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In the Orlando meeting it was agreed to create a placeholder in TR 23.882 to study Voice service continuity between IMS over EPS/E-UTRA access and CS domain over cdma2000 1xRTT Revision A access. This paper proposes a high-level solution for inclusion in the TR 23.882 and identifies the associated impacts to the EPS. It is similar to the existing 3GPP2 solution for HRPD(1xRTT voice service continuity.
1
Introduction

The cdma2000 1xRTT system is a 3G technology that supports circuit-switched voice and packet-switched data services. For voice services, the major elements are the MSC and the cdma2000 1xRTT access network. For data services, the major elements are the PDSN, HA (optionally) and cdma2000 1xRTT access network.

The cdma2000 HRPD system is an evolution of cdma2000 that only supports PS data services at higher data rates and most recently with QoS capabilities for real-time services. Similar to 1xRTT data services, the major elements are the PDSN, HA (optionally), and cdma2000 HRPD access network.  Recent versions of this technology are suitable for PS-based voice services delivered by IMS.
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Figure 1: Existing solution for HRPD ( 1xRTT Voice service continuity
As part of the deployment of the PS-based HRPD system as an overlay to the existing 1xRTT network, PS to CS handover capabilities have been specified. These mechanisms are designed to minimize the level of coupling between the 1xRTT and HRPD systems, allowing the feature to be deployed only where necessary and without affecting terminals that do not require such functionality.

Depicted in Figure 1 is a very high-level description of the HRPD ( 1xRTT Voice Call Continuity solution. It is basically a VCC solution very similar to the “dual radio” VCC solution specified by 3GPP in REL-7 TS 23.206, i.e. the call is always anchored in the IMS, regardless of whether the access leg to the VCC application is PS based (via HRPD access) or CS based (via 1xRTT access).

In addition to basic VCC, the existing 3GPP2 solution for HRPD(1xRTT continuity requires a new “transversal” interface referred to as A21, connecting the HRPD access network to an Interworking Solution function (IWS) located in the 1xRTT access network. One possible implementation option is to collocate the IWS with the 1xRTT BSC, in which case A21 becomes a direct interface between the 1xRTT BSC and the HRPD RNC (cf. this is similar to the Iur-g interface connecting a 2G BSC with a 3G RNC).

The A21 interface is used for tunnelling of 1xRTT-specific CS call control messages while the terminal is attached to the HRPD access. From a VCC perspective this mechanism allows for “make-before-break” operation similar to dual radio VCC i.e. it allows for transport of signalling for establishment of the target CS access leg while the terminal is connected to the source PS access network.
For details on the 3GPP2 solution for HRPD(1xRTT voice service continuity the reader may refer to [X.P0042].
2
Transposing the existing solution in E-UTRA/EPS context

For voice service continuity between E-UTRA and 1xRTT, a similar approach is proposed by defining an A21-like interface between E-UTRA/EPS and 1xRTT CS access network (called S102). In order to consolidate the number of S102 instances in an operator’s network it is proposed that on the E-UTRA/EPS side the S102 interface be terminated at the MME. On the 1xRTT side, the termination point of the S102 interface remains in the IWS, as in the existing 3GPP2 solution for HRPD(1xRTT voice continuity.
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Figure 2: Proposed architecture for E-UTRA ( 1xRTT voice service continuity
The role of the IWS is:

-
To be a signalling tunnelling end point towards the E-UTRAN/EPS MME for receiving/sending encapsulated 1xRTT CS signalling messages to/from the UE, and
-
To emulate an 1xRTT BSS towards the 1xRTT MSC (reference point A1). No modifications to the existing MSCs are expected.

For VCC-capable UEs the call is always anchored at the VCC AS in the IMS. The IWS enables a single radio UE to communicate in parallel both with the source system and the target system. From VCC perspective this mechanism allows for “make-before-break” operation similar to dual radio VCC i.e. it allows for transport of signalling for establishment of the target CS access leg while the terminal is connected to the source PS access network.
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Figure 3:  Transport of 1xRTT CS signalling messages for preparation of the CS access leg in the target system
The S102 reference point is used to convey 1xRTT CS signalling messages between MME and IWS. These 1xRTT CS signalling messages are actually exchanged between the UE and the MSC, and S102 is only one link in the overall UE-MSC tunnelling path. On the remaining portion of the tunnelling path, the 1xRTT signalling messages are encapsulated in EUTRAN/EPS tunnelling messages (UE-MME) or carried as part of A1 signalling (IWS-MSC).

