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Abstract—In this paper, the design issues of a coverage-based 
CRRM strategy are studied to support voice services in a 
heterogeneous UMTS/GSM environment which distribute the 
traffic load by controlling the effective UMTS coverage through a 
predefined pathloss threshold. Comparing with the conventional 
Load Balancing strategy, the proposed coverage-based CRRM 
gives a better performance in terms of voice capacity at the 
expense of extra inter-system handovers.  The effects of compress 
mode operation and mobility on system performance and 
pathloss threshold selection are also studied in details to refine 
the CRRM.  

I. INTRODUCTION  
With the rapid development of wireless communication, 

various radio access technologies (RATs) such as cellular 
network, WLAN, and WiMAX have been developed 
independently to meet the diverse need of mobile users. These 
co-existing RATs differ from each other by air interface 
technology, cell-size, services, price, access, coverage and 
ownership. This integration of these RATs based on common 
all-IP packet core has become one of the most common 
visions for future mobile networks (e.g., 4G or beyond 3G) in 
mobile research community. The complementary 
characteristics offered by the different RATs make the 
integration possible to exploit the trunking gain leading to a 
higher overall performance than the aggregated performances 
of the stand-alone networks. Clearly, this potential gain of the 
future heterogeneous network can only turn into reality by 
means of a proper management of the available radio 
resources. Common Radio Resource Management (CRRM) 
refers to the set of functions that are devoted to ensure an 
efficient and coordinated use of the available radio resources 
in heterogeneous networks scenarios [1][2]. 

In this paper, we evaluate the voice capacity with a 
coverage-based CRRM strategy in a heterogeneous 
UMTS/GSM radio network. This strategy is designed to 
exploit the different sensitivity of the two systems to multi-
user interference (MUI). In FDMA/TDMA-based access 
systems (e.g. GSM/GPRS) there is no intra-cell MUI while 
inter-cell MUI is caused by the distant users in every co-
channel cell. In contrast, in CDMA-based systems (e.g. 
UMTS) the intra-cell MUI is caused by every single user 
transmitting in the cell. Furthermore, inter-cell MUI is also 
originated by all simultaneous users in all neighbouring cells, 
because of the universal frequency reuse. Consequently, 
CDMA system capacity is more sensitive to MUI. Coverage-

based CRRM is designed to take advantage of the coverage 
overlap that this two access technologies, by controlling the 
effective cell radius of UMTS through appropriate initial RAT 
selection and inter-system handovers, so that the interference 
level in UMTS is reduced while at the same time the target 
coverage area is assured by means of the cooperation of the 
GSM.  This is expected to lead an improvement for the overall 
spectral efficiency.  

Due to the continuous transmission, active voice 
connections require compress mode operation to make 
necessary measurements to perform inter-system handovers 
from UMTS to GSM comparing with discontinuous 
transmission such as packet data and GSM voice/data 
transmission. To assess the effects of compress mode on the 
voice capacity, we implement the compress mode operation 
based on [3] in our CRRM simulation. The results have clearly 
shows the effects of compress mode on the voice capacity on 
the heterogeneous with coverage-based CRRM. Also the 
comparison of voice capacity between coverage-based CRRM 
and conventional load-balancing CRRM are studied. 

The paper is organized as the following: section II gives the 
description of the system model and compress mode; in section 
III, we introduce the coverage-based CRRM algorithm and 
sections IV gives the numerical results; Section V concludes 
the paper. 

II. HETEROGENEOUS UMTS/GSM NETWORKS AND CRRM  
In this study, we focus on the downlink of a co-sited 

UMTS/GSM heterogeneous network as shown in Figure 1. A 
CRRM scheme is used to co-ordinate the channel-based GSM 
CAC and Power-based UMTS CAC [3] during handover and 
initial cell selection as described in Appendix. 

In a GSM network, the number of physical channel (number 
of time slots) is fixed, which depend on the number for 
frequency allocated in one cell and size of frame. The 
coverage of a cell does not affect the number of physical 
channel in the cell. In CDMA, the system capacity is limited 
by MUI from intra-cell and inter-cell communications with 
universal frequency re-use. This makes CDMA cell physical 
capacity, which usually defined as number of simultaneous 
communication links that can be supported with a certain QoS 
guarantee such as Eb/No, very sensitive to its own coverage. 
In Table1, the results show the CDMA capacity as function of 
the coverage.  Roughly, with 100meters reduction in the cell 
radius, the cell capacity increases about 20-30% (The system 
parameters shown in Table2, and Eb/No is 5dB).  The 



