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Introduction

In section 5 of TR 23.882 v0.9.0, on “Requirements on the Architecture”, one of the requirements one can read is:

“The SAE/LTE system shall support redundancy concepts / load sharing of network nodes, e.g. similar to today's Iu-flex mechanisms. All nodes other than cell site node should be considered “distributed resources utilising load sharing/redundancy mechanisms”.

This contribution aims at reflecting this requirement through some relevant sections of TR 23.882 v0.9.0.

Proposal

It is proposed that the following changes to TR 23.882 v0.9.0 are accepted to make sure the above requirement is consistently applied to the whole document. (Some changes on the definition of Handover as Backward or Forward have also been made, as Backward handover is, in general, initiated via the serving base station (BS) (and resources are prepared in the target BS), whereas, forward handover is, in general, initiated via the target BS (with no resources prepared) ).

================================================================================

FIRST PROPOSED CHANGE

(Note: Add ref to 25.931)

================================================================================

2
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================================================================================

SECOND PROPOSED CHANGE

(Note: Add definition of Forward and Backward Handover)

================================================================================

3
Definitions, symbols and abbreviations

Delete from the above heading those words which are not applicable.

Subclause numbering depends on applicability and should be renumbered accordingly.

3.1
Definitions

For the purposes of the present document, the following terms and definitions [given in ... and the following] apply.

Mobility Management Entity (MME): manages and stores UE context (for idle state: UE/user identities, UE mobility state, user security parameters). It generates temporary identities and allocates them to UEs. It checks the authorization whether the UE may camp on the TA or on the PLMN. It also authenticates the user.

User Plane Entity (UPE): terminates for idle state UEs the downlink data path and triggers/initiates paging when downlink data arrive for the UE. It manages and stores UE contexts, e.g. parameters of the IP bearer service or network internal routing information. It performs replication of the user traffic in case of interception.

It is FFS whether Charging Information for inter-operator accounting is in UPE or in another functional block.

Idle State: is LTE_IDLE for SAE/LTE or PMM_IDLE for 2G/3G or URA_PCH, which is FFS

Nomadic Terminal: Terminal that does not have full mobile capabilities but would normally be expected 

to roam between different points of attachment of the network, both wireless and wired.
Backward Handover: the source RAN node initiates the handover, and resources are prepared in the target RAN Nodes. Examples of this concept are reported in [x].
Forward Handover: The UE changes to the target RAN node without any preparation in the newtork. Examples of this concept are reported in [x].
================================================================================

THIRD PROPOSED CHANGE

(Note: in this change the nodes involved in intersystem change (2G/3G MME/UPE (AKA SGSN) need to be capable of selecting one from a pool of SAE MME/UPE’s )

================================================================================

7.8
Key Issue: Inter access system handover

7.8.1
Principles and terminologies 
There are two different cases for inter access system handover in SAE. 

· Handover between 3GPP access systems: Handover between UTRAN/GERAN and the SAE/LTE 3GPP Access System.
· Handover between 3GPP and non 3GPP access systems: Handover between UTRAN/GERAN/SAE/LTE 3GPP Access System and non 3GPP radio technology including WLAN 3GPP IP access.
Note: 
It is FFS whether the same mechanism can be applied to both cases or not.
7.8.2
Inter access system handover between 3GPP access systems (UTRAN/GERAN and SAE/LTE 3GPP access system)

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.
7.8.2.2
Alternative solution A
7.8.2.2.1
Description

This alternative solution assumes a grouping of functions as shown in the figure below, i.e. the functions are grouped:

· MME and UPE are combined into one functional entity, and

· Inter AS anchor is one functional entity. 

Mobility Management Entity (MME): manages and stores UE context (for idle state: UE/user identities, UE mobility state, user security parameters). It generates temporary identities and allocates them to UEs. It manages handover.

User Plane Entity (UPE): terminates for idle state UEs the downlink data path and triggers/initiates paging when downlink data arrive for the UE. It manages and stores UE contexts, e.g. parameters of the IP bearer service or network internal routing information. It relays user data between radio access system and the intersystem mobility anchor.

