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ABSTRACT

IEEE Std 802.16e or Mobile*Worldwide Interoperability for Microwave
Access (Mobile WiMAX),: which- offers pure packet-switched services, has
become one of the most important technologies for broadband wireless access
(BWA) in mobile environment. .One of the most important issues for
supporting packet voice or video over a mobile environment is to provide
seamless handover between base stations (BSs) during a voice/video
communication session. In a Mobile WiMAX system, a mobile station (MS)
has to scan the BSs, perform ranging procedures to adjust power and timing
with neighboring BSs before handover, and these scanning/ranging procedures
may introduce service interrupts and influence the QoS of a session. In this
paper, we investigate the scanning and ranging latencies, and their
interferences to the active voice/video sessions. The mathematical models for
three different scanning and ranging strategies are developed and these

strategies are evaluated through analytic and simulation analyses.
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Chapter 1 Introduction

In mobile network, a mobile station (MS) has to perform hanover (HO) while it moves
from one base station (BS) to another. The HO introduces service interruption which is
critical for real-time communication, such as voice over IP (VoIP). As the IEEE 802.16e
specification [1] (the amendment version of IEEE 802.16/2004 [2]) has been established, the
WiMAX network could support mobile users to access networks. Thus, the HO becomes one
of the most important issues of 802.16e network.

The handover process of 802.16e network could be separated into two phases. The first
phase is scan and ranging. The second phase is the HO procedure which is optimized by
network side procedures. As for scan.and ranging, passive scan of neighbors is fast. But if HO
needs to be speeded up, ranging could be performed by an MS to adjust power and timing
offsets for neighboring BSs. However, ranging may:-take long time and highly influence the
quality of service (QoS) of VolPsessions. Many:studies have investigated how to reduce the
service interruption time to keep good quality of service during handover procedures on
Mobile WiIMAX system.

[3]-[6] discussed the reserved-based ranging schemes and how to reduce the number of
neighboring BSs to be performed scan by an MS. But all the schemes needed the serving
BS perform precise coordination with neighboring BSs to allocate the reserved ranging
resource for an MS in backbone network. In addition, the coordination process in backbone
network is out of IEEE 802.16e standards. Therefore, contention-based ranging is the most
popular strategy in ranging scenarios. Unfortunately, the contention-based ranging
introduces uncertainty and influences QoS a lot.

[7], [8] discussed the contention-based ranging schemes. [7] proposed a scheme to

schedule the scan and ranging operation for an MS to maintain the QoS of an MS while



performing scan. However, the overhead caused by performing contention-based ranging
during scan was not carefully considered in [7], and it may result in additional delay. [8]
proposed the statistic approaches for an MS to record the most frequent or the most recent
ranging BSs in a certain location. For these strategies, the MS need to save a list of
neighboring BSs in its local memory and keep updating the information while it moves
around. The list helps an MS select suitable BSs for handover; it implies the number of BSs
which the MS should perform ranging with could be reduced. However, the parameters of
scan operations which influence the QoS directly still need to be carefully set even the list
of BSs has be given.

The previous studies did not consider selecting suitable parameters of different BSs
individually for an MS to minimize the duration of the first phase in the handover process.
Thus, in this paper, we focused on the contention-based ranging during scan and derived
performance models to evaluate the scan duration. By using the performance models, some
scanning strategies that could-minimize-the overall scan duration or maintaining the QoS
requirements of MSs during scan operation are also proposed.

The rest of this paper is organized as follows. The IEEE 802.16e handover procedures and
scanning process are introduced in Chapter 2. The evaluations of scan operations and
proposed channel scanning strategies are described in Chapter 3. The simulation
environment, simulation results and analyses are described in Chapter 4. Finally, Chapter 5

concludes this study.



Chapter 2 IEEE 802.16e Scanning Process and Problem

2.1 Overview of IEEE 802.16e Handover Procedures

As the IEEE 802.16e standard has been established, the mobility across multiple BSs of an
MS could be supported. While an MS travels between BSs, handover would be performed to
keep the continuity of services. Figure 1 illustrates the procedures of the IEEE 802.16e
handover. The IEEE 802.16e handover procedures could be separated into three stages,
including network topology acquisition, actual handover process and network re-entry.

During the stage of network topology acquisition, the information of neighboring BSs
would be delivered into the serving BS (1a. in Figure 1) over the backbone network. As
following, the information would he broadcasted by advertisement messages (1b. in Figure
1) to their associated MSs. In addition, the MS could actively perform channel scan with
neighboring BSs to retrieve the precise channel information.

Before an MS performs channel scan, it first negotiates scanning parameters with its
serving BS (2, 3 in Figure 1). After negotiating, the MS references the negotiated scanning
parameters to switch channels and passively listen to the channel information of
neighboring BSs (4 in Figure 1). During scanning period, the MS could optionally perform
ranging to retrieve further information, such as the timing, frequency and power adjustment
about a neighboring BS (5, 6 in Figure 1). After performing scan, the MS reports the scan
results of neighboring BSs to its serving BS (7 in Figure 1) for further use. As the above
mentioned mechanisms are applied, the detailed network topology information of
neighboring BSs could be derived by an MS in this stage.

