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1. Introduction
This paper discusses and proposes basic requirements for intra-3GPP mobility based on the architecture agreements from the earlier SA2 meetings.

This contribution is an update version of S2-062099 submitted to the S2#53 meeting.

2. Background

Figure 1 shows the agreed high level architecture for 3GPP inter-working. Main architecture aspects with regards to 3GPP inter-working is that there is a common 3GPP anchor function for all 3GPP accesses, which the end user data is traversing. There is also a control plane interface (S3) between the SGSN and the MME which is used for mobility signalling, e.g. to support prepared inter-RAT handovers.
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Figure 1: High-level architecture for 3GPP inter-working
Figure 2 shows the inter-RAT handover procedure (Alternative A in TR 23.882) from GERAN/UTRAN to LTE assuming no MME / UPE separation. Similar procedure (on message level) is assumed for handover in the LTE to 2G/3G direction. Utilizing the procedure below it should be possible to perform the inter-RAT handover with low interruption time (e.g. below 200 ms) making it possible to support VoIP and other real time services. The UE can enter the target system and immediately start sending UL data. DL data can be handled either using a bi-casting or packet forwarding mechanism in the CN. 
In the procedure below, the UE will receive a handover command in the source system and will when it enters the target system perform signaling towards the target RAN. After the RAN signaling the UE will be able to send and receive UL and DL data. No additional CN – UE handshaking is required before the UE can send and receive data, the network registration (step 15) if needed should be possible to perform in parallel. 
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Figure 2: Inter-RAT handover procedure 2G/3G->LTE
Note: The usage of packet forwarding (as illustrated in Step 8) or bi-casting is still FFS in 3GPP.
3. MME / UPE separation and IASA / UPE co-location
Figure 3 shows the SAE / LTE architecture assuming MME / UPE separation and IASA / UPE co-location as proposed by Ericsson. Figure 4 and Figure 5 shows the corresponding handover procedure. The only significant difference compared to Figure 2 is the extra step of configuring PDCP/Ciphering in the case the MME / UPE is separated. Other than that there is not impact of supporting MME / UPE separation since the MME manage the relevant UE context needed in order to perform signaling towards the 2G / 3G SGSN.
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Figure 3: SAE / LTE Architecture Assuming MME / UPE separation and IASA/UPE co-location
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Figure 4: Inter-RAT handover (2G/3G=>LTE) procedure MME / UPE separation 
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Figure 5: Inter-RAT handover (LTE=>2G/3G) procedure MME / UPE separation
Note: There are some other minor proposed updates made in Figure 4 and Figure 5 compared to Figure 2. Message 9 has been renamed to handover complete since it is assumed that the RBs can be established and configured already in message 7 (handover command). Message 11 Handover Complete Ack is removed since it is unclear if it is needed.
Note: The usage of packet forwarding (as illustrated in Step 8) or bi-casting is still FFS in 3GPP.

4.  High level requirements
As highlighted in section 2, it is important minimize signalling handshaking between the UE and network during the handover procedure. This means that the target system (based on information provided by the source system) needs to prepare the UE context during the handover preparation phase and then generate the handover message towards the terminal.
No other signalling message other than the “handover command” message in the source system and the “handover complete” message in the target system is assumed before the terminal can start sending or receiving data.
In order to support the procedure outlined in Figure 2 and Figure 4, the following high-level requirements are required to be met:
· The security context of the source system is transferred in the network to the target system and can be used directly by the UE in the target system without any re-authentication and key management signalling. (Note: Special care may need to be taken in the direction GERAN to LTE due to different level of security).
· The UE capability information (e.g. MS network capabilities, UE RAC, MS RAC) are provided by the UE to the source system to be used for further handovers to the target system.

· The SAE Bearers / PDP context and their corresponding application binding (e.g. filters) of the source system are converted or transferred to the target system, so that they do not need to be re-established in the target system.

It is proposed to add these high level requirements as intra-3GPP inter-RAT handover working assumptions in 23.882.

4. High level solutions

4.1 Security Context
In SAE / LTE the ciphering and integrity protection session keys are located in the CN (MME and UPE), it is assumed that these keys will be transferred (and converted) to the ciphering/integrity protection keys used in UTRAN (RNC) and ciphering keys used in GERAN (SGSN). The keys needs to be transferred during the handover preparation signalling over the S3 interface, it might also be necessary for the UE and the network to synchronize the hyper frame numbers using handover signalling similar to what is done today for GERAN/UTRAN handover.

