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  

     

          
      

    

       

   

        
        
         
             
            



       
    

     

   

         
               
               
      



       
    

     



              


          


            
            
                
                
           



              
             
            
           
             


   

              
     

           
              
              

    

              
   



       
    

     

     



                


                 
     

     
      

            
   

         

     

     

        

          

      

 

   

   

   



               
    



              
         



       
    

     

  

          

       
  


    

     
      

       

  

         


        

        
  


      

 

              
             
             

      

                
                 
         



       
    

     

  

       

    





  


 




 
   


      
      
      
      

      

       


 












  


 
 

 




 
  


   


    

       


 








  











 

 




 
  



        

  

         

            

 
 


 




    

  
               

  
              

 
                 

        

         
           

    



       
    

     

  

           
             
                
        

      
 
    
  

    
 

 
      

     
     



       
    

     

   

   

               
            
            
                 
     

        



  
 

  


  

  









       
    

     

                
               
                
                 
              

               
                
               
     

          

               
             
                  
              

             
              
           



       
    

     

   

   

              
           
            
              
               
          

              
               
                

             
            
                 
                
                 
                 
               
               
               
      

                
                
               
    

                
  



       
    

     

  

           
               
             
             

                
                 
             
           

                 
               
             
              
              
           
               
                
              
              
           

              
                
            

               



       
    

     

   

          

               
             
                
      

            

            
                 
            

              
                  
   

         

               
              
              
               
                
                 

             
             
              
     



       
    

     

     

                 
                  
              
                
               

               
                 
                 
                    
               
       

    

           
         
       



       
    

     

  

     

              
             

  

                 
                  
                  
                 
                
        

                 
  



       
    
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      

       
           
        
        

      
         

     
     



       
    

     

          

       

           

  
  

 
   

    


            

               

                  
           



       
    

     

              



       
    

     

      

              
                  
          

                
         



       
    

     

        

1) A brief description of the device

The principal component of the Sonos S3 is the CPU board with Freescale MPC8314E 400 MHz
microprocessors that performs the digital to analog converter, which allows digital files to be converted
to analog signals and played through the 3 channel Class D amplifiers. The Sonos S3 communicates via
standard 802.11 wire Ethernet or 802.11a/g/n wireless LAN. The internal wireless LAN card is Alpha
Networks WMC ND02 capable of operating in the 5 GHz U NII bands on the Dynamic Frequency
Selection (DFS) channels.

The Sonos S3 operating system is a proprietary Linux based software application. The Sonos S3 cannot
produce audio without the product specific software application and Ethernet (wire or wireless) TCP/IP
connection to a media content server.

With the Sonos S3 installed in various rooms, an end user can play the same digital sound files in
different rooms or different digital sound files in different rooms. As many as thirty two (32) Sonos
products may be operated and manipulated with the use of a single handheld controller, which is sold
separately from the Sonos S3.

The Sonos S3 system allows the user to wirelessly stream data, including digital music files and related
metadata in multiple rooms. It allows files to be played from storage on a personal computer and
network storage facility, and also play content from select music services ripping, downloading, or
personal computer interaction required. The Sonos system requires a wire Ethernet connection to a
router and typically connects to a high speed Internet connection via a personal computer. The initial
Sonos S3 in the system is connected to a broadband router and computer software must be installed for
the connection to work. Thus the Sonos S3 is merely a machine for reception, conversion and
transmission of voice or other data. After the initial Sonos S3 is connected to a router or network,
additional Sonos products may be installed wirelessly in a thirty two (32) different rooms creating a
network.

The user creates the Sonos network by installing the first Sonos S3 in the network into a wire Ethernet
connection and activating a desktop configuration program and a handheld wireless controller
(purchased separately). The Sonos S3 and controller contain wireless network cards that establish their
own secure wireless mesh network. Any additional installed Sonos products will automatically become
part of the wireless mesh network. By �wirelessly� it is meant that after the initial Sonos S3 is connected
to a router and network; additional Sonos products may be installed without a wired connection to the
network.

The Sonos S3 employ a Sonos Net software solution, secured AES encrypted peer to peer wireless mesh
network interface, which ensure synchronous music playback. In a Sonos networks, the same digital
music file may be played in multiple rooms or zones without echoes or delays (multi zone synchronous
playback). Alternatively, the system can play different digital sound files simultaneously in different
zones (multi stream playback). The Sonos S3 is a point to point device; outsiders cannot listen into the
audio files of the Internet web streams because the proprietary Sonos software is designed to prevent
intrusion by persons outside the Sonos network.



       
    

     

2) The reason you cannot stream the NTIA MPG or WAV file

The Sonos S3 is an audio only device therefore it cannot decode or display the NTIA MPEG test file as
specified in the DFS test procedure. The proposed alternative method is to follow the NTIA
recommendation and stream the 5_GHz_Audio_Test_file.WAV test file located at the following website
http://ntiacsd.ntia.doc.gov/dfs/

3) A description on how you propose to do the data streaming.

The NTIA 5_GHz_Audio_Test_file.WAV test file is located on a laptop running an http server. The said
laptop is connected via wire Ethernet CAT5 cable to a Cisco AIR AP1262N A K9 access point which will
serve as the DFS mater device. The Sonos S3 establishes a 5 GHz wireless LAN connection to the laptop
via the Cisco access point. The NTIA test file is streamed to the Sonos S3 where the WAV file is decoded
and played through the internal audio amplifier and speakers. Please reference the attached block
diagram.

4) An estimate of the percentage of channel loading. Explain how you derived this estimate.

The NTIA 5_GHz_Audio_Test_file.WAV test file streams at 1.4 Mbps. By limiting the traffic to 6Mb/s, a
channel loading of ~26% could be achieved. This was measured prior to testing. See below plot.

5) Timing plots




