2007-01-08 IEEE C802.16j-07/042
Project IEEE 802.16 Broadband Wireless Access Working Group <http://ieee802.0rg/16>
Title Channel Access for Multihop Relay Chains
Date 2007-01-08
Submitted
Source(s)  Saravanan Govindan, Pek Yew Tan saravanan.govindan@sg.panasonic.com
Panasonic Singapore Laboratories
1022 Tai Seng Avenue, #06-3530
534 415 Singapore
Dharma Basgeet, Zhong Fan, Yong Sun, Paul dharma.basgeet@toshiba-trel.com
Staruch
Toshiba Research Europe
32 Queen Square
Briston BS1 4ND
UK
Ranga Reddy ddy@ |
ranga.re us.army.mi
US ARMY CERDEC ga.reddy y
Ft. Monmouth, NJ 07703
USA
Re: IEEE 802.16j-06/034: “Call for Technical Proposals regarding IEEE Project P802.16j”
Abstract This contribution proposes a channel access approach for multihop relay chains of IEEE 802.16j
Purpose Inclusion in IEEE 802.16j specification
. This document has been prepared to assist IEEE 802.16. It is offered as a basis for discussion and is not binding on
Notice the contributing individual(s) or organization(s). The material in this document is subject to change in form and
content after further study. The contributor(s) reserve(s) the right to add, amend or withdraw material contained
herein.
The contributor grants a free, irrevocable license to the IEEE to incorporate material contained in this contribution,
Release and any modifications thereof, in the creation of an IEEE Standards publication; to copyright in the IEEE’s name
any IEEE Standards publication even though it may include portions of this contribution; and at the IEEE’s sole
discretion to permit others to reproduce in whole or in part the resulting IEEE Standards publication. The
contributor also acknowledges and accepts that this contribution may be made public by IEEE 802.16.
The contributor is familiar with the IEEE 802.16 Patent Policy and Procedures
Patgnt <http://ieee802.0rg/16/ipr/patents/policy.html>, including the statement "IEEE standards may include the known
Policy and  use of patent(s), including patent applications, provided the IEEE receives assurance from the patent holder or
Procedures applicant with respect to patents essential for compliance with both mandatory and optional portions of the

standard." Early disclosure to the Working Group of patent information that might be relevant to the standard is
essential to reduce the possibility for delays in the development process and increase the likelihood that the draft
publication will be approved for publication. Please notify the Chair <mailto:chair@wirelessman.org> as early as
possible, in written or electronic form, if patented technology (or technology under patent application) might be
incorporated into a draft standard being developed within the IEEE 802.16 Working Group. The Chair will disclose
this notification via the IEEE 802.16 web site <http://ieee802.0org/16/ipr/patents/notices>.

0



31
32

33

2007-01-08 IEEE C802.16j-07/042

Channel Access for Multihop Relay Chains

Introduction

Multihop relay networks introduce new dynamics in how RSs and MSs contend for channel access to the
MR-BS. In current IEEE 802.16 networks, MSs contend for channel access to the MR-BS to solely
exchange traffic that has originated from the MSs themselves. So MSs directly contend for channel access.

However in multihop relay networks, there are differences in channel access contention among RSs that
immediately neighbour the MR-BS and those that do not, i.e. RSs more than 1 hop from the MR-BS.

RSs that are immediate-MR-BS neighbours contend for channel access for traffic originating from their
own cells and also for traffic originating from other RS cells that are non-immediate-MR-BS neighbours.
In this way, immediate-MR-BS neighbours directly contend for channel access, while non-immediate
MR-BS neighbours indirectly contend for channel access. The current IEEE 802.16 specifications [1] do
not address indirect contention for channel access.

This contribution describes the dynamics of indirect channel access and proposes mechanisms to provide
consistent responses to both types of channel access contention. Section 2 describes these contention
characteristics and motivates towards a suitable mechanism to address them. Section 3 illustrates the
proposed mechanism and Section 4 proposes text corresponding to it for the baseline document [2].

Contention Characteristics
Multihop relay networks can be considered to be a collection of RSs arranged in a chain formation. RSs
communicate with other RSs over the chain ultimately with the MR-BS. Multihop Relay Chains

(MR-Chains) provide a systematic means of studying contention characteristics. Figure 1 illustrates a
multihop relay network with 2 MR-Chains.
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Figure 1: Multihop Relay Chains
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Figure 1 illustrates MR-Chain-1 with 3 RSs and MR-Chain-2 with 2 constituent RSs. MR-Chain-1’s RS1
and MR-Chain-2’s RSa are referred to as Anchor-RSs as they serve to anchor their respective MR-Chains
to the MR-BS. Anchor-RSs therefore contend for channel access to the MR-BS directly, while the
remaining RSs contend indirectly through their respective Anchor-RSs.

