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1
Introduction

One area where there remain significant differences of opinion is in the role of the UPE and Inter-Access System Anchor (IASA). Some companies see the UPE as an entity similar to SGSN, meaning that the UPE does not contain any Inter-AS anchor function whereas the IASA contains all Inter-AS anchor functions. Other companies see the UPE as an entity similar to GGSN, meaning that the UPE contains the anchor function for Inter access system handovers between 3GPP access systems (3GPP anchor) and the IASA contains the anchor function for Inter access system handovers between 3GPP and non-3GPP access systems. A further group of companies advocating a NETLMM based mobility solution see the UPE as a local mobility anchor and the IASA as a global mobility anchor, where both are involved in Inter-AS mobility. The term NETLMM in this contribution does not refer to a particular local mobility protocol, but instead describes on a general level any of the group of protocols proposed in the corresponding IETF working group. This contribution is aligned with the latter two of the above interpretations.
All three currently proposed alternative solutions A, B and C to the Key Issue Inter access system handover between 3GPP and non-3GPP access systems are based on the assumption of non-3GPP anchor being a based on Mobile IP and enhancements related to Mobile IP. Therefore, the term Home Agent (HA) should be used instead of IASA for the sake of convenience, although it does not imply a basic Mobile IP Home Agent and could include e.g. global anchoring in a NETLMM based mobility solution.
This contribution proposes that the architecture should support a standalone Home Agent, i.e. that the architecture does not mandate the co-location of all mobility anchor functionality, e.g. 3GPP and non-3GPP anchors or NETLMM local and global mobility anchors, into a single entity. An open interface should be defined between the HA and the 3GPP/local anchor. The related arguments should be included in an informative Annex. The contribution does not cover other architectural aspects, such as the type of mobility mechanism in the 3GPP or local mobility anchor.
2
Discussion

2.1
Role of 3GPP/Local Anchor and Home Agent
Both the 3GPP or local mobility anchor and Home Agent (HA) may contain evolved packet core user plane functions such as packet routing and forwarding, and Policy and Charging Enforcement Function (PCEF). The 3GPP/local anchor additionally contains SAE/LTE Access System related user plane functions such as e.g. inter-eNodeB mobility anchor, ciphering termination, IP header compression and lawful interception, and the HA additionally contains gateway functionality to PDN, which can be used for local breakout. Due to local breakout requirements, the existence of gateway functionality in the 3GPP anchor is also possible.
2.2
Standardization, design and implementation

Considering efforts prior to deployment, the standalone HA has the following implications:

· Standardization effort: open interface between HA and 3GPP/local anchor requires additional standardization, but interworking requirements limit the complexity of the interface. An interface may need to be standardized for roaming cases even if the anchors are co-located in non-roaming case. In practice, support for legacy terminals requires management of the two anchor functionalities using a similarly defined interface within a co-located anchor anyway.
· Design flexibility: independent evolution and reduced complexity of each entity allows optimized product designs and development to address different functional requirements.

· Implementation effort: optimized designs and independence of entities improves the manageability and speed of network and terminal product implementations. Also, implementations of functions such as LI, ciphering and key management, UE context management, PCC and charging can be reused in both HA and 3GPP/local anchor.

· Non-3GPP standardization: interworking with access technologies standardized in other forums can be limited to the HA part of SAE architecture and interfaces.

· National options, e.g. on LI: separation of HA and 3GPP/local anchor under the same control regime allows 3rd party specified functions, coordinated via a separate functional entity.

2.3
Deployment and configuration

Considering deployment and configuration, the standalone HA has the following implications:

· Sourcing flexibility: open interface between HA and 3GPP/local anchor allows multi-vendor architecture.

· Architectural flexibility: HA can be deployed either to same or different sites as 3GPP/local anchor as deemed necessary, based on migration needs, roaming scenarios and cost calculations. For example, an operator may deploy non-3GPP accesses before SAE/LTE. It might even be possible to locate HA in corporate and 3GPP/local anchor in operator premises.

· Interworking flexibility: 3GPP anchor can be co-located with any pre-SAE/LTE mobility anchor (e.g. including GGSN in a common 3GPP anchor) or local anchor with any non-3GPP local anchor, and HA independently from them with any fixed network IP anchor (e.g. for fixed broadband that does not require all 3GPP functionality). On the other hand, an operator need not always deploy non-3GPP specific functions to support SAE/LTE.
· Network sharing and virtualization options: operators can have their own HA while sharing a 3GPP/local anchor, which requires interconnection and signalling between the entities.

