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Introduction 
Capacity is the major issue facing mobile network operators as well as operators of networks in many 
other vertical industries. Providing microwave link capacity is therefore critical for ensuring 
uninterrupted, high-quality voice and data service, with the best user experience. 

Many system vendors claim to achieve “the highest capacity”. However, upon reading the fine print, 
it becomes apparent that such “highest” capacities are available only under certain, often limited, 
conditions.  It is, in fact, getting increasingly harder to measure capacity claims with no real, agreed 
upon criteria for comparison. In order to provide a clear picture of the required capabilities vis-à-vis 
the claims, we suggest that capacity be measured according to two categories: 

1. Radio throughput (or committed capacity) - the efficient use of the radio spectrum across a 

microwave link   

2. Accelerated throughput - the processing optimizations that microwave equipment and 

software can perform on information in order to reduce its volume before it is transmitted 

across the microwave link 

Microwave and Demand for Backhaul Capacity 
Wherever we go, we see scores of people using their smartphones and tablets to access the Internet, 
videoconference, and engage in countless other data-intensive, mobile activities. As mobile network 
operators move more of their subscribers to HSPA and LTE, the trend will only multiply, as shown in 
Figure 1. As a result, mobile backhaul demand keeps increasing in terms of network capacity, latency 
and complexity.  

The microwave industry has benefited greatly from the growth in backhaul capacity demand.  
Microwave backhaul technology is scalable and future-proof, and has always been able to keep up 
with radio access network demand for capacity. New spectrum is added and spectral efficiency is 
consistently improved. In the past 10 years, our industry has experienced improvements in spectral 
efficiency of 5 times. In fact, microwave is the most cost-efficient solution as mobile operators move 
from 2G to 3G and from 3G to LTE/4G in order to satisfy capacity demand 

Mobile networks are not the only ones undergoing significant demand for capacity. Electricity and 
water utilities, mining, energy, offshore, public safety, defense and numerous other industries are in 
a phase of automating operations that demand more capacity and faster response from their 
networks. Here, too, augmented capacity coupled with ultra-low latency are the main drivers for 
upgrading to next-generation microwave solutions. 
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Figure 1 - Evolution of mobile networks toward more capacity 

 

Why Microwave  
Microwave enjoys considerable cost advantages over fiber especially for new deployments. 
Microwave is easy and quick to deploy and is exceptionally reliable. Even where fiber is scheduled for 
deployment, microwave has two critical roles: 

 Microwave networks can be deployed rapidly and inexpensively enabling mobile network 

operators to provide services and to realize revenues quickly instead of waiting for the 

protracted deployment of the fiber.   

 Microwave is an ideal backup medium for fiber, enhancing network reliability by maintaining 

critical transmission services when the fiber is not available.  

New microwave systems deliver multi-Gigabit-per-second capacities. This means that operators can 
deploy microwave instead of fiber to upgrade their backhaul networks to support HSPA and LTE/LTE-
A services. 

Microwave Capacity and Radio Spectrum 
Licensed radio spectrum can be an expensive, and sometimes recurring, cost to network operators. 
Limitations on spectrum are limitations on capacity. Thus, it is incumbent upon microwave 
equipment vendors to make optimal use of this dear resource. 
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There are many ways to optimize radio links in order to boost capacity. Some vendors make claims to 
be the best at this or that method or feature. Such claims can be misleading as they fail to disclose 
the entire story. In this paper, we aim to provide a clear explanation of the true factors that go into 
boosting the capacity of microwave systems. 

Measuring Capacity 
How do we measure capacity?  As shown in Figure 2, we divide the measurements into two types: 

1. Radio throughput (committed capacity) - use of radio spectrum without any optimization 

2. Accelerated throughput (capacity-boosting techniques)  - the microwave equipment 

reduces (or compresses) the volume of information to be transmitted over the wireless link 

 

Figure 2 - Contributors to microwave capacity: Radio throughput and Accelerated throughput 

Radio Throughput 
Radio throughput refers to how much information we can move across a wireless link without using 
any optimization techniques. It is a measure that deals with the efficient use of the radio spectrum. 

