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CHAPTER I: INTRODUCTION 

       MICROWAVE IN MOBILE ACCESS AND BACKBONE NETWORK 

1.1 Microwave transmission refers to the technology of transmitting 

information using radio waves. Microwave technology is widely deployed 

in mobile communications to provide point-to-point (PTP) Radio 

Frequency (R.F.) links in mobile backhaul as well as in the backbone 

network. Mobile backhaul is that portion of the network infrastructure 

that provides interconnectivity between the access and core networks. 

The backbone network is used to interconnect different nodes situated 

at different geographical locations.  

1.2 For PTP links, microwave frequencies are generally assigned in blocks 

of 2x28 MHz, known as microwave carriers. There are two types of 

microwave carriers viz. Microwave Access (MWA) Carriers and 

Microwave Backbone (MWB) Carriers. 

1.3 Microwave carriers in the frequency bands of 10 GHz and beyond are 

used for backhauling the traffic in the access networks and are named 

as Microwave Access (MWA) Carriers. These systems are basically 

short-haul systems used to carry traffic through a relatively smaller 

distance in the mobile networks. Microwave systems are also used in 

the backbone networks of the cellular network to carry long distance 

traffic. Normally carriers in the frequency bands below 10 GHz are used 

for backbone network to provide connectivity in the LSAs and are called 

Microwave Backbone (MWB) Carriers. 

1.4 All voice and data signals - conversations, SMSs, video downloads -

travel through the backhaul network. It is an essential component of 

mobile networks and is used to transmit data between cell sites and 

network backbones or even between cell sites. The requirement of 

mobile backhaul capacity is anticipated to grow significantly due to the 

increasing use of newer multimedia and other data centric applications 
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being provided through the deployment of third and fourth generation 

wireless mobile systems.  

1.5 From the implementation point of view, the backhaul architecture can 

be divided into two parts:  

• Cell access part of backhaul (pre-aggregation segment) providing 

last mile backhaul connectivity to BTS from aggregation point, 

and; 

• The aggregation which aggregates traffic from different access 

parts and backhauls it to BSC/RNC/AGW1. 

1.6 The cell access part of the backhaul typically aggregates traffic from a 

number of BTSs sites and feeds it into the aggregating network. 

Depending on operator’s strategy and availability at the site, one or a 

combination of various available physical link technologies (microwave, 

copper and fiber) can be used in this part. Each type of backhaul link 

has got certain advantages and disadvantages. However, among the 

various options, microwave usually is the cheapest option when none of 

the option is pre-existing at a cell site. Today, Microwave is the 

dominating backhaul technology in majority of cell sites. Aggregation 

part of the backhaul network mainly relies on OFC considering its 

higher bandwidth requirement. However, microwave can also be used in 

places of lesser bandwidth requirements. 

1.7 To provide backhaul connectivity in pre-aggregation segment, copper 

pairs can also be used by deploying xDSL2 technologies. However, links 

provided on copper suffer from its limited capacity support and inability 

to scale in a cost efficient manner. The use of copper is limited to 

support few Mbps of data upto few kilometres using xDSL technologies 

                                                           
1
 BSC-Base Station Controller, RNC-Radio Network Controller,  AGW-Access Gateway 
2
 The acronym DSL stands for digital subscriber line. DSL is a digital broadband transmission technology that involves 
sending digital information over a subscriber's telephone line, also referred to as the local loop. The applications of DSL 

involve the transport of high-speed data, voice and recently video, to residential and business subscribers. X denotes different 

variants of DSL technology. 
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but it is not very useful for technologies like 3G or LTE which require 

higher data capacity. 

Fig. 1.1 

Mobile Backhaul 

 

1.8 Over a period of time, optical fibre has evolved as the most practical 

wired solution for backhaul as well as backbone network, considering 

its extra-ordinary capacity. Owing to its almost limitless capacity and 

scalability, it is the right choice for high-capacity routes where logistics 

are manageable, capacity need is high, and the potential revenue gain 

offsets the expense. Over the period of time, its share in the mobile 

backhaul network is likely to go up owing to the expected growth in the 

data traffic and the increasing requirement of backhaul for the new 

technologies such as LTE, LTE-Advanced etc. The flip side of fibre 

deployment is that it is costly and requires time for deployment. Pulling 

Fiber to every cell site is practically not feasible due to cost and 

logistical challenges.  

1.9 In view of the foregoing, microwave is the most widely used medium for 

the backhaul connectivity. It is also used in the backbone network, 

particularly in those areas where laying fibre is not a feasible option 
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due to difficult terrain, time constraint or economical viability. Though 

microwave does not have the matching capacity of fiber, it can cater to 

the bandwidth requirements in the pre-aggregation segments. Because 

it is a cheaper, scalable and highly reliable option and can be deployed 

quickly, its use as a cost-effective alternative to traditional copper 

circuits and fiber optic links has been increasing. Microwave backhaul 

is suitable for any terrain. In certain rural and remote locations, 

microwave is the only practical high-capacity backhaul solution 

available. Reducing inter-site distances have also helped in MW links 

becoming so popular.  

1.10 Today, wireless or microwave connections currently account for over 

50% of mobile backhaul access connections for macro cell sites 

worldwide3. As per one estimate, nearly 80 per cent of cell sites in India 

have a microwave-based backhaul link. Moving forward, it is expected 

to play an increasingly important role in providing backhaul 

connectivity where fiber or copper-based access is either not available 

or economically unviable to deploy.  

       REFERENCE RECEIVED FROM THE DOT 

1.11 Presently, the assignment of Microwave Access & Backbone 

(MWA/MWB) carriers to the TSPs is done administratively based on the 

demand and justification given by them and subject to the availability 

of spectrum spots. The charging of Microwave Access & Backbone 

(MWA/MWB) carriers is regulated as per the AGR based annual 

spectrum usage charges notified in the DoT’s orders No. J-

14025/20(11)/06-NT dated 03.11.2006 (Annexure-1.1), its 

amendments dated 10.11.2008 (Annexure-1.2) and 19.02.2009 

(Annexure-1.3). However, these orders were set aside by a Hon’ble 

TDSAT judgment dated 22.04.2012 and are now sub-judice in view of a 

Civil appeal no. D29714 of 2010 by the Government before Hon’ble 

Supreme Court against the TDSAT judgment. As an interim 

                                                           
3
 Infonetics Research, Macrocell Mobile Backhaul Equipment and Services, 2012 
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arrangement, the DoT has issued guidelines in respect of allotment of 

MWA carriers for BWA services through its order no. L-

14035/19/2010-BWA dated 16th March 2012 (Annexure 1.4). 

1.12 Through its letter dated 26th November 2012 (Annexure 1.5), the DoT 

has sought TRAI’s recommendations, under clause 11 (1) (a) of TRAI Act 

1997 as amended, on the following issues:  

a. Methodology for Allocation & Pricing of Microwave Access & 

Backbone (MWA / MWB) carriers for new service providers and 

the existing service providers for initial and additional allocations 

of MW Access and MW backbone carriers.  

b. Criteria for withdrawal of excess allocation of MWA & MWB 

carriers from existing service providers.  

c. Annual spectrum usages charges & criteria for pricing for 

different bands of MWA & MWB carriers including any upfront 

charges, along with date of applicability.  

1.13 In view of the reference received from the DoT, this Consultation Paper 

(CP) is being brought out to seek the views of the stakeholders on the 

various related issues. Chapter-II of the CP discusses requirement of 

MWA carriers while Chapter –III deals with the assignment and the 

pricing of MWA and MWB carriers. The issues for consultation have 

been enlisted in the Chapter-IV. The methodology followed for the 

assignment and charging of MW carriers by some countries has been 

annexed at Annexure 3.1 and 3.2. 
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CHAPTER II: REQUIREMENT OF MICROWAVE BACKHAUL 

ACCESS CARRIERS 

 WHY HIGH-CAPACITY BACKHAUL IS REQUIRED? 

2.1 The mobile world is rapidly evolving with the proliferation of new mobile 

devices and applications. Increasing penetration of web-enabled devices 

such as smart-phones, tablets etc, which generate significantly higher 

traffic across the mobile networks, are driving the adoption of new 

access technologies. Trend in India is no different from other countries. 

Increase in the mobile data usage during 2013-14 (first three quarters) 

across all categories of the LSAs is pretty evident from the Table below. 

Table 2.1 
Data Usage in India (in TB) 

Service Area 

Total Data 
Usage in 

December 
2013 

Total Data 
Usage in 

April 2013 

Change in 
Total data 

usage 

Metro/Cat 'A' 31179 28020 11% 

Cat 'B' 16153 11987 35% 

Cat 'C' 5019 3797 32% 

Total 52351 43804 20% 

Evolution of Mobile Access Technologies 

2.2 With the changing requirements and increasing users’ data demand, 

the access technology has evolved over a period of time. It has resulted 

in better use of spectrum in terms of improved spectral efficiencies and 

more capacity as shown in the Table 2.2. However, the higher data 

carrying capacity of access technologies can be effective in providing 

mobile broadband services to the customers only if these are 

complemented by an equally supportive and capable backhauls. For 

example, most industry estimates suggest that for LTE deployments, 

operators will require peak capacities of 50-100Mbit/s per cell site. The 

transition to all-IP technologies such as LTE means that the backhaul 

network will need to cater to an increasing volume of packet data over 
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time, whilst at the same time being able to handle legacy circuit-

switched traffic. Therefore, choice of access technology has direct 

bearing on the backhaul requirement. Tentative requirement of 

backhaul capacity for different technologies is given in Table 2.3. 

