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Abstract  

This document presents on the requirement of 5G and the key technology 

advancements which serve as enablers in realizing these requirements. The 

document also dwells on the interference conditions associated with a typical 5G 

deployment, and mitigation methods. 

Keywords - 5G, Mobile, Interference 

1. Introduction  

Every generation of the cellular technology marks a technological evolution 

ranging from  digital voice calls instead of analog, introduction of packet switched 

data with always on connection, and ultimately voice and data over All-IP 

network. The fifth generation (5G) is expected to bring in reduced latency, 

increased throughput, support for higher number of connected devices and 

Device-to-Device communication. These enhancements would extend the wireless 

connectivity to wide range of devices/application and satisfy the emerging 

communication requirements of both consumer and the industry by 2020. 

 

Figure 1. Detailed Timeline for "IMT-2020" [1] 

The 3G and 4G mobile communication requirements are defined by ITU-R with 

IMT-2000 and IMT-advanced respectively. For 5G ITU-R has initiated 5G related 

research with “IMT 2020 and beyond” programme. Since then various research 

establishments around the world have already invested considerably in candidate 
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technologies for 5G. ITU-R is planning [1] to release requirements for 5G (IMT-

2020) by 2016-17. 

This whitepaper dwells upon the requirements of 5G, the technology enablers to 

realize the requirements, the interference issues arising out of multi-tiered 

network in 5G space and  the various interference mitigation mechanisms 

proposed. 

2. 5G Requirements  

The requirement for 5G Mobile networks can be viewed from the dimensions of 

User, System, Device, Service Enhancement, Network management and Business 

Requirements. A gap analysis against the capability of 4G mobile networks from 

the above perspective [2, 3] outlines the key requirements for 5G Mobile 

communication as follows: 

Requirement Drivers 

 Higher throughput 
o Greater than 10 Gbps 

- At least 50 Mbps anywhere, even at Cell 
edges and dense areas 

- Multimedia enriched Personal 
Communication 

 Lower Latency 
o Round Trip Delay – Less than 1 ms 

- Extreme Real-Time Communications 

- Tactile Internet 

 Enhanced Connectivity 
o 100% Coverage 

- High Speed user mobility 

 Always On Reliability 
o 99.99% Availability 

- E-health Services, Tactile Internet 

 Higher Bandwidth per Unit Area 
o Order of 1000x compared to 4G 

- Broadband at dense locations 

 Connection Density 
o Order of 10x to 100x  

- More number of connected devices to 
support Sensor Networks, M2M 

 Enhanced Battery Life - Sensor Networks, M2M 

 Low CAPEX, OPEX 

 Reduced Network Energy Usage 

- Ability to deploy network at Low ARPU 
areas 

Few of the requirements conflict with one another from the design perspective, 

such as bandwidth per device vs. maximum number of connected devices, higher 

throughput vs. battery life enhancement & Network energy usage reduction and so 

on. 

3. Technology Enablers for 5G 

The wide range of requirements have led 5G to work on certain technology 

enablers which allows these conflicting goals to be realized optimally. This section 
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discusses various technologies proposed [2, 3, 4] for adaption by fifth generation 

of mobile communication. 

3.1. Spectrum Access Improvements 

To support wider operating bandwidth 5G needs to aggregate carrier from various 

bands. The component carrier’s bandwidth will be in finer granularities to be able 

to utilize the unused/left-over spectrum. The devices must be capable of 

supporting more than 20 bands to support carrier aggregation across spectrum.  

The effective utilization of spare unused spectrum requires a centralized 

controller with control interface to all the devices. To improve the spectral 

efficiency further, 5G network will also have to reduce the broadcast information 

associated radio emission to the bare minimum.  

3.2. Milli and Centi Meter Waves  

Rapid free space loss characteristics have limited the usage of centimeter and 

millimeter waves (30 GHz to 300 GHz)  for the use of cellular access network up to 

4G. As 5G is expected to adapt an overlay of Pico cells within a large macro cell, 

Millimeter wave spectrum can be utilized for such shorter range Pico cells.  

Due to the highly directional nature of this band, millimeter wave spectrum can 

be used to supplement existing cellular bands to enhance per user throughput 

when needed with narrow directional beams. 

Smaller wavelength allows multiple antenna elements to be housed in smaller 

form factor devices. Hence beam forming with a planar array of elements can be 

used to enhance the spatial reuse of spectrum, and to improve the spectral 

efficiency.  

3.3. Next Generation Radio Access Technology 

Orthogonal Frequency Division multiplexing (OFDM) has inherent spectral roll off 

issues which is mitigated in LTE with adequate guard bandwidth supported by  

band limiting filters. The overhead associated with guard bandwidth is relatively 

higher when it comes to smaller fragments of spectrum, impacting spectral 

efficiency when used with carrier aggregation.   
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Newer modulation schemes are being investigated in addition to Single Carrier 

FDM and enhancements to OFDM such as modified cyclic prefix and active 

cancellation of out-of-band spectral emissions. Generalized Frequency Division 

Multiplexing (GFDM) provides very less out-of-band spectral emission and 

relatively lower Peak-to-average-Power-Ratio and when compared to OFDM [5,6], 

while retaining the cyclic prefix and FFT based equalization schemes of OFDM. 

Filter-bank Multi-carrier (FBMC) reduces the spectral efficiency loss due to cyclic 

prefix insertion [7]. Universal Filter Multi Carrier (UFMC) provides resilience to 

Inter Carrier Interference for multi-cell coordinated reception [8]. 5G might adapt 

either one or combination of techniques to cater for the requirements discussed in 

section 2. 

