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*********** Start of changes *************

4.3.1
UE

The CS fallback capable UE supports access to E-UTRAN/EPC as well as access to the CS domain over GERAN and/or UTRAN.

The SMS over SGs capable UE supports access to E-UTRAN/EPC and may support access to the CS domain over GERAN and/or UTRAN.

The support of SMS over SGs is mandatory for a UE that supports CS fallback, whereas a UE that supports SMS over SGs is not required to support CS fallback.

These UEs support the following additional functions:

-
Combined procedures specified in this document for EPS/IMSI attach, update and detach.

-
CS fallback and/or SMS over SGs procedures specified in this document for using CS domain services.

From the UE's perspective there is no difference whether the MME provides SMS via SGs or by "SMS in MME".
A UE that only supports NB-IoT (see TS 23.401 [2]) may request SMS service and use the EPS Attach, TA Update and EPS Detach procedures.
A UE using CS fallback and/or SMS over SGs supports ISR according to TS 23.401 [2]. In particular a UE deactivates ISR at reception of LAU accept or at reception of combined RAU/LAU accept response with no ISR indication.

The coexistence with IMS services for voice/SMS is defined in clause 4.5.

There are no other CS fallback/SMS over SGs ISR-specifics for the UE compared to ISR description in TS 23.401 [2], i.e. if ISR is active the UE can change between all registered areas and RATs without performing update signalling. The UE listens for paging on the RAT it is currently camped on.

If the UE is a Service User according to TR 22.952 [47] with subscription to CS domain priority service, the UE's USIM belongs to one of Access Class that indicates the priority is needed and the UE sets the RRC establishment cause to "HighPriorityAccess" as specified in TS 36.331 [33].

4.3.2
MME

The CS fallback and/or SMS over SGs enabled MME supports the following additional functions:

-
Multiple PLMNs selection for the CS domain.

-
RAT selection for the CS domain.

-
Deriving a VLR number and LAI from the TAI of the current cell and based on the selected PLMN or the selected RAT for CS domain, or using a default VLR number and LAI.

-
Deliver the registered PLMN ID for CS domain (included in the LAI) to the eNodeB.

-
Includes the PLMN ID for the CS domain (included in the LAI provided to the UE) in the equivalent PLMNs list if it is different compared to the PLMN ID provided as part of the GUTI.

-
For CS fallback, generating a TAI list such that the UE has a low chance of "falling back" to a cell in a LA different to the derived LAI (e.g. the TAI list boundary should not cross the LA boundary).

NOTE 1:
Alignment of the TAI list boundary with a LA boundary can prevent the MME from making effective use of the "tracking area list" concept. To compensate for this, appropriate cell reselection hysteresis may need to be used within the E-UTRAN.

-
Maintaining of SGs association towards MSC/VLR for EPS/IMSI attached UE.

-
In order for the Serving MSC/VLR to always be up to date with the correct last used LTE PLMN, issuing a LOCATION-UPDATE-REQUEST over SGs when the selected LTE PLMN changes: the serving LTE PLMN is derived from the TAI included in that message.

-
Initiating IMSI or EPS detach.

-
Initiating paging procedure specified in this document towards eNodeB when MSC pages the UE for CS services.

-
Supporting SMS procedures defined in this document.

-
Rejecting CS Fallback call request (e.g. due to O&M reasons)

-
When configured to support the return to the last used PLMN after CSFB:

-
Indicating to the MSC that the MO CS service is due to CSFB as specified in TS 29.118 [44].

-
Indicating to the SGSN that the mobility procedure is due to CSFB by adding an indication in Forward Relocation Request and Context Response as specified in TS 29.274 [45].

NOTE 2:
This only applies when the S4 reference point is supported between the MME and the SGSN; no equivalent functionality exists on Gn.

-
To be sure the Context Request is due to CSFB, a timer is set by the MME at CSFB execution and the indication in Context Response is included only if the timer is not expired.

-
If the network supports the CSFB procedures during ongoing IMS voice call with SRVCC capability (i.e. clauses 8.3 and 8.4) and UE has SRVCC and EMM combined capability and CSFB is selected by the network (i.e. not SMS only), then:

-
Selecting a MSC/VLR which is both SRVCC and CSFB capable during combined Attach/TAU procedure.

