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��� ��
�	 WiMAX?
� WiMAX (Worldwide Interoperability for Microwave access)

� WiMAX �	�������� �	 ��������	��� IEEE 802.16 

� IEEE ������
��� ��
��� PHY � MAC ������

� WiMAX ����
 ������
��� 	���������� �������

� ��	 WiMAX

– ��������	���� WiMAX �	 ������ 802.16-2004 PHY

–  ���
���� WiMAX �	 ������ 802.16-2005 PHY

� � WiMAX ����
� ������	�
��� �����������
� !������� �
��������	��� , 	 �	�"� ����	���� ����� .  #�
�� 300 
�!	�������

� WiMAX ����
 ������!��	�� ���
����
���� ��������	���
� �	
�	� ������� � ��
�
 : 

WiMAX Ceritfied �3WiMAX/802.16 compliant
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WiMAX Forum Network Reference Model

� ������
��� $
�
���� � 	���������� ����
�	����%���� �	 802.16e-2005 

� &�������	 ��
�����' �	 IP

� &����
��� �	���
��� ��������	
������ ����
������	 (NAP) � (������� (NSP/ASP)

� )	�	�� �	�
�!��� �����
� , ������
�'%�� ��
�	��
 ���������	
 ��
"�	 � �����' �!�����
������!��	���� ���
����
���� 
�"�� ������	
�
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�������	 
�
���	��� Network Reference Model
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�������� WiMAX

� ����������	
���
���������
� �������	����
	�� ���
�����������
� ���
����������� ������ ���������

���

���

���
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�����	

����
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� ����	�����!��"�#�"�#��"
���!������
� �������	����
	������
�������
� ���
����������� ������ ���������

ASN
GW
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BS

BS

ASNCBS

BS

BS
� 
�!
 ����#��"
���!������
� �����"$�	���%��!
����	��	��
�	�
� &�
�	����"��
	������	�'
$�	��


B ASN

����������	
	��
��
����
�

� Profile C: �������� ���������� 
�"�� BS 
� ASN-GW � �	���
����
 �������
��������	
������ � ���	�
����
�	���������	
� , �����
�'%	� �������

������������� ASN

� Profile A: *��	�
���� �	���������	
� �	
ASN-GW

� Profile B: )	����	� 
���
� ASN  
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 ��	��	��� WiMAX Network Reference Model

R1: 802.16e (MSS-ASN)

R2: MSS – CSN

R3: ASN GW – HA

R4: Inter-ASN

R5: CSN-CSN

R6: BS - ASNGW

R8: Inter BS

MSS – Mobile Subscriber Station

NAP – Network Access Provider

NSP – Network Service Provider

ASN

MSS

CSN

R2

R3

Another
ASN

R4

ASP Network
Or Internet

V-NSP

NAP

ASN

R1
ASN
GW

BS

BS

R6

HAR8

CSN

H-NSP

R5
HA

AAA AAA

DHCP
DNS

DHCP
DNS

� ACCESS SERVICE NETWORK  (ASN)

Access gateway (ASN GW) – provides the micro-mobility anchor point and supports 

bearer services. Also supports the Foreign Agent.

Base station (BS) – provides the radio dependent functions and has limited IP functionality

� CORE SERVICES NETWORK (CSN)

Home agent (HA) – provides the macro-mobility anchor point and supports bearer services

, if roaming/mobility is desired. 

Other Network Elements such as AAA, DHCP servers and more are also in the CSN.
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�!��	��������	 
��	���
��� �����
�
� ��

�� WiMAX �����	
�!��

802.16e ASNgw
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��

Micro Mobility

LNK

IP IP

IP

IP
LNK LNK

IP
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IP-CSIP-CS MIP MIPMacro Mobility

IP-CS Data Path (Pmip)

BRAS

� 802.16 Convergence Sublayer (CS) ��	��	"���	� �!��	��������	 �
������	�
	��	

+����
� ������������'��� �� CID (Connection Identifier)
,	��	!���� CID ���%����
����� BS

� R6 ��	��	"���	� �!��	��������	 �� !"���
	 BS ������ �� ASN-GW

�
� ���������� �����
�� ����
������� GRE

IP-CS Data Path

PHY PHY
PHY PHY

PHY PHYMAC MAC
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-	!�����
o��
�"��	��� �
IEEE 802.16d/e
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Service Flow � 802.16d/e

• 802.16 WiMAX - connection oriented

• ����������� ��	��� 	������������ � service flow, 

• Service flow = ������������� ����� �	����� c �	�	���

QoS

• Service flow �
��� �	�	
���� :  &�
��	 , �	���"�	 , �"����� , 
� �� .

