SA WG2 Temporary Document

Page 1
-


3GPP TSG SA WG2 Architecture — SA2#53
S2-062260
26 - 30 June 2006

Lisbon, Portugal
Source:
Nokia
Title:
Grouping of functions in Evolved Packet Core
Document for:
Approval
Agenda Item:
7.5.1.4
Work Item / Release:
SAE / Rel-7
1
Introduction

At the SA#49 meeting in Yokosuka, the work on SAE achieved significant progress when a drafting group managed to converge so far independent architecture proposals A and B into a single architecture figure for the non-roaming case (S2-052844). However, in order to reach the agreement it was necessary to sweep key disagreements under the carpet by adding FFSs into the text describing the entities and reference points of the architecture. Although this presentation trick was good for advancing the SAE work at the time by allowing companies to concentrate on other key issues, it has by now become a burden to the progress because companies are interpreting the converged architecture according to their own positions when what actually need to be resolved are the underlying key disagreements.
It seems that it is time to put the key disagreements on the table in a fully transparent way, instead of shadow boxing with the assumed company specific meanings of the entities and reference points. For this purpose, the relevant functional groupings should be explicitly presented without being bound to the current architecture figure that can be interpreted in various ways. And the key question that follows is which ones of these explicit entities need to be connected with reference points that are standardized as open interfaces. The approach used in resolving the RAN/CN functional split can serve as a model for these decisions.
2
Discussion

2.1
Ambiguity in current definitions of EPC entities
The current architecture contains the entities MME/UPE and Inter AS Anchor, the latter of which has been further defined as consisting of a 3GPP Anchor and SAE Anchor. Based on the terminology in TR 23.882 alone, and additionally based on some solution alternatives proposed to e.g. key issue 7.8 Inter access system handover, it seems that many companies consider that the MME/UPE does not contain mobility anchor functions for inter-access system mobility, whereas the Inter AS Anchor according to the new definition does.
During the definition of the Inter AS Anchor as 3GPP Anchor and SAE Anchor it became obvious that many companies consider such anchors to be separate entities, whereas others consider them to be co-located. There are further complicated arising from the placement of PCEF functionality and connectivity to PDNs.
The placement of control plane functionality supporting mobility within LTE access system into an MME entity that is separate from entities containing user plane functionality has been proposed in S2-061557 (by Nokia, Nortel, Motorola, Ericsson, ZTE and Vodafone).

In roaming case, there is a similar separation of MME/UPE and Inter AS Anchor as in the non-roaming case, where the MME/UPE does not contain mobility anchor functions for inter-access system mobility and the Inter AS Anchor does. On the other hand, the separation of 3GPP Anchor and SAE Anchor with a roaming interface has been proposed in the key issue IP Connectivity with multiple PDNs in S2-061622 (by Telecom Italia, Nortel and Samsung). The separation of access system specific local mobility anchors from an entity similar to a HA with a roaming interface has also been presented as one alternative in S2-061660 (by NEC, DoCoMo, Fujitsu, Cisco, Motorola and Panasonic), which also apparently considers roaming interfaces between SAE Anchors.
Furthermore, it has been proposed that PCEF should be grouped with anchor function for inter-access system mobility either so that the user data path breaks out from the 3GPP Anchor or goes always through the SAE Anchor.
2.2
Definitions of EPC entities that better reflect different views
The functional grouping key issue should be discussed using the following entities:

· MME: LTE access specific control plane functions.
· LTE Anchor: functions grouped around the ciphering and header compression termination point for LTE access.
· 3GPP Anchor: functions grouped around the mobility anchor for mobility between 3GPP access systems, which will include GGSN functionality.
· Evolved HA: functions grouped around the mobility anchor for mobility between 3GPP and non-3GPP access systems, which is based on Mobile IP and enhancements related to MIP.
· IPGW: functions grouped around the IP Gateway to PDNs/Service Domains.

Using the function allocation of key issue 7.11 with further clarification of the functions, these five entities can be described as shown in Table 1.
	Grouping:

EPC Function:
	MME
	LTE
Anchor
	3GPP
Anchor
	Evolved HA
	IPGW

	IP address allocation for global mobility
	
	
	
	X
	

	IP access service enabling functions
	
	
	X
	
	

	GTP user plane routing and forwarding
	
	X
	X
	
	

	Gateway functionality to external PDNs
	
	
	
	
	X

	PCEF
	
	
	
	
	X

	Collection of Charging Information
	
	
	
	
	X

	SAE bearer handling and control in roaming case
	
	X
	
	
	

	Inter-eNodeB Anchor for user plane
	
	X
	
	
	

	Anchor for inter-3GPP AS mobility
	
	
	X
	
	

	Anchor for 3GPP and non-3GPP mobility
	
	
	
	X
	

	IDLE UE DL data termination and paging
	
	X
	
	
	

	IP Header compression
	
	X
	
	
	

	Ciphering termination for user plane traffic
	
	X
	
	
	

