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References

...

[x]
3GPP TS 23.402: "Architecture enhancements for non-3GPP accesses".

Annex B (normative):
CS Fallback to 1xRTT

This annex describes a CS Fallback to 1xRTT solution for dual mode 1xRTT/E-UTRAN terminals.

B.1
Overall Description

B.1.1
General Considerations

The CS fallback for 1xRTT in EPS enables the delivery of CS-domain services (e.g. CS voice, SMS) by reuse of the 1xCS infrastructure when the UE is served by E-UTRAN. A CS fallback enabled terminal, while connected to E-UTRAN may register in the 1x RTT CS domain in order to be able to use 1xRTT access to establish one or more CS services in the CS domain. This function is only available where E-UTRAN coverage overlaps with 1xRTT coverage.

CS Fallback to 1xRTT and IMS-based services shall be able to co-exist in the same operator's network.
CS Fallback to 1xRTT with PS Handover procedure to HRPD access for Optimized HO, non-Optimized HO, and Optimized Idle mode mobility as defined in TS 23.402 [x] shall be able to co-exist in the same operator’s network.

B.1.2
Reference Architecture

The CS fallback in EPS function is realised by reusing the S102 reference point between the MME and the 1xCS IWS. The reference architecture described in figure B.1.2‑1 is similar to the SRVCC architecture for E‑UTRAN to 3GPP2 1xCS described in TS 23.216 [20], with the additional aspect that the S102 session is long‑lived (similar to pre‑registration for S101).
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Figure B.1.2-1: Reference architecture for CS fallback to 1xRTT CS
Reference architecture for PS handover procedure between E-UTRAN and HRPD access is defined in TS 23.402 [x].
B.1.2.1
Reference points

S102:
It is the reference point between the MME and the 1xCS IWS. The S102 reference point provides a tunnel between MME and 3GPP2 1xCS IWS to relay 3GPP2 1xCS signalling messages. 1x CS signalling messages are those messages that are defined for A21 interface as described in 3GPP2 A.S0008-C [16] and 3GPP2 A.S0009 [17].

NOTE.
It is up to stage 3 to determine whether the tunnelling protocol for S102 can be defined as exactly as in A21. If so, S102 is then equivalent to A21.

B.1.3
Functional entities

B.1.3.1
UE

The UE capable of CS fallback to 1xRTT supports access to E-UTRAN/EPC as well as access to the 1xCS domain over 1xRTT. It supports the following additional functions:

-
1xRTT CS registration over the EPS after the UE has completed the E-UTRAN attachment;

-
1xRTT CS re-registration due to mobility;

-
CS fallback procedures specified for 1xRTT CS domain voice service;

-
Procedures for mobile originated and mobile terminated SMS over E‑UTRAN;

-
Includes concurrent 1xRTT and HRPD capability indication as part of the UE radio capabilities if supported by the UE.

B.1.3.2
MME

The MME enabled for CS fallback to 1xRTT supports the following additional functions:

-
It serves as a signalling tunnelling end point towards the 3GPP2 1xCS IWS via S102 interface for sending/receiving encapsulated 3GPP2 1xCS signalling messages to/from the UE, which are encapsulated in S1-MME S1 Information Transfer messages, as defined in TR 36.938 [19];

-
1xCS-IWS (terminating S102 reference point) selection for CSFB procedures;

-
Handling of S102 tunnel redirection in case of MME relocation;

-
Buffering of messages received via S102 for UEs in idle state.

B.1.3.3
E-UTRAN

The E‑UTRAN enabled for CS fallback to 1xRTT supports the following additional functions:

-
Provision of control information that causes the UE to trigger 1xCS registration;

-
Forwarding 1x RTT CS paging request to the UE;

-
Forwarding 1x RTT CS related messages between MME and UE;

-
Release of E-UTRAN resources after UE leaves E-UTRAN coverage subsequent to a page for CS fallback to 1xRTT CS if PS handover procedure is not performed in conjuction with 1xCS fallback;
- 
Invoking the optimised or non-optimised PS handover procedure concurrently with 1xCS fallback when supported by the network and UE, and based on network configuration.
B.1.4
Co-existence with IMS services

Clause 4.4 of this specification also applies here.