• .��������������� connection ID (CID)

• Service Flow 
�"�� ����	�	���� ��	��!���� �
� �� �	�����
&�� ����	��� SF �� �	����� ���� �������	 �	
�!��
���������� ������	 �
� ������!���� �	������	����
�	�	
����� QoS
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#�	 ������	��� �
���� � 802.16 MAC…

����������	��
���

 ����������� ��� �����

���������� ������	������ ��
!���"�� #������� ��$��%
�&� �������'���%(

����������	��
���

 ����������� ��� �����

���������� ������	������ ��
!���"�� #������� ��$��%
�&� �������'���%(

)	*��+���,-

 .�������"�/�0 ���1�#� �

�$��$��#� �������2 �'0
�$��!�����0 ���$��3�4�
#������� �$�'�&�����0

)	*��+���,-

 .�������"�/�0 ���1�#� �

�$��$��#� �������2 �'0
�$��!�����0 ���$��3�4�
#������� �$�'�&�����0

5�!% ��������

 6�����	�
���7�8�
�)����	����67) 

 9�8�:;����<�����,�)����	�����
<) 

 =��:9�8�:;����<�����,�)����	������
<) 

 >��
�?����
��>? �)����	��

5�!% ��������

 6�����	�
���7�8�
�)����	����67) 

 9�8�:;����<�����,�)����	�����
<) 

 =��:9�8�:;����<�����,�)����	������
<) 

 >��
�?����
��>? �)����	��

@��
����<�8�� A8
8�<�8��
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802.16 MAC: ���� 
������ ����!�������

� UGS (Unsolicited Grant Service)

&���" �	 ATM CBR (Constant Bit Rate)

����
����� ����� ��� ������������

-�����
������� 
	���
	
��	� �	���"�	 � �"�����

/����� �	�	���� ��
��	 �������	���

(������ ������ ����
�� �	"� ��
� �� ��
����
������� 	�������
 – ��� ������������

&������� �
� TDM / Circuit Emulation �������� .

� ���	
���� �
�!	�� ��$���������
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802.16 MAC: ���� 
������ ����!�������

� RTPS (Real Time Polling Service)

&���" �	 ATM VBR-rt ������

0	�	��������� 
���
	
��	� ��
��	 �������	���

-�����
������� 
	���
	
��	� �	���"�	

(Periodic Unicast Transmission opportunities are granted by BS to SS)

-�����
������� 
	���
	
��	� ��
��	 �������	���

(����� 
�"�� ������������	����

&������� �
� realtime ��
�� ( �	���
�� VoIP)



© 2007 Cisco Systems, Inc. All rights reserved. Cisco ConfidentialCisco SEF / Alexey Zaytsev 15

802.16 MAC: ���� 
������ ����!�������

� nRTPS (non-Real Time Polling Service)

&���" �	 ATM VBR-nrt ������

0	�	��������� 
���
	
��	� ��
��	 �������	���

)	���"�	 �� ������
�������

( ����
���� Unicast Transmission opportunities ��
��� ��
�	����� )

-�����
������� 
	���
	
��	� ��
��	 �������	���

(����� 
�"�� ������������	����

&������� �
� 
�
���
�������� ��	���	 �����
��� �
�	���"�	
 . ,	���
�� Video Broadcast
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802.16 MAC: ���� 
������ ����!�������

� BE (Best Effort)

&���" �	 ATM UBR ������

-�����
������� 
	���
	
��	� ��
��	 �������	���

 ���
	
��	� ��
��	 , �	���"�	 � �"����� – �� �	�	�����'���

 �"�� ������������	����

����
	
�� �
� .������� ��	���	
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$���	�� � �	�
���
�
� Service flow 

� &	�	
���� QoS: Min BW, Max BW, Latency and Priority

� -
	������	���� : L2 (MAC, VLAN), L3 (IP, DSCP)

� -
	��� QoS
Best Effort (�	���� )

Real Time Polling (+�
������ )

Non-Real Time Polling (����� )

Unsolicited Grant Service (TDM, E1/T1)

��������	
�����
��
�������	
�

))

))

Customer 1

Customer 2
B�C�D

>8����
8
���

Data:
BE, MAX BW
Priority

VoIP:
RTPS, Min/MAX BW
Latency, Priority

Video:
nRTPS, 
Min/MAX BW
Priority



© 2007 Cisco Systems, Inc. All rights reserved. Cisco ConfidentialCisco SEF / Alexey Zaytsev 18

��������
�%�� �����
�

� -
	������	����
-
	������	���� ������
�'� � �	��� Service Flow ��
������ ��	��� 	������	

� (������ �
	������	���
Layer-2 and Layer-3 classifiers

MAC Address (Source or Destination)

VLAN ID

Ethertype

IP Subnet

DSCP

TOS

� -
	������	��� ������������ �	 	���������
 ��
�
����
(SS) � �	 �	����� ��	����

)	����� �� ��	
��	���
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��&����	 Service Flow �� &�����!
(  ��	���%�� � IMS)