Radio throughput is a result of three factors: 

1. Spectrum channel width – the width of the channel determines properties of the radio 

signal; wider channels allow for more signal to be transmitted 

2. Spectral efficiency – techniques to boost capacity per given spectrum by efficient use of the 

spectrum 

3. Spatial efficiency – transmission of more than one signal stream over the same channel at 

the same time 

 



  Microwave Backhaul – Capacity Matters 

www.ceragon.com Page 4 July 2013 

 

Figure 3 - Factors affecting radio throughput 

 

Spectrum Channel Width 

Just as a wider garden hose has higher capacity and thus can carry more water, a wider radio channel 
has higher capacity and can transmit more information. However, unlike a garden hose, radio 
spectrum is expensive to license, so operators want to buy as little as possible as long as they can 
carry the throughput they require. In Europe, radio channels are licensed in frequency bands of 
28MHz, while, in North America, bands are usually licensed in multiples of 30MHz. It stands to reason 
that about twice as much capacity can be provided over a 56MHz channel as over a 28MHz channel, 
so, when a microwave vendor states that he can achieve a total capacity of 1Gbps, one needs to ask, 
“What is the width of the channel in use?” A rule of thumb is: “If capacity is measured over a channel 
width that is not available in your network, it is irrelevant.” 

Mobile network operators would like to license wider bands of frequency in order to boost their 
microwave backhaul capacity. However, in the most widely used spectra, 6GHz to 42GHz, there is so 
much demand for frequency that bands wider than 28/30MHz are often not available. New 
technology and licensing standards are enabling use of new spectra (V-Band in the 60GHz spectrum 
and E-Band in the 70-80GHz spectrum) where operators can now purchase wider frequency bands 
like 112MHz and 250MHz. However, physics dictates that the more you move up the spectrum scale, 
the shorter the distance that you can transmit a signal. For most backhaul distance requirements, 
these new spectra are not practical. Vendors claiming to produce up to 10Gbps microwave actually 
provide high frequency millimeter wave radio in E-Band or V-Band for very short distance links, not 
practical for most backhaul applications. 
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Spectral Efficiency 

All radio signals are modulated in order to carry information. Leading microwave vendors are able to 
use the latest quadrature amplitude modulation (QAM) to carry more bits of information per 
transmitted signal. 

Let’s look at an example. A system using 2048QAM offers 35% more radio throughput than the 
standard 256QAM. This can amount to an additional 66Mbps when transmitting over a 28MHz 
channel, and as much as 130Mbps additional capacity over a 56MHz channel. 

The unfortunate physical limitation is that as you increase modulation, your link becomes more 
sensitive to interference and the signal strength decreases. This decrease can be offset by employing 
committed-capacity features to allow transmission with high modulation without suffering from the 
aforementioned limitations: 

 Using multicore radios or through LoS MIMO technology that boosts system gain without 

requiring additional spectrum  

 Enhanced algorithms that allow high Tx power even in high modulations 

 Advanced Adaptive Coding & Modulation (ACM) to compensate for reliability problems 

associated with higher modulation. When transient interference impairs transmission, the 

transmission system automatically reduces the level of modulation in order to maintain 

the required level of reliability. Once the transient problem passes, the equipment 

automatically resumes transmitting with the highest modulation, as depicted in Figure 4  

 

Figure 4 - Adaptive Coding & Modulation maintains the highest reliability possible in all conditions 

 

Asymmetrical transmission 

Quite often, transmission is a lopsided affair. That is, the downlink requires much more 
bandwidth than the uplink. Normally, operators of wireless links divide the frequency bands 
equally between downlink and uplink even though this division is inefficient as it does not match 
the actual use of the link.  

Instead of allocating the spectrum equally over the two directions, operators can utilize an 
innovative concept promoted by Ceragon for asymmetrical transmission over microwave chains. 
Ceragon equipment allows the dynamic redistribution of radio channels into sub-channels of a 
finer granularity. For example, a 28MHz channel can be divided into sub-channels of 7, 14, or 
21MHz. This concept, shown in Figures 5a and 5b, allows operators to allocate the spectrum 75% 
to downlink and 25% of uplink to better match the actual transmission volumes in each direction.  
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Figure 5a – Typical symmetrical deployment scenario: download and upload bandwidths are equal 

 

 

Figure 5b - Asymmetrical deployment scenario: 75% of the bandwidth is dedicated to download 

 

Bear in mind that regulation approval is involved in asymmetric scenarios. In all fairness, due to 
regulatory limitations, most networks will not be able to take advantage of asymmetrical scenarios. 
Furthermore, there is a certain degree of capacity planning of chains that might require the 
involvement of a microwave specialist. However, where available, asymmetrical transmission can be 
a significant factor in practically boosting radio capacity.  