While the signal strength of the serving BS decreases to a certain limit, the MS is trigger
to perform actual handover to another BS. The MS sends the handover request message (8

in Figure 1) to the serving BS first. As the request is received by the serving BS, it



references the information of neighboring BSs derived in former stage, and then replies the
recommended target BSs by sending the handover responding message (9 in Figure 1). After
the recommended target BSs are gotten by an MS, the MS decides the target BS from them
and sends the handover indication (10 in Figure 1) to its serving BS. Thus, the handover
process is finished and the serving BS releases the maintained MS information after
receiving this indication message. Then the MS switches the channel to its target BS and
prepares to perform network re-entry with it (11-13 in Figure 1).

The procedures of the network re-entry are similar to those of initial entry. If the target
BS supports handover optimization or has negotiated with the MS in network topology
acquisition stage, the network re-entry procedures could be reduced and the duration of

service interruption would be shortened.
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Figure 1. IEEE 802.16e handover procedures
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2.2 The Channel Scanning Operations

As the network topology acquisition stage described in 2.1, an MS could perform passive
scan and optional association during scanning time. The term, association, indicates that an
MS performs ranging with neighboring BSs in scan duration. However, the IEEE 802.16e
specification defines four modes of channel scanning with different association levels.

In scan without association, the MS synchronizes with the channels of neighboring BSs
and just passively listen to get the channel information and estimate the channel qualities.
After finishing scan, the MS switches to the original channel of the serving BS and
continues its service flow.

In association level O (association without coordination), the serving BS allocates
periodic scanning time for an MS to scan and range neighboring BSs. However, the target
BS has no information about the scanning MSs and provides only contention-based ranging
allocations for them. The ranging. MS chooses randomly a ranging code and transmits it in
the contention-based ranging slot of.thetarget BS. The contention-based ranging process is
applied by truncated binary exponential backoeff (BEB) algorithm.

In association level 1 (association with coordination) and association level 2 (network
assisted association reporting), the serving BS could coordinate association information
between an MS and neighboring BSs, and then provide the dedicated ranging codes and
ranging slots for the ranging MS. The MS could use them to perform reserve-based ranging
which could shorten the ranging duration with neighboring BSs. Moreover, the difference
between association level 1 and level2 is that for level 1, the MS needs to wait the ranging
response after transmitting the dedicated CDMA code. However, for level 2, the MS does
not need to wait the response after sending the CDMA code. The serving BS could retrieve
all responses from neighboring BSs in backbone network and gather them as a message to

send to the MS.



2.3 The Channel Scanning Problem

In association level 0, an MS performs contention-based ranging with a neighboring BS.
Before the association process, the serving BS and the MS negotiate the association related
parameters. The association parameters include two main periods for a ranging MS. The
first is the scanning interval which is a period for an MS to switch channels and perform
scan and association with neighboring BSs. The second is the interleaving interval which is
a period for an MS to perform normal operation with the serving BS. Figure 2 shows the

alternations of scanning and interleaving intervals along the time during the scan operation.

Scanning interval
Link Going Do\% \ Link Down Link Up
\L T J/ Handover, ‘L

— —_— — Network

Re-entry N
H:M:M:ﬁ% time
'
'

\ ———
\ interleaving interval / ! HO delay

L J
T

Overall scan duration

Figure 2. Alternation of scanning and interleaving intervals during the scan operation

In the scanning interval, while a serving BS or an MS has packets would be sent to each
other, the packets are buffered in their local memories until the end of the interval. Then the
buffered packets are sent in the interleaving interval. Thus, if the scanning interval is
allocated too long, it would cause long packet delay and damage the QoSs of services. On
the other hand, the association processes of an MS with neighboring BSs could only be
performed in scanning intervals. If the scanning interval is allocated too short, the
association process with a neighboring BS will be partitioned into several parts. In addition,
the interleaving interval for normal operation would be allocated between scanning intervals.
Therefore, the overall scan duration could be extended in this condition. Figure 3 shows the

relationship as mentioned above. Allocation of long scanning interval causes long session



interrupt but short overall scan duration. Oppositely, allocation of short scanning interval
causes short session interrupt but long overall scan duration.

However, how the scanning and interleaving intervals for an MS are allocated by the
serving BS is not specified in the IEEE 802.16e standard and is far from trivial. In this paper,
the scan with association level 0 is focused. The issue of how to schedule the scan operation
to shorten the overall scan duration of contention-based ranging without influencing the
QoS of services will be discussed in following chapters.

Because the association level 0 is focused in this paper, in following article of this paper,

the term, scan operation, indicates the scan with contention-based ranging operation.
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Figure 3. Relationship with overall scan duration, session interrupt and scanning interval



Chapter 3 Proposed Channel Scanning Strategies

3.1 Channel Scanning Without Partition

The first channel scanning strategy is to give an MS a long scanning interval to finish the
overall scan operations without being partitioned by interleaving intervals. While the
serving BS disconnects with an MS and the MS performs scan with neighboring BSs
continuously, the overall scan duration could be the minimal. However, by using this
strategy, the packet delay caused by buffering would be relatively large as mentioned before.
Thus, this strategy is suitable for non-real-time applications. Figure 4 illustrates an example

of scan without partition strategy for an MS.

