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Abstract of the contribution: This paper discusses different options on how to improve the T-ADS in the SCC AS. The proposal is made to provide the "IMS voice over PS session supported indication" to the HSS. The SCC AS can then be updated automatically when the indication is updated and can use the indication for T-ADS.
Discussion
Terminating call handling in the SCC AS

Several agreements have been made in SA2 regarding idle mode mobility between LTE and 2G/3G. It has been agreed that:

-
In case ISR is active: UE will not perform TAU, combined RA/LA Update and UE will not perform IMS (re-) registration

-
In case ISR is not active: UE will not perform IMS (re-)registration

It has also been agreed that when performing idle mode mobility between UTRAN and GERAN within a common RA/LA, that the UE will not perform combined RA/LA Update. The UE will only perform a LAU to the MSC Server in NMO II/III when needed for periodic location update or when the received LAI is different from the stored LAI. When the UE executes a LAU, the MSC Server, if enhanced for ICS, may perform (Re-) registration in the IMS as specified in TS 23.292, indicating thereby the UE is reachable on CS. If the MSC Server is not enhanced for ICS (no IMS (re-)registration), the SCC AS may rely on CS attach information in the HLR to determine whether the subscriber is reachable in CS (SCC AS may use e.g. MAP ATI to check time stamp of last attach in case of terminating call).
Based on these recent agreements in SA2, the current status of the terminating call setup time for IMS voice in different scenarios can be described as follows: The SCC AS (defined in TS 23.292 and TS 23.237) keeps track of IMS registrations and last used domain to decide on the access domain for call termination (this includes the case that a call is ongoing). An implementation of the SCC AS may have to support the following cases and decisions:
-
If only IMS registered for audio via LTE/HS and UE has used LTE/HS for last call ( The SCC AS decides to terminate the call via LTE/HS. The UE will receive the paging message over LTE/HS, performs TAU/RAU and the terminated IMS call is established. No extra-delay.
-
If only IMS registered for audio via LTE/HS and CS was used for last call ( The SCC AS decides to terminate the call via CS domain.
-
This may happen after SRVCC when the UE is still IMS registered for audio via LTE/HS, but the MSC Server has transferred the ongoing call to CS and a terminating call is coming in.
-
If only IMS registered for audio by MSC Server ( The SCC AS decides to terminate the call via MSC Server.
-
If IMS registered for audio both via LTE/HS and via MSC Server ( The SCC AS decides to terminate the call on the domain with an ongoing call, or according to user and operator preferences.
-
If no IMS registration ( deliver terminating call via MSC Server not enhanced for ICS (“break-out to CS domain”).
So it may happen that the SCC AS has been informed about a valid IMS registration for audio via LTE/HS and will therefore try to terminate the call towards the registered contact, but the UE might have moved to GERAN / UTRAN, and thereby out of the IMS voice over PS capable / allowed
 coverage. In this case the UE is paged via PS, the PS context is re-established if needed and then the SIP INVITE is sent. Then either UE T-ADS
 has to be used and/or an error case is reported to the SCC AS (see TS 23.292). If UE T-ADS is used, the UE may either setup an originating CS bearer
 or inform the SCC AS about the error condition that the PS domain cannot be used. If receiving an error response from the UE, the SCC AS will try the CS domain for termination instead. Note: There is discussion ongoing on UE T-ADS functionality proposing that in case ICS capabilities are not available or cannot be used only the option of sending an error response via Gm is possible for an SRVCC capable UE. 

In either case, this will increase the perceived setup time for the calling party. It requires both PS and CS over the air signaling for the called party to establish the terminating call. For the called party, there should be no perceived difference of the setup time if the ringing starts after the CS bearer has been established. Overall, any prolongation of call set up time will adversely impact perceived network quality.
Note that in case of SRVCC and ISR activated, UE T-ADS is the only specified solution to address the problem that the SCC AS cannot determine correctly the access domain for terminating calls.
Information / Indication provided by the network to the UE

Mobility management and IMS registration

In case ISR is active the UE will not perform TAU / RAU while roaming in an ISR area
. This reduces the signaling with the core network, but at the same time increases the likelihood of the SCC AS not knowing the current access / domain the UE is camping on. This occurs when the UE is in idle mode and therefore not performing IMS registration. When being active in a call, the SCC AS will know the current access / domain the UE is camping on.  
When ISR is not active, it can be observed that the UE performs RAU/LAU, TAU when roaming between LTE and 2G/3G. In case of MMTel support on HS, this assumes separate RA/LA for 2G and 3G. It can now be questioned whether the UE shall update its IMS registration status when performing idle mode mobility and ISR is not active. So far there is no clear description of this behavior.
IMS voice over PS session indicator

The UE will receive "IMS voice over PS session supported indication" from MME, SGSN or both per TA list / RA. The "IMS voice over PS session supported indication" is valid within the tracking areas in the TA (list) if received on LTE and within the UTRAN cells in the RA if received on 2G/3G. The UE needs to perform at least one update in each technology and hence the UE can receive one "IMS voice over PS session supported indication" valid for the TA (list) and one for the RA. The UE needs to remember the "IMS voice over PS session supported indication" for all areas where it has an active registration, independently on whether ISR is used or not. 

