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802.16 MMR project
• Develop 802.16 MMR (Mobile Multi-hop Relay) for fixed / 

mobile terminal

- PHY: Enhance normal frame structure

- MAC: Add new protocols for the Relay networking

2
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Benefits
• Two benefits from introducing RS

- Coverage extension:
Expansion for coverage area of existing PMP mode

- Throughput enhancement
Higher throughput over multi-hop paths
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Background

• High frequency band such as 2-6 GHz has wide  
frequency bandwidth and enables to obtain higher 
throughput.

• The higher the frequency becomes, the more difficult 
non line-of-sight (NLOS) communication is.

• Relay Station (RS) is expected to extend coverage to the 
NLOS area efficiently, compared to highly functional 
Base Station (BS).
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Background
• Related works for 802.16 relay and mesh

IEEE C802.16e-04/417
“Transparent Uplink Relaying
for OFDMA” by Motorola

IEEE S802.16d-03/67
“Directed Mesh in 802.16”
by Radiant Network PLC
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Background

V.Gunasekaran and F.Harmantzis
“Affordable Infrastructure for Deploying 
WiMAX Systems : Mesh v. Non Mesh”
Proc. IEEE VTC 2005, May 2005

• Related works for 802.16 relay and mesh (cont.)
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Background
• An instance of relay for cellular network

- A Common Operator Repeater (Analog repeater) was jointly developed by 
four mobile operators in Japan as follows,

(1) KDDI

(2) NTT DoCoMo Inc.

(3) Vodafone K.K.

(4) TU-KA Cellular Tokyo Inc.* 

*TU-KA Cellular Tokyo got merged with KDDI

- The repeaters have been installed in optimal areas to deliver signals from 
outdoors to the area with communication difficulty, like stores underground 
and/or inside buildings.

- Service started on June 22, 2005
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Background
• An instance of relay for cellular network (cont.)

Source http://www.vodafone.jp/english/release/2005/050622e.pdf
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Network Topology in 802.16
－ PMP and Mesh mode －

• PMP mode

- Mandatory topology in 802.16-2004 and 16e

- “ traffic only occurs between BS and SS “

• Mesh mode

- Optional topology in 802.16-2004 (OFDM PHY only)

- “ traffic can be routed through other SSs and can 
occur directly between SSs “
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Mesh scheduling Content

Coordinated Schedule coordination to all neighbor SSs

Un-coordinated Schedule negotiation by directed requests
and grants between two SSs

Centralized

• Mesh BS
Determination of flow assignments by
resource requests from SSs

• SS
Determination of actual schedule from
Mesh BS’s flow assignments

Distributed

Network Control Configulation of 
Mesh mode in 802.16-2004
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Mesh Mode in 802.16-2004 

• Current Mesh Mode has the following disadvantages

- No compatibility with PMP mode

PHY:  Different frame structure (not compatible to PMP mode),
OFDM only (for both licensed and unlicensed bands)

MAC:  Different Network Entry procedure 
(not compatible to PMP mode)

- No support for TGe mobile station (MS) 

Not support a fast route change for MS

Need to develop New Relay mode in IEEE 802.16
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Mesh Relay

Infra-
structure

Client

Mesh mode in 802.16-2004 may 
be classified into this category.

BS/RS

SS/MS

BS

BS/RS

BS/RSBS/RS

BS/RS

BS/RS

Classification – Mesh vs. Relay –

• “Infrastructure” means that a operator provides dedicated equipment that has Mesh or Relay function.
• “Client” means that a user terminal has Mesh or Relay function.
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Mesh Relay

Infrastructure Client Infrastructure Client

Network
topology Multi-connection to other nodes Tree

Licensed 
band?

Business use: Licensed band
Other one: Unlicensed band

Purpose
Inter-BS 
communication 
for backhaul 

Inter-SS/MS 
communication 
(such as ad-
hoc mode)

• Coverage extension
• Throughput enhancement

Who is the 
repeater? All of BS/RS All of SS/MS Fixed RS or

Nomadic RS

• Nomadic RS
• SS/MS that 
has relay 
function

Classification – Mesh vs. Relay –
(cont’d)
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Concept of 802.16MMR
• Fixed RS for infrastructure relay

- RS is located within BS coverage
- RS connecting with BS shares radio resource with other SS/MS
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Concept of 802.16MMR
(cont’d)

MS-2

Nomadic 
RS

MS-1

BS

• Nomadic RS for infrastructure relay
- Providing BWA service for an event, exhibition etc.
- Nomadic RS shall be installed by a operator



Discussion Base for 802.16 MMR tutorial draft 18

Concept of 802.16MMR
(cont’d)

• Nomadic RS for client relay
• Coverage extension to SS/MS
which is indoors

• Nomadic RS could be installed
by a user, or semi-stationary
user terminal might be a nomadic
RS

• Centralized scheduling by BS
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Concept of 802.16MMR
(cont’d)

NOTE : Inter-SS/MS communication 
like ad-hoc network is out of scope.

