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Abstract of the contribution:

In the last meeting it was agreed to create a placeholder in TS 23.402 for documenting solutions for EUTRA ( HRPD service continuity with optimised handovers. This paper proposes a high-level solution for inclusion in the TS 23.402. From architectural perspective, it is similar to the existing 3GPP2 solution for HRPD(1xRTT service continuity.
1
Introduction

The inter-working between 3GPP2 and LTE is divided into three portions:

· LTE PS ( cdma2000 1xRTT voice service continuity ;
· LTE PS (( cdma2000 1xRTT PS service continuity for data services;
· LTE PS (( cdma2000 HRPD PS service continuity for voice and data services.
This paper focuses on the latter.

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.

In a companion paper for this meeting [1] it was proposed to agree on the architecture for improved LTE-HRPD mobility shown in Figure 1. There is one new reference points in this architecture:
· S101 – used for HO signalling of pre-registration, preparation and execution
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Figure 1: Architecture for optimised 3GPP-HRPD handovers (non-roaming case)
Although S101 looks similar to S3 judging from its location in the network architecture, its usage is likely to be different.  The reason is that for HRPD, it is not possible to prepare all the context in the network without direct interaction with the UE; HRPD session configuration procedures require negotiation between the UE and the network to settle on a final configuration and moreover a PPP state machine has to be exercised on both the UE and the PDSN to establish IP services.  Having the network attempt to perform this configuration (similarly “simulated” on the UE side) would be error prone and impractical.  
NOTE: As described in a companion paper for this meeting (S2-073382), the principle of UE-based preparation of the target access via transparent tunnelling is already used in 3GPP2 specifications in the context of HRPD(1xRTT PS-to-CS voice service continuity. Namely, while the UE is attached to HRPD access, it can start registering with the target CS domain via a horizontal interface (A21) defined between the HRPD Radio Network Controller (RNC) and an Inter-working function (IWS) in the 1xRTT access network. The A21 interface allows for tunnelling of 1xRTT signalling messages between the UE and the target 1xRTT access. For inter-working between LTE and HRPD, a similar approach is proposed here, the A21 interface being replaced with S101.
In addition to the S101 interface being specified there is a need to support mechanisms to minimize packet losses for real time and non real time mobility between HRPD and LTE. The solutions that should be investigated are early user plane switching and direct and in-direct packet forwarding. 

2
Proposed solution for cdma2000 HRPD ( LTE service continuity
This section describes an approach to perform bidirectional LTE PS ( cdma2000 HRPD PS handovers. In this solution, the key aspect to achieving the interruption time targets is to allow for inter-RAT handover preparation, within the context of the SAE architecture. Similar to the proposed solution for LTE(1xRTT CS-PS voice service continuity (see S2-073382), the approach described here minimises the coupling between the HRPD and LTE systems, using a tunnelling protocol to allow the UE to interact directly with the target system.

At a high level, this is illustrated in the following diagram:
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a) S101 tunnelling for LTE=>HRPD handover preparation

b) S101 tunnelling for HRPD=>LTE handover preparation
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Figure 2: a) S101 tunnelling for LTE(HRPD handover preparation; b) S101 tunnelling for HRPD(LTE handover preparation

The S101 reference point is used for handover signalling of pre-registration, preparation and execution between RATs, using a tunnelling protocol from one RAT, over the air and across to the S101 interface, to the other RAT.
In case where the UE is connected to the EUTRAN (Figure 2a) and conditions are such that a handover to HRPD may be required, the EUTRAN instructs the UE to perform pre-registration with the target HRPD system, both with the HRPD access network and the packet data service node (PDSN), over the S101 tunnelling interface.  If conditions subsequently warrant that a handover to occur, the EUTRAN instructs the UE to perform handover preparation and execution, again over the S101 tunnelling interface.  Once the UE receives the target system traffic channel allocation, it switches to that HRPD traffic channel.  In addition, additional information may be exchanged over the various interfaces to orchestrate the handover.  For example, status information could be passed from the source system to allow the target system to resolve UE-related messages.  (An example of such a parameter for HRPD is an identifier information of the source eNB to allow the PN Offsets included in a UE message to resolve to a particular HRPD cell.)  Other examples include parameters passed from the target system to the source system regarding the progression of the handover and the target IP address to use for data forwarding.
In case where the UE is connected to the HRPD RAT (Figure 2b) and conditions are such that a handover to EUTRAN may take place, the HRPD RAT requests that the UE perform a pre-registration with the target EUTRAN system.  In this case, the procedure is simplified to perform the pre-registration / preparation / execution together over the S101 tunnelling interface.  This is to minimize any impact on the currently defined procedures the EUTRAN system.  
The interactions are thus described to minimise the total interruption time at the UE. By allowing the UE to attach and perform service activation (in the case of LTE) or to perform a session configuration or traffic allocation request (in the case of HRPD), the interruption time is minimised to the time required to perform a handover from one air interface to the other.
3
Call flows

