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This paper highlights the benefits of the standardization of S5b interface and proposes the separation of 3GPP Anchor and SAE Anchor.

Introduction

During last SA2 meeting in Shanghai, the Inter-AS Anchor has been split in two different functional entities, namely the 3GPP Anchor and the SAE Anchor. It is FFS if these anchors will be co-located and if one or both of them will be co-located with the UPE. This paper lists the benefits to have the 3GPP Anchor co-located with the UPE and the SAE Anchor as a separate node and proposes to standardize the S5b reference point. This document focuses only in the non roaming architecture and does not imply any position on the preferred roaming architecture.
Discussion 
One key issue on functional grouping is focused on the separation or co-location of 3GPP and SAE anchors. This section focuses on this issue, listing benefits and drawbacks of co-location and separation of the anchors. The discussion refers only to the non roaming architecture. For simplicity, MME and UPE are showed together (as “MME/UPE”): it is understood that an eventual MME-UPE split is irrelevant for the discussion of this paper.
Role of 3GPP and SAE Anchors
Both the 3GPP Anchor and SAE Anchor may contain gateway functionality to PDN and evolved packet core user plane functions such as packet routing and forwarding, and Policy and Charging Enforcement Function (PCEF). The 3GPP anchor additionally acts as the mobility anchor for mobility between SAE/LTE and 2G/3G system. The SAE Anchor represents the mobility anchor for mobility with non 3GPP access systems. 
Benefits of 3GPP and SAE Anchors separation
The advantages to have the 3GPP mobility anchor separated from the SAE Anchor are related to deployment and design considerations. Moreover, having the 3GPP and SAE anchors separated allows a clear distinction of what is 3GPP/LTE access specific and what is access agnostic in SAE architecture: this would definitely be the best and most future proof approach in the architecture design since it allows the deployment and integration of new 3GPP and non 3GPP accesses without changing or replacing a significant part of the SAE architecture.
Different deployment scenarios are possible based on the operator's needs and strategy: 
· an operator may deploy non 3GPP accesses (e.g. WLAN, FBA, WiMAX) before deploying LTE access (i.e. eUTRAN), as stated in Annex E of the TR. In this case, such an operator needs just the SAE Anchor functionality to handle mobility between pre-SAE and non 3GPP systems and does not need any UPE/3GPP Anchor functionality. This scenario is depicted from the logical point of view in Figure 1, where the SAE Anchor might be regarded as an IP mobility anchor decoupled from the GGSN, and the Gi interface is the interface between such Home Agent and the external Internet/intranet;
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Figure 1 – Architecture for SAE-compliant operators that deploys non-3GPP accesses before LTE
· an operator may deploy LTE accesses only (along with 2G/3G accesses) or may deploy non-3GPP access in later phase. In this case, the operator does not need any SAE Anchor functionality, since the SAE Anchor implements non-3GPP specific functions that are not required if non-3GPP accesses are not deployed. This would also ease the physical realization of a two-layer architecture for LTE in the home network. This scenario is depicted in Figure 2;
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Figure 2 – Architecture for SAE-compliant operators with 3GPP-only access
· in both scenarios shown above, the target architecture at the end of the migration phase is the one depicted in Figure 3. Nonetheless, the anchors separation allows a strong flexibility to operators in order to address their needs, still being compliant to the 3GPP SAE architecture. In this case it is FFS if the Gi terminates both in the SAE Anchor and 3GPP Anchor or in the SAE Anchor only. 
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Figure 3 – Target SAE architecture
The anchors separation has also benefits related to the time of products availability: if an operator is interested in deploying WLAN or other non-3GPP accesses, offering an inter technology mobility service to its customers as depicted in Figure 1, it needs the SAE Anchor functionality. This scenario seems quite likely to happen before the availability of the new radio access (i.e. LTE). For some operators, the deployment of non-3GPP access before the availability of the new radio access (i.e. LTE) is realistic. For this reason, having the SAE Anchor separated from the UPE/3GPP Anchor is beneficial, since it would enable operators to deploy non-3GPP access independently of the advances in LTE deployments. 
Other important benefits of the anchors separation are:

· if 3GPP Anchor and SAE Anchor are separated, interworking with access technologies standardized in other fora will be limited to the non-3GPP anchor part of SAE architecture and interfaces. In this way, in the SAE architecture there is a clear distinction of what is 3GPP specific (e.g. UPE) and what is access agnostic (e.g. SAE Anchor);

