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 الخلاصة

  

اٌ يخطط "جخصٍص شفشة يحكًة يٍ انجزس انى انشفشة" انًقحشح نُظاو "جقسٍى شفشة يحعذد انوصول رو انطٍف انواسع" 

اقحشح باسحخذاو  شجشة شفشة "عايم الاَحشاس انًحغٍش انًحعايذ". فً خواسصيٍة "جخصٍص شفشة يحكًة" انسابق, انشفشات 

ع حسب سعة انُظاو وانًكانًة انقادية جعانج بانًجًوعة الاكثش اصدحايا. فً نعايم الاَحشاس انًحغٍش انًحعايذ قسًث انى يجايٍ

جخصٍص شفشة يحكًة يٍ انجزس انى انشفشة انًقحشح, انشفشات اٌضا جقسى انى يجايٍع بُفس انطشٌقة انًوجودة فً يخطط 

عة يٍ انجزس انى انشفشة يخطط جقسٍى شفشة يحكًة , فقط اٌ يخطط جقسٍى شفشة يحكًة يٍ انجزس انى انشفشة جفحص انس

انفاسغة انًطهوبة, بحٍث اٌ سعة انُظاو انًحوفش بعذ عًهٍة انحخصٍص نهشفشة هو اقم يجضأة يٍ يخطط جخصٍص شفشة 

يحكًة ويع اكثش جقهٍلا فً حجب انشفشة يقاسَة يع يخطط جقسٍى شفشة يحكًة. وهزا ٌؤدي انى صٌادة فً قابهٍات يعانجة 

شة يحعذد انوصول رو انطٍف انواسع.                                                                                جقسٍى شف انًكانًة نُظاو 

                                               

  

Abstract 

 

          The proposed “Root-To-Code Compact Code Assignment” (R-T-CCCA) scheme for 

“Wideband Code Division Multiple Access” (WCDMA) system is proposed by using the 

“Orthogonal Variable Spreading Factor” (OVSF) code tree. In the previous “Compact Code 

Assignment” (CCA) algorithm [1], the codes of the OVSF are divided to groups according to the 

system capacity and the incoming call is treated by most congested group. In the proposed R-T-

CCCA scheme, the codes are also divided into groups in the same way that in the CCA scheme, 

except that the proposed R-T-CCCA scheme check the capacity from the root to the desired 

vacant code, such that the capacity of the system that available after the assignment of the code 

is least fragmented than that in the CCA scheme with more reduction in code blocking 

comparable with the CCA scheme. This leads to increase the call treating capability of the 

WCDMA system. 

 

1- Introduction 

 

        The “First Generation” 1G of mobiles 

based on analog transmission and only 

supports voice services. It has many 

disadvantages like poor quality of voice, 

poor battery life, big size phone, limited 

capacity and no security [2-5]. The “Second 

Generation” 2G appeared in the end of 

1980s this technology supports the voice 

services with a very low bit rate. The 2G 

uses the digital transmission technology also 

supports a medium packet services. For the 

high speed rate transmission the 2.5G is 

deployed [2-3, 5-6]. The “Third Generation” 

3G of mobiles supports a very high bit rates 

that enables a new services “multimedia 

services” MS like voice, images, videos and 

video gaming also supports a wideband 

services and the most basic technique in 3G 

is the WCDMA systems. The requirements 

of the 3G systems are supports a very high 

data rates, support both switched and packet 

services, efficient radio spectrum usage… 

[2, 4 and 6]. The WCDMA is a “Direct-

Sequence” DS-CDMA, which provide a 

wide bandwidth that makes the information 

bits of users to spread over it, by multiplying 
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the data of users “Symbols” with a random 

bits “Chips” comes from CDMA spreading 

codes for supporting very high data rates [7]. 

The CDMA gives each user a special code 

(unique) with the same frequency and the 

same time access. This unique code helps to 

avoid the interferences between users 

“Calls” [8]. In WCDMA there are two types 

of spreading codes namely channelization 

and scrambling code. The first one uses the 

OVSF codes. The channels in the forward 

link use these codes for the transmission 

which come from the orthogonal function. 