Spatial Efficiency 

Spatial efficiency refers to the transmission of more than one signal stream over the same channel at 
the same time, thus doubling or quadrupling the capacity over the same spectrum. 

Industry-leading microwave vendors provide one or more of the following methods to increase 
spatial efficiency: 

 XPIC  

 2x2 LoS MIMO (Multiple Input Multiple Output) 

 4x4 LoS MIMO 

XPIC 

With XPIC (cross-polarization interference cancellation) the microwave system transmits one 
radio stream over a single channel with vertical polarization, and transmits a second radio stream 
over the same channel with horizontal polarization. The capacity of the transmission link is 
effectively doubled. 
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Figure 6 - XPIC transmits twice over the same frequency band using polarizations 

2X2 LoS MIMO 

The effect of doubling the capacity of a single channel can also be achieved with 2X2 MIMO. In 
addition to doubling the capacity, 2X2 MIMO has the added benefit of augmenting signal 
strength. Unlike XPIC, with 2X2 MIMO, two antennas are assembled at each site and the 
installation is based on calculated antenna separation. Newly launched microwave systems, like 
the ones that Ceragon offers, employ innovative methods that automatically cope with non-
optimal antenna separation and thus reduce time and cost of deployment. 

 

Figure 7 - 2x2 MIMO doubles capacity over the same frequency band using two pairs of antennas 

4X4 LoS MIMO  

By adding the capability of XPIC to the 2X2 MIMO configuration, new microwave systems can 
boost capacity by transmitting radio signals four times over the same, single channel. 

 

Figure 8 - 4x4 MIMO quadruples the capacity of a single channel 

 

In so doing, a 4x4 MIMO-enabled link delivers true 1Gbps capacity over a single-width, 28/30MHz 
channel in licensed spectrum, and 2 Gbps of capacity over a double-width, 56/60MHz channel in 
licensed spectrum. This capability is of tremendous importance because it allows operators to 
maximize their spectrum resources without having to acquire additional licenses in the E/V or other 
bands. Furthermore, the use of traditional licensed bands ensures higher QoS and far longer link 
spans than in the E/V band.   
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Capacity Boosting Techniques - Beyond Radio Throughput 
Above, we described the radio throughput (committed capacity) innovations that enable microwave 
equipment to deliver true 1Gbps committed capacity over a single-width, 28/30MHz channel and 2 
Gbps of capacity over a double-width, 56/60MHz channel in licensed spectrum. Now let’s look at 
how microwave systems can provide additional capacity by using accelerators.  

Accelerators are hardware and software techniques that can be performed on the information in 
order to reduce the volume that needs to be transmitted over a link or a network. Since a microwave 
link is effectively controlled on both sides by the vendor’s equipment, that equipment can implement 
smart mechanisms for reducing the volume of information before it is transmitted. On the receiving 
end, the equipment can re-construct the information to its original form rendering the 
transformations completely transparent to the applications. End to end, the information that is sent 
is exactly the information that is received.  Since computer speed is much, much faster than 
transmission speed, the use of smart hardware and software algorithms to reduce transmitted 
information volume can significantly boost the effective throughput.   

 

Figure 9 - Accelerators are significant capacity-boosting techniques 

 

We organize accelerators into two main groups: 

1. Traffic boosters 

 Header de-duplication (or header compression) 

 Payload de-duplication (or payload compression) 

2. Network utilization 

 TCP buffers 

 Weighted Random Early Detect (WRED) 

 Hierarchical Quality of Service (HQoS) 
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Traffic Boosters 

By controlling both ends of the microwave link, smart systems can perform any manipulation on the 
information before it is transmitted as long as it can reconstruct it perfectly on the receiving side.  

Header de-duplication (or header compression) 

Ethernet is a packet technology that places a considerable overhead of header information at the 
front and rear of each packet. Very often, this header information is not necessary for 
transmission over the microwave link, but is either necessary for the end-to-end transmission or is 
just there because it is part of the Ethernet standard. Furthermore, headers are often repeated 
packet after packet. 

