
2007-01-08 IEEE C802.16j-07/079 
 
 
 
 

    
 
 
 
 

0

Project IEEE 802.16 Broadband Wireless Access Working Group <http://ieee802.org/16> 

Title A new metric for multi-hop path selection 

Date 
Submitted 

2007-01-08 

Source(s) Yukihiro Takatani                   
Systems Development Laboratory, 
Hitachi, Ltd.                                  
292, Yoshida-cho, Totsuka-ku, 
Yokohama-shi, Kanagawa 244-0817, 
Japan 

Seishi Hanaoka                         
Central Research Laboratory,  
Hitachi, Ltd.                                      
1-280, Higashi-Koigakubo, 
Kokubunji-shi, Tokyo 185-8601, 
Japan 

yukihiro.takatani.ee@hitachi.com 

 

 

 

seishi.hanaoka.kw@hitachi.com 

 

 

Re: This contribution is response to call for technical proposal (IEEE 802.16j-06/034). 

Abstract This contribution proposes to add the stability of link quality as a metric of multi-hop path 
selection. 

Purpose To discuss and adopt the proposed text into the P802.16j baseline document. 

Notice This document has been prepared to assist IEEE 802.16. It is offered as a basis for discussion and is not 
binding on 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. 

Release The contributor grants a free, irrevocable license to the IEEE to incorporate material contained in this 
contribution, 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. 

Patent 
Policy and 
Procedures 

The contributor is familiar with the IEEE 802.16 Patent Policy and Procedures 
<http://ieee802.org/16/ipr/patents/policy.html>, including the statement "IEEE standards may include the 
known use of patent(s), including patent applications, provided the IEEE receives assurance from the patent 
holder or 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.org/16/ipr/patents/notices>. 

http://ieee802.org/16


2007-01-08 IEEE C802.16j-07/079 
 
 
 
 

    
 
 
 
 

1

A new metric for multi-hop path selection 
Yukihiro Takatani and Seishi Hanaoka 

HItachi, Ltd. 
 

1. Introduction 
In 802.16j system, a multi-hop path selection is one of the important functionalities for the efficient usage 

of radio resource in the network. This contribution proposes to add the stability of link quality as a metric of 
multi-hop path selection.  

2. Background 
In IEEE 802.16e-2005 standard, there are mechanisms to measure and acquire the quality of radio link in 

physical layer. Examples of link quality parameters are shown in Table 1. These parameters can be used by 
BS for monitoring the status of BS-MS links, and for the purpose of handover, scheduling, and so on. 

Table 1 Link quality parameters in IEEE 802.16e-2005 standard 

Link quality parameter Mechanism to report link quality parameters 

RSSI mean 

RSSI standard deviation 

CINR mean 

CINR standard deviation 

REP-RSP message 

CQI value fast-feedback channel (CQICH) 

  

 

In general, the radio link quality changes in time (The word “link quality” is used here as a meaning of 
SINR or CINR level). A fluctuation of link quality may occur because of movement of nodes, environmental 
factors (radio noise, obstacles, weather condition, etc.).  

The example of 802.16j system is shown in Figure 1. The link quality between MMR-BS and RS1 
slightly fluctuates in time, but the one between MMR-BS and RS2 dramatically changes. In this case the 
former link can be regarded as a stable radio link, and the latter one as a unstable radio link. Therefore it is 
appropriate to select the path via RS1.  

In 802.16j system, a multi-hop path selection, which is defined as an optional functional requirement, is an 
important functionality for the efficient usage of radio resource in the network. To select an appropriate path, 
the stability of link quality should be considered. 
* Part of this project is funded by Ministry of Internal Affairs and Communications of the Japanese Government. 
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Figure 1 An appropriate path selection based on stability of link quality in 802.16j system 

 

3. Proposed Method 
We propose to add the stability of link quality as a metric of multi-hop path selection. There are 

advantages considering it: 
 
- Less frequent path changes: It can reduce the control overhead occurring by path changes. 
- Less data loss: It can avoid data loss by a sudden decrease of link quality.  
 

In order to get information regarding the stability of link quality, following methods are proposed: 
 
- Using a fast-feedback channel (CQICH) 
- Using REP-RSP messages (In case that CQICH cannot be used) 
 

In these methods, no change of MS specification is required. 

