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Mobility support is one of the most challenging issues in IEEE 802.11 networks. In the
proactive neighbor caching (PNC) scheme, when a mobile host is connected to an access
point (AP), its context (e.g. security association or QoS information) is propagated in ad-
vance to all of the AP’s neighbors to reduce handoff processing time. In this paper, we pro-
pose a selective neighbor caching (SNC) scheme, which propagates a mobile host’s context
only to the selected neighbor APs considering handoff patterns. Therefore, the SNC scheme
can reduce the message overhead on the links among APs. We evaluate the performance
of the SNC and PNC schemes in terms of the cache hit probability and the signaling cost.
Especially, we investigate the effect of mobility and cache size through extensive simula-
tions. The results reveal that the SNC scheme provides a comparable cache hit probability
while significantly reducing the signaling overhead in IEEE 802.11 networks. Moreover,
although the SNC propagates relatively a small number of contexts to neighbor APs, the
SNC scheme outperforms the PNC scheme when the cache size is small and the mobility is
low.

I. Introduction appropriate to support real-time multimedia applica-
tions, which require a handoff latency less than 50 ms

Public wireless local area network (LAN) systems [6].

based on the IEEE 802.11 standard [1] are becoming 1q reduce the handoff latency in IEEE 802.11 wire-

popular in hot spot areas such as convention center§esg networks, a proactive neighbor caching (PNC)

airports, campus, etc. Compared to other wireless Ingcheme was proposed in [8]. The PNC scheme

tgrnet_services, public wireless LAN systems can pro- ;geg a neighbor graph, which dynamically captures
vide high-speed Internet connectivity of up to 11Mbps 4 mobility topology of a wireless network for pre-

(IEEE 802.11b) or 54Mbps (IEEE 802.11a/g). Since positioning an MH's context. The PNC scheme en-
the IEEE 802.11 standard was originally designed forg res that the MH's context is always dispatched to all

an indoor network solution where hosts are stationary,¢ the current AP’s neighbors and thereby the handoff
host mobility was not a critical issue. HOWever, ré- |atancy s reduced. Here, the context contains infor-
cent works [2] [3] [4] [5] indicate that a mobile host  \4ti0n regarding the MH’s session, quality of service
(MH) moves from one access point (AP) to another. (q,s) and security association [15]. Experimental re-
However, due to the lack of mobility support, there g5 show that the PNC scheme reduces the handoff
is a S|gn|f|c_ant disruption _Whl_le performing handoffs. latency from 15.37 ms to 1.69 ms. Currently, the PNC
Therefore, it becomes a vital issue to support host mo-cheme js included in the Inter-Access Point Protocol
bility in IEEE 802.11 networks for seamless mobile (IAPP) specification [16], which is a standard protocol

services (especially for real-time applications such as¢,; the communications between IEEE 802.11 APs.
voice over IP (VoIP) services).

Current the IEEE 802.11 standard provides a lim-
ited link layer handoff functionality for MHs. The
handoff procedure consists of scanning, authentica
tion, and reassociation. As shown in [7], the hand-
off latency in the current IEEE 802.11 networks is not

However, in the PNC scheme, an MH’s context
is propagated to all neighbor APs whenever a new
(re)association is created. Therefore, the PNC scheme
may result in high signaling overhead, especially
when there are a lot of MHs (or fast moving MHSs)
in wireless networks. Furthermore, the previous mea-

*The preliminary version of this paper was published in the surement studies [3] [4] mdlcate_that even in the case
proceeding of IEEE International Conference on Communica- When there are a number of neighbor APs, mostly 3
tions (ICC) 2005, May 2005. or 4 APs are target points of the handoffs. Therefore,
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propagating the MH'’s context to a subset of neighbor
APs is likely to be sufficient in most cases for seam-
less mobility.