B.2
Procedures

B.2.1
Mobility Management

B.2.1.1
1x RTT CS Pre-Registration over EPS Procedure

This clause describes how the UE in an E-UTRAN system establishes and maintains pre-registration in the 1xCS system.
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Figure B.2.1.1-1: 1xRTT CS registration procedure

1.
The UE attaches to E-UTRAN as specified in TS 23.401 [2]. If supported, UE includes an indication of concurrent 1xRTT and HRPD PS session handling capabilities as part of the UE radio capabilities;

2.
Based on a radio layer trigger (e.g. an indication from the E-UTRAN when the UE is in connected state or an indication over the broadcast channel), the UE decides to register with the 1xRTT CS domain;

3.
If the UE is in idle state, in order to create a signalling connection with the MME, it performs the Service Request procedure.

4.
The UE generates a 1xRTT CS registration request.

4a.
The 1xRTT CS message is transferred from the UE to E-UTRAN.

4b.
E-UTRAN forwards the 1xRTT CS message to the MME including the CDMA2000 Reference Cell ID.

4c.
The MME selects a 1xCS IWS node based on the CDMA2000 Reference Cell ID. The IMSI is used to distinguish S102 signalling transactions belonging to different UEs. The MME sends a S102 Direct Transfer message (IMSI, 1xCS message) to the 1xCS IWS node.

5.
1xRTT CS registration is then performed by the 1xCS IWS node based on 3GPP2 A.S0008 [16].

6a.
1xRTT CS registration response is tunnelled back to the MME in a S102 Direct Transfer message (IMSI, 1xCS message).

6b.
The MME forwards the 1xRTT CS message to the E-UTRAN.

6c.
The E-UTRAN forwards the 1xRTT CS message to the UE.

If the triggers for 1xCS registration change over time, the UE (both in idle or connected state), uses this information to update the 1xCS registration via the tunnel.
B.2.1.2
S102 Tunnel Redirection

S102 Tunnel Redirection Procedure is used when the UE perform Tracking Area Update with MME change (as specified in TS 23.402 [x] in case of S101 tunnel redirection) while the UE is registered with the 1xRTT CS domain as described in clause B.2.1.1 and the S102 session exists between the MME and the 1xCS IWS.

B.2.2
Mobile Originating Call 
This clause describes the mobile originating call procedures for the CS Fallback to 1xRTT.
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Figure B.2.2-1: CS MO call using fallback to CDMA 1x RTT network

1.
UE is E‑UTRAN attached and registered with 1xRTT CS as defined in clause B.2.1.1. The UE may also be pre-register with HRPD access using procedures defined in TS 23 402 [x], Section 9.3.1.
2.
UE makes a decision to perform a mobile originated CS call.

3.
UE sends an Extended Service Request (CS Fallback Indicator) to the MME.

4.
MME sends an S1-AP message that includes a CS Fallback Indicator to indicate the E‑UTRAN to move the UE to 1xRTT.

5.
E-UTRAN may optionally solicit a 1xRTT measurement report from the UE to determine the target 1xRTT cell to which the CS Fallback will be performed. If the UE supports concurrent 1xRTT and HRPD PS session handling and the network supports PS handover procedure to HRPD then E-UTRAN may optionally solicit an eHRPD measurement report from the UE to determine whether the target HRPD candidates exist or not.
6a.
If the UE does not support concurrent 1xRTT and HRPD PS session handling or the network does not support PS handover procedure to HRPD or if no target HRPD candidates exist then E-UTRAN triggers RRC connection release with redirection to 1xCS and continue with step 7.

6b.
If the UE supports concurrent 1xRTT and HRPD PS session handling and the network supports PS handover procedure to HRPD and if target HRPD candidates exist then E-UTRAN performs one of the following:

- 
For either concurrent non-optimized PS handover procedure or optimized idle-mode PS handover procedure along with 1xCS fallback, E-UTRAN redirects the UE to HRPD and 1xRTT with E-UTRAN specific procedure.