-
If CSFB triggers SRVCC during ongoing IMS voice call, a PS to CS HO request is sent to the MSC/VLR that is registered during the combined Attach/TAU procedure, for which the MME selects an SRVCC and CSFB capable MSC/VLR.

An MME that supports "SMS in MME" shall support additional functions specified in Annex C, clause C.4.2.
Whether the MME provides SMS via SGs or by "SMS in MME" is not visible to the UE.
An MME that supports CS Fallback uses the LAI and the TMSI based NRI as provided by the UE or the LAI and a hash value from the IMSI to determine the VLR number as defined in TS 23.236 [23] when multiple MSC/VLRs serve the same LAI. The NRI distribution or IMSI Hash table shall have a consistent configuration in all MMEs in the pool. The same NRI value/hash value/function is used by SGSN to determine the VLR number. An MME that supports SMS over SGs may use the same procedure as for CS Fallback. In some networks, the MME may be configured to select the MSC/VLR for UEs that send low access priority indication with a different load balance to that used for MSC/VLR selection for other UEs. In this case the MME maintains a separate hash/value function for UEs that send low access priority indication.

If the network supports CSFB priority call handling, the MME supports the following additional functions:

-
For paging message received on the SGs interface with an indication of the eMLPP priority level, the MME is configured with the priority level(s) for which it provides preferential treatment to the paging of the UE and also the subsequent CS fallback procedure compared to other normal procedures. If the UE needs to be paged, the MME sets the priority level in the S1AP paging request to eNodeB based on the value(s) configured in the MME for CSFB priority call handling. The MME also sets priority indication, i.e. "CSFB High Priority", in the S1AP UE Context Setup/Modification message to the eNodeB, so that the eNodeB can initiate the CSFB procedure with priority, as specified in TS 36.413 [35].

-
For an MO CSFB request, the MME determines that the CSFB request needs CSFB priority call handling based on the "HighPriorityAccess" establishment cause received from the eNodeB and/or the MPS CS Priority stored in UE's EPS subscription. The MME provides preferential treatment to this request and also sets priority indication, i.e. "CSFB High Priority", in the S1AP UE Context Setup/Modification message to eNodeB to initiate CSFB procedure with priority, as specified in TS 36.413 [35].

*********** Next change *************

5.2
Attach procedure

The attach procedure for the CS fallback, SMS over SGs or "SMS in MME" in EPS is realized based on the combined GPRS/IMSI Attach procedure specified in TS 23.060 [3].
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Figure 5.2-1: Attach Procedure

1)
The UE initiates the attach procedure by the transmission of an Attach Request (parameters as specified in TS 23.401 [2] including the Attach Type, old LAI and Mobile Station Classmark 2) message to the MME. The Attach Type indicates that the UE requests a combined EPS/IMSI attach and informs the network that the UE is capable and configured to use CS fallback and/or SMS over SGs. If the UE needs SMS service but not CSFB, the UE shall include an "SMS-only" indication in the combined EPS/IMSI Attach Request. See clause 5.6.

A UE that only supports NB-IoT (see TS 23.401 [2]) may request SMS service but set the Attach Type to EPS attach instead of combined EPS/IMSI attach.
2)
Step 3 to step 16 of the EPS Attach procedure are performed as specified in TS 23.401 [2] with the differences as described below when "SMS in MME" applies:

-
If the MME is enabled to use "SMS in MME" and the MME is not registered with an HSS for that UE (i.e. the MME stores no subscriber data for the UE), the MME performs a registration with HSS as described in Annex C, clause C.8.

-
If the MME is enabled to use "SMS in MME" and the MME is registered with an HSS for that UE but has no valid SMS subscriber data (i.e. the MME stores subscriber data for the UE but SMS subscriber data have not been requested before or have been removed by the HSS), the MME may perform a re-registration with HSS as described in Annex C, clause C.8 to obtain SMS subscriber data and to provide the HSS with the MME identity to be used for MT-SMS delivery.

-
If the HSS supports "SMS in MME", the HSS follows the registration procedures described in Annex C, clause C.8.


