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1. The Challenge 
 
Working in the license exempt bands introduces many challenges. The amount of spectrum is 
often limited, and offers little to no flexibility in choosing the channels one can work with. In many 
cases, the lack of channels create inter base station interferences. The 2.4 GHz Wi-Fi band allows 
operation of up to 3 different non-overlapping Wi-Fi channels.  
 
In India, the license exempt 5.8GHz band is only 50MHz wide, allowing only 2 non-overlapping 20 
MHz 802.11a channels. As a result, setting three 802.11a sector access points (AP), each one with 
120o field of view is problematic. 
 
Some of the 802.11a based systems can also work in a 10MHz or 5MHz channels. The ability to 
work in those narrower channels may provide more flexibility in the frequency planning and 
selection in real life deployment. Working in such narrow channels yields 1/4th of the capacity a 
20MHz system can offer. This implies that the cost of the infrastructure per bit/second/Hz may 
double or even quadruple when working in 5MHz channels (cost of the equipment remains the 
same, regardless of the channel width). 
 
In 2.4GHz (802.11b/g systems), the option to work in narrower channels is not even relevant since 
most Wi-Fi clients only support 20MHz channel width. 
 
 
 

2. Technical background  

2.1. 802.11a/g RF Signal  
A deep examination of the 802.11a/g RF signal shows that its 6dB bandwidth is actually only 
16.2MHz. Putting two APs at the same location, configured with 15MHz channel separation will 
yield an overlapping band of 1.2MHz (see figure 1). This frequency overlapping causes the APs to 
interfere with one another, which results in a reduction of the SINR (Signal to Interferer Noise 
Ratio). This would be destructive to simultaneous operation, when one AP runs downlink traffic and 
the other uplink traffic, since the transmitting AP will degrade the SINR of the receiving AP. 

 

 
Figure 1: Spectrum of two WiFi signals 15MHz apart 

 
The challenge in such a configuration is to increase the isolation between the APs so they won’t 
interfere with one another,  even if they are sharing part the bandwidth. 
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3. Wavion’s Solution 
 
Wavion has developed a special operation mode for its base stations, which allows operator to 
deploy adjacent base stations in 15MHz channel separation, without loosing capacity due to the 
frequency overlap interference. 
                                               
This will enable cellular deployments as presented in Fig1-2, where the frequency separation 
between f1, f2 and f3 is 15MHz: 
 
  

 

 
 

Wavion's solution is based on the following two ingredients that contribute to the reduction of the 
mutual interference caused by APs: 

 
1) A special transmit filter that reduces the transmit power in the overlapping bandwidth 

and limits the signal transmission bandwidth to 15MHz. This, in conjunction with the 
Beamforming the Wavion base station uses, produces a significantly lower interference 
level.  

2) Proper Installation that provides good isolation between the APs (at least 2 meters 
apart). Preferably, the APs should be installed at different heights so that each AP is 
outside the elevation beamwidth of the other APs. . 

 

The solution does not require any adjustment at the client/CPE side. Standard CPEs, operating at 
20MHz channel can still work in conjunction with Wavion’s base stations operating in 15 MHz 
channel mode. 
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Figure 2: Cellular deployment, with 
Omni base stations 

Figure 1: Cellular deployment with sector 
base stations 
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Wavion’s Wi-Fi transmission with 15MHz separation still results in some mutual interference 
between the sector units. As a result, when one sector unit is transmitting, the other sector unit 
may suffer from some loss of receive sensitivity during these specific time slots. However, this loss 
of sensitivity may not be felt in most cases since the level of the environmental interference, which 
is very common in license exempt band, is usually higher and is the limiting factor. 

 
 

4. Test Results 

4.1. Setup 
Following is a drawing of an outdoor setup we have performed to validate the solution 
performance. The setup included two APs, two CPEs and four laptops: 
 

 

Figure 2: Outdoor Tested Setup 
 
 
The APs were installed on the same pole at a height difference of 2 meters, facing 120o from each 
other. AP1 was configured to channel 5.835GHz and AP2 configured 5.850GHz. The receive 
signal of the CPEs at the APs was -75dBm. No environmental interference existed in the two APs 
(noise level -96dBm), except for the interference caused by the other AP. The Laptops were 
running Iperf application that measured the system throughput. 
 

4.2. Results 

4.2.1. Separate Run 
Following are the results of a traffic runs sent to/from each CPE separately: 

 
TYPE Direction CPE1 [Mb/s] CPE2 [Mb/s] 

DL 29 27.5 
UDP 

UL 29 30 
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DL 19.5 20 
TCP 

UL 23 21 

 

4.2.2. Simultaneous Run 
Following are the results of a traffic runs sent simultaneously to/from CPEs: 

 
Direction Type I: 

15Mhz 
channels CPE1 CPE2 

CPE1 [Mb/s] CPE2 [Mb/s] 
Sum 

[Mb/s] 
% of Total 

TP* 

DL DL 28.7 26.7 55.4 98% 

UL UL 25.5 30 55.5 94% 

DL UL 28.7 27.7 56.4 96% 
UDP 

UL DL 23.6 27.1 50.7 90% 

DL DL 19.3 19.7 39.5 99% 

UL UL 19.2 22 44 94% 

DL UL 19.4 21.1 40.5 100% 
TCP 

UL DL 18.3 19.8 43 89% 

Type II:  10Mhz 
none 
overlapping 
Channels 

UL/DL UL/DL 15 15 30 50% 

 
*Total TP is the sum of the separate runs. 
** All tests were performed with no interference present, which is the worst case scenario 
for this configuration. 
 
Notice that the average TP of the tests is 95% !!! 

 

 

 

5. Comparison to other solutions in unlicensed band  
 
The following analysis compares the Wavion’s solution as described above with a standard based 
solution utilizing 10MHz channels (Type II in the above table). We chose the Indian 5.8 license 
exempt regulation, which is limited to a total of 50MHz band (5.825GHz - 5.875GHz).  
 
Three WBS-5800-SCT units configured to 15MHz channel separation (AP1=5.835GHz, 
AP2=5.85GHz, AP3=5.865GHz) provide a total throughput of 3*95%=285%, as compared to single 
WBS-5800-SCT performance. 
 
An alternative solution for working with three sector units in 50MHz bandwidth is based on 
reduction of bandwidth to 10MHz. In this alternative, two options are possible: 
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1. Reduce bandwidth of all three sector units to 10MHz. In this case the total throughput will 
be only 150% of a single 20MHz unit. 

 
2. Reduce bandwidth of only one sector unit to 10MHz and leave the other two at 20MHz 

bandwidth. In this case the total throughput will be 250% of a single 20MHz unit. 
 
Comparing the throughputs, in both alternatives the total throughput is less than Wavion's solution. 
Moreover, the AP that works at 10MHz will suffer increased packet loss and interference since its 
transmission time is much longer and since it cannot decode/be decoded by most WiFi entities 
around, which are usually 20MHz wide.   
 
  

 


