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Abstract of the contribution 
This contribution proposes to implement Iu-cs based CS fallback architecture and related procedures into the CSFB TS.
1. INTRODUCTION

This contribution proposes to implement Iu-cs based CS fallback architecture and related procedures into the CSFB TS.
2. PROPOSAL

It is proposed to add the descriptions in the following pages onto new TS.
**** First modified section ****

1
Scope

This document defines the Stage 2 architecture and specification for the CS Fallback for EPS.  The scope of this document includes the architecture enhancements for functionality to enable fallback from E-UTRAN access to UTRAN/GERAN CS domain access, and functionality to reuse of voice and other CS-domain services (e.g. CS UDI video / SMS/ LCS / USSD) by reuse of CS infrastructure.
2
References

The following documents contain provisions which, through reference in this text, constitute provisions of the present document.

· References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.

· For a specific reference, subsequent revisions do not apply.

· For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.

[1]
3GPP TR 21.905: "Vocabulary for 3GPP Specifications".
[2]
3GPP TS 23.401: "GPRS Enhancements for E-UTRAN Access".

[3]
3GPP TS 23.060: "General Packet Radio Service (GPRS); Service description; Stage 2".

[4]
3GPP TS 24.008: " Mobile radio interface Layer 3 specification; Core network protocols; Stage 3"
3
Definitions, symbols and abbreviations

3.1
Definitions

For the purposes of the present document, the terms and definitions given in TR 21.905 [1] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in TR 21.905 [1].

3.2
Symbols

For the purposes of the present document, the following symbols apply:

3.3
Abbreviations

For the purposes of the present document, the abbreviations given in TR 21.905 [1] and the following apply. An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in TR 21.905 [1].

**** End of First modified section ****
**** Second modified sections ****

4
General

4.1
General

The CS Fallback in EPS provides voice and other CS-domain services (e.g. CS UDI video/ SMS/ LCS/ USSD) by reuse of CS infrastructure. The terminal, connected to E-UTRAN, uses GERAN or UTRAN to establish CS-domain services. This function is only available in case E-UTRAN coverage is overlapped by either GERAN coverage or UTRAN coverage.

The CS Fallback in EPS is characterised by:

-
Location management for GERAN or UTRAN is performed via IWF and EUTRAN. 
-
Related 24.008 signaling for MO/MT voice calls, SMS delivery, LCS, and USSD are delivered between the terminal and the CS domain via EPS. 24.008 signalling is sent transparently through the IWF.
- 
MO/MT established voice calls via EPS are to be handed over towards GERAN or UTRAN, which are used to transfer voice service.
Editor's note: It is FFS whether for incoming calls, the terminal will decide whether to fallback to CS domain based on the caller’s MSISDN number. Also it is FFS if some pre-configured policies can be stored and with the matched policy, some incoming calls can initiate the Fallback immediately after receiving the paging request.

-
The ongoing data session is to be relocated from LTE to 2G/3G PS using LTE->2G/3G PS HO standard procedure. If 2G target system doesn’t support DTM or PS HO, then the ongoing Non-voice bearer will be put on hold.. 
-
No need for mapping between EUTRAN TA and GSM/UTRAN LA, overall EUTRAN coverage can be considered as one virtual LA or can be split into several virtual LAs. Virtual LAs consist of TAs and are different from GSM/UTRAN LA.

-
No impacts on the existing CS domain.
-
For CS fall back, it is not required for the 2G/3G network to support PS Handover & DTM.
Editor's note: It is FFS how the terminal, after the incoming or outgoing voice call terminates, will be handed back to LTE or stay in 2G/3G and whether it can depend on operator’s policy.

-
If both 2G and 3G are available, it depends on operator’s policy (policy in the NW) whether to fall back to 2G or 3G.
-
The SMS, LCS, USSD and other CS-domain services can also be subject for CS Fallback. 
Editor's note: It is FFS whether the same  architecture principles can apply to CS Fallback from LTE to CDMA 1xRTT.

