel-8 specifications” (extract from the CT-44 status to TSG SA, SP-090458, Source: TSG CT chairman).

This paper describes the need for providing a new indication to the UEs in addition to the “- SMS only” indication, in order to enable deterministic behaviour in the UE. Subclauses 7.1 and 7.2 below describes a solution to achieve this by using new information elements, to allow backwards compatible behaviours in UE and network. Alternative solutions could be possible.

7.1
Downlink direction
In the downlink direction, we suggest to introduce the two new values in a new information element, in the ATTACH ACCEPT and TRACKING AREA UPDATE ACCEPT message. We believe this solution would be backwards compatible on the UE side:
- A UE not having implemented the 24.301 CR would interpret the indication for combined TAU/Attach accept – SMS only from the network as the old “full combined attach” as it would act on the old IE and ignore the new one, if the old IEs are set with the combined attach/update values. Both voice centric and data centric UEs would remain in LTE. Both the data centric UE and voice centric UE could obtain SMS in LTE. The UEs would not be able to use Voice CS fallback in LTE, but this is limited by the network at the first place anyhow (not supporting CS fallback as indicating ‘SMS only’).
- A UE not having implemented the 24.301 CR would interpret the indication for “combined TAU/Attach accept – SMS only, CS fallback” from the network as the old “full combined attach” due to the same reasons than above. Both voice centric and data centric UEs would remain in LTE. They would both be able to use CS fallback and SMS if UE and network support it.
In the two cases above the UE behavior would be deterministic.

Note: There may be other solutions. If the new indications are added instead as new values in already existing information elements in the ATTACH ACCEPT and TRACKING AREA UPDATE Accept message, for example EPS Attach result IE and EPS update result IE are used today to carry the information on the attach or update type for example and may appear as candidates, then the non-upgraded UE (would not understand the new meaning of those new values and) would not receive the old code-point (as only one code-point in the value range can be sent at the time). In this example the UE would not know if the network is indicating the accept for the combined case or not. Furthermore, the non-upgraded UE would interpret the new values from the already existing IEs as the previously “reserved” values (all available code-points in the value parts being currently coded as such). The EPS attach result and EPS update result IE have a ‘Mandatory’ presence in the ATTACH ACCEPT message and TRACKING AREA UPDATE ACCEPT message, respectively. The error handling of 24.301 (clause 7) indicates that a syntactically incorrect mandatory IE received by the UE shall trigger a status message by the UE (and TS 24.007 defines a ‘reserved’ value as syntactically incorrect). So in this scenario the network would hence even be unable to perform any sort of attach (or TA) update. The spare Bit ‘4’ from those IEs could be used but would allow only one new value. Similar consideration could be done for other already existing information elements.
Proposal: Add the two new indications in a new information element in the downlink direction (in the ATTACH ACCEPT and TRACKING AREA UPDATE ACCEPT messages), in a new information element per message.

7.2
Uplink direction
Adding the new uplink indication in a new information element also appears preferable for backwards compatibility on the network side, as further described:

If the MME has not implemented the Change Request and receives the “- SMS” only indication from the UE in a new IE it will ignore the unknown information element and interpret the request as “a full” combined attach/TAU (by reading the old information element sent as well, if the UE sets its value part with the old “full” combined request). The network would be able to reply with the old “full” combined attach or TAU accept. Both voice centric UEs and data centric UEs would remain in LTE. If UE and network support CS fallback and SMS then this may be used.
The UE behavior would be deterministic.

Note: There may be other solutions. It appears that by using new values in already existing information element, the non-upgraded MME (would not be able to understand the new coding and) would not receive the old coding anymore: the network could either ignore the message or reject it (as the error handling is not mandatory on the network side). However in both cases the network would be unable to assess if the UE is attempting to make attach or TAU as a combined procedure or not.
Proposal: Add the new indication in a new information element in the uplink direction (in the ATTACH REQUEST and TRACKING AREA UPDATE REQUEST messages).

8. 

Conclusions

We have presented a methodology for provisioning CS fallback services to Data Centric UEs when the SMS over SGs solution is used and the operator desires to push Voice Centric UEs to reselect to another RAT.
This paper described the need for providing a new indication to the UEs in addition to the “- SMS only” indication, in order to enable a deterministic behaviour in the UE. This paper also proposed a solution to achieve this by using new information elements, to allow backwards compatible solutions in UE and Network. 

We propose CT1 to endorse the methodology proposed in this discussion paper and handles the related 24.301 Change Request (see C1-093566).
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