Table 2.2 

Various 3GPP releases from Rel99/4 onwards  

 WCDMA  HSPA HSPA+ LTE LTE Advanced 

Max downlink 
speed 

384 kbps 14 Mbps 28 Mbps 300Mbps 1Gbps 

Max uplink 
speed  

128 kbps 5.7 Mbps 11 Mbps 75 Mbps 500 Mbps 

3GPP releases Rel 99/4 Rel 5/6 Rel 7 Rel 8 Rel 10 

Approx years of 
initial roll out 

2003/4 2005/6 HSDPA 
2007/8 HSUPA 

2008/9 2009/ 10  In 
development 
stage 

Access 
methodology 

CDMA CDMA CDMA OFDMA 
/SC-FDMA 

OFDMA / SC-
FDMA 

 

Table-2.3 

Backhaul Requirement for different Access Technologies4 

Access 
Technology 

Backhaul Capacity per BTS 

2G Typically 2 Mbps to 4 Mbps required. Very large urban BTSs could 
require up to 12 Mbps. 

3G HSPA will require 12 Mbps – 30 Mbps for typical macro-base station 
deployments.  

LTE LTE macro-base stations will require between 30 Mbps – 120 Mbps, 
with very large urban base stations potentially requiring up to 240 
Mbps backhaul capacity. 

2.3 For 2G and 3G technologies, average base station capacity is 2-30 

Mbps, which can be catered by the traditional TDM based Microwave 

(MW) systems (PDH/SDH)5. But the capacity required for deployment of 

4G technologies exceeds its capability. According to the ITU, IMT mobile 

networks are defined as providing at least 100 Mbps peak capacity for 

high mobility applications, and 1 Gbps for stationary applications. This 

massive jump in performance definitions from 3G to 4G is one of the 

key drivers for enhanced backhaul capacity needs, and is the main 

                                                           
4
 OFCOM:Future Options for Efficient Backhaul, 23rd January 2007 
5 PDH (Plesiochronous Digital Hierarchy) and SDH (Synchronous Digital Hierarchy) are standards for data transmission. 
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reason for the transition to Fiber or higher-capacity wireless backhaul 

solutions. It is expected that cell site backhaul will inevitably grow to 

hundreds of megabits per second per cell site, and gigabits per second 

in the aggregation networks. 

Deployment of cells in large number particularly small cells 

2.4 Mini & Micro cells have recently emerged as a more cost-effective way 

for Telecom Service Providers (TSPs) to improve the coverage and 

capacity of their mobile services.  The cells will no longer limit to tower 

cells, but there will be more and more smaller cells which are likely to 

be deployed in the network to deliver more capacity and coverage into 

the mobile network. However, the backhaul should also have the 

requisite scalability to cater to the large number of cells and also the 

capacity. 

ASSESMENT OF REQUIREMENT OF MICROWAVE CARRIERS 

2.5 As discussed above, unprecedented data growth facilitated by enhanced 

capabilities and availability of cheaper handsets, newer access 

technologies and increasing number of cells (macro/small/femto etc) 

has resulted in the requirement of more capacity in the mobile 

microwave backhaul networks. The amount of OFC laid and numbers of 

OFC POPs (Points-of-Presence) present in TSP’s network are the 

obvious factors that affect the number of microwave carriers for 

backhaul. Microwave backhaul carrier requirement also depends on the 

type of radio technology used by the TSP in backhaul network and the 

possible interference between nearby sites. These are discussed in the 

subsequent section.  

Radio technologies in backhaul network  

2.6 The capacity of legacy TDM-based microwave backhaul systems is 

limited. With technological developments, today’s microwave 

technologies provide impressive capacity. Various modulation 

technologies along with different antenna array and polarization 
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techniques are used to increase the spectral efficiency and, thus, the 

capacity of the system. Some of the major technologies are discussed in 

successive paras. 

2.7 Higher order Modulation: Higher order Quadrature Amplitude 

Modulation (QAM) is the most widespread digital modulation method in 

use today for high-capacity terrestrial microwave links; QAM employs a 

combination of amplitude and phase modulation. As the order of 

modulation goes up, more number of bits can be transferred through 

the same symbol rate i.e. transmission rate of information is increased 

as shown in Table 2.4. However, as a trade-off, higher modulation 

technique requires better signal-to-noise ratio (SNR) to maintain an 

acceptable Bit-Error-Rate (BER) level. 

Table 2.4 

Modulation Scheme Capacity of 28 
MHz Carrier 

QPSK (Quadrature Phase 
Shift Keying) 

50 Mbps 

64-QAM 150 Mbps 

256-QAM 200 Mbps 

1024 QAM 250 Mbps 

 

2.8 Multiple-Input Multiple-Output (MIMO): Multiple-antenna technique 

significantly increases the data throughput and link range without 

additional bandwidth or increased transmit power. It achieves this goal 

by spreading the same total transmit power over multiple antennas to 

achieve an array gain that improves the spectral efficiency (more bits 

per second per hertz of bandwidth) and/or to achieve a diversity 

gain that improves the link reliability (reduced fading). 

2.9 Cross-Polarization Interference Cancellation: Cross-polarization 

interference cancellation (XPIC) allows assignment of the same 

frequency to both the vertical and horizontal polarization on a path. 

Therefore, twice the bandwidth becomes available using the same set of 



 

                                                                                                10 

frequencies. For example, if a block of eight frequencies were available 

for a 6 GHz lower band path, sixteen frequencies may be assigned each 

way on the same path (eight per polarization) using equipment with 

XPIC capability.  

2.10 Above discussed techniques result in improvement in the spectral 

efficiency. Spectral Efficiency using different levels of modulation and 

carrier multiplexing technique is given in Table below: 

Table 2.5 

Level of 
Modulation 

XPIC MIMO Spectral Efficiency 
(bps/Hz) 

64 QAM No No 5.4  

256 QAM No No 7.2 

1024 QAM No No 9 

1024 QAM Yes No 18 

1024 QAM Yes 2x2 MIMO 36 

 

Interference 

2.11 In addition to the capacity of the RF links, interference is another 

crucially important factor which affects the requirement of backhaul 

microwave access carriers. By using the techniques such as higher 

order multiplexing, MIMO, XPIC etc, discussed in the preceding paras, 

although MW link capacity can be increased, but it poses more 

stringent requirement on the interference tolerance limit. If the 

interference increases, the link will be forced to switch to lower order 

modulation and thereby reducing the link bandwidth. In order to 

contain the interference, additional carriers may be required to ensure 

that same frequency carriers are allotted to sites which are sufficiently 

far off from each other. 

2.12 As the number of nodes connected to a hub site6 increases, and if they 

are using the same frequencies, then it increases the chances of 

interference between different RF links. This becomes more critical in a 
                                                           
6
  Generally, traffic from BTS/RNC sites having MW connectivity is brought to another BTS/RNC site having OFC 

connectivity, which is known as hub site. 
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urban/dense urban setting where the intra-BTSs distances is 

significantly lower as compared to relatively sparsely populated area. It 

also depends upon the actual network topology deployed by a TSP.  

2.13 Choice of topology is one of the important factors in the determination 

of requirement of microwave access carriers. It depends upon a number 

of factors such as site locations, inter-site distances, services being 

offered, traffic requirement at each site, spectrum availability etc. Each 

topology has its unique characteristics with respect to the redundancy 

of the links, capacity requirement of each link and tolerance to 

frequency interference. In the combination of star-chain topology, the 

capacity requirement of common links is more, as it caters to more 

than one site. Similarly, in a ring structure, the total available capacity 

of ring gets distributes to the each node and can limit the number of 

nodes that can be in connected in a single ring structure. 

2.14 For illustration purpose, 12 numbers of sites have been shown 

connected thorough two different network topologies. It has been 

assumed that the requirement of each node is 50 Mbps and four 

microwave carriers are available with the TSP. In the star-chain 

combination (Fig. 2.1), the capacity requirements of some of the RF 

links are 100 Mbps. It can be observed that the number of nodes that 

can be connected in the star-chain topology is not constrained by the 

capacity of the MW link, but as the number of MW links towards the 

common nodes increase, the distance between the MW links will get 

reduced, thereby making interference a crucial factor in determining   

the number of MW links which can be connected in this topology to a 

common node. 
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Figure 2.1 

Combination of Star-Chain network 

 

2.15 Another topology is ring-tree combination (Fig 2.2), in which the 

capacity requirements of each MW link in the ring is 300 Mbps, 

although there is less cluttering of MW links at a particular node. 

Therefore, the number of nodes that can be connected in this fashion is 

more likely to be constrained by the MW link capacity. When the 

number of such rings connected to the hub site increases, then, of 

course, interference mitigation will also be required. 

Figure 2.2 

Combination of Ring-tree network 
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REQUIREMENT OF NUMBER OF MICROWAVE ACCESS CARRIERS 

FOR A TSP 

2.16 As discussed above, the requirement of backhaul depends upon many 

factors including the choice of topology adopted and technology 

deployed by a TSP, number of nodes to be connected to a hub site, 

number of OFC PoPs and to some extent on the network topology 

adopted by the TSP. In India, there are following category of access 

service providers viz. (a) TSPs deploying only 2G technologies; (b) TSPs 

providing services using both 2G and 3G technologies; (c) TSPs 

deploying BWA technologies alone; and (d) TSPs providing 2G, 3G and 

BWA technologies. These TSPs may be deploying their nodes in different 

topologies based on their network planning and number of BTSs and 

the number of subscribers being served by them will be varying. 

