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Abstract—Wireless Mesh Networks (WMNSs) is a promising WMNs are expected to provide backhaul support to a wide
key technology for next generation wireless backhauling tat is  range of applications including multimedia data servieeg.(

expected to support various types of applications with diférent voice-over-IP, interactive video, remote access and ggmin

quality-of-service (QoS) demands. Advanced antenna teciques, - . . .
novel scheduling algorithms and routing schemes have attcied etc) with multiple, usual!y S_t”Ct’ QQS reqw.rements. Oe th
increased research interests aiming to optimize the perfenance ©Other hand, telecommunication service provider and opesat

of WMNSs and satisfy their vast and diverse traffic requiremerts. expect to be able to provide different grade-of-serviceshs
However, in such networks, uncontrolled admission of arbitary  as, premium and regular services) that are adaptable tougri
large number of data flows, together with the distributed and billing systems in order to improve the user experience avhil

dynamic nature of WMNSs, can highly increase the wireless tth i imize thei higher GoS
channel interference with catastrophic subsequence for gawhole at the same time maximize their revenue (e.g., higher GosS can

network. To overcome this difficulty, we provide a mathematcal Pe Obtaine_d for premium users ata higher cost). This .impo_ses
model to analyze and estimate the real-time “route capacity another dimension of difficulty for resource allocation, if
associated with time-varying QoS requirements. This allow us fairness and priorities should be maintained simultanigous
to take admission control decisions for new data flows in a way among all users

:;la tg\évgdcgolsn le\?eslg tft;? Less;grcviitlﬁnl:jzi;g?gnrv g'rlgdrgﬂfr] ;ae':,&% While several soluti_ons for QoS and Go_S support have been
(GoS). Numerical and extensive simulations results show # Proposed for centralized networks, the inherent diffeesnc
the proposed scheme achieves higher network goodput whileé i between centralized and distributed communications Rreces
significantly reduces the outage and session blocking probdity  sjtate the design of new solutions for WMNs. The main
if compared to other techniques. difficulties arise from the highly dynamic and multi-hop i

I. INTRODUCTION of mesh networks. In such networks, proportional fair scited

Th d f wirel ki hnol .ing (PFS) has been proven to greatly improve the overall
e recent advance of wireless networking technologifiay, o throughput by exploiting the multi-user diversigin.

has prokmptehq a flour|§h of a nfw kind Or': mult|-hcl)<p W\'/';/T\'/Ieljﬁowever, due to its opportunistic nature, it is unable tovjite
networ arc |tectqre, .e., wireless mesh networks ( ard resource reservations required to guarantee QoS to the
[1])- T_he|r popularlty_ comes from the fact that they are S_el nderlying applications. For instance, increased resodes
organlzf?_d, self-_conﬂgurabledand easklly r‘?daptabI\P}\/It/(l)’\lr(']l'ﬁemand from higher layers will impose increased pressuredo th
ent trafc requirements and network changes. S a*§‘?:hedulerforcing it to take suboptimum decisions. Schirdul

composed of static wireless nodes that have a”?p'e ENCEP%optimal links for transmission, increased queuing ydela
supply. Each node operates not only as a conventional acq Iting to buffer overflows and failure for delay critical

point/gateway to the internet but also as a ere_Iess routier aa plications and increased interferences to/from adjdue«s
to relay packets from other nodes without direct access 10 some of the consequences of route overloading
their destinations. The destination can be an internetgste Therefore, it is highly important the design of an admis-

or a mobile user served by another AP in the same mesh N§bn control scheme that exploits the information gathered

work._ Mor.eover, some nodes may only have the bac".ha“"89 different layers to avoid the aforementioned drawbacks
functionality, meaning that they do not serve any mobHerusgnd minimize the QoS outage and negative impact of new

