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Abstract

Most existing handover management schemes have dbemon characteristics of
reducing the call dropping probability at the expem of increased call blocking
probability; this leads to a poor quality of sereédQoS) for new calls. Though there is
need to give priority to handoff calls as it is mefrustrating to have an ongoing call
dropped than blocking a new call, there is needb@lance this prioritization with the
provision of an acceptable (QoS) for the new cal®ne thing common to most
handover management schemes is the reservationamhes set of channels for the
exclusive use by handoff calls. And so even wheastn channels are free, new calls
could still be blocked if none of the general chagls is available to be allocated to the
new call. This has not proved to be an efficientmpach to attaining optimality in the
utilization of the network limited channels resougs. We therefore propose the use of
multiple parameters (Call drop probability and trid intensity) rather than a single
parameter to decide when to grant new calls acces reserved channels. We also
propose the need to keep the number of channelsraserve fixed rather than
calculating the numbers to reserve per time thenefaeducing the computational
complexity of the scheme.
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1.0 Introduction

Handover is the procedure that transfers an ongmtigrom one cell to another cell as the user esothrough the coverage
area of cellular system. As a result of the ceflidachitecture employed to maximize spectrum wtilan in mobile
networks, efficient handover mechanism is extrenmalyortant. One way to improve the cellular netwpsgtformance is to
use efficient handover prioritization schemes whser is switching between the cells [1,2,3].

Each handover require network resources to roetedh to next base station and if handover doésorur at the right time
the Quiality of Service (QoS) may drop below an adég|level and connection will be dropped. The psepof the handover
procedure is to preserve ongoing calls when theilmgtation is moving from one cell to another |4 /8aving an ongoing
call dropped is more frustrating to a customer thirtking a new call. As a result most existing d@arer schemes often
give priority to handoff calls at the expense obpquality of service for new calls. Channels agptkidle waiting to be used
for handoff calls even when new calls are beingkea for none availability of frequency resouraesitocate for the use of
the new calls. This has brought about the neednfire efficient schemes that can adequately praasdacceptable QoS for
both handoff calls and new calls in mobile networksich schemes will also reduce congestions inlenobtworks.

Different ideas and approaches are proposed toceethe handoff dropping probability. One approaghoi reduce the
handover failure rate by prioritizing handoff caller new calls [6]. Basic methods in handover jiization schemes are
guard channels (GC), call admission control (CA@) handover queuing schemes. Sometimes these sslaeeneombined
together to obtain better results.

In Guard Channel scheme the probability of sucaédsindover is improved by simply reserving a numbechannels
exclusively for handoff calls in each cell. The gning channels are equally accessed by handodenen calls. In the call
admission control scheme, a decision is made wehettw call requests are admitted into the networhot. In the CAC the
arrival of new call are estimated continuously #@nithey are higher than the predefined thresholeli¢hen some calls are
restricted (blocked) irrespective of whether a ctediis available or not to decrease the probaldlitiandoff call.
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In Queuing handoff call prioritization scheme [6]e handoff calls are queued when all the charareloccupied. When a
channel is available, it is assigned to one ofwedover calls in the queue. One thing that is comta these schemes is the
fact that they decrease the call dropping probgbit the expense of an increased call blockindogldity. This paper
proposes an algorithm that will provide an accelpt@nS for new calls while guaranteeing the QoBasfdoff calls.

2.0 Literature Review

An adaptive channel assignment scheme that divttesetwork channels into guard channels and shetradnels was
proposed by [4]. Markovian model was used to es#maathreshold by based the traffic intensity. Base the threshold, the
cells can be classified into two classes. Whenctiennel occupancy of a cell is less than threshbid, is a cold cell.
Otherwise, it is a hot cell. Next, if a cell isdnld state, it can accept both kinds of calls,rtée call and the handoff call. If
it is in hot state, the handoff calls only. Howewealculating the number of channels to reservdémdover calls all the time
added to the computational time of this approadbo Ahey considered only one parameter in decitimg many channels
to reserve for the handover calls only.

A new Adaptive channel allocation scheme (ACAS)dellular networks was presented [5]. The propadgdrithm adjusts
the number of guard channels dynamically dependimghe dropping rate of handoff calls in a certag@miod of time. It
keeps the handoff call rejection rate below theegithreshold and it also reduces the new call tiejecate a bit by
decrementing the number of guard channels whendbgerved to be more than needed. This work fdcasecontrolling
the number of guard channels to be reserved foddwar calls depending on the call dropping rater diree. Hence
channels are sometimes reserved and left idle bedaandover calls are fewer than estimated siregralfffic intensity was
not considered. Meaning channels are reserved dnddver calls at the expense of blocking new alsn when such
reserve is not necessary because not all necgsamameters were considered.