In Figure 10, the microwave system notices the duplication or extraneous assignment of packet 
headers. It applies an algorithm to delete or reduce them from the packets to be transmitted and 
to re-insert them at the receiving end. 

 
Figure 10 - Header de-duplication 

 

Header de-duplication can reduce the volume of transmitted packets by as much as 30% and does 
not impact traffic nor affect latency in any way.  

Payload de-duplication (or payload compression) 

Payload de-duplication is an innovative, bitstream-indexing technology that exploits repetitive bit 
patterns in traffic. 

Payload refers to the actual information to be transmitted and does not include the headers. 
Whether video, real-time status messages from remote machines to controlling applications, or 
any other information that is transmitted over the microwave link and through the network, 
payload in the packet is the actual information that we want to send and receive. It so happens 
that, as information is packetized (broken into smaller chunks for fast dispatch), even much of the 
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payload can be repetitious. In fact, mobile data content tends to be highly repetitive especially 
during peak hours. 

Just as with Header de-duplication, the microwave link, depicted in Figure 11, notices the 
repetition of bit patterns and applies algorithms that reduce the size or number of packets to be 
transmitted. After transmission across the microwave link, the payloads are re-constituted into 
their original states by the receiving microwave equipment, and the original-looking packets are 
sent forward as if nothing happened.  

 

Figure 11 - Packet de-duplication 

 

Payload de-duplication effectively boosts information transmission by an additional 35% to 40%. 
Payload de-duplication is content-, application- and protocol-agnostic and does not impede 
network function. 

Network Utilization 

In order to make their networks more efficient, mobile and other network operators have begun to 
evolve their networks to packet technology. In fact, LTE/4G networks inherently employ Ethernet 
packet technology.  However, Ethernet’s 40-year old TCP protocol was not designed with the latency 
and other requirements of today’s networks in mind. In fact, certain drawbacks with the TCP 
protocol can reduce the throughput of modern networks.  

For example, forcing on an Ethernet service a data rate that is greater than the service’s capacity will 
result in a poor user experience as packets may be dropped and re-transmissions may be required 
resulting in net throughputs much lower than expected. Moreover, in LTE networks running the TCP 
protocol, instantaneous congestion issues can arise, frequently resulting in sudden, large bursts that 
contribute further to throughput reduction.  

There are several automatic techniques that overcome the limitations of TCP to improve network 
utilization enhance user experience. 

TCP buffers 

Ethernet inherently uses TCP as its transport protocol. While as ubiquitous as networking, TCP 
was not designed for mobile data and includes a degree of overhead that hampers network 
throughput. 

TCP is a connection-oriented protocol that requires handshaking to set up end-to-end 
communications. One of its major advantages is its end-to-end error detection, recovery and 
data-flow control. However, TCP exhibits certain disadvantages when it comes to mobile 
networks. For example, there is some delay involved in setting up a reliable link since a significant 
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handshaking procedure is necessary for starting a connection. In addition, TCP’s continual 
acknowledgements and its need to buffer data for potential re-transmission can degrade 
performance. Furthermore, performance can be significantly compromised by transmission 
latency or frame delay. 

TCP uses a sliding window protocol which exploits the network bandwidth efficiently since it 
allows the sender to transmit multiple packets before waiting for an ACK from the receiver. The 
protocol places a window on the sequence of packets to be transmitted and transmits all the 
packets that lie inside the window. The number of packets that can be transmitted without an 
ACK is constrained by the size of the window. TCP allows the window size to vary over time 
according to transmission demand. Bursty network traffic may cause a varying window size to 
grow so large that, when the transmitter sends all the messages corresponding to the current size 
of the window, instantaneous congestion is caused when the receiving buffer does not have 
ample space.  

Employing an enhanced traffic manager that overcomes the deficiencies in TCP helps to alleviate 
this problem. It shapes the traffic prior to injecting it into the network element. Among the many 
capabilities of the traffic manager are:  

 establishment of priority queues with configurable buffer length 

 an advanced, ultra-deep buffer allocation mechanism 

The traffic manager continuously calculates the buffer size to match the required latency and 
throughput immunity to fast bursts. As shown in Figure 12, this innovative approach results in 
more optimal and consistent network utilization and improved overall throughput rates. 

