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rather than having three separate bridges?  
 

Date January 2013 
Author(s) Thom Janssen, Remco Litjens and Kevin Sowerby 
 
About this white paper 
This white paper was developed within the FP7 SAPHYRE project, which 
is partly funded by the European Union under its FP7 ICT Objective 1.1 – 
The Network of the Future. 
 
All rights reserved. No part of this publication may be reproduced and/or 
published by print, photoprint, microfilm or any other means without the 
previous written consent of TNO. 
 
© 2013 TNO 
 

 

SAPHYRE



 

 

TNO white paper | On an expiration date for spectrum sharing   2 / 22

1 Network and spectrum sharing are important means 
for mobile operators to improve mobile services in 
an economically sound way 

The economic benefits of network sharing have been widely recognized, and have 
led many mobile operators in Europe to implement some form of network and 
spectrum sharing. The key driver for these forms of sharing is the significant cost 
saving that can be achieved. For network sharing the savings may be of the order 
of may range up to 30% in capital investment ([1]). These savings are increasingly 
important for mobile operators, because they are facing challenges in the revenues 
they can achieve (turnovers have been stable or negative) while there has been a 
significant need to upgrade and expand the mobile network especially as a result 
from the hugely increasing customer demand for data services. This has led mobile 
operators to consider radical options in reducing the cost for network expansion. 
These options have in some cases included full or partial outsourcing of the mobile 
network infrastructure, but also sharing of important parts of the mobile network.  

Operators that consider sharing have several options. Typically, operators can be 
seen sharing only the RAN part of the network, keeping their core networks and 
service platforms independent from the sharing partner. An important choice in RAN 
sharing is whether to share only the network infrastructure, or also the spectrum.  

One of the key items that a regulatory assessment preceding the approval of a 
proposed sharing agreement takes into account is the reduced independence and 
autonomy that operators have to compete with each other based on infrastructure. 
The choice whether or not to share also the spectrum is in that sense important for 
the regulatory assessment, because sharing the spectrum would further reduce the 
operators’ independence. As a result, Regulators may give spectrum sharing 
proposals additional scrutiny because of concerns for reduced competition and the 
loss of independence and autonomy between operators in deciding their use of 
spectrum to provide services to their customers.   

RAN sharing occurs in many countries today. Regulators have already analysed 
and in many cases approved RAN sharing arrangements without spectrum sharing 
RAN sharing including spectrum sharing has been considered and implemented 
less frequently by operators. The regulatory status for this sharing arrangement is 
less clear.  

This paper tries to quantify the benefits associated with spectrum sharing, and 
estimate the development of these benefits as some of the key factors such as 
mobile network traffic and availability of spectrum are dynamically changing over 
time. With this insight, we hope to help operators and regulators to assess the 
importance of spectrum sharing. 
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2 How to quantify the benefits of spectrum sharing in 
a mobile network deployment and how they develop 
over time? 

In our analysis we assume that two or more operators have already decided to 
share the network, and are considering whether or not share the spectrum as well. 
We compute the gains that arise from sharing spectrum by defining it as the fraction 
of base station sites that can be avoided due to spectrum sharing. Thus, we define 
the Spectrum sharing gain as the site count reduction resulting from spectrum and 
network sharing compared to network sharing only. This gain results from the 
“trunking gain”, i.e. the fact that an increase in spectral resources yields an above-
proportional increase in the corresponding traffic handling capacity. For example, 
sharing between two operators with equal spectrum amounts leads to an overall 
capacity that is higher than the sum of the individual capacities of the non-shared 
networks. We note that operators could apply the benefits from spectrum sharing 
also in other ways than site count reduction, for instance by offering a higher 
throughput to end-users.  
To compute the spectrum sharing gain we use a model that is described in detail in 
Appendix A. The model basically uses a set of input parameters including 
geographical area, spectrum availability, mobile traffic volume, mobile technology 
used, and amount of sharing/non-sharing operators. Based on this input, the model 
determines the number of sites required per operator to handle the traffic. It can 
compare the number of base stations for the case in which two or more operators 
share the spectrum with the non-shared spectrum case. This comparison gives the 
spectrum sharing gain which we define as the fraction of base stations that can be 
avoided due to spectrum sharing. 
More detail about the assumptions made for our model’s input parameters can be 
found in Appendix B. In summary, the key change drivers of spectrum sharing gain 
as assumed in our study are as follows: 
 

