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LTE: All-IP, simplified network architecture

LTE+EPC

g

N

i channel | |! Evolved Packet Core |
eNode B (All-l P)

w (backhaul and backbone)

New, all-IP mobile core network introduced with LTE
End-to-end IP (All-IP)

Clear delineation of control plane and data plane

Simplified architecture: flat-IP architecture with a single core

r

What is EPC ?

EPC was previously called SAE (System Architecture Evolution)
eNodeB is also called E-UTRAN
Evolved Packet System = EPC + E-UTRAN

= “The EPC is a multi-access core network based on the Internet Protocol (IP) that enables operators to deploy and operate
one common packet core network for 3GPP radio access (LTE, 3G, and 2G), non-3GPP radio access (HRPD, WLAN, and
WiMAX), and fixed access (Ethernet, DSL, cable, and fiber).

= The EPC is defined around the three important paradigms of mobility, policy management, and security.”

Source: IEEE Communications Magazine V47 N2 February 2009 REF: http://www.comsoc.org/ livepubs//cil/public/2009/feb/pdf/ciguest_bogineni. pdf
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Evolved Packet Core (EPC)
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“Flat IP” = less hierarchy = lower latency

GSM
UMTS control plane
CDMA T
data plane
LTE
control plane
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EPC elements

LTE/EPC
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SGW

Evolved Packet Core

Serving Gateway
= Serving a large number of eNodeBs, focus on scalability
and security
Packet Data Network (PDN) Gateway
* |P management (“IP anchor”), connection to external
EPC elements data networks; focus on highly scalable data
connectivity and QoS enforcement
Mobility Management Element (MME)

* Control-plane element, responsible for high volume
mobility management and connection management
(thousands of eNodeBs)

Policy and Charging Rules Function (PCRF)

* Network-wide control of flows: detection, gating, QoS
and flow-based charging, authorizes network-wide use of
QoS resources (manages millions on service data flows)
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EPC Architecture
.
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EPC elements and functions

eNB

eNodeB: [ ercarmm | Policy, Charging & Rules Function
all radio access functions | r— | = Netwo!'k contr?l of Service Data Flow (SDF_)

= Radio admission control e e e

. | Connection Mobilty Cont. | : = Dynamic policy decision on service data flow
= Scheduling of UL and DL data TS treatment in the PCEF (XGW)
= Scheduling and transmission of | Radio Admission Control | - = Authorizes QoS resources
paging and system broadcast SNB Measuroment NAS Security
= |P header compression (PDCP) Configuration & Provision \de State Mobiily SCRF
= Quter-ARQ (RLC) Dynamic Resource ; Handling —

Allocation (Scheduler)

EPS Bearer Control

= |P anchor point for bearers
PDCP . .
| | SCW PoW UE IP address allocation
| RLC | . = Per-user based packet filtering
: Maobility UE IP address _ = Connectivity to packet data network
| MAC | ; Anchoring allocation '
st .
PHY - Packet Filtering ]
' M J
E-UTRAN ; EPC J
Nty Management Encity | Serving Gateway
= Authentication = Local mobility anchor for inter-eNB handovers
= Tracking area list management = Mobility anchoring for inter-3GPP handovers
* Idle mode UE reachability * Idle mode DL packet buffering
* S-GW/PDN-GW selection = Lawful interception
= Inter core network node signaling for = Packet routing and forwarding
mobility between 2G/3G and LTE
= Bearer management functions

(CIBAVIC [1]introduction to Evolved Packet Core (EPC) - EPC elements, protocols and procedures -
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LTE Protocol

Stack

NAS (Non Access Stratum) IP {Internet Protocol)

RC (Radio Resource Control) a9

Layer3 —
Layer2 -
L1 Configuration and
_Measurement
Layer1
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MAC Control

lnc POUs
PDCP Control  (Control Tra
PDCP {Packet Data Convergence
Control)

RLC Control PDCP PDUs RadioBearers

RLC(Radio Link Control)

Logical Channels

MAC (Medium Access Control)

MACPDUs Transport Channels

Physical Layer (DL:- OFDM, UL-SC-OFDM)

