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Abstract of the contribution: This contribution clarifies that a LAU (or combined RAU/LAU) is performed in the new RAT before the UE sends Page Response or Service Request.

Discussion

In the current version of the CS fallback specification it’s unclear when the UE initiates the location area update procedure in the new RAT. It seems like the order of LAU/Page Response or Service Request depends on the particular call flow that is being executed. In order to simplify the solution it’s proposed to make the UE and network behaviour consistent for all call flows it’s proposed to always perform the LAU before executing any other NAS procedures in the target RAT. 

Proposal

It’s proposed to update TS 23.272v1.0.0 according to the modifications below:
************************First Change*********************************
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6
Mobile Originating Call

6.1
General

This subclause describes the mobile originating call procedures for the CS Fallback in EPS. 

6.2 Mobile Originating call in Active Mode
[Note to editor: The author of the contribution failed to represent the modification of the diagram below in the normal form. The modification in the flow is the addition of step 3a. nothing else is modified. This note is not intended to be introduced in the TS]  
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Figure 6.2-1: CS Call Request in E-UTRAN, Call in GERAN/UTRAN
NOTE 1:
For simplicity, Figure 6.2-1 includes some messages which are only applicable to GERAN access (e.g. SABM, UA and XID negotiation). In case of UTRAN access, the applicable messages can be found in the E-UTRAN to UTRAN inter-RAT HO procedures specified in TS 23.401 [2].

1.
The eNodeB receives a CS Call Request from the UE. The UE only transmits this request if it is attached to CS domain (with a combined EPS/IMSI Attach) and can not initiate an IMS voice session (because e.g. the UE is not IMS registered or IMS voice services are not supported by the serving IP-CAN, home PLMN or UE).
2.
The eNode may optionally solicit a measurement report from the UE to determine the target GERAN/UTRAN cell to which PS handover will be performed.

3.
The eNodeB triggers PS handover to a GERAN/UTRAN neighbour cell by sending a Relocation Required message. In the following a PS HO as specified in TS 23.401 [2] takes place. 
3a. If the target system operates in Network Mode of Operation (NMO) I the UE shall perform a combined RA/LA update, as defined in TS 23.060 [3], immediately after sending the XID Response during the PS HO procedure. If the target system operates in NMO II or III the UE performs Location Area Update towards the MSC, as specified in TS 23.012 [y], at any point after sending the XID Response during the PS HO procedure.  
4.
As soon as the UE completes the PS Handover procedure (by sending the XID Response message) it establishes the main signalling link on the allocated dedicated channel (i.e. UE sends a SABM containing a layer 3 Service Request message = CM SERVICE REQUEST to the BSS) and the BSS responds by sending a UA. Upon receiving the SABM (containing a CM SERVICE REQUEST message) the BSS sends a COMPLETE LAYER 3 INFORMATION message (containing a CM SERVICE REQUEST message) to the MSC which indicates CS resources have been allocated in the GERAN cell.  After the establishment of the main signalling link as described in TS 44.018 [4] the UE enters either Dual Transfer Mode or Dedicated Mode and the CS call establishment procedure completes.

NOTE 2:
This step is not shown in TS 23.401 [2] since no CS resource allocation is included in that handover procedure.

5.
Upon receiving the PS Handover Complete message, the SGSN send a Forward Relocation Complete message to the MME to indicate completion of the PS handover procedures. The MME responds with a Forward Relocation Complete Acknowledge message.

6.
The SGSN sends an Update PDP Context Request (new SGSN Address, TEID, QoS Negotiated) message to the Serving GW concerned. The Serving GW updates the PDP context fields and returns an Update PDP Context Response (TEID) message. From now on the Serving GW sends new incoming downlink IP packets to the SGSN instead of to the MME.

NOTE 3:
The additional steps of the Update Bearer Request - Update Bearer Response exchange between the Serving GW and PDN GW are not shown but will be performed as per the equivalent steps in TS 23.401 [2].

7.
If the SGSN indicated Reset (i.e. reset to default parameters) in the NAS container for PS HO included in the Handover from eUTRAN Command message then on receipt of the PS Handover Complete the SGSN initiates an LLC/SNDCP XID negotiation for each LLC SAPI used in LLC ADM. In this case if the SGSN wants to use the default parameters, it shall send an empty XID Command. If the SGSN indicated 'Reset to the old XID parameters' in the NAS container for PS HO, no further XID negotiation is required for LLC SAPIs used in LLC ADM only.


