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Abstract: With initiatives being set out by the United Nations and the United States Department of Commerce the progression to the 5G network bringing internet access to all.  The change starts off with a clean slate necessitating development of new network structures, new requirements and cooperation by all nations to resolve any obstacles.  The Internet of Things will bring together consumers, producers, large and small economies in both the public and private sectors.   The 5G network will be a creation of a full infrastructure of wireless technologies.  Included in the new developments is a need to look at the current regulations to ensure any needed changes and new guidelines will be in place at the same time as the roll out of the network.  With the target completion date of 2020, the 5G network promises to be ten times faster than the current 4G LTE systems and be able to handle a thousand times more traffic than current networks.  It will be the foundation for autonomous driving, virtual reality with the ability to download a video within seconds. 
Index Terms—5G Mobile Communication, Handover, Internet of Things, MIMO, Radio Access Networks
5

I. INTRODUCTION

G is not just the next generation of wireless networks that come as an upgrade to 4G.  The next network generation has implications much beyond any interval advancement.  The current 4G and 4G Long Term Evolution (LTE) evolved from the prior generations allowing us to go from a basic cell phone (1G), to texting (2G), through internet connection (3G), and now into increased speeds and lower latency with 4G LTE.  The economies of scale have allowed for cellular technology to be more readily available to more people.  As technology has evolved wireless phones are now within a cost range that allows for more people to have more cell phones and other devices than ever before.  It has given people in areas that would not have been able to have access to economies and economic advances some advantages they would not have received had it not been for this technology.  As more people in developing countries are able to obtain this access we are finding out that just how powerful opening up wireless internet access is to all involved. 

The evolution of the Internet of Things (IoT) will bring together businesses, public sector facilities (i.e. first responders), environmental agencies, governments and consumers.   The United States Department of Commerce has set out four guidelines for the future of IoT activities.  

The U.S. Commerce Department will:

1. lead efforts to ensure the IoT environment is inclusive and widely accessible to consumers, workers, and businesses

2. recommend policy and take action to support a stable, secure and trustworthy IoT environment

3. advocate for and defend a globally connected, open and interoperable IoT environment built upon industry-driven, consensus-based standards

4. encourage IoT growth and innovation by expanding markets and reducing barriers to entry, and by convening stakeholders to address public policy challenges [12]

As the United States and other nations create further enterprises for smart phones and other devices the increased usage leads to a need for solutions involving a new infrastructure type approach to wireless technology.  

In addition, and beyond the US initiatives and probably a precursor for the US Dept. of Commerce initiatives, the United Nations (UN) at the UN Summit in September 2015 saw the member nations came together and set out the 17 Sustainable Development Goals (SDGs) of the 2030 Agenda for Sustainable Development [15].   

The overlying goal is to end poverty for everyone by 2030.  To obtain this extensive end of poverty goal the 17 measurable, progressive goals were set up and to be worked on together by all the member nations.  Every nation, both poor and rich, must bring their unique viewpoints to the table in order to achieve a no one left behind policy fulfillment.  

As described in the Sustainable Development Goals there is a specific goal (Goal #9) which puts forth advancement in Industry, Innovation and Infrastructure.  

UN sustainability goal number 9 is broader than just the telecommunications and communications industries, but the directives that directly relate to telecommunication devices include recognition that:

· between 1 and 1.5 billion people do not have access to reliable phone service

· quality infrastructure is positively related to the achievement of economic goals and growth

· inadequate and unavailable use of infrastructure leads to disadvantages marketplaces, lack of job training and barriers to doing necessary business

Through the evolution of wireless networks and arriving at where the multitude who have telecommunication devices at their fingertips with 4G LTE speeds along with the new initiatives put forth by the UN and the U.S. Department of Commerce has led to the necessity of a vision beyond where we currently are because our current technologies will not sustain the movement into the future.
II. Approach to explain the topic


The basis for the 5G network continues to be an evolution of LTE which allows for the speed, advanced radio techniques and significant spectrum efficiencies for advancement to the next generation of capabilities.  In order to explore the advances that are coming to create a 5G environment we first need to look at what is currently happening on the 4G LTE spectrum and then introduce what technologies are being develop for use for 5G and then in the next section we will discuss research that is currently being developed to help with the pitfalls of the developing technologies.