The second one is used in the uplink 

transmission. [9]    

 

          Section 2 reviews the background of 

OVSF-CDMA. Section 3 describes code 

blocking. Section 4 describes code 

assignment schemes. Section 5 describes the 

proposed Root-To-Code Compact Code 

Assignment Scheme. Section 6 describes 

simulation results & discussions’ showing 

the performance improvement using R-T-

CCCA scheme. The conclusions are given in 

section 7. 

 

 

 

 

2- OVSF Code Tree 

 

         The code tree of the OVSF consists of 

a number of layers  , each layer has its own 

“Spreading Factor”    and the data rates  . 

Since the    is starting from the root of the 

tree is equal to                  and the 

data rate   =                           
Each layer has its own codes that it has been 

given to the users in the downlink 

transmission represented by     , where   is 

the number of layer,   is the position of the 

code and the number of codes in each layer 

equals to the    of that layer. The maximum 

code tree capacity is represented by 

cap      . The Figure 1 shows the tree of the 

OVSF. The codes in the code tree of the 

OVSF must be orthogonally to avoid the 

interferences between the users during the 

communication, so to keep the orthogonality 

between users, one must block the 

corresponding codes of the used code to 

avoid these interferences between users [1]. 
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3- Code Blocking 

 

          It is a phenomenon caused by a user 

call or a session blocked even if the system’s 

capacity is enough for supporting the 

requirement of the call rate or a session and 

this is caused mostly by the code tree’s 

fragmentation [10, 11]. 

 

 

 

4- Code Assignment Schemes 

 

          Assignment schemes of the code 

are used in the performance 

optimization of the WCDMA system. In 

“Random Assignment” (RA) [12], the 

user takes code randomly for 

assignment. In “Leftmost Code 

Assignment” (LCA) [12], the searching 

starts from the leftmost. In “Compact 

Code Assignment” (CCA) [1], the tree 

is divided into groups and the 

assignment of the code depend on the 

most congested group, the group with 

more capacity. The results in [1], 

approved that the CCA scheme gives 

the best results comparable to these 

previous methods. 

 

 

5- Proposed Root-To-Code Compact 

Code Assignment (R-T-CCCA) Scheme 

          The researcher consider an OVSF-

CDMA code tree having eight layers, where 

layers L=8, from 1 to 8 layers. Layer 8 for 

the root and layer 1 for the leaves. The SF 

from layer 1 to layer 8 is               

corresponding to                 with 

data rates R               corresponding 

to                 . The code in each 

layer is representing by      , where n is the 

position of the code in layer L and n varies 

from 1 to SF. System capacity of the whole 

tree is    , which is     . There are in total 

eight arrival classes of users corresponding 

to its eight     in OVSF-CDMA system. In 

Compact Code Assignment (CCA) and 

Root-To-Code Compact Code Assignment 

(R-T-CCCA) schemes, the OVSF code trees 

from layer 1 to 5 are divided into 8 groups 

by the Equation 1 [1]. 

                
………………………………………………

...….. 1 

where   is from      . The number of 

codes in each layer for 8 groups are given in 

table 1. The division is performed to make 

the code assignment most compact.  

Table 1: Illustration of Number of Codes in 

Each Group, Where the Number of Groups 

is 8 [1]: 

Layer 
No. of codes 

In each group 

Maximum 

Capacity used 

                           

                           

                           

                           

                           

 

           

When a new call arrives with the code 

requirement from any of the layers from 1 to 

5, the most compact group is chosen for 

assignment of the code in CCA scheme and 

most compact group with more capacity 

from the root to the desired vacant code is 

chosen for the assignment of the code. For 

example, for a code     , the code group 

contains codes given in Equation 2 [1].          

                                                                                                                

                         ,       in layer 4    

                         ,       in layer 3                 

                         ,       in layer 2                              

…………………………………………..  2. 

         ,        in layer 1  

 

 

         The algorithm for assignment scheme 

considering   groups each with   layers is 

given below: 
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         For the incoming user, request code 

from layer 1 to 5: 

1- Calculate the capacity of each group from 

1 to 8 groups. 

2- Check the capacity and choose the most 

compact group, the group with more 

capacity. The capacity of the group is 

defined as sum of capacities of all the busy 

descendants of parent of the code      in 

layer 5. If two or more groups have the same 

capacity, any of the two are chosen for the 

assignment. 