The SAE/LTE 3GPP Access System has an MME (FFS whether in RAN or CN). The corresponding 2G/3G MME is the SGSN. Furthermore, the SAE/LTE 3GPP access system has a UPE. The corresponding 2G/3G UPE is the SGSN or SGSN/GGSN.

The decision for initiating a handover is made by radio system entities of the source 3GPP access system.

Handover between 3GPP access systems is performed as a backward handover, i.e. the radio resources are prepared in the target 3GPP access system before the UE is commanded by the source 3GPP access system to change to the target 3GPP access system.

The handover preparation is carried out over a reference point between target and source 3GPP access system, i.e. between 2G/3G and SAE/LTE 3GPP access systems

It is FFS whether this reference point is also used to forward user data during handover or whether other mechanisms are used to avoid data loss due to handover, e.g. bi-casting by the intersystem mobility anchor.

During the handover phase or after the handover phase the user plane routing and any potential tunnelling between serving 3GPP access system and inter system mobility anchor is updated to the target 3GPP access system. The UE registers with the target 3GPP access system and the target 3GPP access system (MME) registers with the HSS.
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Figure 7.8-1: Handover between 3GPP access systems for alternative solution A
In the information flow below MME and UPE are shown together for simplicity reasons. This does not preclude a separation for SAE/LTE. The separation into two entities requires an interface between both for example for paging, then registration between each other and doubles context transfer.
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Figure 7.8-2: Information flow for handover from 2G/3G to SAE/LTE

1)
The IP bearer service is established between UE and Inter AS Anchor via 2G/3G access system and 2G/3G MME/UPE

2)
The serving 2G/3G access system decides to initiate a handover to Evolved RAN.

3)
The serving 2G/3G access system indicates Handover Required and the handover target to its 2G/3G MME/UPE.
3a)
The 2G/3G MME/UPE selects a SAE MME/UPE serving the Evolved RAN nodes the UE is going to use
4)
The 2G/3G MME/UPE sends a Handover Preparation Request to the target Evolved RAN via the selected SAE MME/UPE.

5)
The target Evolved RAN establishes bearer resources, including radio resources, for the UE.

6)
The Evolved RAN confirms the Handover Preparation to the 2G/3G MME/UPE via the selected SAE MME/UPE.

7)
The 2G/3G MME/UPE commands the UE to change to the target Evolved RAN.

8)
Data loss may be minimised, e.g. by bi-casting or data forwarding.

9)
The Radio Bearer is established between UE and target Evolved RAN.

10)
The Evolved RAN informs the 2G/3G MME/UPE about handover completion.

11)
The 2G/3G MME/UPE acknowledges the handover completion towards the SAE MME/UPE.

12)
The SAE MME/UPE updates the route from the Inter AS Anchor to itself. Mobile terminated packets arrive at the new MME/UPE.

13)
The IP bearer service is established between UE and Inter AS Anchor via Evolved RAN and SAE MME/UPE.

14)
The UE may need to perform a registration with the new serving SAE MME/UPE. This triggers the SAE MME to register with the HSS.

For handover from SAE/LTE to 2G/3G the same information flow is applicable with a changed order of MME/UPE and RAN/access system entities.

7.8.2.2.2
Impact on the baseline CN Architecture

The baseline CN architecture addresses SAE MME/UPEs and performs handover procedures with SAE MME/UPEs. 

7.8.2.2.3
Impact on the baseline RAN Architecture

The baseline RAN architecture handles UE measurements from Evolved RAN and addresses Evolved RAN handover targets.