The SGSN (re-)establishes LLC ABM for the PDP contexts which use acknowledged information transfer. During the exchange of SABM and UA the SGSN shall perform LLC/SNDCP XID negotiation.

8.
The UE may trigger the Routing Area Update procedure when the sending of uplink packet data is possible. The detailed steps performed are as per TS 23.401 [2].

6.3
Mobile Originating call in Active Mode – No PS HO support in GERAN
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Figure 6.3-1: CS Call Request in E-UTRAN, Call in GERAN
1.
The eNodeB receives a CS Call Request from the UE. The UE only transmits this request if it is attached to CS domain (with a combined EPS/IMSI Attach) and can not initiate an IMS voice session (because e.g. the UE is not IMS registered or IMS voice services are not supported by the serving IP-CAN, home PLMN or UE).
2.
The eNode may optionally solicit a measurement report from the UE to determine the target GERAN cell to which PS handover will be performed.

3.
The eNodeB triggers an inter-RAT cell change order with NACC to a GERAN neighbour cell by sending an RRC message to the UE.
4.
The UE moves to the new RAT, establishes an RR connection using legacy procedures and performs Location Area Update.
5.
After completion of the Location Area Update the UE continues with a MO call setup procedure.

6.4
Mobile Originating call in Idle Mode

Mobile Originating call in Idle Mode procedure is specified by reusing the Mobile Originating Call in Active mode procedure with the following modifications:
-
The UE triggers an RRC connection establishment (with special cause for Mobile Originating Calls) and then awaits further instructions from the serving eNodeB, e.g. the S1 connection is established to get the UE capabilities downloaded from the MME to the eNB and the RRC connection is released with a redirection info to change to CS capable RATs (RAT, frequency, cell info), optionally based on measurements. As an option the inter-RAT system information might be provided by the eNB using the NACC procedure for GERAN.
-
The eNodeB may choose to invoke the optional Measurement Report Solicitation during the preparation phase so that the UE is at minimum informed that its CS Call Request has been accepted and a PS Handover is pending (i.e. so it can implicitly perform a state transition to Active mode).

The execution phase is the same as for the Mobile Originating Call in Active mode except that there are no incoming IP packets to be delivered to the UE.

6.5
Returning back to E-UTRAN
Once CS service ends in CS domain, existing mechanisms can be used to move the UE to E-UTRAN, no specific CS Fallback mechanisms are needed.

7
Mobile Terminating Call

7.1
General

This clause describes the mobile terminating call procedures for the CS Fallback in EPS.

7.2
Mobile Terminating call in idle mode 
The procedure for Mobile Terminating Call in idle mode is illustrated in Figure 7.2-1.
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Figure 7.2-1: Mobile Terminating Call in idle mode

1)
G-MSC receives IAM.

2)
G-MSC retrieves routing information of the terminating UE by Send Routing Info procedures as specified in TS 23.018 [5].

3)
G-MSC sends IAM to the MSC on the terminating side as specified in TS 23.018 [5].

4)
The MME receives a Page (IMSI, VLR TMSI, Location Information) message from the MSC. If VLR TMSI is omitted, the IMSI is used instead of the TMSI as a paging address at the radio interface. If location information is not included, the MME shall page the MS in all the cells served by the VLR and the SGSN, unless the SGSN has reliable information about the location of the MS.

5)
The MME sends a Paging (as specified in TS 23.401 [2], and CN Domain Indicator) message to each eNodeB.  CN Domain Indicator indicates which domain (CS or PS) initiated the paging message, and in this case it must be set to "CS" by the MME.

6)
The radio resource part of the paging procedure takes place. The message contains CN Domain indicator.