Following the base IEEE 802.16e-2005 specifications, the MR-BS in Figure 1 would not have information
on bandwidth and other resource requirements for MSs in non-Anchor-RS cells. This unfairly prevents
MSs at non-Anchor-RS cells from being provisioned adequate resources. In practical terms, service
providers would lose subscribers as service agreements on resources would not be met. This raises serious
concerns for both subscribers and service providers.

It is therefore important to consider the dynamics of channel access contention in multihop relay networks.
Indirect contention for channel access to the MR-BS must be adequately addressed by the Anchor-RSs for
each MR-Chain. Anchor-RSs must be capable of consolidating bandwidth and other resource requests
from their MR-Chains and also be capable to correspondingly fulfill those requests on behalf of the
MR-BS.

Proposed Solution

The proposed mechanism to address the dynamics of channel access contention is based on Anchor-RSs
acting as consolidating nodes on behalf of their MR-Chains and the MR-BS.

The MR-BS maintains a multihop contention profile (MCP) for each of the Anchor-RSs and their
respective MR-Chains. MCPs are representative of consolidation contention for channel access to the
MR-BS, i.e. they account for both direct and indirect contention.

Multihop contention profiles consolidate the following metrics;
e Number of Anchor-RSs simultaneously contending for channel access to the MR-BS
e Number of RSs constituting each MR-Chain — represents direct & indirect contention
e Bandwidth requests from each RS

The MR-BS continually monitors MCPs for each of the MR-BS based on feedback from the Anchor-RS
and other RS.

The MCPs are then used to compute bandwidth allocations.

Annex A outlines an algorithm for computing bandwidth allocations based on multihop contention
profiles.
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IV. Proposed Text

Add the following definitions in Section 3 (Definitions)
MR-Chain: A logical aggregation of RSs. Each MR-Chain originates at the MR-BS

Anchor-RS: The RS of a MR-Chain that is 1 hop away from the MR-BS. Anchor-RSs are immediate
neighbours of the MR-BS.

Multihop Contention Profile: A consolidation of contention characteristics of a MR-Chain. MCP accounts
for both direct contention (by Anchor-RSs) and indirect contention (by other RSs of a MR-Chain).

Add the following messages in Section 6.3.2.3 (MAC Management Messages)

6.3.2.3.5 RS Resource Management

Relay networks are characterized by distinct contention profiles. In particular, channel access to the
MR-BS is made up of direct contention and indirect contention.

MR-Chain 1

A
R
i A

(MR-BS)

Figure 2: Relay Network Contention Profile

Direct contention refers to RSs directly communicating with the MR-BS. From Figure 2, RS(1) engages in
direct contention for channel access to MR-BS.

Indirect contention refers to that by RSs that are 1 or more relay hops away from the MR-BS. From Figure
2, RS(2) and RS(3) engage in indirect contention for channel access to MR-BS through RS(1).

Bandwidth requests and grants in relay networks must account for both types of contention.

6.3.2.3.5.1 RS Bandwidth Request (RS BW_Req)

The RS_BW_Req message is used by the RS directly communicating with the MR-BS to make aggregated
bandwidth requests for both itself and other downstream RSs. This message contains the number of
downstream RSs, average traffic volume from the downstream RSs and other statistical parameters.

6.3.2.3.5.2 RS Bandwidth Grant (RS _BW_Grant)

The RS_BW_Grant message is used by the MR-BS to grant resources in response to the aggregated
RS_BW_Req. This message contains the total bandwidth granted and a proportionality factor
corresponding to the aggregated bandwidth request.
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Figure 3 below illustrates the exchange of RS_ BW_Req and RS_BW_Grant messages.
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Annex A

This section describes bandwidth allocation by means of computing channel access parameters,
particularly Bandwidth Request, based on MCPs. While the specifics means of calculating parameters are
left to implementation, the following provides an algorithmic outline;

ChPMR.X =f (MCPMR.X)
= f (#AR , #Nyrox )
=(P1 x #Nwmrx) / (P2 x #AR)

where;

Subscript qualifies the base parameter

MR-x denotes the MR-Chain being represented

ChP is the generic channel access parameter being calculated

MCP is the multihop contention profile maintained by the MR-BS

#AR is the number of Anchor-RSs simultaneously contending for channel access to the MR-BS
#N is the number of RSs constituting a MR-Chain

P1, P2 are representative of weights assigned to relative parameters

The proposed algorithm ensures that contention is managed by accounting for direct channel access (by
Anchor-RSs) and for indirect channel access (by the number of RSs constituting each MR-Chain).