3.1. Calculating the stability of link quality using a fast-feedback channel (CQICH) 
In the centralized scheduling, MMR-BS allocates CQICH to RSs and MSs (Figure 2). Allocation of 

CQICH for RSs is performed in the relay zone and the one for MSs in the access zone. RSs and MSs report 
CQI  to MMR-BS, and MMR-BS  maintain the history of CQI. Based on this information, it calculates the 
stability of link quality which is used for the multi-hop path selection. The algorithm of calculating the 
stability of link quality is out of this contribution. 
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Figure 2 Using a fast-feedback channel (CQICH): Centralized scheduling 

In the distributed scheduling, MMR-BS and RSs allocate CQICH to neighboring RSs and MSs (Figure 3). 
Allocation of CQICH for RSs is performed in the relay zone and the one for MSs in the access zone. MMR-
BS and RSs collect CQI from neighboring nodes and maintain the history of CQI. Based on this information, 
they calculate the stability of link quality which is used for the multi-hop path selection. The algorithm of 
calculating the stability of link quality is out of this contribution. 
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Figure 3 Using a fast-feedback channel (CQICH): Distributed scheduling 
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3.2. Calculating the stability of link quality using REP-RSP messages 
If the fast-feedback channel (CQICH) cannot be used, REP-RSP messages may be used, alternatively. 

In the centralized scheduling, MMR-BS sends REP-REQ to RSs and MSs, requesting a RSSI standard 
deviation or a CINR standard deviation, and RSs and MSs send REP-RSP to MMR-BS (Figure 4). MMR-
BS may use the value of a RSSI standard deviation or a CINR standard deviation directly as an index of the 
stability of link quality.  
 

MMR-BS MS RS1 RS2 

REP-REQ 

Using RSSI/

CINR standard 

deviation as an 

index of the 

stability of link 

quality 

REP-RSP 

REP-REQ 
REP-REQ 

REP-RSP 
REP-RSP 

 

Figure 4 Using REP-RSP messages: Centralized scheduling 

 
In the distributed scheduling, MMR-BS and RSs send REP-REQ to neighboring RSs and MSs, requesting 

a RSSI standard deviation or a CINR standard deviation (Figure 5). They receive REP-RSP from 
neighboring RSs and MSs. They may use the value of a RSSI standard deviation or a CINR standard 
deviation directly as an index of the stability of link quality. 
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Figure 5 Using REP-RSP messages: Distributed scheduling 

 
 

4. Proposed text changes 
 
6.3.25 Relay path management and routing 
 
[Insert the following text] 
 
The stability of link quality shall be considered as a metric of multi-hop path selection. In order to get 
information regarding the stability of link quality, following methods may be used: 
 
- Using a fast-feedback channel (CQICH) 
- Using REP-RSP messages (In case that CQICH cannot be used) 

 
In the centralized scheduling, MMR-BS may allocate CQICH to RSs and MSs. Allocation of CQICH for 
RSs is performed in the relay zone and the one for MSs in the access zone. RSs and MSs report CQI  to 
MMR-BS, and MMR-BS may maintain the history of CQI. Based on this information, it calculates the 
stability of link quality which is used for the multi-hop path selection. The algorithm of calculating the 
stability of link quality is out of this standard. 
In the distributed scheduling, MMR-BS and RSs may allocate CQICH to neighboring RSs and MSs. 
Allocation of CQICH for RSs is performed in the relay zone and the one for MSs in the access zone. MMR-
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BS and RSs collect CQI from neighboring nodes and maintain the history of CQI. Based on this information, 
they calculate the stability of link quality which is used for the multi-hop path selection. The algorithm of 
calculating the stability of link quality is out of this standard. 
If the fast-feedback channel (CQICH) cannot be used, REP-RSP messages may be used, alternatively. 
In the centralized scheduling, MMR-BS may send REP-REQ to RSs and MSs, requesting a RSSI standard 
deviation or a CINR standard deviation, and RSs and MSs may send REP-RSP to MMR-BS. MMR-BS may 
use the value of a RSSI standard deviation or a CINR standard deviation directly as an index of the stability 
of link quality. 
In the distributed scheduling, MMR-BS and RSs may send REP-REQ to neighboring RSs and MSs, 
requesting a RSSI standard deviation or a CINR standard deviation. They receive REP-RSP from 
neighboring RSs and MSs. They may use the value of a RSSI standard deviation or a CINR standard 
deviation directly as an index of the stability of link quality.
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