· Centralized 3GPP mobility: easier mobility management possible due to centralization of the 3GPP anchor, e.g. when connecting to multiple PDNs via dedicated HAs with IP gateway functionality.

2.4
Performance and efficiency

Considering network operation, the standalone HA has the following implications:

· Independent scalability: 3GPP anchor can be scaled according to the amount of data traffic by terminals in 3GPP Access Systems such as LTE, whereas HA can be scaled according to the amount of data traffic by terminals in non-3GPP Access Systems such as fixed broadband, plus the traffic that does not break out locally from 3GPP Access Systems. Local anchor can be scaled according to the amount of data traffic in its local access system, whereas HA can be scaled according to the amount of all data traffic from all access systems to its associated PDN.
· Performance optimized products: independent design of entities allows the use of dedicated high performance hardware and flexibility in selecting hardware/software. Terminals that move only within 3GPP accesses do not need to activate their MIP client, and their user plane path need not go via the HA.
· Network stability: independent scalability, implementations, and load sharing mechanisms for the anchors reduce the chances of losing a HA serving several 3GPP/local anchors.

· Resource optimization: operator can choose optimised locations for 3GPP/local anchor independently from HA and save bandwidth, reduce latencies and avoid single points of failure.

· Network load: user plane traffic can be broken out from the 3GPP anchor, with the same number of user plane elements as in the case of co-located 3GPP and non-3GPP anchors with small amount of additional signalling compared to data volumes, and increased IP overhead for MIPv4/v6 and DS-MIPv6 compared to co-located case with UEs that are modified to manage contexts (e.g. PCC). Mobility signalling and tunnel overhead may be reduced in the case of hierarchical mobility concept, but with one additional user plane element compared to co-located case.
· Network attachment: the MME or UE can select the correct HA to facilitate coordination with the 3GPP/local anchor. Bearer activation latency may increase.

· Handover performance: 3GPP mobility is similar to co-located case. Access and mobility mechanism agnostic PCC data can be synchronized via a common PCRF in non-3GPP handovers, using the same UE address in PCC filters. More latencies compared to co-located case with UEs that are modified to manage contexts (e.g. PCC).

· Distributed functionality: user plane functions such as LI, ciphering, UE context management, bearer or service level PCC and charging may be performed in only one of the anchors, i.e. either 3GPP/local anchor or HA, in order to keep the overall system load at the same level as in co-located case.

· Configuration changes: UE context in HA is not affected when UE is mobile in 3GPP/local Access System, or when load sharing with keep-alive and recovery mechanisms is used for re-balancing between 3GPP/local anchors.

· User plane latencies: additional user plane element can slightly increase latencies for UEs when using non-3GPP Access Systems. Anchors can be scaled up and centralized so that the performance benefits are achieved but the additional delays caused by longer distances are not noticeable by the end users.
· Operations and management: the functions and amount of control traffic used for O&M remain the same, but are distributed differently due to separation of user plane functions in the anchors.

· Network domain security: static security associations between the anchors can be used for mobility signalling, load sharing, and synchronization of UE and LI contexts.

2.5
Selection of UPE and Home Agent
In order to support the standalone HA and multiple UPEs where the UPE corresponds to the 3GPP/local anchor, it is necessary to use the following selection mechanism:

1. Selection of MME and UPE.

2. The MME supplies the UPE with information about the operator HA(s) for the subscriber, and the UPE then coordinates with the operator HA(s), e.g. on the same subnet or by using Proxy MIP, in order to ensure a common IP address for use in both 3GPP and non-3GPP Access Systems. Therefore, the UE is "at home" and does not perform MIP signalling when in 3GPP accesses, without the need for 3GPP specific modifications to the MIP client.
3
Conclusion

As seen from the arguments presented above, significant advantages can be achieved if the architecture supports a standalone HA, and if an open interface is defined between the HA and the 3GPP/local anchor. There are also some disadvantages, although it is possible to design around some of them. It should be noted that the HA can still be implemented as co-located with the 3GPP/local anchor, depending on operator preference.
4
Proposal
The following changes are proposed to sections 4.2 and 4.3.
**** Start of 1st set of changes ****

4.2
Architecture for the evolved system – non-roaming case

Figure 4.2-1 depicts the base line high level architecture for the evolved system.