If the UE subscribes to the eMLPP (TS 22.067 [37]) service in the CS domain or to another CS domain priority scheme (e.g., based on TIA-917 [46] or TR 22.952 [47]) and has a priority level that qualifies for CSFB priority call handling, the UE EPS subscription received from HSS contains the MPS CS Priority indication.

3)
If the Attach Request message includes an Attach Type indicating that the UE requests a combined EPS/IMSI attach, or an NB-IoT-only UE requests SMS and the Attach Type indicates EPS attach, the MME allocates a new LAI for the UE as described in clause 5.1A.


The MME does not perform any registrations with a VLR, (i.e. it skips steps 4 to 7 and no SGs association is created), if the Network Access Mode information in the subscriber data indicate that the subscription has no CS subscriber data; or if the HSS registered the MME for "SMS in MME" for the UE as described in Annex C, clause C.8.


If the registration with a VLR is required and multiple PLMNs are available for the CS domain, the MME performs selection of the PLMN for CS domain and CS domain operator if the selected CS network is shared network configuration, based on the PLMN ID contained in the current TAI, old LAI and operator selection policies on preferred RAT for CS domain. If the target network is a shared GERAN, the MME shall also take into account the UE capability of support or non-support of GERAN network sharing when selecting the PLMN for the CS domain as specified in TS 23.251 [42]. The PLMN selected for CS should be the same that is used for this UE as a target PLMN for PS handovers or for any other mobility procedures related to CSFB. The MME may take any access restrictions provided by the HSS into account, if the network is using separate location areas for GERAN and UTRAN cells. The selected PLMN ID is included in the newly allocated LAI which is sent to MSC/VLR in step 4 and in Attach Accept to the UE.


The MME derives a VLR number based on the newly allocated LAI and the TMSI based NRI as provided by the UE or on the newly allocated LAI and an IMSI hash function defined in TS 23.236 [23]. The MME starts the location update procedure towards the new MSC/VLR upon receipt of the subscriber data from the HSS in step 2). This operation marks the MS as EPS-attached in the VLR.

4)
The MME sends a Location Update Request (new LAI, IMSI, MME name, Location Update Type, selected CS domain operator) message to the VLR. MME name is a FQDN string. The cases in which the MME includes the selected CS domain operator towards the VLR are specified in TS 23.251 [42].
5)
The VLR creates an association with the MME by storing MME name.

6)
The VLR performs the normal subscription checks for CS and if all checks are successful performs Location Updating procedure in CS domain.


For GWCN configuration, the MSC selects the core network operator as specified in TS 23.251 [42].

7)
The VLR responds with Location Update Accept (VLR TMSI) to the MME.

8)
The EPS Attach procedure is completed by performing step 17 to step 26 as specified in TS 23.401 [2]. 
If the UE requested a combined EPS/IMSI Attach, the Attach Accept message includes the parameters as specified in TS 23.401 [2]: VLR TMSI and LAI as allocated in step 3 above. The existence of LAI and VLR TMSI indicates successful attach to CS domain.

If the UE requests combined EPS/IMSI Attach Request without the "SMS-only" indication, and if the network supports SGs procedures only for SMS or the network decided to provide "SMS in MME" for the UE, the MME shall indicate in the Attach Accept message that the IMSI attach is for "SMS-only". When the network accepts a combined EPS/IMSI attach without limiting to "SMS-only", the network may provide a "CSFB Not Preferred" indication to the UE.


If the UE requests combined EPS/IMSI Attach Request with the "SMS-only" indication, and if the network supports SGs procedures only for SMS or if it supports CSFB and SMS over SGs or the network decided to provide "SMS in MME" for the UE, the MME shall indicate in the Attach Accept message that the IMSI attach is for "SMS-only".


If the MME provides "SMS in MME" for a UE that requested combined EPS/IMSI Attach, then the TMSI and LAI are provided as specified in clause C.4.2.


The network provides the "SMS-only" or "CSFB Not Preferred" indications based on locally configured operator policies based on e.g. roaming agreement.


The UE behaviour upon receiving such indications is described in TS 23.221 [26].