4.2       Reference Architecture

[image: image1]
Figure 4.2-1: CS Fallback in EPS architecture

The role of the IWF for CS Fallback is depicted as follows:

-
To proxy S3 interface between MME and SGSN.
-
To be a signalling tunnelling end point for receiving/sending encapsulated 24.008 signalling messages to/from the UE when the UE is camped on EUTRAN. 
-
To emulate a UTRAN RNS (Iu-CS interface) towards the 2G/3G MSC or a GERAN BSS (A interface) towards 2G-only MSC. No modifications to the existing MSCs are required.

NOTE: IWF and MME would be preferably co-located and thus S3’ interface is avoided. 

NOTE: In this version of the specification, it is proposed to detailed the Iu-CS procedures and flows but both Iu-Cs & A architectures and principles are similar.
The Role of the IWF is to enable a single radio capable UE to communicate in parallel both with the source system and the target system. The signalling path with the target system i.e. GSM/UMTS CS is carried over the source system i.e. EPS.

IWF is connected to MME with the S3' reference point. S3' is a version of the S3 reference point that is enhanced to convey transparent containers (CS signalling messages as specified in [4]) between MME and IWF. When the IWF and the MME are co-located, S3' doesn’t exist.
5 Location Management

5.1
General

[image: image2]
Figure 5.2-1: CS Fallback Scenario
When a CS Fallback capable UE connects to eUTRAN, it automatically also performs a Location Update or an IMSI attach with the CS domain (as specified in [4]). This transparent 24.008 signaling is carried over the LTE air interface by a NAS message CS Fallback Container. MME forwards these CS Fallback Containers between UE and IWF over the S3' reference point. 

As shown in Figure 5.2-1, there is no need for mapping between EUTRAN TA and GSM/UTRAN LA, overall EUTRAN coverage can be considered as one virtual LA or can be split into several virtual LAs. Virtual LAs may consist of one or more TAs and are different from GSM/UTRAN LA. CSFB capable UEs camping on EUTRAN are served by the existing MSCs.
In the CS Location Update, the UE may use a Virtual Location Area as indicated by the current LTE cell. If no CS Fallback Location Area is indicated by the current LTE cell, UE may use Virtual Location Area from EPS. 

Editor's note: it is FFS which of the options above will be specified or whether both options can co-exist.
Editor's note: more options for UE’s fetching LA are FFS.
Editor's note: current RAN specifications don’t specify the broadcast of a LA indication and would require changes in the related specifications i.e. TS 36.331
5.2 
Location updating procedure or IMSI attach

[image: image3]
Figure 5.2-2: CS Location Updating via EPS
When a CS Fallback capable UE connects to eUTRAN, it automatically also performs a Location Update or an IMSI attach with the CS domain (as specified in [4]). 

If UE subsequently enters to an LTE cell indicating a different CS Fallback Location Area (compared to the one used in previous Location Update), UE shall perform a new CS Location Update as described for this Phase.
5.3 
IMSI Detach procedure
5.3.1 
IMSI Detach procedure initiation by the mobile station

[image: image4]
Figure 5.2-3: IMSI Detach via EPS initiation by the mobile station
The mobile station sends IMSI DETACH INDICATION message to VMSC via IWF though EPS to trigger the IMSI Detach procedure.
5.3.2 
IMSI Detach procedure initiation by the network

Editor's note: FFS
5.4 
Periodic updating procedure

If the Periodic Location Area Update timer expires, UE shall perform a periodic CS Location Update as described in [4]. 
5.5 
MME Relocation
In the case of MME relocation occurs (i.e. the UE changes of serving MME) without LA change, LAU procedure will have to be performed at the same time with TAU procedure in order to update S3’ interface between the new MME and the current IWF.

In case of IWF and MME is co-located, there is no need to update S3’ interface since S3’ interface doesn’t exist at all. In other words, if and only if Virtual LA changes during MME Relocation, UE needs to trigger LAU to select a proper MSC/VLR.

