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1 Introduction

One key aspect of successful mobility from E-UTRAN to 3GPP2 system is the ability to prepare the target 3GPP2 system before triggering the Handover. Also, in order to properly design an inter-technology solution, impact on the legacy system must be closely considered in order to limit changes to existing products.

One possible solution to efficiently support HO preparation while limiting the impact on the legacy system is through having the UE performing establishment with the target system directly over the source system’s airlink.

The goal of this document is to describe how the source system’s airlink, in this case E-UTRAN, can be used to transport signalling from another technology, i.e. to “tunnel” it between UE and target system

2 Discussion

As shown in figures below, the UE interacts with the target system to perform registration in the target system using a tunnelling mechanism over the E-UTRAN. Once the UE receives an indication from the E-UTRAN to perform a handover, the UE and the target system utilize this tunnelling mechanism to prepare the target system for the UE’s arrival.  It is proposed that the E-UTRAN be largely unaware of this interaction, other than general status information passed with the tunnelled messages (e.g., HO in progress, HO complete, HO failure, etc.).   
This document focuses specifically on the approach to be used for passing the HRPD or 1xRTT messages between the UE and the 3GPP core network.  Details of the call flows that can use this tunnelling mechanism can be found in [1].

The architecture for the HO from E-UTRAN to 1xRTT is shown in the figure below with the tunnelling shown in dotted line.
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Figure 1: Architecture for the HO from E-UTRAN to 1xRTT and the tunnelling path of the messages towards 1xRTT over E-UTRAN
The architecture for the HO from E-UTRAN to HRPD is shown in the figure below with the tunnelling shown in the dotted line.
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Figure 2: Architecture for the HO from E-UTRAN to HRPD and the tunnelling path of the messages towards HRPD over E-UTRAN
2.1 Tunnelling options
There are two tunnelling options possible to carry the HRPD or 1xRTT messages over E-UTRAN these are RRC level tunnelling and NAS level tunnelling, and are discussed below.

2.1.1 RRC tunnel option
Tunnelling of HRPD or 1xRTT messages between the UE and the MME can be done using two tunnels: an RRC level encapsulation over the UuLTE and an S1-AP level  encapsulation over S1-MME. At the MME the HRPD or 1xRTT messages are forwarded to the target system (through the Ax tunnel).  This is shown below.
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This tunnel requires no changes to the 3GPP NAS procedures.  The MME is only an intermediate hopping node for these messages.  However, a mechanism is needed to encapsulate the messages for transport over UuLTE and S1 interfaces.

Since the tunnelled HRPD or 1xRTT messages are not considered to be 3GPP NAS messages and the MME is only a hopping node for these messages, NAS security does not apply for these messages.  However, the RRC level security procedures will still apply.  Since the security mechanisms of HRPD or 1xRTT will be used for signalling between the UE and the target system, NAS level security for these messages is not considered to be essential.  Further, it is expected that the interfaces between the different nodes will provide a secure transfer of the messages between the eNB and the target system.
Since these messages are intercepted by the eNB, it is possible for the eNB to be aware of the nature of the messages it is transporting possibly by including additional information for the eNB in these messages, and also for the eNB to be able to selectively append additional information before sending these messages to the MME.  

RRC level messages are typically be carried over high priority SRB.  

2.1.1.1 S1 tunnel 

It can be expected that the S1-AP messages used to encapsulate the HRPD or 1xRTT messages will use the existing S1-MME connection for the UE (which is present when UE is in LTE_ACTIVE state) and they will not require a dedicated S1 connection.  

While the content of the HRPD or 1xRTT messages are passed transparently by the MME, the MME must be aware of any ongoing handover preparation so that the MME does not release the S1-MME connection to the UE for example due to Idle period etc.

2.1.1.2 Impact on the terminal: RRC SAP
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With the RRC level encapsulation, the E-UTRAN NAS in the terminal does not really need to be aware of these messages except for the establishment of the S1 connection if it does not exist.  In other words, the HRPD/1xRTT interaction could be through a SAP on RRC itself.  However, it should be noted that these are just modelling issues and does not reflect implementation.
2.1.2 NAS tunnel option
The other option is to use a 3GPP NAS tunnel between the UE and MME.  In this case, the HRPD or 1xRTT messages are encapsulated using NAS messages.  These messages are carried transparently by RRC and S1-AP using the Direct Transfer procedures just as other NAS messages and no new procedures need to be defined at the RRC level or S1-AP level.  
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With this option, the E-UTRAN NAS and AS security would be applied to these tunnelled HRPD or 1xRTT messages, like any other NAS message between the UE and MME .   Apart from defining a NAS encapsulation message to carry these messages, very little other specification changes are expected to be required.