MS

Admission 
Control

BS

LPF
Local 
Policy 
Data

ASN

PDF

Subscriber Data 

Home NSP

Via R3 & R5

R1

Local
Resource Info

ASN GW

AF

A

B
C

A: PDF, �W�L�G�J�O�W�Z�f�W�L�G�J�O�W�Z�f�W�L�G�J�O�W�Z�f�W�L�G�J�O�W�Z�f �T�G�T�G�T�G�T�G �N�G�V�W�U�X�N�G�V�W�U�X�N�G�V�W�U�X�N�G�V�W�U�Xapplication function (AF) �K�G�L�Y�K�G�L�Y�K�G�L�Y�K�G�L�Y �Q�U�S�G�T�K�Z�Q�U�S�G�T�K�Z�Q�U�S�G�T�K�Z�Q�U�S�G�T�K�ZASN GW �T�G�T�G�T�G�T�G
�X�U�N�K�G�T�O�L�X�U�N�K�G�T�O�L�X�U�N�K�G�T�O�L�X�U�N�K�G�T�O�LService Flow, ( �6�W�O�S�L�W�6�W�O�S�L�W�6�W�O�S�L�W�6�W�O�S�L�WAF: P-CSCF in IMS case)

B: ASN GW �U�X�Z�`�L�X�Y�I�R�f�L�Y�U�X�Z�`�L�X�Y�I�R�f�L�Y�U�X�Z�`�L�X�Y�I�R�f�L�Y�U�X�Z�`�L�X�Y�I�R�f�L�Y �R�U�Q�G�R�c�T�Z�e�R�U�Q�G�R�c�T�Z�e�R�U�Q�G�R�c�T�Z�e�R�U�Q�G�R�c�T�Z�e �G�Z�Y�L�T�Y�O�[�O�Q�G�]�O�e�G�Z�Y�L�T�Y�O�[�O�Q�G�]�O�e�G�Z�Y�L�T�Y�O�[�O�Q�G�]�O�e�G�Z�Y�L�T�Y�O�[�O�Q�G�]�O�e �O�O�O�O �N�G�V�W�G�_�O�I�G�L�Y�N�G�V�W�G�_�O�I�G�L�Y�N�G�V�W�G�_�O�I�G�L�Y�N�G�V�W�G�_�O�I�G�L�Y �H�G�N�U�I�Z�e�H�G�N�U�I�Z�e�H�G�N�U�I�Z�e�H�G�N�U�I�Z�e
�X�Y�G�T�]�O�e�X�Y�G�T�]�O�e�X�Y�G�T�]�O�e�X�Y�G�T�]�O�e �U�U�U�U �X�U�N�K�G�T�O�O�X�U�N�K�G�T�O�O�X�U�N�K�G�T�O�O�X�U�N�K�G�T�O�O �T�U�I�U�J�U�T�U�I�U�J�U�T�U�I�U�J�U�T�U�I�U�J�Uservice flow 

C: BS  �U�X�Z�`�L�X�Y�I�R�f�L�Y�U�X�Z�`�L�X�Y�I�R�f�L�Y�U�X�Z�`�L�X�Y�I�R�f�L�Y�U�X�Z�`�L�X�Y�I�R�f�L�Yadmission control �O�O�O�O �X�U�N�K�G�L�Y�X�U�N�K�G�L�Y�X�U�N�K�G�L�Y�X�U�N�K�G�L�YAirlink service flow �K�U�K�U�K�U�K�U �G�H�U�T�L�T�Y�G�G�H�U�T�L�T�Y�G�G�H�U�T�L�T�Y�G�G�H�U�T�L�T�Y�G

R6
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Cisco ASN-GW



© 2007 Cisco Systems, Inc. All rights reserved. Cisco ConfidentialCisco SEF / Alexey Zaytsev 21

�����	��� Cisco � WiMAX

� Redline Communications
� Alvarion
� Navini
� Aperto
� WiNetworks
� Posdata

����&�����	�� ��&���� ����%��

Development

Partnership

� ASN Gateway
� CAR – AAA server
� CNR – DHCP server
� Metro Ethernet aggregation
� ISG – service creation
� SEF – IMS integration

��
���	��� Cisco
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Cisco ASN Gateway

� ASN-GW  - �����	

��� ������!����
�	���	'%�� �	 ��������
 
���
� �
Cisco 7600

� .������������ � �	
�	� 	���������� SEF

� �� 8 
���
�� �	 �	���

� &����� ��
�� :

100K 	�������� �	 
���
� ( 30% 
	������� )

5 Gbit/s �	 
���
�

-�
�!����� �	����� ��	���� - 
'���

� ,	 $��
 -"� 
���
� �
	�������� Home 
Agent

�  	
������ �	��	�� ASN-GW �	 Cisco 
7301

�
� 
�
��� ����	

���� �
� ������
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WiMAX Timeline 

