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1. Introduction

This document is an intent to list impacts and issues on NAS resulting from the handling of MO/MT calls when CS fallback is activated in the UE, as described in CS Fallback stage 2, 3GPP TS 23.272 [1]. 
2. Mobile Originating Call

The sequence below is extracted from CS Fallback stage 2 and details procedure for MO call in active mode, when PS handover is supported. 

CS Fallback stage 2 also introduces procedure for MO call in active mode when no PS handover is supported in GERAN. The difference relies on the procedure used at RRC level to redirect the UE to GERAN, i.e. the UE is moved to GERAN using cell change order (NACC) while for the case PS handover is supported in GERAN, the UE is moved to GERAN via PS handover. It is believed that from NAS point of view, the procedures applied for the handling of MO calls in active mode should be the same, except maybe for the indication to NAS that the call can be processed in the target RAT.
CS Fallback stage 2 also introduces procedure for MO call in idle mode. This scenario relies on redirection at RRC (RRC connection release sent to the UE with redirection information). From NAS point of view, the procedures should be the same as for MO call in active mode, except for the indication to NAS that the call can be processed in the target RAT.
############################################
Excerpt from TS 23.272.
6.2
Mobile Originating call in Active Mode 

[image: image1]
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 [11], at any point after sending the XID Response during the PS HO procedure.
Editor’ Note: It’s FFS if the Location Area Update procedure can be avoided  

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].
End of excerpt.
############################################
The sequence can be split into the following main steps:
1/ Request for a CS call

The trigger to establish a CS call in the UE will be in the NAS layer. As per stage 2, the request shall only be done if the UE is CS attached via combined EPS/IMSI registration procedure and can not initiate IMS voice session.

The NAS request will trigger the sending by the UE of CS Call Request. As can be seen in the sequence above, the CS Call Request message terminates in eNB. In current contribution it is assumed that CS Call Request is an RRC message and that no NAS procedure is involved here. This is somehow also confirmed by the description for procedure in idle mode where stage 2 says “The UE triggers an RRC connection establishment (with special cause for Mobile Originating Calls) and then awaits further instructions from the serving eNodeB”.
Once the request is triggered by NAS, RRC procedures can take place to move the UE to GERAN or UTRAN. From NAS point of view, some changes to state machine may be required to wait for GERAN or UTRAN coverage in order to proceed with CS call establishment.
NAS impacts: 
· Need for a trigger from NAS to AS (E-UTRAN) to request a change of RAT due to request for a CS call. Registration status for CS domain needs to be taken into account for this trigger
· Possible changes to the NAS state machine: NAS has to wait for GERAN or UTRAN RAT selection to proceed with the MO call establishment
2/ Change to GERAN or UTRAN access technology
Several different procedures at RRC level enable change to GERAN/UTRAN, depending on the state of the UE when the CS call is triggered (i.e. Idle or Active) and the support of inter-RAT PS handover in the target RAT.
Since the trigger for the CS call is NAS responsibility, there is a need for a confirmation that the request has been taken into account. This could be done when the UE receives an indication from the eNB to move to GERAN or UTRAN (e.g. indication of ongoing inter-RAT PS handover, or reception of RRC connection release with redirection information to GERAN or UTRAN, or reception of NACC). Another option would be that confirmation to NAS is sent when the UE has moved to GERAN or UTRAN. Doing so would hide RRC (E-UTRAN) and RR or RRC (UTRAN) procedures to NAS.
It is assumed that the change to GERAN or UTRAN can fail. This can be due to e.g. a failure of PS handover, or problems when the UE tries to reselect a cell in GERAN or UTRAN. Such failures should be seen as failure to establish the CS call, from NAS point of view.
NAS impacts: 
· Need for NAS actions upon failure to change the UE to GERAN or UTRAN. Such failures will be seen as a failure to establish the CS call

3/ Establishment of RR connection

The establishment of the RR connection (respectively the “CS signalling connection” in UTRAN) is the next step for the UE to establish the call in GERAN (respectively in UTRAN). The establishment of the RR connection or the CS signalling connection will need to be done once:

· the inter-RAT PS handover is complete and combined RAU/LAU is complete in case of NMO I,

· the inter-RAT PS handover is complete in case of NMO II or III,

· the UE has selected a GERAN or UTRAN cell in case of cell change order (NACC) or redirection.