A. Current 4G Environment
The current 4G networks with their multitude of users on smart devices are coming closer to reaching capacity on the network spectrum on which they currently reside.  Consumer’s data consumption on their devices is ever increasing as more and more things are being viewed and downloaded right at their fingertips.   According to a study by the Pew Research Center, Internet & Technology as many as 95% of all Americans own a cell phone, 75% of Americans own a laptop or desktop computer and about 50% also own tablets and/or e-readers [13].     Smartphones and other devices use radio frequencies on the lower end of the spectrum between 3 kHz and 6 GHz [11]. That space is limited and with multitudes of additional services in that spectrum overcrowding that space isn’t infeasible because it will force slower service and more dropped connections, both are unacceptable.  This is just one of the issues with attempted directive of inclusion on everyone by the UN.  The upcoming technologies of 5G will have to address these and any other issues as they are presented over the next couple of years.

B. Technology of 5G
So now we have to move from how things are today to a network system that can handle all of the current smart devices plus add in the IoT, which will include autonomous cars, health care systems, emergency systems, virtual reality, and any number of still unknown things working together without interference, latency, and with continuous reliability.

 
Figure 1 shows the five technology solutions to be used by 5G:  Millimeter Waves, Small Cells, Massive MIMO (Multiple Input Multiple Output), Beamforming and Full Duplex.  Each technology will be discussed in the next section along with their attributes and pitfalls.


Millimeter Waves

With the directives to expose so many more people to and give them access to devices other areas of the spectrum needed to be evaluated for use.  One such area is the Millimeter Waves (mmWaves) or Extreme High Frequency (EHF) portion of the spectrum which would expand the capacity of usage spread out over a larger area of the entire spectrum.  The problem with using shorter mmWaves is they can be blocked by buildings, trees and absorbed by water (i.e. rain).  In order to use mmWaves other technologies had to and will continue to have to be developed and used in conjunction with this technology to make it work reliably.

	Millimeter Waves – usage of shorter wavelengths between 30 GHz and 300 GHz


	Small Cells – 1000s of low powered mini stations



	Massive MIMO – support of 100 ports on each base station (vs. ~10 ports on 4G base station)



	Beamforming – transmits a user-focused beam of information



	Full Duplex – switches that halt the rolling back of wavelengths




Figure 1 Solution Technologies of 5G
Small Cells
To help with continual signal connectivity issues where mmWaves can’t go through obstacles low cost small cell towers will have to be placed at more frequent intervals.  This will solve the problem of continuous connectivity especially in more densely populated areas.
Massive MIMO

Current cell towers only have about 10 ports on antennae.  In MIMO the towers can have about 100 ports on each antenna in order to increase capacity of today’s networks.  The problem with MIMO is all those signals can cause interference.


Beamforming

A base station sends a focused stream of data to a specific user.  This system could work with the MIMO system which would distinguish the signals and plot a course through the signals back to the appropriate user.

Full Duplex
When wavelengths are transmitting over a basic cell station they can only transmit or receive data because the wavelength flows in the same base going forward as backward.  With Full Duplex signal switches have been developed to interrupt the flow of the wavelength allowing transmission and reception to flow around the switch speeding up the entire process.
III. Existing research issues on the topic

Existing research may take on two or more of the above technologies and combines them to propose their solutions or they may take on an outside factor that needs to be discussed such as regulations or economies of any changes or new ways to look at the current regulations.
A. Performance Comparison of Dual Connectivity

Integration of the potential solutions to any two the problems associated with the conversion to 5G networks is another area that needs to be addressed prior to implementation.   As discussed previously, currently where all previous telecommunication devices (including LTE) and smart devices work are typically at specifics frequencies below 6GHz on the radio frequency spectrum.  The radio frequency waves in that space are getting crowded with all the devices we have today resulting in slower service and dropped connections. The future 5G network is being developed to operate on the radio spectrum at the higher GHz range/smaller wave size mmWave (millimeter wave) spectrum.  Again, the problem with this smaller wavelength portion of the spectrum is that the mmWave does not travel through buildings, trees, or any structure in general including liquid (i.e. rain). A solution presented by the 3rd Generation Partnership Project (3GPP) integrates a handoff between the newly developed mmWave stations and current LTE stations [1].  This means that an additional solution needs developed that will provide for seamless connectivity and handoff between the LTE network and the 5G network even if they are operating on different frequencies on the spectrum.