 

 

Figure 12 - TCP buffer sizes affect throughput 

WRED 

Weighted Random Early Detection (WRED) is a queue-management algorithm with congestion-
avoidance capabilities. WRED can increase capacity utilization of TCP traffic by eliminating the 
phenomenon of global synchronization. Global synchronization occurs when TCP flows that share 
bottleneck conditions receive loss indications at around the same time. This can result in periods 
during which link bandwidth utilization drops significantly. 

http://en.wikipedia.org/wiki/Queue_%28data_structure%29
http://en.wikipedia.org/wiki/Algorithm
http://en.wikipedia.org/wiki/Network_congestion_avoidance
http://en.wikipedia.org/wiki/Network_congestion_avoidance
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WRED eliminates the occurrence of traffic congestion peaks by restraining the transmission rate 
of the TCP flows. Each queue-occupancy level is monitored by the WRED mechanism and 
randomly selected frames are dropped before the queue becomes overcrowded. WRED can 
improve radio link utilization by as much as 25%. 

 

Figure 13 - WRED randomness breaks rate synchronization 

Hierarchical QoS (HQoS) 

Hierarchical QoS is not so much a technique, but rather an enabler for efficient use of available 
capacity. It can also be a contributor to revenue production for the network operator.  

HQoS offers higher quality-of-service (QoS) granularity than standard QoS, enhancing policy-
based capacity allocation, as depicted in Figure 14. With standard QoS, network operators can 
allocate bandwidth based on service. For example, bandwidth allocated to voice services can be 
restricted in favor of allocating more bandwidth to video services. HQoS goes far beyond that. 

With HQoS, operators can prioritize and allocate according to each individual service. For 
example, Customer A’s videos get priority over Customer B’s videos; Customer C gets a certain 
amount of guaranteed bandwidth for videoconferencing; Customer D pays for a low level of 
service and receives lower allocations of bandwidth.  

HQoS is an enabler for market-driven service-level agreements between operator and customer. 
HQoS enables operators to allocate bandwidth in order to maximize revenue or according to 
other considerations.  

 

Figure 14 - HQoS provides granular control over services 
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Summary 
Capacity – or, rather, the need for more of it – is one of the main challenges facing mobile network 
operators as well as operators of networks in many other vertical industries.  Since microwave is 
almost always less expensive to deploy than fiber, increasing microwave’s capacity makes this 
transmission medium increasingly attractive for a growing number of backhaul applications. 

Microwave capacity should be measured according to radio throughput and accelerated 
throughput. While the former refers to the efficient use of the radio spectrum across a microwave 
link, the latter refers to the use of processing optimizations that help to reduce traffic volume before 
it is transmitted over the radio link. It is important to remember that this is not an either/or game, 
but rather, the maximum capacity of a link is determined by the combined contribution of both radio 
throughput capabilities and add-on accelerator techniques.  

Today, advanced microwave systems can employ higher modulations (up to 2048 QAM) and use a 
variety of spatial efficiency tools including XPIC and 4x4 MIMO. These allow microwave systems to 
carry 1 Gbps of true radio throughput (or committed capacity) over a single 28 MHz channel—twice 
that over a 56 MHz channel—in licensed bands. Acceleration techniques can add as much as 70% 
more capacity, making microwave an attractive solution for HSPA and LTE/LTE-A deployments. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 15 - Total throughput of microwave backhaul solutions  

 

 
     Ceragon achieves radio throughput of 1Gbps over a single 28/30MHz channel in licensed bands 
 
     Ceragon’s accelerators provide an additional 700Mbps boost to capacity 
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More Information 
More information can be found in these hyperlinked documents from the Ceragon website 
(www.ceragon.com): 