7.8.2.2.4
Impact on terminals used in the existing architecture
Editors Note: It is FFS whether there is any particular terminal impact.
7.8.2.3
Alternative solution B 
The intersystem mobility anchor and the SAE UPE are combined into a single node referred to as Access Gateway (AGW).
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Figure 7.8-3: 3GPP Inter Access System Change between LTE RAN and pre-SAE/LTE 2G/3G RAN for Alternative B

Handover between 3G systems is performed as a backward handover i.e. the radio resources are prepared in the target 3GPP access system before the UE is ordered by the source 3GPP access system to change to the target 3GPP access system.

For the case of a 2G to LTE system mobility when the 2G system has no support for PS Handover, the UE will first perform cell re-selection before initiating a Tracking Update Procedure. This results in a “forward handover” instead of the “backward handover” and is identical to inter-RAT Mobility in IDLE mode.

The decision for initiating a handover is made by radio system entities of the source 3GPP access system.

During the handover phase the user plane is established between the LTE Access and the AGW.

The SAE MME may be collocated with the SAE UPE or with the 2G/3G MME/UPE in order to simplify the number of interfaces and signalling transactions.
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Figure 7.8-4: Backward Handover from 2G/3G to SAE/LTE

1)
The IP bearer service is established between the UE and the intersystem mobility anchor via 2G/3G access system and 2G/3G MME/UPE

2)
The pre-SAE/LTE 2G/3G Access decides to initiates a handover to LTE Access

3) 
The pre-SAE/LTE 2G/3G Access sends a Handover Required with the pre-SAE/LTE 2G/3G MME.

3a)
The  2G/3G MME/UPE selects a SAE MME serving the Evolved RAN nodes the UE is going to use
4)
The 2G/3G MME derives an address of the target SAE MME and sends a Handover Preparation Request, including the UE context information.The SAE MME creates a UE context and sends a Handover Preparation Request (PDP Session) to the LTE Access.

5)
The LTE Access sets up user plane contexts for the SAE UE

6)
The LTE Access sends a Handover Preparation Confirm to the SAE MME. The SAE MME sends a Handover Preparation Confirm to the 2G/3G MME.

7)
The 2G/3G MME sends a Handover Command to the UE via the 2G/3G Access.

8)
Data loss may be minimised, e.g by bi-casting or data forwarding. Further details on the data forwarding path are FFS as they depend on the location of header compression and ciphering.

9)
The UE is detected at the LTE Access.

10)
LTE Access sends a Handover Complete to the SAE MME. The SAE MME initiates the Handover Complete Procedure with the 2G/3G MME.

11)
The 2G/3G MME acknowledges the handover completion towards the SAE MME.

12)
The SAE UPE in the AGW switches the user plane towards the new LTE Access. The AGW will now forward all downlink packets to the LTE Access.

13)
The IP Bearer service is now established between the UE and the intersystem mobility anchor via LTE Access and SAE UPE.

14)
The UE updates its location using a Tracking Area Update Procedure with the SAE MME. The SAE MME will initiate the Register MME procedure with the HSS.
The Context Transfer between 2G/3G MME and SAE MME is accomplished using the GTP-C protocol as currently used between one SGSN and another SGSN.  The user plane connection and associated signalling between 2G/3G UPE and AGW is accomplished using the GTP-U protocol. The signalling between SAE MME and AGW may also be based on GTP-C with enhancements.
7.8.2.4
Alternative solution C
7.8.2.4.1
Description
This solution is similar to Alternative solution A, but positions the solution for inter-access system handover between 3GPP access systems at user-IP layer, rather than below (i.e. tunnel switching below the user-IP layer). That is, the same basic solution for mobility across 3GPP and non-3GPP access systems applies, with the addition of handover enhancements as described below. These enhancements are meant to reduce the handover interruption times across UTRAN/GERAN and SAE/LTE 3GPP access systems.

Similar to solution alternative A, the decision for initiating a handover is made by radio system entities of the source 3GPP access system.

Also, the handover between 3GPP access systems is performed as a backward handover, i.e. the radio resources are prepared in the target 3GPP access system before the UE is commanded by the source 3GPP access system to change to the target 3GPP access system.