directly but their purpose is to forward other APs’ packets. flows on the existing ones. However, in a multi-hop wire-
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real-time the available resources (hereafter referred tooute  with minimum achievable QoS performance index made to
capacity”) of any given route and the impact of any given datxisting flows if accepted on that route, or it minimizes the
flow with certain QoS requirements on this route. This allowsegative effects of new flows on the existing ones, i.e., the
designing a CAC algorithm at the source level, that exploitaitage probability.
the estimated route capacity information and takes dewgsio (3) We explicitly consider users with different GoS require
based on the QoS and GoS application requirements. ments from network operation perspective, while trying to
allocate adequate resources for all users.
The rest of the paper is organized as follows. In Section llI,
Recently, much work has been done on admission contthk network model and QoS routing algorithm are briefly
algorithms in ad hoc wireless networks [2]; but not muckhtroduced. Section IV introduces the analytical model for
work has been done to provide both QoS and GoS provisiasstimating the “route capacity”. Later, a thorough degiwip
for traffics with multiple patterns in WMNs. [3] proposedof the proposed admission control scheme is proposed in
an admission control algorithm for connections with raté argection V. Finally, numerical results and detailed analgse
delay requirements in wireless backhaul networks. Howevgiven in Section VI and conclusions are drawn in Section VII.
it assumes no channel fading and co-channel interferences
among wireless links, and uses a tree-structure [4] MAGII. NETWORK MODEL AND QOS ROUTING ALGORITHM

scheduling. In [5], a joint centralized scheduling and time Consider a WMN comprises a set of mesh routers, as
slot allocation based admission control algorithm is pegab Vi = {or = 1,2 n,}. The network runs under a time-

" . . . - T - ) 3ttt TS
for WIMAX networks, _Wh'Ch allow_s to admit a flow if _extra division multiple access (TDMA) slotted framework, where
unused slots are sufficient to satisfy bandwidth requirdmeq time frame consists of,; fixed-size time slots for data
The integrated framework of routing and admission contol fand 1, fixed-size time slots for control messages. During the

IEEE 802.16 distributed mesh networks was studied in [6]. [l joq of one time frame, we assume block fading channel that
estimates ava|labl_e bar_1d_W|dth ina token buc_ket to perfatm g o maing relatively constant. Scheduling decisions arertddy
mission _control W'_th minimum time SI_Ot requirement for ea_cg" nodes in the network in a distributed way at the beginning
connection, and It uses sh(_)rtest-W|dest efﬁment bgndimd& each time frame at the control phase, and stay unchanged
metric for route discovery. This yvork cannot provide regﬂet until the next frame. The PHY layer employs the adaptive
QoS provisions and no actual interface between routing agg,jjation and coding techniques, where there are a finite
admission control. Similarly, in ad-hoc network settingd, nmpery of transmission modes, each of which corresponds
proposed an AODV routing protocol based admission contrgl, , unigue modulation and coding scheme and one particular

whereas it blocks the over-loaded flow requests during thgera) of the received signal to interference plus nogtor

routing discovery procedure. [8] is much related to our Wor&SINR). The transmission rate at each mode is proportianal t

that makes admission decision by estimating the achievafle ghectral efficiency, i.e., transmission modean transmit
capacity between any pair of ingress and egress nodes Wiillyim, packets in one time slot, where= 1,2, ..., V..
only packet loss constraint, assuming traffics arrive atiogr Furthermore, in order to reduce the interference to adjacen

to Gaussian _d|str_|b_ut|orj._l-_|owever, In a multi-hop W'releséoncurrent transmissions, increase the frequency reude an
network, multiple ]0|nﬂd!310|nt rout_es. exist between A channel capacity, the nodes are equipped with directional
of source and destination, thus it is more appropriate adfiannas

accurate to make admission decision for each route. Morgove QoS flow ¢ is generated with a set of constraints, ETE

Gaussian traffic arrival assumption may not always holds th acket delav. throuahput and PER. Our previous resultslin [9
achievable capacity region could be inaccurate. Workg19], E Y gob ' P lin [

Il. RELATED WORK

d el he i 4 00S - ol 10] defined a new utility function based on the “dissatisifat
study extensively on the integrated QoS routing protocdl ap,io» g that i experienced by each QoS metRg, for ETE

the actual interface between the scheduling [11] and rgmi&acket delayR? for throughput, an&R” for PER. Hence, a

schemes, to provide optimum routes that guarantee multi l(?urce-to-gateway routl will be feasible if and only if all

QoS constraints. defined ratios are less than 1, i.éR}, R}, R;) < 1. Later,

In this paper, we propose a route capacity estimated ba%l% ociated QoS performance indég; can be formulated as
connection admission control algorithm to provide multo%) - '

constrains for users with different GoS. Our contributians |I;g =max[RP,RT RE] < 1 (1)
threefold:

(1) We treat each candidate route as a “black box”, whignd the optimum route selection decision is given by
using a generic mathematical function to represent the corénvreq., [1%,], whereq,, is the route set from a sourseto
resource manager. Considering traffic statistics as nbalti® destinatiory.
input variables, QoS performance index as an output, weFurthermore, our routing algorithm requires every naede
propose an analytical model to estimate the time-varyirg the network keeps track of connection level statistics in
“route capacity” with accuracy in real-time. each routek, including the number of ongoing connections

(2) By estimating the route capacity, a distributed conneé¥%, (t), total guaranteed throughafif, (¢), and the observable
tion admission control scheme is proposed. It selects thieeroQoS performance indekﬁg(t) fed back by corresponding



Inputs: QoS requirements A mathematical function Outputs: QoS performance

x= ooy ml SO0 (g Ax)

with input change with finite resources for

Ax = (Axy, Axs, ..., Axyy) sharing (buffer, bandwidth
o ’ Tx power, codes, etc.)

Fig. 1. A mathematical representation of each candidatéerbatween any source and gateway pair, where core resollmcatian manager (buffer,
bandwidth, Transmission (Tx) power, codes, etc.) is trb@® a black box. Source nodeld dimension input variables represent traffic statisticshsas
QoS requirement, burstiness, session duration etc., asehaible QoS performance index is a single gateway output.

gatewayg. These information will be collected and updatethe route capacity to decide how many connections or how
periodically similar to routing operation time scales. much flow of various QoS requirements can be supported
IV. ROUTE CAPACITY ESTIMATION simu_ltaneously ata partic_ular tite . .
Without loss of generality, we use a mathematical function
Opportunistic scheduling can take advantage of the muI}i— to represent the core resource manager to map inputs to
user diversity gain and the dynamic nature of the wirelegs, output. It is worth noting thaf is usually a complicated
channel, however, it comes with a certain drawback, I.ElLGNhfunCtion, which generally cannot be expressed in closefor
it maximizes the overall network throughput it cannot parfo equations or formulas. Let vecter= (z1, z2, ..., zps) denotes
hard resource reservation that is required to providet<QaS he s input variables, ang = f(x) denotes the output degree
for each session. As a result, an increased outage prapabi resource occupancy. These consistiéf+ 1 dimensional
of the ongoing QoS sessions is expected. _space as shown in Fig. 2(a), whelé input dimensions may
Therefore, a scheme is required to provide connectigy pe orthogonal but represent the required traffic staist
admission control to new flows by predicting their impact ofy gyercome the difficulties of close-form representatién o
the QoS of the flows already running in the network. Consid9r, we use Taylor expansion gf to approximate this resource
anodes, serves as the source expected to route data to gateayhager. Because the connection admission control scheme
g- The basic question to ask is whether any route could proviggnts to answer the basic question of acceptance/rejeation
enough available resources to support the required Q0SeThge,y incoming flows, we characterize the potential admission
resources can be any combination of buffer, time, transamiss 55 an input changé\x = (Axq,Axs,...,Azy) into the
power, codes etc, but all those could be interpreted as adbrmyagoyrce manager, which will result in an output change of
end-to-end wireless bandwidth, or so-called “route cdpaci i = f(x+Ax). Then, if we only take the first and second order

Unfortunately, this route capacity has been well-knownyvehatia| derivatives off, we have the following approximation,
difficult to estimate in WMNSs, because sessions have time-

varying, stochastic resource demands from applicatioar|ay - - / _
a degree of freedom for route selection in the network layer, gix+4x) ~ f(x) + ; T AT
packet switching, power control in MAC layer, and large Y 1;4
variability of data rates for users in different wirelesachel 1 "o 2 '
" L += oAz + o AT AT 2
conditions. As a result, even of same type of application 2!{;f ' ;;f o J} @