3- Check the capacity from the root to 

desired vacant codes in layer  . 

4- Pick the vacant code with more capacity 

from the root to that vacant code for the 

assignment [1]. 

 

         The proposed R-T-CCCA scheme 

leads to the minimum the external 

fragmentation of the remaining capacity and 

reduces in code blocking more than the 

CCA scheme, and gives best result 

performance. 

          The higher data rates in both schemes 

(e.g. data rates of the layer 6, 7 and 8 in all 8 

groups) are treated like Leftmost Code 

Assignment (LCA) algorithm which the 

assignment of the code begins from the left 

most of the tree [12]. The flow chart of the 

proposed R-T-CCCA scheme is shown in 

figure 3. The CCA and proposed R-T-

CCCA schemes are explained with the 

example shown in figure 2. The number of 

groups in total is 8, so that each group has 

16 leaves. Five layers have been considered 

in the OVSF-CDMA system consisting of 2 

trees of capacity     each. Assume the 

status of the code tree before the arrival of 

new call is shown in figure 2. If a new call 

required code in layer 2, there are many 

numbers of codes vacant alternatives. The 

codes     ,     ,     ,     ,     ,      and       

belong to the same group with the group 

capacity   . Similarly the codes      ,      , 

     ,      , and       are in the same group 

with group capacity   . The figure (2.b) 

shows that the maximum capacity 6R 

belongs to the second group, so the 

researcher chooses the second group for the 

assignment of new call. In CCA scheme any 

of the vacant codes in layer 2 are chosen for 

the assignment randomly. In the proposed 

R-T-CCCA scheme, the searching algorithm 

checks the capacity from the root to all 

vacant codes in the layer 2. The capacity 

from the root to vacant code       is 3, and 

the capacities from the root to all other 

vacant codes in layer 2 are 2. So, in this case 

the researcher chooses the vacant       for 

the assignment of the new call. 
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Fig (2.b): OVSF Group2 Code Tree 
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Fig 3: Flow Chart of the Proposed Root-To-Code Compact Code Assignment (R-T-CCCA) Scheme  

 

 

6- Results & Discussions 

        

           Event driven simulation has been 

considered for getting results. The 

researcher considered a data rates 

Calculate the capacity of all 

groups 

Discard call 

Enter data rate & 

No. of users 

Generate a new 

call 

Assign the code having highest group 

capacity with highest capacity from the 

root to that code, Block the corresponding 

codes. 

End 

Start 

Is data rate > 

128? 
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            , with number of users 

              to complete the OVSF code 

tree.       and     corresponding to   

different data rates, with number of users 

   . The total number of code groups 

considered in this work is    to make the 

maximum capacity      (equal to capacity 

of the WCDMA system). The results of the 

simulation show the number of code blocks, 

number of vacant codes and the blocking 

probability of the proposed R-T-CCCA 

scheme. The results are done with iteration 

(100000) and it took time (8 Hours and 20 

Minutes). The new call blocking (  ) is 

defined in equitation 3 [1]: 

 

                                        
                   ….………… 3  

   

        The number of calls blocked, vacant 

codes and the blocking probability of the 

proposed R-T-CCCA scheme compared 

with those that in the CCA scheme.  

                For the results, we got (12) 

Figures. Three figures show the blocks, 

vacant and blocking probability of the    

data rate users in   axis with respect     

users in   axis to complete the code tree. 

Three figures are for the    data rate users 

with number of users    to complete the 

code tree. Three figures are for the data rate 

   with    number of users. These (9) 

figures are to show the performance of the 

proposed R-T-CCCA scheme in the 

assignment and the best results that the 

proposed searching algorithm gives 

comparable to the CCA scheme because the 

researcher took in each three figures one 

arrival data rates which are               
The researcher got three figures with three 

different data rates       and    with    

users in   axis and number of calls blocked, 

vacant codes and blocking probability in   

axis. Table 2 shows the data rates (taken 

randomly) for all different arrival classes of 

users and the figures for each kind of data 

rates. 

           

Table 2: Illustration of different kinds of the arrival data rates, figures for each kind of data rates. 