Physical Channels



EPC FUNCTIONAL ELEMENTS
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eNodeB - Interactions with EPC elements

J— USER PLANE (UP)

Pool of MMEs

CONTROL PLANE (CP) 1[] [ Pool of SGWs

SGW

L
* Mobility Management WA MME
* Bearer handling
* Security settings

SGW

* User plane tunnels for
UL and DL data delivery

* Inter eNodeB handovers
* Forwarding of DL data
during handovers

E eNode B

Other eNodeBs

* Radio Resource
Management

* Mobility management

* Bearer handling

* User plane data delivery
* Securing and optimizing
radio interface delivery

User Equipment eNode B

[1]Introduction to Evolved Packet Core (EPC) - EPC elements, protocols and procedures -
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Mobility Management Entity (MME)

MME is control plane element that manages network access
and mobility

MME controls how UE interacts with the network via non-access stratum (NAS) signalling
= Authenticates UEs and controls access to network connections
= Controls attributes of established access (e.g., assignment of network resources)

= Maintains EPS Mobility Management (EMM) states for all UE’s to support paging, roaming and handover
= Manages ECM (EPS Connection Management) states

L l .
i L T
@ TD — 1P channel E MME PCRF

_— SGW PDN GW
6_ oy Node b Evolved Packet Core
| e e
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MME: interaction with other elements

| . Authgntication and Security [
Other MHES || R fll] saws
el o o
e SGW

» Handovers between MMEs

* Idle state mobility between MMEs « Control of user plane tunnels

USER PLANE (UP)

CONTROL PLANE (CP)
* Inter eNodeB handovers
« State transitions
» Bearer management
Paging

User Equipment

. eNode B

eNode B Other eNodeBs

| ICBAVIC [1] Introduction to Evolved Packet Core (EPC) - EPC elements, protocols and procedures -
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Serving Gateway (SGW) and
Packet Data Network Gateway (PGW)

‘management

UC DAVIS [1] Introduction to Evolved Packet Core (EPC) - EPC elements, protocols and procedures -
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SGW - Interactions with other functional elements

] I
MMEs  RIBIR & I Pows
wne ML 11111 e
MME PGW
» Control of GTP tunnels and IP service flows
* SGW Mobility control GTP S5/58
« Control of GTP tunnels
* GTP tunnels for UL and DL
USER PLANE (UP) data delivery

CONTROL PLANE (CP)

* User Plane tunnels for
DL and UL data delivery
*Indirect forwarding of DL data
during handovers (in S1-U)
when direct (X2) inter-eNodeB
connection is not available

eNodeBs eNode B
.
— ‘
(I other saws
SGW  SGW
‘ISAVIEC [1] Introduction to Evolved Packet Core (EPC) - EPC elements, protocols and procedures -
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PGW - Interactions with other functional elements

PCRFs Il

PCRF

* Policy and Charging Control requests
« PCC rules External networks

* |IP flows of user data

USER PLANE (UP)

CONTROL PLANE (CP) I ‘ ’ | ’ |

PGW
R
« Control of User Plane tunnels / : :
* UP tunnels for UL and DL data Online Chargmg
delivery Systems
" .
)
Offline Charging
‘ Systems
AL W) SGws . |
SGW  SGW

1 ICCIBAVIC [1] Introduction to Evolved Packet Core (EPC) - EPC elements, protocols and procedures -
—A—1 4 )4 .. Alcatel Lucent 15



PCRF - Interactions with other functional elements

3
USER PLANE (UP)

CONTROL PLANE (CP) External networks

* Policy and Charging Control requests

iiill

PCRF

* Policy and Charging Control requests

* PCC rules
\_/ * QoS rules when $5/58 is PMIP

1l

PGW

1 IO BDAVIEG [1] Introduction to Evolved Packet Core (EPC) - EPC elements, protocols and procedures -
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End-to-end protocol stack (User Plane)

.