In this paper, we propose selective neighbor
caching (SNCkscheme, which generalizes the PNC
scheme by adding a conceptrafighbor weight The
neighbor weight represents the handoff probability
from a given AP to each neighbor AP. Based on the
neighbor weight, the MH’s context is propagated only
to the selected neighbor APs (i.e. neighbor APs with
equal neighbor weights to or higher neighbor weights
than a threshold value). The neighbor graph and its
neighbor weights can be easily calculated from statis-
tics of the handoff patterns among APs (e.g. [12]).

The rest of this paper is organized as follows.
Section |l describes the overview of the proactive
neighbor caching scheme. In Section lll, the selec-
tive neighbor caching scheme based on the neighbor
weight is proposed. In Section IV, the optimal thresh- be used to make the edges (or to learn reassociation
old problem is formulated. Section V shows the simu- relationships) in the neighbor graph. Firstly, when
lation results in terms of the cache hit probability and an AP receives an IEEE 802.11 reassociation request
signaling cost. In Section VI, we summarize the pre- frame from an MH, the message contains the basic
vious work for mobility support in IEEE 802.11 net- service setidentifier (BSSID) of the old-AP and hence
works. Section VII concludes this paper. establishes the reassociation relationship between the

two APs. Secondly, the receipt offdove — Noti fy
message from another AP via IAPP [16] also estab-

Figure 1: The PNC Operation

II. Proactive Neighbor
(PNC) Scheme

Caching

lishes the relationship between APs.

Several functions/notations used in the PNC

scheme are listed as follows:

Figure 1 illustrates a topology of AP connectivity in
the PNC scheme. The AP (i.edP¢) located in the
center is the current AP that the MH associated with.
As shown in Figure 1, the neighbor APs have differ-
ent handoff probabilities (or weights). These weights
are not taken into account in the PNC scheme; how-
ever, they are depicted for comparison purposes with
the SNC scheme. In the PNC scheme, the MH’s con-
text is propagated to all neighbor APs when the MH
associates to the AP. In Figure 1, APs within the curve
receive the MH’s context in a proactive manner.

The mechanism of the PNC scheme is detailed as
follows [8]. First, a neighbor graph is constructed at
each AP in a distributed fashion and the MH’s context
is propagated to all neighbor APs based on the neigh-
bor graph. How to construct the neighbor graph is as
follows. First, define a undirected gragh= (V, E)
whereV = {ap1,aps, ...,ap,} is the set of all APs
and there is an edge (ap;, ap;) betweenap;
andap; if they have a reassociation (or handoff) re-
lationship. ThenNeighbor(ap;) = {ap;, : api, €
V, (api, ap;,) € E}, whereap;, is thek-th neighbor
AP of ap;. The neighbor graph is automatically gener-
ated by the individual AP over time. Two methods can

1. Context(c): Denotes the context information of
a clientc.

2. Cache(apy): Denotes the cache data structure

maintained atipy.

3. Propagate_Context(ap;, c,ap;): Denotes the
propagation of the client's context information
from ap; to ap;. This can be achieved by sending
aContext — Notify message fromp; to ap;.

4. Obtain_Context(apfrom,C, 4Pro):  aPio  Ob-
tains Context(c) from apg,om using an IAPP
Move — Noti fy message.

5. Remove_Context(apoid, C; APnghbr)- aPold
sends aCache — Invalidate message to
apnghir IN oOrder to removeContext(c) from

Cache(apnghpr)-

6. Insert_Cache(apj, Context(c)): Insert
Context(c) to the cache data structure at
ap; and perform a least recently used (LRU)
replacement if necessary.
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The PNC algorithm is presented in Algorithm 1. If
an MH associates to an AP, the AP propagates its con-
text to all neighbor APs (lines 2-6). When an MH
hands off to a new AP and its context is not in the
cache of the new AP, the new AP requests the context
to the old AP (lines 8-10). After receiving the context,
the new AP propagates the context to its all neigh-
bors (lines 11-13). After transferring context, the old
AP and its neighbors remove the MH'’s context (lines
15-19). In each AP, an MH’s context is inserted to
the cache and the context may be replaced later on by
the LRU policy. More detailed operations of the PNC
scheme can be found at [8, 16].