 

Data rate 
Data rate equal 

to No. of users 
Block Figure Vacant Figure 

Blocking 

probability(%) 

Figure 

       4 5 6 

      7 8 9 

      10 11 12 
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             Figure 4, shows the block calls of 

the proposed R-T-CCCA scheme in and the 

CCA scheme in   axis, for the data rate 1  

with respect to the number of users in   

axis. The researcher notice below in figure 4 

that the proposed R-T-CCCA algorithm 
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gives best result performance comparable to 

CCA scheme in the reduction of code 

blocking and it leads to minimize the 

external fragmentation of the code tree. As 

the researcher notice that in the first 

assignment of the code both schemes give 

the same number of blocked calls because 

the tree is empty, so both schemes give the 

same number of blocked calls, after the first 

assignment to the number of users    the 

proposed R-T-CCCA scheme gives best 

results in the reduction of code blocking as 

the researcher notice in figure 4 below, 

when the number of users equal to 1  both 

schemes give the same code blocking 

results, this type of problems occurs for 

three reasons, the first one is the same of the 

first assignment of the code, when both 

schemes have the same vacant codes and the 

code tree empty. The second reason when 

both schemes code tree have the same 

vacant codes, blocked codes and both 

schemes assign the same codes. The third 

reason when the CCA scheme assigns the 

code randomly and blocked codes are less 

than the proposed R-T-CCCA scheme this 

leads to give the same code blocking in both 

code trees, but in all states, the proposed R-

T-CCCA scheme gives best results 

performance comparable with the CCA 

scheme. When the number of users    and 

more than 17 the proposed R-T-CCCA 

searching algorithm reduce in code blocking 

comparable with the CCA.  

 

 
 

Fig 4: Block Calls VS Users of Data Rate    

 

           Figure 5, shows the vacant codes of 

the proposed R-T-CCCA scheme and the 

CCA scheme in   axis for the data rate    

with respect to the number of users in   

axis. The researcher notice from the figure 5 

that the line starts from the point    , the 

higher point to the lower point because the 

code tree in both schemes is empty before 

the first assignment, so all codes in the code 

tree are vacant and it has   layers which 

make all codes    . The researcher notice 

from the figure 5 that the proposed 

algorithm gives best result performance 

comparable to the CCA scheme and when 

the number of users equal to    both 

schemes give the same number of vacant 

codes.  
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Fig 5: Vacant Codes VS Users of Data Rate    

 

 

         Figure 6, shows the blocking 

probability of the proposed R-T-CCCA 

scheme and the CCA scheme in   axis for 

the data rate    with respect to the number 

of users in   axis. The researcher notice 

from the figure 6 that the proposed R-T-

CCCA algorithm gives best results in the 

reduction of code blocking comparable to 

the CCA scheme and he show the big 

differences between both schemes in the 

blocking probability when the tree is almost 

empty because the tree are empty, there are 

many codes vacant in the tree and the CCA 

scheme assigned the codes randomly in the 

most compact group,  in which this type of 

assignment blocked more codes and the 

proposed scheme is assigned the codes with 

respect to the capacity from the root to all 

vacant codes in the desired layer.  

 

 
Fig 6: Blocking Probability (%) VS Users of Data Rate    

 

          

Figure 7, shows the block calls of the 

proposed R-T-CCCA and the CCA schemes 
in   axis for the data rate    with respect to 

the number of users which is    in   axis. 
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From the figure 7, the researcher notice that 

the differences between both schemes in 

code blocking is less than that when the 

incoming user took the data rate    (see 

figure 4), because there are    vacant codes 

in each group with data rate    and 8 vacant 

codes with data rate   , so when the new 

user arrived required code with rate     the 

searching algorithm of the CCA code tree 

takes code randomly in the most compact 

group, picks one vacant code from    codes. 

So, the probability of calls blocked is big if 

there are    codes, but when the new call 

required code with data rate     the CCA 

code tree searched and picked one vacant 

code randomly from 8 vacant codes, the 

probability of calls blocked is less 

comparable with data rate   .  