If the PLMN ID for the CS domain (included in the LAI provided to the UE) differs from the PLMN ID provided as part of the GUTI, the equivalent PLMNs list includes the PLMN ID for the CS domain.

9)
If the VLR has updated the SGs association and if a paging timer is still running for a MT service for this UE, the VLR shall repeat SGs Paging Request towards the updated SGs association.

NOTE 2:
The case of unsuccessful attach to CS domain is documented in stage 3 specifications, taking into account reachability for CS services of UEs that have the user preference to prioritize voice over data services and are not configured/supporting to use IMS voice services.

*********** Next change *************

5.4.1
Combined TA/LA Update Procedure

NOTE 1:
The combined TA/LA Update procedure for the CS fallback, SMS over SGs or "SMS in MME" in EPS is realized based on the combined RA/LA Update procedure specified in TS 23.060 [3].
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Figure 5.4.1-1: Combined TA / LA Update Procedure

1)
The UE detects a change to a new TA by discovering that its current TAI is not in the list of TAIs that the UE registered with the network or the UE's TIN indicates the need for a TAU when re-selecting to E-UTRAN. The combined TA/LA Update Procedure is also performed in order to re-establish the SGs association.

A UE that only supports NB-IoT (see TS 23.401 [2]) may request SMS service but send a TA Update instead of a combined TA/LA Update.
2)
The UE initiates the TAU procedure by sending a TAU Request (parameters as specified in TS 23.401 [2] including the Update Type, old LAI and Mobile Station Classmark 2) message to the MME. The Update Type indicates that this is a combined Tracking Area/Location Area Update Request or a combined Tracking Area/Location Area Update with IMSI attach Request. If the UE needs SMS service but not CSFB, the UE shall include an "SMS-only" indication in the combined TA/LA Update procedure, see clause 5.6.

3)
Step 4 to step 19 of the EPS TAU procedure are performed as specified in TS 23.401 [2] with the differences as described below when "SMS in MME" applies:

-
If the MME is enabled to use "SMS in MME" and the MME is not registered with an HSS for that UE (i.e. the MME stores no subscriber data for the UE), the MME performs a registration with HSS as described in Annex C, clause C.8.

-
If the MME is enabled to use "SMS in MME" and the MME is registered with an HSS for that UE but has no valid SMS subscriber data (i.e. the MME stores subscriber data for the UE but SMS subscriber data have not been requested before or have been removed by the HSS), the MME may perform a re-registration with HSS as described in Annex C, clause C.8 to obtain SMS subscriber data and to provide the HSS with the MME identity to be used for MT-SMS delivery.

-
If the HSS supports "SMS in MME" the HSS follows the registration procedures described in Annex C, clause C.8.


The MME does not perform any registrations with a VLR, (i.e. it skips steps 4 to 6 and no SGs association is created), if the Network Access Mode information in the subscriber data indicate that the subscription has no CS subscriber data or if the HSS registered the MME for "SMS in MME" for the UE as described in Annex C, clause C.8.

4)
If multiple PLMNs are available for CS domain, the MME performs selection of the PLMN for CS domain and CS domain operator if the selected CS network is shared network configuration, based on current TAI, old LAI and operator selection policies on preferred RAT for CS domain. If the target network is a shared GERAN, the MME shall also take into account the UE capability of support or non-support of GERAN network sharing when selecting the PLMN for the CS domain as specified in TS 23.251 [42]. The PLMN selected for CS should be the same that is used for this UE as a target PLMN for PS handovers or for any other mobility procedures related to CSFB. The MME may take any access restrictions provided by the HSS into account, if the network is using separate location areas for GERAN and UTRAN cells. The selected PLMN ID is included in the newly allocated LAI. If the association has to be established or if the LA changed, the new MME sends a Location Update Request (new LAI, IMSI, MME name, Location Update Type, selected CS domain operator) message to the VLR. The cases in which the MME includes the selected CS domain operator towards the VLR are specified in TS 23.251 [42]. The MME retrieves the corresponding VLR number from the determined LAI. If multiple MSC/VLRs serve this LAI, the TMSI based NRI as provided by the UE or an IMSI hash function is used to retrieve the VLR number for the LAI as defined in TS 23.236 [23]. The Location Update Type shall indicate normal location update. The MME name is a FQDN string.