Algorithm 1 PNC Algorithm @p;, c, ap;)
1: apj: the current-APgp;: the old-AP,c: the client;

2: if clientc associates tap; then Figure 2: The SNC Operation

3:  forall ap; € Neighbor(ap;) do

4 Propagate_Context(ap;, c, ap;) . .

5 endfor ~ results in a longer handoff latency. Overall, by adjust-

6 end if ing the threshold value, the SNC scheme can balance

7: if clientc reassociates top; from apy, then the tradeoff between the signaling traffic and the hand-

8: if Context(c) notin Cachep;) then off latency. Note that if the threshold value is zero, the

9: Obtain_Context(apy, ¢, ap;) SNC scheme becomes equivalent to the PNC scheme.
10:  endif In the SNC scheme, an AP assigns the neighbor
11: forall ap; € Neighbor(ap;) do weight (or handoff probability) to each edge in the
i; en];?gfag“te*commt(“pj’C’ api) neighbor graph. After then, the AP propagates the
14 end if MH’s context only to the selected neighbors with
15: if clientc reassociates tap;, from ap; then equal to or higher neighbor weights than a predefined
16: forall ap; € Neighbor(ap;) do value ¢). The neighbor weight can be easily obtained
17: Remove_Context(ap;, ¢, ap;) through the construction procedure of the neighbor
18: Zn_? for graph and it is recorded in theeight tabledenoted

19: end i — s (i (Vi i i

20: if ap; received Context(c) fromap; then :?r)égf a;i ,EE)U;(;])] whereuw;(j) is the neighbor weight
g enfjni: ert-Cache(ap;, Context(c)) Let C;(j) be the number of handoff events fraip;

to ap; during a monitoring interval. Theny;(j) is
calculated as follows.
IIl. Selective Neighbor Caching wilj) = —it)
(SNC) Scheme Ci(k)

all neighbor k

Figure 2 illustrates a neighbor graph with the hand-  Based on the above calculation, when the context
off probabilities in the SNC scheme. Similarly to the propagation is required, the current AP selects neigh-
PNC scheme, an AP in the SNC scheme proactivelybor APs meeting the fo”owing condition:

propagates the MH’s context to neighbor APs. How-
ever, the AP sends the MH’s context only to its neigh-
bor APs whose handoff probabilities are equal to or
higher than a pre-defined threshold value. Suppose where § is the predefined threshold value.
the threshold value is 0.2. In Figure 2, among all five After selecting the neighbor APs, the current
neighbor APs, three APs within the curve are selectedAP propagates the MH’s context to the se-
to receive the context. Namely, the other APs whoselected APs. To implement the SNC scheme, a
handoff probabilities are less th&r2 do not receive  new function, Update W eight(ap;, ap;) is added.
the context. Hence, if the MH moves to an AP not re- Update_W eight(ap;, ap;) is performed in two cases:
ceiving the MH'’s context, the cache miss occurs and(1) whenap; receives aMove — Notify message

wi(j) >0
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from ap;, and (2) whemp; receives a reassociation

request frame from the MH.
min  Cost

7. Update_Weight(ap;, ap;): Update the weight ta- s.t. H > Py,
ble by re-calculating the neighbor weight;(j))
atap; andap;. whereCost is the signaling cost caused by the con-

' ' text transfer to neighbor APs ard is the cache hit
Algorithm 2 describes the procedure for the probability. LetP;; andC;; be the handoff probabil-
SNC scheme.  In line 24, the context in- ity and context transfer cost fromp; to ap;, respec-

formation of the clientc is invalidated after tively. To calculate# andCost, we first define a step
Remove_Context(apj, ¢, ap;) whereas the neighbor  function as Eq. (1).

weight remains in the weight table.