7a)
Target RAT has PS HO capability: Upon receipt of a Paging message for a circuit-switched service, PS handover is performed as specified in TS 23.401 [2].
7b)
 Target RAT has no PS HO capability: Upon receipt of a Paging message for a circuit-switched service the UE sets up an RRC Connection with E-UTRAN, the S1 connection is established to get the UE capabilities downloaded from the MME to the eNB and the RRC connection is released with a redirection info to change to CS capable RATs (RAT, frequency, cell info), optionally based on measurements. As an option the inter-RAT system information might be provided by the eNB using the NACC procedure for GERAN.
7c)
Target RAT has PS HO capability: If the target system operates in Network Mode of Operation (NMO) I the UE shall perform a combined RA/LA update, as defined in TS 23.060 [3], immediately after sending the XID Response during the PS HO procedure. If the target system operates in NMO II or III the UE performs a Location Area Update towards the MSC at any point after sending the XID Response during the PS HO procedure. If the MSC, where the UE updates the location, is different from the MSC that sent the paging message the Roaming Retry for CS Fallback procedure defined in section 7.x.x will be applied.
Target RAT has no PS HO capability: The UE moves to the new RA, establishes an RR connection (GERAN) or RRC connection (UTRAN) using legacy procedures and performs Location Area Update directly after step 7b. If the MSC, where the UE updates the location, is different from the MSC that sent the paging message the Roaming Retry for CS Fallback procedure defined in section 7.x.x will be applied.
8)
Target RAT is UTRAN: After the Location Area Update the UE responds to the paging in an RRC Initial Direct Transfer message as specified in TS 25.331 [7]. CN Domain Indicator is set to "CS" in the Initial Direct Transfer message.
Target RAT is GERAN: After the location area update the UE responds to the paging by sending a Paging Response message as specified in TS 44.018. 

9)
When received at the RNC, the Paging Response message is sent in an RANAP Initial UE message to the MSC. When received at the BSC, the Paging Response message is sent in a BSSAP COMPLETE LAYER 3 INFORMATION message to the MSC as specified in TS 48.008.  
10)
The MSC receives a RANAP Initial UE message/BSSAP COMPLETE LAYER 3 INFORMATION message and shall then stop the paging response timer and establish the CS connection.
7.3
Mobile Terminating call in Active Mode

[Note to editor: The author of the contribution failed to represent the modification of the diagram below in the normal form. The modification in the flow is the addition of step 3a. nothing else is modified. This note is not intended to be introduced in the TS]  
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Figure 7.3-1: CS Page in E-UTRAN, Call in GERAN/UTRAN – Preparation Phase

NOTE 1:
For simplicity, figure 7.3-1 includes some messages which are only applicable to GERAN access (e.g. SABM, UA and XID negotiation). In case of UTRAN access, the applicable messages can be found in the E-UTRAN to UTRAN inter-RAT HO procedures specified in TS 23.401 [2].

1.
The MSC receives an incoming voice call and responds by sending a CS Page (IMSI or TMSI) to the MME over a SGs interface. The MME relays the CS Page to the eNodeB over the S1 interface. The MSC only sends a CS Page for an UE that provides location update information using the SGs interface (i.e. IMS is not supported by the LTE network).

2.
The eNode may optionally solicit a measurement report from the UE to determine the target GERAN/UTRAN cell to which PS handover will be performed.

3.
The eNodeB triggers PS handover to a GERAN/UTRAN neighbour cell by sending a Relocation Required message. In the following a PS HO as specified in 23.401 [2] takes place. 
3a.
If the target system operates in Network Mode of Operation (NMO) I the UE shall perform a combined RA/LA update, as defined in TS 23.060 [3], immediately after sending the XID Response during the PS HO procedure. If the target system operates in NMO II or III the UE performs a Location Area Update towards the MSC at any point after sending the XID Response during the PS HO procedure. If the MSC, where the UE updates the location, is different from the MSC that sent the paging message the Roaming Retry for CS Fallback procedure defined in section 7.x.x will be applied.

4.
Target RAT is UTRAN: After performing Location Area Update the UE establishes an RRC connection and responds to the paging in an RRC Initial Direct Transfer message as specified in TS 25.331 [7]. CN Domain Indicator is set to "CS" in the Initial Direct Transfer message.

Target RAT is GERAN: As soon as the UE completes the PS Handover procedure (by sending the XID Response message) and performing a combined LA/RA update or a Location Area Update, it establishes an RR connection using legacy procedures (i.e. UE requests and is assigned a dedicated channel where it sends a SABM containing a layer 3 Service Request message = PAGING RESPONSE to the BSS and the BSS responds by sending a UA). Upon receiving the SABM (containing a PAGING RESPONSE message) the BSS sends a COMPLETE LAYER 3 INFORMATION message (containing a PAGING RESPONSE message) to the MSC which indicates CS resources have been allocated in the GERAN cell. After the establishment of the main signalling link as described in TS 44.018 [6] the UE enters either Dual Transfer Mode or Dedicated Mode and the CS call establishment procedure completes.

