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1 Introduction

The SAE architecture so far does not cover any of the aspects of the Multicast/Broadcast service capability already provided in rel.6/7 with MBMS. Nevertheless it is required that the same EPS architecture and network elements/functions are going to be used for both unicast and multicast services.

In this document we perform some analysis on the impacts and requirements that the inclusion of MBMS in the SAE packet core brings. We also propose some changes in the relevant sections in TS 23.401 as we believe it has impacts in the overall architecture design and choices.
2 Architecture Alternatives and Concepts
2.1 Architecture Alternatives
We have identified three architecture alternatives that might be used to provide the E-MBMS service in EPS. We codename these alternatives based on the path of the multicast user plane traffic. 
1. (BM- SC) – (eNodeBs)
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Figure 1: Direct delivery of the MBMS traffic from the BM-SC to the eNodeBs
This option completely bypasses any Gateway node (SGW or PGW) for the transport of the IP multicast traffic and the BM-SC directly communicates with the eNodeB in the user plane path. This assumes that the enodeBs should perform joining of a “private” IP multicast group to receive the context and a number of new interfaces need to be defined to connect the eNodeBs directly to the BM-SC. We believe that this option presents lots of challenges from a practical point of view due to mainly security reasons and a number of modifications are required in current version of the BM-SC to directly communicate with the eNodeBs. 
2. (BM- SC) - (PGW) - (eNodeB)

In this alternative we assume that the PGW is the MBMS user plane traffic ingress node in the EPC. We also assume that the PGW is separated from the SGW and the S5/S8 interface connects the two. 

In this option the PGW undertakes the role that the GGSN plays in the rel.6/7 MBMS architecture. 
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Figure 2: PGW as the eMBMS UP traffic ingress node
This option imposes the following requirements to the S5/S8 interface that are not covered in TS 23.401:

· The S5/S8 interface  shall be able to support the MBMS control plane procedures  (e.g. Activation of MBMS service, MBMS session start, MBMS session termination etc) 
· The S5/S8 interface shall be able to support the transport of use plane MBMS traffic

It also imposes a number of requirements to the PGW since the PGW will play a role similar to the one GGSN plays in the rel.6/7 architecture:
· The PGW shall support a Gmb-like interface to the BM-SC 
· The PGW shall establish an eMBMS bearer context at the BM-SC
· The PGW shall be able to report to the BM-SC when a user specific E-MBMS multicast service is released or deactivated.
S5/S8 currently have two protocol flavours (i.e. GTP, PMIPv6) and although for the GTP flavour similar procedures to the ones defined in rel.6/7 for MBMS can be defined. For the PMIPv6 flavour of S5/S8 it is necessary to define protocol procedures to allow for the “control” messages of MBMS. For this purpose we propose to extend the necessary Gmb-like functions to the SGW and/or non-3GPP. More details on the signalling procedures proposed can be found in (S2-07xxxx). 
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Figure 3: Extension of the “Gmb-like” procedures over S5b (PMIPv6)
2.2 Efficient transport of MBMS user plane traffic in the EPS
A important optimization that will reduce significantly the amount of IP traffic transported over the EPS due to MBMS is the usage of IP multicast groups to transport the MBMS traffic over the TNL of the S1 interface. This has to be taken into account in the design of the user plane of the S1 interface by RAN3. Also the ingress point of the eMBMS traffic (PGW) has to be able to map the appropriate tunnel identifiers (e.g. TEID, Iu-PS) to appropriate IP multicast addresses. 
2.3 Multi-access system eMBMS

Given the nature that eMBMS services normally have (downlink only) different access technologies (e.g. TDD instead of FDD) and distinct spectrum allocations (e.g. unpaired spectrum) may be more efficient to transport certain eMBMS services. This makes a natural choice that “downlink-only” access technologies will be assigned for the transport of eMBMS service, while on the other hand the usage of uplink bearers that are being used for the transport of the necessary uplink transactions to be performed with the BM-SC (e.g. security keys, retrieval, ESG retrieval etc) are being performed by a totally different access technology. Given the current RAN working assumptions (see S2-07xxxx) the uplink transactions performed by the UE are access agnostic. 
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Figure 4: Multi-access system eMBMS architecture
Therefore the default EPS bearer or any dedicated EPS bearer over any access technology may be potentially used to perform these transactions regardless of the access technology the UE is attached to at this stage. For example non-3GPP access networks can be used for the uplink (e.g. WiMax), while the downlink is a 3GPP access technology (e.g. LTE TDD, TD-CDMA).
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Figure 5: Example Multi-access eMBMS signalling flows for the broadcast delivery mode
3 Proposal 