NOTE 1.
RAN2 needs to decide the applicable E-UTRAN specific procedure for the above bullet.
- 
For concurrent optimized active-mode PS handover procedure with 1xCS fallback, E-UTRAN signals to the UE to start optimized PS handover procedure as defined in TS 23.402 [x] Section 9.3.2 Steps 3 -11 (i.e., Handover from E UTRA preparation request message). E-UTRAN includes the information of concurrent 1xCSFB Operation when forwarding the HRPD message with HO access information to the UE in Mobility From EUTRA Command. 
 When concurrent non-optimized PS handover procedure or optimized idle-mode PS handover procedure or optimized active-mode PS handover procedure with 1xCS fallback is invoked, UE and network then follow the appropriate PS handover procedure in TS 23.402 [x] and continue with the step 11 below. 

NOTE 2.
Other 3GPP2 specific procedure (e.g., how UE performs concurrent operation in 3GPP2 network) is outside the scope of this specification.

NOTE 3.
E-UTRAN may invoke concurrent optimized idle-mode PS handover procedure or non-optimized PS handover procedure when it receives the S1-AP: Initial Context Setup with CSFB indication in Step 4, which occurs in case of “Mobile originated call in Idle Mode”. E-UTRAN may invoke concurrent optimized active-mode PS handover procedure or non-optimized PS handover procedure when it receives S1-AP: UE Context Modification with CSFB indication in Step 4, which occurs in the case of “Mobile originated call in Active Mode”.
7.
E-UTRAN sends an S1 UE Context Release Request (Cause) message to the MME. Cause indicates that the S1 UE Context Release was caused by CS fallback to 1xRTT.

8.
MME sets the UE context to suspended status and sends to the S-GW a Suspend Request (IMSI) message that requests the suspension of EPS bearers for the UE. The S1-U bearers are released for all EPS bearers by the MME and all GBR bearers are deactivated. The non-GBR bearers are preserved and are marked as suspended in the S-GW.

9.
S-GW acknowledges the Suspend Request message and marks the UE as suspended. When a downlink data arrives at the S-GW, the S-GW should not send a downlink data notification message to the MME if the UE is marked as suspended.

10.
S1 UE Context in the E-UTRAN is released as specified in TS 23.401 [2].

11.
UE moves to 1xRTT and performs the procedure for mobile originating call as specified in 3GPP2 A.S0013 [18].
12.
In case PS HO to HRPD access was also initiated in Step 6, the UE performs handover procedures to HRPD access as specified in TS 23.402 [x]. Step 12 and Step 11 occur in parallel.
Once CS service ends in the 1xCS domain, the UE returns to E‑UTRAN by performing reselection. The EPS service is resumed as described in clause 6.5.
B.2.3
Mobile Terminating Call

This clause describes the mobile terminating call procedures when the UE accepts CS paging for the CS Fallback to 1xRTT.

When the 1x MSC receives a registration from a UE, it makes note of the RAN equipment from which it received the registration. Subsequent paging activities may thus be directed toward that RAN equipment. However, paging activities by the 1xMSC are not limited to the single RAN equipment from which the registration was received. The MSC may choose to page a wider area, including inter‑system paging. If the 1xMSC has direct interfaces to 1xCS IWS, as well as to 1xRTT access, the MSC may choose to do direct paging activities to both E‑UTRAN and 1x RAN equipments in its attempts to contact the UE.

The 1x paging request sent by the 1xMSC to the 1xCS IWS is delivered to the UE via the tunnel. The UE tunes to 1xRTT access, acknowledges the 1x page and performs the 1xCS procedures for mobile terminated call. When the UE receives a page message, it may not want to accept it based on Caller Line Identification or pre-provisioned local policy. In that case, the UE sends the 1x Release Order to 1xCS IWS over a tunnel in E-UTRAN and EPC.

The detailed procedure is described in figure B.2.3‑1.
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Figure B.2.3-1: CS MT call using fallback to CDMA 1x RTT network

1.
UE is E-UTRAN attached and pre-registered with 1xRTT CS as defined in clause B.2.1.1. The UE may also be pre-register with HRPD access using procedures defined in TS 23 402 [x], Section 9.3.1.
2.
1xMSC sends a paging request to the 1xCS IWS node with Caller Line Identification if available.

3.
1xCS IWS node forwards the 1x RTT CS paging request with Caller Line Identification if available via the S102 tunnel to the MME.

4.
If the UE is in idle state, the MME performs the network initiated Service Request procedure in order to bring the UE to active state prior to tunnelling of the 1x RTT CS paging request toward the UE.
5.
MME forwards the 1xRTT CS paging request to the UE.