coverage-CRRM is designed to improve system capacity by 
controlling the effective coverage of CDMA systems (Rc) with 
overall area coverage guaranteed by TDMA systems as shown 
in Figure1. In this coverage-based strategy, the CDMA 
effective radius is usually set less than the TDMA radius. The 
users located within the CDMA effective coverage is able to 
select either GSM or UMTS while the users located outside of 
the CDMA effective coverage can only choose GSM as their 
RAT.  By introducing this CRRM, the effects on users are 
differentiated based on their location comparing with 
comparing with other equal coverage CRRM strategis. For the 
traffic inside the CDMA effective coverage, more physical 
channels will be supported in CDMA coverage as the 
coverage is reduced, which eventually improves the 
performance in this area. For the traffic outside of the CDMA 
effective coverage area, it is more complicit. Since the users 
located outside of CDMA effective coverage can only select 
GSM, their performance will depend on two factors: 

1. Traffic load left outside of CDMA effective coverage. 
2. Available number of FD/TDMA channels outside of 

the effective CDMA coverage. 
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Figure 1.  Co-sited CDMA and FDMA/TDMA 

A higher traffic load will leads to a higher blocking rate 
while a larger number of physical TDMA channels will reduce 
the blocking rate. Let’s assume that, before setting the 
effective radius, both CDMA and TDMA offer the same 
coverage (RC=RT). If we reduce RC (RC<RT), the traffic load 
for TDMA will increase, however, since there are more 
CDMA physical channel available for the traffic insider of 
CDMA coverage area, it is possible to spare more FD/TDMA 
channels for traffic load outside the CDMA effective coverage 
area. If the available number of FD/TDMA channels outside 
of the effective CDMA coverage increases more than the 
increase in the traffic load in this area, the system performance 
in this area will become better; otherwise, it will become 
worse.  So the selection of effective radius is a key point for 
this CRRM strategy. If the radius is too big, it will be like a 
normal CRRM. If the radius is too small, although the users 
inside the CDMA effective area enjoys a much better 
performance, the degradation of users outside this area may 
bring the overall performance down.  

In a practical environment, the radius of CDMA coverage is 

almost impossible to obtain. In this particular GSM/UMTS 
environment, we take advantage of UMTS/GSM 
measurement-reporting schemes for power control through 
which each mobile’s pathloss information can be derived. So 
instead of setting the effective radius, a pahtloss threshold is 
used. This implementation is shown in Figure 2. With this 
implementation, users with higher pathloss have more chance 
to be admitted into GSM while those with lower pathloss have 
more chance to be admitted into UMTS. This eventually 
reduces the interference in UMTS in terms of both intra-cell 
and inter-cell and thus a capacity gain is expected comparing 
with other equal coverage CRRM strategis. 

TABLE I.  SYSTEM CAPACITY 

 

Various CRRM strategies have been studied [4][5][6]. 
Among them, one of the most popular strategies is load-
balancing (LB) CRRM. This strategy is designed to allocate 
the traffic evenly between GSM and UMTS systems in order 
to achieve a higher trunking gain though initial RAN selection 
and inter-system handover. Figure 2 shows a LB CRRM 
strategy as a benchmark of the proposed implementation. In 
this figure L1 and L2 is the traffic load for GSM and UMTS 
system respectively, and are given as 
                          

/1 /busy F TL C C=                                        (1) 

where Cbusy is the number of occupied channels and CF/T is 
the total number of traffic channels. 

               
max2 /( )traffic CCHL P P P= −                                (2) 

Ptraffic is the power for traffic, Pmax is the total downlink 
transmission power, PCCH is the power allocate for control 
channels. 

III. INTER-SYSTEM HANDOVER AND COMPRESS MODE  
In most of cellular networks (such as GSM and UMTS), 

cell selection and handover algorithms are performed based on 
signal measurements. In order to perform necessary 
measurements for inter-system handovers, a time gap is 
needed for the transceiver during its active transmission. This 
will not generate any problem for discontinuous transmission 
such packet date and TDMA type of transmissions. However, 
for real-time traffic in UMTS such as voice, which usual 
commits continuous transmission, a compress mode is 
proposed to perform the intersystem handover measurement 
and measurement reporting in 3GPP[3].  The compress mode 
is operated in a way that, the bit rate of traffic is temporally 
increased by reducing the spreading factor, thus a time gap is 
generated by this higher bit rate for this continuous 
transmission, and the gap is used for transceiver to do the 
inter-system measurements and reporting. A typical UMTS 
compress mode operation is like, transmission every other 
frame by double normal transmission rate or every two frames 
(a frame’s duration is 10ms). Also since the transmission gap 
is generated to do the measurement for other system, fast close 



loop power can be performed. So if the mobile in the compress 
mode, a higher target Eb/No is needed to guarantee the 
transmission quality. Thus, a mobile in the compress mode, 
will consume more radio resource than that in normal mode 
due to a lower spreading factor and higher target Eb/No. And 
consequently, it will generate more interference to other 
mobiles as well.   