* SBS: serving BS
* TBS: target BS

Session Interrupt
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Normal Operation Scan/Association Network ) °.
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Re-entry
M #ﬁ time
(With SBS) X | (With TBS)
T
4\ Overall Scan Duration 1\
Trigger HO Finish HO

Figure 4. Scan without partition strategy

Before the serving BS allocates scanning time for an MS, it needs to estimate the
duration that an MS requires to finish the scan and association operations with a
neighboring BS. As mentioned before, an MS with association level 0 performs
contention-based ranging with a neighboring BS. In IEEE 802.16e standard, the
contention-based ranging applies the BEB algorithm. About BEB, [9] analyzed the
performances of the exponential backoff protocol in detail. [10], [11] introduced the analyses
of the contention resolution schemes in WiMAX networks. Based on these analysis results,

the performance model of contention-based ranging delay is derived in this chapter. Then



the serving BS could use this performance model to estimate the scan with association time
from ranging related parameters of neighboring BSs.

Figure 5 shows the finite state machine of contention-based ranging in an MS. Before an

MS performs contention-based ranging, it receives the ranging backoff start B ranging

exps !

backoff end B and the ranging retry limit L of a neighboring BS. The MS could

expe !
calculate the minimum contention window W, = 2%, Then the MS randomly chooses a

backoff counter from [0,1,..., W, —1] and waits to transmit the chosen CDMA code. After

the backoff counter is counted down to zero, the MS transmits the chosen code to a ranging
slot provided by the neighboring BS.

After transmitting the CDMA code, if the MS waits over T3 duration and does not
receive the RNG-RSP, it regards_ thismrequest process as failed and then doubles its
contention window and performs the random backoff again. The contention window size for

i-th retrial could be calculated as:

,that m=B,_,-B,  +1
2" -W,,m<i<L

W:{2i~wo,i£m

Backoft
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Choose a CDMA ranging
code & a backoft counter
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Figure 5. Finite state machine of contention-based ranging in an MS



Let d. denotes the random variable of the delay in retrial state i, and the average delay

in state i could be calculated as:
2'-W, +1 .
— i<m

2ZWorl oy

The expected number of the backoff counter that an MS would need to count down after
retrying i times could be calculated by cumulating the average delay until state i, and
denotes as:

L2 W, +1 .
Y= i<m

EB@)={ = 2
gzk-v;/0+1+(2"‘-wo+21)~(i—m)1i>m

In this paper, the number of ranging MSs.in.a neighboring BS is regarded as steady. Thus,
the collision probability of each MS in the neighboring BS is identical because each MS in
the same BS uses the same protocel and-ranging-parameters. The collision probability is
related to the number of ranging MSs; the size of contention window, the ranging retry limit,
and the number of ranging CDMA codes. [11] derived the attempt rate £, which indicates

the probability of an MS sending a CDMA code in a ranging slot, as

1
b= — ——— —— where T, P. indicate individually the
T _+dO+Pc-dl+Pc -d,+...+P.-d,
vt 1+P,+P*+..+P"

time to wait RNG-RSP after sending a CDMA code and the collision probability. In addition,

[11] also  showed the equation of the collision probability as

n—

l . - - -
P = Z('n_l)ﬂ' -(1—ﬂ)”"‘l-(1—%)' where N, n denote the number of ranging MSs and the
i=0

number of CDMA codes. From these two equations, the collision probability P. could be

derived by solving the combined equations:
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1
ﬁ: 9 9 2 4 L 4
d,+P.-d,+P°-d,+..+P--d,
Twait+ 2 L
1+P.+P°+..+ P,
S i n—i-1 1,
P=2(h)f a=p" -
i=0

Assuming the channel condition is ideal, the ranging failure of an MS is caused from the
collision of CDMA codes. Therefore, the probability of (i+1)-th successful transmission for

the MS could be calculated as:

(A-R)-R

Finally, if an MS does not leave the ranging channel of the target BS before finishing

ranging, the expected overall scan duration in slot time could be derived:

T =0 P){Z RV +Twan>]}+ pro BB L @

to to

N, T, indicate individually the average ranging slots per frame of a BS and the T3

timeout duration. However, the delay of RNG-RSP sent by a neighboring BS is assumed as

uniform distribution from 1 to T, in this thesis, therefore the expected responding

duration T could be calculated as:

wait

T TOUt

wait 7
After deriving the performance model (1), the first channel scanning strategy is described

as follow. While an MS will perform the scan operation, the serving BS retrieves the

information set 1,{B N,,L,T,.. N} of the neighboring BS, from the backbone

exps’ Bexpe’ to?

network. Then the serving BS uses (1) to calculate the association duration T, of the

assoc_i

neighboring BS;. If there are Np,s neighboring BSs that the MS will scan, the serving BS

to T

assoC_ N

would calculate the association durations individually from T

assoc_1

, and

11



transmits the calculated information by MOB_SCN_RSP to the MS. After receiving the
information, the MS could reference it and be aware of the expected overall scan duration

and the service interruption duration while performing scan operations.