If the existing Direct Transfer procedure were to be completely reused for the transport of HRPD or 1xRTT messages, there would be no possibility for the eNB to be aware of the nature of these transported messages. 

NAS level messages are typically be carried over lower priority SRB. (FFS)
2.1.2.1 Impact on the terminal: NAS MM level interaction
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With the NAS level encapsulation (for example as an MM message), the HRPD/1xRTT protocol stack will interact with E-UTRAN NAS in the terminal for the transfer of these messages.  All messages will be transferred through NAS in the terminal.  
2.2 Nature of tunnelled messages:

This section looks at the nature of the tunnelled messages to study how well these messages fit into these two tunnelling options.

Messages to be tunnelled by E-UTRAN to HRPD and 1xRTT systems can be classified into two types of messages.  
2.2.1 Pre-registration messages: 
The UE is expected to pre-register with HRPD system over E-UTRAN before the HO execution.  These messages are typically asynchronous to the actual HO process itself and can happen at any time when UE is attached to E-UTRAN.  It is also asynchronous to any E-UTRAN procedure.  The trigger for pre-registration may be the UE reading some broadcast information, which could happen when the UE is in idle or connected mode.  If the UE was in idle, unless we explicitly postpone the pre-registration until the UE goes next time to connected mode, the UE may need to go to connected mode just to transfer these tunnelled messages. 
In the case of 1xRTT, the registration is implicitly handled as the HO is accomplished and no pre-registration messages needs to be exchanged.  
Since the pre-registration messages are not time critical, they could be carried over low priority SRB.

These messages can be totally transparent to E-UTRAN.  There is no obvious reason for RRC to be even aware that it is carrying HRPD related messages.  Need for the eNB to be aware of the completion of the pre-registration process is FFS.
Hence it would seem that both RRC and NAS level encapsulation solution are acceptable for these messages.  
2.2.2 HO related messages:  
These messages are triggered by the network decision to perform a HO to the HRPD or 1xRTT system.  A generic message flow for this procedure is given below.  The HO trigger is based on a decision algorithm in the eNB typically based on measurement reports from the UE.  The eNB then sends the HO trigger message to the UE.  This prompts the UE to send some pre-configuration message to the 3GPP2 system (the exact message depends on whether the HO is to 1x or HRPD).  Following that, the 3GPP2 system sends to E-UTRAN the HO command message to be sent to the UE.  It may also contain additional information to the eNB for example, data forwarding address, HO success/failure etc.  The HO command is sent to the UE by the eNB.  The eNB may optionally also start forwarding data to the target system via the S-GW.  

It may thus be useful for the eNB to know the messages being exchanged between the UE and target system.  Each of these messages are discussed in more detail below.
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Message 1: HO trigger: This clearly has to be an RRC message.

Message 2: This message is essentially a pre-configuration message sent by the UE towards the target technology.  But this message essentially plays the part of the HO required message sent by the source RAN.  It would be useful to carry additional information from the source RAN to help the target system (such as HRPD virtual sector etc.).  This would not be possible if the HRPD or 1xRTT message were tunnelled with NAS tunnel option.
To avoid the eNB having to snoop into the HRPD or 1xRTT messages leading to protocol layer violations, the (new) container message performing the tunnelling could carry additional information.  For example, the container message could inform the eNB that the HO procedure between the UE and 3GPP2 system is progressing.  
The MME also would need to be aware of the initiated HO procedure and may require the S1 interface message to carry additional information (similar to the that in the HO Required) from the eNB to the MME.  This information could be added to the Direct Transfer with some extensions or to a similar tunnelling message.  
Message 3: This is equivalent of the HO command sent to the source RAN by the target RAN containing the channel assignment on the target RAN to be sent to the UE.    It may be useful for the eNB to be aware of the HO command, such that target system can provide additional information to the source eNB (for example data forwarding address, HO success etc.) for the eNB to initiate data forwarding for a successful handover.  
Message 4: The HO command to the UE is itself normally carried in a RRC message.
Since these are time critical messages, they should be carried over high priority SRB.  But there is a risk that these messages can get fairly long. 