~ - 1 P, >4
Algorithm 2 SNC Algorithm @p;, ¢, ap;) u(P;j) = { 0’ P” oy (1)
1: apj: the current-APgp;: the old-AP,c: the client; ’ Y
2. if ap; receives aVlove — Notify message fronp; Using the step functiondd andCost are given by

or ap; receives a reassociation request fratvemn Egs. (2) and (3), respectively

3. Update_-Weight(ap;,ap;)

4: end if

5: if clientc associates tap; then H=)Y Y Q; Pj-m 2)

6: forall ap; € Neighbor(ap;) do i

7 if w;(i) > 6 then

8: Propagate_Context(ap;, c, api) — N (s s

o end i j Cost ;;U(P”) Cyj - m; 3)
10:  end for

11: end if wherer; is the steady probability atp; and Q;
12: if clientc reassociates tap; from ap;, then is the probability that an MH’s context information
13:  if Context(c) notin Cachep;) then is found atap; when the MH moves tap;. Q; is
14: Obtain_Context(apy, ¢, ap;) calculated de] ending R, ! !

15:  end if P g ;-

16: forall ap, € Neighbor(ap,) do ] ]

17: if w;(j) > & then 1. P; > 0: Lett; be the residence time of an
18: Propagate_Context(apj, c,ap;) MH at ap;. Although the MH'’s context is propa-
19: end if gated toap; in advance, the cache miss occurs if
20:  end for the number of arrivals of new contextsat; is
21: end if

larger than the cache size (denotedMy. This
event is referred to asache overflow Let P,..
be the probability that the propagated context is

22: if clientc reassociates tap;, from ap; then
23:  forall ap; € Neighbor(ap;) do

24: Remove_Context(apj, ¢, ap;)
25 end for replaced by cache overflow. We assume that the
26: end if arrival process of new contexts follows a Poisson
27: if ap; received Context(c) fromp; then distribution with rate of\. Then, P, is given by
28:  Insert_Cache(apj, Context(c)) Eq. (4).
29: end if
00 —At; Am

P = Z ‘ ()'\tZ) (4)
IV. Optimal Threshold m=M
To obtain the best performance in the SNC scheme,  Then,Q); is given by Eq. (5) wherP;; is equal
the thresholdd) should be carefully determined. The to or greater than. We assume thdt follows an
lower the threshold is, the higher is the cache hitprob- ~ exponential distribution with rate of.

ability. However, as the threshold decreases, the total
signaling cost increases. Therefore, it is important

tq flnq an optlma! Welght. threshold minimizing the Q = 1 _/ Pro(t) - f(1)dt
signaling cost while meeting the lower bound of the 0

cache hit probability £;;,). To accomplish this, we _ 4 /oo Poo(t) - pedt  (5)
formulate the optimization problem as follows. o
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2. P < 4. If P is less thard, no context is prop-
agated tazp;. Even thoughup; does not receive
any contextap; may contain the MH'’s context
in two cases: i) the MH visitedp; previously
and the context is not replaced yet or ii) the MH
visited apy, which is a neighbor AP o&p; and
P,; > 6, and the context is not replaced. Figure
3 illustrates these two cases. gt 1, and
denote the entering times tgy, ap;, andap,
respectively. In addition7} is the sum of the
residence time at APs before enteringig (i.e.

Ty — 7). T} is expressed as follows:

oo
Tj=te+ > ti+t
1=0

wheret;, andt; are the residence timesat;. and
ap;, respectively.

) O

tk ti |

2

apy ap; ap,

Figure 3: The timing diagram¥;; < ¢

Q = Pt (1 - /0 TP fT(t)dt)

Pvisv',t : <1 - / Pre(Tj) . PJTe'uTtdt)
0
(1)
wherep is the average rate df;.

The above optimization problem is to find the max-

In this paper, we assume the AP residence timeimum § that meets the conditiorf{ > P,,. To re-

is ideally and identically distributed (i.i.d.). In

solve this problem, we propose a simple binary search

addition, since the AP residence time is assumedalgorithm as described in Algorithm 3. and R de-

to follow an exponential distribution of rate pf
T; also follows an exponential distribution and
its service ratei(r) is as follows.

whereN is the number of APs visited duririg;.