3.1
EUTRAN(HRPD handover

Figure 3 illustrates a high-level call flow for the optimised EUTRAN(HRPD handover procedure.

Editor’s Note: This call flow does not preclude the definition of more optimized procedures (eliminating the need for tunnelling) for terminals that support full dual (simultaneous) receive/transmit capabilities.
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Figure 3: EUTRAN(HRPD handover
1. Ongoing session established over EPS/EUTRAN access.

2. Based on some trigger (e.g., an indication from the EUTRAN or an indication over the broadcast channel), the UE decides to initiate a pre-registration procedure with potential target HRPD access. The pre-registration procedure allows the UE to establish and maintain a dormant session in the target HRPD access, while attached to the EUTRAN.

3. The HRPD pre-registration procedures are transparent to the EUTRAN and EPS. The UE first performs network entry procedures specific to HRPD with the HRPD access and subsequently establishes IP services connectivity with the HRPD packet data serving node (PDSN).  Authentication with the HRPD system (with both the access network and the IP services network) occurs at this time.  HRPD QoS reservations are also included in these procedures.
Editor’s Note: The system must ensure that the credentials used on the HRPD system correspond to a subscriber profile that is common with LTE access.
Editor’s Note: It is FFS how the HRPD QoS reservations are maintained up-to-date at the time of handover.
4. If QoS reservation was initiated in the previous step, the PDSN may initiate QoS interaction with the PCRF.
Editor’s Note: the details of QoS interaction with the PCRF is specific to HRPD.
5. Based on some trigger (e.g., a measurement report), the EUTRAN makes a decision to perform HO. Note, the handover decision can be made at any time when the UE is attached in the EUTRAN network (including as soon as the UE has completed pre-registration).
6. The handover decision is signalled to the UE as Relocation indication.
7. The UE sends an HRPD Connection Request message via the tunnel to request an HRPD traffic channel. The HRPD access allocates the requested radio access resources. The HRPD access triggers the PDSN to switch from dormant to active mode. The PDSN exchanges a PMIP BU/BA with the PDN GW. At this point the DL user data can start flowing from the PDN GW to the HRPD access network via the PDSN (early path switch).
Editor’s Note: it is FFS how the PDSN gets the PDN GW address.
8. The HRPD access replies to the UE with the HRPD Traffic Channel Assignment (TCA) message. This is perceived by the UE as a Handover Command message.  As part of the encapsulating S101 message, the HRPD access may provide additional information to the MME, e.g. a forwarding address to the source system to allow for any data forwarding (detailed solutions are FFS), as well as an indication that this is the last message of the handover preparation phase. 
9. The UE retunes to the HRPD radio access network and performs traffic channel acquisition.

10. The UE sends an HRPD Traffic Channel Complete (TCC) message to the HRPD access. At this step the UE traffic may flow in both UL and DL directions via the HRPD access. The HRPD access sends a handover complete message to the source MME.
11.The EUTRAN/EPS may release the old context based on the normal EUTRAN/EPS procedure.
12. In case of IPv6, the PDSN sends Router Advertisement (RA) with the home prefix back to the UE. 
3.2
HRPD(EUTRAN handover

Figure 4 illustrates a high-level call flow for the optimised HRPD(EUTRAN handover procedure.

Editor’s Note: This call flow does not preclude the definition of more optimized procedures (eliminating the need for tunnelling) for terminals that support full dual (simultaneous) receive/transmit capabilities.
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Figure 4: HRPD(EUTRAN handover
1. Ongoing session established over HRPD access.

2. Based on some trigger (e.g. UE measurement reports) the UE or the HRPD access decides to initiate a pre-registration procedure with the EUTRAN access. The pre-registration procedure for handovers in the HRPD(EUTRAN direction is triggered only along with the handover decision.