12



3.2 Channel Scanning With Partition

For real-time applications, the packet delay needs to be bounded below the QoS
requirements. Therefore, the scan operations with neighboring BSs performed by an MS
would need to be interleaved the normal operation durations to avoid packets buffered too

long in scanning intervals. Figure 6 illustrates an example of the scan with partition strategy

for an MS.
* SBS: serving BS
* TBS: target BS
Lg—cssion lg—session ., le—Session ., 1 __Session
Interrupt ! ] . i ! \ H i -
. I i i Interrupt i i Interrupt E i Interrupt i
Normal ! Scan/ ! Normal ' Scan/ H Normal ! Scan/ i Normal Handover/ ! Normal

Operation  Association Operation Association Operation Association Operation Network ' Operation

time

© (With TBS)

(With SBS) (With SBS) (With SBS) (With SBS)
1 )
) ' 0
Trigger HO Overall Scan Duration Finish HO

Figure 6..Scan with partition strategy

For the scan with partition strategy, while-the serving BS provides certain scanning and
interleaving intervals for an MS, how long:the MS could finish the scan operation with a
neighboring BS should be considered. Therefore, the performance model of association
delay with different scanning and interleaving intervals will be derived in this chapter.
Before deriving this model, there are two assumptions given in the scanning with partition
strategy. The first is that if the backoff counter is not counted down to zero in a scanning
interval, the MS will continue to count down the counter in next scanning interval. The
second is that for an MS, after sending a CDMA code, the T3 counter for waiting RNG-RSP
is counted down in both the scanning and interleaving intervals.

Figure 7(a) illustrates an example of the scan operation with partition. During scan, the
processes of an MS include counting down backoff window, sending a CDMA code and

waiting RNG-RSP. The counting down backoff window and sending a CDMA code

13



processes only occur in the scanning interval but the waiting RNG-RSP process could occur
in both scanning and interleaving intervals. However, for a neighboring BS, it has no idea
about the scanning and interleaving intervals of a ranging MS and just sends the RNG-RSP
after receiving the ranging code. Hence, comparing to the scan without partition strategy, in
addition to collision of CDMA codes sent by different MSs, the ranging process could be

failed from that the RNG-RSP is sent in interleaving intervals by the neighboring BS.

Tout Tout Tout Twait
|
CDMA CDMA  RNG- CDMA CDMA RNG-
code code RSP code code RSP
Tout’ Tout* Tout” Twait’

Scanning interval

(b) R ——— 1 T T T Rt |
I Backoff duration

CDMA CDMA COMA CDMA RNG-
code code code code RSP

Figure 7. Scan with partition example

a denotes the probability which the RNG-RSP is sent during the interleaving interval. It
relates to the lengths of scanning interval x, the interleaving interval y, and the RNG-RSP
sending time of a serving BS. Assuming the number of ranging slots in every frame is the
same, the probability of CDMA codes sent in each frame during the scanning interval by
ranging MSs could be regarded as identical.

Figure 8 illustrates an example that indicates the probability of RNG-RSP sent in
interleaving intervals. The x-axis denotes the time of an MS sending a CDMA code.
However, because an MS could send a CDMA code just in the scanning interval, the
sending time is bounded to the length of the scanning interval. The y-axis denotes the time
of the serving BS sending a RNG-RSP after receiving the CDMA code from an MS. The

maximum response duration of the serving BS is bounded to T3 timeout, because the

14



ranging process would be regarded as failed if the response time exceeds the T3 timeout.
The sample space for the ranging process is within these two conditions as mentioned
above. Therefore, as shown in Figure 8, the ranging results could be summarized into two
situations. If the sum of sending CDMA code time X and sending RNG-RSP time Y is
within the scanning interval A, the ranging process would be successful. Otherwise, if the
sum of durations is within the interleaving interval B, the ranging process would be failed.

These two situations could be expressed as:

A<X+Y <A+B :ranging fail
A+B< X +Y <2A+B:ranging success

As shown in Figure 8, the slash region denotes the ranging failure situation within the
sample space. The probability of ranging failure caused by RNG-RSP sent in interleaving

intervals within the sample space.could be calculated as:

a = Ranging_ fail _region/(AxMax RSP _ Duration)

Sending RNG-RSP (Y) * A: Scanning interval
1
: Scanning interval * B: Interleaving interval
— |
1
1
B RN ! o = Ranging _ fail _region/(Ax Max RSP _Duration)
I Max Response duration=T3 timeout
P R e 2 o e e L T PP
B Ranging failure region
B
AT Sending CDMA code (X)
L | l
| |

A B A B A B

Figure 8. Probability of RNG-RSP sent in interleaving intervals
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For the scan with partition strategy, the ranging process could be failed from the collision

of CDMA codes or the RNG-RSP sent in the interleaving interval. Thus, the probability of

ranging failure P, could be derived as:
P =P +(1-P)a
The probability of (i+1)-th successful transmission of the scan with partition strategy for

an MS could be derived as:

P-_(l_Pf)'Pfi
T p i
f

Figure 7(b) shows the scan operation in only the scanning intervals. If the T3 timeout

duration in scanning intervals T ,', and the waiting RNG-RSP duration in scanning

out !

intervals T

wait

could be estimated, the duratien of Figure 7(b) could be calculated.