The handover preparation is carried out over a reference point between target and source 3GPP access system, i.e. between 2G/3G and SAE/LTE 3GPP access systems

It is FFS whether this reference point is also used to forward user data during handover or whether other mechanisms are used to avoid data loss due to handover, e.g. bi-casting by the intersystem mobility anchor.

During the handover phase or after the handover phase the user plane routing and any potential tunnelling between serving 3GPP access system and inter system mobility anchor is updated to the target 3GPP access system. The UE registers with the target 3GPP access system and the target 3GPP access system (MME) registers with the HSS.

The message sequence chart in Figure 7.8-5 illustrates the high level procedures for this solution alternative. In the information flows below, MME and UPE are shown together for simplicity reasons. This does not preclude a separation.
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Figure 7.8-5: High level procedures for inter-access system handover between UTRAN/GERAN and SAE/LTE access systems when the inter-system mobility anchor is not a GTP tunnelling endpoint

Steps 1–8 correspond to the handover preparation phase, similar to that carried out for 2G/3G PS ISHO enhancements defined in [7]. If the direction of the handover is towards 2G/3G, step 3 also triggers GTP tunnel setup between the target 2G/3G MME (SGSN) and UPE (GGSN). “Create PDP Context” messages are used for this purpose. Given that the UE IP address needs to be updated during the inter-system handover procedure, the UE IP address assigned by the target MME/UPE can be passed to the UE in step 8. This measure allows faster inter-system transitions.

Step 9 can be used to set up temporary IP forwarding tunnel(s) between source UPE and target UPE. This allows faster inter-system transitions and avoids packet loss.

Step 11 indicates the completion of the handover preparation phase. The source radio network can subsequently send a Handover Command.

After the UE sets up the necessary radio resources with the target radio network in step 13, the UE can start sending and receiving IP packets through the forwarding tunnel set up in step 10. If step 9 has not been carried out, then the UE needs to wait till the procedures in step 15 are completed before sending and receiving IP packets.

Once the user plane route reconfiguration is completed in step 15, the UE can send and receive IP packets directly through the target system. The forwarding tunnel that may have been set up in step 10 is no longer used and can be thorn down at this stage, either through soft state timeout, or through other explicit signalling (FFS).

Steps 16-20 are maintenance procedures (i.e. release any resources in the source system and location update). If the source access system is 2G/3G, this phase also includes tear-down of the GTP tunnel(s) between GGSN and source SGSN. “Delete PDP Context” messages are used for this purpose.

The procedures in Figure 7.8-5 can be based on a combination of procedures already defined in 3GPP and IETF. More specifically:

Steps 8-10 and 14 can be based on procedures defined in [8] (for IPv6) and [9] (for IPv4). 

Step 15 can be based on [10] (for IPv4) and [11] (for IPv6).

The rest of the steps are similar to the procedures used in [7]. 

Figure 7.8-6 shows an example of the mapping of Mobile IP functions and signalling flows in more detail, when Mobile IPv4 is operated in FA-located care-of address mode. It is FFS whether co-located care-of address with IP header compression would be a more feasible solution compared to FA-located care-of address mode. A sequence chart for Mobile IPv6 would look similar, but in step 15 signalling would be directly between UE and HA, and there are no FA functions in MME/UPE.
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Figure 7.8-6: Example procedures with Mobile IP in FA-located care-of address mode 

7.8.2.4.2
Impact on baseline CN Architecture

The impacts on the baseline CN architecture are as follows:

- same impacts introduced by a Mobile IP solution for mobility across 3GPP and non-3GPP systems. These are listed separately in this document.

- if packet loss mitigation is handled through packet forwarding, then the introduction of a layer-3 forwarding interface between GGSN and the SAE MME/UPE is required. Other packet loss mitigation schemes may not require this interface.

- SGSN must be ready to create or delete PDP contexts during the relocation procedure when UE is moving across UTRAN/GERAN and LTE/SAE Access systems.