Therefore, their requirement of backhaul capacities would differ. 

2.17 Requirement of bandwidth for a 2G BTS is typically only 2-4 Mbps. 

However, some BTSs in dense urban area may require higher capacity. 

If a TSP forms a ring of 15-20 sites, one microwave carrier may be 

sufficient from the capacity angle only. However, actual requirement of 

carriers may be more, considering the fact that interference needs to be 

controlled. If a TSP is deploying both 2G and 3G technologies, backhaul 

requirement at each site could be around 14 Mbps to 21 Mbps for 3G  

in addition to 2-4 Mbps for 2G services. If the TSP forms a ring of 10-12 

sites, it may require 2 microwave access carriers. In this case also, 

additional backhaul carriers may be required by the TSP, due to 

necessity to contain the interference between the nearby sites. If a TSP 

provides BWA services, the backhaul requirement at each site may be 

100-150 Mbps. In that case, even for a ring of 4-6 nodes, TSP may 

require 3-4 microwave access carriers from capacity perspective alone.  

2.18 In December 2010, a committee was constituted by the DoT under the 

chairmanship of DDG (Radio), TEC, to determine the actual 

requirement of microwave access carriers for different services. The 
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report of the committee is part of the DoT’s reference. The committee 

recommended that microwave access carriers (each of 28 MHz paired 

bandwidth) may be allocated as per the following Table: 

Table 2.6 

Service Metro & 

A circle 

B circle C circle Remarks 

2G 3-4 2-3 2  
3G One additional RF pair in each category compared to 2G 
BWA 4-6 3-4 3 This is requirement for a standalone 

BWA operator as well as for an 
operator having 2G & 3G services in a 
service area. 

2.19 On 16th March 2012, the DoT issued guidelines for allocation of 

Microwave Access RF carriers for BWA services as an interim measure 

(annexed as part of DoT’s reference). As per these guidelines, a total of 4 

MW Access carriers in Metros & ‘A’ circles and 3 in ‘B&C’ circles 

respectively may be allotted to the new BWA operators as well as 

existing 2G/3G operators offering BWA services (including their present 

assignment of MW Access carriers) on their request. Allotment will be 

considered in the frequency bands as per channelling plan provisioned 

in the National Frequency Allocation Plan -2011 amended from time to 

time, subject to availability and execution of legally vetted frequency 

agreement. Additional MW Access spectrum beyond 4 MW Access 

Carriers in Metros & A circles and 3 in B circles may be considered by 

the Government after formulation of necessary criteria. 

2.20 As far as assignment of MW backbone carriers is concerned, there are 

no defined limits on the number of MWB carriers that can be assigned 

to a TSP. The assignment of MWB carriers is considered on the basis of 

full justification of the requirements and availability of the spectrum, on 

case-to-case and link-to-link basis. 

2.21 In view of the foregoing discussion on the assessment of the number of 

MW carriers for mobile network, following issues needs deliberation: - 
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Q1. How many total Microwave Access and Backbone (MWA/MWB) 

carriers should be assigned to a TSP deploying: 

a. 2G technology only. 

b. 3G technology only. 

c. BWA technology only. 

d. Both 2G and 3G technologies. 

e. 2G and BWA technologies.  

f. 2G, 3G and BWA technologies. 

Please give rationale & justification for your answer. 

Q2. How many MWA/MWB carriers need to be assigned to TSPs in case 

of 2G, 3G and BWA at the start of their services[ i.e. at beginning of 

rolling of services] Please justify your answer. 

2.22 In the preceding section, requirement of number of MWA and MWB 

carriers for the deployment in 2G, 3G and BWA networks has been 

discussed. The BWA operators were assigned carriers as per the 

guidelines of 16th March 2012 which were based on a committee report. 

But it is possible that some of the 2G/3G operators may already be 

having more MWA and MWB carriers than what is prescribed by the 

committee.  In that case, a valid issue that needs to be consulted upon 

is how to align the existing assignments with the actual requirement, 

which shall evolve after the consultation on previous section (i.e. Q1). 

The TSPs may have deployed their network based upon the assigned 

MW carriers and withdrawing the MW carriers will require changes in 

their network.  

2.23 In view of above, following issue needs deliberation: 

Q3. Should excess spectrum be withdrawn from existing TSPs? 

Q4. If yes, what should be the criteria for withdrawal of excess 

allocation of MWA and MWB carriers, if any, allocated to the 

existing service providers?  
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CHAPTER III: ASSIGNMENT OF MICROWAVE BACKHAUL 

ACCESS CARRIERS 

  AVAILABILITY OF MICROWAVE CARRIERS  

3.1 In India, MW Access carriers are assigned in 13 GHz, 15 GHz, 18 GHz 

and 21 GHz spectrum bands. As per the data provided by WPC, all the 

available carriers (15 carriers in each LSA) in the 15 GHz band have 

already been assigned to the TSPs; hence there is no carrier available in 

this band. Availability of carriers in other bands is given in Table 3.1. 

Overall, out of total 2090 carriers, 810 carriers have been assigned and 

1280 carriers are available with the WPC. 

Table 3.1 

Availability status of MW Access carriers 

S. 
No. 

Service 
Area 

Number of carriers in 
13 GHz 

Number of carriers in 
18 GHz 

Number of carriers in 
21GHz  

Total allotted Balance Total allotted Balance Total allotted Balance 

1 Delhi 8 4 4 32 14 18 40 8 32 
2 Mumbai 8 4 4 32 21 11 40 12 28 
3 Kolkata 8 8 0 32 14 18 40 4 36 
4 Maharashtra 8 8 0 32 15 17 40 5 35 
5 Gujarat 8 8 0 32 14 18 40 4 36 
6 A.P. 8 3 5 32 13 19 40 8 32 
7 Karnataka 8 5 3 32 12 20 40 9 31 
8 Tamilnadu 8 5 3 32 14 18 40 7 33 
9 Kerala 8 3 5 32 10 22 40 7 33 

10 Punjab 8 3 5 32 12 20 40 6 34 
11 Haryana 8 3 5 32 10 22 40 5 35 
12 UP(West) 8 6 2 32 11 21 40 5 35 
13 UP(East) 8 6 2 32 11 21 40 5 35 
14 Rajasthan 8 6 2 32 12 20 40 4 36 
15 M.P. 8 3 5 32 9 23 40 4 36 
16 West Bengal 8 3 5 32 8 24 40 4 36 
17 H.P. 8 8 0 32 7 25 40 4 36 
18 Bihar 8 7 1 32 9 23 40 5 35 
19 Orissa 8 3 5 32 9 23 40 3 37 
20 Assam 8 5 3 32 7 25 40 5 35 
21 North East 8 5 3 32 7 25 40 5 35 
22 J&K 8 3 5 32 8 24 40 5 35 

  Total 176 109 67 704 247 457 880 124 756 
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3.2 MWB carriers are assigned in 6 GHz and 7 GHz spectrum bands. As per 

the information provided by WPC, there are total 13 MWB carriers (8 

carriers in 6 GHz band and 5 carriers in 7 GHz band, each of 28 MHz) 

in these bands, and these are almost fully occupied. 

ASSIGNMENT OF MICROWAVE CARRIERS   

3.3 Presently, in India, the assignment of microwave backhaul carriers is 

made administratively, subject to availability of spectrum. Regarding 

the assignment of carriers for MW access and backbone networks, WPC 

order dated 18th April 2002 stated that- ““Assignment of frequencies for 

MW access and MW backbone networks for cellular operations would 

continue to be considered on the basis of full justification on the 

requirements and availability of the spectrum on case-to case and link-to-

link basis after taking into consideration the interest of the other users 

with a view to ensure electromagnetic compatibility etc. The complete 

technical analysis and all related aspects of frequency assignments, 

including efficient use of spectrum will apply before assigning frequencies 

for various MW access/backbone links. There will be no obligations on 

the part of the Government to assign frequencies for such purposes”.  

3.4 In November 2006, WPC issued another order regarding the assignment 

methodology to be followed for MW carriers for GSM and CDMA based 

TSPs, which inter alia, stated that:   

• The first microwave access carrier can be allotted for the complete 

service area; subsequently carriers shall be allotted based on 

justification and for cities/districts where it is found to be 

essential. 

• Assignment of frequencies for MW access and MW backbone 

networks for GSM and CDMA based telecom networks would 

continue to be considered on the basis of full justification of the 

requirements and availability of the spectrum, on case-to-case and 

link-to-link basis, after taking into consideration the spectrum 
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requirement of the other users with a view to ensuring 

electromagnetic compatibility etc.  The complete technical analysis 

and all related aspects of frequency assignments, including 

efficient use of spectrum, will apply before assigning frequencies 

for various MW access and MW backbone links. There will be no 

obligation on the part of the Government to assign frequencies for 

such purposes.   

• The assignment of MW access and MW backbone frequencies shall 

not be exclusive for any service provider and will be shared with 

other services / users.  

3.5 This order of WPC was set aside by Hon'ble TDSAT on 22nd April 2010 

on a petition of GSM telecom service providers and their association 

(COAI) on the issue of modification in the spectrum charges. The 

Government has filed an appeal before the Hon'ble Supreme Court 

against the TDSAT judgment and the matter now is sub-judice.    

3.6 For the BWA technology also, the WPC/DoT has assigned the MW 

Access RF carriers through administrative process. The DoT issued the 

guidelines for allocation of MW Access RF carriers for BWA services 

were issued by the DoT in March 2012.  