Editor’s Note: It is outside the scope of this specification as to the means by which a handover decision is made in the HRPD system.
3. The pre-registration procedure is started with the LTE Attach Request message sent by the UE to the MME. The LTE Attach Request message, as well as the subsequent EPS NAS signalling, is carried over a specific tunnelling stream between UE and the HRPD access, and then relayed inside the S101 tunnel.  Included in this attach request is a service request to allow for traffic channels to be assigned to the UE.
4. If no context exists for the UE in the network, authentication is performed with the HSS.
5. If this is the very first attach on the EPS side, the MME sends an Update Location message to the HSS and fetches user subscription data. In this step the HSS shall also return the address of the already assigned PDN GW.
6. The remainder of the LTE Attach and Service Request procedure is performed. At the end of this step the DL user data can start flowing from the PDN GW to the eNB (early path switch).
Editor’s Note: it is FFS whether the remainder of the LTE Attach and Service Request procedure is identical to a normal LTE Attach procedure.
7. At the end of the LTE Attach and Service Request procedure, the MME sends a Handover to LTE Command (new EPS NAS message also containing Access Stratum information).
8. The UE synchronises with the target EUTRA cell and sends a Handover Complete message.

9. The EUTRAN sends a Relocation Complete message to MME.

10. The MME sends a Handover Complete message to the HRPD access.
11. The HRPD access releases the resources according to the normal HRPD specifications.
4
Impact on the EPS/EUTRAN system

The impact to the EPS/EUTRAN system can be summarised as:

1) Support 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;
3) Support the ability to tunnel messages between the cdma2000 network and the UE, using a tunnelling mechanism that minimises the coupling between the EUTRAN and the cdma2000 systems (to perform a handover towards a cdma2000 system);
4) Support the ability to perform network attachment via a tunnelled interface from a cdma2000 system (to perform a handover towards the LTE system).
The purpose of the tunnelled interface is to allow for the preparation of the target system for the incoming terminal. This is a critical requirement for minimising handover delay experienced by single radio terminals.  

5
Conclusion and proposal
This contribution discusses a solution for bidirectional EUTRAN ( HRPD service continuity relying on UE preparation of the target access. This solution is similar to the existing 3GPP2 solution for HRPD(1xRTT voice service continuity.

It is proposed for inclusion in TS 23.402 Section 5.6.3.1.
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 *** Proposed Change in TS 23.402 *****
5.6
Handover

<This section describes the information flows for handover between 3GPP and non-3GPP accesses>

5.6.1     Handovers without Optimizations

<This section contains flows for supporting handovers without optimizations>

*** Contents of Section 5.6.1 omitted for conciseness *****
5.6.2      Handover Optimizations applicable to all non-3GPP accesses
<This sub-section describes handover optimization procedures that are generic and applicable to all non-3GPP accesses. >

5.6.3       Handover Optimizations applicable to specific accesses
<This section describes handover optimization procedures that are specific to particular accesses (3GPP and non-3GPP). Subsections may also contain details for generic optimization procedures to make them applicable to specific accesses >

5.6.3.1 
E-UTRAN access and CDMA2000 accesses 
<Handover optimization procedures for 3GPP accesses and 3GPP2 accesses for scenarios specified in TS 22.278 >

5.6.3.1.1 Optimized Active Handover: E-UTRAN access ( cdma2000 HRPD

Figure 5.6.3.1.1-1 illustrates a high-level call flow for the optimised EUTRAN(HRPD handover procedure.

Editor’s Note: This call flow does not preclude the definition of more optimized procedures (eliminating the need for tunnelling) for terminals that support full dual (simultaneous) receive/transmit capabilities.
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Figure 5.6.3.1.1-1: EUTRAN(HRPD handover
1. Ongoing session established over EPS/EUTRAN access.

2. Based on some trigger (e.g., an indication from the EUTRAN or an indication over the broadcast channel), the UE decides to initiate a pre-registration procedure with potential target HRPD access. The pre-registration procedure allows the UE to establish and maintain a dormant session in the target HRPD access, while attached to the EUTRAN.

3. The HRPD pre-registration procedures are transparent to the EUTRAN and EPS. The UE first performs network entry procedures specific to HRPD with the HRPD access and subsequently establishes IP services connectivity with the HRPD packet data serving node (PDSN).  Authentication with the HRPD system (with both the access network and the IP services network) occurs at this time.  HRPD QoS reservations are also included in these procedures.