It is proposed that the aforementioned working assumptions for eMBMS are agreed and the relevant text proposal added and included in TS 23.401.
Decide in 3GPP SA2 where the aspects of multi-access system eMBMS are captured (23.401 vs. 23.402).
>>>>>>>>>>>>>>>>New text to be added in section 3.3<<<<<<<<<<<<<<
3.1 Abbreviations

For the purposes of the present document, the abbreviations given in TR 21.905 [1] and the following apply. An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in TR 21.905 [1].

AMBR
Aggregate Maximum Bit Rate

DL TFT
DownLink Traffic Flow Template

EPC
Evolved Packet Core

EPS
Evolved Packet System

GW
Gateway

L2 PDB
Layer 2 Packet Delay Budget

L2 PLR
Layer 2 Packet Loss Rate

MME
Mobility Management Entity

P-GW
PDN Gateway

S-GW
Serving Gateway

S-TMSI
S-Temporary Mobile Subscriber Identity
SDF
Service Data Flow

TAC
Tracking Area Code

TAI
Tracking Area Identity

TAU
Tracking Area Update

UL TFT
UpLink Traffic Flow Template

eMBMS
                 Evolved Multicast/Broadcast Multimedia Service
BM-SC
                 Broadcast Multicast Service Center
>>>>>>>>>>>>>>>>>>>>>>End of new text <<<<<<<<<<<<<<<<<<
>>>>>>>>>>>>>>>>New text to be added in section 4.2<<<<<<<<<<<<<<
4.1 Architecture Reference Model

4.1.1 Non-Roaming Architecture
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Figure 4.2.1-1. Non-Roaming Architecture for 3GPP Accesses.
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Figure 4.2.1-2. Non-Roaming Architecture for 3GPP Accesses . Single gateway configuration option. 

Editor's Note: Need to find new name for "LTE-Uu".

NOTE:
Also in this configuration option, S5 can be used between non collocated Serving Gateway and PDN Gateway

NOTE:
Additional interfaces for 2G/3G access are shown in 3GPP TS 23.060 [7].
4.1.2 Roaming Architecture
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Figure 4.2.2-1. Roaming Architecture for 3GPP Accesses, Home Routed traffic. 
Editor’s Note: Impact from Direct Tunnel architecture need to be included in the architecture diagrams.

NOTE:
Additional interfaces/reference points for 2G/3G accesses are documented in 3GPP TS 23.060 [7].  

Editor’s Note: the Roaming architecture for the Visited Services scenario and bearer traffic local breakout for the Home Services scenario needs to be included in this specification. 

Editor’s Note: Following open issues exist for the above architecture diagram:

The roaming architecture for PCC is not included; as such the existence of S9 reference point between PCRF in the HPLMN and PCRF in the VPLMN is FFS.
>>>>>>>>>>>>>>>>>>>>>>End of new text <<<<<<<<<<<<<<<<<<
>>>>>>>>>>>>>>>>New text to be added in section 4.4<<<<<<<<<<<<<<
4.4Network Elements

4.4.1
E-UTRAN

E-UTRAN is described in more detail in 3GPP TS 36.300 [5].

E-UTRAN functions include:

-
Header compression and user plane ciphering

4.4.2
MME 

MME functions include:

-
NAS signalling 

-
NAS signalling security

-
Inter CN node signalling for mobility between 3GPP access networks (terminating S3)

-
Idle mode UE Tracking and Reachability (including control and execution of paging retransmission)
-
Roaming (S6a towards home HSS)

-
Authentication

-
Bearer management functions including dedicated bearer establishment.

NOTE:
The Serving GW and the MME may be implemented in one physical node or separated physical nodes.

4.4.3
Gateway
4.4.3.1
General

Two logical Gateways exist:

-
Serving GW (S-GW)
-
PDN GW (P-GW)
Functional split of PDN GW and Serving GW shall be the same regardless of the use of IETF or GTP based protocols between them.