A reliability based channel allocation model for bile networks was developed [7]. The model usedPaapproach to
optimize both objectives such as number of charemdisthe number of blocked hosts. The proposed Imeaiean effective
approach to make the network connections morebteliay the proper management and efficient usagkeo€hannel reuse
factor. This greatly increased the number of cheteeavoid congestion in the network.

In [3], a two-tier system is proposed with Guarda@hels that are reserved to handle the hando# oally. The aim of this
work is to improve the performance of new callsusing overlapping property of the two-tier systdmattprovides the
advantage to share the traffic load with frequesitgring techniques in between micro-macrocell. Bypgithe overlapping
property of two-tier system the load of the cellynh& transferred from lower tier to upper tier afce-versa.

A hybrid channel allocation mechanism as a comhmnabf fixed channel allocation and dynamic chared@cation was
introduced [8]. The algorithm of the mechanism mmizies the probability of call blocking and call gging by considering
hybrid channel borrowing technique and cell-badeanael distribution technique. To reduce the conipation overhead
due to information gathering about base statior&sBthey used a coupon based mechanism. Theyngaeeimportance to
handoff calls. The simulation result shows the otidn in the dropping rate of handoff calls anddiiog rate of fresh calls
by implementing disaster channel management.

A technique with adjustable guard channels thatrotsthe number of guard channels reserved foddnagr channel by
looking at the traffic intensity was developed [Basing the decision to increase or decrease tlaedgchannels on
comparing the number of calls and total open acclessnels, the issues of channel reuse is totftiput of consideration.

3.0 Methodology

We propose an enhanced handover algorithm that ismprovement on the works in[4,5,7].Our improvemseon existing
works are centered on the following:

(i) The new algorithm intends to use multiple paetens (call drop probability and traffic intensityo decide the
accessibility to the fixed nominal channels by realis.

(ii) Also the proposed algorithm will give spec@insideration to the handover calls while ensuasgnuch as possible an
acceptable QoS for new calls by not reserving casrior none existing handover calls at the expehsew calls blocking.
(iii) There is also a reduction in the computatiotime involved in the dynamic adjustment of themer of channels
reserved for handover calls by keeping the numberominal fixed channels constant and rather dyeallyi control the
access to the channels by new calls.

(iv) The proposed algorithm (Figure 1) takes intzaunt the traffic intensity and blocking probatyilin a cell. Both
parameters are used to determine if access toottmnal channels should be exclusively for handaadis or all calls. The
algorithm therefore ensures that nominal channedsat kept for handover calls when it is not neaeg to do so. This is
intended to achieve an optimal utilization of theenel resources while maintaining an acceptabl® fQo both handover
and new calls.

€) Parameters for the algorithm:

O TI = traffic intensity = (Avail_nom_cha/Tot_nom_gha
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CBP = call blocking probability = NC_rej/ Tot_N_t=al
CDP = call dropping probability = HC_rej/ Tot_H_Isal
H_calls = handover/handoff calls

N_calls = New calls

TI_threshold = Traffic intensity threshold
CDP_threshold = Call drop probability threshold
HC_rej = Handover calls rejected

NC_rej = New calls rejected

Tot_H_calls = Total Handover calls = H_calls + Hg_r
Tot_N_calls = Total New calls = N_calls + NC_rej
Avail_nom_cha =available nominal channel (Tot_noha € Nom_cha_used)
Tot_nom_cha = Total nominal channels
Nom_cha_used = Nominal channels in use

1. BEGIN

2. For every call that arrives in cell K

3. IF call is handoff call

4 IF fixed channel is available

5. Assign fixed channel

6. H_calls = H_calls +1

7 Nom_cha_used = Nom_cha_used +1
8 ELSE

9. Search for dynamic channel

10 IF channel is available

11 Assign dynamic channel
12. H_calls = H_calls +1

13. ELSE

14. Block call

15. HC_rej=HC rej+1

16. IF call is new call

17. Find Tl

18. Find CDP

19. IF Tl and/or CDP > threshold value (TI_thresti@DP_threshold)
20. Search for dynamic channel

21. IF channel is available

22. Assign dynamic channel
23. N_calls = N_calls +1

24, ELSE

25. Block call

26. NC_rej=NC_rej +1

27. ELSE

28. IF fixed channel is available

29. Assign fixed channel

30. N_calls = N_calls +1

31. Nom_cha_used = Nom_cha_used +1
32. ELSE

33. Block call

34. NC rej=NC_rej+1

35. IF a call is completed

36. IF channel used for completed call is a nomihahnnel
37 .Nom_cha_used = Nom_cha_used -1

38. END

Figure 1: Proposed Algorithm

(b)

Dynamic Channel Allocation

A neuro-genetic dynamic channel allocation appndaalso proposed in this work. The approach casdNeural
network and Genetic algorithm to decide the beahnokl (optimally selected channel) to allocate tak from the central
pool. The approach considers both the electromaghetrd constraints (Co-channel constraint (CCdjaeent channel
constraint (ACC) and Co-site constraint (CSC)) trasoft conditions (Parking condition (PC), LimdiRearrangement
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(LR) and Resonance condition (RC).
All three hard constraints is represented with mgatibility matrix C which is an N x N symmetric ma as shown in
equation (1), where N is the number of cells inribevork.