5)
The VLR performs the normal subscription checks for CS and if all checks are successful performs Location Update procedure in CS domain.


For GWCN configuration, the MSC selects the core network operator as specified in TS 23.251 [42].

6)
The VLR responds with Location Update Accept (VLR TMSI) to the MME.

7)
The MME sends a TAU Accept (parameters as specified in TS 23.401 [2], LAI, VLR TMSI) message to the UE. The VLR TMSI is optional if the VLR has not changed. LAI is determined in step 4 above. The presence of the LAI indicates to the UE that it is IMSI attached. If the UE requests combined TA/LA Update Request without the "SMS-only" indication, and if the network supports SGs for SMS only, the network shall perform the IMSI attach and the MME shall indicate in the TAU Accept message that the IMSI attach is for "SMS-only".


If the UE requests combined TA/LA Update (or combined TA/LA Update with IMSI attach) without the "SMS-only" indication, and if the network supports SGs procedures only for SMS or the network decided to provide "SMS in MME" for the UE, the MME shall indicate "SMS-only" in the TAU Accept message. However, if the network supports CSFB and SMS over SGs and accepts a combined TA/LA Update procedure but does not indicate "SMS-only", the MME may provide a "CSFB Not Preferred" indication to the UE.


If the UE requests combined TA/LA Update (or combined TA/LA Update with IMSI attach) with the "SMS-only" indication, and if the network only supports SGs procedures for SMS or if it supports CSFB and SMS over SGs or if the network decided to provide "SMS in MME" for the UE, the MME shall indicate in the TAU Accept message that the combined TA/LA Update procedure is for "SMS-only".


If the MME provides "SMS in MME" for a UE that requested combined TA/LA Update with IMSI attach, then the TMSI and LAI are provided as specified in clause C.4.2.


The network provides the "SMS-only" or "CSFB Not Preferred" indications based on locally configured operator policies based on e.g. roaming agreement.


The UE behaviour upon receiving such indications is described in TS 23.221 [26].


If the PLMN ID for the CS domain (included in the LAI provided to the UE) differs from the PLMN ID provided as part of the GUTI, the equivalent PLMNs list includes the PLMN ID for the CS domain.

8)
The UE may send a TAU complete message as specified in TS 23.401 [2] for the TAU procedure.

9)
If the VLR has updated the SGs association and if a paging timer is still running for a MT service for this UE, the VLR shall repeat SGs Paging Request towards the updated SGs association.

*********** Next change *************

5.6
Mobility Management for SMS over SGs only UEs

UEs that need SMS service but not CSFB indicate this specific condition with the "SMS-only" indication in the EPS/IMSI Attach Request and combined TA/LA update procedures (or, for a UE that only supports NB-IoT, optionally using the EPS Attach Request and TA update procedures, see TS 23.401 [2]). This allows an operator to deploy the SGs for SMS delivery over LTE only without the need for CSFB support. In addition, this allows the MME to use a dedicated algorithm for the selection of the MSC that supports those UEs. An MME that supports "SMS in MME" may directly handle SMS services for the UE under the conditions described in clause C.4.2.

NOTE:
SMS delivery via SGs does not cause the terminal to fallback to the CS-capable network. It is possible that only certain MSCs in the network (one in minimum) are configured to support SGs when the network only supports SMS and no other (CS) services via SGs. However such a minimal configuration can cause inter-MSC location updates to be performed at every movement into/out of E‑UTRAN coverage.

*********** Next change *************

C.8.1
Request for registration

An MME supporting SMS in MME that needs to perform a registration with HSS shall follow the following procedure to become registered by the HSS also for SMS.

The following sequence shows the request for registration with the HSS for SMS in MME.
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Figure C.8.1-1: MME registration for SMS

1.
The UE initiates combined attach or combined TA/LA Update to an MME. A UE that only supports NB-IoT (see TS 23.401 [2]) may issue an EPS attach or TA Update instead of a combined attach or combined TA/LA Update.
2.
The MME sends a Location Update Request (SMS in MME feature flag, MME address for MT-SMS routing, RegistrationForSMSRequest, "SMS-only" Indication) message to HSS. SMS in MME feature flag indicates that the MME is capable of SMS transfer without the need of establishing an SGs association with an MSC. The "SMS-only" Indication is included if it has been included in the request from the UE. The MME includes one of the following RegistrationForSMSRequest values based on the criteria shown in Table C.8.1-1.