T
e g eNode B |

@It_' | " channel |—

PDN GW

applications Evolved Packet Core
= user traffic = end-to-end IP
IP IP
RELV RELV
PDCP PDCP GTP-U GTP-U GTP-U GTP-U
RLC RLC UDP/IP UDP/IP UDP/IP UDP/IP
MAC MAC L2 L2 L2 L2
L1 L1 L1 L1 L1 L1
LTE-Uu S1-U S5/S8 SGi

‘El ‘ eNodeB | SGW ‘ PGW |

* 55/58 reference point between 5-GW and PDN-GW can also be GTP based

M-EWS and PDN-GWs = to manage the user plane (bearer traffic)

[1] Introduction to Evolved Packet Core (EPC) - EPC elements, protocols and procedures -
Alcatel Lucent 17




EPS Bearer
.

Each EPS bearer context represents a GTP tunnel between UE
and PGW

Can be a default bearer context or a dedicated bearer context

Default EPS bearer context is activated when UE requests a
connection to PGW during EPS attach procedure

Additionally, the network can activate one or several dedicated
EPS bearer contexts in parallel

“«—— E-UTRAN e EPC »— Internet —>

UE i eNB ! SGW i PGW ! PeerEntity

End-to-End Service Bearer

| -

EPS Bearer External Bearer §

E-RAB S5/S8 Bearer

Radio Bearer S1 Bearer

Radio S1 S5/S8 Gﬁ

[2] Protocol Signaling Procedures in LTE -Radisys 18



Service level policy control

Service Data Flow (SDF)

« Packet filters
» QoS parameter: QCI, Guaranteed bit rate (UL/DL),
Maximum bit rate (UL/DL), Aggregate maximum bit rate

|
ohile *
T

I

UE | PDN-GW
= SDF-1
o — -—
-
i) N | ——— T
< SDF-2 — L
UE-IP1@ | “1 UE-IP1@
SDF-3
| |

IP-Connectivity Access Network Session < UE-IP1@
= The PGW needs to support fine-granularity of QoS and charging enforcement functions
beyond transport / bearer level
= Multiple Service Data Flow (SDF) can be aggregated onto a single EPS bearer
= Uplink and downlink packet filters are defined for each bearer, and QoS enforcements
are applied

[1] Introduction to Evolved Packet Core (EPC) - EPC elements, protocols and procedures -
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EPS PROCEDURES

UCDAVIS



Network attachment and IP address assignment

-- PCRF
N
I
! H Always-on IP connection is
',"S7C| ':I'ST" established and anchored at
o PDN-GW
1
s
1
MME N
1 1 1
I i Lo
ST-MME 4+ S11 .
rIL A | G _)
1

S Tl Ll (S

E-UTRAN 3
J 51-U
b e .

IPv4 via
1Pv6
DHCP
shorter I P (after)
ddress assigni
IPV6 /64
Bvé stateless
1 ICCIBAVIC [1] Introduction to Evolved Packet Core (EPC) - EPC elements, protocols and procedures -

Alcatel Lucent 21



UE and service requests

R

1. UE sends NAS
Service Request
message towards MME

eNode B \.AJ\_)“N

[ IO IBAVIC [1] Introduction to Evolved Packet Core (EPC) - EPC elements, protocols and procedures -

Alcatel Lucent

2. Update Bearer Request
is sent to the 5-GW
to establish/maodify

51-bearer

3. Dedicated bearer
established after
interaction with PCRF
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Handover and X2 routing

| ens || ena | | ens || enm |
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- User Plane (UP) ensures lossless mobility
- Control Plane (CP) provides eNB relocation capability
eNode B
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NAS (Non-Access Stratum)

NAS protocols control EPC procedures

Non-Access Stratum (NAS) resides between the UE and the
MME in the control plane

NAS is responsible for call processing and session
management functions of creation, deletion, modification
and management of default and dedicated radio bearers

L] _J
NAS procedures are grouped in 2 (Fw— ﬁ

BHefs. 3M=dlsow
EPS Mobility Management (EMM), and " | "o - Pow
EPS Session Management (ESM) “ ¢ : %J @lmem

Fig. 1. Traditional cellular EPC with logical interfaces
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EPS Mobility Management (EMM)

EMM protocol provides procedures for mobility control
when UE uses E-UTRAN and control of security for NAS
protocols

