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1. [bookmark: _Toc484001061]Introduction

Since its establishment in 2010 by ITU and UNESCO, the Broadband Commission for Digital Development has sought to promote the adoption of effective and inclusive broadband policies and practices in countries around the world, with a view to achieving development goals and empowering every woman and man, and every society, through the benefits of broadband (UNBBC, 2015). A large body of evidence has now been amassed that affordable and effective broadband connectivity is a vital enabler of economic growth, social inclusion and environmental protection. However, India has slipped in global rankings on broadband penetration in a recent study by the UN Broadband Commission (UNBBC, 2015). India ranks 131 out of 189 countries in fixed line broadband and 155 in mobile broadband penetration. 

On the other hand, India stands at the cusp of an unprecedented mobile and Internet start-up revolution. Bengaluru has moved up to rank #15 in the Global start-up eco system (Compass, 2015). Established professionals, as well as college youngsters, are developing digital products to solve day-to-day problems and improve the quality of life (Sridhar, Sep 2015).  

Mobile Connectivity has become one of the key infrastructures that influence our lives. But a major bottleneck to the above prospect is the real and growing problem of shortage of wireless spectrum faced by telecom operators. Indian service operators have a fraction of the spectrum owned by their global peers, but many times more subscribers. India, as a result, has the most congested telecom networks in the world (Business Standard, 12th June 2015). Operators complain about the scarcity of radio frequency spectrum, which is an essential resource for mobile communications. Although additional de-licensing of 100 MHz is recommended in the 5.8 MHz   and in October 2016, spectrum auction across 800 MHz, 900 MHz, 1800 MHz, 2100 MHz, 2300 MHz and 2600 MHz bands has taken place, the effort is not commensurate with developments in other countries. 

The prevailing view amongst policymakers is that the vast majority of economic value is derived from usage of the spectrum is derived from licensed rather than unlicensed usage. But the value of unlicensed spectrum has always been undervalued. This opinion may represent a throwback to the early days of mobile communication before licensing of spectrum. The lack of property rights led to an unmanageable interference in radio communications. This led to the passage of the Communications Act of 1934, under which the Federal Communications Commission (FCC) was set up to regulate radio communications within the United States. The FCC has historically controlled access to radio spectrum by allocating specific frequency bands for use by licensed service providers. The use of devices on unlicensed spectrum was first authorized by the FCC as far back as 1938. However, the technologies, till recently, allowed only short range communication, thus stereotyping Wi-Fi as a niche technology with limited use.

It is important to note that Wi-Fi as an access technology cannot be deployed on its own as high capacity backhaul is required. The backhaul for Wi-Fi in general is landline based DSL in case of residences and optic fibre based Gigabit Ethernet or point-point leased line in case of public or enterprise installations. Backhauling on licensed 3G/4G access networks is mainly used in case of tethered Wi-Fi hotspot while on the move. Wired backhaul has problems of deployments including obtaining Right of Way from concerned government agencies, and communication disruptions due to cable outage. 

New technologies such as Low Power Wide Area Network (LPWAN) ratified by LoRa Alliance are being rolled out. However, these are meant for highly available narrow band services to meet the needs of Internet of Things (IoT) communication. Hence these technologies are not expected to substitute the ubiquitous broadband Wi-Fi networks in the near future. 

There are many studies that have illustrated the economic value of unlicensed spectrum using data from the United States. They include various models including cellular-Wi-Fi offloading, Wi-Fi Internet Service provisioning, Wi-Fi in venues such as hospitals, and residential Wi-Fi. As per the recent work of Katz (2014), the sum of consumer and producer surplus effects of the technologies operating in unlicensed spectrum bands in the United States generated a total annual economic value of $222 billion in 2013, and contributed $ 6.7 billion to the nation’s GDP. It is also estimated that by 2017, at least, $547.22 billion in economic value and $49.78 billion in contribution to the GDP, a significant increase from the 2013 estimate will be contributed by unlicensed spectrum and associated technologies.
 
Unlicensed spectrum will play an important role in bridging the digital divide and administering social-economic services such as e-learning, e-commerce, telemedicine and e-agriculture even in countries such as India. 

Realizing the importance of public Wi-Fi networks as complementary to existing landline and cellular mobile infrastructure in improving broadband penetration and adoption in the country, the Telecom Regulatory Authority of India (TRAI) released a consultation paper on “Proliferation of Broadband through Public Wi-Fi Networks” on 13th July 2016.  A few of the important issues pointed out in the consultation paper for a successful, scalable and sustainable public Wi-Fi infrastructure in the country include (i) technical interoperability and seamless connectivity of Wi-Fi networks (ii) innovative payment, commercialization, and monetization models; and (iii) collaborative partnerships between various entities of the ecosystem.

Public Wi-Fi networks can be effective complement to the wired and wireless mobile broadband infrastructure in the country to achieve the vision of Digital India as stated above (TRAI, 2016). 

The possible uses of public Wi-Fi networks include the following:
i. Provide better in-building coverage
ii. Provide mobile data offload thus relieving capacity in the macro cellular networks which use the scarce licensed spectrum
iii. Possible ubiquitous seamless Internet connectivity
iv. Provide Over-The-Top applications and services much similar to that provided over mobile broadband networks that can be location and context aware and provide opportunities for monetization of the same.

Given the importance of Wi-Fi, the objective of our study are as follows:

1. To assess the pattern of use of Wi-Fi vis-à-vis mobile and landline broadband:
a. across different area of the country;
b. in enterprises;
c. across locations such as home, office, on the move and public places
d. across different types of applications;
2. To assess reasons for using Wi-Fi vis-à-vis mobile and landline broadband
3. To assess the economic value of unlicensed spectrum, specifically that used in providing Wi-Fi access. 


2. [bookmark: 3dy6vkm][bookmark: _Toc483996111][bookmark: _Toc484001062]Literature Survey
The pioneering work in the economic analysis of Wi-Fi spectrum include Katz (2014) and Thanki (2012).  A study of the above reports highlights the fact that economic value of unlicensed spectrum has been grossly undermined. For instance, in Richard Thanki’s paper in order to calculate a more accurate value of unlicensed spectrum, the value generated across the following three existing applications using unlicensed spectrum has been taken into account:
· Wireless broadband within homes
· Voice applications and wireless electronic health record applications using Wi-Fi in hospitals, and
· RFID tags for in-store item-level tagging in the clothing retail sector.
 
Although wireless electronic health records in hospitals and RFID is not very extensively used in India, retail users generate a sizeable consumer surplus from the use of Wi-Fi.
 
Based on a survey over 4,000 US households, Thanki attempts to use the “additional willingness to pay for Wi-Fi” information to construct the demand curve and thereby consumer surplus generated by Wi-Fi. There exists a strong complementarity between home broadband and Wi-Fi. Findings of consumer survey work showing US consumers’ additional willingness to pay for broadband, above and beyond the amount they already pay. He attempts to find the economic value generated by Wi-Fi at homes

Taking into account the modelling assumption, that in the absence of Wi-Fi these households would be willing to pay less overall for their broadband packages, reducing the overall level of demand.

Due to reduction in demand, the area between the supply curve and demand curve is reduced by the shaded area. This represents the loss in consumer surplus, as each consumer would gain less value from broadband. 

Three scenarios are modelled for estimating the economic value of Wi-Fi. We take Wi-Fi as a proportion of broadband to be 10%, 20% and 30% and the value generated comes between $4.3 and $12.6 billion in annual economic value for consumers in the United States.
 
In line with the studies above, we divide the accrual of surplus in two categories: corporate users and retails users. We administer a survey to each to understand the patterns of use. The next step will be to arrive at a measure of value generated. 


There is an extant framework for price competition in markets for congestible resources developed in the operations, economics and transportation literature; see, for example Levhari and Luski (1978), Armony and Haviv (2003), Hayrapetyan et al. (2005), Acemoglu and Ozdaglar (2007a), Allon and Federgruen (2007), Xiao et al. (2007) and the discussion at the end of this section. In these framework, customers request service from Service Provider (SP) firms based on a delivered price that depends on the price paid for the service, announced by the SP, and the congestion cost. The firms then set prices to maximize revenue. The unlicensed spectrum can be viewed as an additional non-exclusive resource made available to each firm. In contrast, prior work on congestible resources has generally assumed that each firm only has access to a resource for exclusive use.
 
Nguyen, et al (2014) introduce unlicensed spectrum as an additional resource. Any incumbent SP as well as new entrants, may offer service in the unlicensed band in addition to its licensed band. All customers in a licensed band are served by the associated SP, whereas the customers in the unlicensed spectrum may be served by different SPs. In a public Wi-Fi infrastructure wherein the backhaul is provided by multiple SPs, there is roaming flexibility for the customers to connect to different networks.  
 
Two cases are considered: (1) a homogeneous customer population in which all customers weight the congestion cost and announced price in the same way, i.e, all customers see the same delivered price; and (2) a heterogeneous customer population in which there are two user groups (“high-” and ”low-QoS”) with different price-congestion trade-offs. In the heterogeneous model, adding unlicensed spectrum could conceivably cause the market to segment, namely, by assigning users desiring higher (lower) QoS to licensed (unlicensed) spectrum.
 