1. Mobile data traffic increases by 67% each year 

2. New technology leads to higher spectral efficiency (UMTS �  HSPA �  
HSPA+ �  LTE �  LTE-Advanced) 

3. More spectrum becomes available for mobile broadband, starting with 
UMTS2100 and expanding into 900, 1800, 800 and 2600 MHz bands 

4. Over the years, operators want to offer higher throughputs to their 
customers 

2.1 Important assumptions and limitations in our st udy 

We recognize the following important assumptions and limitations in our study. 
 

• We assume a symmetric traffic load of the sharing operators. In reality, it is 
possible that locally operators will have different load patterns on their 
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networks, which would lead to a significantly higher sharing gain as shown 
by numerous literature sources ([2], [3]). To estimate the symmetry of traffic 
profiles from different operators requires traffic profile information of high 
precision in terms of location and time. Such information is highly 
confidential for most mobile operators and is not available from public 
sources. In the absence of validated information of actual traffic 
asymmetries in current mobile networks, we have assumed a symmetric 
traffic load on a timescale of hours. Although we assume the same peak 
hour average traffic density per unit area for both network operators, we 
consider independent session arrival processes per network which implies 
traffic asymmetries between the networks at time scales of seconds to 
minutes. Thus, any asymmetry on the level of seconds and minutes is 
taken into account in our modelling. Taking traffic profiles into account 
which are asymmetric on a timescale of hours or longer is part of further 
work. 

• We assumed traffic loads to be geographically uniform, while in reality 
traffic loads in cities will have concentrated spots. This would lead to 
modest spectrum sharing gains already in the early years of traffic 
developments (when in our calculations the sharing gain is still zero).  

• We consider only densely populated areas (typically cities), and do not 
consider rural zones. We assume a population density of 2000 
persons/km2, which is roughly the average for cities in the Netherlands 
(although other European cities may have much denser populations, e.g. 
London has 5206 persons/km2 according to [4]). For denser traffic patterns, 
spectrum sharing will be beneficial earlier.  

• Operators will assume increasing throughput targets over the years in their 
network planning/dimensioning. 
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3 Spectrum sharing gain for symmetric traffic profiles 
is modest, and decreases sharply as more spectrum 
is available 

Given the assumptions as described above, our sharing model provides estimates 
of the spectrum sharing gain development over the years. These are plotted in the 
graph below. 
 

 
 
This Figure shows two separate lines for different assumptions about terminal 
capabilities. “Multi-RAT terminals” assumes that all terminals can work on all 
technologies, with the frequency bands as the network uses them; “Single-RAT 
terminals” assumes that 3G terminals are only capable of using the 3G technology 
and spectrum, while 4G terminals can only function on 4G technology and 
spectrum. The Multi-RAT terminals assumption overestimates the overall network 
performance, while a Single-RAT terminals assumption leads to an underestimate 
of the network performance. The higher Single-operator capacities thus realized in 
the Multi-RAT case, imply a lower trunking gain from spectrum sharing compared 
with the Single-RAT case. 
  
In this graph, we have indicated the three main characteristics of the development 
of the spectrum sharing gain: 
 

1. In the years until 2012, the number of sites is driven by coverage 
requirements. Mobile broadband is provided at a relatively high frequency 
band (2100MHz) with adverse propagation characteristics.  

2. This changes in 2012, when we assume that UMTS900 is introduced. The 
900MHz band can provide much larger coverage area per base station than 
the 2100MHz band. As a consequence, a network with just enough base 
stations to provide coverage, does not provide enough capacity. The 
necessary number of base stations is now driven by capacity requirements, 



 

 

TNO white paper | On an expiration date for spectrum sharing   6 / 22

rather than coverage concerns.  Recognizing that the “trunking gain” helps 
to increase capacity, not coverage, we understand that the sharing gain 
grows to a non-zero number in 2012. 