Figure 3 gives a transition status of a mobile in the 
heterogeneous GSM/UMTS network described in the previous 
section. In order to reduce the excessive compress mode 
operation, a certain criteria is needed to set up before a UE 
goes to the compress mode, and also it is necessary to setup 
some exit strategies to abort the compress mode if it is not 
appropriate anymore when the UE is in compress mode 
operation. These conditions for entering and exiting the 
compress mode are closely related to the applied radio 
resource management strategies. 

 

 
 

 (a) Coverage-based CRRM     (b) LB CRRM 
Figure 2.  Selected CRRM strategies 

In the load balancing CRRM, since both initial cell selection 
and handovers following the load balancing strategy, the inter-
system handover comes with the inter-cell handover. In our 
study, following the criteria used in [3] for inter-cell handover, 
a UE entering compress mode must with the following 
condition: 

The best pilot Ec/Io-CThr1 > home cell pilot Ec/Io for more 
than T1 measurements, enter CDMA compress mode. 
Where CThr1 is the predefined the margin value and T1 is the 
number of sample period. 

And corresponding to this, during the UE staying in the 
compress mode, the UE will return to normal UMTS operation 
in the original cell with the following conditions 
1) If the best pilot Eb/Io-CThr2< home cell pilot Ec/Io for 
more than T3 measurements, abort compress mode 
2) If Eb/No for GSM<TThr1 for more thanT3 measurements, 
abort compress mode.  

If the compress mode lasts for T3 sample periods, there are 
enough measurements and a request will be send for the 
handover. This will start the procedure described in Figure 2. If 

the handover succeeds, UE exit the compress mode. If the call 
rejected, UE will stay in compress mode. During the compress 
mode, if UE dropped due to the shortage of resource or moving 
out of coverage, the UE also abort the compress mode. 

In the coverage-based CRRM, the compress mode 
operation is based on the predefined pathloss threshold value. 
The compress mode operation is very similar to load 
balancing. The operations are as follows: 
1) PathLoss-CThr1 >PathThr for more than T1 measurements, 
enter CDMA compress mode. 
2) PathLoss-CThr2< PathThr for more than T2 measurements, 
abort CDMA compress mode. 
3) If compress mode last for T3 sample periods, an inter-
system handover request is issued. If any inter-cell and intra-
cell handover associated with this inter-system handover 
request is successfully carried out, leaving the compress mode. 
Otherwise, back to the compress mode 

4) If the call dropped due to shortage of resource or moving 
out of coverage, it will be blocked and leaves the compress 
mode. 

IV. RESULTS AND DISCUSSIONS 
In our simulation, we consider 7 cells with uniform traffic 

distribution. Table 2 gives the system parameters. In each cell, 
both GSM and UMTS base station located in the center of the 
cell. The pathloss model is give as  

( ) 144 38 .4 log  ( ( )) ( )L p dB d km S dB= + +                 (3) 
where S(dB) corresponds to the log-normal shadowing with 
s=10 dB standard deviation. 

The system outage probability is introduced to evaluate the 
system performance. The system outage probability is defined 
as the sum of blocking rate, out of coverage rate, transmission 
failure rate. The blocking rate is the probability that a new call 
is blocked by the CAC procedures shown in Figure 2 (a) and 
(b). Out of coverage rate is the probability of a mobile is out of 
coverage. In the heterogeneous environment, without 
considering the compress mode, the out of coverage rate is the 
probability of mobile out of both GSM/UMTS coverage. And 
with compress mode, the out of coverage rate is the 
probability of a UMTS mobile out of UMTS coverage when it 
not in compress mode and a GSM/Compress-mode UMTS 
mobile out of both GSM and UMTS coverage. When a 
mobile’s UMTS pilot Ec/Io is less than -20dBm[3], it is 
considered as out of UMTS coverage. And the out of coverage 
in GSM is defined as 

max,GSM GSML S P Sensitivity+ > −   (4) 

where LGSM is the pathloss and S the shadowing. Table 2 gives 
the values of the sensitivity and rest of system parameters used 
in the following evaluation. 

