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Thank you for purchasing this report, I appreciate your support. I pray that it serves you well. 

If you can, let me know what you like and didn’t like about this report. What should I add, and what should I skip next time. 

If you need one on one consulting or specific reports, feel free to reach out at wade@techfecta.com for direct support.
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Introduction
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This report is to help you understand more about small cell and CRAN deployments and all associated options. When you work in the industry people, commonly lump other things into small cells or small cells into other things. For instance, CRAN and cRAN centralized RAN and Cloud RAN often looked at as small cells because a radio head is being deployed on a pole or building all by itself. That is just like a real small cell; it’s installed all by itself. 

Another thing is the mini macro; it’s just a big and power small cell. It has the form factor of a small cell but can do more. Not quite as much as a macro site, but more than your typical 1-watt small cell.

Then there is DAS. DAS incorporates small cells, Wi-Fi, radio heads all into its system for the carriers. It could be one of these or all of these. DAS systems for 4G and 5G are going to be all digital. 

It’s going to help you look at small cell deployment holistically. There are deployment notes, history, and an outline of what works and doesn’t work. This report covers more than small cells to give you a big picture of the future of wireless outside of the macro site. 

Then comes the ever-important deployment. You know, on paper it all looks good, but when the deployment happens, you must get it out into the real world and make it work. That’s the magic. All the planning in the world can’t overcome problems that you run into. Only trial and error. 

These notes in this report are here to help you understand what you may run into and how to overcome some issue. The history is to help you understand why things are done the way they are done now. 

It helps to understand what the carriers are doing now to make the deployment evolution clear. As we go to an all-digital system for wireless communication, devices become different. They must pass data. If you want voice, instant messages, Facebook, Google, or whatever, it’s in the data as a data packet. The radio doesn’t care; it must pass data. Just like the backhaul, it doesn’t care; it must pass data. 
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Small Cell History
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Small cells have been the buzz around the industry since about 2013. We thought that they would be the new site deployment. I believe that all the carriers wanted to believe it as much as I did. You see, I was working for Alcatel-Lucent and we had every intention of rolling them out to the industry by the 10s of thousands! As you know, that didn’t pan out, and I will tell you why.

First, let’s take a stroll down memory lane and see how small cells were developed and why. 
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A quick History Lesson about Carrier Coverage
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The reason small cells came about is that in a digital world the solutions of past would not serve us as well going forward as they did in the past. The spectrum and technology that we had in 2G were not helping us in 3G and 4G would make sure it’s out of reach.

We worked with passive repeaters, which consisted of an antenna at each end and a coax cable in between. The design would be that the gain of the antennas would overcome the loss in the cable and take the cable from point A to point B. 
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Figure 2 Passive Repeater

This was fine until 3G came along, then it didn’t work as well. Then as data usage climbed, it became more of a problem with data. There were other systems where they had an amplifier in between the 2 antennas. This would take the input signal and amplify it so that the output signal we very strong.

Now, don’t’ get me wrong, these repeaters were used for a long time, and they worked. They solved the coverage problem that so many businesses had. Back then the carriers relied on rooftops and tower for over 95% of coverage. Even then they would not pay for smaller systems. If someone wanted coverage int heir building, he or she had to do it themselves. Repeater systems were normally under $1,000 each and installation could be a few hundred dollars depending on the complexity. You had to be a big customer to get the carrier to chip in on the cost. 
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Figure 3 Active Analog Repeater 

The repeater could have been analog or digital, and you could have multiple antennas. The idea was to get the signal to the mobile. It worked well. Especially in 2G and 3G, it was reliable. 

This type of architecture eventually became a stepping stone to DAS systems. The economics behind DAS were to get the signal to a concentrated area. The carriers didn’t want to take this on early, so they would pay people to build out the DAS systems and install them.