Similarly to case 1 (i.eP;; > 9), P, is given by
Eq. (6).

2 e M(ATH™
Pre(Tyj) = Z :
m=M

(6)

m!

As mentioned before, to occur the cache hit in
ap; at 5, one of the following two conditions
should be met.

e api = ap;. the MH has previously visited
ap;.
e apj, # apj and P,; > 6. the MH has not

visitedap;, butapy, is a neighbor AP ofip;
andPy; > 6.

Let P, be the probability for the above
two cases. Then,P,; is equal tom; +
>k - u(Pyj). Accordingly,@; is given by Eq.

k
(7) whenP;; (asin Eq. (1)) is less than
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note the left and right boundary values, which are set
to 0 and 1, respectively. Flady, is used to check
whether there are weight thresholds meeting the con-
dition, H > Py,. In this algorithm,H(6) denotes
the cache hit probability when the weight threshold
value isd. If H(0) is larger thanP,;, a largeré value

is tested in the next iteration. Otherwise, a smaller
0 value is evaluated. This iterations are repeated for
N;ier times. However, if there are nbvalues meet-
ing the constraintd > P, more iterationsg- Njze,)

are performed.

V. Performance Evaluation

V.A. Simulation Model

In the case of the SNC scheme, only the selected
neighbor APs receive the MH’s context. Therefore,
unnecessary signaling cost can be reduced. However,
if the MH moves to an AP not receiving the context
information in advance, the cache miss occurs and the
MH should perform a0btain_Context() procedure.
Accordingly, the average handoff latency increases.
To evaluate the performance of the SNC scheme, we
have conducted simulations in a reference network
consisting of six APs. In our simulations, there are
two types of MHs: fast and slow MHs The fast
MH’s AP residence time follows a Gamma distribu-
tion which mean iS00sec and variance i4000sec?.

On the other hand, the slow MH’s residence time fol-
lows a Gamma distribution with mean 6#0sec and
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Algorithm 3 Determination of optimal weight thresh-
old (6%)
1. L «—0;
R~ 1;
06— (L+R)/2;
. I« FALSE;
N Nitsr;
: while N > 0do
if H(5) > Py, then
L« §;
60— (L+R)/2
F «— TRUE;
else
R+ ¢6;
0— (L+R)/2;
end if
N «— N —1;
if F =FALSE andN = 0 then
17: N «— Niter * 2;
18: endif
19: end while

@ONoOOR®ODN

e e

14.
15:
16:

variance6000sec?. Total simulation time i90000sec
and the number of MHs is 100. In the PNC and
SNC schemeskemove_Context() procedure is im-
plemented to remove the propagated context main
tained at the non-neighbor AP. However, each AP

manages its neighbor cache by the LRU replacemen

policy, so thatRemove_Context() procedure may
be redundant.
of Remove_Context() procedure in the next section.
We illustrate the handoff probability (or weight) as a
matrix form (P) shown in Eq. (8). In Egq. (8), an
element represents;; that is the handoff probability
from ap; to ap;.

0 02 03 01 04 0 ]
025 0 015 02 01 03
03 02 0 0.1 03 0.1
b= 02 04 005 0 015 0.2 (8)
01 03 02 0.2 0 02
| 0.3 02 025 015 01 O

The steady state probability at each AP can be o
tained from Eq. (9) [17].

I-P=1II (9)

wherell = {m, m, w3, w4, w5, we}. Inthe
given examplell is calculated as follows:

I

{0.1856,0.2034,0.1630,0.1318,0.1771,0.1391}

In the simulation, we use the above handoff proba-
bility to investigate the cache hit probability and sig-

6

Therefore, we investigate the effect

naling cost. The signaling cost is defined as the num-
ber of context propagations exchanged between APs.
In terms of threshold valué), three values (0.1, 0.15,
and 0.2) are evaluated. dfis equal to 0.0, the SNC
scheme refers to the PNC scheme.