	Lawful interception of user plane traffic
	
	FFS
	X
	FFS
	

	Ciphering/integrity termination for signaling
	X
	
	
	
	

	Lawful interception of signaling traffic
	X
	
	
	
	

	CP function for inter-3GPP AS mobility
	X
	
	
	
	

	UE CP context management/storage
	X
	
	
	
	

	UE UP context management/storage
	
	X
	X
	X
	

	Temporary user ID management/storage
	X
	
	
	
	

	Mobility management (Note2)
	X
	
	
	
	

	Authentication, authorization, etc.
	X
	
	
	FFS
	

	Multicasting traffic to multiple UEs
	
	FFS
	
	
	


Note1: X indicates allocation, and does not mean that the function is always used in the entity.
Note2: Active mode UP path switching directly between eNB and UPE followed by signalling to MME.
Table 1: Allocation of Evolved Packet Core functions to SAE entities
2.3
Architecture presented using the newly defined EPC entities
Figure 1 shows the Evolved Packet Core with the MME as a separate entity, and the other four entities being either parts of a single entity called SAE GW, or separated with an open interface S5b into two entities 3GPP GW and SAE Anchor. Figure 2 and Figure 3 show the architecture in roaming cases.
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Figure 1: Logical high level architecture in non-roaming case (simplified)
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Note1:
The existence and functionality provided by S9 is FFS.

Note2:
It is FFS whether S2a or S2b is supported via SAE GW in HPLMN,


SAE GW in VPLMN, or neither.

Note3:
It is FFS whether it is advantageous to combine S5y functionality with S5a 

(provide it via the Visited SAE GW or 3GPP GW).
Figure 2: Logical high level architecture in roaming case with access to home services (simplified)
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Note:
The existence and functionality provided by S9 is FFS.
Figure 3: Logical high level architecture in roaming case with access to visited services (simplified)

2.4
Tracking progress and agreements on the SAE architecture and reference points

The proposal to standardize, study or not standardize Evolved Packet Core interfaces is shown in Table 2. The table can be used to keep track of the open issues, progress and agreements achieved within SAE. Reference points connected to two entities without an open interface between them collapse into a single reference point, e.g. if S5a is non-standard, S5x from MME to LTE Anchor and S5y from MME to 3GPP Anchor collapse into a single S5c from MME to an integrated 3GPP GW (containing LTE and 3GPP Anchors).
Some of the candidate reference points listed in the table are shown in Figure 4.
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Figure 4: Logical high level architecture in non-roaming case
Each of the candidate reference points may be handled as follows:

· Standardize: specify an open interface within SAE in intra-operator non-roaming case (Non-roam) or inter-operator roaming case (Roam), or both (X).

· Study: consider whether standardization is needed in intra-operator non-roaming case (Non-roam) or inter-operator roaming case (Roam), or both (X)

· Do not standardize: the interface does not exist or can be implemented as a non-standard interface, e.g. if the two entities connected by it are co-located in a single functional entity.
	Type:

Candidate reference point:
	Standardize
	Study
	Non-
standard
	Comments

	S1a (eNodeB-MME)
	Non-roam
	-
	-
	

	S1b (eNodeB-LTE Anchor)
	Non-roam
	-
	-
	

	S2a (Evolved HA-Non3GPP AS)
	Non-roam
	-
	-
	Operator-AS owner agreement needed

	S2b (Evolved HA-PDG)
	Non-roam
	Roam
	-
	Operator-AS owner agreement needed

	S3 (SGSN-MME)
	X
	-
	-
	

	S3b (SGSN-LTE Anchor)
	-
	-
	-
	No interface of any kind

	S4 (SGSN-3GPP Anchor)
	X
	-
	-
	

	S4a (GGSN-3GPP Anchor)
	-
	-
	X
	GGSN within 3GPP Anchor

	S4b (GGSN-Evolved HA)
	Note1
	Note1
	-
	

	S4c (GGSN-MME)
	-
	-
	-
	No interface of any kind

	S5x (MME-LTE Anchor)
	Non-roam
	-
	-
	In TR changes S5x=S5d

	S5y (MME-3GPP Anchor)
	X
	-
	-
	In TR changes S5y=S10

	S5z (MME-MME)
	X
	-
	-
	MME relocation if needed

	S5a (LTE Anchor-3GPP Anchor)
	Roam
	-
	-
	Operator may use roaming interface in non-roaming case

	S5b (3GPP Anchor+IPGW-Evolved HA+IPGW)
	Non-roam
	-
	-
	No MIP roaming

	S5e (MME-Evolved HA)
	-
	-
	-
	No interface of any kind

	S5f (LTE Anchor-Evolved HA)
	-
	-
	-
	No interface of any kind

	SGi (IPGW-PDNs)
	Non-roam
	-
	-
	Operator-PDN owner agreement needed

	SXa (LTE Anchor-LTE Anchor)
	-
	-
	-
	No need for interface seen

	SXb (3GPP Anchor-3GPP Anchor)
	-
	-
	-
	Roaming interface between LTE and 3GPP Anchors