3. In the years after 2012, the spectrum sharing gain decreases quite rapidly. 
This is a consequence of the increase of spectrum availability and the 
higher spectrum efficiencies resulting from advances in technology. This 
leads to more of the “trunking gain” being achieved in a non-spectrum-
shared network, and less of it achieved through spectrum sharing. 

Our modeling results thus provide a first indication that – for the case of symmetric 
traffic profiles of the sharing operators – the spectrum sharing gain seems to be 
modest but significant (up to 9%), but may decrease substantially over a matter of a 
few years. Further research should indicate how the gain develops for cases of 
asymmetric traffic profiles, and preferably also provide insight into the expected 
level of symmetry in traffic.  
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A Detailed description of the modeling approach  

Introduction 
In this appendix, we present the purely analytical approach to derive the spectrum 
sharing gain for a given scenario. In overview, we consider the cases with and 
without spectrum sharing separately, derive per case the maximum allowed inter-
site distance that satisfies both coverage and capacity/performance requirements, 
derive from that the number of sites needed to serve a given area, and 
consequently determine the spectrum sharing gain as the percentage reduction in 
the number of sites needed. 

Coverage analysis 
In the coverage analysis, which addresses the uplink as the typical coverage 
bottleneck, we derive the maximum allowed inter-site distance (ISD) purely from a 
coverage perspective, hence ignoring performance/capacity issues. In the followed 
approach, the applied coverage target is to require that the coverage probability at 
the cell edge in the lowest deployed frequency band is no worse than x, e.g. 90%. 
For each year in the analyzed period (2005-2025), the maximum allowed inter-site 
distance from a coverage perspective, denoted ��� �����

	  for propagation environment 
e Î  {urban, suburban}, is derived as follows. First, we derive the coverage 
probability curves � ��
��

�  �  that give for environment e, frequency band f Î  {800, 

900, 1800, 2100, 2600} MHz and radio access technology j Î  {3G, LTE}, the 
coverage probability as a function of the distance d ³  0 (in km) from the base 
station. Given � ��
��

�  �  we then obtain the maximum cell range  ��
��
	  such that 

 ��
��
	 � ���  , s.t. � ��
��

�  � � � . Assuming a hexagonal cellular layout, the 

corresponding inter-site distance is then equal to ��� ������
��
	 �

�

�
 ��
��

	 . Finally, 

��� �����
	  is then taken as the maximum of the ��� ������
��

	  over all combinations of 

radio access technologies j and frequency bands f deployed in the considered year.  

 

Figure 1: Coverage analysis: illustration of the coverage areas of the different considered 
frequency bands. 

The missing ingredients in the coverage analysis are the coverage probability 
functions � ��
��

�  � . Before determining these functions, we first present typical 3G 

and LTE (uplink) link budget as given in Table 1 below, which is largely based on [5] 
(p. 224) and [6]. The presented link budgets consider the urban propagation 
environment in the 1800 MHz frequency band. 

����
���

����
���

����
���

	��
���

���
���



 

 

TNO white paper | On an expiration date for spectrum sharing   8 / 22

Table 1: LTE link budget for the urban propagation environment in the 1800 MHz frequency band. 