Therefore, the overall scan duration as showed in-Figure 7(a) would also be derived by

adding the sum of interleaving intervals during the scan operation.

The T3 timeout duration in scanning intervals T , ' is related to the scanning interval x,

the interleaving interval y, and T3 timeout duration T,

out *

Figure 9 shows the five possible
situations of T3 timeout in scanning intervals. The T_," in different cases are derived as:

Casel. T, <XT, <YVy:

Tout' — Tout . X _Tout + (Tout _1) . Tout
X 2 X
Case2. T, 2xT,>y and T, <(X+VY):
Ty = e D X Ty 7, -y feu Y
X X

Case3. T, =2XT, <VY:
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T =

out

x-1
2

Cased. T

out

<X Ty >VY:

T —
_— y) . _out y
X

T =T _X_Tout+(Tout_l)+(Tout_y)'X+(To

X 2
Case 5. T, >(x+Y):
Step 1: T, =T, mod (X+Y)

Step 2: Deriving T, from case 1 to case 4 based on x,y, and T,

. T "
Step3: T, = {Xo_utyJ XA+ Ty,
+

Casc 1. Tout<x, Tout<y: Case 2. Tout = x, Tout >y, and Tout < (x+y) :
- | ) Tow
Target BS our | i 1 l e ot 1 Target BS Tour i N| 1 l l 1
} Smrtlning interval (x) = [|1tc|-|.;,;5.\.'-i.ﬁg interval (v} | | Scanning intervali(x) ;' Tntt"r!cm.-:iné nterval (v} |
> " [
w e O L s
1 I L I
L T i Y A
x=T. T . 2+ y=T_ VT Vi
X X x x
Case 3. Tout = x, Tout <y : Case 4. Tout < x, Tout >y :
Target BS ! Tour i . Tout | Tout
s i l 1 1 e l Target BS T l ool 1
‘ Scanning interval (x) i Tterieaving ntervat vy I i L
) Secanrjing interval (x) ! Tnterleaving interval|(y)
MS TT 1- — e N !
| . T o MS ET T t ' Tony —
:|—'_l | P ' Tout
' ! r A Y I\ . ]
! L M FIARS
X X X

Case 5, Tout > (x+y) :

Tent

fargecBS W

Scanning interval (x) l Interlenving interval'{y)

oottt f g

Figure 9. Five possible situations that T3 timeout in scanning intervals

Figure 10 shows the five possible situations that waiting RNG-RSP duration in scanning

intervals. For waiting RNG-RSP duration, it is only discussed in ranging success cases. And
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the waiting duration T

wait

" is related to the scanning interval x, the interleaving interval vy,

and waiting RNG-RSP duration T, .The T, ' indifferent cases are derived as:
Casel. T, <XT,.<VY:
Twaitl = T
Case2. T, 2XT, >y and T .. <(X+Y):
Toait = Tt =Y
Case3. T, 2XT,<Y:
The ranging process must be failed.
Cased. T, <XTm>Y:
Toait = Toaic” XX— ;rv;it + (T — ) Tm)’(%_yy

Case 5. T, >(X+Y):

Step 1: T, =T, mod (X+Y)

ait

Step 2: Deriving T, from case 1 to case 4 based onx,y,and T,

Step3: T, = {:w_a”yJ X+T,
+
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Case 1. Twait <x, Twait<y: Casc 2. Twait = x, Twait =y, and Twait < (x+y) :

Target BS Ll P E— l l l l Target BS ,

S ninml_ interval (x) I ~Imterteaving intervat (y) |

| W

Scanning inter vil]i(.‘:)

~ Interleaving interval (v}
! Twait . : i "
MS 1 t 1 oL M5 :1 1 o Fivait
S s (AEEE
1 Ranging failure ! Ranging failure ! ! :

Case 3, Twait = x, Twait <y : Case 4, Twait < x, Twait >y :

Tivait

. ) Tiwair

Target BS 7= Target BS (——0—)‘ |
NN . 1 i } | |
Scanning interval (x) | Tnterleaving interval {y) | Sl.zmnlnp interval (x) | Interleaving intervall(v)
MS t1 b wms 11 R ———
oo T Tivait e Ticait g2 » §
H | é.l - : — ;‘ !' Tvait
Ranging failure Ll 8 R_'“Ig'“; T = ¥
=F failure

x

Case 5. Twait > (x+y) :