The main results are as follows:
 
1. The social welfare depends on the amount of unlicensed spectrum that is added to the market. Adding an amount of unlicensed spectrum in a particular range, starting from zero, can cause the social welfare to decrease (reminiscent of the Braess paradox in which the provision of an additional road in a road network ends up increasing the time each driver spends in reaching their destination)
2. In the homogeneous model, consumer surplus is a non-decreasing function of the amount of unlicensed spectrum.
3. In the heterogeneous model, both SP profit and consumer surplus can decrease.
4. In the heterogeneous model, the customer surplus can be a complicated, non-monotonic function of the amount of unlicensed spectrum added. (There can be many break points between which the customer surplus increases, decreases, or stays the same.)
 

3. [bookmark: _Toc483996112][bookmark: _Toc484001063]Survey Findings: Individual Users

We used structured and unstructured interviews to analyze the pattern of use of landline, mobile and Wi-Fi broadband access amongst individual users. 
[bookmark: 17dp8vu]
We conducted the individuals’ survey both online and face-to-face across the following cities:

a) Tier I cities of Bangalore, New Delhi, Mumbai,
b) Tier II cities of Lucknow, Pune, Chandigargh, and Mysore
c) Tier III towns of Muzzafarnagar and Rishikesh 

About 580 users responded to our survey and the profile of the respondents is given below:
[image: ]

[bookmark: _Toc484001090]Figure 1. Demographics of the respondents (city, age)
[image: ]

[bookmark: _Toc484001091]Figure 2. Demography of the respondents (Profession, Disposable Income)

[bookmark: lnxbz9][bookmark: _Toc483996113][bookmark: _Toc484001064]3.1. Mode of access in connecting to Internet and broadband
 
Typically retail users access Internet and broadband using the following modes:

1. Using landline connection connected to Digital Subscriber Loop (DSL) modem at home using the following two modes:
a. Directly connecting to DSL lines;
b. Using a Wi-Fi modem connected to landline DSL modem
2. Using 3G/4G mobile broadband services using:
a. 3G/4G enabled Smartphones/ Tablets
b. 3G/4G Dongles connected to Laptop/ PCs
c. Wi-Fi tethering hotspots of Smartphones/ Dongles
3. Using Wi-Fi services provided at hotels, airports or public places

We asked respondents to give their first and second preferred mode of connection from (i) home (ii) on the move (iii) at office and (iv) at public places. The first preference is weighted with 1 and second preference is weighted with 0.5. Following figure illustrates how the users prefer different connectivity types at different location. 

[image: ]

[bookmark: _Toc484001092]Figure 3. Preference for Connectivity at various locations



The following are the main trends that were observed:

1. In all types of locations, respondents prefer to use their mobile broadband connection. While it is understood that on the move one is forced to use mobile broadband connectivity, even at home and office, preference for mobile broadband as the connectivity solution is surprising.
2. At office, home and at public places Wi-Fi is the second preferred mode of connection, followed only by landline.


[bookmark: 44sinio][bookmark: _Toc483996114][bookmark: _Toc484001065]3.2. Preferred mode of access for various types of broadband services:

To analyze how users access broadband for various types of services, we categorized broadband services are follows:

1. Communication services (viz. email, chat and messaging, Internet Telephony)
2. Media and content services (viz. photo sharing, audio and video streaming)
3. Downloading large stored data (viz. media files, work files, email attachments, application updates)  
4. E-commerce and M-commerce (viz. mobile banking, mobile commerce)

The above services have been categorized to account for the following characteristics users consider before accessing and availing these services:

1. Size of content
2. Synchronicity of the content (viz. streaming versus static download)
3. Security of access

Results are summarized in the following chart.

[image: ]

[bookmark: _Toc484001093] Figure 4. Access preferences for various types of services


The following are the main outcomes from this survey question:

1. For communication services, users connect either to Internet and broadband using their 3G/4G Smartphone/ Dongle or through Wi-Fi enabled landline broadband connection. This is due to the synchronicity of communication services and the need to respond almost instantaneously.  
2. For synchronous media and content services, the pattern of accessing broadband and Internet is the same as that of communication services. 
3. For large file and media downloads, as well as downloading application updates, larger bandwidth is required. Hence we see a slight increase in preference for landline broadband, apart from the preferred modes of mobile broadband and Wi-Fi. 
4. For E-commerce and M-commerce services, where both security and convenience are of importance, mobile broadband followed by Wi-Fi seem to be the preferred choice. 

Overall, we see that Wi-Fi is consistently among the second preferred mode of connectivity for all types of services. This is despite poor landline connectivity in India, which stands at a pathetically low subscription rate of 1.2 per 100 population. The penetration of Wi-Fi hotspots in India is poor (at about one-fourth that in U.S.), and about half that of China’s. Mobile operators have also been hesitant to use Wi-Fi to complement their macro cellular networks, both for coverage and capacity. 

[bookmark: 3j2qqm3][bookmark: _Toc483996115][bookmark: _Toc484001066]3.3. Data consumption and Monthly expenditure

The following graphs show the variations of monthly expenditure and data consumption for landline broadband and mobile broadband. The trends indicate the following:

1. There are many who did not respond to the landline monthly expenditure as well as data consumption questions in the survey. Following are possibilities:
a. Since landline is a household service, surveyed individuals unless they are head of households, may not be paying the bills and hence may not be aware of the expenditure pattern
b. Since landline services are post-paid, and the monthly statement combines both voice and data charges, there might have been cognitive deficiency on the part of the individuals to separate out broadband data expenditure.
2. The average monthly expenditure is about Rs. 760 for landline and Rs. 700 for mobile. 
3. The average monthly data consumption is about 10 GB for landline and 6 GB for mobile. This may be due to price/MB for landline is much less compared to mobile broadband in India. On an average, the price/MB for mobile broadband is about 3-4 times higher than that for mobile broadband. 
[image: ]

[bookmark: _Toc470697267][bookmark: _Toc484001094] Figure 5. Monthly Broadband Expenditure
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[bookmark: _Toc470697268][bookmark: _Toc484001095]Figure 6. Monthly Broadband Data Consumption

[bookmark: 1ci93xb][bookmark: _Toc483996116][bookmark: _Toc484001067]3.4. Quality of Experience

We have listed the following factors as a measure of quality of experience of modes of broadband access:

1. Price
2. Quality of connectivity
3. Convenience and mobility
4. Security
The respondents rated each mode of access across the above dimensions. Results are presented in the following chart:
[image: ]

[bookmark: _Toc484001096]Figure 7. Quality of Experience of different modes of access
The summary is as follows:

1. Wi-Fi at home scores over the other modes of connectivity in almost all aspects. 
2. Wi-Fi at public places is rated low in all aspects except Price as expected.
3. Though it is not a surprise that mobile broadband is rated high for convenience, it is also rated high in security. One reason could be that the security and authorization mechanisms provided by mobile broadband through corresponding App provider provides the required comfort to all users in terms of security. 

[bookmark: qsh70q][bookmark: _Toc483996117][bookmark: _Toc484001068]3.5. Public Wi-Fi as an option

Public Wi-Fi, though not common in India, is being incubated by various agencies, For example, city municipalities in Delhi and Bangalore have started offering public Wi-Fi in select locations of the city. Airports have been offering public Wi-Fi in lounges for some time now. Indian Railways have initiated deployments of Wi-Fi in select trains and train stations. Restaurants, hotels and hospitals have started offering Wi-Fi for their guests. Though these are limited in terms of availability and access as of now, it could become potentially an alternative mode of access in the years to come as we conceive Internet access as a necessary public utility. Due to its semi-public good nature, any public Wi-Fi access should be relatively less expensive compared to other modes of broadband access. However, there are associated externalities in public networks such as congestions, breach of security leading possibly to poorer quality of experience. We wanted to know under what conditions public Wi-Fi will be used for specific services. Following graphs indicate why users prefer the use of public Wi-Fi:


[image: ]

[bookmark: _Toc484001097]Figure 8. Preference for Public Wi-Fi

Price and faster connectivity are the two major reasons for respondents to use public Wi-Fi; security is rated by very few that indicates the perceived vulnerability of public Wi-Fi.  

[bookmark: _Toc483996118][bookmark: _Toc484001069]3.6. Analysis of user preferences

The retail survey was designed to be able to obtain an understanding of the drivers of user preferences for different modes of internet access – land line, Wi-Fi, and 3G, at different locations – home, office, public places, and on the move. The descriptive statistics offer some information about this. However, to gain a more robust understanding, we carry out a statistical analysis. 

Many different approaches were tried before settling upon the one presented, here. We first attempted to estimate a demand function for Wi-Fi. However, the fact that consumption data was available only in the form of an interval made the estimation of a demand function difficult. Next we explored the possibility of using an ordinal regression as the data on user preferences was available in the form of a ranking. However, we failed to find any significant results. A multinomial logistic regression was also discarded as it did not seem to provide any superior results to the method finally adopted – the ordinary least squares method. A binary logistic regression was also carried out with significant results. The results are presented at the end of this section. 

