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Auctions: Past Experiences



Key Issues- Summary 

• Auction Prices Do Not reflect the true Value of spectrum

• Auction Prices reflect the value to preserve market Competitiveness 

• Auction can be leveraged by incumbents to create barrier to entry

• Auction prices have no correlation with the revenue potential of a circle

• Auction prices of similar bands are significantly different

• Auction prices are linked with operator’s needs to protect investments  

Therefore, Auction Prices SHOULD NOT be used as the ONLY METRIC for Setting Reserve Price



3G Auction Background 

• 27th Sept 2006 – TRAI Recommended Reserve Price (2 x 5 MHz)
• Delhi, Mumbai & Cat “A” – Rs 80 Cr (4th Cellular Entry Fee - Rs 143.69 Cr ) 

• Chennai, Kolkata & Cat “B” – Rs 40 Cr (4th Cellular Entry Fee – Rs 47.74 Cr)

• Cat “C” – Rs 15 Cr (4th Cellular Entry Fee – Rs 4.33 Cr)

• Pan India – Rs 1050 Cr (4th Cellular Entry Fee – Rs 1633 Cr)

• 19th Oct 2007 – LOI for Dual Tech Issued to RCOM

• 10th Jan 2008 – LOI Issued to New UASL Operators

• 1st Aug 2008  – DoT Formally Announced Auction Guidelines

• 22nd May 2009 – MOU with Defense (Only 3 Slots Got Released) 

• 9th April 2010 – 3G Auction Started

• 19th May 2010 – 3G Auction Ended



3G Auction Highlights (2010)

Final Price Increased 4.7 Times the Reserve Price 
Delhi & Mumbai Increased  10 Times the Reserve Price

Delhi & Mumbai Saw a Total 649, 595 Bids in Total
Many Operators Bid with Equal Intensity But Lost in Key Circles



3G Auction Highlights (2010)

Bidding Intensity

Bidding Intensity Increased at Flag End of Auction Due to Closing Rules
Bharti Lost Key Circles like Punjab in order to Put an End to the Auction



BWA Auction Highlights (2010)

Reserve Price for BWA was set 25% that of 3G
Final Price went Multiple Times the Reserve Price

Delhi & Mumbai Saw a Total 580, 580 Bids in Total
Many Operators Bid with Equal Intensity But Lost in Key Circles



BWA Auction Highlights (2010)

Bidding Intensity

Some Bidders Bid Fanatically in Every Round & for Every Circle, Though 
they weren’t needed to – Showed Lack of Experience



3G & BWA Auction Highlights (2010)
Operators’ Outflow

Total Outflow for 3G Was Rs 50,631 Cr and for BWA was Rs 25,696 Cr – Grand Total was Rs 81,239 (Excluding BSNL & MTNL)



• 3G
• Demand & Supply Mismatch (3 Slots Chased by 8 to 10 Players)
• Faulty Auction Design (Closing Rules Forced Bidding)
• Subsidized 2G Entry Increased Desperation (Banks Funded Freely)
• No More 3G Spectrum (Defense Had Released More Than Enough)

• BWA
• Demand & Supply Mismatch (2 Slots Chased by 4 to 6 Players)
• Rules of BWA Spectrum Were Favorable (Compared to 3G)
• 3G Auction Loser became Desperate (Gap Fill Strategy)
• No More BWA Spectrum (Near Term)

3G & BWA Auction Key Issues (2010)



2G Auction Background (2012) 
• 2nd Feb 2012 - SC Cancelled Licenses Granted on 10th Jan 2008 (Not Dual Technology)

• 23rd April 2012 – TRAI Recommended Reserve Price (700, 800, 900, 1800, 2100 Bands)
• 28th Sept 2012 – DoT Release NIA for Auction (800 & 1800 MHz Bands)

• 12th Nov 2012 – 2G Auction Started 
• 14th Nov 2012 – 2G Auction Ended 

• TRAI’s Reserve Price Modeling 
• 2100 MHz Band – 2010 3G Auction Price x 1.1263 (SBI PLR)

• 1800 MHz Band – 2010 3G Auction Price x 1.1263 (SBI PLR) x 1.2 (Band Efficiency)  x 0.8 (Reserve Price Factor)