6a.
If the UE decides to reject CSFB based on e.g. user decision by Caller Line Identification or UE locally pre-provisioned policy, then the UE rejects the 1x CS paging by sending an 1x Release Order to the MME. The MME forwards the 1x Release Order in an S102 Direct Transfer message to the 1xCS IWS and the 1x IWS sends a Rejection to the 1x MSC. This completes the procedure.

6b.
If the UE accepts CS paging for the CS Fallback to 1xRTT, the UE sends an Extended Service Request (CS Fallback Indicator) to the MME and proceeds with step 7 to step 15 below.

7.
MME sends S1-AP: UE Context Modification (CS Fallback Indicator) to indicate the E‑UTRAN to move the UE to 1xRTT.

8.
E-UTRAN may optionally solicit a 1xRTT measurement report from the UE to determine the target 1xRTT cell to which the CS Fallback will be performed. If the UE supports concurrent 1xRTT and HRPD PS session handling and the network supports PS handover procedure to HRPD then E-UTRAN may optionally solicit an eHRPD measurement report from the UE to determine the target eHRPD candidates exist.
9a.
If the UE does not support concurrent 1xRTT and HRPD PS session handling or the network does not support PS handover procedure to HRPD then E-UTRAN triggers RRC connection release with redirection to 1xCS and continue with step 10.
9b.
If the UE supports concurrent 1xRTT and HRPD PS session handling and the network supports PS handover procedure to HRPD and if target HRPD candidates exist then E-UTRAN performs one of the following:

-
For either concurrent non-optimized PS handover procedure or optimized idle-mode PS handover procedure along with 1xCS fallback, E-UTRAN redirects the UE to HRPD and 1xRTT with E-UTRAN specific procedure.

NOTE 1.
RAN2 needs to decide the applicable E-UTRAN specific procedure for the above bullet.

- 
For concurrent optimized active-mode PS handover procedure with 1xCS fallback, E-UTRAN signals to the UE to start optimized PS handover procedure as defined in TS 23.402 [x] (i.e., Handover from E UTRA preparation request messages 3-11 Section 9.3.2). E-UTRAN includes the information of concurrent 1xCSFB Operation when forwarding the HRPD message with HO access information to the UE in Mobility From EUTRA Command

When concurrent non-optimized PS handover procedure or optimized idle-mode PS handover procedure or optimized active-mode PS handover procedure with 1xCS fallback is invoked, UE and network then follow the appropriate PS handover procedure in TS 23.402 [x] and continue with the step 15 below. 

NOTE 2.
Other 3GPP2 specific procedure (e.g., how UE performs concurrent operation in 3GPP2 network) is outside the scope of this specification.

NOTE 3.
E-UTRAN may invoke concurrent optimized active-mode PS handover procedure or non-optimized PS handover procedure when it receives S1-AP: UE Context Modification with CSFB indication.
10.
E-UTRAN sends an S1 UE Context Release Request (Cause) message to the MME. Cause indicates that the S1 UE Context Release was caused by CS fallback to 1xRTT.

11.
MME sets the UE context to suspended status and sends to the S-GW a Suspend Request (IMSI) message that requests the suspension of EPS bearers for the UE. The S1-U bearers are released for all EPS bearers by the MME and all GBR bearers are deactivated. The non-GBR bearers are preserved and are marked as suspended in the S-GW.

12.
S-GW acknowledges the Suspend Request message and marks the UE as suspended. When a downlink data arrives at the S-GW, the S-GW should not send a downlink data notification message to the MME if the UE is marked as suspended.

13.
S1 UE Context in the E-UTRAN is released as specified in TS 23.401 [2].

14.
UE tunes to 1xRTT and acknowledges the page by transmitting a 1xRTT Paging Response message over the 1x Access Channel.

15.
Subsequently UE performs the procedure for mobile terminated call establishment as specified in 3GPP2 A.S0013 [18].
16.
In case PS HO to HRPD access was also initiated in Step 9, the UE performs handover procedures to HRPD access as specified in TS 23.402 [x]. Step 16 and Step 15 occur in parallel.
Once CS service ends in the 1xCS domain the UE returns to E-UTRAN by performing reselection. The EPS service is resumed as described in clause 6.5.
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