6
Mobile Originating Call
6.1
General

This section describes the mobile originating call procedures for the CS Fallback in EPS (IWF in Iu Mode). 
The UE should report its CSFB capability towards EUTRAN and EUTRAN or EPS should also inform UE of its CSFB capability. When Mobile Originating Call is triggered, UE may decide whether to initiate CSFB procedure dependent on EUTRAN’s capability. 
6.2
Mobile Originating call (Option A)
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Figure 6.2-1 Mobile Originating call
a-b. EUTRAN supports CSFB feature and CSFB capable UE sends CS Fallback Trigger (CM Service Request) towards eNodeB and eNodeB sends back Measurement Control towards UE.
c. 
UE initiates a Measurement towards 2G/3G, and signals the Measurement Report to eNB.
d. 
Based on inter system handover criteria, eNodeB decides when to trigger an Inter RAT HO preparation towards a 2G/3G system.

1-2. UE initiates CS Call Setup over NAS towards VMSC via S3’

3-4. When receiving CS Call Setup, VMSC triggers RAB Assignment for the CS call towards the IWF.

Note: To be able to interface a legacy MSC, the IWF has to emulate also the setup of the Iu-CS user plane towards the MSC/MGW. If, in a given deployment, the MSC/MGW can be modified to proceed with Call Setup without existence of the Iu-CS user plane towards the IWF, no Iu-CS user plane support is required in IWF.
Note: if the RAB ASSIGNEMENT failed or there is no suitable target cell, then the RELOC REQ is aborted and UE will remain in EUTRAN.
5.  VMSC sends IAM towards GMSC, and receives back ACM.

e.
To start inter RAT handover, eNodeB sends HO REQUIRED to MME. 

f.
MME generates S3 FWD RELOCATION REQUEST and sends it towards the SGSN, via the IWF which is in MME-SGSN S3 signaling path. 
g.
Immediately after RAB ASSIGNMENT COMPLETE IWF proceeds with the Inter RAT Relocation. IWF sends Iu_CS RELOCATION REQUIRED to VMSC for the established CS RABs to trigger inter-BSC HO (or inter-MSC HO if the target 2G/3G Cell is served by different MSC or MSC Pool). 
Note that in case the inter RAT HO target is a 2G system, the VMSC performs a 3G to 2G inter RAT HO for the CS call. 

IWF also forwards the reconstructed S3 FWD RELOCATION REQUEST to SGSN, if any other PS services were active. 

h.
In parallel with the Call handling at CS core, IWF receives Iu-CS RELOCATION COMMAND from VMSC when the relocation preparation at target CS system has completed. IWF also receives S3 FWD RELOCATION RESPONSE from target SGSN if a parallel PS relocation was triggered.
i.
After completion of the relocation preparation at target (CS +PS) system IWF reconstructs the S3 FWD RELOCATION RESPONSE to correspond to the originally received PS only relocation triggered by the MME. IWF forwards the reconstructed FWD RELOCATION REPONSE to the MME.

j.   MME sends S1-AP HANDOVER COMMAND to eNodeB and eNodeB sends an inter RAT HO Command to UE.
6.
UE performs inter RAT HO by tuning away from LTE to the 2G/3G radio system. Target access system indicates to the MSC the detection of the UE at target System.

7.
MSC forwards the CS Call CONNECT (as specified in TS 24.008) to UE, unless it was already delivered to the UE via the IWF.

Note that steps a to d are executed in parallel with steps 1 to 5. 

Regarding sync between L2 HO and CS Setup for MO, L2 HO should be finished before CS setup in order to guarantee user’s experience. In normal conditionL2 HO will be completed before CS Setup completion 
6.2a Mobile Originating call with NACC (option B)

[image: image6]
UE sends CS Fallback Trigger towards eNodeB (CM Service Request). If UE has the measurement on neighbour 2G/3G cells, this message shall include the measurement report of the neighbour 2G/3G cells and go to step 4, else go to step 2.

eNodeB sends back Measurement Control towards UE.