It is expected that the existing A21 protocol (specified in [A.S0008-C v1.0]) can be re-used on S102.
3
Call flow

Figure 4 illustrates a high-level call flow for the LTE-to-1x voice service continuity procedure.
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Figure 4: LTE VoIP-to-1x CS voice service continuity
1. Ongoing VoIP session over the IMS access leg established over EPS/EUTRAN access.
2. Based on some trigger (e.g., measurement reports), the EUTRAN makes a determination to initiate an inter-technology handover to cdma2000 1xRTT Rev A.
3. The EUTRAN signals the UE to perform an inter-technology handover.
4. The UE performs signalling for establishment of the CS access leg. The 1xRTT CS signalling exchanged between the UE and the MSC is tunnelled inside EUTRAN/EPS tunnelling to the MME and then further tunnelled inside S102 messages to the IWS.
Editor’s Note: The A21 signalling as defined in 3GPP2 provides indications as to the type of messages being signalled.  In particular, indications that a particular message represents a traffic channel assignment message is provided.  This can be used by the EPS system to release resources, if desired.
5. Once the UE receives the traffic channel information from the cdma2000 1xRTT Rev A system, the UE retunes to the 1xRTT radio access network and performs traffic channel acquisition with the 1xRTT BSS.

6. The UE sends a 1xRTT handoff completion message to the 1xRTT BSS.

7. The 1xRTT BSS sends an assignment complete message to the 1xRTT MSC. 

8. Ongoing voice call over the CS access leg established over 1xRTT access

9. The EUTRAN/EPS context may by released based on the normal EUTRAN/EPS procedure.

4
Impact on E-UTRAN/EPS and the existing cdma2000 1xRTT network
The EUTRAN system has minimal coupling with the 1xRTT system, acting essentially as a transparent tunnel. The impact to the E-UTRAN/EPS architecture is limited to the support of the S102 interface (assumed to be the A21 interface defined by 3GPP2) towards the IWS in the 1xRTT network.
Additionally, it is expected that the RAN study on improved mobility will come up with solutions for the following:

1) support for measurements of cdma2000 channels from the EUTRAN, similar to that which is already defined for UTRAN;
2) support the ability to trigger a handover to the cdma2000 system, similar to that which is already defined for UTRAN.
No impact is expected on the deployed 1xRTT network.
5
Conclusion

This contribution discusses a solution for LTE(1xRTT voice service continuity, similar to the existing 3GPP2 solution for HRPD(1xRTT voice service continuity.

It is proposed for inclusion in TR 23.882 Section 7.22 as one of the alternative solutions.
 *** Proposed Change in TR 23.882 *****
7.22
Key Issue – Voice service continuity between cdma2000 1xRTT Revision A and E-UTRA

7.22.1
Description of key issue Voice Service Continuity between cdma2000 1xRTT Revision A and E-UTRA

The intent of this clause is to study alternative solutions for Service continuity between IMS over EPS/E-UTRA access and CS domain over cdma2000 1xRTT Revision A access ([36], [37], [38], [39], [40], [41], [43], [44]) as per the Stage 1 requirements in 3GPP TS 22.278 [34]. The initial focus is put on voice call continuity, however the study on continuity of other services shall not be precluded.

NOTE:
The CS component of cdma2000 1xRTT Revision A is not expected to be connected to the EPC.

In the following desirable characteristics for proposed solutions are listed:

-
The solution should support bi-directional service continuity between cdma2000 1xRTT Revision A and E-UTRA. If bi-directional support is not practical, then service continuity from E-UTRA to cdma2000 1xRTT Revision A shall have the higher priority.

-
The solution shall allow coexistence and be compatible with REL-7 VCC (as specified in 3GPP TS 23.206 [29]).

-
The solution shall allow coexistence with REL-8 VCC and ICS.

-
In order to permit UEs with a single radio configuration the solutions shall not require UE and/or RAT capability to simultaneously signal on two different RATs.

-
The solution should aim for commonality in the solution for support of single radio and dual radio terminals.

-
The solution should be transparent to E-UTRA only terminal or network.

-
The solution should not have any impact on deployed cdma2000 1xRTT Rev A and cdma2000 HRPD Rev 0 and Rev A terminals.

-
The solution should minimize the coupling between the E-UTRAN and the 3GPP2 access.  In particular, the solution should allow the cdma2000 1xRTT Rev A specification to evolve without necessitating a modification to the E-UTRA(N) specifications.

-
Impact on service quality, e.g. QoS, interruption times should be minimized

-
RAT/domain selection/change should be under network control.

-
RAT/domain selection/change may be restricted to some access systems and some subscribers, depending on operators’ policies.

-
It shall be possible for operators to restrict and disable the handover of voice calls across different access domains even if voice call services are available separately from those domains.

Editor's Note: the triggering for domain change, either UE initiated or network initiated, is FFS.

-
In roaming cases, the Visited PLMN should control the RAT/domain selection/change while taking into account any related HPLMN policies

-
Inter-domain handover in the VPLMN should be performed without significant amount of signalling to the HPLMN.