In the OLS regression the attempt was to find out the factors that correlated well with the rankings of the user across the different modes of access at different locations. The factors were of two types – first, there were users’ rankings over the different modes of access for specific services. These services were 

a. communication services which include email and messenger services 
b. media services which include audio and video services
c. file services which include file sharing, upload and download
d. ecommerce services which refer to use of websites for commerce, and 
e. application services which refer to the use of internet applications. 

The second type of factor was the rating (on a 4 point scale) of the different modes of access along the dimensions of price, quality, security and convenience. (since this was a rating it was possible that same rating could be given to more than one mode of access). 

The objective of the regression was to see how the ranking of a user for a certain mode of access at a certain location is correlated with the ranking for specific services and the rating for the different attributes of user experience. Carrying out a regression analysis allows us to control for the different covariates. 

An additional question was whether the ranking of a mode of access is determined by different factors at different locations. For instance, it is possible that the ranking of Wi-Fi at home is driven by price, while at office it is driven by convenience. 

We provide the regression equation for one of the regressions carried out and thereafter provide the results for all the regressions. 

Regression Equation 1: 



The variable descriptions are given below in Table 1. 
 
[bookmark: _Toc470697792][bookmark: _Toc484001098]Table 1.  Description of the variables in the Regression Model


	W H,i 
	Ranking of use of Wi-Fi at home by user i

	W P,i 
	Ranking of use of Wi-Fi in public places by user i

	W W,i 
	Ranking of use of Wi-Fi at work place by user i

	L H,i
	Ranking of use of Landline broadband at home by user i

	L W,i
	Ranking of use of Landline broadband at work place by user i

	M H,i
	Ranking of use of mobile broadband at home by user i

	M P,i
	Ranking of use of mobile broadband at public place by user i

	M W,i
	Ranking of use of mobile broadband at work place by user i

	W comm,i
	Ranking of Wi-Fi for communication services by user i

	W media,i
	Ranking of Wi-Fi for media services by user i

	W file,i
	Ranking of Wi-Fi for file services by user i

	W ecomm,i
	Ranking of Wi-Fi for e-commerce services by user i

	W app,i
	Ranking of Wi-Fi for e-commerce services by user i

	W price,i
	Ranking of Wi-Fi based on price by user i

	W qual,i
	Ranking of Wi-Fi based on quality by user i

	W sec,i
	Ranking of Wi-Fi based on security by user i

	W conv,i
	Ranking of Wi-Fi based on convenience by user i




After the regression was carried out the independent variables that were not significant were discarded and the regression was done again. The results of the regression with all the significant (at a 5% level) coefficients is presented. 


[bookmark: _Toc470697793][bookmark: _Toc484001099]Table 2.  Results on Regression of the preference for type of access

	
	
	Dependent Variables

	Ind. Var 
	R2 
	comm
	media 
	file
	ecomm
	app
	price
	qual
	sec
	conv

	W H
	0.13
	 
	 
	 
	0.228
	-0.221
	 
	 
	0.136
	 

	W P
	0.11
	0.01
	0.005
	0.143
	-0.123
	0.119
	0.118
	0.105
	0.082
	0.014

	W
	0.19
	-0.004
	0.073
	0.086
	-0.101
	0.03
	0.108
	0.282
	-0.061
	0.104

	L H
	0.53
	0.119
	0.275
	0.226
	-0.162
	0.343
	
	
	
	

	L W
	0.37
	 
	0.236
	 
	0.540
	-0.132
	 
	 
	 
	

	M H
	0.16
	-0.147
	 
	-0.139
	 
	-0.137
	 
	0.153
	0.195
	 

	M P
	0.04
	-0.11
	0.09
	-0.136
	 
	-0.087
	 
	0.042
	 
	0.007

	M W
	0.16
	-0.147
	
	-0.139
	
	-0.137
	
	0.153
	0.195
	


Note: highlighted are significant at 0.05 level

The R-squared for all regressions, except for the regression of the rank of land lines at home and work, is quite low. We interpret the results of the regression equation no. 1 to clarify the meaning of the coefficients. 

The ranking of respondents for home Wi-Fi is positively impacted by their ranking of Wi-Fi for ecommerce services and negatively by their ranking for application services. It is also positively impacted by the rating of Wi-Fi on the dimension of security. This would seem to indicate that Wi-Fi at home is often used for ecommerce services and not much used for application downloads. The positive impact of the rating of the security features of Wi-Fi indicates that users are concerned about security when they choose to use Wi-Fi at home. The performance of Wi-Fi for communication services, file services, and media services is insignificant as a driver of the ranking.

The regression for public Wi-Fi shows that the ranking of file services is significant in determining the ranking of public Wi-Fi. However, the R square value. Is very low, showing that the use of public Wi-Fi is mainly determined by the fact of its free availability, or that many important variables have not been captured. 

In retrospect it appears that rather than trying to ask questions that would enable us to carry out regression analysis, we should have asked simpler questions, for instance, what do you use public Wi-Fi for? What would you not use public Wi-Fi for?

The ranking of the home land line is positively affected by the ranking of land line in communication, media, file and application services and negatively affected by the ranking of ecommerce services. On the contrary, the ranking of landline at work is positively affected by its ranking for media, and ecommerce services, and negatively affected by the ranking of application services. This would indicate that communication, media, file and application services play a positive role in the ranking of landline at home, but the performance on ecommerce services is negatively related. In office, media and ecommerce services are important but application services are negatively related. 

The ranking of the mobile phone at home is driven by the perception of quality and security and is inversely related to its performance on various service types. Indeed, the mobile network is the medium of choice irrespective of location. It could be for this reason that the degree of variation of the ranking explained by the chosen independent variables is low. 

In the binary logistic regression, we try to find covariates to explain the presence of a mode of access, say land line, on the first or second rank of the user’s ranking, as opposed to the third ranking. The reason that we club the first and second ranking of the users is that when we try to carry out a multinomial regression with all three ranks treated separately we do not get any significant results. The reason for this may be the dominance of the mobile phone network over other modes of access in every location. As a result of this dominance, the other modes have very few instances of being ranked first, thus resulting in the multinomial regression yielding no significant results. 

In the logistic regression, we regress the presence of a mode of access in the first or second position against socio-economic variables like age, income, city, occupation, and gender. 
 
The binary logistic regression equation estimated for the ranking of the landline at home is as follows: 



Rank of landline at home as stated by user i ( L H,i ) is set to 1 if it is stated as the first or second preference; 0 otherwise. 

The results are as follows: 

[bookmark: _Toc470697794][bookmark: _Toc484001100]Table 3.  Results on Regression of the Ranking of Landline at Home
	

	
	B
	S.E.
	Wald
	df
	Sig.
	Exp(B)

	Step 1a
	AGE
	.291
	.100
	8.537
	1
	.003
	1.338

	
	CITY
	-.279
	.123
	5.180
	1
	.023
	.757

	
	Constant
R2
	-.935
0.029
	.302
	9.561
	1
	.002
	.393


	


Note the pseudo- R-squared estimated for the logistic regression is low. Only age and the city of domicile emerge as significant. The sign of the coefficient on the age is positive indicating as older people prefer landline. The sign of the coefficient on city is negative. As the metros are classified as 3 and the tier 3 towns like Muzaffarnagar are classified as ‘1’ this indicates that users in lower ranked cities prefer landline. This is a counter-intuitive result in view of the low penetration of landline in such cities. 

Similarly, the following binary logistic regression equation is estimated for the ranking of the Wi-Fi at home: 



The results are as follows: 

[bookmark: _Toc470697795][bookmark: _Toc484001101]Table 4.  Results on Regression of the Ranking of Wi-Fi at Home

	
	B
	S.E.
	Wald
	df
	Sig.
	Exp(B)

	Step 1a
	AGE
	-.259
	.076
	11.673
	1
	.001
	.772

	
	CITY
R2
	.486
0.061
	.111
	19.106
	1
	.000
	1.626

	


Note the pseudo- R-squared estimated for the logistic regression is low. Only age and the city of domicile emerge as significant. The constant term is not significant. The sign of the coefficient on the age is negative indicating as younger people prefer Wi-Fi. The sign of the coefficient on city is positive. As the metros are classified as 3 and the tier 3 towns like Muzaffarnagar are classified as ‘1’ this indicates that users in higher ranked cities prefer Wi-Fi. 

The two logistic regressions indicate that younger people, and users in higher ranked cities use Wi-Fi, while older people and users in lower ranked cities use landline without Wi-Fi.  

We did not get significant results on other logistic regressions. 

4. [bookmark: ihv636][bookmark: _Toc483996119][bookmark: _Toc484001070]Survey Findings: Corporate Users 

The corporate sector is another major user deploying Wi-Fi on a large scale. Organizations of today are more aware that they need to cater to mobility of their employees and keep them connected seamless within office premise as well as outside. Devices such as Smartphones, handheld Tablets have made it possible for employees to take along their digital work while on move and hence the need for continuous connectivity. 

The employees typically have two forms of usage that warrant broadband connectivity:
1. Accessing Intranet resources that are stored in wither firm’s data centre or virtual private cloud;
2. Accessing Internet and other public broadband applications.

