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ÅData center wireless flyway Full -duplex small cell backhaul  

Use Case Refresher  

Short distance wireless connectivity 
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Based on assumptions and suppositions, wireless could be 

standardizing 40 Gbps solutions in the 2018 time frame. 
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IEEE802.15.SG 100G is only considering switched beam applications  
é the manner of how the beams are switched is postulated to be 
out -of-scope of the standard.  

For example, the data center use case may not require arbitrary 

connectivity between any given racks; rather, connectivity is 

confined to those racks that serve as wireless access points. 
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Candidate solutions are:  
Å60 GHz  
ÅTeraHertz  
ÅOptical Wireless  

Freq 

1 GHz 10 GHz 100 GHz 1 THz 10 THz 100 THz 1000 THz 

Visible Light: 450 THz to 750 THz  
Infrared Light: 200 THz to 450 THz  

RF Quasi -Optical  Optical  

Influencing factors  
Å regulations  
Å cost/performance tradeoff  
Å implementation complexity  
Å time to market  

ITU Regulations 
stop at 275 GHz  

Tutorial 

Subject 
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The implementation gap é  
Å the cost black hole  
Å the closer you get, the higher the cost!  

electronics photonics Implementation 

Gap 

 

RX/TX 

implementation 

complexity becomes 

problematic in the 

implementation gap 

frequency region 

Freq 

Qualitative Cost 

1 GHz 10 GHz 100 GHz 1 THz 10 THz 100 THz 1000 THz 

Visible Light: 450 THz to 750 THz  
Infrared Light: 200 THz to 450 THz  
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Moving Upwards! 
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Interestingly enough, atmospheric attenuation is a minor 
concern below ~300 GHz and above ~10 THz.  Given fog 
loss, IR seems no worse than THz atmospheric loss.  

Atmospheric Attenuation  
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Consider two OWC transmission methods é 

 

1.Space Division Multiplexing 

 

2.Wavelength Division Multiplexing 

 

Not clear at this time which approach to use. 
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Å Space Division Multiplexing ( SDM and not WDM)  

Å 4 lanes @ 10/25 Gbps per lane  
Å LASER beams may be oversized to mitigate alignment jitter  

Problem:  we get severe cross talk between lanes 
which results in non - identity H matrix.  

Solution:  spatially separate the sources and sinks based upon a beam 
pattern minimum separation criteria  determined by the beam pattern.  

Full - Duplex Space Division Multiplexing  

Reverse Link  Detectors  
10/25 Gbps  
LASERs 

10/25 Gbps  
LASERs 

Detectors  

Forward Link  
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LASERs Detectors  

The H matrix describes how the signals interfere with each other. 
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Here the interference is not multipath generated; but rather, is due to the 

beam spreading of the transmitted signals.  The values of the H matrix are 

determined by the transmitter beam pattern and the receiver field-of-view. 

 

We recover the original transmission at the receiver using the inverse H 

matrix to determine the decoupling network coefficient ñweightò values. 
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Matrix entry hij means interference in 

the jth receiver from the ith transmitter. 

r4 

r3 

r2 

r1 

t4 

t3 

t2 

t1 
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It is believed the training should be time sequential é turn on each transmit 
source and fill in the H matrix row by row.  The H matrix is then inverted and 
the weights values extracted.  
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Eric Torkildson, Upamanyu Madhow, Mark Rodwell, Indoor Millimeter Wave MIMO: Feasibility and Performance, IEEE TRANS ON WIRELESS COMMUNICATIONS, VOL. 10, NO. 12, DEC 2011 

Theoretically the weights are calculated and applied as shown below.  

r4 

r3 

r2 

r1 

Implementation issue: realization of the multi-tap transversal 

filter with bi -phase linear weights 
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Sl

WDM PHY TX Block Diagram  
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·l

Wavelength Division Multiplexing 
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WDM OWC Conceptual Deployment 