V.B. Cache Hit Probability

Intuitively, the PNC scheme can provide a higher
cache hit probability than the SNC scheme. How-
ever, as shown in Figure 4, the SNC scheme has a
higher cache hit probability than the PNC scheme.
This is because the MH’s mobility is low and there
is no Remove_Context() procedure. In this case,
the PNC scheme, which actively propagates the
MH'’s context to all neighbors, occupies the small-
sized cache more aggressively. Furthermore, since
Remove_Context() procedure is not implemented,
the effect of context propagations is more notable.
In addition, when the MH has a lower mobility, the
cache hit probability that the propagated context will
be used in near future is too small. In other words,
the propagated context will be replaced by other new
contexts before it is reused. Consequently, propagat-

ing the MH’s context to more neighbor APs results

;[n negative effects, i.e. more frequent cache replace-
ments and a lower cache hit probability.

However, as the cache size increases from 30 to
90, the performance of the PNC scheme approaches
to that of the SNC scheme. This is because a large
number of propagations in the PNC scheme does not
degrade the cache hit probability, if the cache size is
sufficiently large.

Similar trends are observed in Figure 5. Namely,
even thoughRemove_Context() procedure is im-
plemented, the performances of the SNC and PNC
schemes is highly dependent the MH'’s mobility. In
short, if the MH’s mobility is low, the SNC scheme
outperforms the PNC scheme. When we compare Fig-
ures 5 with 4, the relative gain of the SNC scheme
to the PNC scheme is less wh&amove_Context()

b_procedure is implementedzemove_Context() pro-

cedure prohibits unnecessary occupations of MH's
context by eliminating the MH’s context at non-
neighbor APs. Therefore, the negative effect of the
PNC scheme is reduced. In addition, not implement-
ing Remove_Context() procedure is better if the
MH’s mobility is low. Namely, in the case of low mo-
bility, maintaining the MH'’s context as long as pos-
sible allows a higher cache hit probability by not re-
moving the previous contexts.

Figure 6 shows the cache hit probability when the
MH’s mobility is high and noRemove_Context()

Mobile Computing and Communications Review, Volume 1, Number 2
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Figure 4: Cache hit probability: nBemove_Context() procedure and low mobility
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Figure 5: Cache hit probabilityRemove_Context() procedure and low mobility
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procedure is implemented. Unlike Figures 4, the PNCnormalized to 1.0) when the cache size is 30, 60, and
scheme shows a higher hit probability even if the 90, respectively.
cache size is small. In this case, the MH has a higher As the cache size increases, the relative signaling
mobility, the propagated MH’s context will be more cost decreases. Since the cache hit probability is
frequently referenced. Therefore, it is better to prop- proportional to the cache size, the frequency of con-
agate the MH's context to as many neighbor APs astext transfers is reduced when the cache size is large.
possible. However, the difference between the PNCHowever, the effect of cache size is not remarkable.
and SNC schemes is not significant. On the other Tables 1, 2, and 3 also show the variation of
hand, the cache hit probability increases proportionalthe relative signaling cost asis changed. By in-
to the increase of the cache size. In addition, overallcreasings from 0.1 to 0.2, the relative signaling
trends become similar to the result [18] with a infinite cost can be lowered by 10%-25%. Especially, when
cache size. From Figures 4 and 6, we conclude thatremove_Context() procedure in not implemented,
the effect of mobility is more dominant than the cache the reduction of the relative signaling cost is more sig-
size, in terms of the cache hit probability. nificant. In terms of mobility, an MH with high mo-
Figure 7 plots the cache hit probability as sim- pility requires more signaling cost because it performs
ulation time increases, when the mobility is high more handoffs than an MH with low mobility.
and Remove_Context() procedure is implemented. As shown in Tables 1, 2, and 3,
Overall trends are similar to the results without reimove_Conteat() procedure results in a higher
Remove_Context() procedure. However, in the case relative signaling cost by 19-27%. However, as in-
of a higher mobility, the the effect af is more ap-  dicated in the previous sectioRemove_Context()
parent in Figure 7 compared with Figure 6. If there procedure does not provides a higher cache hit proba-
is no Remove_Coontext() procedure, the MH's con-  pjlity, especially when the cache size is small and the
text can be replaced only by cache replacement polmopility is low. The results reveal that the implicit
icy. Hence, all contexts are accumulated in the cachecache removal policy is better than the explicit cache
so that the slight difference of has little impact  removal policy, when we consider the signaling cost
on the cache hit probability. On the other hand, if 35 well as the cache hit probability. Consequently, the