In general, IT and IT Enabled Services sector are intensive users of broadband compared to other types of firms. Hence, we sampled 5 organizations in the IT/ITES industry and interviewed the Head of IT Operations or Chief Information Officers of these firms to determine the extent of Wi-Fi adoption in their firms. Since broadband usage is also dominant in educational Institutions, we have also administered the survey with one educational Institution as well. 

The structured interview questionnaire that we used is given in Appendix II. 

Results of the survey are given in the following Table:


Page | 1 

Page | 12 

[bookmark: _Toc484001102]Table 5.  Results of the corporate user survey on Wi-Fi adoption


	
	Sasken
	Mahindra Comviva
	Harman/ Symphony Teleca
	Persistent Systems
	IIIT-B

	Employee Size
	about 2,500
	About 1,200
	about 5,000
	about 8,000
	500-600

	# of Locations that are Wi-Fi enabled
	Deployed across all common area except parking lot, places with security restrictions
	Deployed at Gurgaon and Bangalore centres covering almost 1.25 lakh square feet of area. Also provided office Wi-Fi on personal devices.
	All Harman locations
	All
	Academic block and hostels

	Primary reason for deploying Wi-Fi
	Project managers, programme managers, top management as well as CXOs who are mobile and need to be connected to Intranet and Internet; engineers still have workstations connected to wired LAN and are relatively immobile
	-        Allows flexibility of work in terms of collaborations, teamwork
-        Employees can use Wi-Fi on their personal devices, phones etc
-        Visitors also need to be provided connectivity

	- Mobility - work from anywhere; Issues with fixed network connection;
- Increasing use of laptops and reduced desktop culture.
	- User demand has increased - Increase in portable devices
- Applications are tuned to being accessible on all devices
- Workforce is roaming in the office space
	Seen as easier to deploy – adaptable, flexible – according to the number of students etc using Wi-Fi.
Students prefer Wi-Fi as it offers mobility
Increasing requests made to connect multiple devices on Wi-Fi
 

	Who are primary users of Wi-Fi and why? ( senior managers/middle managers/developers)
	Demand is more at project engineer/IT  level.
Hierarchy is established in terms of access. Top management have a wider access(say to media content) than IT level 
	Technical manpower, software developers, accounting for 70-80% of the workforce, 
10-15% comprising functional level, data entry work use desktop and LAN for their work. So not much Wi-Fi usage
Mainly Senior and middle level management (10%) will be on Wi-Fi for maximum time.
	Program managers mostly on Wi-Fi, not wired; programmers can be on Wi-Fi; wired access is for highly intensive application users.
	- High usage top-down
- Senior management usage on the higher side due to use of multiple devices
- Program managers and project managers also use wireless on their laptop.
- When developers connect to client site , we recommend wired
- More data usage from developers , but wired
- Senior management and mid-management accesses intranet, email - on wireless
	Students use Wi-Fi; Faculty and staff work in a cubicle environment – hence mostly wired. However, mobility of work implies some use of wireless in addition to LAN.

	Is Wi-Fi access as per IT Security Policy of the firm
	Yes.
4 subsection of security authentication exist, depending upon type of users (internal and external), type of devices (in-house laptops, guest laptops, smartphones, handheld barcode readers etc.) and resources that can be accessed.
	Yes
Use of identity service engine working with AD(access directory) for authentication 
3 different types of authentication mechanisms depending upon type of users.
-    Domain PCs
-  Employees’ own devices – laptop, mobile phones
- Guests
	Yes
	Yes
	Yes.
- Almost similar for LAN and Wi-Fi
- Static binding, authentication
- Figuring out what works from an admin standpoint
- Liberal to some extent as students can register up to 3 devices

	Is Guest Wi-Fi access enabled?
	Yes. Security enabled through KEN Development
	Yes
	Yes
	Yes
	Yes

	Who is the Wi-Fi deployment provider?
	System Integrator+Firm’s IT arm.
Devices bought from vendors(Cisco) and integrated internally.
	Managed by System Integrator.
	- Mixed deployment of Wi-Fi (due to various acquisitions over the years) : Cisco, Juniper, Aruba.
- Internal architecture team.
- Heat map survey used to place the Wi-Fi access points.
	System Integrator and in-house team
	System Integrator

	Has the firm been approached by Telco/ ISP for Wi-Fi deployment
	No 
But Vodafone had approached to provide an ‘over the air device’ for backhaul connectivity but not implemented.
	No
	No
	No
	No. But a company partnering with non top-league ISP did so.

	Percentage of traffic going through Wi-Fi versus wired LAN
	16% of a day’s internet usage is through Wi-Fi;  2-3% access is from KEN Wi-Fi and 12-13% from KEN development
	
	approximately 30% of traffic through Wi-Fi
	15-20% on wireless
	approximately 60% is on Wi-Fi

	Percentage of Internet traffic compared to Intranet traffic through Wi-Fi networks
	Out of the total intranet traffic, 30-35% is through Wi-Fi access points. Direct relation between laptop population and Wi-Fi access points.
	40% internal, 60% external.
Email has the highest usage.

	Both internal and external traffic is high.
Application development etc happens on the cloud.
	Majority of the intranet traffic happens on wired network; while most of the traffic coming from Wi-Fi would be access to internet. 
	- Large part is internet: no way to estimate, not tracked (?)
- Most campuses have limited intranet
- Approx. less than 5% intranet

	Is VoIP used within Closed User Groups across locations within firm
	
	
	Yes
	Yes; VoIP deployed for internal communication through Unified Communication Platform
	No

	Wi-Fi deployment cost as percentage of annual budget
	About 8% of IT budget. Operational expenditure is almost NIL.
	-        Not more than Rs. 8-10 lakhs of capital expenditure
-        Operational expenses are negligible
- Investment in Wi-Fi would be 1-2% of the IT budget approximately
	10% of the total IT Budget – considering migration from old platform to current platform. Otherwise it would be less than < 5%
	-Operations/ maintenance costs may come down
- Deployment costs at par
	-

	Is Wi-Fi bandwidth sufficient? Practices used for managing congestion in Wi-Fi networks - e.g. different categories of users, more access points, traffic management
	
	Add or remove access points based monitoring devices and usage reports.
	Highly bandwidth-intensive application users are to be on the wired network.
Wi-Fi access points are connected to a controller which are used to prioritize voice traffic.
	Deploying IEEE 802.11 ac for higher speeds; sufficient; increasing number of access points to augment coverage and capacity
	- Separation of academic block from the hostel block: traffic in one does not affect the other
- Limit on download sites
- Certain sites are blacklisted

	What is the trend in Wi-Fi deployment? Do you see wired access  going away
	Increasing by at least 20% as user demands are also increasing
	
	Marketing - yes;
Development - slower transition. 
Software Developers mainly on LAN.
Laptop Users will use Wi-Fi more as compared to system users
	-Development will be wired for 2-3 years
-Other than that – demand for wireless
	- Hybrid (both wi-fi+wired)
- LAN cables will be around till people desktops








Following are the summary results:

1. Level of Usage: Wi-Fi is deployed across all areas in the firms that were surveyed. The level of deployment of Wi-Fi has been on the increase across firms. However, except in educational Institutes, Wi-Fi supplements Local Area Network (LAN) access, especially for Intranet resources. Educational Institutes prefer to deploy only Wi-Fi and not install wired connections at all, especially for the relatively mobile student population.
2. Primary reason for deployment of Wi-Fi: User demands have increased for providing connectivity on move within workplaces; flexible work spaces such as “open offices” have increased the need for Wi-Fi. Wi-Fi is deployed to promote collaboration in workplaces. Also the devices that the users use for accessing information are varied ranging from mobile, Tablets and laptops; hence the need for using Wi-Fi to provide seamless connectivity. 
3. Layer of employees are active users of Wi-Fi:  Middle management (viz. project managers, program managers) and top management actively demand use Wi-Fi since they are relatively mobile within the firms’ premise. Developers and engineers who often use Intranet resources that are bandwidth intensive and more private within their project groups are connected through LAN most of the times. This section of employees mostly connect to Wi-Fi through their personal devices (rather than work systems) for public communication and other services. 
4. Security: Security is a major factor while firms deploy Wi-Fi. All firms typically have information security policies. Access and authentication from Wi-Fi is incorporated in the same security policies that govern other modes of access including LAN. In general, the Intranet resources are given authorized access at granular levels; public Internet access is allowed through Wi-Fi subject to corporate security policy guidelines. 
5. Role of ISPs and Telcos: In all firms, the Wi-Fi deployment has been carried out by system integrators. Not one of the firm has been approached by Internet Service Provider (ISP) or a telecom operator. This is indicative of how Wi-Fi deployment is not being considered by ISPs and telcos in their business strategy. 
6. Capex and opex: Cost is not a major constraint for Wi-Fi deployment in firms and institutions. The capex of deploying Wi-Fi ranges 1-10 percent of annual IT budget. There is virtually no opex in Wi-Fi deployment. Contrast it with relatively large capex and sizeable opex in maintaining LAN and wired connections in every part of campuses.
7. Traffic through Wi-Fi: Typically the traffic through Wi-Fi is about 25-30 percent of total traffic while the rest still goes through LAN.  
8. Future trends in Wi-Fi deployment: Though Wi-Fi deployments are increasing in corporates, it still complements wired LAN access. Only educational Institutes see complete migration to Wi-Fi campuses in future. 