· the UPE and the 3GPP mobility anchor scale according to the amount of data traffic and number of 3GPP terminals, whereas SAE Anchor (i.e. non-3GPP anchor) scales according to the number of terminals that have a non-3GPP network interface. A separation between these entities would increase deployment flexibility for an operator;

· SAE Anchor can be deployed either in the same or in different sites as UPE/3GPP anchor, as deemed necessary based on traffic patterns, migration needs, roaming scenarios and cost calculations; 
· even though SAE Anchor and 3GPP Anchor are separated, this does not have impacts on the implementation of 3GPP-only terminals and related user plane path. Indeed 3GPP-only terminals do not need to implement or activate MIP client, since for that kind of terminals, which never move into non-3GPP accesses, either SAE Anchor functionality is not used or a network based mobility management solution like PMIP can be used between 3GPP Anchor and SAE Anchors. In the former case, the SAE Anchor must be in the user plane path only for multi-mode (3GPP&non-3GPP) terminals.
Finally, it is clear that a separation between UPE/3GPP Anchor and SAE Anchor increases the architectural flexibility, making it possible for an operator to decide whether to implement them in a separated or integrated fashion based on migration needs and cost considerations.

Benefits of 3GPP and SAE Anchors co-location

Some advantages claimed while proposing the co-location of UPE/3GPP Anchors and SAE Anchor include: 
· there is only one node in the user plane of the EPC in the non-roaming case;
· Mobile IP can be used only when in non-3GPP accesses, avoiding the need of MIP tunnel in LTE and avoiding the need for 3GPP-only terminals to be equipped with a MIP client;
· there is no duplication of PCEF functionality;
· in the case of separated UPE and MME co-locating the UPE and SAE Anchor avoids the need of standardizing and implementing all of the MME, UPE and SAE Anchor functions in separate nodes and having three different standardized interfaces. 
Concerning the first two above mentioned advantages, as highlighted above, they apply only to operators that have deployed non-3GPP accesses and are offering inter-technology mobility service to their subscribers. For operators that are not deploying non 3GPP accesses, there is still one node in the user plane in the non roaming case since the SAE Anchor is not needed at all. 

Moreover, concerning user plane latencies, an additional user plane element can only slightly increase latencies for UEs when using non-3GPP Access Systems. Nonetheless, SAE anchors can be dynamically allocated to the UE during attach procedure so that the additional delays are not noticeable by the end users. The SAE Anchor does not perform any protocol translation, only encapsulating or decapsulating IP packets; therefore the expected latency introduced by this node is slightly higher than the latency introduced by an IP router.
In addition, we think that it is technically feasible to avoid MIP tunnels, and therefore MIP packet overhead over the LTE air interface, even if SAE Anchor and UPE are not co-located on the same node. As an example this can be accomplished using Proxy MIP over S5b reference point while in LTE and MIP while in non-3GPP accesses. Anyway, the impact of MIP tunnel over LTE air interface needs to be carefully analyzed, since techniques to minimize the overhead are available.

Regarding PCC issues, we think that both SAE Anchor and 3GPP Anchor may need to implement PCEF functionality, but the functions such as bearer or service level PCC and charging can always be performed in only one of the anchors, i.e. either 3GPP Anchor or SAE Anchor, in order to keep the overall system load at the same level as in co-located case. Therefore, there is no duplication, rather a split of functionality. In particular we expect access-specific PCC rules (e.g. bearer level rules) to be enforced on the 3GPP Anchor and access-agnostic PCC rules (e.g. charging rules) to be enforced on the SAE Anchor.
Concerning the number of interfaces, even in case MME and UPE are split, the interface between MME and SAE Anchor is not needed since SAE Anchor is not the mobility anchor for 3GPP accesses, but is used only for mobility between 3GPP and non 3GPP networks. Therefore, the only interface that needs to be standardized is the S5 interface, which would have its roaming companion S8 interface anyway.
Finally, it is worth noting that even if an interface between UPE and SAE Anchor is standardized, it is still possible to have them combined in one physical node as an implementation option.
Proposal

Based on the analysis done in this paper, we propose that 

· 3GPP Anchor and UPE are merged in the relevant Figure of TR 23.882

· 3GPP Anchor and SAE Anchor are kept separated
· a standardized S5b interface is defined between the 3GPP Anchor and the SAE Anchor.
The Annex of this paper contains an implementation of the present proposal in TR 23.882.