In addition to security keys it may be beneficial to also transfer unused security vectors which can be used for further authentications in the target system, limiting the need for authentication signalling towards the HLR/HSS. Details are FFS.
Conclusion:

Transfer and conversion of the security context between different accesses seems technically feasible; however the details should be confirmed by SA3. From SA2 point of view it seems reasonable to add a requirement that the security context should be transferred without adding additional signalling between the UE and the CN for re-authentication and key agreement. 

4.2 UE capability information

Currently in existing 3GPP accesses the UE provides capability information about what features it supports to the network. It is assumed similar mechanism would also be required also in SAE / LTE. 
In SAE / LTE it is assumed that for an attached UE this information will be stored in the MME and be downloaded to the eNode B when the UE enters LTE_ACTIVE, in order to avoid the need to re-send this information over the radio interface every time the UE make an active to idle state transition. 

It seems technically feasible in SAE / LTE in the same way also to, when the UE is active in LTE, upload UE capability information to the MME which is related other accesses. The detailed solution for this is FFS, but it could either be achieved by the network requesting the UE to provide Inter-RAT capability information, or that the UE always sends up available information using NAS signalling during the attach procedure. 

Once the actual handover takes place the SAE CN needs to be involved in generating the handover request message over the S3 interface in order to provide the necessary UE capability information to the target system.
Similarly the SAE / LTE UE capability information needs to be provided to the CN / RAN in the UTRAN / GERAN access, potentially using additions to existing messages.

Conclusion:

Detailed solutions for providing UE capability information for other accesses to the SAE CN is FFS, it seems however reasonable to have as a working assumption that this functionality should be supported in order to minimize the interruption time at 2G/3G/LTE handover.
4.3 SAE Bearers / PDP context

During prepared inter-RAT handover the target will allocate and configure resources (identities, L1 resources, bearers) in the target system so that the UE can enter the target system and immediately start sending and receiving data on those resources. In order to achieve this it is important that the binding between application flows and bearers (e.g. PDP context, SAE bearers) in the terminal is maintained. 
In SAE / LTE it has been decided to support network initiated bearers (SAE bearers) with UL packet filters, it is assumed that it would be possible that each SAE bearer allocated to the terminal will be assigned some form of pointer (e.g. NSAPI) which during the handover and radio bearer allocation can be used to related the SAE bearer to the physical resources over the radio interface (e.g. Radio Bearer). 

In addition it might be necessary to do some mapping between QoS parameters used in GERAN/UTRAN to the QoS parameters used in LTE, however if network initiated bearers is also supported in GERAN/UTRAN some simplifications is probably likely. For more information see [1].
Conclusion:
Supporting mobility between GERAN/UTRAN/LTE without re-establishing all ongoing bearers seems technically feasible and will have a lot of performance benefits. It is proposed to add this as working assumption.

References:

[1]
S2-062807, “Standardized and Non-Standardized Labels”, Ericsson
5. Proposed Changes to TR 23.882

7.8.2
Inter access system handover between 3GPP access systems (UTRAN/Evolved HSPA/GERAN and SAE/LTE 3GPP access system)

(i) 7.8.2.1
Description

Handover between 3GPP access systems maintains the UE's established IP packet bearer service(s) during mobility between 2G/3G access and SAE/LTE 3GPP access system.

For mobility between 3GPP accesses (UTRAN/Evolved HSPA/GERAN and SAE/LTE), the mobility and anchoring is performed below the User IP layer or in another term, below UMTS Gi level. This implies the usage of a common 2G/3G/LTE mobility anchor and mechanisms that control and perform mobility between the user plane tunnels (Gn-UP) of existing 2G/3G accesses (GERAN and UTRAN) and the user plane tunnels of the Evolved Packet Core.  

In addition, it is clarified that S3 is GTP based.  

Editor’s note: 
-The working assumption above does not imply any protocol/solution on S1 and S5 reference points (see section 4.2). 
-The working assumption above does not imply any grouping of functions on other Key Issues.

It should be noted that this section does not attempt to draw conclusions to the investigation of supporting different anchoring mechanisms and mobility protocols between 3GPP and non-3GPP accesses.

7.8.2.1 Working assumptions

7.8.2.2 The following working assumptions are taken regarding inter-access system handover to/from LTE from/to UTRAN/GERAN;
· The security context of the source system is transferred in the network to the target system and can be used directly by the UE in the target system without any re-authentication and key management signalling. 
· The UE capability information (e.g. MS network capabilities, UE RAC, MS RAC) are provided by the UE to the source system to be used for further handovers to the target system.
· The SAE Bearers / PDP context and their corresponding application binding (e.g. filters) of the source system are converted or transferred to the target system, so that they do not need to be re-established in the target system.
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