UPLINK 3G LTE  

Data rate 128 128 kbps 

Available bandwidth 3840 1260 kHz 

  7 # PRBs 

Frequency band 1800 1800 MHz 

Environment URBAN URBAN  

Transmitter – UE    

Max Tx power 23.0 23.0 dBm 

Tx antenna gain 0.0 0.0 dBi 

Body loss 0.0 0.0 dB 

EIRP 23.0 23.0 dBm 

Receiver – (e)NodeB    

Noise figure 2.0 2.0 dB 

Thermal noise -108.1 -113.0 dBm 

Rx noise -106.1 -111.0 dBm 

SINR -10.5 -7.2 dB 

Rx sensitivity -116.7 -118.1 dBm 

Interference margin 3.0 1.0 dB 

Cable loss 3.0 3.0 dB 

Rx antenna gain 18.0 18.0 dBi 

Fast fading margin 1.8 0.0 dB 

Soft handover gain 2.0 0.0 dB 

Coverage probability target 90% 90%  

Shadowing plus penetration loss (Mean) 22.3 22.3 dB 

Shadowing plus penetration loss (Sigma) 9.5 9.5 dB 

Shadowing plus penetration loss (Margin) 34.5 34.5 dB 

Maximum allowable path loss 117.4 120.7 dB 

(COST 231 Hata) Path loss (Fixed) 134.8 134.8 dB 

(COST 231 Hata) Path loss (Distance)  35.2 35.2 dB 

Maximum allowable cell range 0.32 0.40 km 

The link budget derives, for a given coverage probability target (h.l. 90%), the 
maximum allowable path loss, and, subsequently, the maximum allowable cell 
range. The only stochastic component in the link budget is the shadowing-plus-
penetration loss, denoted X below, which, when expressed in dB, has a Gaussian 
distribution with a typical mean of 22.3 dB and a standard deviation (sigma) of 9.5 
dB, for the considered urban environment at 1800 MHz. The applied path loss 
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model is the COST 231 Hata model [7] with assumed mobile and base station 
heights of 2 and 30 meters, respectively. 

Observe that the obtained maximum allowable LTE cell range nicely corresponds 
with the value presented in [6] (Section 2.2.4). 

The desired coverage probability function � ��
��
�  �  effectively operates inversely to 

the link budget equation, i.e. it expresses the probability that the sum of the 
distance-dependent path loss and the shadowing-plus-penetration loss is too low 
for the UL SINR requirement of -7.2 dB (considering LTE technology) to be 
satisfied. Using the values listed in the above link budget, this gives 

� ������������ !�"#$
�  � � ��%&' %(�  � ) * + �,�-. ) /0-1 2

� ��%&' �/0-� ) /1-, 3�4 56 �  � ) * + �11-, 2

� � ��7 ��-��8-9 � ,�-0 : /1-, 3�4 56 �  �� �

 

where 7 ;�< � =�  denotes the cumulative distribution function of the Gaussian 
distribution with mean > and standard deviation ?. It is readily verified that indeed 
� ������������ !�"#$

� �-0� � � @�A . Table 2 specifies for each environment, frequency 

band and radio access technology the key link budget parameters, the coverage 
probability functions ��� � B�C�D� E� , the maximum cell range  ��
��

	  and the corresponding 

maximum inter-site distance ��� ������
��
	 . The coverage probability functions are 

plotted in Figure 2. 

Table 2: Specification of coverage probability functions � B�C�D
� E�  for the (sub)urban propagation 

environments, the 3G (UMTS/HSPA) and LTE radio access technologies, and for the 800, 900, 
1800, 2100 and 2600 MHz frequency bands. 

ENVIRON-

MENT 

FREQUENCY 

BAND 
(MHz) 

SHADOWING 

PLUS 
PENETRATION 

LOSS (dB) 

PATH 

LOSS 
MODEL 

(dB) 

CELL RANGE  � �
 ��
	  

 
(km)


��� � B�C�D� E� � �F G�H� I :

JK-L MNOPQ� E� �   

  > ?  3G LTE [6] A3G ALTE 

URBAN 

800 
20.6 8.8 

Okumura-
Hata 

0.78 0.95 0.95 28.0 31.0 

900 0.72 0.87 0.87 26.7 29.7 

1800 

22.3 9.5 
COST 

231 Hata 

0.32 0.4 0.39 17.1 20.4 

2100 0.28 0.34 0.34 14.9 18.2 

2600 0.23 0.28 0.29 11.8 15.1 

SUB-

URBAN 

800 
10.8 4.6 

Okumura-
Hata 

3.96 4.15 4.15 37.7 38.4 

900 3.71 3.89 3.89 36.7 37.4 

1800 

10.6 4.5 
COST 

231 Hata 

1.05 1.1 1.08 17.1 17.8 

2100 0.91 0.95 0.94 14.9 15.6 

2600 0.74 0.78 0.79 11.8 12.5 
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Figure 2: Visualization of coverage probability function � B�C�D
� E�  versus the distance d (in km) from 

a user to the serving base station, for the (sub)urban propagation environments, the 3G and LTE 
radio access technologies, and for the 800, 900, 1800, 2100 and 2600 MHz frequency bands. 