EMM procedures:
EMM common procedures (authentication etc.)
EMM specific procedures (attach etc.)
EMM connection management procedures
- Service request
- Paging procedure
- Transport of NAS messages
- Generic transport of NAS messages

25



EPS Session Management (ESM)

ESM protocol provides procedures for the handling of EPS
bearer contexts

Together with the bearer control provided by Access Stratum,
it provides the control of user plane bearers

Transmission of ESM messages is suspended during EMM
procedures except for the attach procedure

Types of ESM procedures:
- EPS bearer contexts procedures
- Transaction related procedures

26



EPC Procedures Summary

Event Type MME HSS S-GW P-GW PCRF
Attaches 10 2 3 2 1
Additional Default Bearer Setups 4 0 3 2 1
Dedicated Bearer Setups 2 0 2 2 1
Idle-to-Connected Transitions 3 0 1 0 0
Conntected-to-Idle 3 0 1 0 0
X2-based Handovers 2 0 1 0 0
S1-based Handovers 8 0 3 0 0
Tracking Area Updates 2 0 0 0 0
Total 34 2 14 6 3
TABLE 1. TRANSACTION PER NAS EVENT BY EPC ELEMENT

r S6a Gx
SCTP-Tanspon |_

Control
Flana
RFEC
81-4P

— Internet
4T

Fig. 1. Traditional cellular EPC with logical interfaces

[3] Understanding the bottlenecks in Virtualizing Cellular Core Network Functions - Intel
Labs, Connectem, AT&T Labs
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Network Attach Procedure

Em B
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[2] Protocol Signhaling Procedures in LTE - Radisys

n

NAS Ideptity Req

NAS Ideptity Rsp

NAS Authergication Req

NAS Authertication Rsp

NAS Security Mode Command

NAS Secunty Mode Comp

Figure 10. NAS Common Procedures
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Chained Requests (Control Plane)
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Control Plane Service Chain with EPC elements only
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Chained Requests (Control Plane + Data Plane)

ol T
o H e —
s ]

user traffic = end-to-end IP

Evolved Packet Core

IP IP
RELAY RELAY

PDCP | GTP-U ctP-u | crey f——] GTPU |

RLC RC [ uoP/iP ——— upbp/ip | upp/IP
T R ——
o Lo 1L u [ u

LTE-Uu Ss1-U S5/58 SGi

‘El | eNodeB | | SGW | ‘ p(;wl

* 55/58 reference point between 5-GW and PDN-GW can also be GTP based

M i-GWs and PDN-GWs = to manage the user plane (bearer traffic)

Downlink Chain

MME |—» HSS » MME » PGW » MME —» SGW [—» MME |—» PGW |— SGW
Uplink Chain
MME |—»| HSS » MME » PGW » MME — SGW — MME |—» SGW |—{ PGW

30
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Problem Statement

To reduce the bandwidth consumption in a cellular core

network while placing service chained requests while
adhering to latency requirements

Inputs

Aggregate traffic flows from a aggregation point to PGW (both uplink
and downlink)

Latency constraints for communication between each EPC element

sdnil eqdMODE m

zinil sqdbaDe —
[ P
[

izt noiinlumi?, s b sargii
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TA

Further details

Which EPS procedures to consider?

Maybe include CPU constraints? Or give CPU capacity as
an output?

What insights would be most interesting?
Do all EPC elements require replication?
Which locations are most suitable for replication?

Event Type MME HSS S-GW P-GW PCRF
Attaches 10 2 3 2 1
Additional Default Bearer Setups 4 0 3 2 1
Dedicated Bearer Setups 2 0 2 2 1
Idle-to-Connected Transitions 3 0 1 0 0
Conntected-to-Idle 3 0 1 0 0
X2-based Handovers 2 0 1 0 0 |_ - J |_ - J
S1-based Handovers 8 0 3 0 0 1L x
Tracking Area Updates 2 0 0 0 0 _ SCTP-Tampan u.r m|-
Total 34 2 14 6 3 Eip )t s MME o g
4LA: k3 5
LE I TRANSACTION PER NAS EVENT BY EPC ELEMENT = | dili e SRy Pow

Fig. 1. Traditional cellular EPC with logical interfaces
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