• 800/900 MHz band – 1800 MHz Reserve Price x 2 (Band Efficiency)

• 700 MHz band – 1800 MHz Reserve Price x 4 (International Prices Table)



2G Auction Reserve Price (2012)

DOT Reduced the Reserve Price of 1800 MHz Band by 30% and for 800 MHz band by 50% (No Reasons Were Provided) 



2G Auction Highlights (2012)

Delhi, Mumbai Karnataka, Rajasthan Saw No Bids
All Spectrum Sold @ Reserve Price

No Circles Saw Any Bids 



2G Auction Highlights (2012)

Bidding Intensity

The Bidding Intensity Was Poor, There were hardly any bids 
Bihar Saw Max Bid of (15), followed by UPE (4) and Rest Between (3) to (0)



2G Auction Highlights (2012)

800 MHz – 100 % Unsold; 1800 MHz – 57% Unsold Total Outflow Was Rs 9408 Cr



• Concept of “Valuation” & “Reserve Price” Got Mixed up
• “Valuation” attempts to estimate the “Price of Spectrum”

• “Reserve Price” is the price at which auctions starts, and NOT the “Final Price” (clause 3.83, page 100)

• “Reserve Price” is always set below the final expected price (by some factor, between 0.5 to 0.8)

• TRAI estimated the valuation of all spectrum bands from 3G auction price of 2010

• TRAI reduced the ”Reserve Price” for all spectrum bands (barring 2100) by a factor of 0.8

• TRAI indexed the 2100 auction prices of 2010 by SBI PLR to arrive at its “Reserve Price”

2G Auction Key Issues (2012)

Key Error :- 3G Auction Price of 2010 was one of the many inputs used in estimating “valuation”, and 
therefore should NOT have been used as the only metric for calculating “Reserve Price” 

• Reserve Price of 700MHz Was Wrong
• Serious Calculation Mistake (TRAI used Factor 4 instead of 2.3)

• Serious Mistake of NOT following the same approach as 800/900

• Serious Mistake of Pricing when even the band plan was NOT Finalized 

A study of various auctions held globally in last 3-4 years 
reveals that the reserve prices are generally around 0.5 
times the final prices. However, in the context of Indian 
telecom sector, where the demand for spectrum is 
considerably higher, the Authority has decided to use a 
factor of 0.8 to determine the reserve price. 
(TRAI’s Recommendation dated 23rd April 2012)



2G Auction Background (2013) 
• 12th Dec 2013 – DOT Released NIA 

• 11th March 2013 – Auction Started

• 11th March 2013 – Auction Concluded

• Reserve Price
• 800 MHz Band – DOT Cut the Price by another 50% (Now it is even less than 1800 MHz)

• 1800 MHz Band – DOT Cut the Price by another 30% (In circles where spectrum was not sold)

• 900 MHz Band – DOT raised the price of 900 MHz band to twice that of 1800 MHz band.

Q1. Why was no parity maintained between 800 & 900 MHz?
Q2. Do you think the demand for 900 MHz would have been any 
different from 800 MHz if was put up for auction earlier?



2G Auction Highlights (2013) 

800 MHz – 7 Circles sold @ RP, and no bids for 900 & 1800 MHz band



2G Auction Highlights (2013) 

800 MHz – 68 % Unsold; 900, 1800 MHz – 100% Unsold Total Outflow Was Rs 3639 Cr



2G Auction Key Issues (2013) 

• 900 MHz band was treated discriminately 
• Multiplier Factor of 2 with 1800 MHz was used (When it did not get tested in 2012)

• 800 MHz price got drastically reduced compared to 900 MHz

• 900 MHz band became pricy compared to 800 MHz band



2G Auction Background (2014) 
• 16th April 2012 - TRAI Recommended Delinking License From Spectrum

• 19th Aug 2013 – DOT Issued Guidelines For Unified Licensing 
• 9th Sept 2013 – TRAI Recommended Reserve Price

• 3rd Feb 2014 – 2G Auction Started
• 13th Feb 2014 – 2G Auction Ended

• TRAI’s Reserve Price Modeling 
• Used various valuation models to estimated reserve price

• Discarded the 2100 MHz auction determined price

• Acknowledged that 2100 MHz price was result of irrational exuberance

• Acknowledged that “Reserve Price” in NOT the eventual price of auction

• Decided that “Reserve Price” should be 80% of the estimated valuation

• Concluded that spectrum in India cannot be valued based on international prices