- For mobility from UTRAN/GERAN towards SAE/LTE, steps 8 and 9 in Figure 7.8-5 and 7.8.6 need to be supported between UE and GGSN.

 7.8.2.4.3
Impact on baseline RAN Architecture

The baseline RAN architecture handles UE measurements from LTE access system and addresses LTE access system handover targets.

7.8.2.4.4
Impact on terminals used in the existing architecture

No impact foreseen.

================================================================================

FOURTH PROPOSED CHANGE

(Note: in this change the RAN is explicitly requested to select one from a pool of SAE MME/UPE’s )

================================================================================

7.13
Key Issue Network Attachment

7.13.1
Description of Network Attachment

A UE/user needs to register with the network to receive services that require registration. This registration is described as Network Attachment. The always-on IP connectivity for UE/users of the SAE system is enabled by establishing a basic IP bearer during Network Attachment.

The network keeps UE/user registration information. The UE/user registration information, e.g. the mapping between temporary and permanent user identities and the last registered tracking area, is kept by the network for an (implementation) specific time after the UE/user detached before being deleted to allow for Network Attachment with user identity confidentiality. 

7.13.2
Solution for Key Issue Network Attachment

The following information flow shows the network attachment of a UE. (The dashed entity is involved optionally.)  MME and UPE are shown as combined; though they may be separate (in this case an additional interface must be realized).

The steps shown in the information flow describe individual functional steps. This does not preclude any combining of multiple functional steps into one message or separating one step into a message sequence. The sequence of the steps shown in the information flow may change depending on the solutions for related key issues.


[image: image9]Figure 7.13-1: Network Attachment information flow 

1) The UE discovers the SAE/LTE access system(s) and performs access system and network selection. If network sharing is present, a shared network may be selected. Further details of this process are FFS. 

2) The UE sends an attach request to the MME/UPE, including its old registration information, e.g. temporary identity. If the UE has no old registration information it includes its permanent identity. 

In case of network sharing is applied the attach request includes information for selecting network or MME/UPE.

The Evolved RAN selects the MME/UPE. 
The attach request may include information on  Default IP Access Bearer (e.g. user preferred IP address and APN).

3) If old registration information was sent by the UE the MME/UPE tries to retrieve user information from the old MME/UPE by sending the old registration information.

4) The old MME/UPE sends user information, e.g. the permanent user identity, to the MME/UPE.

5) The user/UE is authenticated in the new MME/UPE. 

6) The MME/UPE registers itself as serving the UE in the HSS.

7) The user/UE information in the old MME/UPE is deleted or the user/UE is marked as not present.

8) The HSS confirms the registration of the new MME/UPE. Subscription data authorising the  Default IP Access Bearer are transferred. Information for policy and charging control of the Default IP Access Bearer is sent to the MME/UPE. 

9) An Inters AS Anchor is selected. The selection mechanism is FFS. The IP address configuration is determined by user preferences received from the UE, by subscription data, or by HPLMN or VPLMN policies.

10) The Inter AS Anchor configures the IP layer with the determined user IP address. The user plane is established and the default policy and charging rules are applied. The user plane establishment is initiated by the UE or by the MME/UPE, which is FFS.

11) The MME/UPE provides  the Evolved RAN with QoS configurations for the Default IP Access Bearer, e.g. the upper limits for transmission data rates. It is FFS whether this provision of QoS configuration requires an additional trigger, e.g. the need to transfer uplink or downlink user data.

12) The MME/UPE accepts the UE’s network attachment and allocates a temporary identity to the UE. Also the determined user IP address is transferred. 

Roaming restrictions are checked and if violated the network attachment is rejected.

13) The UE acknowledges the success of the network attachment.

7.13.3
Impact on the baseline CN Architecture

Editors Note: It is FFS whether there is any particular impact 

7.13.4
Impact on the baseline RAN Architecture

Editors Note: It is FFS whether there is any particular impact.

7.13.5
Impact on terminals used in the existing architecture
Editors Note: It is FFS whether there is any particular terminal impact.