First, here are some models of DAS systems, granted, I draw like a 10-year-old, but you get the idea.
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Figure 4 DAS Analog System
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Figure 5 DAS Digital System
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The business of repeaters:
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When repeaters or cell extenders or whatever you want to call them came about, the carrier would not do it unless it was a larger customer. Remember this was in the 80s, 90s, and early 00s. Usually, the customers had to pay for themselves. That means the business had to find a local radio shop who would design it and install it. They didn’t always work so well, but if the signal was better inside the customer will be happy. 

The carriers didn’t like putting them in because of the expense, so unless the customer had 50 or more phones, it really wasn’t worth it. However, customers began to rely on their mobile phones more and more, so they would pay to have coverage everywhere, so they would not miss a call.

I remember when Nextel had the push to talk, PTT, feature. This made it critical for coverage because contractors used this feature all the time. It became a lifeline for them to do business. So much so that the phone call was the second alternative. 
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The Business of DAS:
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Then came DAS systems. While these were not cost effective for a smaller business, they solved many problems for the carriers at larger venues. The DAS systems would cover a venue quite well if designed properly. DAS was around for 2G, 3G, 4G, and will continue into 5G. DAS is still used in public safety because many municipalities require a usable signal in a building. So, for a new building to be open to the public, there should be some type of public safety DAS installed. However, in today’s world, the carrier DAS is not so popular unless it is absolutely needed for the carriers’ customers. 

What venues would need DAS?


	Airports

	Sports Stadiums

	Concert Halls

	Convention Center

	Large corporate parks

	Industrial parks

	Large office building common areas

	Shopping malls

	Hospitals

	Train and bus stations

	Businesses

	Industrial buildings and complexes

	Large office buildings

	And the list goes on.



There were a lot of places where DAS systems could be installed. The business models early on were somewhat simple. The carriers were putting them in, but soon found maintaining them was a headache. So, then they let other put them in and paid rent to be on them. Eventually, the DAS installers thought they would get more money if they charged per call or connection, and the carrier thought they would save money, either way, managing that system was a complete nightmare, and the numbers were impossible to trace. 

Then the digital systems were put in, and most DAS installers went back to the flat fee system. While this may have been good for the landlord, the carriers were tired of dealing with it. They decided there had to be a better way for smaller venues. Let’s face it, DAS ownership was very profitable at one time, so the building owners wanted in on it, and the DAS managers were being squeezed. 

The carriers decided to support larger venues; other customers were on their own. So, the groups that leased DAS systems had to find new customers. Guess what, the landlord didn’t want to pay to have a DAS system, but they wanted paid to have it in their buildings. The fight went on until someone needed coverage more, either the landlord would make his tenants happy, or the carrier would try to satisfy the customers in the building. Newsflash! The carrier really didn’t see any need to satisfy anyone in almost all buildings. The landlord had to decide, who would pay? I’ll give you a hint; the landlord won’t pay unless he has to like for public safety. A carrier would need to see payback either in a large venue or a large customer before spending the money to install DAS. 
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The Birth of Small Cells
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There were Wi-Fi hotspots, why couldn’t the carriers do the same? Well, they did. Small cells came about because carriers wanted to emulate Wi-Fi hotspots, and the dream was to put them everywhere a macro site could not be for a lot less money. This sounded great! The hardware was cheaper, the energy usage was much less, and they could bypass the DAS systems altogether. 

The idea for a small radio was around for some time. Often small repeaters were used, but as 3G progressed, the idea was to have indoor coverage, period. If small cells could be deployed like a hotspot, then the carrier could put them everywhere. Ah, the dream of seamless coverage, but that didn’t quite pan out.

Carriers were not happy about connecting small units to the core through a VPN line that went to the open internet. This was the most cost-effective way to do it, but they had security issues. This was a problem early on. The 3G systems also were a challenge to get that small. There were a lot of issues that could not be resolved before 2010. In the days of 3G, a small cell was used for coverage more than loading. Occasionally they would relieve loading, but not normally. Let’s look at this in more detail.
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What is a Small Cell?
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OK, what the hell is a small cell? Is it just a small cell site in a box? 