Remove_Context() procedure is implemented, the proposed SNC scheme out performs the PNC scheme.
propagated MH'’s context at the non-neighbor AP will

be invalidated. Therefore, how many APs receive the

MH’s context has a direct effect on the cache hit prob- Y1+ Previous Works

ab}!gy.smwn in Figures 4, 5, 6, and 7, when Handoff latency in IEEE 802.11 networks can be di-
Remove_Context() procedure is not implemented, Vided into three types of latency: scanning latency,
the SNC scheme shows a slightly higher cache phitduthentication latency, and reassociation latency [7].
probability in the case of low mobility. In other words, 1he PNC scheme have been added to the final specifi-

Remove._Context() procedure does not guarantee a Cation of IAPP [16]. In addition to the PNC scheme, a
higher cache hit probability in all cases. Therefore, €W schemes have been proposed to reduce the hand-
if the MH’s mobility is low, the implicit cache re-  ©ff latency in IEEE 802.11 networks.

moval (i.e. noRemove_Context() procedure) is a  As described in [7], the scanning latency is the
better choice because the implicit scheme requires gominant latency among three types of latency. To
less message overhead, as will be elaborated in théeduce the scanning latency, a new scheme was pro-
next section. In addition, if the cache size is not suf- Posed in [9]. [9] described the use of a novel discov-

ficiently large, the SNC scheme outperforms the PNCerY method using a neighbor graph (NG) and non-
scheme. overlap graph (NOG). This scheme (referred to as

NG-pruning schemefocused on reducing the total
number of probed channels as well as the total time
spent waiting on each channel. They suggested two
As mentioned before, the SNC scheme has an advanalgorithms: the NG and NG-pruning algorithms. The
tage to the PNC scheme in terms of reducing the sig-rationale behind the NG-pruning scheme is to ascer-
naling cost, which is defined the number of contexts tain whether a channel needs to be probed or not (by
transmitted during the simulation time. Tables 1, 2, the NG algorithm) and whether the MH has to wait
and 3 summarize the relative signaling cost to the PNCmore time on a specific channel before the expira-
scheme (i.e. the signaling cost of the PNC scheme igion of MaxChannelTimgby the NG-pruning algo-

V.C. Signaling Cost
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Table 1: Relative signaling cost: Cache size=30

Case

0=0.2

0=0.15

0=0.1

No Remove_Context() and high mobility

0.51174

0.61845

0.71962

No Remove_Context() and low mobility

0.45163

0.52605

0.61458

Remove_Context() and high mobility

0.70721

0.77089

0.83132

Remove_Context() and low mobility

0.66061

0.70627

0.76047

Table 2: Relative signaling cost: Cache size=60

Case

0=0.2

0=0.15

0=0.1

No Remove_Context() and high mobility

0.47136

0.58719

0.69696

No Remove_Context() and low mobility

0.43090

0.51433

0.60830

Remove_Context() and high mobility

0.69885

0.76335

0.82515

Remove_Context() and low mobility

0.65614

0.70444

0.75883
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Table 3: Relative signaling cost: Cache size=90
Case =02 ]6=015| 6=0.1
No Remove_Context() and high mobility| 0.42663| 0.55132| 0.67051
No Remove_Context() and low mobility | 0.40310| 0.48930| 0.58654
Remove_Context() and high mobility | 0.69271| 0.75711| 0.81962
Remove_Context() and low mobility | 0.65050| 0.79765| 0.75259

rithm). The NG abstracts the hand-off relationships first checks the entries in the cache corresponding to
between the different APs. Using the NG, the set of the MAC address of the current AP. If there is a cor-
channels on which neighboring APs are currently op-responding cache entry, the MH can associated with
erating and the set of neighbor APs on each channethe AP without the need for any further probing pro-
can be learned. Based on this information, an MH cedure.