The transmission failure rate is defined as probability that a 
user can not transmit probably because the total output power is 
not sufficient to guarantee the Eb/Io for the users. In Table3 
shows the system capacity which is defined as the traffic load 
with 5%outage probability, which clearly shows the advantage 
of coverage-based CRRM against the LB-based CRRM 
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strategy. Comparing the load-balancing strategy, the coverage-
based CRRM can increase the capacity of 31% without 
considering compress mode and 27% with compress mode. 
Coverage-based CRRM is more sensitive to the compress 
mode operation as the compress mode degrades the system 
2.7% for LB and 6.7% for coverage-based CRRM. Figure4 
explains the reason of the results presented in Table3, which 
are obtained with 35 users/cell. It shows the average power 
allocated to a UMTS link, again coverage-CRRM consume less 
power per link, because higher pathloss users have the more 
probability to be admitted into GSM rather UMTS. And the 
power-based CAC will take advantage of less power 
consumption per link to admit more users in the systems.  

However, there is a cost associated with the improvement 
brought by coverage-based CRRM. Table4 shows the handover 
rate changes as traffic load increases. In this table, when the 
traffic load is low such as 30users/cell, the handover rate (in 
coverage-based CRRM, the first column for inter-cell handover 
rate and second for the intra-cell inter-system handover) is 
almost the same for both of them. However as the traffic 
increases, the coverage-based CRRM handover rate increases 
much faster than the LB handover rate. When the traffic 
increases to 40user/cell, coverage-based CRRM performed 
over 40% more handovers than load balancing. In this case, a 
further study might be needed to assess the handover cost in 
coverage-based CRRM 

 
Figure 3.  Compress Mode Diagram 

TABLE II.  SYSTEM PARAMETERS 
Number of Cells 7 
Activity Factor 1 

Max. BS TX Power 43dBm 
Max. Power Per Link 33dBm 
Initial CPICH Power 33dBm 

Downlink Noise Power -103.2dBm 
Service Mix 100% Voice 

GSM Channel 8/16/24 
GSM Max Power 43dBm 
GSM Sensitivity -106dbm 

Mobile Speed 3-60 km/h 
Target Eb/No 5/7dB 

spreading Factor 64/128 
The distance between Two BS 2.1km 

For an illustration purpose, a concept called effective radius 
is introduced to show how RC affects the system performance, 
which is given as  

1 ( ).effR P a th lo ss P a th T h r−=                                   (5) 

Figure5 gives the effects of the effective radius on the 
outage probability (the effective radius is normalized to 
1.2km). First, with or without considering compress mode, the 
outage probability is quite sensitive to the effective radius, 
especially with considering the compress mode. Also there is 
an optimum value at which the outage probability is 

minimized. This is because that, if the effective radius is too 
small, eventually, the GSM capacity is easy to fill up since it 
offers a big coverage because lots of users with high path loss 
will get into the system following the CRRM procedure shown 
in Figure2. This will lead the outage probability in GSM 
growing faster than the outage probability reduction speed in 
UMTS and thus degrades the overall performance. If the 
radius is too big, the pathloss profile of users in UMTS will be 
not much different from without coverage-based CRRM, the 
improvement for UMTS will be limited. When considering the 
compress mode, as shown in Table5, if the effective radius is 
too small such as 0.7, the inter-system handover happens more 
often, which means that users have higher chance to get into 
compress mode as shown in Table4. Compress mode will 
consume more resource than normal operation mode, so the 
system performance is worse. On the other hand, if the 
effective radius is too big such as 0.95, the UMTS effective 
coverage is almost the same at the GSM coverage. In this case, 
although inter-system handover is getting less (in Figure6) and 
then less compress mode operation (Table5), the improvement 
on power consumption becomes less significant because of an 
increase in inter-cell handover and the system behaviors close 
to a LB system. This can not fully exploit the potential of the 
coverage-based CRRM. Thus less improvement is achieved. 
Another interesting point the optimum value is almost the 
same whether taking compress mode into account or not.     

Figure 7 gives the effects of mobility on the system 
performance. In this figure, the optimum PathThr is almost 
same for all three mobility speed. And the lower speed 
mobiles are more sensitive to the PathThr because low 
mobility users are easier to get “trapped” in particular 
situation. With coverage-based CRRM, if the PathThr is not 
an appropriate value, the low mobility users’ performance is 
even worse than that with the high mobility users e.g. with 
effective radius of 0.8, outage probability for users at speed of 
3km/h is 13% while it is less than 10% for users at speed of 
30km/h. 

