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Introduc(on	  

•  Since	  the	  1970s	  satellite	  communica@on	  have	  
been	  op@mized	  principally	  for	  RF	  power	  or	  
consumed	  power	  versus	  capacity	  

•  On	  the	  other	  hand,	  ground	  communica@on	  
have	  been	  op@mized	  generally	  for	  cost	  versus	  
capacity	  

•  Both	  these	  approaches	  must	  be	  combined	  
now	  in	  a	  global	  op@miza@on	  	  	  
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Efficiency	  of	  base	  sta(ons	  

•  Efficiency	  of	  telephony	  base	  sta@ons	  is	  now	  a	  
big	  problem	  
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C/(N+I)	  op(miza(on	  

•  C/(N+I)	  op@miza@on	  allows	  us	  to	  define	  the	  
opera@ng	  point	  and	  the	  lowest	  satura@on	  RF	  
output	  power	  necessary	  for	  a	  non-‐linear	  
amplifier	  in	  a	  noisy	  communica@on	  channel	  

•  It	  is	  most	  useful	  when	  the	  main	  limit	  is	  the	  
maximum	  RF	  power	  permi`ed	  by	  a	  given	  
technology	  (such	  as	  travelling	  wave	  tubes	  or	  
solid	  state	  amplifiers)	  
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Amplifier	  curves	  for	  op(miza(on	  

We	  start	  from	  
two	  curves:	  
1.  Efficiency	  	  
2.  Linearity	  	  
as	  a	  func@on	  of	  
opera@ng	  point	  	  
P/Psat	  or	  
OBO	  =	  Psat/P	  
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NPR	  or	  MER	  =	  -‐20	  log	  (EVM)	  

Efficiency	  

Opera@ng	  point	  =	  -‐	  OBO	  



Adding	  channel	  noise	  

Gives	  the	  best	  
SNIR	  for	  a	  given	  
saturated	  RF	  
power	  amplifier	  
Two	  curves	  per	  
amplifier	  
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NPR	  or	  MER	  =	  -‐20	  log	  EVM	  
SNR	  =	  C/N	  &	  SNIR	  =	  C/(N+I)	  

Opera@ng	  point	  =	  -‐	  OBO	  

SNR	  1	  
SNR	  2	  

SNR	  3	  
Maximum	  
of	  SNIR	  

SNIR	  2	  

SNIR	  1	  

SNIR	  3	  

SNR	  =	  nominal	  RF	  power/NoRs	  
Efficiency	  

Combina(on	  of	  both	  curves	  
Using	  SNIR	  and	  efficiency	  curves,	  we	  draw	  SNIR	  versus	  consumed	  	  
power	  curves	  (or	  SNIR	  versus	  dissipated	  power	  curves)	  .	  	  
Their	  envelope	  gives	  the	  op@mum	  opera@ng	  point,	  SNIR	  and	  power	  
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SNIR	  =	  C/(N+I)	  	  

Consumed	  power/NoRs	  SNIR	  1	  
SNIR	  2	  

SNIR	  3	  =	  SNIR	  (SNR	  3)	  

Best	  SNIR	  =	  envelope	  	  
of	  all	  SNIR	  curves	   Maximum	  SNIR,	  	  

=	  locus	  obtained	  
on	  preceding	  slide	  
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DVB-‐S2	  curves	  give	  the	  number	  of	  bits	  
per	  symbol	  Rb/Rs.	  
Real	  spectrum	  efficiency	  is	  Rb/BW.	  
Around	  	  70%	  instead	  of	  85%	  (roll-‐off)	  

Shannon	  curve	  and	  DVB/S2	  demodulator	  performance	  
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OBO	  
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Amplifier	  at	  maximum	  C/(N+I)	  

Efficiency	  =	  10	  %	  

Combina(on	  of	  amplifier	  and	  
demodulator	  performances	  
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First	  synthesis	  on	  this	  merit	  curve	  

1.  We	  are	  far	  (>	  15	  dB)	  	  
from	  Shannon	  curve	  

	  

2.  There	  is	  a	  large	  margin	  for	  improvement	  
	  

No	  significant	  improvement	  will	  be	  obtained	  by	  improving:	  
–  Amplifiers	  technology	  only	  

–  Linearizers	  technology	  only	  
–  Signals,	  demodulators	  and	  error	  correc@on	  design	  only	  
–  Equalizers	  technology	  only	  

•  We	  must	  improve	  all	  the	  non	  linear	  chain	  (from	  transmission	  
to	  recep@on)	  and	  the	  signals,	  modula@on	  and	  demodula@on	  
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Same	  curves	  with	  log	  scale	  