Editor’s note: It is not the finalized architecture model for the evolved system. I.e. it does not contain all functions/interfaces required, and some functions/interfaces may be added, deleted or modified in the course of the key issue discussions.
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Figure 4.2-1. Logical high level architecture for the evolved system

The location of the functions belonging to MME/UPE is dependent on RAN CN function split table, i.e. it is FFS.

It is FFS whether there is an interface between UTRAN and evolved packet core. 

The separation of MME/UPE into two separate entities is FFS.

Home Agent (HA)

Mobile IP Home Agent (HA) is the user plane anchor for mobility between 3GPP and non-3GPP access systems. 

It performs or supports handover between 3GPP and non-3GPP access systems.

An open interface separates the HA, which contains an anchor for mobility between 3GPP and non-3GPP access systems, from the entity containing other mobility anchor functionality, such as the mobility anchor between 3GPP access systems if that mobility is performed below UMTS Gi level.

Reference points
S1:
 It provides access to Evolved RAN radio resources for the transport of user plane and control plane traffic.

S2: It provides the user plane with related control and mobility support between WLAN 3GPP IP access or non 3GPP IP access and Inter AS Anchor. 
S3:
 It enables user and bearer information exchange for inter 3GPP access system mobility in idle and/or active state.

User data forwarding for inter 3GPP access system mobility in active state when mobility is performed below UMTS Gi level.

It may provide the user plane with related control and mobility support between GPRS Core when mobility is performed below UMTS Gi level.

If HA is implemented as co-located with 3GPP anchor (UPE/GGSN), then S3 enables also mobility between non-3GPP access and GERAN/UTRAN for 2G/3G/LTE/WLAN terminals.
S4:
It provides the user plane with related control and mobility support between GGSN in GPRS Core and Inter AS Anchor. It is in this case Gi with potential enhancements.

S4 is not needed in case S3 provides similar functionality for 2G/3G/LTE/WLAN multimode terminals, and HA is co-located with 3GPP anchor (UPE/GGSN).

S5:
It provides the user plane with related control and mobility support between the 3GPP/local anchor in MME/UPE and the non-3GPP/global anchor in HA.

S5 is not needed in case UPE and HAare combined into one entity.
S6:
 It enables transfer of subscription and authentication data for authenticating/authorizing user access to the evolved system (AAA interface).

S7:
 It provides transfer of (QoS) policy and charging rules from PCRF to Policy and Charging Enforcement Point (PCEP). 
The allocation of the PCEP is FFS. Allocation options for PCEP:
a) common PCEP in Inter AS Anchor,
b) individual PCEP per access system

4.3
Architecture for the evolved system –roaming cases

Editor’s note: It is not the finalized architecture model for the evolved system. I.e. it does not contain all functions/interfaces required, and some functions/interfaces may be added, deleted or modified in the course of the key issue discussions.

4.3.1
Scenario 1: Evolved packet core in the Visited network – Evolved packet core in the Home network

In this section it is considered the high level roaming architecture in case both the visited and the home networks are evolved Packet Core networks. Two alternative architectures are shown, depending on whether UE traffic has to be routed to the HPLMN or not. It is FFS whether the two alternatives can be used in parallel by a UE, e.g. when only a part of the user’s traffic has to be routed to the HPLMN.

In case UE traffic is routed to the home network, the SAE architecture is depicted in figure 4.3-1.
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Note:
If there is both a UPE and a Home Agent in the Home EPC, they are connected with 
reference point S5.
Figure 4.3-1: SAE Roaming architecture – Home routed traffic.

For home routed user traffic a UPE and/or Home Agent is located in the HPLMN. If a UPE is located in both VPLMN and HPLMN, the HPLMN contains mobility anchor functionalities that support Inter access system mobility between 3GPP access systems, and Inter access system handovers between 3GPP and non-3GPP access systems. Alternatively, if the UPE is located only in the VPLMN, the HPLMN contains mobility anchor functionalities only for Inter access system handovers between 3GPP and non-3GPP access systems. Due to this reason, an interface between the MME/UPE in VPLMN and UPE and/or HA in HPLMN is needed. This interface is referred to as S8. In the case of interface between UPE in VPLMN and only HA in HPLMN, S8 is the same reference point as S5 plus possible supplementary functions, if needed, related to roaming scenarios. Otherwise, S8 is a reference point supporting user plane tunnels for mobility below UMTS Gi level.
The vPCRF is located in the VPLMN, while hPCRF is in the HPLMN. The need for a vPCRF and the reference point S9 is FFS.