Editor’s Note: The system must ensure that the credentials used on the HRPD system correspond to a subscriber profile that is common with LTE access.
Editor’s Note: It is FFS how the HRPD QoS reservations are maintained up-to-date at handover execution phase.
4. If QoS reservation was initiated in the previous step, the PDSN may initiate QoS interaction with the PCRF.
Editor’s Note: the details of QoS interaction with the PCRF is specific to HRPD.
5. Based on some trigger (e.g., measurement report), the EUTRAN makes a decision to perform HO. Note, the handover decision can be made at any time when the UE is attached in the EUTRAN network (including as soon as the UE has completed pre-registration).

6. The handover decision is signalled to the UE as Relocation indication.
7. UE sends an HRPD Connection Request message via the tunnel to request an HRPD traffic channel. The HRPD access allocates the requested radio access resources. The HRPD access triggers the PDSN to switch from dormant to active mode. The PDSN exchanges a PMIP BU/BA with the PDN GW. At this point the DL user data can start flowing from the PDN GW to the HRPD access network via the PDSN (early path switch).
Editor’s Note: it is FFS how the PDSN gets the PDN GW address.
8. The HRPD access replies to the UE with the HRPD Traffic Channel Assignment (TCA) message. This is perceived by the UE as a Handover Command message.  As part of the S101 encapsulating message, the HRPD access may provide additional information to the MME, e.g. a forwarding address to the source system to allow for any data forwarding (detailed solutions are FFS), as well as an indication that this is the last message of the handover preparation phase.
9. The UE retunes to the HRPD radio access network and performs traffic channel acquisition.

10. The UE sends an HRPD Traffic Channel Complete (TCC) message to the HRPD access. At this step the UE traffic may flow in both UL and DL directions via the HRPD access. The HRPD access sends a handover complete message to the source MME.

11.The EUTRAN/EPS may release the old context based on the normal EUTRAN/EPS procedure.
12. In case of IPv6, the PDSN sends Router Advertisement (RA) with the home prefix back to the UE. 

5.6.3.1.2 Optimized Active Handover: cdma2000 HRPD ( E-UTRAN access

Figure 5.6.3.1.2-1 illustrates a high-level call flow for the optimised HRPD(EUTRAN handover procedure.

Editor’s Note: This call flow does not preclude the definition of more optimized procedures (eliminating the need for tunnelling) for terminals that support full dual (simultaneous) receive/transmit capabilities.
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Figure 5.6.3.1.2-1: HRPD(EUTRAN handover
1. Ongoing session established over HRPD access.

2. Based on some trigger (e.g. UE measurement reports) the UE or the HRPD access decides to initiate a pre-registration procedure with the EUTRAN access. The pre-registration procedure for handovers in the HRPD(EUTRAN direction is triggered only along with the handover decision.

Editor’s Note: It is outside the scope of this specification as to the means by which a handover decision is made in the HRPD system.
3. The pre-registration procedure is started with the LTE Attach Request message sent by the UE to the MME. The LTE Attach Request message, as well as the subsequent EPS NAS signalling, is carried over a specific tunnelling stream between UE and the HRPD access, and then relayed inside the S101 tunnel.  Included in this attach request is a service request to allow for traffic channels to be assigned to the UE.

4. If no context exists for the UE in the network, authentication is performed with the HSS.
5. If this is the very first attach on the EPS side, the MME sends an Update Location message to the HSS and fetches user subscription data. In this step the HSS shall also return the address of the already assigned PDN GW.

6. The remainder of the LTE Attach and Service Request procedure is performed. At the end of this step the DL user data can start flowing from the PDN GW to the eNB (early path switch).

Editor’s Note: it is FFS whether the remainder of the LTE Attach and Service Request procedure is identical to a normal LTE Attach procedure.
7. At the end of the LTE Attach and Service Request procedure, the MME sends a Handover to LTE Command (new EPS NAS message also containing Access Stratum information).
8. The UE synchronises with the target EUTRA cell and sends a Handover Complete message.

9. The EUTRAN sends a Relocation Complete message to MME.

10. The MME sends a Handover Complete message to the HRPD access.

11. The HRPD access releases the resources according to the normal HRPD specifications.

5.6.3.2 
3GPP accesses and Mobile WiMAX 
<Handover optimization procedures for 3GPP accesses and Mobile WiMAX accesses for scenarios specified in TS 22.278 >
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