2015/09/10	   Consump(on,	  capacity	  and	  cost	  -‐	  global	  op(miza(on	   12	  

0,5 

1 

2 

4 

8 

0 5 10 15 20 25 

Spectrum efficiency (log scale) versus Edc/No 

max efficiency 

max C/(N+I) 

Shannon Eb/No 

Shannon 70% 

 ideal 46,7% amplifier 

ideal 10% amplifier Efficiency	  =	  10	  %	  

Maximum	  mul@carrier	  	  
saturated	  efficiency	  	  47%	  

Maximum	  efficiency	  

Maximum	  C/(N+I)	  



Cost	  versus	  power	  curves	  

We	  use	  only	  the	  log	  deriva@ve	  of	  cost	  versus	  power	  
(Rf	  or	  consumed)	  curves:	  slopes	  0	  to	  1	  dB/dB	  
A	  typical	  curve	  is	  shown	  
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Log	  (Power)	  in	  dBW	  

Log	  (Cost)	  

Fixed	  cost,	  	  
(e.g.	  development)	  
slope=	  0	  dB/dB	  

Propor@onal	  cost,	  	  
slope=	  1	  dB/dB	  

Global	  op(miza(on	  
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Mul(beam	  and	  constella(ons	  

•  How	  to	  increase	  system	  capacity	  when	  limited	  by	  
transmi`ed	  bit	  cost	  increase	  ?	  

=>	  	  Duplicate	  the	  transmission:	  
–  Capacity	  doubles	  
–  Cost	  per	  transmi`ed	  bit	  stay	  the	  same	  

•  Increase	  frequency	  bandwidth	  (if	  possible)	  
•  Mul@beam	  satellites	  
•  Constella@ons	  of	  satellites	  
•  Smaller	  cells:	  Microcells,	  nanocells,	  picocells	  
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Interference	  effect	  

•  The	  frequency	  spectrum	  is	  limited	  so	  all	  these	  
duplicated	  transmission	  systems	  will	  use	  the	  
same	  spectrum	  

•  Interference	  will	  reduce	  the	  capacity	  of	  each	  
transmission	  channel	  

•  Interference	  can	  be	  taken	  into	  account	  in	  the	  
C/(N+IM+IN)	  or	  SNIIR	  ra@o	  

•  Op@miza@on	  with	  interference	  reduces	  again	  
the	  spectral	  efficiency	  that	  can	  be	  achieved	  
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Minimiza(on	  of	  RF	  power	  
with	  interference	  
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SNIR	  =	  C/(N+IM+IF)	  	  

Consumed	  power	  /NoRs	  SNIR	  1	  
SNIR	  2	  

SNR	  3	  

Best	  SNIIR	  =	  envelope	  	  
of	  all	  SNIR	  curves	  

With	  interference	  

Without	  interference	  

IF
C

Maximum	  SNIIR	  



Degrada(on	  of	  spectrum	  efficiency	  
with	  interference	  level	  
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Interference	  mi(ga(on	  

•  MIMO	  on	  return	  link	  and	  pre-‐coding	  on	  forward	  link	  are	  
possible	  means	  to	  reduce	  the	  effect	  of	  interference	  
–  Complex	  data	  processing	  of	  all	  interfering	  transmission	  channels	  in	  a	  

single	  base	  sta@on	  or	  satellite	  gateway	  

•  Cogni@ve	  radio	  
•  Increase	  bandwidth	  at	  same	  frequency	  

•  Use	  higher	  frequencies	  and	  wider	  bandwidth	  
•  Do	  all	  of	  the	  above	  
or	  

•  Increase	  the	  number	  of	  channels	  and	  use	  robust	  transmission	  
signals	  with	  low	  spectrum	  efficiency	  
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Conclusion	  

•  Op@miza@on	  of	  RF	  or	  consumed	  power	  for	  given	  
capacity	  goes	  in	  the	  good	  direc@on	  

•  The	  non	  linear	  signal	  transmission	  chain	  must	  be	  
op@mized	  globally	  

•  There	  is	  an	  economic	  limit	  to	  the	  efficiency	  that	  
can	  be	  used	  in	  a	  given	  channel	  

•  To	  increase	  capacity,	  more	  transmission	  channels	  
must	  be	  used	  in	  parallel	  

•  Interference	  must	  be	  mi@gated	  	  
•  Data	  processing	  complexity	  and	  cost	  may	  limit	  
the	  system	  capacity	  
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