It is FFS whether the inter-3GPP access system Mobility Anchor and/or the Mobility anchor between 3GPP and non-3GPP access systems is provided by entities in the visited network or by the Home Inter AS Anchor.

It is FFS whether it is advantageous to allow inter-access system handover also in the visited network (e.g.: in the same node as the MME/UPE). The HA in the home network remains the entity that terminates the IP Access Service when mobility between 3GPP and non-3GPP access systems is supported.

It is FFS whether the GPRS Core contains a GGSN for this roaming architecture. In case a GGSN is included it is FFS whether a GGSN in HPLMN or VPLMN is used.

In case UE traffic is not routed to the HPLMN, the SAE architecture is depicted in the following figure 4.3-2.
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Figure 4.3-2: SAE Roaming architecture – Local Breakout.

If and how to connect the Rx+ reference point is FFS.

The need for dynamic policies in the roaming case is FFS. In the case it is decided that PCRF in the visited network is used, one alternative solution is that the enforcement of the Home PLMN policies (e.g.: QoS and charging policies) by the visited UPE and/or HA is performed through the interaction of Home and Visited PCRF. Possibly, the Visited PCRF may add/modify policies according to those defined in the VPLMN. The related reference point between PCRFs is referred as S9. The use of S9 is limited to this alternative solution and is FFS.

Additional reference points for roaming scenarios [in addition to those described in section 4.2]

S8: indicates the roaming variant of S5 reference point when the UPE is located in the VPLMN and only the HA is located in the HPLMN. Otherwise, S8 is a reference point supporting user plane tunnels for mobility below UMTS Gi level.
S9: indicates the roaming variant of the S7 reference point for the enforcement in the VPLMN of dynamic control policies from the HPLMN.The use of S9 is FFS.

Note: S2 and S4 reference points could be interoperator when the GGSN/PDG and the HA belong to different PLMNs.

**** End of 1st set of changes ****

The following informative Annex is proposed to be added to the TR 23.882:
**** Start of 2nd set of changes ****

Annex H:
Arguments for functional grouping of entities MME, UPE and IASA.

H.x
Standalone Home Agent
H.x.1
Role of 3GPP/Local Anchor and Home Agent
Both the 3GPP or local mobility anchor and Home Agent (HA) may contain evolved packet core user plane functions such as packet routing and forwarding, and Policy and Charging Enforcement Function (PCEF). The 3GPP/local anchor additionally contains SAE/LTE Access System related user plane functions such as e.g. inter-eNodeB mobility anchor, ciphering termination, IP header compression and lawful interception, and the HA additionally contains gateway functionality to PDN, which can be used for local breakout. Due to local breakout requirements, the existence of gateway functionality in the 3GPP anchor is also possible.
H.x.2
Standardization, design and implementation

Considering efforts prior to deployment, the standalone HA has the following implications:

· Standardization effort: open interface between HA and 3GPP/local anchor requires additional standardization, but interworking requirements limit the complexity of the interface. An interface may need to be standardized for roaming cases even if the anchors are co-located in non-roaming case. In practice, support for legacy terminals requires management of the two anchor functionalities using a similarly defined interface within a co-located anchor anyway.

· Design flexibility: independent evolution and reduced complexity of each entity allows optimized product designs and development to address different functional requirements.

· Implementation effort: optimized designs and independence of entities improves the manageability and speed of network and terminal product implementations. Also, implementations of functions such as LI, ciphering and key management, UE context management, PCC and charging can be reused in both HA and 3GPP/local anchor.

· Non-3GPP standardization: interworking with access technologies standardized in other forums can be limited to the HA part of SAE architecture and interfaces.

· National options, e.g. on LI: separation of HA and 3GPP/local anchor under the same control regime allows 3rd party specified functions, coordinated via a separate functional entity.

H.x.3
Deployment and configuration

Considering deployment and configuration, the standalone HA has the following implications:

· Sourcing flexibility: open interface between HA and 3GPP/local anchor allows multi-vendor architecture.

· Architectural flexibility: HA can be deployed either to same or different sites as 3GPP/local anchor as deemed necessary, based on migration needs, roaming scenarios and cost calculations. For example, an operator may deploy non-3GPP accesses before SAE/LTE. It might even be possible to locate HA in corporate and 3GPP/local anchor in operator premises.