-
Impact on legacy cdma2000 RAT is highly undesirable

-
Impact on legacy cdma2000 CS CN is undesirable

7.22.2
Alternative solution A

7.22.2.1
Description
The solution for E-UTRA/EPS ( 1xRTT voice service continuity described in this section is similar to the existing 3GPP2 solution for HRPD(1xRTT voice service continuity specified in [X.P0042].
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Figure X1: Proposed architecture for E-UTRA/EPS (=> 1xRTT voice service continuity
In this solution it is proposed to terminate the S102 interface (defined in [X.P0042]) between the MME and the Interworking Solution function (IWS), defined in [A.S0008-C v1.0]. This interface is labelled in EPS as S102.

The role of the IWS is:

-
To be a signalling tunnelling end point towards the E-UTRAN/EPS MME for receiving/sending encapsulated 1xRTT CS signalling messages to/from the UE, and

-
To emulate an 1xRTT BSS towards the 1xRTT MSC (reference point A1). No modifications to the existing MSCs are expected.

The role of the MME is:

-
To be a signaling tunneling end point towards the IWS (in [A.S0008-C v1.0]) for sending/receiving encapsulated 1xRTT CS signaling messages to/from the UE, which are encapsulated in EPS NAS messages (UE-MME)

For VCC-capable UEs the call is always anchored at the VCC AS in the IMS. The IWS enables a single radio UE to communicate in parallel both with the source system and the target system. From VCC perspective this mechanism allows for “make-before-break” operation similar to dual radio VCC i.e. it allows for transport of signalling for establishment of the target CS access leg while the terminal is connected to the source PS access network.
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Figure X2:  Transport of 1xRTT CS signalling messages for preparation of the CS access leg in the target system
The S102 reference point is used to convey 1xRTT CS signalling messages between MME and IWS. These 1xRTT CS signalling messages are actually exchanged between the UE and the MSC, and S102 is only one link in the overall UE-MSC tunnelling path. On the remaining portion of the tunnelling path, the 1xRTT signalling messages are encapsulated in EUTRAN/EPS tunnelling messages (UE-MME) or carried as part of A1 signalling (IWS-MSC).

It is expected that the existing A21 protocol (specified in [A.S0008-C v1.0]) can be re-used on S102.
7.22.2.1.1
Call flow

Figure X3 illustrates a high-level call flow for the LTE-to-1x voice service continuity procedure.
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Figure X3: LTE VoIP-to-1x CS voice service continuity

1. Ongoing VoIP session over the IMS access leg established over EPS/EUTRAN access.

2. Based on some trigger (e.g., measurement reports), the EUTRAN makes a determination to initiate an inter-technology handover to cdma2000 1xRTT Rev A.

3. The EUTRAN signals the UE to perform an inter-technology handover.
4. The UE performs signalling for establishment of the CS access leg. The 1xRTT CS signalling exchanged between the UE and the MSC is tunnelled inside EUTRAN/EPS tunnelling to the MME and then further tunnelled inside S102 messages to the IWS.
Editor’s Note: The A21 signalling as defined in 3GPP2 provides indications as to the type of messages being signalled.  In particular, indications that a particular message represents a traffic channel assignment message is provided.  This can be used by the EPS system to release resources, if desired.
5. Once the UE receives the traffic channel information from the cdma2000 1xRTT Rev A system, the UE retunes to the 1xRTT radio access network and performs traffic channel acquisition with the 1xRTT BSS.

6. The UE sends a 1xRTT handoff completion message to the 1xRTT BSS.

7. The 1xRTT BSS sends an assignment complete message to the 1xRTT MSC. 
8. Ongoing voice call over the CS access leg established over 1xRTT access

9. The EUTRAN/EPS context may by released based on the normal EUTRAN/EPS procedure.
7.22.2.2
Impact on the baseline CN architecture

The solution requires a new interface between MME towards the IWS function in the 1xRTT network referred to as S102. It is expected that the existing 3GPP2 defined A21 interface shall be used for the preparation and execution of the handoff procedures between LTE and cdma2000 1xRTT CS.  The working assumption is that no modifications will be required to the currently defined specification for the A21 interface.
7.22.2.3
Impact on the baseline RAN architecture

E-UTRA(N) should support measurements of cdma2000 channels from the EUTRAN, similar to that which is already defined for UTRAN. It should also support the ability to trigger a handover to the cdma2000 system, similar to that which is already defined for UTRAN.

Other aspects are FFS.
7.22.2.4
Impact on terminals used in the existing architecture
UE should support measurements of cdma2000 channels from the EUTRAN, similar to that which is already defined for UTRAN. UE should support a tunnelling protocol for tunnelling 1xRTT CS signalling messages inside EPS NAS signalling.

Other aspects are FFS.
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