Having derived the maximum cell range  ��
��
	  and the corresponding maximum 

inter-site distance ��� ������
��
	  for each combination of environment, frequency band 

and radio access technology, we now need to determine for each year in the 
considered time period from 2005-2025, what radio access technologies are 
deployed in each frequency band. Consequently, we can determine the effective 
maximum inter-site distance ��� �����

	 , from a coverage perspective for each given 
year and for both environments. Referring to the main body of this white paper and 
noting the technology and frequency band deployments over the different years as 
given there, the bottom line coverage-oriented inter-site distances are presented in 
Table 3 below. 

Table 3: Coverage-driving combination of radio access technology and frequency band and the 
corresponding coverage-oriented maximum inter-site distances for the (sub)urban propagation 

environments. 

YEAR RADIO 
ACCESS 

TECHNOLOGY 

FREQUENCY 
BAND 

(MHz) 

RST��� �UVWXYUVWXYUVWXYUVWXY
	 �

�
(km) 

RST��� �ZUWUVWXYZUWUVWXYZUWUVWXYZUWUVWXY
	 �

�
(km) 

2005-2011 3G 2100 0.42 1.37 

2012-2020 3G 900 1.08 5.57 

2021-2025 LTE 800 1.43 6.23 

Strictly speaking not needed to derive the bottom-line coverage-oriented inter-site 
distances, the derived coverage probability functions ��� � B�C�D� E�  will be used in the 

capacity analysis presented below. 

Capacity analysis 
The capacity analysis, which addresses the downlink as the typical capacity 
bottleneck, is based on a stochastic model which effectively maps a number of 
scenario parameters to a prediction of the expected cell edge throughput 
performance. Considering a target level an operator applies on the cell edge 
performance for network planning/dimensioning purposes, we consider an 
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optimization shell around this stochastic performance evaluation model, which aims 
at maximizing the ISD such that the cell edge performance target is still satisfied. 
For analytical tractability of the complex scenario, a distinction is made between 
modeling approaches, effectively leading to different approximations, in two 
dimensions: 

·  ‘Multi-RAT capability’ (MRC) dimension  – In general, it cannot be 
assumed that all terminals are capable of handling all considered RATs. 
Typically, once a new technology, e.g. LTE is rolled out, the fraction of (3G-
capable) terminals that is (also) LTE-capable increases from 0-100% over a 
number of years. To enable an analytical capacity assessment, we consider 
two distinct approximations to deal with this issue: 

� MRCI – In this approach separate 3G and LTE capacity analyses 
are made. For each technology, we derive from the scenario the 
handled traffic load and the available spectrum, apply the 
technology-specific spectrum efficiency, and optimize the ISD. 
Assuming that in practice LTE is rolled out by upgrading 3G to 
3G/LTE sites, we take the most stringent, i.e. the smallest ISD as 
the bottom-line result of the capacity analysis. As this segregated 
approach neglects some achievable trunking gain that is 
achievable by integrating the two networks, the approach will, for a 
given ISD, lead to an underestimation of attainable performance 
and will therefore eventually provide an upper bound for the 
achievable spectrum sharing gains. 

� MRCII – In this approach an integrated 3G/LTE capacity analysis is 
made. We effectively assume that all terminals are 3G/LTE-
capable, and accordingly derive from the scenario the aggregate 
traffic load and available spectrum. The applied spectrum efficiency 
is taken as the weighted average of the technology-specific 
spectrum efficiencies, where the weights are taken as the 
proportions of the traffic load that are associated with each 
technology. As the assumption regarding the terminal capabilities is 
somewhat optimistic, the approach will overestimate performance. 
The higher single-operator capacities realized in this ‘multi-RAT’ 
scenario imply a lower trunking gain from spectrum sharing than 
could be achieved in the above ‘single-RAT scenario’ (MRCI), and 
hence the MRCII approximation provides a lower bound for the 
achievable spectrum sharing gains.  