requests, they would consume different amount of resources )
at different time, let alone in a case where voice, videoa dawhere we denotef;, = aafi, oy = % Before we proceed,
services will arrive in an unpredicted manner. we need to prove the validity of neglecting all higher order
We model the whole network as a set of source/gatewagylor series. This is because the route capacity is usually
communication pairs, where each pair is comprised of meltipmuch larger than resource demands of one single connection,
candidate routes. For each route, protocol layer 1, 2, andaBd thus the admission or completion of one connection do not
control the resource allocation and management for alleenndrastically change the overall session performances, agd a
tions running on it to maintain certain QoS requirements, bahange in the overall session performances due to admission
these hop by hop operational characteristics along theeentor completion of one connection is adequately reflected in
route of communication are not apparent to end node uppgle measured output before the next admission event that
layers. Therefore, we pick individual candidatmite as the could be maintained by monitoring enough connections leefor
concept of “wireless system”, and treat this system as &blamaking the decisions. For one dimension of input variabtk an
box as shown in Fig.1, where finite resources are shared diyrresponding output, through real-time statistics cbiba
multiple connections. As said, these resources includiehuf and monitoring, we could have Fig. 2(b)-like relations.
bandwidth, transmission power, codes, etc. The systentsnpu For simplicity reasons, consider a specific roktbetween
are arrival connection requirements and associated teflic s — g pair, further useN’ (1) and Ny, TZ (t) and T3, I’;g(t)
acteristics such as QoS requirements including throughpand |, interchangeably. In the following discussions, we use
delay and PER. By monitoring the resource occupancy, wee number of existing connectio$;, and total guaranteed
want to identify the potentially limiting resources andiestte throughputl; along the route as input variables (i.&1, = 2),




. . A A
use obs_ervable QoS performance indexassociated as the 1 | eutaleivavecione 1 QoS threshold -
output, I.e., % ! demension ; )

2 — 2

|t:f(Nt,Tt) (3) % i ’SC_% gfl,% i

If the current route operates &V, T;,) at timet, when £ i /wl g !

the new connection arrives for admission decision, &, <§ P s . |

o |

number of existing connections with total aggregated thhou o 2 o« !

put T3, already running in the network, we are interested t8 o |
know the maximum aggregated throughplgot the route can . 0 Tl ‘é > T,

support at timet = t§ that corresponds to the maximum @ o 0) o

tolerable QoS performance index 1. Or, given the input claang_ 2 @M 41 d _ on of wirel )

_ _ _ 19. 2. a, + imension space representation of wireless system,

AN =1,AT = Cto+ Tto’ for the output Change’ An example of how to obtain partial derivatives and routeaci#ty estimation

5 based on measurements.

|t0+(Nt0+1,Ct0+): 1 (4) ) ) )
If further assuming thaf is smooth enough around point

should have to hold. Therefore, we rewrite (2) as, (N¢y, Ty, ), i-€., 3 = 0, andd > 0, so that,

T (Niy +1,Cp) = Lty + AN fiy 1=ty + AT S, l1=t, Pr(ff,| > 0) < e (12)
AN? AT? . Pr(|fN,n| > 0) <e (12)
e Nt|t:to —th|t:t0 =+ ANATthTt|t:to (5) Pr(| | > 5) <e (13)

or,

which means the second-order derivatives are neglectable,
simplify (10) as:

1
U=ty + fivli=to + (Cop = Tho) 1 lt=t0 + 5./8,li=to

1- Ito - fJ/Vt
(Cpt — T, )? A
To sum up, given the generic mathematical function as the
In order to get the second-order partial derivatie,,, we resource manager, consider the number of connections and
notice that the chosen input variablEsand N; are correlated total guaranteed throughput of current running connestas
by Ti = Z ', Ty, whereT} is the throughput requirementthe input variables, and observable QoS performance index
for each ongomg sessioq1. Then, by using the limitation as the output, the time varying “route capacity” could be ob-
expression of first-order partial derivative, we have, tained by a close-form approximation of only first and second

order partial derivativesr, |i=t,, f7,lt=tos [, lt=to» [N, lt=to -

Cp = T, (14)

f’ﬁ |t:t0 + (Ct(f - Tto)f]/\//tTt |t:t0 (6)

N; JrAN Nt r . . .
Ty — 2g=1 — > =171y On the other hand, if the functiofi is smooth enough at the
ONt|,—y, AN=1 AN operating point(N,,T;,) So that the second-order statistics
ZNtO+AN are neglectable, this capacity could further be simplifigd b
. =Ny+11g - i Ty vatived! /
_ Alﬁfnll q A})V =77 = Co =T,y (7) using only first-order derivativegr, |i—¢,, [, li=t, -