From NAS point of view, there is a need for some coordination between MM and GMM so that the combined RAU is performed first in NMO I and the location update procedure is triggered first in NMO II or III.
In case of NMO I, combined RAU/LAU may be failed for abnormal causes. In that case, should the UE establish RR connection to perform MM Location Update procedure in order to establish CS call?
NAS impacts: 
· Upon reception from AS of indication that GERAN or UTRAN has been selected, NAS needs to proceed with NAS procedures in order to establish CS call

· Changes to combined RAU/LAU may be required: if combined RAU/LAU fails, the UE may abandon combined RAU/LAU procedure and proceed with MM procedures
4/ Location update

Current description is based on latest status in SA2 which is that the first NAS CS procedure when the UE falls back to GERAN/UTRAN is Location Update. However, it should be noted that it is FFS whether the location update can be avoided, as indicated in the editor’s note at step 3.
This impacts NAS. Considering that each combined attach or combined TA/LA update would result in the MM context to be updated, MM would have to trigger Location Update, even for the case the UE has moved to GERAN or UTRAN and performed cell selection (case of redirection) into the same LAI as the LAI which was sent to the UE in ATTACH ACCEPT or TRACKING AREA UPDATE ACCEPT in E-UTRAN.

NAS impacts: 
· Changes needed to MM state machine to perform Location Update in an LAI where the UE is already registered
5/ Establishment of CM connection

Once Location Update procedure is complete, the UE can proceed with CM connection establishment. No impact is foreseen for this procedure except that MM needs to memorize that a call needs to be setup after the Location Update procedure. However, depending on how the CS call is implemented for CS Fallback, the situation could be the same as for a CS call being triggered when MM is in Not Update state, thus triggering a location update procedure before CM SERVICE REQUEST can be sent.
NAS impacts: 
· Possible impacts on MM state machine to trigger MM connection establishment once Location Update is successful
6/ Establishment of CS call

Normal CS call procedures will apply, and no impact is foreseen for CT1 as far as call setup procedures are concerned.
3. Mobile Terminating Call

The sequence below is extracted from CS Fallback stage 2 subclause 7.2 and details procedure for MT call in active mode, when PS handover is supported in the target RAT. 
Stage 2 also introduces procedure for MT call in active mode, for the case when PS handover is not supported in GERAN, as well as procedure for MT call in idle mode. From NAS point of view, it is assumed that these procedures are equivalent, with the exception that the indication of paging in E-UTRAN may be conveyed differently.
############################################
Excerpt from TS 23.272.
7.3
Mobile Terminating call in Active Mode
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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.
Editor’ Note: It’s FFS if the Location Area Update procedure can be avoided
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].
End of excerpt.
############################################
The sequence above can be split into the following steps:

1/ CS Paging in E-UTRAN
In sequence above, paging seems to terminate in the eNB. However, considering that a paging response is sent at step 4, the UE needs to receive the indication of CS paging. In sequence for MT call in idle mode, this can be seen at step 6, and in sequence for MT call in active mode when PS handover is not supported, at step 3 where NACC includes information of paging.

It is assumed here that the paging sent to the UE does not trigger any specific NAS procedure, but only the indication of CS paging is needed in NAS, in order for the NAS to answer paging when GERAN or UTRAN is selected.
NAS impacts: 
· NAS to handle CS paging indication from AS
2/ Change to GERAN or UTRAN access technology
This step involves AS, and the change to GERAN or UTRAN can be done either via inter-RAT PS handover, cell change order (NACC) or redirection, according to current stage 2.
Same impacts as for MO call are foreseen here.
4/ Establishment of RR connection

The establishment of the RR connection needs to be done once:

· the inter-RAT PS handover is complete and combined RAU/LAU is complete in case of NMO I,
· the inter-RAT PS handover is complete in case of NMO II,
· the UE has selected a GERAN or UTRAN cell in case of cell change order (NACC) or redirection.
NAS, upon indication of inter-RAT PS handover or cell selection in GERAN/UTRAN, needs to trigger RR connection establishment, for possible Location Update (though step 4 in sequence above indicates for GERAN that Location Update is performed before the RR connection is established, it is believed that in this case the RR connection needs to be established first), and paging answer.
The NAS impacts for this step are the same as those mentioned for the MO call case.

5/ Location update

Current stage 2 requires that the first NAS procedure when the UE falls back to GERAN/UTRAN is Location Update, and it is FFS whether the procedure can be avoided.
The NAS impacts for this step are the same as those mentioned for the MO call case.