3.7 From the above discussion, it is clear that administrative assignment 

mechanism has been used by the DoT for the assignment of MW Access 

and Backbone Carriers for all telecom services viz. 2G, 3G and BWA 

services.  

3.8 Efficient and effective allocation of spectrum is one of the prime 

objectives of any assignment process. The procedure adopted for 

assignment must be just, non-arbitrary and transparent so as to 

ensure the maximisation of societal goods. The assignment process 

should encourage investment in the deployment of networks and the 

implementation of new services. 
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3.9 The Hon’ble Supreme Court in its judgement dated 2.2.2012 has 

observed that as natural resources are public goods, the doctrine of 

equality, which emerges from the concepts of justice and fairness, must 

guide the State in determining the actual mechanism for distribution of 

natural resources. 

3.10 Auction is one approach available to government and regulators to 

allocate spectrum to operators. Auctions are preferred mechanism, 

especially when demand is expected to exceed supply. Auctions are 

however not appropriate in all circumstances and administrative 

assignment is an alternative approach that may, in certain 

circumstances, be more appropriate for the allocation of spectrum 

resources.  

3.11 Different countries follow different method of assigning backhaul 

spectrum to its service providers. Unlike access spectrum which is 

assigned mostly by auction in a number of countries, backhaul 

spectrum in most of the countries is generally assigned administratively 

on a link-by-link or case-by-case basis while taking care of various 

technical (spectrum bands, interference, antenna characteristics and 

path length) factors. In the recent past, some countries also tried to 

auction these microwave backhaul spectrum bands but they are very 

less in number. This approach was adopted by the UK, for example, for 

its auction in 2008 of spectrum in the 10.5, 28, 32 and 40 GHz bands. 

The methodology followed by some of the countries has been discussed 

in Annexure-3.1. 

3.12 The requirement of mobile backhaul carriers by a TSP may be less at 

the time of rolling-out of its network. Therefore, fewer carriers may be 

sufficient for the TSPs initially. However, as the demand for the mobile 

broadband applications increases leading to higher traffic to be 

backhauled, there may be requirement of additional microwave access 

carriers, particularly in dense urban or urban areas where there is no 
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further scope of reducing the inter-BTS distances and reuse the already 

assigned carriers due to interference.  

3.13 In view of the ongoing discussion, the stakeholders are requested to 

comment upon: 

Q5. What should be the preferred basis of assignment of MWA/MWB 

carriers to the TSPs i.e. ‘exclusive basis assignment’ or ‘link-to-link 

based assignment’? 

Q6. In case ‘exclusive basis’ assignment is preferred, whether MWA and 

MWB carriers should be assigned administratively or through 

auction. Please comment with full justifications.  

Q7. In case ‘link-to-link basis’ assignment is preferred, how the carrier 

assignment for different links should be carried out, particularly in 

nearby locations? 

Q8. Considering the fact that different TSPs may require additional 

carriers at different point of time, what should be the assignment 

criteria for allocation of additional carriers for MWA and MWB? 

PRICING OF MW ACCESS/BACKBONE CARRIERS 

3.14 Apart from the assignment of spectrum, pricing of spectrum is another 

important aspect of spectrum management. Initially, in India, the 

methodology adopted for spectrum charging was based on a 

mathematical formula accounting for number of R.F. channels used, 

adjacent channel separation etc, which was affected by WPC’s order 

dated 20th July 1995. It inter-alia prescribed the annual royalty charges 

for Microwave Links for  GSM based Cellular Mobile Telephone Service 

as given below: 
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 Annual Royalty (R) = M x W x C, where; 

i. M (Constant Multiplier) = 4800 for GSM Standard CMTS 
Microwave Networks within a city/town/service area and 
point-to-multipoint network; 

M= 4800 for point to point microwave link(s) with end-to-end 
distance less than or equal to 60 Km. 

M= 9000 for point to point microwave link(s) with end-to-end 
distance greater than 60 Km but less than or equal to 120 Km. 

M= 15000 for point to point microwave link(s) with end-to-end 
distance greater than 120Km but less than or equal to 500 
Km. 

M= 20000 for point to point microwave link(s) with end-to-end 
distance greater than or equal to 500 Km. 

ii. Weighing Factor ‘W’ which is decided by the adjacent channel 
separation of the R.F channelling plan deployed where: 

W = 30 for adjacent channel separation up to 2 MHz. 

W = 60 for adjacent channel separation greater than 2 MHz 
but less than or equal to 7 MHz. 

W = 120 for adjacent separation greater than 7 MHz but less 
than or equal to 28 MHz. 

W = 0.15 X Number of equivalent voice channels that can be 
accommodated within the adjacent channel separation greater 
than 28 MHz. 

iii. Number of R.F. Channels used (equal to twice the number of 
duplex R.F. channel pairs) represented by ‘C’; 

 
3.15 In April 2002, WPC modified the calculation methodology for spectrum 

charges for MW access links7 and MW backbone networks8  of GSM 

based cellular networks from link-to-link basis to an AGR based regime 

as given below: 

For MW access networks 

• For spectrum bandwidth up to 112 MHz in any of the circles, 
or 224 MHz in any of the 4 metros, spectrum charges shall be 
levied @ 0.25% of AGR per annum; and  

                                                           
7
  Normally in the frequency band 10 GHz and beyond. 
8
  Generally below 10 GHz frequency band and used to provide connectivity in the circle including spur routes. 
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• For every additional 28 MHz or part thereof (if justified and 
assigned) in circles or 56 MHz or part thereof in any of 4 metro 
areas, additional spectrum charges shall be levied @ 0.05% of 
AGR per annum. 

• These would also include the royalty charges for spectrum 
usages and license fee for the fixed stations in the Microwave 
access links. 

For MW backbone networks  

• For spectrum bandwidth upto 56 MHz, spectrum charges shall 
be levied @ 0.10% of AGR per annum; and  

• For every additional 28 MHz or part thereof (if justified and 
assigned), additional spectrum charges shall be laid read @ 
0.05% of AGR per annum. 

• These would also include the royalty charges for spectrum 
usages and license fee for the fixed stations in the Microwave 
backbone links. 

3.16 Through its order of 03.11.2006 followed by and its amendments dated 

10.11.2008 and 19.02.2009, WPC amended the AGR based royalty 

charges for MW Access and MW Backbone networks of GSM based 

cellular networks and also made them applicable for CDMA based 

telecom service providers, which hitherto were determined on link-by-

link basis. The revised share percentage(s) for assignment of Microwave 

networks of GSM and CDMA based Telecom Service Providers (TSPs) 

were prescribed as given below9: 

Table 3.2 

Spectrum Bandwidth 

 

Spectrum charges as 

percentage of AGR 

Cumulative spectrum 

charges as percentage 

of AGR  

First carrier  0.15 % 0.15% 

Second carrier  0.20% 0.35% 

Third carrier  0.20 % 0.55 % 

Fourth carrier  0.25 % 0.80 % 

Fifth carrier  0.30 % 1.10 % 

Sixth carrier  0.35 % 1.45 % 

                                                           
9
 Charges for Seventh carrier and beyond were prescribed by WPC in November 2008. 



 

                                                                                                23 

Seventh carrier  0.40% 1.85% 

Eighth carrier  0.45% 2.30% 

Ninth carrier  0.50% 2.80% 

Tenth carrier  0.55% 3.35% 

Eleventh carrier   0.60% 3.95% 
Remark: Each carrier denotes paired spectrum of 28 MHz. 

3.17 The revenue share is based on the AGR for complete service area for 

simplicity of calculations. These charges include the royalty charges for 

spectrum usages and license fee for the fixed stations in the MW access 

and MW backbone links. As mentioned earlier, the above spectrum 

charging orders were set aside by the Hon'ble TDSAT judgment dated 

22.04.2010 and the matter is now sub-judice and is before the Hon'ble 

Supreme Court. 

3.18 This pricing methodology, based on the AGR, is unique to India. As it is 

dependent upon the AGR of the TSP rather than a fixed amount, the 

payment liability of the TSP is less at the time of initial network roll-out. 

This mechanism is quite simple and non-ambiguous. Rather, it is sort 

of over-simplification. The slab of spectrum usage charge does not 

change as long as number of carriers assigned to a TSP remains the 

same, irrespective of the fact whether the TSP has deployed few MW RF 

links in the LSA or is largely dependent upon MW RF links only. It does 

not encourage the laying of OFC in the network and therefore, it can’t 

be called as the optimal use of the spectrum. Different operators pay 

different amount of spectrum charges for the same amount of 

spectrum. The present methodology does not take into account the 

obviously relevant factors such as no. of links, distance between end 

points, frequency being allocated and the area of operation is whether 

Metro, ‘A’, ‘B’, or ‘C’ category LSA. 

3.19 An obvious alternate to the present pricing mechanism is the adoption 

of charging on link-by-link basis as is being done by majority of the 

countries. In fact, from 1995 till 2002, when AGR based pricing 

mechanism was introduced for MW RF links for cellular networks, the 

pricing for all types of MW RF links was being done on link-by-link 
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basis only. In 2002, the pricing mechanism for MWA/MWB carriers 

used in cellular based networks was modified to AGR based charging, 

whereas for all other terrestrial MW links, formula based link-by-link 

based charging is continuing till date also.  

3.20 Link-by-link basis may lead to more optimal utilisation of spectrum as 

TSPs shall use the carrier frequencies judiciously as they will have to 

make payment based on number of links. TSPs shall be forced to 

explore other possibilities such as deploying OFC, wherever feasible and 

economically viable. On the other hand, it will add to the complexity in 

the sense that charges for each and every link will need to be 

determined. 