UE initiates a Measurement towards 2G/3G, and signals the Measurement Report to eNB.

eNodeB controls UE to reselect to 2G/3G. If the target cell is a 2G cell, NACC is used to improve the reselection performance.

The LA information of the target 2G/3G cell may trigger a normal Location updating procedure after UE camps the target cell.
UE initiates a CS mobile originating call establishment procedure.

7
Mobile Terminating Call

7.1
General

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

The UE should report its CSFB capability towards EUTRAN and EUTRAN or EPS should also inform UE of its CSFB capability. When Mobile Terminating Call is triggered, eNodeB may decide whether to initiate CSFB procedure dependent on UE’s capability. 
7.2
Mobile Terminating Call in Active Mode
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Figure 7.2-1CS Fallback with PS Handover- MT
1-5. The UE receives CS paging Request from IWF and initiates the MT CS Call procedure.

6-7. Upon receiving CS Paging Response from the UE, VMSC sends CS Call Setup towards the UE via IWF and the UE sends back the Call Confirmed to VMSC.

8-9. VMSC triggers RAB Assignment procedure for the CS call towards the IWF.

Note: To be able to interface a legacy MSC, the IWF has to emulate also the setup of the Iu-CS user plane towards the MSC/MGW. If, in a given deployment, the MSC/MGW can be modified to proceed with Call Setup without existence of the Iu-CS user plane towards the IWF, no Iu-CS user plane support is required in IWF.
Note: if the RAB ASSIGNEMENT failed then the RELOC REQ is aborted and UE will remain in EUTRAN.
10.  VMSC sends back ACM towards GMSC.
a-b. UE sends CS Fallback Trigger towards eNodeB and eNodeB sends back Measurement Control towards UE.

Editor’s Note: UE can decide whether to trigger CS Fallback procedure based on caller’s MSISDN number. Also, some pre-configured policies can be stored and with the matched policy, some incoming calls can initiate the Fallback immediately after received paging.
c. 
UE initiates a Measurement towards 2G/3G, and signals the Measurement Report to eNB.
d. 
Based on inter system handover criteria, eNodeB decides when to trigger an Inter RAT HO preparation towards a 2G/3G system.

e.
To start inter RAT handover, eNodeB sends HO REQUIRED to MME. 

f.
MME generates S3 FWD RELOCATION REQUEST and sends it towards the SGSN, via the IWF which is in MME-SGSN S3 signaling path.

g.
Immediately after RAB ASSIGNMENT COMPLETE IWF proceeds with the Inter RAT Relocation. IWF sends Iu_CS RELOCATION REQUIRED to VMSC for the established CS RABs to trigger inter-BSC HO (or inter-MSC HO if the target 2G/3G Cell is served by different MSC or MSC Pool). 
Note that in case the inter RAT HO target is a 2G system, the VMSC performs a 3G to 2G inter RAT HO for the CS call. 

IWF also forwards the reconstructed S3 FWD RELOCATION REQUEST to SGSN, if any other PS services were active. 

h.
In parallel with the Call handling at CS core, IWF receives Iu-CS RELOCATION COMMAND from VMSC when the relocation preparation at target CS system has completed. IWF also receives S3 FWD RELOCATION RESPONSE from target SGSN if a parallel PS relocation was triggered.

i.
After completion of the relocation preparation at target (CS +PS) system IWF reconstructs the S3 FWD RELOCATION RESPONSE to correspond to the originally received PS only relocation triggered by the MME. IWF forwards the reconstructed FWD RELOCATION REPONSE to the MME.

j.     MME sends S1-AP HANDOVER COMMAND to eNodeB and eNodeB sends an inter RAT HO Command to UE.
11.
UE performs inter RAT HO by tuning away from LTE to the 2G/3G radio system. Target access system indicates to the MSC the detection of the UE at target System.