�������� ���� ���� ����

ARCHITECTURE

DEPLOYMENT
SCENARIO 

FIXED

PORTABLE
SIMPLE MOBILITY

FULL 
MOBILITY

PHASE 1 PHASE 2 PHASE 3
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�����
�� R6

� &������
 ����� ASN GW � BS, ������� ������!���	�� :

� Control Plane:

Authentication

Security

QoS

Mobility

Multicast support

Paging and location services

Context transfer

� User plane

Transport of user traffic

Encapsulation based on GRE
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$!�	�����
�%�� ����	����

� ����������	��� ��������� � ��
���	��
�� �	 �	��
Extensible Authentication Protocol (EAP)

� #	����� ��	���� - AAA Relay

� ASN-Gateway  - 	���������	��� (RADIUS)  

� Release 1: EAP-TLS, EAP-TTLS � EAP-AKA
–EAP-TTLS � EAP-AKA are to be adopted by forum for 
certification

� User/Device Security Credentials - �	
�����	
����	���
 AAA �������

� Cisco ����
	�	�� CAR 4.2 �
� WIMAX 
	���������	���
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���!"	��	 IP ���	��� – DHCP
� ASN-GW ����!	�� �	 ���	!� IP 	����	 	������� .

� ASN-GW 
�"�� ��
�!	�� 	���� �	�
�!��
� ������	
� :

DHCP relay:

– DHCP based IP address allocation to client

– ASN GW detects DHCP discover message from client

– ASN GW relays messages between MS and external DHCP 
server

DHCP server:

– ASN GW acts as DHCP server, responds with IP address 
assigned by AAA server during authentication 

Proxy Mobile IP:

–ASN GW acts as DHCP server, uses Proxy Mobile IP to obtain IP 
address from Home Agent
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'��(����������	 � ����������
� ����!&
�
ASN-GW (ASN SLB)

ASN SLB

On Sup

Real ASN 1

Real ASN 2

BA

C

D

E

• &�� ����
'!���� ������ 	������	 BS �	��	�
��� Pre-Attachment Request �	
	���� ASNGW

• )	 $��
 	�����
 �����	���� ��������	
������ ASN SLB (�	 �	�� Cisco 
7600/Sup720).  ASN SLB �����	��	�
��� �	���� �	 ���� �� ��	
���� ASN-GW

• Pre-Attachment Response �����"�� 	���� ��	
����� ASN GW �
� �	�����
	������	 (MSID).

• Base-Station ����
'!�� 	������	 � ASN GW � ��	�	���
 	�����
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ASN-GW Stateful Redundancy
Active ASN 1

Standby ASN 2

State

Sync

HSRP

VIP

• �������� ASN ���"�� ��� ������ �	 ����

• 1�������� ASN ���������������� �� 	�������� , ����	��� �	���� �
���� �������

• ��	 ASN-GW ����
���'� ���� �����	
���� IP 	���� (HSRP)

• � �
�!	� 	�	��� ��������� – ��	��� �	!��	�� ���� �	 ��������� .

• &������	����	 ������ �� �����������
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'��	�� QoS

� �����"	�
�	 Service Flow:
Service Flow ����	���� ��	��!���� ��� �����	
��	���
����������

&���	�
 	������	 �	���"	���� �	 CPE � ASN-GW � AAA 
������	 � 
�
��� �������	���

(����������� �
	��	 ��	���	 Service Flow �������� � ��
�%�'
�
	������	����� �	 BS � ASN GW

(���	
���� ��	��� – ����
����� � ����
���' �!�����

&�����"��	���� � 1-�� ��
��	

� )���
�"	�
�	 ��&��"	��	 Service Flow:
Service Flow ����	���� �� �	����� Application Function

������� Application Function: P-CSCF � IMS

��������	� Application Function: Deep Packet Inspection

&�����"��	���� � ���
���'%�� ��
��	�



© 2007 Cisco Systems, Inc. All rights reserved. Cisco ConfidentialCisco SEF / Alexey Zaytsev 30

��&����	 Service Flow �� &�����!
(  ��	���%�� � IMS)

MS

Admission 
Control

BS

LPF
Local 
Policy 
Data

ASN

PDF

Subscriber Data 

Home NSP

Via R3 & R5

R1

Local
Resource Info

ASN GW

AF

A

B
C

A: PDF, �W�L�G�J�O�W�Z�f�W�L�G�J�O�W�Z�f�W�L�G�J�O�W�Z�f�W�L�G�J�O�W�Z�f �T�G�T�G�T�G�T�G �N�G�V�W�U�X�N�G�V�W�U�X�N�G�V�W�U�X�N�G�V�W�U�Xapplication function (AF) �K�G�L�Y�K�G�L�Y�K�G�L�Y�K�G�L�Y �Q�U�S�G�T�K�Z�Q�U�S�G�T�K�Z�Q�U�S�G�T�K�Z�Q�U�S�G�T�K�ZASN GW �T�G�T�G�T�G�T�G
�X�U�N�K�G�T�O�L�X�U�N�K�G�T�O�L�X�U�N�K�G�T�O�L�X�U�N�K�G�T�O�LService Flow, ( �6�W�O�S�L�W�6�W�O�S�L�W�6�W�O�S�L�W�6�W�O�S�L�WAF: P-CSCF in IMS case)