3.21 The Authority in its recommendations on ‘Spectrum related issues’ 

dated 13th May 2005, had dealt with the issue of spectrum charging 

and allocation for Terrestrial Wireless Links (other than MWA/MWB 

links used for the cellular based networks) and had recommended the 

following pricing model: 

R = (√M) * W * C * A * S * P * B 
Where: 
R = the annual rate to be charged for the spectrum allocation (Rs.) 
M = the distance in Kilometers between the two farthest antennas for which 

the link is being provisioned 
W = the bandwidth in Megahertz being allocated 
C = the number of RF channels used (twice the number of duplex RF 

channel pairs) 
A = constant multiplier factor, set to equal 6,724 at that point of time for 

purposes of equalizing the new pricing structure with the previous one 
S = the factor for discounting based on spectrum allocated on non-

interference, non-protection and non-exclusive basis. When allocation 
is with these properties, the value should be 0.33 otherwise 1.00 

P = the factor for discounting based on population density 
B = the factor for discounting based on band of deployment 

 
The values for P and B should be determined based on the following: 
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where population density is expressed in persons per square kilometer as per 
the Census of India 2001 for the district in which the link is being deployed 
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where center frequency of allocation is defined in megahertz (MHz) 
 
The charge for additional transceiver station required by the operator should 
be calculated as minimum of either Rs. 1000 or 10% of R, where R is the value 
for the annual spectrum usage fee as calculated above with discounts. 

3.22 Internationally, administratively determined spectrum prices have been 

set by a number of regulators with a view to promote efficient spectrum 

use. As mentioned in Annexure 3.2, some of the countries have 

prescribed a formula for determining the price of this spectrum. The 

formula is generally achieved by relating the prices to the key value 

drivers namely: 

• The amount of spectrum as demanded by the service 
providers. 

• The geographical coverage area. 

• The frequency band, with higher values in bands that are 
internationally harmonized. 

• Lower frequencies command higher valuation due to better 
propagation characteristics. 

• The location of use with higher values in more congested areas 
e.g. higher values in urban versus rural areas. 

• The fraction of the national population covered as a proxy for 
the value of a regional as compared with a national license. 

3.23 Different countries charge different spectrum prices for the same 

backhaul spectrum bands as shown in chart below. For e.g. USA 

charges a meagre amount of $5/Year/MHz for 6–23 GHz spectrum 

bands whereas Australia charges $83/Year/MHz for the same spectrum 

band. It can be also observed that in some countries the spectrum price 

is linked to the spectrum bands e.g. in some countries 6–23 GHz 

spectrum band command more price than 24–38 GHz band.  
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Chart 3.1 

 
Source: Dragonwave 

3.24 In the recent past some countries like UK, USA and Ireland have also 

tried auctioning of backhaul spectrum bands. However, frequency 

bands for fixed links are not normally auctioned and so there are very 

few market benchmarks for setting spectrum usage prices. A summary 

of lump sum prices obtained in auctions of fixed service bands 

conducted in the last five years are given in Table 3.3. 

Table 3.3 

Country Date Frequency Bands Winning Bids 

Ireland June 
2008 

26 GHz band, each block is 
2x 28 MHz for national use 

€70,000 per 2x28 MHz One 
bidder paid an additional 
€30,679 per block and another 
paid an additional €39,609 per 
block to secure their preferred 
blocks 

UK February 
2008 

10 GHz band, 28 GHz, 32 
GHz and 40 GHz bands 

Prices for national blocks 
range from £60-975/MHz 

USA July 
2004 

880 licenses of 80 MHz in the 
band of 24 GHz in a range of 
geographic areas 

Only 7 licenses sold prices 
ranged from $13,000 to 
$62,400 depending on the 
area. 

            Source: Study of radio Spectrum pricing System: A report for OFTA by PLUM, December 2009 
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3.25 In view of the above, following issue needs consultation: 

Q9. How can it be ensured that spectrum carriers assigned are used 

optimally and the TSPs are encouraged to move towards the OFC?  

Q10. Should an upfront charge be levied on the assignment of MWA or 

MWB carriers, apart from the annual spectrum charges?  

Q11. What should be the pricing mechanism for MWA and MWB carriers? 

Should the annual spectrum charges be levied as a percentage of 

AGR or on link-by-link basis or a combination of the two?  

Q12. In case of percentage AGR based pricing, is there any need to 

change the existing slabs prescribed by the DoT in 2006 and 2008? 

Please justify your answer. 

Q13. In case link-by-link based charging mechanism is adopted then: 

(a) Should the spectrum be priced differently for different MW 

spectrum bands (6GHz/7GHz/13GHz/15GHz/18GHz/21 GHz/26 

GHz/28GHz/32GHz/42 GHz etc)? If yes, by what formula should 

these be charged? 

(b) What are the factors (viz as mentioned in para 3.22), that should 

appear in the formula? Please elaborate each and every factor 

suggested. 

 SPECTRUM BANDS FOR THE ALLOCATION OF MICROWAVE CARRIERS 

3.26 Conventionally licensed frequency bands from 6 GHz to 42 GHz are 

used for the licenced operations of the microwave point-to-point 

communications. Over a period of time, with the requirement arising 

due to congestions in these bands and demand for more capacity, 

wireless technology has expanded the frequency range at which 

commercially viable communication systems can be built and deployed. 

Millimeter wave is a new generation of point-to-point radio 

communication operating at very high frequencies, typically including 
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71–76 GHz, 81–86 GHz, and 92–95 GHz. Frequencies up to 300 GHz 

are also the subject of wireless communications research. Different 

frequency bands in the 6-42 GHz range as well as the frequency bands 

beyond this range are discussed with the point of view of their 

suitability and adoption by various countries for point-to-point MW 

links.  

  Spectrum Bands in 6-42 GHz Range  

3.27 Presently, in India, allotment of carriers for microwave point-to-point 

links is done in the 6 GHz, 7 GHz, 13 GHz, 15 GHz, 18 GHz and 21 

GHz. As frequencies in the 6 GHz and 7 GHz bands are earmarked for 

the MWB carriers, only 13 GHz, 15 GHz, 18 GHz and 21 GHz are being 

used for MWA carriers. As mobile broadband network traffic is 

continuously growing, demand for PTP fixed links will also increase. It 

is quite likely that demand for fixed links in these frequency bands 

cannot be met and it may be required to use alternative frequencies. 

Apart from these bands, there are other frequency bands in the 6-42 

GHz range, which are used for MW point-to-point links by a number of 

countries. A summary of spectrum bands, which are used in other 

countries for MW links but not being assigned for MW links in mobile 

network in India, is enlisted in Table 3.4. 

3.28 The sub-42 GHz bands are expected to become increasingly saturated 

in future, as mobile broadband traffic rises and operators introduce 

LTE networks over the next three to five years. In particular, it will 

become increasingly difficult to accommodate high bandwidths required 

for LTE backhaul in the existing PTP fixed link bands. Mobile operators 

are constantly searching new backhaul alternatives (like more backhaul 

spectrum bands and optical fiber solutions) to increase their backhaul 

capacity which is expected to increase upto 100 Mbps (approx.) per site. 

To meet future demand for high-capacity fixed links, regulators are 

opening up higher frequency bands, such as 60 and 70 GHz.  
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Table 3.4 

Frequency 
Band 

Frequency 
Range 

Present allocation in India 

10 GHz 10.5-10.68 
GHz 

As per IND 74 of NFAP2011, the requirement for 
LMDS may be considered in the frequency band 
10.15-10.65 GHz on case-by-case basis. The 
technical parameters of terrestrial systems in the 
band 10.6-10.68 GHz should be in conformity 
with Resolution 751(WRC 2007) of radio 
Regulations of ITU. 

11 GHz 10.7-11.7 GHz As per IND75 of NFAP2011, frequency bands 
10.95-11.2 GHz, 11.45-11.7 GHz and 12.2-12.75 
GHz may be predominantly used for fixed satellite 
service (down links). 

26 GHz 24.5-26.5 GHz As per IND79 of NFAP2011, requirements of 
LMDS and MMDS may be considered in the 
frequency bands 24.5-26.5 GHz and 27.5-29.5 
GHz on a case-by-case basis. Requirements of 
EESS earth Station downlink operation in 25.5-27 
GHz at few locations may also be considered on a 
case-by-case appropriately. 

28 GHz 27.5-29.5 GHz 

32 GHz 31.8-33.4 GHz As per IND80 of NFAP2011, requirements of high 
capacity dense network may be considered in the 
frequency bands 31.8-33.4, 37-40 GHz, 40.5-
43.5, 51.4-52.6 GHz, 55.78-59 GHz and 64-66 
GHz. Requirements of Deep Space Research 
(Space-to-Earth) in the band 31.8-32.3 GHz and 
protection of the same may be considered at a few 
locations. 

38 GHz 37.0-39.5 GHz 

42 GHz 40.5-43.5 GHz 

 

Issue for Consultation: 

Q14. Should the option of assignment of MWA carriers in all the 

spectrum bands in 6-42 GHz range be explored in line with other 

countries? What are the likely issues in its assignment MWA 

carriers in these additional spectrum bands? 

E-Band (71-76 GHz/ 81-86 GHz):          

3.29 Operators in many countries are looking for new wireless spectrum 

bands that are scalable and flexible in providing necessary bandwidth 

as well as also allow them to reduce wireless backhaul expenditures. 