 Fig 7: Block Calls VS Users of Data Rate    

          Figure 8, shows the vacant codes of 

the proposed R-T-CCCA scheme and the 

CCA scheme in   axis for the data rate    

with respect to the number of users in   

axis. The researcher notice from the figure 8 

that the result performance of the proposed 

scheme is best and it is exactly opposite of 

the previous figure 7, and he notice below in 

figure 8 that the proposed scheme gives 

more vacant codes than the CCA from the 

first user to the last user and in some points 

like in the number of users   and    the 

vacant codes in both schemes are equal as 

the researcher explain that in page 7 after the 

user   the proposed scheme returns to give 

more vacant codes which means best results 

performance comparable to the CCA 

scheme, until  the number of users     the 

number of vacant codes returns to be equal 

in both schemes, and in the number of users 

   the proposed R-T-CCCA scheme returns 

to give more vacant codes.  
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 Fig 8: Vacant Calls VS Users of Data Rate    

          Figure 9, shows the blocking 

probability of the proposed R-T-CCCA and 

the CCA schemes in   axis for the data rate 

   with respect to the number of users    in 

X axis to complete the code tree. As the 

researcher notice in figure 9, the blocking 

probability of the proposed scheme is less 

than the CCA scheme after the first 

assignment of the code, and he see the big 

differences in the results of blocking 

probability when the tree is almost empty.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

     Fig 9: Blocking Probability (%) VS Users of Data Rate    

 

          

Figure 10, shows the block calls of the 

proposed R-T-CCCA and CCA schemes in 

  axis for data rate    with respect to the 

number of users in   axis. From the figure 

9, the researcher notice that there is no 

significant difference in the number of block 

calls in both schemes; the proposed and the 

CCA scheme, the reason behind this is that 

in the assignment of the code with data rate 

  , there is only   codes in both schemes in 

each group for the assignment of the code, 

so the CCA searching algorithm may pick 

the same vacant code that the proposed 

algorithm used.  
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Fig 10: Block Calls (%) VS Users of Data Rate 4R 

 

          

Figure 11, shows the vacant codes of the 

proposed R-T-CCCA scheme and CCA 

scheme in Y axis for the data rate 4R with 

respect to the number of users in Y axis. The 

researcher notice from the figure 11, the 

similarity in the results between figure 11 

and the figure 10 of block calls, only that is 

the line of the vacant codes in figure 11 

starts from the higher point to the lower 

point because the code tree is empty before 

the first assignment and there is 255 vacant 

codes in each code tree. The researcher  

notice from the figure 11, that the proposed 

algorithm gives best result performance 

comparable to the CCA scheme in the 

providing vacant codes and correspond that 

it reduce in the code blocking. 

 

 

 

     

 

 

 

 

 

 Fig 11: Vacant Codes (%) VS Users of Data Rate 4R 

         

  Figure 12, shows the blocking probability 

of the proposed R-T-CCCA and the CCA 

schemes in   axis for the data rate    with 

respect to the number of users in   axis. In 

the figure 12 of blocking probability, the 

differences in both schemes clearly more 

than that in the figures of block calls and 
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only one user in both schemes, when the 

second user arrived, the proposed algorithm 

gives best results in the probability of 

blocking compared with the CCA scheme, 

until the number of users    both schemes 

give the same results and the researcher 

mentioned that in page 7, of block calls, 

when the number of users equal to    the 

proposed algorithm returns to reduce in 

probability of blocking calls comparable to 

the CCA scheme and gives best results, after 

   users the researcher  notice from the 

figure 12 that the lines of blocking 

probability of both schemes is close to each 

other with best results of the proposed 

algorithm in some points with the same 

results in other points. until the last user, the 

proposed algorithm gives best results 

performance in the reduction of code 

blocking,  even with the data rate   . 

 

  

Fig 12:  Blocking Probability (%) VS Users of Data Rate 4R 

 

          Figure 13, shows the block calls of the 

proposed R-T-CCCA and CCA schemes in 

  axis by using the rates       and    

with respect to the number of users in   

axis. The researcher notices that the figure 

13 differs from the previous figures of block 

calls when he uses different data rates with 

to keep the best results of the proposed 

algorithm. In the first assignment, both 

schemes give the same block calls, from the 

second user until the user   , the proposed 

algorithm gives the best results in the 

reduction of code blocking When the 

number of users is equal to    to   , both 

schemes give the same results, when the 

number of users    until the user 48, the 

proposed algorithm returns to give the best 

results performance comparable to CCA 

scheme. From the user 49 until the last user, 

the propose algorithm gives the best results, 

so the figure 13 shows us that the proposed 

R-T-CCCA scheme is best in code blocking 

reduction and gives best results performance 

and minimizes the external fragmentation of 

the code tree even when the researcher used 

different data rates comparable to the CCA 

scheme. 
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Fig 13: Block Calls VS No. of Users 