Twair
Target BS “aa lll 1

Scanning interval {x) (v)

MS 1t ... r._ Fuait

Interleaving interval

Figure 10. Five possible situations that waiting RNG-RSP duration in scanning intervals

After deriving the expected valuestof T ,' and T,,', the expected overall scan

wait

duration in scanning intervals T, . *ras:shown'in Figure 7(b) could be calculated as:

T = A=P): {EP [ |+Ta.t)]}+Pﬁ“-[@ﬂwqxunl

to to

Thus, the expected overall scan duration T, With a neighboring BS as shown in

Figure 7(a) could be derived as:

T .
Toverall :[ aS)zOC J (X + y) + (Tassoc mOd X) (2)

After deriving the performance model as shown in (2), while giving a scanning interval,

an interleaving interval and ranging parameters of a neighboring BS, the expected overall

scan duration of a neighboring BS could be calculated.

The second channel scanning strategy is that the serving BS provides a ranging MS static
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scanning and interleaving intervals to perform scan operations with all neighboring BSs.
However, how long the scan operation would be finished could be calculated by the
performance model (2).

The third channel scanning strategy is an advanced version of the second strategy. In this
strategy, the quality of service (QoS) of each service in an MS would be considered. The
serving BS attends to satisfy the delay constraint D; and the bandwidth requirement B; of
MSi during the scan operation. Moreover, in the third scanning strategy, the serving BS
could also find the optimal scanning and interleaving intervals for each neighboring BS that
generates the minimal expected overall scan duration.

Because the scan operation in scanning intervals could interrupt the normal operation
and cause the packet delay, the decision of the scanning interval should be bounded to the
delay constraint of a ranging MS, The serving BS could derive the minimal delay constrain

Min(D;) from all services in MSi. . Then the serving BS could derive the maximum scanning

interval X' that X'<Min(D;). In.additien;the serving BS could retrieve the information

of how much bandwidth B; has been allocated to an associated MSi and how much the

resource R has not been allocated. From the derived information, the serving BS could

calculate the minimum interleaving interval Y' that (X'+Y")-B, <Y"'R. After X' and

Y ' have been derived, the serving BS attends to find the minimal overall scan duration
from applying particular scanning interval X and interleaving Y.

Figure 11 illustrates an example of finding the optimal scanning and interleaving
intervals in the third scanning strategy. The slash region denotes the possible solutions
which are bounded to the delay and bandwidth constraints. Moreover, the optimal scanning
and interleaving intervals could be derived with these possible solutions.

Basing on these constraints, the third scanning strategy could be partitioned into three

steps:
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Step 1. The serving BS retrieves the information set 1,{B N,,L,T,} of the

exps’Bexpe'
neighboring BS; from the backbone network. Moreover, the delay constraint and the

bandwidth requirement of an MS are also derived.

Step 2. For each neighboring BS, the serving BS calculates the maximum length of the
scanning interval for an MS from the delay constraint. Then the serving BS uses the
performance model (2) to calculate the overall scan duration from different scanning and
interleaving intervals which are under the maximum length of the scanning interval.
Moreover, the lengths of the interleaving intervals varied from different scanning intervals
are calculated by the bandwidth requirement of the MS.

Step 3. The minimal expected overall scan duration with particular scanning and
interleaving intervals for each neighboringZBS would be derived. Then the serving BS
provides the optimal scanning and intefleaving intervals of each neighboring BS for ranging

MSs to perform scan operations.

Interleaving interval (Y) Delay tlconstraint

Possible solutions (X, Y)

Bandwidth constraint

N

Figure 11. Finding the optimal scanning and interleaving intervals of the third strategy

L
rd

Scanning interval (X)
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Chapter 4 Simulation Results

4.1 Simulation Environments

The IEEE 802.16e MAC-layer simulator is written in C++ to evaluate the channel
scanning operation performance by applying three proposed strategies. The simulation uses
WirelessMAN-OFDMA profiles with 1024 FFT, 10 MHz frequency bandwidth, 5 ms frame
length, and BPSK 1/2 modulation coding.

The simulation environment in this chapter is that there are an MS, a serving BS and
neighboring BSs operating while the simulation starts. The serving BS and neighboring BSs
periodically exchange their ranging parameters in backbone network. An MS connects with
its serving BS and performs normal .operations. While the MS is triggered to perform HO, it
negotiates the scan parameters ;with its serving.BS-and then performs scan operations with
neighboring BSs. The sending RNG-RSP delay  after receiving the ranging code of a
neighboring BS is uniform distributed from 1 to 10 frames. A neighboring BS in the

simulator supports scan with association level 0 and its ranging parameters are listed in

Table 1.
Table 1. Ranging parameters of a neighboring BS
Parameter Value Parameter Value
B, (Backoff start) 5 n (# of ranging CDMA codes) 2
Bexpe (Backoff end) 10 L (Retry timeout) 16
N, (Ranging slots per frame) 2 | T, (T3timeout) 50 ms

In addition, the MS uses audio and video applications and the performances of these
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applications would be evaluated while performing scan. For audio application, it is applied
the UGS service flow class; for video application, it is applied the rtPS service flow class.