This route capacity estimation scheme is fully distributed

whereT}, denotes the incoming input connection throughpier every wireless mesh router in the network, and no global
information is required. Moreover, it is easily expanded to

requwement at time = to Therefore, other input variables besidég, andT; to give more accurate
. 0T, representation of the traffics, such as more complicatdiictra
Iz, = o ON = ( Tto)f (8) characteristics like delay bound, jitter, packet lengthd an
t=to tlt=to t=to burstiness, etc.
Hence we rewrite (6) as,
V. CONNECTIONADMISSION CONTROL ALGORITHM
lf” " 3(Ct3 - T: )2f b P+ (Coe —Tu) Our proposed connection admission control scheme is ini-
2/ Ne 2 N to /T tialized when new sessiog arrives at source node with

+|to -1=0 ) multiple QoS constraints at tintg, intended to communicative
with gatewayg. The functionality of the proposed algorithm
is summarized and described in the following three steps.
Step-1: The source node implements route capacity es-
timation for every existing routé between source-gateway
pair s — g. Simply by measuring the first and second order
statistics {7, lt=to, /7, lt=to» [, lt=t0» [, lt=t, @t current point
t = to, the capacity is approximated by (10). The estimated

where all partial derivatives are taken at poii¥;,, 73,). By
solving quadratic function (9), we show that the route cépac
is approximated by (10).

j//
o IR B ) -
-
ty 3th

I,

+ T, (10)



capacityOt’“+ indicates the maximum traffic load the route VI. NUMERICAL RESULTS

could supﬁ)ort given the constraints that none of the exstin _
ongoing flows will not be jeopardized for QoS. We developed a slotted, event-driven cross-layer OPNET

Step-2: This step is to verify if enough resources onl2]l simulator to assess the proposed unified framework

each routek are available for the new incoming sessiorPf multi-constraine_d QoS routing and connection adm_ission
To differentiate different GoS, we notice that this sessiofPntrol scheme with GoS guarantees. A number of wireless
belongs to one of the two different service classes, requf@esh routers are randomly and independently deployed, some
or premium service. We introduce capacity usage indicatdts Which have gateway functionalities. QoS Sessions are

to provide capacity usage priorities for different GoS. srhedenerated with three QoS constraints, i.e., ETE packeydela
L oH oL that denote the higher and lower boungthroughput and PER are attached with each flow. Furthermore,

- H
are:all, ok, of : . .
of overall capacity each service class can use respectivefgSSions are randomly chosen to be either premium or regular
In network layer, the integrated QoS routing

Especially lower bound.” reserves certain amount of overalP¢V!c€ class. In : : ,
protocol [9], [10] is used to provide sub-optimal candidate

route capacity for higher-priority users to guarantee aiert _ . s ue
QoS, which cannot be shared with regular services evERptes with multiple QoS constraints. MAC layer uses dustri

though they starve. The typical values of these bounds Af{§d opportunities scheduler developed in [11]. In PHY lraye
ol — 08 alk =0.a" =05.ak = 0.2 the Rayleigh fading channel model [13] is used for the wigle
H 08,0k =0, 5,0k =02,

Therefore, if the incoming session belongs to premium usgiannel representation while the required PER i.s derivedcba_
group, available capacity for the new session is calculat@d SINR curves for the used adaptive modulation and coding
by O‘fcf+ _ Ttk’p, WhereTt’”’ denotes the total guaranteec?Cheme- Finally, the WMRs are equipped with directional

antennas.

prhe proposed algorithm, referred as “Dist+lQ0SR+RC-
AC", is compared with our previous work presented in [9],
) o L ) [10] which does not include different GoS and prediction

L it Ty < a Otg —T;°", premium serv. scheme for admission control “Dist+IQoSR”. We also compare

TF=2 1, if Ty < aﬁc’tﬁ — Tt’“, regular serv.  (15) our scheme with conventional layer 2 and 3 techniques, the
© round robin scheduler (RR, [14]) and AODV routing protocol
o o . S [15], and also the recent research output “SCAC” in [8]

If admission decision variabl&" = 0, V¥, it fails finding a5 henchmarks. The overall performances are investigated i
any route providing required QoS. Then, the source noggms of gateway goodput (Fig. 3a), average QoS outage
initiates route discovery to search for new candidate ®Utrobability of existing sessions (Fig. 3b), and sessiomkily
that can provide QoS to the session. Meanwhile, Step'3dﬁ)babilities for premium and regular users (Fig. 3c).
ignored. If admission decision variab®* = 1, 3k, the load Fig. 3a shows that “Dist+|QoSR+RC-CAC” outperforms
balancing function is called in Step-3. all other schemes in terms of overall gateway goodput. An

