
 IEEE C802.16m-07/126r1 
 

    1

 

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

Title Comments on Draft 802.16m Evaluation Methodology Document: Fairness and Lateness 
Indications 

Date 
Submitted 

2007-07-15 

Source(s) Kwang-Cheng Chen, Feng-Seng Chu, 
Wei-Shun Liao, Shao-Yu Lien, Hsuan-
Jung Su 

 
National Taiwan University 
No. 1, Sec. 4, Roosevelt Road 
Taipei 
Taiwan 10617 
 
 
Chih-Wei Su 
 
Institute for Information Industry 
7F., No. 218, Sec. 2, Dunhua S. Rd. 
Taipei 
Taiwan. 

E-mail:  
chenkc@cc.ee.ntu.edu.tw 
hjsu@cc.ee.ntu.edu.tw 

Re: This is a response to a call for comments on draft 802.16m evaluation methodology document 
http://ieee802.org/16/tgm/docs/80216m-07_023.pdf. 

Abstract This document provides some comments on the fairness criteria and the lateness performance 
metrics, and proposes added texts. 

Purpose For discussion and approval by TGm. 

Notice 
This document does not represent the agreed views of the IEEE 802.16 Working Group or any of its subgroups. It 
represents only the views of the participants listed in the “Source(s)” field above. It is offered as a basis for 
discussion. It is not binding on the contributor(s), who 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 

The contributor is familiar with the IEEE-SA Patent Policy and Procedures: 
<http://standards.ieee.org/guides/bylaws/sect6-7.html#6> and 
<http://standards.ieee.org/guides/opman/sect6.html#6.3>. 

Further information is located at <http://standards.ieee.org/board/pat/pat-material.html> and 
<http://standards.ieee.org/board/pat>. 



 IEEE C802.16m-07/126r1 
 

    2

Comments on Draft 802.16m Evaluation Methodology Document: 
Fairness and Lateness Indications  

 

1.0 Introduction 
This document provides comments on the fairness criteria, which are in Section 13.3 of the draft 802.16m 
evaluation methodology document, and proposes an added text on short-term fairness. In addition, it is 
suggested that the definition of lateness be included in the performance metrics for delay sensitive applications, 
which appear in Section 13.2.2. 

2.0 Short-term Fairness Criterion 
The fairness criteria in Section 13.3 consider only the long-term fairness, in other words, fairness after an entire 
simulation run. Since the simulation time depends on the traffic type and mobility considered, and is not 
specified in the evaluation methodology document, from the long-term fairness results it is not clear whether 
fairness is maintained in any given short interval. It is suggested that short-term fairness be also considered 
through specifying a fairness indicator. 

2.1 Fairness Indicator 
In general, fairness can be measured by comparing the weighted throughputs between users. A weighted 
throughput of user i in time interval [ ),t t τ+  is defined as 
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where ( ),i t tϕ τ+  is the service counted in bits received by the ith user in [ ),t t τ+ ; ( )( ), ,i i if CQI t tφ τ+  is 
the weighting function of the ith user dependent of traffic related parameter iφ  and the channel quality 

( ),iCQI t t τ+  in [ ),t t τ+ . With the weighted throughput, two possible short-term fairness indicators can be 
defined [6]: 
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where A  is the set of users with nonzero buffers in [ ),t t τ+ , and A  is the cardinality of A . These 
indicators assume their values between 0 and 1, the higher they are, the fairer the scheduling. During simulation, 
if either of these indicators is computed every τ  time units and recorded, the lowest indicator value of all 
times can serve as a short-term fairness indication. Thus, it is suggested that, in addition to the fairness criteria 
given in Section 13.3, a short-term fairness indicator should also be obtained for the purpose of comparison 
between scheduling algorithms. 
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Using the Jain fairness index ( )2F t  [6] as an example, and without considering the weighting function, it is 
proposed to add the following text. 
 
13.3.2 Short-term Fairness Indication 
During the simulation, the following short-term fairness indicator should be computed and recorded every τ ms 
(τ  is suggested to be 20 or 40): 
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where ( )îT t  is the amount of service received by the ith user in time interval [ ),t t τ+ , A  is the set of users 

with nonzero buffers in [ ),t t τ+ , and A  is the cardinality of A . The minimum of ( )F t  during the 

simulation time, defined as
{ }

( )min 0, ,2 , ,
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…
, can serve as an indication of how much fairness is 

maintained all the time. 
 

3.0 Lateness for Delay Sensitive Applications 
In Section 13.2.2, performance metrics for delay sensitive applications are specified. However, these metrics do 
not explicitly indicate whether the quality of service (QoS) is met. It is suggested that, in addition to delay 
metrics, lateness metrics should also be provided for delay sensitive applications. 

 

Assuming that the deadline of the jth packet of the ith packet call destined for user u in downlink (uplink) 
channel is ( )

, ,
DL UL
j i uD  and successfully delivered to the MS (BS) MAC-SAP at time , ( )

, ,
dep DL UL
j i uT , then the packet 

lateness of the jth packet of the ith packet call destined for user u is defined as 
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Lateness is a measure to see if the received packet is out of time or not, and such a measure is one of the very 
fundamental QoS parameters. Thus, it is proposed that the above lateness definition be added to Section 13.2.2, 
and the deadlines for different traffics be explicitly specified. 

 

Following are some lateness metrics. According to the assumption in Section 10.7 that each user generates only 
one type of traffic, these lateness metrics can be derived from the CDF of packet delay per user specified in 
Section 13.2.2.2. Otherwise, these metrics have to be explicitly computed during the simulation. 

3.1 User Average Lateness 
The average packet lateness for use u in downlink (uplink) channel is defined as  
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where ( )DL UL
up  is the number of packet calls for user u, and 

,

( )
i u

DL ULq  is the number of packets of the ith packet 
call for user u in downlink (uplink) channel. 

3.2 X% Miss Deadline Packet Per User 
The X% miss deadline packet simply means that there is X% of packets for user u with lateness greater than 
zero, and is defined as follows. 
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is the packet lateness indication function of the jth packet of the ith packet call for user u . (7) means that if the 
lateness of the jth packet of the ith packet call for user u is greater than zero, then the packet lateness indication 
function of the jth packet of the ith packet call for user u (that is, ( ) , ( ) ( )

, , , , , ,( , )DL UL dep DL UL DL UL
j i u j i u j i uT Dγ ) equals to 1; 

otherwise, it equals to zero. Therefore, the numerator of (6) can be considered as the total number of packets 
which miss the deadline for user u in the sector, and (6) is the percentage of packets that miss their deadline for 
user u. 

3.3 System Average Lateness 
The average packet lateness of the system in downlink (uplink) channel is defined as 
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where N  is the number of users in the system. (8) can also be used to represent the average lateness of each 
sector by using if N  is replaced by subN  (which is the number of users in a sector) . 

3.4 X% Miss Deadline Packets of the System 
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where ( ) , ( ) ( )
, , , , , ,( , )DL UL dep DL UL DL UL

j i u j i u j i uT Dγ  is defined the same as in (7). (9) can also be used to represent the X% miss 
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deadline packets of each sector if N  is replaced by subN .  

3.5 Hard QoS Applications Packet Loss Ratio 
For hard QoS constraint applications, the packet which misses the deadline should be considered as a loss 
packet, even though the packet is successfully received. The packet loss ratio per user with hard QoS 
applications is defined as  
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