B: ASN GW �U�X�Z�`�L�X�Y�I�R�f�L�Y�U�X�Z�`�L�X�Y�I�R�f�L�Y�U�X�Z�`�L�X�Y�I�R�f�L�Y�U�X�Z�`�L�X�Y�I�R�f�L�Y �R�U�Q�G�R�c�T�Z�e�R�U�Q�G�R�c�T�Z�e�R�U�Q�G�R�c�T�Z�e�R�U�Q�G�R�c�T�Z�e �G�Z�Y�L�T�Y�O�[�O�Q�G�]�O�e�G�Z�Y�L�T�Y�O�[�O�Q�G�]�O�e�G�Z�Y�L�T�Y�O�[�O�Q�G�]�O�e�G�Z�Y�L�T�Y�O�[�O�Q�G�]�O�e �O�O�O�O �N�G�V�W�G�_�O�I�G�L�Y�N�G�V�W�G�_�O�I�G�L�Y�N�G�V�W�G�_�O�I�G�L�Y�N�G�V�W�G�_�O�I�G�L�Y �H�G�N�U�I�Z�e�H�G�N�U�I�Z�e�H�G�N�U�I�Z�e�H�G�N�U�I�Z�e
�X�Y�G�T�]�O�e�X�Y�G�T�]�O�e�X�Y�G�T�]�O�e�X�Y�G�T�]�O�e �U�U�U�U �X�U�N�K�G�T�O�O�X�U�N�K�G�T�O�O�X�U�N�K�G�T�O�O�X�U�N�K�G�T�O�O �T�U�I�U�J�U�T�U�I�U�J�U�T�U�I�U�J�U�T�U�I�U�J�Uservice flow 

C: BS  �U�X�Z�`�L�X�Y�I�R�f�L�Y�U�X�Z�`�L�X�Y�I�R�f�L�Y�U�X�Z�`�L�X�Y�I�R�f�L�Y�U�X�Z�`�L�X�Y�I�R�f�L�Yadmission control �O�O�O�O �X�U�N�K�G�L�Y�X�U�N�K�G�L�Y�X�U�N�K�G�L�Y�X�U�N�K�G�L�YAirlink service flow �K�U�K�U�K�U�K�U �G�H�U�T�L�T�Y�G�G�H�U�T�L�T�Y�G�G�H�U�T�L�T�Y�G�G�H�U�T�L�T�Y�G

R6
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ASN GW Hosted Application Functions

� ASN GW Hosted Application Function ����
������� �
�
���������	��� �
��������� ��	���	 � ���
������ � ��
�
������
�� ��
����

� .��������	��� ��	���	 ���%����
����� � ���
������

Application Proxy / Deep Packet Inspection (DPI) 

� Service Flow � ����
����
���� ��
����� ��	
���'��� ���
�

��	
���� 	������	��� �	 ASN GW

� &��
��� :

� SIP Proxy on the ASN GW, used to analyze SIP/SDP ex changes, and manage 
service flow creation

� Deep Packet Inspection used to analyze RTSP exchang es for streaming 
media, and  manage service flow creation

� Music download for a specific client done with a ce rtain quality of service 
bearer
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������
�%�� � �

�!����� �� ASN-GW

� ASN-GW ������"��	�� RADIUS 	��	������
Accounting start/stop

Interim accounting

� &�����"��	���� time-base � volume-based

� Time-based accounting (e.g. seconds)

� Volume-based accounting (e.g. packets, bytes)
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����	��
� �	�
���
�� 
��	���� &�
����
 CPE

� ,����
��� �
������ 
���� ���� ����
'!��� � ����� SS/MSS

� 1	���
 �
����	
 
���� �	��	!	���� �	���� IP 	����	 � QoS 
����	�
�

� ���	
� ��	
��	��� – �	����� �� �����������
� CPE

WiMAX
Base

Station
ASN GW
Complex

SUP720
Complex

802.1q

VRF to MPLSGRE to VRF

WiMAX
CPE

Voice
Gateway

(L2 bridge)

Personal
Computer

Cisco 7600802.16 SF802.1qEthernet

SF to GRE

POTS
Telephone

10.10.10.2 10.200.200.2
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$����	
�!��
��
�����������
WiMAX
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'��	�� ���
�*"	��� ��
�����������
WiMAX

� ��������� Ethernet ( Eth-CS)

� CPE �������	� .q/ QnQ TAG ��� ��	�����
�%�� ����	���

S-VLAN model: one service  - one VLAN  (for resident ial subs)

� -VLAN model: one customer – one TAG ( for business s ubs)