V. CONCLUSIONS 
In this paper, a coverage-based CRRM is proposed. And we 

evaluate the voice capacity in a heterogeneous UMTS/GSM 
environment with the proposed CRRM strategy and compress 
mode operation. Our results show that, comparing with 
conventional Load balancing CRRM, coverage-based CRRM 
still obtains over 20% capacity over load balancing CRRM. 
The cost for this improvement is a large increase in handover 
rate with high traffic load. Further we examined how effective 
radius which is defined based on the pathloss threshold value, 
the main controlling parameters in the coverage-based CRRM 
affects the system performance. The results show that, the 
performance is more sensitive to the effective radius. However, 
compress mode operation has very little effects on the optimal 
effective radius value. Mobility is another issue associated with 
the effective radius. Our results show that low speed users are 
more sensitive to the effective radius setting than the high 



speed users. The future study will focus the coverage-based 
CRRM in a multi-service environment. 

APPENDIX 
In UMTS, the total output of BS power (PT) is divided into 

control power for Common pilot channel 
(CPICH)/Synchronization Channels (SCH) and traffic power 
for traffic channels (Ptraffic). The output power is limited by 
the maximum BS output power due to either safety reason or 
hardware implementation. The output power relationship for 
cell i is given as follows 

. , , m axT i C C H i T ra ffic iP P P P= + ≤  
In this call admission scheme, if a new call or handover call 
arrives, the CAC will estimate the power that the call needs.  
The power estimation for j mobile located in cell i as follows 

, , 0 ,
1

( ) / ( / 1 )
bN

j T b b j T i j j
b
b i

P P g N P Gα γ
=
≠

= + + +∑%

 
Where Nb denotes the number of interfering base station, and 
No is the background noise, α is the orthergonal factor that is a 
value between 0 and 1. Gj is the spreading factor of the mobile 
j and γj is the target Eb/No for mobile j. 
After this estimation, the CAC will check if there is sufficient 
power for this call as follows 

, m a xT i j TP P P+ ≤ − ∆%
 

where ∆ is the reserved power margin value.  
If the above condition satisfied, the call will be admitted into 
UMTS system. Otherwise, the called will be rejected. 

In a GSM cellular system, each frame consists of 8 time 
slots is periodically transmitted over a frequency. One of them 
is reserved for control purpose such as broadcasting and 
paging. 7 other time slots are used for traffic. There is possibly 
more than one frequency in one cell (FD/TDMA). In that case, 
the total number of channel is the number of frequency 
multiplying the number of slot in each time frame. When a 
new call or handover call arrives, if there no free traffic 
channel, the call will be blocked/ rejected (hand back to its 
original cell or its original system). Otherwise, the call will be 
admitted into the GSM system. 
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TABLE III.  SYSTEM CAPACITY 
5% outage Compress No Compress Capacity Change 

LB 34 35 2.7% 
Coverage 43 46 6.7% 
Capacity Change 27% 31%  

TABLE IV.  HANDOVER RATE 
UE 25/cell 30/cell 35/cell 40/cell 
LB 0.85 1.5 2.09 3.46 

Coverage 0.75 0.1 1.21 0.21 2.5 0.33 4.52 0.45 
Coverage/LB 1 0.95 1.35 1.43 

TABLE V.  COMPRESS PROBABILITY FOR EACH MOBILE 
Effective Radius 0.7 0.8 0.9 0.95 
Compress Prob. 0.11 0.05 0.0033 0.001 

 

 
Figure 4.  4Average power each UMTS Link 
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Figure 5.  Effects of effective radius on the outage probability 
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Figure 6.  Handover rate with various effective radius 

 
Figure 7.  Effects of mobility on the system performanc

0

0.05

0.1

0.15

0.2

0.25

0.3

0.6 0.7 0.8 0.9 0.95

Effective Radius

O
ut

ag
e 

Pr
ob

.

3km
30km
60km

0

0.005

0.01

0.015

0.02

0.025

0.03

0.035

Coverage-
based without

Compress

Coverage with
Compress

LB without
Compress

LB with
Compress

A
ve

ra
ge

 P
ow

er
 fo

r e
ac

h 
U

M
TS

 T
ra

ffi
c 

Li
nk