================================================================================

FIFTH PROPOSED CHANGE

(Note: in this change the RAN is explicitly requested to use the MME/UPE the page request was received from )

================================================================================

7.14
Key Issue Paging and C-plane establishment

7.14.1
Description of Key Issue Paging and Evolved RAN C-plane establishment

The key issue Paging and C-plane establishment handles both, the mobile terminating and the mobile originating case of C-plane establishment comprising

-
in case of mobile terminating case: termination of incoming data packets for UEs in LTE_IDLE, triggering the paging and distribution of paging over all cells of the Tracking Area the UE is registered.

-
for the mobile terminating and the originating case: establishment of a C-plane connection between UE and the network, including the establishment of radio resources for the default (signalling) IP connectivity service and possibly for other preserved services for which context data are already available in the MME/UPE and the UE.

Note: there is some relation with “Key Issue Inter 3GPP Access System Mobility in Idle State”.

7.14.2
Solution for Key Issue Paging and Evolved RAN C-plane establishment

Note: Details on the paging functionality of the UPE need further investigations.

A downlink data packet is terminated at the MME/UPE and paging is done within the cells contained in the Tracking Area the respective user is registered. 

The UE requests default radio resources to be able to contact the MME/UPE either in response to the paging request in the mobile terminating case or for the mobile originating case. The UPE correlates the incoming data packet with either the default IP connectivity service or other preserved service contexts. 

The network provides the UE information to the radio functions of the evolved RAN to perform its services on the radio resources (e.g., necessary information to allow the UE and network to communicate via scheduling control channels).

In the information flow below MME and UPE are shown together for simplicity reasons. This does not preclude a separation, which would however require the definition of an interface between both entities. In a similar manner all radio functions have been grouped into a single functional entity “radio functions”. 

Note that allocation of radio functions to logical entities is FFS in RAN WGs.
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Figure 7.14-1: Information flow for paging and C-plane establishment

1)
Both, the UE in LTE_IDLE and the MME/UPE the UE is registered hold at least one preserved service context (i.e. for the default IP connectivity service).

2)
The UPE receives a downlink data packet for the UE and discovers that no connection with UE exists radio resources are yet established.

3)
The MME/UPE checks the state of the UE and retrieves the Tracking Area it is registered.

4)
The MME/UPE triggers paging and requests the responsible radio functions to page the UE in all cells of the Tracking Area the UE is registered.

5)
The UE contacts the network using a Radio Resource Connection Request message containing NAS equivalent information for “Service Request”. The Radio functions send the Radio Resource Connection Request message to the MME/UPE that is serving the UE.

Note, that it might be possible to start to exchange AS equivalent information for the Security Mode Command function already at this point in time, however, this is FFS.

6a)
The MME/UPE correlates the UE request with the Paging procedure. 

6b)
If the network accepts the Service Request, it is possible to start data transmission on default resources.

7)
If the network decides to grant requested resources, it issues a Radio Resource Setup containing NAS equivalent information for “Service Accept” and possibly (network initiated) “Activate PDP Context request” and AS equivalent information for “Security Mode Command” and possibly RAB Assignment request / RB Setup.

8)
The UE acknowledges the Radio Resource Setup. This might include the signalling of NAS equivalent information for “Activate PDP Context Accept”. It also includes AS equivalent information for “Security Mode Complete” and possibly “RAB Assignment Response”/”RB Setup Complete”

Note:
radio function related details for steps 7) and 8) are further detailed in the key issue “Resource Establishment and QoS Signalling” in TR 25.912.

Note:
whether it is possible to perform steps 5), 7) and 8) in 2 steps is FFS.

7.14.3
Impact on the baseline CN Architecture

Editors Note: It is FFS whether there is any particular impact. 

7.14.4
Impact on the baseline RAN Architecture

Editors Note: It is FFS whether there is any particular impact. 

7.14.5
Impact on terminals used in the existing architecture
Editors Note: It is FFS whether there is any particular terminal impact.
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