12.
UE sends the CS Call CONNECT (as specified in TS 24.008) to VMSC, unless it was already delivered to the VMSCS via the IWF. Considering sync between L2 HO and CS Setup for MT, UE may not send CONNECT message towards VMSC until UE has camped on 2G/3G CS cell.

Note that steps a to d are executed in parallel with steps 4 to 10. 

7.3
Mobile Terminating call in Idle Mode
Mobile Terminating call in Idle Mode is very similar to section 7.2, the only difference is that upon receiving CS paging message from the IWF, the MME will trigger E-UTRAN Paging procedure toward the UE. Then the UE will answer with CM Service Request (Paging Response) and will follows from step 4 of section 7.2 
Editor's note: it is FFS whether the paging request and/or paging response should be specific and should convey CSFB indication
8
Other CS Services

8.1
General
SMS, LCS, USSD and other CS-domain services will not trigger fallback to CS domain but will be delivered over EUTRAN using 24.008 tunnelling principles
Editor’s Note: Only high level information flows are given in the following section and details are FFS.


[image: image8]
Figure 8.1-1 SMS/LCS/USSD procedure – MO


[image: image9]
Figure 8.1-2 SMS/LCS/USSD procedure – MT

8.2 Short Message Service (SMS)
Editor’s Note: FFS.
8.3
Location Services (LCS)
Editor’s Note: FFS.
8.4
Unstructured Supplementary Service Data (USSD)

Editor’s Note: FFS.
ANNEX A
CS Fallback for LTE and 1xRTT(informative)

9.1
General

The CS Fallback in EPS also may need to provide 1xRTT voice and other 1xRTT CS-domain services by reuse of 1xRTT CS infrastructure. The terminal, connected to E-UTRAN, uses 1xRTT to establish CS-domain services. This function is only available in case E-UTRAN coverage is overlapped by 1xRTT coverage.

The CS Fallback for LTE and 1xRTT in EPS is characterised by:

-
 “Location management” in 1xRTT is performed with 1xCS IWS via EPS.

-
Related 1xRTT signaling for MO/MT voice calls, SMS delivery, etc are delivered between the terminal and CS domain via EPS.
-
MO/MT established voice calls via EPS are to be handed over towards 1xRTT, which will be used to transfer voice service.
-
For MT established voice calls via EPS, the terminal decides whether to fallback to CS domain based on the caller’s number. 
-
The latency of voice call is less than Normal 1xRTT CS call + 1xRTT HO.
-
No need for strict mapping between TA and “1xRTT’s LA ” by fixing the exceptional case for MT CS call.
-
No impacts on the existing 1xRTT domain.
-
Reusing LTE->1xRTT SR-VCC for CS Fallback.
9.2       Reference Architecture

[image: image10]
Figure 8.2-1: CS Fallback for E-UTRAN to 1xCS
As shown in Figure 8.2-1 above, SR-VCC for E-UTRAN to 1xRTT can also be reused for CS Fallback for E-UTRAN and 1xRTT.

1xCS IWS uses the S102 reference point to communicate with the MME and to transport 1xCS signalling messages to the SRVCC UE. The role of the 1xCS IWS is:

-
To be a signalling tunnelling end point towards the MME for receiving/sending encapsulated 1xCS signalling messages to/from the UE, and

-
To emulate a 1xRTT BSS towards the 1xRTT MSC (reference point A1 as defined in X.S0042 [x2] between 1xBS and MSC). 

MME shall follow the rules and procedures described in TS 23.402 [x1.1] with the following additions and clarifications: 

-
To be a signalling tunnelling end point towards the 1xCS IWS for sending/receiving encapsulated 1xCS signalling messages to/from the UE, which are encapsulated in S1-MME S1 Information Transfer messages [x6].
release of the E-UTRAN resources after CS Fallback to the 1xCS is completed
Editor’s Note: the high level procedures for CS Fallback for 1xRTT are same with CS Fallback LTE and 3GPP CS and the detailed information flows are FFS.

**** End of Second modification ****
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