6/ Answer to paging in GERAN/UTRAN
Once location update is complete on the UE side, the UE needs to answer to paging, by sending Paging Response to the MSC.
From NAS perspective, answer to CS paging in Iu mode already exists, and is specified in TS 24.008 [2] subclause 4.5.1.3.3, so the functionality can be reused and only minor updates to existing procedure are needed for the CS Fallback case. As for A/Gb mode, new functionality is required in NAS if paging response sent after Location Update is to be done by NAS. In case it is to be done by RR, then some coordination between NAS and AS is required to answer paging only after location update procedure is complete.
It can be questioned what should be NAS behaviour when Location Update procedure fails for abnormal cases. Should paging be ignored in the UE? If so, some impacts are foreseen for NAS for the handling of failed location update procedures.
NAS impacts: 
· Paging response in A/Gb mode may need to be specified in NAS or some coordination is required between NAS and AS for the paging response to be sent after completion of location update procedure
· Some updates required to paging response in Iu mode

· Possible impacts on MM state machine to answer to paging once Location Update is successful

· Impacts from Location Update failure to the paging answer need to be investigated
7/ Establishment of CS call

Normal CS call procedures will apply here, and no impact is foreseen for CT1 as far as call setup procedures are concerned.

4. Roaming retry for CS fallback
TS 23.272 [1] introduces a roaming retry procedure for CS fallback, for the mobile terminating calls where the MSC to which the UE is sending the LOCATION UPDATING REQUEST message is different from the MSC which sent the paging to the UE. From NAS perspective, it is believed that there is no impact. 
5. Conclusion

From the above discussion about NAS impacts from MO/MT calls handling for CS Fallback, it is proposed to agree on a list of impacts for the NAS, for the handling of MO and MT calls, to be included in 3GPP TR 24.801 [3].
REFERENCES

[1]
3GPP TS 23.272, "Circuit Switched Fallback in Evolved Packet System; Stage 2” (Release 8), v1.1.0

[2]
3GPP TS 24.008, "Mobile Radio Interface Layer 3 specification; Core Network Protocols; Stage 3" (Release 8), v8.1.0

[3]
3GPP TR 24.801, "3GPP System Architecture Evolution; CT WG1 aspects" (Release 8), v0.8.0

* * * First Change * * * *

10.x
Circuit Switched Fallback
Editor's note: This clause will contain a description of CS Fallback aspects relevant for CT1.
10.x.y
MO/MT calls handling
The following impacts have been identified:
· Need for a trigger from NAS to AS (E-UTRAN) to request a change of RAT due to request for a CS call. Registration status for CS domain needs to be taken into account for this trigger;
· Possible changes to the NAS state machine: NAS has to wait for GERAN or UTRAN RAT selection to proceed with the MO call establishment;
· Need for NAS actions upon failure to change the UE to GERAN or UTRAN. Such failures will be seen as a failure to establish the CS call;
· Upon reception from AS of indication that GERAN or UTRAN has been selected, NAS needs to proceed with NAS procedures in order to establish CS call;
· Changes to combined RAU/LAU procedure may be required: if combined RAU/LAU procedure fails, the UE may abandon combined RAU/LAU procedure and proceed with MM procedures;
· Changes needed to MM state machine to perform Location Update in an LAI where the UE is already registered;
· Possible impacts on MM state machine to trigger MM connection establishment once Location Update is successful;
· NAS to handle CS paging indication from AS;
· Paging response in A/Gb mode may need to be specified in NAS or some coordination is required between NAS and AS for the paging response to be sent after completion of location update procedure;
· Some updates required to paging response in Iu mode;
· Possible impacts on MM state machine to answer to paging once location update procedure is successful;
· Impacts from Location Update failure to the paging answer need to be investigated.
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4b. CS call establishment procedure





 





 





7a. XID Negotiation for LLC ABM





 





7. XID Negotiation for LLC ADM

































































































































































 





4a. Complete Layer 3 Information (with CM Service Request)



































 





4. UA (with CM Service Request)
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4b. CS call establishment procedure





 





8. Routing Area Update Procedure





 





7a. XID Negotiation for LLC ABM





 





7. XID Negotiation for LLC ADM





 





4a. Complete Layer 3 Information (with Paging Response)
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3a. Location Area Update 





8. Routing Area Update Procedure
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3. PS HO as specified in 23.401 [2]
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3. PS HO as specified in 23.401 [2]
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