NOTE 2:
This step is not shown in TS 23.401 [2] since no CS resource allocation is included in that handover procedure.
5.
Upon receiving the PS Handover Complete message, the SGSN send a Forward Relocation Complete message to the MME to indicate completion of the PS handover procedures. The MME responds with a Forward Relocation Complete Acknowledge message.

6.
The SGSN sends an Update PDP Context Request (new SGSN Address, TEID, QoS Negotiated) message to the Serving GW concerned. The Serving GW updates the PDP context fields and returns an Update PDP Context Response (TEID) message. From now on the Serving GW sends new incoming downlink IP packets to the SGSN instead of to the MME.

NOTE 3:
The additional steps of the Update Bearer Request - Update Bearer Response exchange between the Serving GW and PDN GW are not shown but will be performed as per the equivalent steps in TS 23.401 [2].

7.
If the SGSN indicated Reset (i.e. reset to default parameters) in the NAS container for PS HO included in the Handover from eUTRAN Command message then on receipt of the PS Handover Complete the SGSN initiates an LLC/SNDCP XID negotiation for each LLC SAPI used in LLC ADM. In this case if the SGSN wants to use the default parameters, it shall send an empty XID Command. If the SGSN indicated 'Reset to the old XID parameters' in the NAS container for PS HO, no further XID negotiation is required for LLC SAPIs used in LLC ADM only.


The SGSN (re-)establishes LLC ABM for the PDP contexts which use acknowledged information transfer. During the exchange of SABM and UA the SGSN shall perform LLC/SNDCP XID negotiation.

8.
The UE may trigger the Routing Area Update procedure when the sending of uplink packet data is possible. The detailed steps performed are as per TS 23.401 [2].
7.4
Mobile Terminating call in Active Mode - No PS HO support in GERAN
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Figure 7.4-1: CS Page in E-UTRAN, Call in GERAN without PS HO
1.
The MSC receives an incoming voice call and responds by sending a CS Page (IMSI or TMSI) to the MME over a SGs interface. The MME relays the CS Page to the eNodeB over the S1 interface. The MSC only sends a CS Page for an UE that provides location update information using the SGs interface (i.e. IMS is not supported by the LTE network).

2.
The eNodeB may optionally solicit a measurement report from the UE to determine the target GERAN cell to which the redirection procedure will be performed.

3.
The eNodeB triggers an inter-RAT cell change order with NACC to a GERAN neighbour cell by sending an RRC message to the UE. Paging information is included to trigger paging answer of UE.

4.
The UE moves to the new RA, establishes an RR connection using legacy procedures as described in TS 44.060 [z] and performs Location Area Update. If the MSC, where the UE updates the location, is different from the MSC that sent the CS Page the Roaming Retry for CS Fallback procedure defined in section 7.x.x will be applied.

5.
After the Location Area Update the UE responds to the paging by sending a Paging Response message as specified in TS 44.018 [4].
.

6.
When received at the BSS, the Paging Response is sent in a BSSAP COMPLETE LAYER 3 INFORMATION message to the MSC.

7.
The MSC receives BSSAP COMPLETE LAYER 3 INFORMATION message and shall then stop the paging response timer and establish the CS connection.

7.5
Returning back to E-UTRAN
Once CS service ends in CS domain, existing mechanisms can be used to move the UE to E-UTRAN, no specific CS Fallback mechanisms are needed. 
7.X
Roaming Retry for CS fallback
The procedure in this section is applied for mobile terminated calls where the MSC, to which the UE sends the LAU, is different from the MSC that sent the paging message to the UE. The procedure is based on the “Mobile Terminating Roaming Retry Call” procedure defined in TS 23.018 [5] and there is an only minor adaptation of the procedure to support CS fallback. 
Note that at CS fallback the UE will always perform a location update procedure in the 2G or 3G RAT before sending a Page response. Hence, the MSC will always receive the Location Update before a page response.
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Figure 7.X-1: Roaming Retry for CS fallback

There are only 2 differences in this procedure compared to the “Mobile Terminating Roaming Retry Call” procedure defined in TS 23.018 [5]. The first difference is that the paging message triggers the CS fallback including a location update in the new RAT. This functionality is already supported in the CS fallback flows for terminating calls and no additional functionality is needed. The second difference is that the UE may send a page response message after receiving Location Update Accept message. The new MSC will ignore the page response message and continue the terminating call establishment as a normal MT call.
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