From the above discussion, it is clear that NAS level tunnelling does not give the flexibility of including additional information that an RRC tunnelling mechanism can provide.  Nor can the existing RRC or S1 HO related messages without extensions.  Whether this additional information is carried over different RRC and S1 messages or as extensions to the existing messages is a stage 3 issue and needs further investigation after stabilisation of the E-UTRAN RRC messages.
3 Summary and Proposal
This document looked at the different types of messages that need to be transported and the different tunnelling options.  While the pre-registration messages can be carried as NAS encapsulation messages, using NAS encapsulation for the Handover related messages clearly does not provide the required flexibility.  Hence it is necessary to support RRC and S1 encapsulation mechanisms to carry these HO related messages.  These messages could also be able to carry additional information between the UE and the eNB and also between the eNB and the target PP2 system.  The HO signalling should be carried over high priority SRB.
Given that RRC level encapsulation messages must be defined anyway for the HO related messages, these may well be used also to carry the pre-registration messages.  This will avoid having to support both tunnelling mechanisms.  While the pre-registration messages are not time critical and could be fairly long, it should be possible to transfer them over the lower priority SRB even if encapsulated over RRC.
It is hence proposed:

· To agree on encapsulation at RRC level for tunnelling cdma2000 information over E-UTRAN
· To send an LS to RAN3 to ask them to define a mechanism to transport the cdma2000 messages over S1-MME. 

If agreed, a text proposal is given below for inclusion in the TR 
4 Text Proposal

5.2.3
Mobility from E-UTRAN to HRPD

5.2.3.1
HRPD System Information Transmission in E-UTRAN

Editor’s note: to specify what kind of HRPD system information is needed and how it will be transmitted in E-UTRAN.

5.2.3.2
Measuring HRPD from E-UTRAN

Editor’s note: to specify what kind of HRPD measurement is needed and how it will be done in E-UTRAN.

5.2.3.3
E-UTRAN to HRPD Cell Re-selection

Editor’s note: to specify mobility mechanism/procedure when mobile is handed over to HRPD from E-UTRAN in idle mode.

5.2.3.4
E-UTRAN to HRPD Handover

Editor’s note: to specify mobility mechanism/procedure when mobile is handed over to HRPD from E-UTRAN in active mode.

5.2.3.5
Tunneling of cdma2000 messages between UE and HRPD access node

· In order to efficiently support HO preparation when on E-UTRAN with the target system, the UE transparently sends cdma2000 messages to the target system over the E-UTRAN, with the eNB and MME acting as relay points.
· Over the UuLTE, cdma2000 messages are encapsulated in RRC messages. A field in the RRC message indicates the RAT type of message that is encapsulated in the RRC message (e.g. cdma2000 1x, HRPD)

· It is FFS how cdma2000 messages are transported between the eNB and the MME

· It is FFS how the cdma2000 messages are transported between the MME and the HRPD Access Node

5.3.3
Mobility from E-UTRAN to cdma2000 1X

5.3.3.1
cdma2000 1X System Information Transmission in E-UTRAN

Editor’s note: to specify what kind of cdma2000 1X system information is needed and how it will be transmitted in E-UTRAN.

5.3.3.2
Measuring cdma2000 1X from E-UTRAN

Editor’s note: to specify what kind of cdma2000 1X measurement is needed and how it will be done in E-UTRAN.

5.3.3.3
E-UTRAN to cdma2000 1X Cell Re-selection

Editor’s note: to specify mobility mechanism/procedure when mobile is handed over to cdma2000 1X from E-UTRAN in idle mode.

5.3.3.4
E-UTRAN to cdma2000 1X Handover

Editor’s note: to specify mobility mechanism/procedure when mobile is handed over to cdma2000 1X from E-UTRAN in active mode.

5.3.3.5
Tunneling of cdma2000 messages between UE and cdma2000 1x access node

· In order to efficiently support HO preparation when on E-UTRAN with the target system, the UE transparently sends cdma2000 messages to the target system over the E-UTRAN, with the eNB and MME acting as relay points.
· Over the UuLTE, cdma2000 messages are encapsulated in RRC messages. A field in the RRC message indicates the RAT type of encapsulated message (e.g. cdma2000 1x, HRPD) 

· It is FFS how cdma2000 messages are transported between the eNB and the MME

· It is FFS how the cdma2000 messages are transported between the MME and the cdma2000 1x access node
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Handover procedure between E-UTRAN and CDMA2000
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