I guess the first thing we need to do is outline what a cell site consists of. Picture this as I walk you through the site starting at the antennas. The antennas, normally on a tower in a Macro setting, would be up in the air. With LTE they put the RRH, (that is an RF unit that normally transmits over 30 watts), up on the tower close to the antenna. The RRH and the antenna are connected using coax line, (RF cable). For the sake of this book, I am going to concentrate on LTE. What is coax? That is a cable that can carry RF signal. The other connection to the RRH is fiber that runs to the BBU. The RRH is powered by a power cable. So, in a Macro setting, they must run the fiber and power up the tower to the radio head. If we follow the fiber and power line down the tower, chances are good it will run into a shelter or cabinet to the controller. The controller is called a baseband unit (BBU) which will have all the information in it. The BBU will get its information from a router at the site, a cell site router. The BBU at a Macro site could control 1 to 12 RRHs. Normally we call the BBU and the RRH a BTS (Base Transmitter Unit) or an eNodeB.

So back to the question, what is a small cell? It is the BBU, and the RRH all crammed into one unit, an easy to mount box. It may have the antenna attached internally, or it may have coax, (pronounced Kō-Ax), jumpers connecting an external antenna. It is usually very small and can be mounted anywhere. The small cell will have fiber connecting to the backhaul which will connect it to the EPC. 

It’s like putting a small low power cell site where the people are; I mean right where the people are using the most data instead of way out at a tower site or up on top of a high-rise building. Just picture an eNodeB, (the transmitter for a carrier). This can also be called a BTS, (base transceiver station) which is located at the site. It receives and transmits the RF signal. Suddenly you have a cell that can service a group of people with little RF loss and high data throughput. This is a great thing for carriers because it can fill a small dead spot or improve offloading in a smaller area where the Macro site can’t. That is the goal of the small cell, to alleviate the loading and add coverage. I will concentrate on the outdoor small cells for this article, but the indoor do the same thing.

Usually, a small cell is 5 watts or less. Sprint is creating the Mini Macro, a small 20-watt cell. This is another small deployment that could be put on a utility pole. The outdoor 5W small cell is getting smaller, about 10 lbs. or less and usually less than 18 inches by 18 inches by 10 inches. Low power and a small profile.

What about the backhaul? You may need a router if one is not built in. Many small cells now have the router build in, but if they don’t, it will be something you need to have at the site. The backhaul could be fiber, copper, or wireless. 

You may think that it’s something anyone could put in, right? Well, the indoor small cells are easier to install, but outdoors you still have many issues. Although depending on who the Original Equipment Manufacturer, (OEM) is then you may need their training to be authorized to install it. After all, if it is a high-tech piece of equipment that a carrier trusts you to install properly. They probably want you trained to install it, so the warranty is not void. I will go into that later. 

The small cell is going to change the way we look at wireless deployments. The biggest band for your buck now may be to go where the people are, not to be as high as you can possibly be. Also, think of the spectral efficiency by having smaller sites, that spectrum which costs billions is now used more efficiently. The smaller the site, the more you get for the same spectrum. The cost of spectrum and the need for maximum bandwidth is changing the way cell sites are deployed. 

A small cell is a stand-alone small cell site, usually at very low power. It will have an integrated BBU and backhaul. It may have a router inside but, in most cases, it will connect to an external router, switch, or hub. It is a standalone unit that needs backhaul and a way to connect to the core or a controller at the core. Generally, this unit could be put anywhere and is built for indoor or outdoor use. 



	[image: ]

	 
	[image: ]





[image: ]


What do People call Small Cells, but they are not:

[image: ]




Here’s the thing, most deployments that installers think are small cells, really aren’t technically a small cell. A true small cell is a self-sufficient low power BTS site. It has backhaul which in some way connects to the core. Most installations are either a CRAN or cRAN which is a remote radio head that connects to a BBU located somewhere else, or a mini macro which is just like a small cell but higher power and has more functionality. More on these technologies coming up. 
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