5. [bookmark: 41mghml][bookmark: _Toc483996120][bookmark: _Toc484001071]Survey Findings: Wi-Fi Access Providers 

Apart from users of Wi-Fi, we also interviewed a couple of Wi-Fi infrastructure and service providers to gain an understanding of the challenges and opportunities in deploying Wi-Fi networks. 

Following challenges were cited by the respondents for large scale deployment of public Wi-Fi:

i. With stagnated growth in landline, backhaul for Wi-Fi networks is a challenge
a. Wireless backhaul has spectrum scarcity and assignment challenges
b. Wired backhaul (i.e. optic fibre) is still expensive and has Right of Way  challenges for large scale roll-outs
ii. To counter (i), the operators have started deploying Wi-Fi dongles with 3G/4G connectivity as the backhaul. However, it is to be noted that in this case, the spectrum usage of the licensed spectrum and the cellular network remains the same and does not decrease. 
iii. Authentication is still cumbersome and inflexible; requires mechanisms such as One Time Password (OTP) that necessitates the requirement of mobiles with appropriate SIMs which is a potential problem for foreigners and tourists
iv. Providing carrier grade Wi-Fi is a challenge due to inadequacy of associated infrastructure such as power availability, operating conditions, and seamless hand-offs. Seamless hand-offs enable users to shift from cellular to Wi-Fi zone without cumbersome authentication procedures such as One Time Password (OTP) sent to mobile phones. 
v. Payment mechanisms are still evolving and seamless interoperable payment system for Wi-Fi networks is not yet adopted. Hence matured monetization models have not evolved. Not all spectrum in the globally harmonized band for Wi-Fi has been released yet in India.
vi. The mobile operators are reluctant to include Wi-Fi as their strategic deployment option as it might cannibalize their existing mobile broadband business. 
vii. The mobile operators’ preferred choice will be to integrate their macro cellular networks with LTE-U (LTE on Unlicensed band) for seamless integration, SIM based authentication and billing. However, this option will have the mobile operators controlling the Wi-Fi value chain.
6. [bookmark: _Toc483996121][bookmark: _Toc483998126][bookmark: _Toc484001072]Views of other stakeholders 
In the stakeholders consultative workshop on Public Wi-Fi we conducted for the Telecom Regulatory Authority of India (TRAI) (details of which are provided in Annexure IV), views of the following entities were also collected:

[bookmark: _Toc483996122][bookmark: _Toc483998127][bookmark: _Toc484001073]6.1. Views of payment service providers

Following are the requirements for implementing an interoperable payment systems for Public Wi-Fi:
1. Trusted authentication is a necessity 
2. Payment information flow should be secure at various stages of the process
3. Should support both pre and postpaid models
[bookmark: _Toc483996123][bookmark: _Toc483998128][bookmark: _Toc484001074]6.2. Views of content providers

1. Local content is very much important to improve adoption of masses, especially in smaller towns and rural areas of the country. Internet with all its benefits still lacks local content in local languages. The content on the Internet though useful for global citizens often is inadequate to serve the information needs of the local populace. Technologies that harness the local user generated content that is contextualized in the user environment can be useful. 
2. The local Wi-Fi access points with associated devices can store the locally generated content and disseminate it without the need for connecting to the global Internet.
3. If (2) can be implemented, then Public Wi-Fi access service will become meaningful to the local population and might induce adoption. However, publishing local content by local users should be very easy and technologies that enable the same are being developed. 
4. This is akin to Augmented Reality with information sourced and disseminated about local events and happenings.
5. Many applications can be developed that are specific and contextualized as per local conditions.  

7. [bookmark: _Toc483996124][bookmark: _Toc483998129][bookmark: _Toc484001075]Calculating Value of Wi-Fi for Broadband Users

Based on our findings from retail users, corporates, Wi-Fi providers and other entities of the Wi-Fi ecosystem, we propose a methodology for calculating the economic value of Wi-Fi and hence the associated unlicensed spectrum.
The value of Wi-Fi for retails and corporate consumers is calculated by assessing the cost savings they enjoy by virtue of being able to use Wi-Fi. The cost savings are calculated relative to the use of a mobile broadband connection to achieve the required data consumption. 
The lower bound is calculated by assuming that only the current usage of landline reflects the value of Wi-Fi spectrum. The upper bound of the value of Wi-Fi is calculated by assuming that the entire data traffic - both 3G as well as landline, shifts to Wi-Fi. 
The following equations describe how we calculate the average monthly lower and upper bounds on the value of Wi-Fi.

		(1)

		(2)
Where:
δLi : Average landline broadband monthly data consumption (in GB) by user i;
δMi : Average mobile broadband monthly data consumption (in GB) by user i;
pLi : Average landline broadband price paid per unit (GB) of data by user i;
pMi : Average mobile broadband price paid per unit (GB) of data by user i;
N: Total number of respondents in our survey

Following Table gives the summary of our data analysis:

[bookmark: _Toc470697797][bookmark: _Toc484001103]Table 6.  Value of Wi-Fi Analysis

	Average monthly landline broadband monthly data consumption per user 
	11.75 GB

	Average monthly broadband monthly data consumption per user
	4.10 GB

	Average monthly landline broadband spent per user
	760

	Average monthly mobile broadband spent per user
	690

	Average monthly landline broadband price/GB
	Rs. 235

	Average monthly mobile broadband price/GB
	Rs. 340

	Monthly average Lower Bound on value of Wi-Fi per user 
	Rs. 1,800

	Monthly average Upper Bound on value of Wi-Fi per user
	Rs. 2,525



Following can be noted from the table above:
1. The average price/GB of mobile broadband in India is about 45% higher than that of landline broadband.
2. The average monthly data consumption through landline broadband is about 3 times that through mobile broadband.
3. Average monthly spent on mobile broadband is little less than that for landline broadband.

Following are the data regarding different types of subscribers as per TRAI (2016).

[bookmark: _Toc470697798][bookmark: _Toc484001104]Table 7. Telecom Subscriber Data

	Number of Wired (Landline) Subscribers
	24.74 M

	Number of Wireless Subscribers
	1,035 M

	Total Broadband Subscribers
	162.06 M

	Wired (Landline broadband) Subscribers/ as a % of Wired Subscribers
	20.76 M/ 84%

	Wireless Broadband Subscribers/ as a % of Wireless Subscribers
	131.30 M/ 12.5%




We present below various scenarios and associated bounds on value of Wi-Fi:

Table 8. Value of Wi-Fi at various levels of broadband users

	Scenarios
	Yearly value of Wi-Fi: Lower Bound (in Rs. Of Crores)
	Yearly value of Wi-Fi: Upper Bound (in Rs. Of Crores)

	Wired (Landline) broadband at current levels of 84% and Wireless broadband subscriber base at 12.5%
	44,841
	491,040

	Wired (Landline) broadband at current levels of 100% and Wireless broadband subscriber base at 20%
	53,430
	702,170

	Wired (Landline) broadband at current levels of 100% and Wireless broadband subscriber base at 50%
	53,430
	1,642,990

	Wired (Landline) broadband at current levels of 100% and Wireless broadband subscriber base at 100%
	53,430
	3,211,010




Though the value of Wi-Fi seem to be large, a comparative assessment with the value of licensed spectrum as discovered in different auctions is given below:

Table 9. Value of Licensed Spectrum over the years

	Year
	Total Winning Bid Values of Licensed Spectrum
 across Bands and Across the Telecom Circles

	2012-2013
	Rs. 13,296

	2014
	Rs. 61,163

	2015
	Rs. 108,946

	2016
	Rs. 52,796

	Total (2012-2016)
	Rs. 236,201



Based on the above, following conclusions can be drawn:

1. Value of Wi-Fi to the broadband users in the country is not insignificant. In fact, it is multiple orders of magnitude larger than the value that the Government derived by auctioning licensed spectrum.
2. In this we have calculated value of Wi-Fi for users only. We have not calculated value for producers (i.e. telecom operators and Internet Service Providers). Due to extensive standardization, Wi-Fi products are available at low costs. Coupled with operation in unlicensed spectrum, value of Wi-Fi spectrum for service providers can also be potentially high compared to deploying networks that operate in licensed spectrum. 
8. [bookmark: nmf14n][bookmark: _Toc484001076]Value of Wi-Fi for Corporates

As indicated in our survey, cost for corporates for deploying Wi-Fi is very minimal. The main reasons why corporates deploy Wi-Fi in their campuses is to provide flexible work space for employees. Security is definitely a concern which can be addressed through evolving technologies. 

Hence value of Wi-Fi for consumers who are at work is of importance and we plan to use a methodology similar to the above for calculating the value of Wi-Fi for employees at work. 
9. [bookmark: 1mrcu09][bookmark: _Toc484001077]Policy Directions

The huge demand for mobile broadband requires adequate spectrum and capacity in radio access networks. In a spectrum-starved country such as India, where each operator gets about one-fourth of licensed spectrum as compared to operators in other countries, unleashing the potential of both licensed and unlicensed spectrum is critical. A big policy step in India’s telecommunications was taken on August 12, 2015 when the government approved spectrum-sharing among mobile network operators (MNOs), thereby creating a secondary market for spectrum. Further spectrum trading has also been allowed based on TRAI’s recommendations. 