• Used ”Median” to check for outliers for the purpose of consistency 

Note - It did not stop TRAI in 2016 to pick up its 
earlier (2012) recommendation to set its 
Reserve Price for 700 MHz band (4 times that of 
1800 MHz)



2G Auction Highlights (2014) 
TRAI Calculation of RP (1800 MHz)

Reserve price was set as the “Minimum” of 1800 (RP/AP) of 2012 & 2013 And 80% of the Valuation 

DOT Later Increased these 
prices by 25% without 
assigning  any reasons



2G Auction Highlights (2014) 
TRAI Calculation of RP (900 MHz)

DOT Later Increased these 
prices by 25% without 
assigning  any reasons



2G Auction Highlights (2014) 

900 MHz – Auction Prices went much above RP
1800 MHz – Auction Prices went above RP 

Why? The operators were left with no 
choice, they were protecting their 
investments – proves that spectrum has 
not inherent valuation of its own – its is a 
tool to preserve market competitiveness   



2G Auction Highlights (2014) 

900 MHz – 0 % Unsold; 1800 MHz – 20% Unsold Total Outflow Was Rs 61162 Cr



2G Auction Highlights (2014) 
Bidding Matrix

RJIO bid in Delhi and Mumbai won nothing
Tata bid in Mumbai and Kolkata won nothing
Idea bid in Delhi and won 2x5 MHz

Some circles saw intense bidding
Some circles were taken @ RP



• No alternate spectrum was offered to address “business continuity”

• Players with no interest in 900 MHz bid and raised price

• 3G spectrum scarcity forced Idea to bid 900 MHz in Delhi

• 900 MHz (EGSM) was not seriously pursued by DoT

2G Auction Key Issues (2014) 



2G Auction Background (2015) 
• 22nd Feb 2014 - TRAI Recommended Reserve Price for 800 MHz
• 15th Oct 2014 – TRAI Recommended Reserve Price for 900 & 1800 MHz
• 27th Nov 2014 – TRAI Revised the Reserve Price for 800 MHz
• 31st Dec 2014 – TRAI Recommended Reserve Price for 2100 MHz
• 9th Jan 2015 – DOT Issued NIA for Auctions
• 5th March 2015 – 2G Auction Started
• 25th March 2015 – 2G Auction Ended

• TRAI’s Reserve Price Modeling (1800 MHz) 
• The model used for valuation of spectrum was aligned to that of 2014

• 1800 MHz RP was set MAX of the two figures a) 1800 MHz AP; b) 1800 MHz 80% Valuation

• TRAI’s Reserve Price Modeling (900 MHz) 
• The model used for valuation of spectrum was aligned to that of 2014

• 900 MHz Valuation was set MIN of the two figures a) 2 x 1800 MHz Avg Val ; b) Average Val of Model

• 900 MHz Reserve Price was set 80% of the Above Value 

TRAI’s Recommendation Dated 9th Sept 2013 (Clause 3.54, 
Page 66) 

The reserve price is clearly related with the valuation of 
spectrum. It is important to note however that it is not the 
eventual realized price in the auction. The reserve price is the 
starting point for an ascending price auction and bidding is a 
means to price discovery. A reserve price set lower than the a 
priori expected value of the object will enable price discovery 
and the final bid price is likely to be much higher than the 
reserve price. The reserve prices should not be too close to 
the estimates of valuation, and must be lower than these 
estimates, to enable competitive bidding and price discovery. 
A reserve price too close to estimations on valuations may 
discourage the bidders from participation in the auction. The 
issue for consideration relates to the setting of reserve price 
as ratio or percentage of the valuation of spectrum.