Reference [7] presents two possible solutions, the first one using a dual connectivity (DC) setup, introduced in the referenced paper as an extension of the 3GPP’s LTE DC proposal.  In the proposal it is presented that the user’s equipment (UE) is connected to both the LTE and the mmWave base stations (BS).  In this solution the LTE part of the system acts as a backup to the mmWave.  When the mmWave portion fails to travel through any substance that is blocking the wavelengths then the backup LTE system seamlessly picks up the signal and carries it until the mmWave BS can be re-engaged.  

A second solution was also introduced as a hard handover (HO) where the UE is connected to multiple Radio Access Technologies (RATs).  In this solution the RATs would perform fast switching during any disruption allowing for continued connectivity.  Although this solution has merit, as of the writing of the referenced paper, it had not been tested because of the timing in development of integration between the LTE and 5G technologies.    The two systems need further development and testing to provide the data in HO simulations.

B. Evolving 5G for Universal Internet Access

Universal internet access for all poses real problems with the current cell technologies.  If the coverage problems can be resolved there is a much better prospect of obtaining that initiate.  The theory is that having access to internet service for everyone is a function of increased economic growth.  The ability to sustain universal access hangs on having enough users per cell for economic viability.  5G offers a clean slate to network designers and will allow for investigating the challenges of utilizing 5G for Global access to the Internet for All (GAIA) [7].  The goals envisioned for 5G include a 1000x increase in capacity; an edge rate of 100Mbps and a latency of 1ms.

One of the problems associated with the GAIA is that cell service providers’ motivation is profits.  Finding a way to provide internet service to everyone while still staying with cost frameworks of providers and profits is an apparent issue.  The most obvious problem is getting the service to the low-income countries and people.   In addition, any increases and improvements in technology make the division between those who have access to technology and those that do not even more noticeable.  S o designers have to figure out how to improve processes and still make the technology accessible to all.

Using a User Centric 5G design allows for diversity in the networks, battery life requirements or latency fluctuations can help in making sure that even remote users can have access to the internet, but maybe not the same level of internet accessibility as in high density areas allowing for the profit differentiation to be acceptable to both the consumer and the supplier.

Another discussed platform adaptation could be the use of such as television white space in rural areas.  This is an acceptable alternative because this space is free and can be used to provide broadband access.  Extended areas can be covered with the usage of directional antennae plus there isn’t the issue as with mmWaves of being obstructed while going over the landscape.

With the advent of accessibility to open source software in addition to low cost software defined radios allows for people in more rural areas to be to create a sort of do it yourself network structure.  When dealing with the scarcity of resources in some areas the need for conservation of energies is also a factor.  A reduction in the 5G throughput requirement will alleviate some of this problem.  The scaling of different 5G requirements can be advantageous to many areas where there are problems giving access to all. 
C. Network Slicing Management for Challenged Networks

Another difficulty facing the transition to 5G networking is the issue of Multiple Input Multiple Output (MIMO) wireless technology.  In this challenged network of receiving and distributing a higher quantity of data and also many types of data at a higher speed. These challenged networks’ key drivers are to provide service for critical Machine Type Communication (cMTC) and massive Machine Type Communication (mMTC) service types.  The ultimate scenario will provide network scale, low latency, and high resilience, without a limit on capacity or coverage.  The key networks being given attention are the auto industry and public safety along with responders to disasters.  Developers in the 5g arena are looking for include:

· Multi-Connectivity (resilience)

· Ultra-Dense Small Cells (capacity)

· Virtualized (radio access) networks allowing for flexibility in programmability and cost

· Mobile edge computing (low latency and traffic localization) [4]
In order to make 5G networks economically obtainable they need to take into account the inherent problems of Network Management (NM) within the necessary services provided.  The networks will have to be a more robust intelligence data capacity, so the system has a human brain type approach to fixing itself for optimization and troubleshooting of problems.  Network slicing is a concept where network changes on one level of the network do not adversely make changes to another level of the network.  This allows for more resilience and agility over the entire network system [7].  These abilities will make it easier to supply different sets of consumers over both vertical and horizontal levels of business with as a service networking without them interfering with each other.