One such spectrum band is E-Band spectrum (71-76 GHz, 81-86 GHz) 
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which has the potential to deliver high throughput in urban areas/ 

geography. It is sufficiently capable for ultra-high capacity point-to-

point communications (fixed links) and may act as a suitable 

replacement for optical fibers particularly in dense urban areas where 

laying of optical fibers is particularly difficult.  

3.30 The Federal Communications Commission (FCC) was first to regulate 

and allocate the E-Band spectrum in 2003, followed by Ofcom in the 

UK in early 2007. Regulators worldwide are also following the FCC and 

Ofcom’s lead, by allocating this spectrum in a steady manner. Following 

are the key drivers of E-Band microwave as a mobile backhaul solution:  

• Higher capacities per site. 

• Dense network as the 3G and LTE sites will be higher than 

traditional 2G sites demanding pencil beam microwave ensuring 

less or minimal inter link interference. 

• Increased data rate at lower cost per bit. 

• Secure network and investment. 

3.31 E-Band gives a total spectrum bandwidth of 10 GHz which is sufficient 

to deliver very high capacity data along a single radio path relative to 

conventional microwave spectrum. ITU in its recommendation No. ITU-

R F.2006 and CEPT in its recommendation ECC/ REC / (05/07) have 

provided a detailed channel plan for this band. In FDD case there are 

19*250 MHz channels with a duplex separation of 10 GHz or less 

between them along with a guard band of 5 GHz. The channel sizes in 

E-band are sufficiently greater than conventional microwave spectrum 

for fixed links which creates the capability to transfer very high data 

rates of 1 Gbps and above.  

3.32 Systems of E-band cast very narrow beams which allow deployment of 

multiple independent links in close proximity. A key benefit of the 

highly narrow beam millimeter wave links is the scalability of their 

deployments. Millimeter wave is well suited for network topologies such 

as point-to-point mesh, a dense hub-and-spoke or even a ring. Despite 
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being affected by rain attenuation, the robust system design and higher 

antenna gains allows E-Band wireless systems to provide the necessary 

high capacities with 99.999% carrier grade service availability at link 

distances of up to three kilometers. 

3.33 Presently, almost 40 countries have released license plan for E-Band. In 

some countries like USA and UK, there is light licensing approach while 

in some countries like Germany, Italy, and Belgium, it is fully licensed. 

In Light licensed category, individual link licenses are issued by the 

licensor, but the licensees take their own responsibility for coordinating 

these links. Links are registered on Licensor’s wireless telegraphy 

register and are given priority in the band on a ‘date of registration’ 

basis, which can be referred if an interference case arises.  

3.34 In India, as per National Frequency Allocation Plan (NFAP) - 201110, 

‘Use of high capacity dense network may be considered in the frequency 

bands 71-76 GHz and 81-86 GHz on FDD and TDD basis subject to their 

co-existence.’  

60 GHz Band (57-64 GHz):  

3.35 Availability of large 7 GHz bandwidth in 60 GHz band, also known as  

V-Band, makes it suitable for very high capacity (e.g. 100Mbps ~ 1Gbps 

Ethernet systems) and short hop (1–2 Kms) fixed wireless systems. The 

60 GHz band has unique propagation characteristics with high oxygen 

gas absorption of 15dB/km – i.e. the radiation from a particular radio 

transmitter is quickly reduced. Though, this limits the distances that 

60GHz links can cover, it makes these links highly immune to 

interference from other 60GHz radios. Another link in the immediate 

vicinity will not interfere if its path is just slightly different from that of 

the first link, while oxygen absorption ensures that the signal does not 

extend far beyond the intended target, even with radios along the exact 

same trajectory.  

                                                           
10
 Footnote IND 81 
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3.36 At 60 GHz, systems are quite susceptible to rain attenuation as 

raindrops are roughly the same size as the wavelength of the 

electromagnetic wave and they make the radio signal scatter. During 

heavy rain the specific attenuation can exceed 40dB/km. Hence 60 GHz 

Band is license exempt spectrum band in countries like USA, UK, 

Australia and Japan. Although, a little ecosystem is developed for this 

band and equipments available for this band are expensive but if 

planned efficiently this band has the capability of solving bandwidth 

crunch.  

3.37 As per IND80 of NFAP2011, requirements of high capacity dense 

network may be considered in the frequency bands 31.8-33.4, 37-40 

GHz, 40.5-43.5, 51.4-52.6 GHz, 55.78-59 GHz and 64-66 GHz. 

Requirements of Deep Space Research (Space-to-Earth) in the band 

31.8-32.3 GHz and protection of the same may be considered at a few 

locations. 

3.38 The issue which needs to be considered is the need to assign the MW 

carriers in E-band and V-Band in line with international trend. These 

bands are required be considered for assignment to Telecom Service 

Providers for roll-out of high capacity backhaul networks to cater high 

throughput needs that will be generated by roll-out of future 

technologies like LTE etc. In view of the above, the stakeholders are 

requested to comment upon on the following issues: 

Q15. In your opinion, what is the appropriate time for considering 

assignment of MWA carriers in higher frequency bands viz. E-band 

and V-band?  

Q16. Should E-band be fully regulated or there should be light touch 

regulations? 

Q17. What charging/pricing mechanism would be appropriate for these 

bands?  

Q18. Apart from Q1-Q17, stakeholders are requested to bring out any 

other issue, which needs to be examined, with justification. 
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CHAPTER-IV: ISSUES FOR CONSULTATION  

Q1. How many total Microwave Access and Backbone (MWA/MWB) 

carriers should be assigned to a TSP deploying: 

a. 2G technology only. 

b. 3G technology only. 

c. BWA technology only. 

d. Both 2G and 3G technologies. 

e. 2G and BWA technologies.  

f. 2G, 3G and BWA technologies. 

Please give rationale & justification for your answer. 

Q2. How many MWA/MWB carriers need to be assigned to TSPs in case 

of 2G, 3G and BWA at the start of their services[ i.e. at beginning of 

rolling of services] Please justify your answer. 

Q3. Should excess spectrum be withdrawn from existing TSPs? 

Q4. If yes, what should be the criteria for withdrawal of excess 

allocation of MWA and MWB carriers, if any, allocated to the 

existing service providers?  

Q5. What should be the preferred basis of assignment of MWA/MWB 

carriers to the TSPs i.e. ‘exclusive basis assignment’ or ‘link-to-link 

based assignment’? 

Q6. In case ‘exclusive basis’ assignment is preferred, whether MWA and 

MWB carriers should be assigned administratively or through 

auction. Please comment with full justifications.  

Q7. In case ‘link-to-link basis’ assignment is preferred, how the carrier 

assignment for different links should be carried out, particularly in 

nearby locations? 

Q8. Considering the fact that different TSPs may require additional 

carriers at different point of time, what should be the assignment 

criteria for allocation of additional carriers for MWA and MWB? 
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Q9. How can it be ensured that spectrum carriers assigned are used 

optimally and the TSPs are encouraged to move towards the OFC?  

Q10. Should an upfront charge be levied on the assignment of MWA or 

MWB carriers, apart from the annual spectrum charges?  

Q11. What should be the pricing mechanism for MWA and MWB carriers? 

Should the annual spectrum charges be levied as a percentage of 

AGR or on link-by-link basis or a combination of the two?  

Q12. In case of percentage AGR based pricing, is there any need to 

change the existing slabs prescribed by the DoT in 2006 and 2008? 

Please justify your answer. 

Q13. In case link-by-link based charging mechanism is adopted then: 

(a) Should the spectrum be priced differently for different MW 

spectrum bands (6GHz/7GHz/13GHz/15GHz/18GHz/21 GHz/26 

GHz/28GHz/32GHz/42 GHz etc)? If yes, by what formula should 

these be charged? 

(b) What are the factors (viz as mentioned in para 3.22), that should 

appear in the formula? Please elaborate each and every factor 

suggested. 

Q14. Should the option of assignment of MWA carriers in all the 

spectrum bands in 6-42 GHz range be explored in line with other 

countries? What are the likely issues in its assignment MWA 

carriers in these additional spectrum bands? 

Q15. In your opinion, what is the appropriate time for considering 

assignment of MWA carriers in higher frequency bands viz. E-band 

and V-band?  

Q16. Should E-band be fully regulated or there should be light touch 

regulations? 

Q17. What charging/pricing mechanism would be appropriate for these 

bands?  

Q18. Apart from Q1-Q17, stakeholders are requested to bring out any 

other issue, which needs to be examined, with justification.  
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Annexure-3.1 

International Practices 

UNITED KINGDOM 

1. UK regulator, Ofcom assigns and regulates the assignment of spectrum 

for fixed microwave point-to-point links to Telecom Service Providers 

(TSP). Approximately 37 GHz of spectrum in the bands ranging from 1.4 

GHz to 86 GHz is available in the UK for fixed terrestrial point to point 

links and the majority of fixed links in the UK is used to provide 

backhaul for cellular networks. OFCOM has adopted different approach 

for assignment of spectrum for point to point links. On the basis of 

assignment, the spectrum available for fixed links can be distinguished 

into four types: - (i) OFCOM coordinated, (ii) Light Licenced, (iii) Licence 

exempted and (iv) Auctioned/ Block Licenced Spectrum.  

Chart 1 

Current Management Approach for Spectrum available for fixed links in the UK 

(as a percentage of the total spectrum available for fixed point to point links) 

 

2. Ofcom coordinated spectrum is fully licensed and technically 

coordinated on a link by link basis by Ofcom. Ofcom sets the technical 

assignment criteria in consultation with stakeholders and use this to 

coordinate the links to prevent interference. All of these fixed link bands 

are assigned on first-come-first-basis and consist of a pair of carriers. 