Annex: Text Proposal for TR 23.882
<< First change >>

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.
UPE anchors the user plane for mobility between the 2G/3G access system and the LTE access system.
Editor's Note: Additional Architecture diagram updates will be done following concrete resolutions on the other key issues. The current figure above does not intend to draw any conclusion regarding the functional grouping within the Evolved Packet Core. The number of interfaces and their termination points may change once the grouping and other key issues are resolved.



SAE Anchor

The SAE Anchor is a functional entity that anchors the user plane for mobility between 3GPP access systems and non-3GPP access systems.


Note: It is FFS how to map SAE architecture for the non-roaming case in Figure 4.2-1 to the roaming architectures in section 4.3
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 the SAE Anchor.

S3:
It enables user and bearer information exchange for inter 3GPP access system mobility in idle and/or active state. It is based on Gn reference point as defined between SGSNs.

User data forwarding for inter 3GPP access system mobility in active state (FFS). 
S4:
It provides the user plane with related control and mobility support between GPRS Core and the 3GPP Anchor and is based on Gn reference point as defined between SGSN and GGSN.



S5b:
It provides the user plane with related control and mobility support between 3GPP anchor and SAE anchor. 
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. 
SGi: 
It is the reference point between the Inter AS Anchor and the packet data network. Packet data network may be an operator external public or private packet data network or an intra operator packet data network, e.g. for provision of IMS services. This reference point corresponds to Gi and Wi functionalities and supports any 3GPP and non-3GPP access systems.
Protocol assumption:
-
The interfaces between the SGSN in 2G/3G Core Network and the Evolved Packet Core (EPC) shall be based on GTP protocol.

-
The interfaces between the SAE MME/UPE and the 2G/3G Core Network shall be based on GTP protocol.

<< End of first change >>

<< Second change >>

7.11.2
Solution for Key Issue - grouping of the functions
7.11.2.1
Allocation of evolved packet core functions to UPE, MME and Inter-AS Anchor

The below non-exhaustive lists present the allocation of evolved packet core functions to logical entities, for the purposes of comparing the grouping alternatives. This does not preclude solution alternatives that co-locate one or more of the logical entities. Depending on the deployment and roaming scenarios, some of these functions might be optional.

The UPE consists of the following functions:

-
Packet routing and forwarding;
-
Allocation of a local IP address from the UPE address space for use by mobility mechanisms;
-
FFS: Policy and Charging Enforcement Function (PCEF) based on TS 23.203 for roaming scenarios;
-
Depending on solution: Policy and Charging Enforcement Function (PCEF) based on TS 23.203 for route optimisation scenarios;
-
Depending on solution: Collection of Charging Information for online or offline charging systems for roaming with Inter-AS Anchor in HPLMN;
-
Depending on solution: Collection of Charging Information for online or offline charging systems when route optimisation is applied;
-
Ciphering termination for user plane traffic;
-
IP Header compression;
-
Lawful interception of user plane traffic;
-
Inter-eNodeB Mobility Anchor for user plane;
-
Inter-3GPP access system Mobility Anchor;
-
Trigger/initiation of paging when downlink data arrive for the UE in LTE_IDLE state.
The MME consists of the following functions. In some architecture solution alternatives, these functions may be co-located with the UPE:

-
Management and storage of UE control plane context;
-
Mobility management;
-
Authentication, authorization (PLMN, TA) and key management;
-
Lawful interception of signaling;

-
Ciphering/integrity termination for signaling;

-
Management and allocation of temporary user identities;

-
Depending on solution: control plane function for inter-3GPP access system mobility.

The SAE Anchor consists of the following functions. In some architecture solution alternatives, these functions may be co-located with the UPE:

-
Packet routing and forwarding;
-
Depending on solution: Authentication, authorization and key management, for mobility management signaling or for PDN access control;
-
Policy and Charging Enforcement Function (PCEF) based on TS 23.203;
-
Collection of Charging Information for online or offline charging systems;
-
Mobility Anchor for mobility between 3GPP accesses and non 3GPP accesses;
-
Gateway functionality to PDN including IP address allocation from PDN address space.

<< End of second change >>
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