/Cn Ciz . . . Cb

Ciz Cx . . . Con
(1)
C=
\Cm Che . . : Cy
The
0] Each diagonal element;Ghows the CSC, which Is the minimum separatidnequency between any two channels
at cell i.
(i) If Cj; = 0; there is no constraint in channel reuse tween cell i and j.

(iii) IfCj =1; there is a CCC, IfiG 2; there is a ACC and If;€= 1, there is a CSC.
An allocation channel by cell matrix A, in equati(®), reflects which channel has been allocatedhiwh cell. A; is 1 if
channel j is assigned to cell i and O otherwise .

ﬁl,l A]_'z . . . Al,cel \

Acha,l Acha.2 . . . Acha,cel

o _/

Also, a demand vector, D, of dimension {d. dy}, in equation (3), where;ds the number of channels required in cell i in
order to satisfy channel demand.

D= [dl, dy, ..., O ] (3)

In addition to the hard constraints the approasb abnsiders the soft constraints to address thd twoptimize channel
reuse across the network. The set of equation® (@) defines the proposed approach to the fortiamand representation
of the Channel allocation Problem (CAP) as an ogtition problem incorporating all three hard coaisits (CCC, CSC and
ACC) and soft conditions (PC, RC and LR). Equati¢fisand (5) are similar to the functions used @j[tb represent the
CCC, ACC and CSC hard constraints. Equations @®)atd (8) are similar to functions used in[11]répresent the soft
conditions. We have introduced equation (9) todbmbined functions used separately in[10] and [d14rrive at equation
(10) which is now our new optimization function ftire CAP problem in this work. We have also droppes weights

introduced in[11] to determine the importance @& tarious terms in the formulation because theytdm®em to really have
a clear role in determining the optimality of theétion.

(c) Parameters used in the equations:

cel = Number of cells in the network

cha = Number of dynamic channels in the central poo

k = cell in which a call arrived (& k< cel)

Eacc.ccc= Energy function for adjacent channel and co-okénonstraints

I
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O

ACCCG;, =Adjacent channel and co-channel constraint batveéannel j selected by cell k and channel p used b
celli

CSG, = Co-site constraint between channel j and chamselected for use in the same cell
Eprc= Energy function for packing condition

Erc = Energy function for resonance condition

RGCi = function determining whether cell | and k beldagsame reuse scheme

E,r = Energy function for limiting resonance

Mcha = Maximum number of dynamic channels allowaduise in a cell

Ewcha = Energy function for Mcha

CCCy = co- channel constraint between cell i and kusing same channel

disty = distance between cell i and k in the network

Ooooooogono

cha cel cha

Escccce = Z Z Z Vi,j * Ay j ¥ ACCCyjip 4)

j=11i=1p=1

AcCce {1 ifi # kandCy; >0andj — (Cpi — D) <p<j+(C—1)

kjip =

0 otherwise

Equation (4) states the adjacent channel consteaidt co-channel constraint. Both constraints amsidered together
because they can be represented by the valug wfh@€n i#j. Here \{;=1 if channel j is assigned to cell k, otherwisg=0.
While k signifies the cell in which call arrivesh& energy function &c cccincreases if a channel j which is assigned in cell
i is selected for cell k and interference would wcas a result of that selection. It thus ensuha$ $olutions with no
interference give better fitness values; i\ the ijth element of the assignment table A, Whi 1 if channel j is assigned to
cell i, and O otherwise.

cha cha

Eese = Z Z Vi * Aryp * CSC, (5)

j=1p=1
where

- _[1 ifj #pandp — (Cppe — D <j<p+ (Ci — 1)
CSGy, :
0 otherwise

cha cel

E —ZZV RIS Gl (6)
pc j * Aij * dlStlk

j=1i=

i£k

Equation (5) states theo-siteconstraints this is considered based on the védl@; @ the compatibility matrix C.