·  ‘Spatial spectrum availability’ (SSA) dimension  – In general, available 
spectrum in higher frequency bands provides poorer coverage. Hence in 
particular, if a cell with a given range operates spectrum in e.g. both the 
900 MHz and the 2100 MHz, then it may very well be the case, depending 
on the cell range, that the lower spectrum is available throughout the cell, 
while the higher spectrum is unavailable near the cell edge. This issue 
needs to be acknowledged in the capacity analysis, for which again two 
distinct approximations are followed: 

� SSAI (‘full spectrum availability’) – In this approach we blindly 
assume that all spectrum is available throughout the cell, effectively 
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ignoring potential lack of coverage of higher spectrum towards the 
cell edge. The optimism of this assumption will lead to an 
overestimation of performance and thus provide a lower bound for 
the achievable spectrum sharing gains. 

� SSAII (‘partial spectral coverage’) – In this approach we determine 
for each zone in the cell (each cell is segmented into a number of 
equal-area zones.) separately the coverage probability for each 
employed spectrum band. The assumed spectrum availability in a 
given zone is then given by the weighted sum of the total spectrum 
availabilities per frequency band, where the derived zone coverage 
probabilities for each band are used as weights. Inherent to the use 
of the processor sharing-based stochastic performance evaluation 
model (see below), this approach underestimates the performance 
attained by users near the base station, when fairly sharing the 
channel with remote users that are covered by less spectrum, and 
hence underutilize higher spectrum that is actually exclusively 
available to them. Note however, that the impact of this on the cell 
edge performance, which is the basis for network dimensioning is 
only indirect. In any case, this underestimation of performance 
leads to an upper bound for the achievable spectrum sharing gains. 
Note: in the SSA dimension it is this approach that is used to 
generate the quantitative results presented in the main body of this 
white paper. 

In the conducted capacity analysis, a choice needs to be made in each dimension, 
effectively giving four options, which are all analyses in order to derive insightful 
bounds for the spectrum sharing gains. 
An overview of the scenario (input) parameters, the optimization shell and 
stochastic performance evaluation model is depicted in Figure 3, and described in 
more detail below. 
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Figure 3: Capacity analysis: overview of the scenario input, optimization shell, stochastic 
performance evaluation model and scenario output. The arrows indicate the combination of model 
parameters to derive other parameters, and the in/output of parameters w.r.t. the optimization shell 

and the stochastic performance evaluation model. 

The following scenario (input) parameters  are provided to the optimization 
problem, divided in general and time-dependent parameters1: 

·  ������������	�
����
� A technology-specific spectrum efficiency (in bps/Hz), which is 

denoted SEj for Radio Access Technology (RAT) j Î  {UMTS, 
HSPA, HSPA+, LTE, LTE-A}. For the numerical scenario analyses, 
we will use SEUMTS = 0.15, SEHSPA = 0.53, SEHSPA+ = 1.1, SELTE = 
1.87 and SELTE-A = 2.6 bps/Hz [8][9][10]. 

� A curve giving the zone-specific normalized bit rates for the 
different zones of a cell, denoted ri for zone i, i = 1,2, …, I. This 
curve reflects the fact that for any modern radio access technology, 
a link adaptation mechanism is in place to tune the attainable bit 
rate to the experienced radio link quality (signal-to-interference-
plus-noise ratio (SINR)), which generally implies that the bit rate 
decreases towards the cell edge, due to a reduced desired signal 
level and an increased inter-cell interference level. In the analyses, 
we use I = 100, with the ri as shown in �����
 �  below. The 

assuming underlying SINRs assume a moderate-to-heavy loading 
in interfering cells, in agreement with the approach to maximize cell 
sizes under performance constraints. The rj decrease linearly with 
distance with a max/min ratio of 5.25 and a mean of 1 
(normalization) (based on Figure 9 in [11]). 