� BTS 
��	� ������"����� �����
 ����	�� -����	�� (Split-horison)

� ��������
����� 
��!� ������&����� VLAN TAG ��� 802.1�

PC
WiMAX CPE WiMAX BS

Optional tag imposition + Transparent bridging

802.1q / ad
tag imposed

Service flow 
selection

802.1q/ad 
trunk

Metro Ethernet 
Aggregation

Downstream: service 
flow selection

Tag used to 
identify the 

service

Ethernet 
frame sent
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$!�	�����
�%�� ����&����	�	�

� ��������	���� WiMAX ������"��	�� 	���������	��'
���������	 �� �������
 ��������	�	
 X.509 

� ����	���� 
�"�� ��������	���� 	�������������	��
��
����	��
� � ����

����	�� ���	���� IP 	���� � �
���


�	��	��� ��������

� .���
����	�� PPPoE 
���
� IP 	���� �	��	!	���� �� IPCP �
� RADIUS accounting ��
�!	�
 ����

���' �
��� � IP.

� DHCP � ������ 82 �����
�'� �	����� ��	���� ���	�
���

Remote-ID (SS MAC)

Circuit-ID (BS MAC) 

MAC address ��
����	��
� �������� � DHCP �	����� . 
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IEEE 802.16 Convergence Sublayer –
���!���	�� 
���	��	�%��
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IEEE802.16e: #������� CS

+�
	��
 : 
� ��
� ����!��� ����
� IPv4-cs � ETH-cs
� �	�����
�%�� Mobile WiMAX �����&!
	��	� ����
� IPv4
� ����!
�� 802.16e � ETH-cs �����*��� ��&�	
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,��� �� �� ���
	 
	��� ��� �	�	� 16d?

� � ���� ���	���� ��������� 16d �����	��� ��������

-�����	������ �	�	�!��� (����� )

Backhaule �	�	
� ����	���	

Nomadic ������

Ethernet ��	������ �
� ������ �
������

� �������� ���
����	��� �������� ����	 �
� ����
����
����	�����

� (��� 16d ���%� �
� ��	
��	��� !�
 16e.

� *��� �	 ��������	���� 	�������� ����	��
��	�� �����'
���
� �	��� �
	�����	��� (
����� ��� ��
����� �	����	 )

����	���� ����� ������"��	�� ���� 16d � �	
��� , �����
�	�	

�
��� ���� 16�
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�!�
%��������	 ����"�� Dot16d � Dot16e

� 802.16-2004 �	����� ��	����

� L2 ���� 
�"�� BS �
��	��������� ����'

� +�	��������� �������
 �
�
	���������� ������ : 802.1ad 
(QnQ) or EoMPLS

� *�
� 	��������	���
������!��	'� �	��	!���� IP 
	������ , ��
�����
�����	������ (���	����
� ��
�	����� ��	���� )

� ����������	��� X.509 �
� �	
BRAS

� ���������� 
���
������

� 802.16e-2005 �	����� ��	����

� L3 ���� 
�"�� BS �
��	��������� ����'

� +�	��������� �������
 �
�
	���������� ������ : R6 (GRE)

� ASN Gateway ������!��	��
	���������	��' �� EAP-AKA, 
��
����� QoS, �	��	!���� IP 
	������ �� DHCP, 
�����	������ , 
���
������
(�
���� � �	����� ��	����� )

� ���
�"����� ���	
�!������
�	��	!���� ��������

� &�����"�	 
���
������

� Fixed WiMAX � Mobile WiMAX
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���	�	�	��	 '����������

� Fixed wireless – 	���������� ���������� � ������� 	������� �
�

���
�
 �����'%�
 ������� $
��������	���

� Nomadic – &���"� �	 ����������� WiFi – �� ������ � ��������
 �

��������� � ���� �	���� �	"��� �	� , ����	 ��	�	
��� � ����
 
����

� Portable – &������� �
� �������	 ( �������� <5 �
 /! ), 
��
���	� , 
�� 	���
	��!���	� ����	���������	��� ��� �������� � ����� �
������

� Simple mobility – ��������
��� ��������� �������� (<90 �
 /! ) �

��
����� �����
'!���� (>1 sec)

� Full mobility – ������� �������� , ������� �����
'!���� (<50ms)
��������� �
� �	!��������� ��
������ ��
���
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YesNoSoft

handoffs

Multiple/

High vehicular

speed

Laptop PCMCIA

or mini cards,

PDAs or 
smartphones

Full Mobility

YesNoHard

handoffs

Multiple/

Low vehicular

speed

Laptop PCMCIA

or mini cards,

PDAs or 
Smartphones

Simple 
Mobility

YesNoHard

handoffs

Multiple/

Walking

speed

Laptop PCMCIA

or mini cards

Portable

YesYesNoMultiple/
Stationary

Indoor CPEs,

PCMCIA cards

Nomadic

YesYesNoSingle/
Stationary

Outdoor and
Indoor CPEs

Fixed

802.16-2005

16e

802.16-2004

16d

Hand offLocation
Speed

Devices

�%	����� 
����������
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�����	
�	 ��	
� �����	��� 16e ����!
���

Q1CY07

Motorola

Q2CY07 Q3CY07 Q4CY07 1HCY08

Cisco development effort is related to the ASN Gateway not base stations

Wave 1
Certification

Starts

Wave 2
Certification

Starts

Rosedale2

Ofer-R

Pre-WiMAX
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'����%��
WiMAX
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#������ 
����%��

� ����	���� , ������'%�� 16d 
���� ������� �	�	

�
��� ����
16e – ��� �
��
	 ��
��
���� �	
����� 16d BTS �	 16e 

- ��
 �"� ����
'!��� 	�������

 ����� BTS �� ������"��	'� upgrade �	
���� ����	

&
	�����	��� �	����������� �
� ��������	���� � 
���
����
��
�� - �	����

� Intel Rosedale 2 (�
� �	���
���� CPE � pico BTS) 
������"��	�� ��	 ��	��	��	 (��	 !�����	 ) !�� �����
���
��
	�� �����	

��' 
���	��' 	��������

� ,� ��� �����������
� 16e ������ �������	���� Eth-CS �
�
������ ��
��

Eth-CS + IP-CS: ������"��	���� �	 Navini, Redline, WI Networks �
� �
	�	� � Alvarion

&�����"�	 802.1ad (QnQ) – ������"��	���� �	 Navini, Redline, WI 
Networks � � �
	�	� � Alvarion

*��!����� � �����������
� !



© 2007 Cisco Systems, Inc. All rights reserved. Cisco ConfidentialCisco SEF / Alexey Zaytsev 46

InternetInternet

'����%�� Fixed/Nomadic

Access
Gateway

Core
router

BS BSBS

L2 IP IP

Fixed
• No mobility
• Access could be all layer 2

DHCP

Nomadic
• Add AAA, for ability of end user to move and 

reconnect
• Access could be all layer 2 or IP

AAA
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'����%�� Mobility/ Full Mobility 

InternetInternet

ASNGW

7600

7600

BS BSBS

AAA

IP IP IP

Simple Mobility

• Adds ASNGW:

• Adds simple versions of standard interfaces

• R6 for micro mobility

• BS Functionality

• No RRM for fast hand off

• Transport options:

• R6

• Local switching

R6

ASNGW

7600

BS BS

IP IP

R6
Ethernet CS
Local switching

DHCP

Full Mobility

• ASN-GW: Adds WiMAX Forum standard 
interfaces

• R4 for Inter FA handoff

• R3 for macro mobility (Mobile IP)

• Rx for RRM interface

• BS Functionality
RRM for fast hand off

HA

FA/PMIP FA/PMIPR4

R3

Radio
Mgmt
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&������ �����
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$����	
�!�� (���
��������� �	���������� �	��
��� ������	
���	
	 WiMAX

Aggregation 
Node

MPLS PE

SCE

Access Node

Core Network
IP / MPLS 

Business

Corporate

SiSi

SiSi

SiSi

SiSi

Aggregation Network
MPLS,  Ethernet, IP

Aggregation
Node

WiMAX
Access Node

Access Service Network (ASN)

Identity Address 
Mgmt

Portal Subscriber 
Database

Monitoring Policy 
Definition

Billing

Policy Control Plane (per subscriber)

Residential

SiSi

WiFi Mesh
Backhaul

Core Service Network (CSN)

BRAS/ISG
Residential

Access Node

Access Node

Content Network

VoD SIP   IPTV



© 2007 Cisco Systems, Inc. All rights reserved. Cisco ConfidentialCisco SEF / Alexey Zaytsev 50

ASN 
Gateway

Home agent
MPLS PE

Aggregation 
Node

Aggregation 
Node

Core Network
IP / MPLS 

Content Network

Business

Corporate

SiSi

SiSi

SiSi

SiSi

Aggregation Network
MPLS,  Ethernet, IP

ASN 
Gateway

WiMAX
Access Node

Access Service Network (ASN)

Identity Address 
Mgmt

Portal Subscriber 
Database

Monitoring Policy 
Definition

Billing

Policy Control Plane (per subscriber)

Residential

SiSi

Aggregation 
NodeWiFi Mesh

Backhaul

Mobile user R6

Core Service Network (CSN)

R4

$����	
�!�� (���
���������
�	���������� �	��
��� ������	
���	
	 � �	�����	
	 WiMAX