Equation (6) states thgacking condition The energy decreases if channel j assigned tdk églalso selected by cell i and
CCGyk = 0. Energy reduction depends on the distancedsstwand k. The packing condition requires thaehannel, in use
in one cell, should be reused in another cell asechs possible without the channels interferiitg @ach other so that the
number of channels used by the network is minithaireby lowering the probability of future call blong in other cells. If
this condition is satisfied, it further reduces émergy function

cha cel

Epc = ZZ Vk,j * Ai,j * (1= RCy) ™
j=1i=1
ik
Equation (7) symbolizes thesonance conditianWhere RG is a function whose value is 1 if cells i and Kobgs to the
same reuse scheme, otherwise 0. The resonancdianrides to ensure that same channels are assigneells that belong
to the same reuse scheme, as far as possible.
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cha

Eip = ka,j * A j ®
=

Equation (8) subtracts 1 from the energy functidremwa channel j assigned in cell k for an existialyj before the arrival of
a new call, remain the channel assigned to the inathe new configuration as a result of the newl. damiting
rearrangement try to assign, whenever possiblesdinee channels assigned before to the existing, dhlls limiting the
reassignment of channels. Channel reassignmehe igrbcess of transferring an ongoing call to a nkannel without call
interruption. Such reassignment in the entire tallnetwork upon the arrival of a new call will abusly result in lower call
blocking probability, but it is complex, both inrtes of time and computation. Therefore, the reassant processes should
be limited to a low level. On this account, limgimearrangement condition is used to prevent ekaessassignment in a
cell [12].

Equation (9) is introduced to discourage channelimd allocated to cells that have reached the maxinmumber of
channels (Mcha) specified for each cell in the ekwIf the number of channels already assigned tell requesting for
channel has reached Mcha, it will maximize the fiomcvalue and makes it a lesser choice for selactrhat is it will
reduce the chances of a channel being selectedideaation to the cell.

cha

Eycha = Mcha = )V, ©)
j=1

From equations (4) to (9), the energy function Ecfll k becomes

cha cel cha cha cha cha cel

1 -cccy)
§ } § Vij * Ay * ACCCjyp + } } Viej * Aip * CSCyp — E } Viej * Aij * disty, +
i

jRE R j=1p=1 j=1i=1

cha cel cha cha
Z Z Vk'] * Ai,j * (1 - RCLk) - Z Vk'] * Ak’] - (Mcha - Z Vk’] )
== = =
E = Ejcc.ccc + Ecsc — Epc + Erc — ELr — Emcha (10)

Our task becomes to optimize the energy functipnegented in equation (10). This can be minimizgdgiHopfield neural
network with the appropriate interconnection wesghhd external inputs. However the drawback with ke of neural
networks in solving optimization problems is thhey can easily get trapped in local optimal andimgtan acceptable
optimal solution depends on the initial values lod heurons and weights [13]. We therefore propas@pproach that
combines Genetic algorithm and Neural Network ttvesdhe CAP. Our proposed approach is explainedh wie flow
diagram in Figure 5. The output from this dynami@mrnel allocation will serve as the optimal chanselected to be
assigned to a call from the central pool.

From the proposed architecture (Figure 2), if theoming call is a handoff call and a channel isilalsée in the reserved
fixed nominal channels, the channel is assigndbeaall. If a channel is not available an appmterchannel is dynamically
searched for in the central pool and allocatechéohtandoff call. The handoff call only gets dropjfeso channel could be
assigned through the DCA part of the proposed sehétawever if the incoming call is a new call, thaffic intensity and
call drop probability of the network is calculatedd depending on the values as compared withtegtshiold value the new
call could be allocated a channel from the fixedhim@l channel or otherwise. If access could nogtamted to the new call
to use the reserved channel, a channel is seafohdtbm the central pool and assigned. The new @ats blocked if a
channel could not be assigned from the central.pool

From the flow diagram in Figure 3, an initial pogtibn of solutions (chromosomes) is generated. Eacbmosome in the
randomly selected initial population of the GAlieh used to initialize the values of the NN andhed to produce a feasible
solution; the optimal solution.
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Figure 6: Proposed Architecture

Selection, crossover and mutation to produce an optimal solution. Threabolution which is
expected to be an acceptable near optimal solution is now usadidbze the neural network and
trained again to get a possible better optimal solution. This solutiors@wes as the channel allocation

LRSS T BT

b

Solution
{ Comparator

Dynamic Channel Allocation

T

corErE=——T1
FAselected channel

y

Optimahy selected
. channel
— 5

arrangement for the network at the time of channel demand.

4.0 Conclusion

This work proposes a new handoff algorithm that is an improvement onngxisbrks by using
multiple parameters (call drop probability and traffic intensity) to detidetcessibility to the fixed
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nominal channels by new calls. It also attempts to balance @tk tnegive special consideration to
handoff calls and providing an acceptable QoS for the new calls. THe egoally propose a new
neuro-genetic approach to solving the CAP.
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