	SXc (Evolved HA-Evolved HA)
	-
	-
	-
	UE MIP client handles HAs

	S9 (PCRF-PCRF)
	-
	Roam
	-
	Inter-operator service IDs need to be considered


Note1:
UMTS Gi level connectivity from GGSN to Evolved HA is possible to support migration 
(including inter-operator case using visited GGSN roaming scenario).
Table 2: SAE reference points to be standardized or studied
3
Proposal

The following changes are proposed to definitions in section 3.1.
**** Start of 1st set of changes ****

3.1
Definitions

For the purposes of the present document, the following terms and definitions 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 contains LTE specific functions and does not provide anchoring for mobility between LTE access and pre-SAE/LTE accesses for idle or active UEs.
It is FFS whether Charging Information for inter-operator accounting is in UPE or in another functional block.
3GPP Anchor: anchors the user plane for mobility between the 2G/3G access system and the LTE access system. 
SAE Anchor: anchors the user plane for mobility between 3GPP access systems and non-3GPP access systems. It does not anchor user plane for mobility between the 2G/3G access system and the LTE access system below UMTS Gi level.
SAE GW: user plane functional entity consisting of UPE, 3GPP Anchor and SAE Anchor.
3GPP GW: user plane functional entity consisting of UPE and 3GPP Anchor.
**** End of 1st set of changes ****

The following changes are proposed to section 4 on the architecture in non-roaming and roaming cases.
**** Start of 2nd 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


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

The separation of MME into a separate entity from the UPE and 3GPP Anchor is supported with an open interface. The separation of the SAE GW into 3GPP GW and SAE Anchor entities with an open interface is also supported.
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.








Reference points
S1a:
It provides access to Evolved RAN radio resources for the transport of control plane traffic.

S1b:
It provides access to Evolved RAN radio resources for the transport of user 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.   S5b need not be used when 3GPP anchor and SAE anchor are implemented in a single entity.
S5c:
It enables exchange of subscriber, security parameter, IP access context and bearer context information between MME and SAE GW, or between MME and 3GPP GW.

S6a:
It enables transfer of subscription and authentication data from HSS to MME for authenticating/authorizing user access to the evolved system (AAA interface). 
S6b:
It enables transfer of subscription and authentication data from HSS to SAE Anchor 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), which is in SAE GW or 3GPP GW. 

SGi: 
It is the reference point between the SAE GW or 3GPP GW 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 and the 2G/3G Core Network shall be based on GTP protocol.
-
The interfaces between the UPE or 3GPP Anchor and the 2G/3G Core Network shall be based on GTP protocol.
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.
Editor's note: The protocol assumed in each interfaces in the roaming cases shall be inline with the protocol assumption in the non-roaming case.
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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Figure 4.3-1: SAE Roaming architecture – Home routed traffic



The inter-3GPP access system Mobility Anchor (3GPP Anchor) and the Mobility anchor between 3GPP and non-3GPP access systems (SAE Anchor) is provided in the Home Network. The UPE functionality is provided in the Visited Network.
It is FFS whether it is advantageous to allow inter-access system handover also in the visited network (in the visited SAE GW or 3GPP GW). The SAE GW or 3GPP GW in the home network remains the entity that terminates the IP Access Service.


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 SAE GW or 3GPP GW 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)

S5d:
It enables exchange of subscriber, IP access context and bearer QoS information between MME and the UPE function of SAE GW or 3GPP GW.

S8:
It provides the user plane without related control and mobility support between the UPE function of SAE GW or 3GPP GW in the VPLMN and the 3GPP Anchor function of SAE GW or 3GPP GW in the HPLMN, and is based on Gp reference point.

S9:
indicates the roaming variant of the S7 reference point for the enforcement in the VPLMN of dynamic control policies from the HPLMN. 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
S10:
It provides the control and mobility support related to S8. It is FFS whether it is advantageous to combine S10 functionality with S8 (provide it via the Visited SAE GW or 3GPP GW).
NOTE:
S2 and S4 reference points could be interoperator when the PDG and the SAE/3GPP GW or the SGSN and the SAE/3GPP GW belong to different PLMNs.
**** End of 2nd set of changes ****

Annex A: Logical architecture showing all EPC functional entities
Functional grouping showing the roaming scenarios using the newly defined Evolved Packet Core entities. The proposed SAE reference points (open interfaces) are shown in red or blue. There may be further reference points (e.g. for load balancing), that are not shown in the figure, for entities serving different UEs.
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Note1:
The existence and functionality provided by S9 is FFS.

Note2:
It is FFS whether S2a or S2b is supported via Evolved HA in HPLMN,


Evolved HA in VPLMN, or neither.
Figure 5: Logical high level architecture in roaming case with access to home services
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The existence and functionality provided by S9 is FFS.
Figure 6: Logical high level architecture in roaming case with access to visited services
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