BS

MS Mobile 
RS

Get into a bus

MS

• Mobile RS for infrastructure relay
- Mobile RS is located within

BS coverage
- Optimal route change

according to a situation
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Relay Station

Fixed RS Nomadic RS Mobile RS

Infrastructure

Client

• Allow user to enable/
disable relay function

• Coverage extension 
for indoor

To fixed 
terminal (802.16-2004) OFDM：256, OFDMA：2048

To mobile 
terminal (TGe) OFDM：256, OFDMA：128, 512, 1024, 2048

Infrastructure Relay mode and PMP mode share a same frequency band 
or use different but adjacent frequency bandsRF

Band

PHY

Coverage extension by SS 
that has relay function

• Permanent installation
• Coverage extension for 
non-service area

Temporal / portable 
installation

Installation to public 
vehicle, such as train and 
bus

Inter-MS communication

Client Relay mode and PMP mode share a same frequency band

Higher Layer • Out of scope of IEEE 802

Infrastructure • Optimal route selection (L2 Routing)
• Control of relayed SS by BS or RS

Control of relayed SS 
by BS

• Dynamic / optimal 
route selection

• Centralized control by BS

MAC
Client

• Substitute route selection
*Avoidance of service 
interruption by SS power off

Classification – Fixed / Nomadic / Mobile RS –
S

ce
na

rio

• The considered scope in 802.16MMR is filled with cyan color
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Definitions – Infrastructure / Client mode –

Item Infrastructure mode Client mode

Ownership Each RS is owned by the 
service provider.
Defined by the provider thus 
the RS coverage can be 
optimized.

The BS can assume the RS 
is reliable.

Notes

The ownership by one 
provider may restrict a quick 
service introduction and 
service enhancement.

Some network level requirements shall be 
applied to each RS such as 24-hours 
operation, when it works as an network 
element.
Any RS having MSs of the same owner 
can be regarded just as a gateway to 
“SS/MS.”

Each RS is owned by a client. 

RS Location
Defined by each client, thus best-fit for it, 
meantime, the system optimization can be 
difficult.

Authentication

Some measure must be required to find 
out if the RS is reliable, in the beginning of 
the RS installation, session initiation and 
during the communication.



Discussion Base for 802.16 MMR tutorial draft 22

Study items for 802.16MMR
Relay

Fixed / Nomadic Mobile
Frame structure based on PMP Common subject

L2 routing

For both RS and MS

Synchronization Common but more complicated for mobile

Network entry procedure Common subject

HO sequenceMobility
Optimal route 
selection

For MS 

Frequency reuse 
strategy

Spectrum efficiency

Interference

Radio 
Resource 
Management

Coordination between 
BS and RS

More complex than 
Fixed / Nomadic

Security Common subject※

※There may be more security issues for the client RS compared with Infra-ones.
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Backward Compatibility

• Definition

- BS supporting the New Relay mode is able to accommodate 
3 types of SSs

802.16-2004 PMP mode SS

TGe PMP mode MS

New Relay mode SS/MS

• Such backward compatibility provides a smooth migration

- TGe system can gradually support the New Relay mode in the 
future
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Tentative schedule
Year Month 802.16 session Actions

SG: the 3rd meeting – PAR Completion

802 EC endorses PAR approval
PAR Submission & Approval

1st TG meeting

2nd TG meeting
Require Document & Procedure for proposal 
Selection & merging

Call for Contribution

Sept. #45 Interim
3rd TG meeting
Presentation & Selection

Drafting standard

Nov. #46 Plenary 1st WG letter ballot

Jan. #47 Interim 2nd WG letter ballot

Mar. #48 Plenary 1st sponsor ballot

July. #50 Plenary Submission to Rev. Com

2007

Sep. #51 Interim SA Approval

Sponsor Recirculation

Jan. #41 Interim

Mar.

May

July #44 Plenary

May. #49 Interim

#42 Plenary

#43 Interim

2006
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Summary
• Propose a new TG of Relay mode for fixed / mobile terminal
• Working scope

- PHY: Enhance normal frame structure
- MAC: Add new protocols for the Relay networking

• Main features 
- Tree structure: one of the end of relayed data path should be at BS
- Efficiently provide Relay connection to SS/MS (with small number of hops)
- Support OFDMA as well as OFDM PHY mode
- Backward compatible to PMP mode
- PMP & Relay modes : share a same band, or use different but adjacent bands

• Considered RS types 

Ownership
Infrastructure Client

Mesh No No
Fixed Yes Yes

Nomadic Yes Yes
Mobile Yes No

Relay
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