The detailed application parameters are listed in Table 2.

Table 2. Application parameters

Application Description Delay Constrain
Audio G.711 codec with 64 Kbps and 20 ms frame length. 50 ms
Video H.261 codec with 256 Kbps and 25 frames per second. 100 ms
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4.2 Simulation Results and Analyses

There are four scenarios of the simulation in this chapter. The first is to observe the
overall scan duration with different scanning and interleaving intervals. In addition, the
calculated results by the performance model (2) will be validated with the simulation results.
The second is to observe the overall scan duration considering the QoSs of services in an
MS. While giving a scanning interval, the serving BS would calculate the corresponding
interleaving interval basing on the bandwidth requirement of the application. The third is to
observe the variations of packet delays for audio and video applications with different
working loads of the serving BS. Finally, the last is to compare the overall scan duration
with three mentioned scanning strategies for an MS by scanning multiple neighboring BSs.

In the first scenario, there are an MS, a serving BS and a neighboring BS in the
environment. For the neighboring:BS, there are two hundred MSs raging with it. Figure 12
shows the calculated results of overall scan.durations by the performance model (2) with
different scanning and interleaving.intervals.- The -calculated results are validated by the
simulation results and the mean deviation between them is 6.13%.

From these results, while the scanning interval is fixed, the longer the interleaving
interval is given, the longer the overall scan duration is gotten. This result is trivial and
could be easily realized from the performance model (2). Oppositely, while the interleaving
interval in fixed, the longer the scanning interval is given, the shorter the overall scan
duration is gotten. The reason is as the scanning interval is given long, the probability of
RNG-RSP sent in interleaving intervals could be reduced. Then an MS could occur less

times of ranging failures, so that the overall scan duration would also be reduced.
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Figure 12. Overall scan durations for an MS by different scanning and interleaving intervals

In the second scenario, there arg,an MS with different applications, a serving BS and a
neighboring BS in the environment. The performances of audio and video applications in an
MS while performing scan are discussed. For the neighboring BS, there are one hundred
MSs raging with it. Considering'the application QoS, while giving a scanning interval, the
interleaving interval could be derived by the bandwidth requirement of the application and
the working load of a serving BS.

For audio applications, Figure 13 shows the overall scan duration derived by different
scanning and interleaving intervals with different working loads of the serving BS. As the
working load of the serving BS is 10%, the interleaving interval is kept the same while the
scanning interval is increased. Moreover, the overall scan duration varies as monotone
decreasing while the scanning interval is increased. However, if the load of a serving BS is
up to 70%, the available resource would be less than that of 10% working load. Thus, as the
scanning interval is increased to a certain length, the interleaving interval also needs to be
increased to meet the bandwidth requirement. Figure 14 shows the results of the projection

of the x-axis and z-axis in Figure 13.
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For video applications, the data rate is higher than that of audio applications as shown in
Table 2. Thus, the increasing rate of the interleaving interval for the video application as the
scanning interval is increased is faster than that for the audio application. Figure 15 shows
the overall scan duration derived by different scanning and interleaving intervals with
different working loads of the serving BS. While the load of the serving BS is 10%, unlike
the audio application, the interleaving interval could be increased as increase of the
scanning interval. However, while the load of the serving BS is up to 50%, the increasing
rate of the interleaving interval is faster than that of 10% because of the less available
resource of the serving BS. Figure 16 shows the results of the projection of the x-axis and

z-axis in Figure 15.

Different Scanning/Interleaving Intervals —+—
Interleaving Interval of Load = 10 -------
Interleaving Interval of Load = 50 -------
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Scanning 40
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Figure 15. Overall scan durations for an MS supporting video traffic by different scanning

intervals
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Figure 16. Overall scan durations for an MS supporting video traffic by different scanning

intervals

In the third scenario, there are an.MS, a serving BS applying the third scanning strategy
and a neighboring BS in the environment. Figure 17 and Figure 18 show individually the
variations of average packet delays of audio and video applications with different working
loads of the serving BS.

For the audio application, the delay constraint is set to 50 ms. As shown in Figure 17, the
average packet delay is still bounded to 50 ms while the working load of the serving BS is
below 97%. Table 3 illustrates the optimal scanning and interleaving intervals which are
derived by the third scanning strategy under different loads of the serving BS for audio
applications. Because the interleaving interval is encoded as 8 bits which is specified in the
standard, the maximum length of it is 255 frames. However, while the working is up to 98%,
the remainder resource of the serving BS is not enough to be allocated for the MS in the
interleaving interval. Thus, the packet delay of the MS could not be ensured to be under the

delay constraint in this situation as shown in Figure 17.
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Similarly, for the video application with 100 ms delay constraint, the average packet

delay could be bounded to the delay constraint while the serving BS load is below 93% as

shown in Figure 18. Table 4 illustrates the optimal scanning and interleaving intervals which

are derived by the third scanning strategy under different loads of the serving BS for video

applications.