The pricing of wireless fixed links is done as per the spectrum pricing 
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algorithm given in the 2005 Wireless Telegraphy License Fees 

Regulations11. There is around 12 GHz of spectrum in this category 

spread across fourteen separate bands between 1.4 GHz and 60 GHz.  

3. In Auctioned/Block licensed category Ofcom packages the spectrum 

into blocks (typically, on a regional or UK-wide basis) that are licensed 

to a single licensee via an auction process. The licensee is then 

responsible for micro-management of any assignments within its 

licensed block and can use the spectrum either for its own use (e.g. 

backhaul for its own mobile network) or for provision of spectrum 

access services to others (third party band management).12 There have 

been two auctions of this type of spectrum: the 28GHz auction in 2000 

by the Radio Authority and the 10-40 GHz auction by Ofcom in 2008. 

The 10-40 GHz auction included frequencies in the 10 GHz, 28 GHz, 32 

GHz and 40 GHz bands; and some national as well as some regional 

licences were issued. Summary of results of “10-40 GHz” auction of 

2008 is given below13: 

Table 1 

Band 10 GHz 

National 

28 GHz 

National 

28 GHz 

Sub 

National 1 

28 GHz 

Sub 

National 2 

28 GHz 

Sub 

National 3 

32 GHz 

National 

40 GHz 

National 

Number of Lots 10 2 1 1 1 6 6 

Size of each lot 2 × 10 
MHz 

2 × 112 
MHz 

2 × 112 
MHz 

2 × 112 
MHz 

2 × 112 
MHz 

2 × 126 
MHz 

2 × 250 
MHz 

Minimum price 

per lot 

£10,000 £60,000 £20,000 £10,000 £30,000 £60,000 £30,000 

Final price per 

lot 

£69,000 £707,000 £97,000 £37,000 £130,000 £594,000 £151,000 

 

4. In Light licensed category, individual link licenses are issued by Ofcom, 

but the licensees take their own responsibility for coordinating these 

links. Ofcom does not generally specify the channel arrangements in 

these bands and licensees have the freedom to choose the channel size. 
                                                           
11
 http://licensing.ofcom.org.uk/binaries/spectrum/fixed-terrestrial-links/guidance-for-licensees/FeeCalcDoc.pdf 

12
 http://stakeholders.ofcom.org.uk/binaries/consultations/spectrum-review/update.pdf 

13
 http://www.cramton.umd.edu/papers2005-2009/cramton-review-of-10-40-ghz-auction.pdf 
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Links are registered on Ofcom’s wireless telegraphy register and are 

given priority in the band on a ‘date of registration’ basis, which can be 

referred if an interference case arises. There is approximately 12 GHz of 

spectrum in this category located between 64 GHz and 86 GHz. Ofcom 

has decided to review the light licensing self coordinated approach and 

to consider a number of possible options that are likely to deliver the 

best outcome considering the urgent requirement to establish the way 

forward with respect to facilitating 4G infrastructure rollout.  

5. Unlicensed spectrum can also be used for backhaul purposes. In 

License Exempt category, users of licence do not need to inform Ofcom 

of their planned use or coordinate among themselves for operation. 

However they have to follow general conditions agreed to prevent 

interference. There is approx. 7 GHz of license exempt spectrum 

available in 57 - 64 GHz.  

SINGAPORE 

6. Infocomm Development Authority (IDA) of Singapore assigns 

frequencies for microwave backhaul links to Facilities Based Operators 

(FBO) to provide backbone links between major exchanges and also as 

links for their local access networks. IDA generally assigns frequencies 

for point-to-point fixed service links on a shared-use basis. Use of 

exclusive frequency assignment is discouraged. For the request for 

exclusive frequency assignment, applicant is required to provide 

justifications and only usage that warrant such assignment is approved 

by the IDA.  

7. IDA encourages the use of hot standby and space diversity for 

backbone links to improve the service availability. To ensure the 

efficient usage of frequency, frequency diversity is generally not 

permitted. To ensure the efficient use of lower frequency band, which 

have better propagation characteristics, IDA decides the choice of 

frequency band based on the path length of the fixed service link. As a 
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general rule, the request for a frequency in any band should satisfy the 

minimum path length as stipulated in Table below: 

Table 2 

Frequency 
Range 

Channelling 
Plan 

Channel Width 
(MHz) 

Minimum Path 
Length 

5925-6425 MHz ITU-R F.383-8 29.65 20 Km 
6425-7125 MHz ITU-R F.384-10 20 20 Km 
7125-7725 MHz ITU-R F.385-9 7 20 Km 
7725-8500 MHz ITU-R F.386-8 29.65 20 Km 
10.5-10.68 GHz ITU-R F.747-0 7/14 15 Km 
10.7-11.7 GHz ITU-R F.387-11 20 15 Km 
12.2-12.7 GHz ITU-R F.746-9 20 15 Km 
12.75-13.25 GHz ITU-R F 497-7 28 15 Km 
14.4-15.35 GHz ITU-R F.636-3 7/14/28 10 Km 
17.7-19.7 GHz ITU-R F.595-9 27.5/55 5 Km 
21.2-23.6 GHz ITU-R F.637-3 3.5/7/14/28 2 Km 

8. IDA does not guarantee the availability of the frequencies for any length 

of time. Usage of each frequency is renewed on an annual basis. 

However, taking into account the need for continued operation of the 

service and lead time required for migration, IDA endeavours to give 

notice as early as possible if there is a change in the spectrum plans.  

9. Two types of charges are levied on the FBOs for the assignment of 

microwave backhaul links. One part of the charge is application and 

processing Fees. It is a one-time charge. Another spectrum charge is 

frequency management fees, which is charged annually. Application 

and processing fee and the frequency management fee are given in 

Table below: 14  

Table 3 

Radio Frequency 
Spectrum 

Application & Processing 
Fee Payable Per Frequency 

25 KHz or less $290 

25 KHz < Bandwidth < 500 
KHz 

$450 

500 KHz <= Bandwidth < 1 
MHz 

$ 1,350 

1 MHz <= Bandwidth < 20 
MHz 

$ 2,700 

Bandwidth >= 20 MHz $ 4,650 

 

                                                           
14
 Singapore Management Handbook, 2014 by IDA Singapore (http://www.ida.gov.sg,) 
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Table 4 

Radio Frequency Spectrum  Fee Payable per frequency per 
annum 

Frequencies for Networks and 
Systems – 

(a) Exclusive use – 
(i) Bandwidth of 1 MHz or more 

$12,000 for the first MHz of occupied 
bandwidth and $300 per subsequent 
MHz of occupied bandwidth or part 
thereof. 

(b) Shared use – 
(i) Bandwidth of 300 KHz or more 

but less than 20 MHz. 
(ii) Bandwidth of 20 MHz or more 

 
$3,500 
 
$6,200 

GERMANY 

10. The Federal Network Agency (FNA), as per Telecommunications Act 

2004, is the central body for planning, coordinating and assigning 

frequencies for fixed radio relay links. While assigning spectrum bands, 

FNA ensures that the spectrum available for fixed links is used as 

efficiently and effectively as possible and that all interested users have 

an easy access to such links. Frequency assignment for the operation of 

microwave backhaul is generally done in spectrum bands of 6, 7, 13, 

15, 18, 23, 26, 28, 32 and 38 GHz. However, FNA is also considering 

opening of frequency bands above 50 GHz for microwave wireless 

backhaul. For assignment of frequencies for point-to-point backhaul, 

service providers have to apply at the Federal Network Agency. The 

calculation of spectrum fees is done by Federal Network Agency on the 

basis of fixed link algorithm for point-to-point links. Applicants do not 

have a legal right to a particular transmitting frequencies, but may 

state their preference. During the assignment procedure the Agency 

checks whether or not the preferred or other frequencies are available 

and can be coordinated (compatibility with other fixed links already 

operated, and coordination with military users, where appropriate). The 

Federal Network Agency does not do any general technical, radio hop or 

radio relay system planning work in connection with frequency 
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assignment. These tasks need to be carried out, or outsourced, by the 

fixed link operators themselves. 

 

AUSTRALIA 

11. Australian Communications and Media Authority (ACMA) takes care of 

the assignment of the spectrum for fixed point-to-point links under the 

apparatus license system. Apparatus licences can be issued for any 

period up to a maximum of five years and may be renewed on expiry. 

There are two types of fees applicable to apparatus licences: 

administrative charges to recover the direct costs of spectrum 

management, and annual taxes to recover the indirect costs of 

spectrum management.  

12. The annual licence tax is applied to each chargeable ‘spectrum access’ 

of an assigned licence. The annual licence tax is determined by 

multiplying the following factors: - 

(i) Normalisation Factor: - The constant converts the relative 

spectrum values provided by the rest of the formula to an actual 

dollar figure. It is updated by CPI adjustments every year to keep 

licence taxes constant in real terms. 

(ii) Bandwidth: - Taxes also vary depending on the bandwidth within 

which a service is licensed to operate. 

(iii) Power: - The power factor allows a reduced tax for low-power 

spectrum accesses, which deny spectrum to other users over a 

small area. Spectrum accesses that are not low power have a power 

factor of one. However, the low-power factor does not apply to point-

to-point link as there is weak correlation between the power level 

and the area over which spectrum is denied to other users. 