 Multi-Core Technology: The Next Generation in Microwave Communications  

 Boosting Microwave Capacity Using Line-of-Site MIMO 

 Microwave Backhauling - Meeting The Capacity Challenges of 4G/LTE and Beyond 

 Asymmetric Wireless Transmission  

 Adaptive Modulation Tx Power Optimization - Technical Brief 

 Header Compression 

 Burst Resiliency 

  

http://www.ceragon.com/files/library-new/Ceragon_FibeAir_IP-20C_Multi-Core_Technology-The_Next_Generation_in_Microwave_Communications_Technical_Brief_Rev4.pdf
http://www.ceragon.com/files/library-new/Ceragon_Boosting_Microwave_Capacity_Using_Line_of_Sight_MIMO_Technical_Brief_v8.pdf
http://www.ceragon.com/files/library-new/Ceragon_Technical_Brief_Microwave_Backhauling_Meeting_The_Capacity_Challenges_of_4G_and_Beyond.pdf
http://www.ceragon.com/files/library/Asymmetric%20Transport%20-%20Technical%20Brief%20-%20PDF.pdf
http://www.ceragon.com/files/library/Ceragon%20Adaptive%20Modulation%20Tx%20Power%20Optimization%20-Technical%20Brief.pdf
http://www.ceragon.com/files/library/Ceragon_HeaderCompression_TechnicalBrief.pdf
http://www.ceragon.com/files/files/Technical%20Brief%20-%20FibeAir%20IP-10%20Burst%20Resiliency%20September%202012.pdf
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Glossary 

2x2 LoS MIMO A technique used to enable transmission of two independent bitstreams over 
the same frequency and same polarization.  Two antennas are assembled at 
each side of the link with a calculated antenna separation. Provides twice the 
capacity of a 1+0 SISO link and provides more system gain than XPIC. 

4x4 LoS MIMO By adding the capability of XPIC to the MIMO configuration, capacity can be 
boosted by transmitting radio signals four times over the same, single 
channel. 

Accelerators Hardware and software techniques where the microwave equipment 
reduces, compresses or optimizes the volume of information to be 
transmitted over the wireless link before transmission. 

Adaptive Coding and 
Modulation 

ACM is the automatic adjustment that a wireless system can make to its 
modulation in order to optimize over-the-air transmission and prevent 
weather-related fading from causing disruptions to communications. When 
extreme weather conditions affect the transmission over the wireless 
network, an ACM-enabled radio link automatically lowers modulation to 
maintain availability and to allow critical applications to continue to run 
uninterrupted. 

Asymmetricity Frequency bands are usually divided 50/50 between download and upload. 
Often, the required capacity of the download side of a microwave link is 
higher than the required capacity of the upload side of the link. In 
asymmetrical schemes, the division can be 75/25 or some other ratio to 
match the actual required capacities.  

Capacity-Boosting Techniques See: Accelerators. 

Channel Width The width of the spectrum over which transmitters spread their signals. 

Committed Capacity See: Radio Throughput.  

FibeAir® IP-20C Ceragon’s innovative Multi-Core radio solution delivering multi-Gbps 
anywhere. FibeAir IP-20C delivers multi-Gbps capacity on a single frequency 
channel setting a new standard for efficient spectrum use. Combining 
breakthrough multi-core radio architecture with 2048 QAM and line-of-sight 
4X4 MIMO, it enables operators to reach capacities that quadruple those of 
existing solutions. 

Header De-duplication  Before transmitting packets over a microwave link, the equipment notices 
repetitious or extraneous packet header information and minimizes it in order 
to reduce the amount of information transmitted. On the receiving side, the 
equipment re-constitutes the minimized headers. 

HQoS With a finer granularity than standard QoS, Hierarchical Quality of Service 
enables network operators to allocate bandwidth among customers and 
services enabling a wider range of more precise SLAs. 

HSPA High Speed Packet Access describes certain 3G cellular network protocols. 
HSPA utilizes the HSDPA protocol that supports theoretical maximum data 
rates between 1.8 Mbps and 14.4 Mbps. An enhanced version of HSPA, called 
HSPA+, is the fastest 3G protocol supporting data rates up to 84 Mbps for 
downloads and 22 Mbps for uploads. 

LoS Line of Sight - A condition in which radio antennas can actually “see” each 
other without obstruction. 
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LTE-A Long Term Evolution Advanced is a network standard for wireless 
communication of high-speed data for mobile phones and data terminals. 
Adopted by the 3GPP as the 4G international standard, one of its important 
benefits is the ability to take advantage of advanced topology networks—
optimized heterogeneous networks with a mix of macro cells and small cells 
of various types. 