D. Challenge of Net Neutrality

Even though we are years away from the implementation of the 5G network experience, the increased speed 5G networks will provide over the current 4G speeds some have said it will be a more fiber-like experience for all the mobile users.  The service sectors that this new capability will be able to serve is still unknown, but with the proposed reliability of service and the low latency scaling of service is both horizontal and vertical.  The vertical industries described in this writing included healthcare, energy services and the automobile industry.  The interworking infrastructure that the development of the 5G system promises allows for the revolution how we currently view and price the mobile networks into more of a system of supply and demand consumption models.  Since several types on networks would be able to work seamlessly with each other the users, personal or business, of these co-dependent networks could see a pricing fluctuation structure based on usage vs the current net neutrality policy.  

Net neutrality is the prohibiting of broadband service providers from charging different rates for different levels of preferred access [10].  In the FCC Open Internet Order 2010 allowed for more lenient restriction on mobile networks versus the internet access rules for suppliers.  Since the GAIA would be provided over mobile devices using 5G there could be a grey area that allows for differing pricing models.  That work around can give businesses that need uninterrupted, extremely efficient quality data available around the clock, such as emergency response teams or autonomous vehicles a different as a service price than consumers using a different set of variables to access their needed data over more readily accessible virtual networks and a slightly different level of service.  The requirement of the 5G network will certainly bring about much debate about the current net neutrality rules.  So much so that the regulations must be developed as the systems that will be used within the 5G networks are being combined into its infrastructure.

E. Evaluation of mmWave on 5G Networks

The scarcity of spectrum in the sub-6 GHz range has made exploration into the larger unused section of the millimeter wave (mmWave) frequency range.  The low latency and increased ability for more capacity make this area of the spectrum a feasible solution for the expected increased demand in the developing 5G networks.  The problem with mmWave is its inability to travel through obstacles making it unattractive for either densely populated areas or places where there are other hindrances such as trees.  Using a combination of high-dimension antenna arrays, adaptive smart antennas and handovers between neighboring cells [9] will allow the system to react quickly to potential disruptions in the service.  The use of scheduling algorithms can also be tested once the network is beyond the development phase.  

F. Scalable Header Compression Scheme

One of the commonly defined issues with the upgrading of the telecommunication system to 5G is the bandwidth concern that needs to be studied and resolved.  With the accessibility of technologies that use the same bandwidth.   In this paper their proposed solutions presented includes a header compression process.  In this process the headers of consecutive packets are removed on the sender side of the transmission and reinstated once the transmission has gone through the bandwidth and is received. 
One type of successful compression detailed is Robust Header Compression (ROHC).  This scheme is highlighted here because it has already been tested successfully in Long Term Evolution (LTE) technologies currently in use [1]. One potential problem is that the header has to be compressed and decompressed many times as it travels through the transmission process which potentially can lead to reduced speed which is counterintuitive to the speed necessary for the upgrading the telecommunication system to 5G.  Combining ROHC with Software Defined Networking (SDN) technology may alleviate the outlined speed reduction problem.  SDN separates the network control plane, a basic component of the telecommunications architecture (i.e. the router), and the data plane, which is the data that is transmitted through the router.
IV. Possible Future Research Issues on the topic

Possible future research issues with 5G networks could include the connectivity of autonomous cars on the 5G network using unidirectional signals sent from and/or to a specific self-driving car.  Also, how to alleviate the high cost aspects of getting the GAIA, what are the cost implications, who should pay for making sure the internet gets to all people in the timeframe outlined.  Along those same lines research could be done to analyze the future of the 5G marketplace, economic usage within the 5G network and how the network can help to expand the economy of undeveloped countries.
V. Concluding remarks

In this paper, the directives from the United Nations and U.S. Department of Commerce we discussed which outlined the need for the new infrastructure of a 5G network.  The new network system will not just be an upgrade from 4G LTE but a whole new set of network structures that bring about problems and some solutions were discussed in this paper.  Along with the solutions discussed were presented mixed solutions to help alleviate any issues with one technology that could be used in conjunction with another.
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