� As derived in the previous section, coverage probability curves that 
give, for both an urban and a suburban propagation environment, 
the coverage probability as a function of the distance from the base 
station, for all five considered frequency bands. The coverage 
probability is denoted � ��
��

�  � , with d ³  0 the distance (in km), e Î  

{urban, suburban} the considered propagation environment, f Î  
                                                      
1 For ease of notation, we omit a time index t to indicate the considered year. In the scenario 
analyses the period from 2005-2025 is considered. 

������������
�	
��

��
����
�����

����	������
�
������
�


�������������
����

��


�

��


��
��

��

�


�
�
�


�
�

��
��


�

�

��
�����
������

�



 

 

TNO white paper | On an expiration date for spectrum sharing   14 / 22

{800, 900, 1800, 2100, 2600} MHz the considered frequency band 
and j Î  {3G, LTE} the radio access technology. Given a choice of 
the inter-site distance ISD and consequently the specific 
segmentation of sectors into zones with their associated 
boundaries, this can be effectively translated to the coverage 
probability � ��
�[��  for frequency band f in zone i, environment e and 

for radio access technology j. For the case of SSAI we ignore 
possibly imperfect coverage of certain frequency bands, at least in 
the capacity analysis, and force � ��
�[�� � �  for all e, f, i, j. 

 

Figure 4: Segmentation of (assumed hexagonal) cells into equal area zone and the corresponding 
zone-specific normalized bit rates. 

·  �	����������
�����	�
����
� A cell edge throughput target \ �

	  assumed by the network operators 

for network dimensioning/planning purposes for radio access 
technology j Î  {3G, LTE} in a given year. We assume that 
operators will increase \ �

	  over the years. In the analysis we will 

work with an effective cell edge throughput target \ 	  which is 
determined as the load-weighted average of the technology-specific 
targets: 

\ 	 � ] ^
_�

` _� a�b
c \ �

	

�
 

� The traffic load density _�  (in Mbps/km2) offered to the network for 

radio access technology j Î  {UMTS, HSPA, HSPA+, LTE, LTE-A} 
in a given year. Also here, _j denotes the aggregate traffic load 
density that is offered to the sharing operators. For scenarios 
without spectrum sharing, we assume that each operator is offered 
_j / N Mbps/km2, where N denotes the number of considered 
network operators. 
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� The amount of spectrum Sf,j (in MHz) jointly available for the 
sharing operators for RAT j Î  {UMTS, HSPA, HSPA+, LTE, LTE-A} 
in frequency band f Î  {800, 900, 1800, 2100, 2600} MHz and in a 
given year. For scenarios without spectrum sharing, we assume 
that each operator has Sf,j / N MHz of spectrum at its disposal.  

The specific values of the different scenario parameters, as applicable in each year 
of the considered period from 2005-2025, are taken from the scenario descriptions 
detailed in the main body of this white paper and summarized in Table 4 below. 
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Table 4: Scenario parameter settings for two sharing operators (in a market of four operators). 

YEAR d D
	  (Mbit/s) eD (Mbit/s/km 2) Sf,j (MHz) 

 ��� ��
� 3G LTE 3G LTE 

 � � UMTS HSPA 
HSPA

+ 
LTE LTE-A 

800 
MHz 

900 
MHz 

1800 
MHz 

2100 
MHz 

2600 
MHz 

800 
MHz 

900 
MHz 

1800 
MHz 

2100 
MHz 

2600 
MHz 

2005 0.15  0.09        

30 

      

2010 0.30   1.20             

2011 0.32   2.00             

2012 0.34   3.35     

8.75 

       

2013 0.36   2.79 2.79           

2014 0.38 1.00  3.55 3.55 2.33     

15 

 
18.75 

 

35 

2015 0.40 1.00  5.92 5.92 3.90       

2020 0.50 1.20   40.49 111.35 50.62   29   

37.50 

1 

2025  1.50     
2103.8

7 
     17.50 30 

 