can determine whether a channel needs to be probed | [11], SyncScamwhich is a fast handoff scheme

or not. On the other hand, the NOG abstracts thefor continuously tracking nearby access points by syn-
non-overlapping relations among the APs. Two APS chronizing short listening periods at the client with pe-
are considered to be non-overlapping if and only if \jogic transmissions from each access point. Namely,
the MH cannot communicate with both of them with gyncScan replaces the large transient overhead of ac-
acceptable link quality. So that, if the MH received tjye access point discovery with a continuous process
a probe response frame fromP;, and AP; is non-  that passively monitors other channels for the pres-
overlapping withAP;, the MH cannot receive a re-  ence of nearby access points. The potential disruption
sponse message fromP; (i.e. principle of non-  of channel switching is minimized by synchronizing
overlapping). By using the NOG, the MH can prune ghort listening periods at the client with regular pe-
some of the APs that are non-overlapping with the AP (jogic transmissions from each access point. This ap-
groups that have already responded from the waitingproach does not require any modification to the 802.11
group. protocol itself and it can be incrementally deployable.
In [10], a new handoff scheme using a selective However, the proposed con'Finu_ous scanning SCheme
scanning, algorithm and caching mechanism was pro-l.S noF free from the synchronization probl.em. In. a(.jdl_
tion, its performance was evaluated only in the limited
posed (referred to as ttemannel map schemeThe network environment
rationale of selective scanning is to scan only a well- '
selected subset of all available channels. Channel se- N [13], the authors split the handoff process into
lection is performed by means of a channel mask thathree phases: detection, search, and execution. To re-
is built when the driver is first loaded at the AP, (i.e. duce the detection time, an MH starts the search phase
do full-scanning at first, and construct channel masksaS S00n as collision can be excluded as a reason for
according to the information so obtained.) In IEEE failure. Namely, based on the probability distribu-
802.11b, only three channels do not overlap amongtion’ if a frame and its two consecutive retransmis-
all 11 channels (The IEEE 802.11b standard providesSions fail, the MH can conclude that the frame failure
for 14 possible channels, but only the first 11 channelsiS caused by the MH's movement (i.e. further hand-
of them are used in the US.). Hence, in a well config- off process (search phase) is required) not collision.
ured wireless network, all or most of the APs operate'n terms of search time, a selective active scanning
on channels 1, 6, and 11. Consequently, the channe$cheme, which scans a smaller list of configured chan-

at first full-scanning + 1 + 6 + 11 - the current chan- 1ast, the pre-authentication scheme was described in

the amount of unnecessary time that it spends probfion phase.

ing non-existent channels among neighboring APs. To In [13], Velayos at al. proposed a fast handoff de-
further reduce the handoff delay, the cache mechanisntection scheme. In this work, they used the frame
was also introduced. The basic idea of the cachingloss distribution caused by collisions, in order to de-
mechanism is to store the handoff history of each MH. termine the optimal handoff timing to a new AP. To
When an MH associates with an AP, the AP is insertedreduce the handoff detection time, the MH starts the
into the cache. When a handoff is needed, the MHchannel probe procedure as soon as it judges that col-
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lision can be excluded as a reason for frame failure.802.11 networks. In our future works, we will eval-
Namely, based on the probability distribution, if a uate the performance of the SNC scheme using real
frame and its two consecutive retransmissions fail, theWLAN traffic traces.
MH can conclude that the frame failure is caused by
the MH’s movement (i.e. a further handoff process is Acknowledgment
required) and not by collision. In addition, they de-
rived new values foMaxChannelTimandMinChan-  This work was supported in part by the Brain Korea 21
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