Payload De-duplication An innovative bitstream-indexing technology that exploits repetitive bit 
patterns in traffic in order to boost capacity. The microwave link 
automatically notices the repetition of bit patterns and applies algorithms 
that reduce the size or number of packets to be transmitted. After 
transmission across the microwave link, the payloads are re-constituted into 
their original states by the receiving equipment, and the original-looking 
packets are sent forward as if nothing happened.  

Radio Throughput Use of the given radio spectrum without any optimization techniques. 

Spatial Efficiency The transmission of more than one signal stream over the same channel at 
the same time, thus doubling or quadrupling the capacity over the same 
spectrum. 

Spectral Efficiency The information rate that can be transmitted over a given bandwidth in a 
specific communication system. It is a measure of how efficiently a limited 
frequency spectrum is utilized. 

TCP Buffers A traffic-shaping technique to work around an inherent deficiency in TCP 
protocol that does not handle bursty mobile network traffic well. 

WRED Weighted Random Early Detection is a queue management algorithm with 
congestion-avoidance capabilities. WRED increases capacity utilization of TCP 
traffic by eliminating the phenomenon of global synchronization. 

XPIC Cross Polarization Interference Cancellation allows the assignment of the 
same frequency to both the vertical and horizontal polarizations on a path. 
Where frequencies are limited, it is possible to assign the same frequency 
twice on the same path using both polarizations. 

 

http://en.wikipedia.org/wiki/Information_rate
http://en.wikipedia.org/wiki/Bandwidth_%28signal_processing%29
http://en.wikipedia.org/wiki/Queue_%28data_structure%29
http://en.wikipedia.org/wiki/Algorithm
http://en.wikipedia.org/wiki/Network_congestion_avoidance
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Important Notice 
Ceragon shall bear no responsibility or liability to a client or to any person or entity with respect to liability, loss or damage caused or alleged to be 
caused directly or indirectly by any Ceragon product. This includes, but is not limited to, any interruption of service, loss of business or anticipatory 
profits or consequential damage resulting from the use or operation of any Ceragon products. Information in this document is subject to change 
without notice and does not represent a commitment on the part of Ceragon. The systems described in this document are furnished under a 
license agreement or non-disclosure agreement. 

All information included in this document, such as text, graphics, photos, logos and images, is the exclusive property of Ceragon Inc. and 
protected by United States and international copyright laws. Permission is granted to view and photocopy (or print) materials from this document 
for personal, non-commercial use only. Any other copying, distribution, retransmission or modification of the information in this document, whether 
in electronic or hard copy form, without the express prior written permission of Cergaon, is strictly prohibited. In the event of any permitted copying, 
redistribution or publication of copyrighted material, no changes in, or deletion of, author attribution, trademark legend or copyright notice shall be 
made. 

Ceragon Disclaimer: We own the following trademarks in different countries: Ceragon Networks®, CeraView®, FibeAir® and the FibeAir® design 
mark are registered trademarks of Ceragon Networks Ltd., and Ceragon™, PolyView™, ConfigAir™, CeraMon™, EtherAir™, QuickAir™, QuickAir 
Partner Program™, QuickAir Partner Certification Program™, QuickAir Partner Zone™, EncryptAir™ and Microwave Fiber™ are trademarks of 
Ceragon.  

All contents of this document are copyright © 2013 Ceragon. All rights reserved.  

 

 

 

 

 

 

 

 

 

 

 

About Ceragon 
Ceragon Networks Ltd. (NASDAQ: CRNT) is the #1 wireless backhaul specialist.  We provide 
innovative, flexible and cost-effective wireless backhaul and fronthaul solutions that enable mobile 
operators and other wired/wireless service providers to deliver 2G/3G, 4G/LTE and other broadband 
services to their subscribers.  Ceragon's high-capacity, solutions use microwave technology to 
transfer voice and data traffic while maximizing bandwidth efficiency, to deliver more capacity over 
longer distances under any deployment scenario. Based on our extensive global experience, Ceragon 
delivers turnkey solutions that support service provider profitability at every stage of the network 
lifecycle enabling faster time to revenue, cost-effective operation and simple migration to all-IP 
networks.  As the demand for data pushes the need for ever-increasing capacity, Ceragon is 
committed to serving the market with unmatched technology and innovation, ensuring effective 
solutions for the evolving needs of the marketplace. Our solutions are deployed by more than 430 
service providers in over 130 countries. 