2G Auction Highlights (2015) 
TRAI Calculation of RP (1800 MHz)

DOT Later Increased prices of some 
circles without assigning any reasons



2G Auction Highlights (2015) 
TRAI Calculation of RP (900 MHz)

DOT Later Increased these prices 
without assigning  any reasons



2G Auction Highlights (2015) 
TRAI Calculation of RP (800 MHz)

DOT Later Increased these prices of some 
circles without assigning  any reasons



2G Auction Highlights (2015) 
TRAI Calculation of RP (2100 MHz)

DOT Later Increased these prices to the price 
discovered in 2010



2G Auction Highlights (2015) 

900 MHz – AP exploded (3.6 x RP for RA, 4 x RP for UPE, 5.2 x RP for UPW)
800 MHz – AP increased for Delhi, Mumbai, Maha, AP & MP

1800 MHz – Mostly Got Sold at Reserve Price
2100 MHz – All Bids were taken @ Reserve Price



2G Auction Highlights (2015) 
Spectrum Unsold

800 MHz – 21 % Unsold 900 MHz – 5.5 % Unsold 1800 MHz – 5.4 % Unsold 2100 MHz – 17.6 % Unsold



2G Auction Highlights (2015) 
Bidding Intensity

Bidding intensity was high but for few selected circles RJIO bumped the prices for RA, UPE and UPW many times the reserve 
price but did not win a single MHz of spectrum 



2G Auction Highlights (2015) 
Operators’ Outflow

Total Outflow Was Rs 109875 Cr



• Predatory & Irrational Bidding by Competitors
• Some Players bid with an intent “Not to Win” but to raise the price for incumbents

• No Alternate Spectrum Band Was Offered For 900 MHz

• Incumbents with expiring license had no leverage 

• Auction Prices Were Not Close to the Valuations  
• TRAI ground up valuation numbers were much less 

• TRAI used ‘Mean” while aggregating prices emanating from various models 

• TRAI should have used “Median” as it did in 2014 auction

• DoT offered only 2x5 MHz of 2100 MHz band into auction 

• Spectrum was available as Defence had vacate 15 MHz using swapping mechanism

• DoT further raised reserve price beyond what was recommended by TRAI

2G Auction Key Issues (2015) 



2G Auction Key Issues (2015) 

In Most Band Circles Median Values Are Significantly Lower Than The Mean Values



4G Auction Background (2016) 

• 27th Jan 2016 - TRAI Recommended Reserve Price for Auctions

• 8th Aug 2016 – DOT Issued NIA for Auctions

• 1st Oct 2016 – 4G Auction Started

• 6th Oct 2016 – 4G Auction Ended

• TRAI’s Reserve Price Modeling
• RP was set as MAX of two figures 

• 80% of the Average Valuation

• 2015 AP/2014 AP (Duly Indexed)

• RP was set as 80% of Avg Val in LSA 
• where no spectrum was offered in 2014 & 2015

• RP was set as MIN of the figures 
• 80% of Average Valuation

• RP of 2015 where spectrum offered in 2015 but was unsold



4G Auction Highlights (2016) 
TRAI Calculation of RP (1800 MHz)

Reserve Price is Just an Indexed Value of 2014 OR 2015 in 16 of the 22 Circles 

DOT Accepted These 
Prices as Reserve Prices



4G Auction Highlights (2016) 
TRAI Calculation of RP (800 MHz)

Reserve Price is Just an Indexed Value of 2014 OR 2015 in 8 of the 22 Circles 

DOT Accepted These 
Prices as Reserve Prices



4G Auction Highlights (2016) 
TRAI Calculation of RP (900 MHz)

Reserve Price is Just an Indexed Value of 2015 in 6 of the 22 Circles 

DOT Accepted These 
Prices as Reserve Prices



4G Auction Highlights (2016) 
TRAI Calculation of RP (2100 MHz)

Reserve Price is Just an Indexed Value of 2010 OR 2015 in 18 of the 22 Circles 

DOT Accepted These 
Prices as Reserve Prices



4G Auction Highlights (2016) 
TRAI Calculation of RP (700 MHz)

TRAI Committed a Serious 
Mistake in Pricing the 700 MHz, 
explained in the following Slides



TRAI Recommended 700 as 4 times of 1800 Instead of 2 times 

Table 3.5 Auction prices in European countries (Euro/MHz/pop)
Euro/MHz/pop Date of auction 800 MHz 1800 MHz Ratio (800/1800)
France Dec-11 0.5809
Germany May-10 0.6217 0.0218 28.52
Italy Sep-11 0.6993 0.2252 3.11
Portugal Dec-11 0.3616 0.2651 1.36
Spain Jul-11 0.4043
Sweden 2011 0.3174 0.1788 1.78