While policy steps on licensed spectrum continue, it is time that all stakeholders - telcos, ISPs, private entities and even a telecom user understand the potential of unlicensed spectrum. It has been noticed that the mobile operators often view Wi-Fi as a service that would cannibalize their mobile broadband service. The OTT services such as WhatsApp that can use Wi-Fi based Internet connectivity is seen as a threat to SMS and data revenue of the mobile operators. However, following are the potential benefits of large scale deployment of Wi-Fi to different stakeholders:

i. Offloading macro cellular data to Wi-Fi to relieve congestion and improve quality of service in the macro cellular network;
ii. Provide integrated mobile + Wi-Fi service, thus leveraging on Wi-Fi access networks connected to Telcos’ landline broadband connections, thus improving utilization of landline broadband. 
iii. Provide cost savings to end users in the form of reduced prices for Wi-Fi data consumption and hence increased customer loyalty.
iv. Provide Wi-Fi as a complement and not as a substitute to mobile and landline broadband service. 

In 2014, the Telecom Regulatory Authority of India, in its recommendation on ‘Delivering Broadband Quickly,’ has indicated de-licensing additional 100 MHz in the 5.8 GHz for outdoor usage. The potential value derived from using unlicensed spectrum in bridging the digital divide and administering social-economic services such as e-learning, e-commerce, telemedicine and e-agriculture makes unlicensed spectrum a public good. Moreover, as government rolls out the National Optical Fibre Network (NOFN) to connect remote parts of the country, unlicensed spectrum can complement traditional access, especially for local access, to improve broadband penetration. The NOFN provides backhaul fibre connectivity up to village Panchayat level. Hence one of the cost-effective access at the Panchayat level is through Wi-Fi.  

In remote parts of the country, where mobile traffic levels are low, non-exclusive use without the fear of interference, is feasible. This can act as a spur to local entrepreneurship for the provision of a variety of services, provided that the right policy framework is put in place. For instance, access to the NOFN on nominal terms should be provided for local entrepreneurs attempting to connect customers to the national grid. 

Moreover, Wi-Fi provides seamless connectivity between users and geographically constrained licensed land mobile public network of operators. For examples, irrespective of location, users are able to connect to public Wi-Fi access points and connect to the Internet which they will not be able to do in the absence of Wi-Fi. In the absence of Wi-Fi, the users are at the mercy of local mobile operators for connectivity and usage charges which can be very high especially for International roaming cases. Hence the importance of Wi-Fi in meeting the connectivity requirements of the users at relatively lower prices resulting it in huge consumer surplus. 

The policy framework for Wi-Fi can be viewed along two dimensions. 

a. The cost dimension: This indicates the level of cost necessary to provide Wi-Fi services in a particular location. This would depend on the cost of building out the optic fibre network to provide backhaul. We examine two cases - first, when the cost is low, and, second, when the cost is high. 

b. The demand dimension: This indicates the level of purchasing power on hand to use Wi-Fi services. With a little injustice to the concept of purchasing power, we assume that purchasing power includes not just the willingness of private parties to pay for connectivity but also of the government.  This has relevance in border areas where the government is committed to developing connectivity services for security purposes. 

We examine two cases - first, when the demand is low, and, second, when the demand is high. 

The two dimensions with two cases each allow us to create a 2 × 2 policy framework as follows. 

Table 10. Demand-Cost Analysis of Wi-Fi Networks

	
	Low Cost
	High Cost

	Low Demand
	local markets in tier 1 and 2 cities
	rural areas

	High Demand
	metros
	border areas



In the cells we mention locations where the demand and cost conditions corresponding to that cell may prevail. In each of these quadrants, policy has a different role to play. IN areas where cost of access is low but demand is low, the need is to 1. Remove policy bottlenecks that impede the emergence of entrepreneurs, who are either connectivity providers or utilizers of connectivity services. 2. Provide infrastructure to support these entrepreneurs. This would include payment infrastructure and an unbundled local loop. The ability to provide within- shop local content including product promotions and advertisements is an example of new usages that would arise to spur demand in such locations. 

In areas where cost of access is low and demand is high, like office districts of metros, the aim should be to make more unlicensed spectrum available. 

In areas where cost of access is high and demand is low, the challenge is to stem the digital divide. In such areas the NOFN project should be accelerated and liberal licensing frameworks evolved to promote local entrepreneurs. 

In areas where cost of access is high and demand is high, like border areas which need communication networks for security, the government must provide services through a public operator in order to avoid the risk associated with private operators in such situations. These risks include the abuse of market power which would arise because not too many operators would want to operate in such circumstances. 

The 2×2 matrix with the appropriate policy stance is given below: 



Table 11. Policy Framework for Deployment of Wi-Fi Networks

	Demand
	Low Cost
	High Cost

	Low Demand
	remove licensing bottlenecks and provide supporting infrastructure
	Build out nation optic fibre network and establish liberal licensing framework to aid local entrepreneurs

	High Demand
	provide more unlicensed spectrum
	prevent misuse of market power by public provisioning of networks




We elaborate on the action items required in the main focus areas - liberalization of licensing, development of technology and creation of payment models. The remaining regulatory issues are bundled together in a sub-section on miscellaneous regulatory issues.

[bookmark: _Toc484001078]9.1. Partnerships in providing Wi-Fi access through “unbundling”

1. Instead of depending on telcos to provide carrier grade Wi-Fi, unbundle the different components so that each can be taken up different related entities such as the following:
a. Wi-Fi access point at local shops to provide local content including product promotions and advertisements and Internet connectivity to its customers
b. Authentication provided through a centralized authentication registry
c. Payment solution provided by a payment registry
d. Backhaul and bandwidth provided by Internet Service Provider
2. Provide local content through Wi-Fi access points that are contextualized and in local languages to improve adoption. The content providers can also build suitable monetization models around the content. The local content can be promotions, and advertisements, that are monetizable and hence much like FM Radio (which is non-excludable and non-rival in nature and hence a public good) can be provided by private operators without charging the users. . 
3. Include venue owners as important entity in the value chain and build sustainable business models including share of revenue from Wi-Fi services, local content delivery services. 
4. Neutral third party Wi-Fi providers with seamless authenticated connectivity across mobile operators and ISPs may be a possible solution to encourage large scale deployment. 
5. Encourage deployment of public Wi-Fi networks by local entrepreneurs with support from ISP/ telco/ content providers. The systems should be easy to install, maintenance free and of low cost. 
6. Completely federated model with citizens putting up “Do-It-Yourself” Wi-Fi access points (much like HAM radio operators), sharing bandwidth to potential users. However, security and privacy of information need to be taken care of in this case.
7. Wi-Fi infrastructure providers and Telcos to cooperate in providing bundled plans across cellular mobile and Wi-Fi access for seamless billing. 

[bookmark: _Toc484001079]9.2. Technical Solutions

1. Trusted non-Third Generation Partnership Project (3GPP) Wi-Fi access was first introduced by the working group in 3GPP Release 8 (2008). Trusted access refers to operator-built Wi-Fi access with over-the-air encryption and a secure authentication method by utilizing (Extensible Authenti­cation Protocol (EAP) and 802.11i for Wi-Fi airlink encryption. EAP supports a variety of different authentication methods and is the preferred approach by most mobile operators.  This provides seamless integration of Wi-Fi access points to 3G/ 4G network of mobile operators so that seamless handoffs can be performed when one moves in to Wi-Fi zone, especially in public places. 
2. Large scale deployment with minimal hardware at the physical layer level to provide connectivity and bandwidth; all the other functionalities and intelligence incorporated in the software in the upper layers. 
3. Possible use of Unified Payments Interface (UPI) for transfer of subscription charges (pre and post-paid) to Wi-Fi service provider seamlessly.
a. Since mobiles/ tablets are used for accessing Wi-Fi, the UPI app available from one of the participating institutions can be used for payment services. 
4. Use of seamless roaming across Wi-Fi access networks using possibly the Wireless Roaming Intermediary Exchange (WRIX) protocols 
5. Seamless authentication across Wi-Fi networks through the use of Remote Authentication Dial-in User Service (RADIUS) authentication, authorisation and accounting (AAA) framework
6. Deployment of Next Generation Hotspots (NGH) for seamless auto network discovery and selection.
7. Encourage neutral Wi-Fi access providers that can support multiple SSIDs and multiple telecom and ISPs. 
8. Mobile Wi-Fi access points using LTE backhaul as a possible solution in rural and remote areas, tourist spots and where the floating population is high. 

[bookmark: _Toc484001080]9.3. Payment Models

1. Local entrepreneurs and venue owners cannot take up the whole cost of Wi-Fi infrastructure (capex/opex). Invent a co-investment model with share of investment by all stakeholders including ISPs, telcos, venue owners, content providers and advertisers. The revenue splitting can also be accordingly.
2. This requires a seamless and easy to use and interoperable payment systems. UPI infrastructure can be leveraged to provide the requisite payment infrastructure. One click payment by user with the complexities of trusted authentication, verification and transfer processes to be deployed in the cloud managed by exchanges. The exchanges can be run by trusted and verified third party agencies.   
10. [bookmark: _Toc484001081]Regulatory issues and challenges 

Wi-Fi networks are akin to the Internet that evolved as an International standard for ubiquitous connectivity. Hence, the general market based principles shall be applicable and any top-down command-and-control type of regulatory approach shall be avoided. With this in mind, we pose some regulatory challenges, especially in the context of massively scalable public Wi-Fi networks and give prescriptions for the same.