3.4. Multi-RAT Connectivity & Off-loading Towards Unlicensed 

Spectrum 

In addition to support for newer RAT, 5th Generation mobile devices would have 

Multi-mode Multi-band capable devices with multi-RAT connectivity, which  allows 

data rate aggregation at Layer 2 or higher. The UE can choose the best RAT at any 

geographical area, based on cost of link or link quality, which provides always-on 

connectivity at cheaper cost. 

Multi-RAT connectivity also provides the capability to augment mobility with usage 

of the unlicensed spectrum. This is similar to Wi-Fi offloading, where the Wi-Fi 

operates on the unlicensed spectrum. The traffic can also be offloaded to a Femto 

Cell which operates in the unlicensed band. In addition 5G would use relays and 

device-to-device links to extend cell coverage. 

The network must be aware of the availability of the other RATs in the UE 

geographical area, where the network could direct the UE to use a specific 

network based on the location and traffic congestion on a specific network. 

3.5. MIMO Enhancements 

4G LTE Advanced, supports MIMO configurations up to 8x8 in the downlink and 4x4 

in uplink. However, the λ/2 minimum spacing between antenna elements 

constraint, which is essential to avoid the path correlation between antenna 

elements, limits the number of antennas supported at UEs from the form factor 
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aspect. Usage of millimeter wave frequencies reduces the required spacing to 

satisfy this constraint, and hence makes it viable to support MIMO configurations 

up to 100 x 100 with smaller form factor, termed as Massive MIMO.  

Massive MIMO could be used for beam formation, spatial diversity, spatial 

multiplexing or the combination of these based on the channel characteristics. 

Owing to the directional nature of millimeter waves, the narrower beams produce 

less interference spatially. Using Beam Division Multiple Access over orthogonal 

beams spectral efficiency can be improved considerably.   

Coordinated MIMO (CoMP) is a distributed form of MIMO, in which antenna 

elements from multiple base stations are used for transmission and reception of 

signals to enhance the perceived signal to noise ratio at the receiver. The UE will 

combine the signal from these base stations to improve the Eb/No of the link. 

CoMP requires a good backhaul network capable of synchronizing the signals from 

multiple base stations. In such cases the UE receiver has to cater for the carrier 

frequency offset of multiple base stations as OFDM scheme is susceptible for ICI in 

such cases. Physical layer enhancements such as UFMC can improve the 

performance when it comes to 5G.  

4. Interference Mitigation in 5G 

A deployed 5G network is expected to be multi-tiered heterogeneous network 

with larger macro cell overlaid with smaller Pico/Femto cells along with relays 

and D2D nodes on the same frequency to enhance the coverage and spectral 

efficiency at the cost of higher interference [10].  

A sub-set of cells within this multi-tiered eco system might have privacy 

restriction which allows only a specific subset of UEs to get connected. This would 

pose higher interference to the UE, as it needs to talk to a different tier of cell in 

presence of the interference from the access restricted cells.  

Macro diversity schemes such as coordinated multipoint would add to the 

interference level further as stronger spectral emissions arrive from multiple base 

stations in the downlink and UEs in the uplink. This section briefs on techniques 

proposed to mitigate such heterogeneous multi-tier network interference 

mitigation. 
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4.1. Single Radio Controller 

5G network would require a converged network controller, namely Single Radio 

Controller (SRC) to improve utilization of radio resources, and to provide unified 

management [9]. SRC has ability to talk to coordinate base stations of every RAT 

and has interfaces with the network controllers of every RAT involved. SRC will 

enable the UE to connect to the optimal tier of network in each of the supported 

RAT and inform the UE about the preferred RAT based on link quality, congestion 

and cost.  

 

Figure 2. SRC for multi-RAT selection [9] 
 

4.2. Optimized Cell Association Function 

The Pico and Femto Cells are configured to have less transmitted power than the 

macro cell to reduce the interference caused to the UEs connected to the 

macrocell. However to enhance the efficiency of the network the UE traffic has to 

transferred to the lower tier (Pico/Femto) cells, which has relatively less loading 

and is capable of serving higher throughput to the UE.  

Traffic transferring to the lower tier cells can be achieved by cell biasing in 

measurement, so that the traffic is transferred to the lower tier cell when the UE 

comes within range of the lower tier base station. Optimized cell association 

function is executed at the SRC with the support of the UE. This function 

determines the preferred RAT and cell a UE can get connected to at every service 

region [10, 11]. 5G UEs would connect to multiple cells with different or same RAT 

type simultaneously. Hence, the cell association function needs to support multi 

cell connectivity within same RAT type. 
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4.3. Colocation of RRM 

5G networks would need spectrum sharing between the different RATs to be 

dynamic. Till 4G the spectrum sharing between different RATs is being done 

statically known as spectrum refarming. The spectral efficiency can be improved 

by bringing this control under SRC and dynamically tweaking based on the traffic 

profile [9].  

In order to limit the interference, SRC needs to control the scheduling and power 

level to be configured by the base stations at different tier level in both downlink 

and uplink. This algorithm runs at the central node and acts based on the 

historical values and the update interval would be relatively higher. However, 

such Centralized co-located RRM for multiple RATs would certainly decrease the 

interference and improve the overall Spectral efficiency.  

5. Conclusions 

Research houses all around the world have invested heavily on technology 

proposals and associated research for 5th generation of wireless mobile 

communication. The technology enablers which are currently under research 

brighten the ray of hope on the immense benefits and opportunities that can be 

opened up by 5G.  
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