Simple Average 0.4809 0.1727 2.78

Page 104 of TRAI’s Reco 23rd April 2012Table Showing the Calculation Error

Exact Calculation : C = 2.78
Removing Germany : C = 2.12
TRAI’s Calculation : C = 4.00

800 MHz of Europe  was linked with 700 MHz of India

A B/ = C

Ratio : Unusually High

4G Auction Highlights (2016) 
Pricing Mistake of 700 MHz Band



4G Auction Highlights (2016) 
TRAI Calculation of RP (2300 and 2500 MHz)

TRAI followed a different approach, why? –
For consistency it should have used the 
indexed price of 2010 & 2015 auctions 



4G Auction Highlights (2016) 

700 & 900MHz – No Takers; 800 MHz – Only 4 Circles 1800 MHz– TN No Bid; 2100 MHz – 10 Circles No Bid 2300 MHz– 6 Circles No Bid; 2500 MHz – 2 Circles No Bid



4G Auction Highlights (2016) 
Spectrum Unsold

800/900 MHz – 21/17 % Unsold 1800 MHz – 20 % Unsold 2100 MHz – 13 % Unsold 2300 MHz – 0 % Unsold 2300 MHz – 38 % Unsold



4G Auction Highlights (2016) 
Operators’ Outflow

Total Outflow Was Rs 65789 Cr



• Reserve price models resulted in too simplistic outcome
• Leading to a conclusion that these complex models were not needed at all  

• 700 MHz pricing was done in a casual manner 
• This pricing was against TRAI’s own earlier recommendation

• TRAI completely ignored its own recommendation 
• It recommended the Reserve price to be distinct from the valuation of the spectrum

• TRAI used simple averages to arrive at spectrum valuation 
• Median was not considered to filter outliers

4G Auction Key Issues (2016) 



4G Auction Key Issues (2016) 

In Most Band Circles Median Values Are Significantly Lower Than The Mean Values



4G Auction Background (2021) 
• 1st Aug 2018 - TRAI Recommended Reserve Price for Auctions

• 6th Jan 2021 – DOT Issued NIA for Auctions

• 1st March 2021 – 4G Auction Started

• 2nd March 2021 – 4G Auction Ended

• TRAI’s Reserve Price Modeling
• Average Valuation MAX of two figures

• Average Valuation Based on Simple Mean

• Auctioned Determined Price of 2016 (Duly Indexed)



4G Auction Highlights (2021) 
TRAI Calculation of RP (1800 MHz)

Reserve Price is Just an Indexed Value of 2016 in 18 of the 22 Circles 

DOT Accepted These 
Prices as Reserve Prices



4G Auction Highlights (2021) 
TRAI Calculation of RP (900 MHz)

Reserve Price got Reduced to 80% of Average Valuation (No Auction Price of 2016) 

DOT Accepted These 
Prices as Reserve Prices



4G Auction Highlights (2021) 
TRAI Calculation of RP (800 MHz)

Reserve Price got Depressed as in Many Circles Spectrum Offered Did not Sell 

DOT Accepted These 
Prices as Reserve Prices



4G Auction Highlights (2021) 
TRAI Calculation of RP (2100 MHz)

Reserve Price Became Equal to Indexed Value of 2016 in 11 of 22 Circles 

DOT Accepted These 
Prices as Reserve Prices



4G Auction Highlights (2021) 
TRAI Calculation of RP (2300 MHz)

Reserve Price Became Equal to Indexed Value of 2016 in 16 of 22 Circles 

DOT Accepted These 
Prices as Reserve Prices



4G Auction Highlights (2021) 
TRAI Calculation of RP (2500 MHz)

Reserve Price Became Equal to Indexed Value of 2016 Auction in 14 of 22 Circles 

DOT Accepted These 
Prices as Reserve Prices



4G Auction Highlights (2021) 

700 MHz – No Takers; 800 MHz – No Taker in 3 Circles 900MHz – Takers in 8 Circles; 1800 MHz – No Takers 4 Circles 2100 MHz – No Takers 19 Circles 2500 MHz – No Takers



4G Auction Highlights (2021) 
Spectrum Unsold

700 – 100% Unsold; 800 – 35% Unsold; 900 – 67% Unsold; 1800 – 62% Unsold; 2100 – 71% Unsold; 2300 – 11% Unsold; 2500 – 100% Unsold