 

 

          Figure 14, shows the vacant codes of 

the proposed scheme and the CCA scheme 

in   axis by using the rates       and    

with respect to the number of users in   

axis. The figure 14 is exactly the opposite of 

figure 13. The researcher notice from the 

figure 14, the best results that the proposed 

algorithm gives in providing more vacant 

codes ready to use from the new user 

compared with the CCA scheme and the 

researcher notice that from the second user 

until the last assignment the proposed 

algorithm gives best results in providing 

vacant codes corresponding that the 

reduction in code blocking  only when the 

number of users equal to    to   , both 

schemes give the same number of vacant 

codes, but in all states the proposed scheme 

is the best in results. 

 

                 
Fig 14: Vacant Codes VS No. of Users 

            

Figure 15, shows the probability blocking of 

the proposed and the CCA schemes in   

axis with the rates       and    with 

respect to the number of users in   axis. The 

researcher notice from the figure 15 that the 

blocking probability line ascends in some 

points and descends in other, the reason 

behind that is in the arrival data rates, 
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because each type of data rates used a 

capacity different from the other layers. So, 

the lower layer blocks few calls comparable 

to the higher layers that required more 

capacity and blocked more vacant codes. So, 

this leads to make the line ascends in some 

points and descends in the other points. The 

table 2 above shows that in the first 

assignment with data rate   , both schemes 

give the same blocking probability. The 

second user and the third user, both used the 

data rate   , the CCA assigned the codes 

randomly.  The proposed algorithm gives 

the best results compared with the CCA 

scheme. The third user with data rate   , 

here the searching jumped from the second 

layer to the first layer, from capacity   to 

capacity  , so the line of the proposed 

scheme reached the lower point in figure 15 

which is    and the CCA scheme line 

reached to    . The data rate   , in layer   

required capacity  , it needs block   calls 

more than lower layer, such as layer   and 

layer  . This leads to change the probability 

blocking line in figure below from the 

bottom to the top with best results of the 

proposed scheme comparable with the CCA 

scheme. For the data rate   , it required 

capacity  , so the line changed from the up 

bottom in both schemes with best results of 

the proposed algorithm. The researcher 

notice from the figure below that the 

proposed algorithm gives the best 

performance in the blocking probability 

from the beginning to the last user to make 

the code tree almost complete, just in some 

points, both schemes with the same blocking 

probability and the researcher explained the 

reason in the previous figures. 

 

 

           
 

Fig 15: Blocking Probability VS No. of Users 

 

 

 

 

7- Conclusion 

 

          A root-to-code compact code 

assignment scheme is proposed to efficiently 

use the codes of the OVSF in 3G WCDMA 

wireless communication systems. The 

benefit of the proposed R-T-CCCA scheme 

is that it assigns the code to new incoming 

call in such a way that the remaining 

capacity of the system is least fragmented 

comparing with the CCA scheme making 

the assignment of the code most compact 

than the CCA scheme. This proposed R-T-

CCCA scheme gives more reduction in code 

blocking with providing more vacant codes 

to the incoming users. This leads to improve 
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the WCDMA system performance. The 

results in chapter 4 show that the proposed 

scheme gives best results in the performance 

comparable to the CCA scheme and this 

leads to increase the capability of call 

treating in WCDMA system. 

          The conclusions of the work are 

shown as follows:- 

 

1- Showing more reduction of the code 

blocking comparable with the CCA scheme. 

2- Providing more vacant codes to the 

incoming user (call). 

3- Minimizing the external fragmentation of 

the tree that makes the code tree of the       

    OVSF more compact comparable with the 

CCA code tree. 

4- Increasing the call handling capability by 

reducing the load of the WCDMA  

     system. 

5- Increasing the number of the users 

comparable with the CCA scheme. 
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