1. Should the Public Wi-Fi access providers come under licensing regime much like ISPs? Can they resell capacity and bandwidth to retail users? 
a. Is “light regulation” using methods such as “registration” instead of “licensing” preferred 
2. Regulatory guidelines on “unbundling” Wi-Fi at various levels: bandwidth and access, content, backhaul. 
3. Regulatory guidelines on reselling Internet access bandwidth of ISPs by venue owners, shop keepers through Wi-Fi at premise. 
4. Right of Way approvals for deploying Wi-Fi networks are ambiguous; 
a. Are these applicable to Wi-Fi access providers much like for ISPs and Infrastructure Providers?
5. Release of spectrum for unlicensed use in 5150-5350 MHz, 5470-5725 MHz, 5725-5825 MHz Release of V-band (57-64 GHz) for outdoor use; permission to use 2.16 GHz in line with IEEE 802.11 ad. 
6. Define security and privacy issues and guidelines at various levels while deploying country wide Wi-Fi networks;
a. At the individual, organizational and national level
b. Make appropriate trade-offs between security and privacy vis-à-vis flexibility and affordability
7. Significant Market Power assessment and appropriate regulatory action where the demand for Wi-Fi access is high and cost of providing access is also high.
8.  Universal access provisioning for rural and remote areas where cost of provisioning is high and associated demand and revenue earning potential for operators is relatively less. 
9. Provide technical inter-operable guidelines much like Aadhaar, eKYC and UPI for large scale adoption and compatibility.  Once the standards are adopted, let the market sets its nuances. 

11. [bookmark: 4k668n3][bookmark: 2zbgiuw][bookmark: _Toc483996125][bookmark: _Toc484001082]
References
 
Acemoglu, D., A. Ozdaglar. 2007a. Competition and efficiency in congested markets. Mathematics of Operations Research 32(1) 1–31.
 
Allon, G., A. Federgruen. 2007. Competition in service industries. Operations Research 55(1)
37–55.

Armony, Mor, Moshe Haviv. 2003. Price and delay competition between two service providers.
European Journal of Operational Research 147(1) 32–50.

Brynjoflsson, E & Scrage, M. (2009). “The new faster face of innovation”, Wall Street Journal,  17 August,http://www.wsj.com/articles/SB10001424052970204830304574130820184260340

Compass. (2015). The global start-up eco system ranking 2015. Available at: http://startup-ecosystem.compass.co/ser2015/ accessed on 21 Aug 2015.

Katz, R. L. (2014). Assessment of the Economic Value of Unlicensed Spectrum in the United States. Available at SSRN 2418667.

Hayrapetyan, A., E. Tardos, T. Wexler. 2005. A network pricing game for selfish traffic. Proc. Of SIGACT-SIGOPS Symposium on Principles of Distributed Computing (PODC).

Levhari, David, Israel Luski. 1978. Duopoly pricing and waiting lines. European Economic Review
11(1) 17–35.

Nguyen, T., Zhou, H., Berry, R., Honig, M., & Vohra, R. (2014). The Cost of Free Spectrum.

Sridhar, V., Casey, T., and Hämmäinen , H. (2013). Flexible Spectrum Management for Mobile Broadband Services: How does it vary across Advanced and Emerging Markets? Telecommunications Policy Special Issue on Cognitive Radio, 37, 178-191,  http://dx.doi.org/10.1016/j.telpol.2012.07.008

Sridhar, V. (21 Sep 2015). Eat, Pray, Acquire. Economic Times.

Telecom Regulatory Authority of India (TRAI). (2015). Recommendations on Delivering Broadband quickly: What do we need to do? Available at  http://www.trai.gov.in/

Telecom Regulatory Authority of India (TRAI). (2016). Model for Nation-wide Interoperable Public Wi-Fi Networks. Available at  http://www.trai.gov.in/

Thanki, R. (2012). The Economic Significance of Licence-Exempt Spectrum to the Future of the Internet. Available at: http://www.wirelessinnovationalliance.org/index.cfm?objectid=DC8708C0-D1D2-11E1-96E9000C296BA163 


UN Broadband Commission. (UNBBC). (2015). The state of broadband 2015. Available  at: http://www.broadbandcommission.org/Documents/reports/bb-annualreport2015.pdf accessed on 24 Sep 2015.
  
U.S. Department of Commerce (USDC). (2015). Broadband Opportunity Council Report and Recommendations: Pursuant to the Presidential Memorandum on Expanding Broadband Deployment and Adoption by Addressing Regulatory Barriers and Encouraging Investment and Training Available at: https://www.whitehouse.gov/sites/default/files/broadband_opportunity_council_report_final.pdf accessed on 24 Sep 2015. 
Werbach, K., & Mehta, A. (2014). The Spectrum Opportunity: Sharing as the Solution to the Wireless Crunch. International Journal of Communication, 8, 22.

Wireless Planning and Coordination Wing (WPC). (2011). Draft India Remarks in the National Frequency Allocation Table . Available at: http://www.dot.gov.in . Accessed on: 10 January 2013.
Xiao, Feng, Hai Yang, Deren Han. 2007. Competition and efficiency of private toll roads. Trans-
portation Research Part B: Methodological 41(3) 292 – 308.
[bookmark: 3ygebqi]


12. [bookmark: _Toc483996126][bookmark: _Toc483998130][bookmark: _Toc484001083] Publications

Following are the publications by the PIs based on the work done in this project:

1. Mishra, R., Sridhar, V. (26 May 2016). Business value of Wi-Fi. Financial Express. 
2. Sridhar, V., and Prasad, R. (December 2015). A techno-economic study of Wi-Fi adoption in India. Second Regional International Telecommunications Society Conference, New Delhi, 13-15, December 2015.
3. Sridhar, V. and Prasad, R. (19 Aug 2015). Spectrum sharing: Catching the call drops. Economic Times.
4. Sridhar, V., Prasad, R., A techno-economic study of non-exclusive sharing of radio spectrum for mobile services and associated policy implications. X Annual International Conference on Public Policy and Management. Indian Institute of Management Bangalore, 3-5 August 2015.
5. Prasad, R., Sridhar, V. (28 March 2015). Unfinished tasks in the liberalization of spectrum for mobile services. Economics & Political Weekly. L (13), 46-52. 

13. [bookmark: _Toc483996127][bookmark: _Toc483998131][bookmark: _Toc484001084]Policy Papers

Consultation Note on “Model for Nation-wide Interoperable and Scalable Public Wi-Fi Networks” for Telecom Regulatory Authority of India (TRAI), published in November 2016. 

14. [bookmark: 3cqmetx][bookmark: _Toc483996128][bookmark: _Toc483998132][bookmark: _Toc484001085]Outreach Workshops

1. The PIs conducted a one-day workshop on “Spectrum sharing and its applicability to India” at Bharti School of Telecommunication Technology and Management, IIT Delhi, on 16 June 2015. The workshop was sponsored by the Cellular Operators Association of India (COAI) with academic partners being International Institute of Information Technology Bangalore (IIIT-B); Management Development Institute (MDI), Gurgaon; and Indian Institute of Technology Delhi (IIT-D). The workshop was attended by about 40 from telcos, Telecom Regulatory Authority of India (TRAI), academic Institutions, Department of Defence, and Internet Service Providers. The poster of the same is attached in Annexure III. 
2. The PIs conducted a one-day stakeholder consultative workshop on “Public Wi-Fi: Commercial Models and Interoperability” in partnership with the Telecom Regulatory Authority of India (TRAI) at Bengaluru on 14 September 2016. The workshop was targeted at telcos, Internet Service Providers (ISPs), payment solution firms and start-ups, omni-channel (including Wi-Fi) solution providers, Wi-Fi/ mobile device makers, academia, and government officials involved in setting up municipal Wi-Fi networks.  The intent was to get valuable feedback and comments from the above stakeholders that can be input to TRAI on this very important theme. The poster for the same is attached in Annexure IV. Based on the inputs received from the workshop, the PIs wrote a consultation paper for TRAI.

[bookmark: 4bvk7pj][bookmark: _Toc483996129][bookmark: _Toc483998133]12. Work taken up post mid-project review

Survey work was taken up in the following locations: (i) Bengaluru (ii) Mysuru (iii) Lucknow and (iv) Muzaffarnagar, thus increasing the number of responses from 72 to 580, this improving reliability of our analysis. Survey of Wi-Fi access providers and other entities of the Wi-Fi ecosystem including payment providers and content providers were done. Complete modeling and analysis of value of spectrum has been carried out. 