Table 3. Scanning and interleaving intervals of different loads derived by the third channel
scanning strategy for audio traffic

Load (%) 10120 |30 (40 (50|60 |70|75|80(85|90|95|96 |97 | 98
Scanning Interval (frame) | 10 {10(10/10({10(10(10|10| 9 | 6 | 8 | 6 | 4 |10 10
Interleaving Interval (frame) | 1 | 1 | 1 |12 |1 |1 |1 |21 |1 |12 | 4|4 )20]| 255
Simulation of OQverall Scan Duration
160 | 7
140 | -
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Figure 17. Average packet delays for an MS supporting audio traffic by the third channel
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Table 4. Scanning and interleaving intervals of different loads derived by the third channel

scanning strategy for video traffic

Load (%) 10 | 15 | 20 | 25 | 30 | 35 | 40 | 45 | 50 | 55 | 60
Scanning Interval (frame) | 12 | 11 | 20 | 19 9 8 15 7 6 16 | 19
Interleaving Interval (frame) | 1 1 2 2 1 1 2 1 1 3 4
Load (%) 65 | 70 | 75 | 80 | 85 | 90 | 91 | 92 | 93 | 94 | 95
Scanning Interval (frame) | 20 | 20 | 20 | 20 | 20 | 20 | 20 | 20 | 20 | 20 | 20
Interleaving Interval (frame) | 5 6 8 11 | 17 | 44 | 64 | 118 | 255 | 255 | 255

300
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Figure 18. Average packet delays for an MS supporting video traffic by the third channel

scanning strategy

In the last scenario, there are an MS, a serving BS and three neighboring BSs in the

environment. The MS with video application performs scan operations with three

neighboring BSs as shown in Figure 19. The MS individually applies three scanning
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strategies and compares their overall scan durations. There are total three hundred MSs
performing ranging in this environment and the numbers of MSs in these three neighboring
BSs are distributed as the Zipf skew model [12]. The skew factor in this scenario is
considered from 0 to 1 and the numbers of ranging MSs of the three neighboring BSs are
listed in Table 5. However, the number of ranging MSs is related to the collision rate in a
neighboring BS. Figure 20 shows the overall scan durations after an MS scan all the
neighboring BSs with different skew factors. For the second scanning strategy in this
scenario, the serving BS provides an MS static scanning and interleaving intervals that are
individually ten and two frames to scan all neighboring BSs.

From the simulation results, the overall scan durations of the third strategy are about
sixty frames less than those of the second strategy with different skew factors. The results
are caused from that the third ,scanning strategy could find the optimal scanning and
interleaving intervals of different neighboring BSs-for an MS. Besides, applying the first
scanning strategy could always derive the-minimal-overall scan duration, because it needs
not to interleave the durations for.normal operations. Thus, the ranging failure rate in the
first strategy with a neighboring BS would be the least, because the situation of RNG-RSP

sent in interleaving intervals would never occur.

Figure 19. Scenario of an MS scanning multiple neighboring BSs
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Table 5. Numbers of ranging MSs in neighboring BSs with different skew factors

BSs Skewfactor| o | 01| 02| 03| 04| 05| 06| 07|08 09 10

#0ofMSsinBS1 | 100 | 95 | 90 | 85 | 80 | 76 | 71 | 67 | 63 | 59 | 54

#0ofMSsinBS2 | 100 | 99 | 98 | 96 | 95 | 93 | 91 | 89 | 86 | 84 | 82

#0of MSsinBS3 | 100 | 106 | 112 | 119 | 125 | 131 | 138 | 144 | 151 | 157 | 164

600 T T T T
Analytic: Scanning Strategy 1
Analytic: Scanning Strategy 2
550 - Analytic: Scanning Strategy 3 |
Simulation: Scanning Strategy 1
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Figure 20. Overall scan durations for an MS applying three channel scanning strategies with

different skew factors
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Chapter 5 Conclusions

In this paper, the performance models of association delays for contention-based ranging
during scan are proposed. From these performance models, while the scanning interval
length, interleaving interval length and other ranging related parameters of a neighboring
BS are given, the overall scan duration would be calculated. The calculated results are
validated by the simulation results.

Moreover, there are three channel scanning strategies are proposed in this paper. As
applying the first strategy, the minimal overall scan duration could be derived but the largest
packet delay would be caused during scan. It is suitable for non-real time applications.
However, the second and the third strategies‘consider the scan operations with partition for
QoS requirements of different-applications.. They-are suitable for real-time applications.
Besides, the third strategy is an advanced version of the second strategy and could derive
the minimal overall scan duration “with considering the QoS requirement. From the
simulation results, the overall scan durations of the third strategy are shorter than those of
the second strategy in different skew situations.

The proposed approaches in this paper are all applied in the serving BS but the MS has
no contribution to the decisions of the scan operations. The future work is to propose the
MS assisted channel scanning approaches. The MS could report its ranging situation for the
serving BS to improve the decision of scan operations. Thus, the ranging failure rate during

scan could be further reduced and the overall scan duration could also be shortened.
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