· Interworking flexibility: 3GPP anchor can be co-located with any pre-SAE/LTE mobility anchor (e.g. including GGSN in a common 3GPP anchor) or local anchor with any non-3GPP local anchor, and HA independently from them with any fixed network IP anchor (e.g. for fixed broadband that does not require all 3GPP functionality). On the other hand, an operator need not always deploy non-3GPP specific functions to support SAE/LTE.

· Network sharing and virtualization options: operators can have their own HA while sharing a 3GPP/local anchor, which requires interconnection and signalling between the entities.

· Centralized 3GPP mobility: easier mobility management possible due to centralization of the 3GPP anchor, e.g. when connecting to multiple PDNs via dedicated HAs with IP gateway functionality.

H.x.4
Performance and efficiency

Considering network operation, the standalone HA has the following implications:

· Independent scalability: 3GPP anchor can be scaled according to the amount of data traffic by terminals in 3GPP Access Systems such as LTE, whereas HA can be scaled according to the amount of data traffic by terminals in non-3GPP Access Systems such as fixed broadband, plus the traffic that does not break out locally from 3GPP Access Systems. Local anchor can be scaled according to the amount of data traffic in its local access system, whereas HA can be scaled according to the amount of all data traffic from all access systems to its associated PDN.

· Performance optimized products: independent design of entities allows the use of dedicated high performance hardware and flexibility in selecting hardware/software. Terminals that move only within 3GPP accesses do not need to activate their MIP client, and their user plane path need not go via the HA.

· Network stability: independent scalability, implementations, and load sharing mechanisms for the anchors reduce the chances of losing a HA serving several 3GPP/local anchors.

· Resource optimization: operator can choose optimised locations for 3GPP/local anchor independently from HA and save bandwidth, reduce latencies and avoid single points of failure.

· Network load: user plane traffic can be broken out from the 3GPP anchor, with the same number of user plane elements as in the case of co-located 3GPP and non-3GPP anchors with small amount of additional signalling compared to data volumes, and increased IP overhead for MIPv4/v6 and DS-MIPv6 compared to co-located case with UEs that are modified to manage contexts (e.g. PCC). Mobility signalling and tunnel overhead may be reduced in the case of hierarchical mobility concept, but with one additional user plane element compared to co-located case.

· Network attachment: the MME or UE can select the correct HA to facilitate coordination with the 3GPP/local anchor. Bearer activation latency may increase.

· Handover performance: 3GPP mobility is similar to co-located case. Access and mobility mechanism agnostic PCC data can be synchronized via a common PCRF in non-3GPP handovers, using the same UE address in PCC filters. More latencies compared to co-located case with UEs that are modified to manage contexts (e.g. PCC).

· Distributed functionality: user plane functions such as LI, ciphering, UE context management, bearer or service level PCC and charging may be performed in only one of the anchors, i.e. either 3GPP/local anchor or HA, in order to keep the overall system load at the same level as in co-located case.

· Configuration changes: UE context in HA is not affected when UE is mobile in 3GPP/local Access System, or when load sharing with keep-alive and recovery mechanisms is used for re-balancing between 3GPP/local anchors.

· User plane latencies: additional user plane element can slightly increase latencies for UEs when using non-3GPP Access Systems. Anchors can be scaled up and centralized so that the performance benefits are achieved but the additional delays caused by longer distances are not noticeable by the end users.

· Operations and management: the functions and amount of control traffic used for O&M remain the same, but are distributed differently due to separation of user plane functions in the anchors.

· Network domain security: static security associations between the anchors can be used for mobility signalling, load sharing, and synchronization of UE and LI contexts.

H.x.5
Selection of UPE and Home Agent
In order to support the standalone HA and multiple UPEs where the UPE corresponds to the 3GPP/local anchor, it is necessary to use the following selection mechanism:

1. Selection of MME and UPE.

2. The MME supplies the UPE with information about the operator HA(s) for the subscriber, and the UPE then coordinates with the operator HA(s), e.g. on the same subnet or by using Proxy MIP, in order to ensure a common IP address for use in both 3GPP and non-3GPP Access Systems. Therefore, the UE is "at home" and does not perform MIP signalling when in 3GPP accesses, without the need for 3GPP specific modifications to the MIP client.

**** End of 2nd set of changes ****
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