However, even if the UE, by means of the “IMS voice over PS session indication” knows if IMS Voice over PS is possible over the access, the SCC AS may have incorrect information about the PS access capability; this is because the SCC AS relies on the IMS registration and hence cannot make a correct terminating domain selection.
Example: The UE receives indication that IMS voice over PS is supported in LTE and subsequently moves to GERAN where IMS voice over PS is instead not supported. Even if the UE would perform RAU, the SCC AS would not know about the change of the access capability.
Options to provide additional information to the SCC AS

Option 1 (Re-registration): The UE updates the IMS registration when access capability for IMS voice over PS changes, once it has determined that the access is not frequently changing, taking operator policies into account. This would result in the SCC AS not trying termination over PS while UE is camping on a non PS voice capable access. 
While this option increases signaling by forcing to update the IMS registration when the UE moves between accesses with different capability for IMS voice over PS, it also reduces the terminating call setup time in some relevant scenarios.  Initially there will be only a few UEs with the required capabilities, so the additional load seems acceptable. Also the impact on the battery consumption can be greatly reduced by deciding to re-register only in case the access is not frequently changing. Details on how to implement this type of behavior have not been investigated yet. As LTE coverage or IMS voice over PS coverage improves, there will be fewer cases in which the UE has to update its IMS registration due to access capability changes.
Note that the UE will not be informed by the network about changes of the access capability until performing RAU or TAU. Hence in case ISR is active the UE updates IMS registration only when moving between ISR areas and when the support for IMS voice over PS is changing.

The following drawbacks can be identified with this approach:

-
The UE has to perform IMS registration when access capability for IMS voice over PS changes, which has negative impact on UE battery life.

-
Additional over-the-air IMS signaling in idle mode. 

Option 2 (IMS registration time-stamp): The SCC AS always queries the HSS (e.g. using ATI) for the CS location update status. In case there is no IMS registration by the MSC Server and the location update has been performed more recently than the last IMS registration via LTE/HS, then the SCC AS terminates the call via CS.

This option requires that the SCC AS interrogates the HSS to retrieve the CS location update time stamp for every terminating session even when a valid IMS registration exists. It further implies that termination via CS takes precedence over termination via IMS. The UE would have to register in the IMS when moving into LTE in order to ensure that the IMS registration has a new time stamp. In case of HSPA only coverage, the same procedure applies. In case both CS and IMS termination are possible (i.e. when HSPA/UTRAN is in use), the UE (or the operator via pre-configured policies) needs to provide the information to the SCC AS whether IMS termination or CS termination is preferred.
This option is independent of whether ISR is active or not; the UE has to perform IMS registration when moving into LTE / HSPA.

The following drawbacks can be identified with this approach:

-
The UE has to perform IMS registration when moving into LTE / HSPA, which has negative impact on the UE battery life also when ISR is active
-
Additional over-the-air IMS signaling in idle mode.
-
SCC AS has to interrogate with the HSS for every terminating session.

Option 3 (PS voice indicator): When the UE performs attach or TAU / RAU, and the MME / SGSN provides "IMS voice over PS session supported indication" to the UE. The MME / SGSN provides this indication to the HSS in case of: 

-
Attach 

-
If TAU / RAU to new MME / SGSN 
-
If TAU / RAU and the access capability has changed. 
Note: In the first two cases, the MME / SGSN interacts with the HSS anyway, so no additional signaling load in the network. Whether or not there is additional signaling load by the last case depends on how IMS voice is supported in TAs and RAs; additional procedures for this signalling may have to be standardized.
The SCC AS retrieves the "IMS voice over PS session supported indication" when needed from the HSS (e.g. when interrogating for the attach status). Alternatively, but not recommended due to additional load, the SCC AS can subscribe to changes of this HSS data and can be informed automatically in case of updates.. 
Note: The RAT type could also be provided to the HSS by the MME / SGSN. The RAT type can be used to support operator policies in the SCC AS restricting IMS voice over PS usage to particular radio access technologies but is not necessary to correctly determine whether IMS voice over PS is possible over the currently used access. 

With option 3 the UE can always stay registered in IMS for audio and the SCC AS is aware of whether the currently used access is IMS voice over PS capable or not. If the currently used access is not IMS voice over PS capable or restricted by operator policy, then the SCC AS will terminate the session via CS. This option also works when ISR is active provided that support for IMS voice over PS is applicable to the whole ISR area. 
In case ISR is active and the UE switches between RAT types without performing TAU / RAU, then the change of RAT type is not signaled to the MME / SGSN.. In this case the MME / SGSN shall provide the indication to the HSS that "ISR is active" if the support for IMS voice over PS is not applicable to the whole ISR area. In this case the SCC AS cannot rely on the "IMS voice over PS session supported indication”. The SCC AS can then take this “ISR is active” indication into account when performing T-ADS. 
Note: There is a discussion ongoing whether ISR needs to be disabled for cases in which the IMS voice over PS is not applicable to the whole ISR area. In case disabling ISR is possible for the subscribers using IMS voice, the “ISR is active” indication might not be needed.
The following drawbacks can be identified with this approach:

-
Solution has impacts to the HSS, SGSN and MME. The HSS, SGSN and MME need to support the above-described indications. 
-
Additional signaling between MME / SGSN and HSS after TAU / RAU if access capability has changed. 
Option 4 (PCC): When the UE performs attach or TAU / RAU, the MME / SGSN provides the information about the IP-CAN type and, if the relevant PCC event trigger is set, also the RAT type to the S-GW which in turn updates the PCRF in the visited network. When performing the IMS registration, the P-CSCF subscribes to changes of IP-CAN type and RAT type over Rx (as specified in TS 29.213 clause B.1a and TS 29.214 clause 4.4.6.4). 
The P-CSCF notifies the S-CSCF (or the SCC AS) of every IP-CAN / RAT change for the user. This function and additionally required RAT types (e.g. to differ between UTRAN with and without IMS voice over PS capability) would be subject of standardization.

This option also works when ISR is active provided that support for IMS voice over PS is applicable to the whole ISR area and IP-CAN type.
In case ISR is active and the UE switches between RAT types without performing TAU / RAU, then the change of RAT type is not signaled to the MME / SGSN; therefore it cannot be provided to the PCRF / P-CSCF and consequently also not to the SCC AS. 

The following drawbacks can be identified with this approach:

-
Additional B2BUA behavior is required in the P-CSCF.

-
PCRF has to be informed about every RAT change.

-
The IMS is informed about every IP-CAN / RAT change for the user. 
-
PCC support needs to be mandatory. 
-
Need to support new IP-CAN/RAT types for VoIP capable bearers.

As an enhancement of this option, the P-CSCF could use locally stored information about IP-CAN-TYPE and if the IP-CAN-TYPE is not sufficient for IMS voice over PS, the P-CSCF may immediately reject a terminating SIP INVITE with an appropriate error indication. This will on turn force the SCC AS to terminate the call on the CS domain. 
Option 5 (PCC+HSS): As a variant of option 4, the PCRF provides the RAT type not to the P-CSCS but to the HSS; the SCC AS would be informed about changes of the RAT type as proposed in option 3. This variant requires further analysis but inherits above-described drawbacks from both option 3 and option 4 but avoids the impact on the P-CSCF compared to option 4.

Comparison of options

Option 1 and 2 require that the UE performs IMS registration either when access capability for IMS voice over PS changes (option 1) or when the UE is moving to LTE (option 2). In both cases, IMS registration is needed also in idle mode.
Option 3 does not require signaling by the UE (“network based” solution). It requires instead that the MME / SGSN provide the HSS with the "IMS voice over PS session supported indication" sent to the UE. The HSS, SGSN and MME need to support these indications. The SCC AS can then retrieve the indication when needed. This limits the signaling load on both HSS and SCC AS. In this option the drawbacks of option 4 are avoided, i.e. it does not require PCC and has no impact on the P-CSCF. 
Option 4 also does not require signaling by the UE (“network based” solution). It mandates however PCC and requires that the P-CSCF has additional B2BUA behavior. In this option the drawbacks of option 3 are avoided, i.e. it has no impact on the HSS, MME or SGSN.

Option 5 also does not require signaling by the UE (“network based” solution). It mandates however PCC, new RAT types (same as Option 4), impacts the HSS and requires new interaction between PCRF and HSS. The SCC AS can then be informed automatically when the RAT type. In this option the impact on the P-CSCF (as in option 4) and the additional interaction between SGSN / MME and HSS are (option 3) are avoided. 
Conclusion / Proposal
In order to improve the success rate of the first terminating attempt either an option requiring IMS (re-) registration by the UE or a mechanism without signalling by the UE can be chosen (“network based”). In the related S2-090797 (“Reply LS on Indication of mobile access network type/capabilities to IMS”), SA2 replied to CT1 that “… a network-based solution is considered preferable, but it needs further study. However, such study is not foreseen to be achievable in the Rel-8 timeframe but will be studied in a future release. Another mechanism discussed was UE T-ADS which also requires further study in a future release to determine if it meets the requirements”.
Conclusion 1: In order to avoid over the air signalling and battery drain in idle mode a network-based solution should be selected. 
Considering the two “network only” solutions, Option 4 mandates PCC and requires P-CSCF having additional B2BUA functionality and for these and other reasons it was already discarded during previous meetings. 
Option 3 can be seen as a general enhancement to the system as the information on the IMS voice over PS capability, RAT type and ISR made available to the HSS can also be used by functions other than the SCC AS if needed. 
Conclusion 2: Option 3 (PS voice indicator) should be specified clarifying the conditions under which it is applicable. Change requests to TS 23.292, TS 23.060 and TS 23.401 are provided.

� Operator policies may prevent the termination over HSPA.


� It can be noted that UE T-ADS is mandated for SRVCC capable UEs according to TS 23.216. 


� This alternative where the UE originates a CS call is applicable only for ICS UE, when also the SCC AS and the access network support and are capable for simultaneous ICS service control and CS media bearer.


� An ISR area consists of a list of TAs and RAs in which ISR can be declared as activated by the MMS and SGSN.
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