Table C.8.1-1: Registration For SMS Request values

	Value
	Description

	SMS in MME Required
	-
MME does not support SGs; or

-
The MME can be configured to use this value when the UE indicates "SMS only" or when known that the subscription is "PS and SMS only".

NOTE 1

	SMS in MME Not Preferred
	-
The MME can be configured to use this value when the UE indicates "SMS only" or when known that the subscription is "PS and SMS only"

-
The MME can be configured to use this value when the UE does not indicate "SMS only" (i.e. requests CSFB) and the MME has no subscriber data yet (when MME is configured to use SGs for "SMS and PS only" subscription).

NOTE 2

	No Preference for SMS in MME
	-
The MME has no preference configured to use SMS in MME or SGs, but both options are available from MME perspective.

NOTE 2


NOTE 1:
If this is set the HSS cannot determine whether the SGs is available.

NOTE 2:
If this value is set it means that the MME supports SGs. UE might or might not indicate "SMS-only".

3.
If the HSS supports SMS in MME and the subscription includes SMS:

a)
if one or more of the following is true:

-
Network Access Mode is PS only; or

-
the MME indicates "SMS in MME Required";


then the HSS shall register the MME for SMS;

b)
if the MME indicates "No Preference for SMS in MME" and Network Access Mode is not equal to PS only but one or more of the following are true:

-
the UE indicated "SMS-only";

-
the subscription is limited to PS domain services and SMS service via the CS and the PS domain ("PS and SMS only");


then the HSS should register the MME for SMS;

NOTE 3:
The HSS can decide not to register the MME for SMS since it knows that the MME supports SGs but the normal behaviour would be to register for SMS and avoid an SGs association.

c)
if the MME indicates "SMS in MME Not Preferred" and Network Access Mode is not equal to PS only then the HSS should not register the MME for SMS;

NOTE 4:
The HSS can decide to register the MME for SMS based on the "PS and SMS only" setting and also on other factors including the UE indication for "SMS-Only", it is however assumed the normal behaviour would be not to register for SMS.

d)
otherwise the HSS shall not register the MME for SMS.


If HSS registered the MME for SMS, the HSS stores the MME address for MT SMS.

4.
If the HSS accepts to register the MME identity as an MSC identity for terminating SMS services then the HSS cancels the MSC/VLR registration from the HSS.

5.
The HSS sends a Location Update Answer (indication whether the MME has been registered for SMS, subscription data including the Network Access Mode and "PS and SMS only" indications, SMS subscription data, SMS in MME feature flag) message to MME.


If the HSS does not register the MME for SMS, it shall indicate that the MME has not been registered for SMS and not include any SMS subscription data.


SMS in MME feature flag indicates that the HSS is capable of supporting the SMS in MME feature.


The MME stores the returned data and checks the result of registering the MME for SMS.


If the registration for SMS was not accepted, the MME does following:

a.
For a PS-only subscription (i.e. the Network Access Mode in the subscription equals "PS-only"), the MME shall not establish any SGs association (no SMS services are provided to the UE).

b.
For a "PS and SMS only" subscription where SMS can be provided over CS (i.e. the Network Access Mode equals "PS+CS" and the subscription parameter "PS and SMS only" is set), the MME tries to establish SGs for SMS.

c.
For a PS and CS subscription where also other CS services are allowed (i.e. Network Access Mode equals "PS+CS" and the subscription parameter "PS and SMS only" is not set), the MME tries to establish SGs for SMS and other CS services.

*********** End of changes *************
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3. Step 4 to step 19 of TAU procedure as specified in TS 23.401
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4. Cancel Location Request
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6. Location update in CS domain







2. Step 3 to step 16 of the Attach procedure specified in TS 23.401
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8. Step 17 to step 26 of the Attach procedure specified in TS 23.401
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