NOTE:
The PDN GW and the Serving GW may be implemented in one physical node or separated physical nodes.

4.4.3.2
Serving GW

The Serving GW is the gateway which terminates the interface towards E-UTRAN. 

For each UE associated with the EPS, at a given point of time, there is a single Serving GW.

Serving GW functions include:

-
the local Mobility Anchor point for inter-eNodeB handover

-
Mobility anchoring for inter-3GPP mobility (terminating S4 and relaying the traffic between 2G/3G system and PDN GW) 
-
E-UTRAN idle mode downlink packet buffering and initiation of network triggered service request procedure
-
Lawful Interception
-
Packet routing and forwarding
-         Establish and tear down IP multicast bearers for transport of eMBMS traffic upon instruction from the PGW
-         Provide eMBMS content transport synchronisation between different eNodeBs as defined in 3GPP TS 36.300 [x].
4.4.3.3
PDN GW

The PDN GW is the gateway which terminates the SGi interface towards the PDN. 

If a UE is accessing multiple PDNs, there may be more than one PDN GW for that UE.

PDN GW functions include:

-
Policy enforcement

-
Per-user based packet filtering (by e.g. deep packet inspection)

-
Charging support

-
Lawful Interception

-
UE IP address allocation

-
Packet screening
-
Entry point for eMBMS user plane traffic

-
Session control for eMBMS
>>>>>>>>>>>>>>>>>>>>>>End of new text <<<<<<<<<<<<<<<<<<
>>>>>>>>>>>>>>>>New text to be added in section 4.5<<<<<<<<<<<<<<
4.5Reference Points

Editor’s Note: Once the architecture diagrams are stable in this specification and in TS 23.402, the reference point names need to be updated to remove either the letters or only keep a number series, e.g. S6a replaced with Sn where there is only either a digit or a letter.
S1-MME:
Reference point for the control plane protocol between EUTRAN and MME.
S1-U:
Reference point between EUTRAN and Serving GW for the per bearer user plane tunneling and inter eNodeB path switching during handover. 
S3:
It enables user and bearer information exchange for inter 3GPP access network mobility in idle and/or active state. It is based on Gn reference point as defined between SGSNs.

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

S5:
It provides user plane tunneling and tunnel management between Serving GW and PDN GW. It is used for Serving GW relocation due to UE mobility and if the Serving GW needs to connect to a non-collocated PDN GW for the required PDN connectivity. It also provides the eMBMS control plane for the establishment and tear down of eMBMS bearers.
S6a:
It enables transfer of subscription and authentication data for authenticating/authorizing user access to the evolved system (AAA interface) between MME and HSS.

S7:
It provides transfer of (QoS) policy and charging rules from PCRF to Policy and Charging Enforcement Function (PCEF) in the PDN GW. The interface is based on the Gx interface.
S8a:
Inter-PLMN reference point providing user and control plane between the Serving GW in the VPLMN and the PDN GW in the HPLMN. It is based on Gp reference point as defined between SGSN and GGSN. S8a is the inter PLMN variant of S5. It also provides the eMBMS control plane for the establishment and tear down of eMBMS bearers.
S10:
Reference point between MMEs for MME relocation and MME to MME information transfer.

S11: 
Reference point between MME and Serving GW
SGi: 
It is the reference point between the PDN 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 for 3GPP accesses. 
Rx+
The Rx reference point resides between the AF and the PCRF in the 3GPP TS 23.203 [6]. It is FFS if there will be any significant functional modifications to current Rx reference point to warrant defining it to be Rx+.

Protocol assumption:
-
The S1-U is based on GTP-U protocol.

-
The S3 is based on GTP protocol.

-
The S4 is based on GTP protocol.

-
The S5 is based on GTP protocol. IETF variant of S5 is described in 3GPP TS 23.402 [2].

-
The S8a is based on GTP protocol. IETF variant of S8a (S8b) is described in 3GPP TS 23.402 [2]

Note that redundancy support on reference points S5 and S8a should be taken into account.

>>>>>>>>>>>>>>>>>>>>>>End of new text <<<<<<<<<<<<<<<<<<
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