VoD SIP   IPTV

SCE

BRAS/ISG

SEF
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Access

domain  X

Control Plane

Services Plane AS-1 AS-2

IMS non-IMS
Control

end-user terminal

1. Terminal-
client

2. Application

-�	
	��� SEF

Traffic flows

IP-transport

IP-transport

SEF 
sub-layer

SEF

on-net

DPI

IP-flow

Security

Policingoff-net

Packet Gateway-X

DPI: Cisco SCE

IP-flow: Cisco ISG

Policing: Cisco BPM

Security, 
Border Control:
Cisco SBC, vFW

On-net content 
based services:
Cisco CSG/CSG2

Off-net content based 
services: Cisco SCE

IP-Transport:
Cisco CRS,
12xxx,
76xxx

Access network:
-Cisco GGSN/eGGSN,
-PDSN,
-ASN-GW 
-SSG/ISG
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#������



© 2007 Cisco Systems, Inc. All rights reserved. Cisco ConfidentialCisco SEF / Alexey Zaytsev 53

����� �����
����
Mobile IP 
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Mobile IP

�� Mobile IP is a Mobile IP is a ““dynamic edge intelligentdynamic edge intelligent”” routing routing 
protocolprotocol

�� Mobile devices signal their own routing updatesMobile devices signal their own routing updates

�� Dynamic tunnelsDynamic tunnels are used to eliminate the need for are used to eliminate the need for 
host route propagationhost route propagation
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�	�
�������� Mobile IP

Internet

Mobile Node (MN)

An IP host that maintains network 
connectivity using its home address , 
regardless of which subnet (or network) it 
is connected to.

COA, Care of Address

An address at the edge of the 
network reachable by normal routing.

Termination point for the tunnel.

Can be on a Foreign Agent (FA) or 
co-located with the mobile node 
(CCOA).

Home Agent (HA)
Anchor point attached to the network 
from which the mobile nodes address 
is allocated ( home network ).

Responsible for keeping the state of the 
mobile node and knowing how to 
deliver traffic to it.

COA

MNMN

FA

HA

Foreign Agent (FA)
Terminates the tunnel at the visiting 
location and forwarding to MN
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�	������%�� Mobile Node (DHCP)

MN has Home Address

INTERNET

FA

CN

Base 
station

HA

CCoA

• MN sends RRQ to HA using CCoA

• Tunnel is created from HA to COA

Binding table
MN

• HA authenticates MN and creates a binding table entry for valid MN 

MN

• MN listens for advertisements; if there are none, i t sends out solicitation

• MN receives co-located CoA from DHCP server adverti sements

RRQRRQ
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�����
 
 � �� Mobile Node (CCoA)

• Correspondent Node (CN) to MN

HA receives and tunnels packets destined for MN and  tunnels to CCOA

DHCP server forwards tunnel packets to MN; MN de-ca psulates them

MN has Home Address

INTERNET

FA

Base
station

HAHA

Binding table
MN

CCoA
CN

Conventional

routing

Traffic, CN to MN

MobileIP

routing

• MN to CN

Packets are routed through the network using conven tional routing 
protocols
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HA
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��� � Mobile IP

MN register 
with the HA

(DHCP/CCoA)

Mobility binding table:
MN CoA
1.1.1.3 10.31.1.1

1.1.1.8 10.31.2.1
1.1.1.5 10.31.3.1

Mobility binding table:
MN CoA
1.1.1.3 10.31.1.1

1.1.1.8 10.31.2.1
1.1.1.5 10.31.3.1

1.1.1.7    10.31.1.11.1.1.7    10.31.1.1

DHCP

DHCP

FA
MN

10.31.3.1

MN
1.1.1.7
CCoA
10.31.1.1
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HA
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��� � Mobile IP

Mobility binding table:
MN CoA
1.1.1.3 10.31.1.1
1.1.1.7 10.31.1.1
1.1.1.8 10.31.2.1
1.1.1.5 10.31.3.1

Mobility binding table:
MN CoA
1.1.1.3 10.31.1.1
1.1.1.7 10.31.1.1
1.1.1.8 10.31.2.1
1.1.1.5 10.31.3.1

DHCP

DHCP

FA

10.31.3.1

MN realizes it has moved to a network with a new 
DHCP server; obtains new CCoA

MN registers through this new CCoA

When the MN moves it re-registers via its new CCoA

MN

MN
1.1.1.7
CCoA
10.31.1.1

MN

CCoA
10.31.2.1
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�	 -�	������%�� Mobile IP

DHCP

DHCP HA

Mobility binding table:
MN CoA
1.1.1.3 10.31.1.1
1.1.1.7 10.31.2.1
1.1.1.8 10.31.2.1
1.1.1.5 10.31.3.1

Mobility binding table:
MN CoA
1.1.1.3 10.31.1.1
1.1.1.7 10.31.2.1
1.1.1.8 10.31.2.1
1.1.1.5 10.31.3.1

The movement is transparent to all other devices

Old data path

New data path

When the new registration is received, a new 
Care-of Address is installed in the HA

No change
is propagated to
correspondents

FA
MN

10.31.3.1

MN

MN

CCoA
10.31.2.1
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