4G Auction Highlights (2021) 
Operators’ Outflow

Total Outflow Was Rs 75994 Cr



TRAI Calculation of 3500 MHz Band



• Reserve price models used resulted in too simplistic outcome
• Most Models Resulted in Reserve Price as Indexed Value of Last auction

• TRAI used simple averages to arrive at spectrum valuation 
• Median was not considered to filter outliers

Key Issues of 2021 Auction



Key Issues Summary



• Pricing Models Mixed “Valuation” As “Reserve Price”

• Pricing Models Become too Simplistic
• It threw up indexed value of past auction as RP

• Pricing Models did not filter Outliers 
• Mean was used instead of Median for Aggregation

• Pricing Models Kept Spectrum From Being Sold

Key Issues of all Auctions



TRAI’s Pricing Models – Issues  
Mean vs Median



TRAI’s Pricing Models – Issues 
Sold vs Unsold (MHz)

Resulted in 
Huge Amount of 
Unsold 
Spectrum

85%67% 18% 11% 



TRAI’s Pricing Models – Issues 

Last Price was 
considered as Market 

price even when a 
small fraction of 

spectrum got sold



Pricing Model for 5G Spectrum



• Calculate valuation using ground up pricing models for various LSAs
• e.g. Producer Surplus, Production Function, Revenue Surplus, Indexing, Multiple Regression, etc.
• Use last auction discovered price as one of the pricing inputs

• Calculate the Average valuation using Median to filter outliers for each LSA
• Calculate pan-India valuation by adding valuation of individual LSAs
• Estimate LSA weight of each LSA using AGR/GDP

• e.g. If pan-India AGR is 100 and AGR of Delhi is 10, then Weighted Average of Delhi = 0.1

• Calculate the valuation of individual LSAs 
• By multiplying with weights of pan-India valuation

• Calculate the Reserve Price by using a scaling factor (e.g. 0.8) 

Calculation of Reserve Price : 1800 MHz Band



• Estimate the usable bandwidth of 3500 MHz Band (3300-3670 MHz) : 370 MHz 
• Estimate the usable bandwidth of 1800 MHz Band : 2 x 55 MHz 
• Calculate the Bandwidth Ratio : (55x2)/370
• Estimate the propagation ratio of 3500 MHz with 1800 MHz = 0.3
• Calculate LSA wise Reserve Price of 3500 MHz band using 

• Bandwidth Ratio
• Propagation Ratio
• Reserve Price of 1800 MHz

• Reserve Price of 3500 MHz = RP1800 x Bandwidth Ratio x Propagation Ratio
=   RP1800 x ((55x2)/370) x 0.3
= RP1800 x (0.089) (i.e. 11.2 times lower than RP1800 )

Calculation of Reserve Price : 3500 MHz Band

The Reserve price of 3500 MHz Band will be 3.7 times lower than what was recommended in 2018



• Estimate the usable bandwidth of 26-28 GHz Band (24250-28500 MHz) : 4250 MHz
• Estimate the usable bandwidth of 3500 MHz Band : 370 MHz 
• Calculate the Bandwidth Ratio : 370/3850
• Higher frequency band becomes more capacity driven 

• Propagation losses dropped

• Calculate LSA wise Reserve Price of 26-28 GHz band using 
• Bandwidth Ratio
• Reserve Price of 3500 MHz

• Reserve Price of 26-28 GHz = RP3500 x Bandwidth Ratio

=   RP3500 x (370/4250)

=   RP3500 x 0.087 (i.e. 11.5 times lower than RP3500 )

Calculation of Reserve Price : 26-28 GHz Band

The Reserve price of 26-28 GHz Band will be 11.5 times lower than 3.5 GHz band on a Per MHz Basis 



Global Status

Source : GSA - Spectrum Pricing Update, September 2021

Prices paid for mmWave spectrum in recent auctions/assignments 
($/MHz/Pop)

C Band Reserve Price of India Compared to other recent auctions
($/MHz/ARPU)

C Band Spectrum Auctions mmWave Spectrum Auctions

mmWave Spectrum Price 12 time (approx.) lower than C BandSource : ARPU details by GSMA



Thank You