[bookmark: 1664s55][bookmark: _Toc483996130][bookmark: _Toc483998134][bookmark: _Toc484001086]Annexure I. Survey of Retail users on their adoption of Wi-Fi

Survey to assess use of Wi-Fi for broadband Internet access

With the increasing adoption of Smartphones, Tablets and other devices, demand for broadband Internet services, across the country and across demographics is on the rise. However, there are constraints on the assignment of licensed radio spectrum that is required for providing access services. However, it has been pointed out by many researchers across different countries that use of Unlicensed spectrum, especially for providing Wi-Fi access seems to result in large social surplus. In this first ever survey conducted in India, we would like to get your responses on the use of different communication alternatives for broadband Internet access so that we can ascertain economic validity of the coexistence of Wi-Fi along with traditional licensed mobile radio spectrum for the provisioning of enhance broadband Internet access. This study will help us formulate a policy prescription to alleviate spectrum constraints and provide better quality of broadband experience to users. 

Prof.V. Sridhar, IIIT-B and Prof. Rohit Prasad, MDI, Gurgaon. 

This study is funded by the IIMA IDEA Telecom Centre of Excellence 
----------------------------------------------------------------------------------------------------------------
1. Please tell us about yourself.
a) Age
i. less than 16
ii. 16-25
iii. 25-35
iv. 35-50
v. Older than 50
b) Gender
i. Male
ii. Female
c) Monthly disposable income
i. less than 10,000
ii. 10,000 – 25,000
iii. 25,000 – 50,000
iv. 50,000 – 1,00,000
v. 1,00,000 – 3,00,000
vi. More than 3,00,000
d) Occupation
i. Professional
ii. Business
iii. Educator
iv. Student
e) City of living: _________________
----------------------------------------------------------------------------------------------------------------
2. My preferred First and Second mode of Internet access:
	
	Landline broadband connection
	Using Wi-Fi access point
	3G/4G enabled Mobile/ Tablet/ Dongle

	At Home
	1st / 2nd / NA
	1st / 2nd / NA
	1st / 2nd / NA

	On the move (car/ bus/ walking)
	1st / 2nd / NA
	1st / 2nd / NA
	1st / 2nd / NA

	At office/ college/ workplace
	1st / 2nd / NA
	1st / 2nd / NA
	1st / 2nd / NA

	At public places (airports, malls, restaurants)
	1st / 2nd / NA
	1st / 2nd / NA
	1st / 2nd / NA


Reasons for above preferences: _____________________________________
----------------------------------------------------------------------------------------------------------------
3. My First and Second preferred modes of access for the following:
	
	Landline broadband connection
	Using Wi-Fi access point 
	3G/4G enabled Mobile/ Tablet/ Dongle
	Reason for preference

	Communication Service(Email, VoIP chat, FB, WhatsApp etc)
	1st / 2nd / NA
	1st / 2nd / NA
	1st / 2nd / NA
	

	Media and Content Services(photos, streaming music, video etc)
	1st / 2nd / NA
	1st / 2nd / NA
	1st / 2nd / NA
	

	Downloading large files and Media(Download music, video etc)
	1st / 2nd / NA
	1st / 2nd / NA
	1st / 2nd / NA
	

	E/M-Commerce Services(flipkart, Amazon, paytm, banking, Ola cabs)
	1st / 2nd / NA
	1st / 2nd / NA
	1st / 2nd / NA
	

	Application Update from App store such as Google Playstore, Apple iStore
	1st / 2nd / NA
	1st / 2nd / NA
	1st / 2nd / NA
	



----------------------------------------------------------------------------------------------------------------
4. Please indicate below price and consumption of your Internet connections.
	
	My average monthly internet bill
	My average monthly data consumption
	My average time spent in a day

	Landline broadband connection
	i. Less than Rs. 100
ii. Rs. 100 – 250
iii. Rs. 250 – 500
iv. Rs. 500 – 1000
v. Rs. 1000 – 1500
vi. Rs. 1500 – 2000
vii. Rs. 2000 – 2500
	i. Less than 100 MB
ii. 100 MB – 300 MB
iii. 300 MB – 500 MB
iv. 500 MB – 1 GB
v. 1 GB – 5 GB
vi. 5 GB – 10 GB
vii. 10 GB – 50 GB
viii. 50 GB – 100 GB 
ix. More than 100 GB
	i. Less than ½ hour
ii. ½ - 1 hour
iii. 1-2 hours
iv. 2-5 hours
v. 5-10 hours
vi. More than 10 hours

	3G/4G enabled Mobile/ Tablet/ Dongle
	i. Less than Rs. 100
ii. Rs. 100 – 250
iii. Rs. 250 – 500
iv. Rs. 500 – 1000
v. Rs. 1000 – 1500
vi. Rs. 1500 – 2000
vii. Rs. 2000 – 2500
	i. Less than 100 MB
ii. 100 MB – 300 MB
iii. 300 MB – 500 MB
iv. 500 MB – 1 GB
v. 1 GB – 5 GB
vi. 5 GB – 10 GB
vii. 10 GB – 50 GB
viii. 50 GB – 100 GB 
ix. More than 100 GB
	i. Less than ½ hour
ii. ½ - 1 hour
iii. 1-2 hours
iv. 2-5 hours
v. 5-10 hours
vi. More than 10 hours



----------------------------------------------------------------------------------------------------------------
5. Tell us your experience on the following:
Please rate your experience on a scale of 1 to 4: 1 denoting low and 4 denoting high.
Circle NA if ‘Not Applicable’
	
	Landline broadband connection
	3G/4G enabled Mobile/ Tablet/ Dongle
	Using Wi-Fi at home
	Using Wi-Fi in public spaces (airports, malls, restaurants)
	Using Wi-Fi in office

	Price
	1 / 2 / 3 / 4 / NA
	1 / 2 / 3 / 4 / NA
	1 / 2 / 3 / 4 / NA
	1 / 2 / 3 / 4 / NA
	1 / 2 / 3 / 4 / NA

	Quality of data connection
	1 / 2 / 3 / 4 / NA
	1 / 2 / 3 / 4 / NA
	1 / 2 / 3 / 4 / NA
	1 / 2 / 3 / 4 / NA
	1 / 2 / 3 / 4 / NA

	Convenience and mobility
	1 / 2 / 3 / 4 / NA
	1 / 2 / 3 / 4 / NA
	1 / 2 / 3 / 4 / NA
	1 / 2 / 3 / 4 / NA
	1 / 2 / 3 / 4 / NA

	Security
	1 / 2 / 3 / 4 / NA
	1 / 2 / 3 / 4 / NA
	1 / 2 / 3 / 4 / NA
	1 / 2 / 3 / 4 / NA
	1 / 2 / 3 / 4 / NA


----------------------------------------------------------------------------------------------------------------
6. What do you do in case too many members of your household want to access home Wi-Fi and the associated Internet connection?
a) Limit the connection time for different members of the household so that all can have access
b) Limit access to bandwidth intensive applications such as video/ gaming so that all can use it simultaneously 
c) Increase Internet bandwidth from the service provider
d) Leave it as it is
e) 
f) In case you have chosen Option (a), please specify who gets priority to access your home Wi-Fi network to connect to the Internet? School and college-going students, office-goers/professionals, home-makers, grandparents or others? - Please write NA if you have not chosen option (a) : _________________________

6. The primary reason why you will connect to a public Wi-Fi access point (e.g. in malls, hotels, airports and railway stations) is:
a. It is easier (e.g. automatic authentication) and convenient
b. It is cheaper than my 3G/4G mobile data price
c. It is secure
d. It is fast
------------------------------------------END OF SURVEY----------------------------------------------
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1. What is the employee size in your organisation?
2. Do you have Wi-Fi access points in your campus/ building for your employees?
3. If you have, tell us the primary reasons as to why you have deployed the same?
4. What is the share of business locations that are Wi-Fi enabled?
5. Can you give us the average number of Wi-Fi access points per 100 users.
6. How has the architecture of offices/ campus changed with deployment of Wi-Fi?
7. Who are primary users of Wi-Fi and why? ( senior managers/middle managers/developers)
8. Is Wi-Fi access as per IT Security Policy of the firm?
9. What are the IT policies that govern Wi-Fi usage in your firm with respect to the following
·  Authentication and  access 
· Security of access point
· Type of content/ app/ web sites allowed/ disallowed access

10. Is Guest Wi-Fi access enabled?
11. Who is the Wi-Fi deployment provider?
12. Has the firm been approached by Telco/ ISP for Wi-Fi deployment?
13. Can you give us a percentage of traffic going through Wi-Fi versus wired LAN?
14. Can you give us a  percentage of Internet traffic compared to Intranet traffic through Wi-Fi networks
15. Is VoIP used within Closed User Groups across locations within firm?
16. What are the typical capital and operational expenses that you have incurred in your Wi-Fi installations in the past 2 years?
17. Wi-Fi deployment cost as percentage of annual budget.
18. Is Wi-Fi bandwidth sufficient?
19. With roll-out of 4g, do you expect anything to change for corporate users?
20. What practices are followed for managing congestion in Wi-Fi networks - e.g. different categories of users, more access points, traffic management
21. What is the trend in Wi-Fi deployment? Do you see wired access  going away
22. Do you use any other micro cellular and in-building technologies to complement/ substitute Wi-Fi and if so why?
23. Do your executives log in to the company intranet from offsite using Wi-Fi? What is the
·  Quantum of usage – time, bytes
·   Nature of use
·   Challenges and opportunities
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