(iv) Location Weighting: - There are 65 combinations of spectrum and 

geographic locations, which have each been assigned a location 
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weighting. The location combinations reflect the density of services 

and demand for spectrum at different frequencies and geographic 

areas. Higher taxes in locations of higher density and demand 

encourage efficient spectrum use. 

(v) Adjustment Factor: - Adjustment factors are used to modify the 

tax levels of some licensing options which introduce the flexibility to 

vary taxes according to parameters that are not included in the tax 

formula. E.g. for fixed point-to-point below 960 MHz and above 960 

MHz, the adjustment factor is 18.4841 and 0.4369 respectively. 

13. Apart from annual charges, there are also administrative charges which 

are of three kinds: issue, renewal and instalment charges. Charges 

apply per spectrum access for assigned licences, and per licence for 

non-assigned licences. 

(i) Issue Charges: - cover the direct costs incurred by the ACMA in 

issuing the licence (the major cost of which is the frequency 

assignment task). The issue charge is also payable when the ACMA 

carries out the assessment for a spectrum access, but does not 

issue it. This may occur when there is no suitable frequency 

available at the site nominated by the applicant. An accredited 

person may also perform the frequency assignment task and 

provide a client with a frequency assignment certificate. The ACMA 

will then issue a licence. This incurs a smaller issue charge. 

(ii) Renewal Charges: - a renewal charge of $4.00 is payable for each 

chargeable spectrum access. If a renewal request for an assigned 

licence is not received by 60 days after the expiry of the old licence, 

the frequency assignment and call sign become available for 

assignment to other services.  

(iii) Instalment Charges: - Where a licence is taken out for more than 

a year, a licensee can choose to pay the tax by annual instalment. 
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14. It is not necessary for licensees to use the tax formula to calculate their 

annual tax, as the ‘annual licence tax ($ per kHz)’ tables display the 

results of the formula for each licence type at every 

spectrum/geographic location, and include the normalisation factor. 

This means that licensees only need to refer to the tables in the 

applicable division, multiply the relevant figure by the bandwidth of 

their spectrum access (per kHz) and apply the low-power discount if 

necessary. E.g. License Charges ($ per KHz) for Fixed Point-to-Point 

Licences15  for (a) >8.5 to 14.5 GHz and (b)  >14.5 to 31.3 GHz 

frequency range are given below: 

Table 5 

Spectrum 
Location 

Geographic Location 

Australia-
wide 

High 
Density 

Medium 
Density 

Low 
Density 

Remote 
Density 

>8.5 to 14.5 GHz 0.3999 0.1439 0.0340 0.0025 0.0011 
>14.5 to 31.3 GHz 0.3999 0.1064 0.0234 0.0025 0.0011 

This is subject to a minimum tax of $36.17. In addition, the licensee 

shall have to pay (a) Issue Charges - $493 and (b) Renewal/ Instalment 

Charges - $4 as administrative charges. 

                                                           
15
 Apparatus License Fee Schedule dated 15

th
 August, 2012 
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Annexure 3.2 

Pricing Formula applicable for Point to Point Fixed RF links  

Countries Pricing Formula Factors 

UK16 As = Sp x Bwf x Bf x Plf x Avf (x 

CCDP Discount x Directional 

Discount) 

Where – 

- ‘As’ means the sum to be 
calculated. 

- ‘Sp’ is the spectrum price, being 
a sum set at £88 per 2 x 1 MHz 
for each bidirectional link. 

- ‘Bwf’ means the value of actual 
system bandwidth (MHz). 

- ‘Bf’ means the band factor 
which is determined by the 
actual   frequency band. 

- ‘Plf’ is the path length factor 
which is determined from the 
actual path length and the 
minimum path length which is 
specified in Interface. 

- ‘Avf’ means the availability 
factor which is determined from 
the required system availability. 

 

Element Range:  
Spectrum Price:  Set at £88 per 2 × 1 MHz. 
 
Bandwidth Factor:  Minimum = 1 MHz but any actual 
value above this with an observed maximum of 135 
MHz. 
 
Band Factor: Any value between 0.00 and 1.00 is 
possible. However the current active range is 1.0 to 0.17 
(decreasing with frequency band). 
 
Path Length Factor: 1 or the minimum between 
√(Minimum Path Length /Actual Link Path) 
 
Availability Factor: Between 0.7 and 1.45. 
 
CCDP Discount:  For 2nd link operating co-channel 
cross polar to the 1st link along a common path the 
value is 0.5 otherwise it equals 1. 
 
Directional Discount:  For uni-directional links the value 
is 0.75 otherwise it equals 1. 
 

Australia17 At = K × B × P × Adj × LW ‘At’ is the annual spectrum fees. 
 
‘K’: Every year all apparatus licence taxes are increased 
by CPI. This is to ensure that the desired outcomes of 
the tax, efficient use of spectrum and indirect cost 
recovery, are not eroded by the effects of inflation. 
 
‘B’ is Bandwidth (in KHz). 
 
‘P’ is the power factor which allows a reduced tax for 
low-power spectrum accesses which deny spectrum to 
other users over a small area. Spectrum accesses that 
are not low power have a power factor of one. 
 
‘Adj’ is the adjustment factors for particular sets of 
licensing options such as premium to reflect the higher 
demand for mobile spectrum or a discount to reflect the 
frequency reuse possible with fixed links. This gives 
flexibility to adjust values according to parameters not 
included in the formula and to make adjustments to 
correct historic anomalies. 
 
‘LW’ is a weight related to the spectrum location and the 
geographic location (Australia wide, high density, 
medium density, low density and remote density) of the 
license. 
 
 

                                                           
16
 Fixed Link Licence Fee Algorithm (Ofcom) - http://licensing.ofcom.org.uk/binaries/spectrum/fixed-terrestrial-links/guidance-for-

licensees/FeeCalcDoc.pdf 
17
 http://www.acma.gov.au/webwr/_assets/main/lib410241/apparatus_licence_fee_schedule-27aug2012.pdf 
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Kenya18 F (in Kenyan Shilling) per 
transmitter = (RFBW/ 8.5 kHz) × 
K1 x Unit fee x FZ 
 

Where, 
Unit fee = 574.10, as Kenyan Shilling for an 8.5 kHz 
band. 
K1 is the band factor, 
= 0.9 for frequency band ≤ 1GHz 
= 0.3 for frequency band > 1 GHz and ≤ 10 GHz 
= 0.21 for frequency band > 10 GHz and ≤ 20 GHz 
= 0.15 for frequency band > 20 GHz and ≤ 30 GHz 
= 0.1 for frequency band > 30GHz 
RFBW is RF bandwidth in KHz or 500KHz, whichever is 
higher 
FZ Frequency Zone Factor 
= 1 for Zone A (High Congestion Zone) 
= 0.5 for Zone B (Low Congestion Zone) 

UAE19 Annual Spectrum Fee for each fixed 
point to point link above 2 GHz 
shall be calculated as follows: 
Spectrum Fee = F x 2000 + BW x 
1000 
Where: 
F = Frequency range factor 
BW = Bandwidth Factor 

 
Frequency Range F factor 
2GHz - 3GHz   4 
>3 GHz - 14 GHz   3 
> 14 GHz - 40 GHz 2 
Above 40 GHz 1 

 
Bandwidth BW factor 
7 MHz or less 1 
> 7MHz - 28 MHz 2 
> 28 MHz - 56 MHz 3 
More than 56 MHz 4 

 

South 
Africa20 

Spectrum fees = 
Unit×BW×FREQ×CG×GEO×SHR×H
OPMINI×UNIBI 
Where: 
UNIT - Cost per MHz 
BW - Bandwidth 
FREQ - Frequency Band 
CG - Congestion 
GEO - Geographical Factor 
SHR - Sharing 
HOPMINI - Minimum Hop Length 
ASTER - Area Sterlisation 
UNIBI - Uni- or bi-directional 

Factors: 
UNIT – Annual Basic price per MHz. 
BW - The Bandwidth used (BW) is the number of MHz 
assigned. 
FREQ - Different frequencies have different propagation 
characteristics. Higher frequency Bands are assigned 
lower factors.  
CG - The Congestion Factor indicates if the band is 
congested or not. For Congested Band this factor is 1.50 
and for Not Congested Band it is 1.00. 
GEO - The Geographical factor depends on where in the 
country the spectrum is to be used. For High Density 
Area it is 1 & for low density area it is 0.1. 
SHR - Spectrum can be assigned in 'Exclusive' and 
'Shared' use. When exclusive use of spectrum is 
assigned then, the regulator (ICASA) is responsible for 
making sure, as far as possible, that no interference 
occurs. When spectrum is shared, then sharing parties 
are responsible for coordinating amongst themselves to 
avoid interference. It is '1' for exclusive use or '0.5' for 
shared use. 
UNIBI - The Unidirectional factor (UNIBI) takes into 
account inefficiencies inherent in only making 
unidirectional use of spectrum. For Point-to-Point uses 
it is '0.75' for unidirectional use and '1.00' for 
Bidirectional use. 
ASTER - Only applies to Point to Multipoint uses of 
spectrum. 
HOPMINI = √ (MINIMUM PATH LENGTH / ACTUAL 
PATH LENGTH).  This factor takes in to account the 
optimal use of the frequency band.  

                                                           
18
 http://www.cck.go.ke/licensing/spectrum/downloads/Frequency_fee_schedule_-_effective_1st_July_2012.pdf 

19
 http://www.tra.gov.ae/spectrum-policies-regulations.php 

20
 http://www.ellipsis.co.za/wp-content/uploads/2012/02/5-Spectrum-Fees-20120305a.pdf 
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