Step-3: Although we may find multiple routes to be choseflnqtant observation is that the proposed framework can

as the candidate for the new flow, these routes may highly.cessfully achieve high goodput even for small traffierint
likely overlap with each other. Therefore, improper rowe s, iy | rate (heavy load conditions), i.e., 1.4 times mdrent

lection may create bottlenecks in the network, thus detateo “Dist+IQ0SR+SCAC”, 2.2 times more than “Dist+|QoSR”
the overall performances. aEd 3.2 times more than “RR+AODV”. This is primarily

throughpout for ongoing premium sessions on raut&imilar
judgement is easy to obtain for regular users. The admissig
decision variablél’ is chosen correspondingly as, C

0, otherwise

Remind that by monitoring the first and second order partig cause that the connection admission control scheme can
derivatives of the number of existing connections and totgfj . o, reject new sessions to maximize the end-to-end

guaranteed thE’Uth%Jt:ﬁvf/Tt,|t:tovfé\/rJt:tOéthf:to al  resource utilization in the network range by predicting the
.cudrren.tf p(()jlnt.t = L‘o,hWP}I cou esrtllmate the Q? PErformancyte capacity. By monitoring the resource occupanciesgalo
index if admitting the flowg on the routek, as: each route, it accurately identifies the potentially limiti

/\k . .

I, = f(NE +1,TF + Tr) (16) resources and captures the impact of new arrival flows on the

. existing ongoing sessions. This will result in lower QoSam&t
Let I() denote the set of QoS performance indexes ;.lf:obability (Fig. 3b) and session blocking probabilitygdFac),
route k¥’ is chosen to be the candidate route, 145') =

ey especially when the network operates at near-capacitpmegi
{1317, .., 1, ,..},VK' € Q. Then the load balancing algo-Meanwhile, the GoS management allows certain bandwidth
rithm will choose the route achieving the minimum variancgsources preserved for higher-level users. On the othet, ha
among alll (k’), V&', which could be formally expressed as, “SCAC” achieve high goodput when the traffic load is high
min var I(k) (17 due_to its Gaussi_an traffic_arrival assumptions, but_ when the
V' €Qsg traffic load is relatively low, it could not accurately estite the
where we suppose routé* is finally chosen to be the achievable capacity region, thus make wrong decisions on flo
candidate route. This route could minimize the overall inipa admission which turns into less goodput, higher QoS outage.
on both existing traffics of routé&* and other joint routes Fig. 3b illustrates the probability of QoS outage of all com-
between the associated source-gateway pair. pleted sessions as a function of the traffic load. This is ddfin
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Fig. 3. Simulation results on (a) Gateway goodput (b) Qo%geitprobability per session value, for premium, regular ahd¢ompleted sessions, both
figures are plotted with respect to (w.r.t.) the new sessiterdarrival time (c) Session blocking probability w.the lower route capacity usage bou«n@
reserved for premium service users.

as the probability of any of the QoS requirements of a sessiQuS. Furthermore, it can successfully maintain reasoriable

to fail during the lifetime of the given session, Icfrq > 1. Itis outage for the existing flows, and can guarantee the required
interesting to observe that for high network loading scienar GoS.
proposed joint algorithm can guarantee’8®f all sessions
satisfying their all QoS requirements of the underlyinglapp
cation, as compared to 81if no admission control is used, [ I. F. Akyildiz and X. Wang, "A survey on wireless mesh nes,”

P " o “ ” I IEEE Communications Magazine, vol. 43(9), pp. S23-S30, Sept. 2005.
82% if "SCAC” is used, and 6% for “RR+AODV". This is [2] J. Ratica and L. Dobos, “Mobile ad-hoc networks conrettadmis-

because the impact of new admitted session on existing flows sion control protocols overview,” ifProceedings of 17th International
has been estimated and accurately reflected during the route Conference Radioelektronika, 2007, pp. 1-4.

. ; X ; L. Seungjoon, G. Narlikar, M. Pal, G. Wilfong, and L. ZtggrfAdmis-
capacity estimation phase. Meanwhile, because no resour@é sion control for multihop wireless backhaul networks wittscsupport,”

reservation is performed for premium users in other schemes in Proceedings of IEEE WCNC, vol. 1, 2006, pp. 92-97.
the flows admitted may exceed the network capacity which iff] G. Narlikar, G. Wilfong, and L. Zhang, “Designing multp wireless
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