
Spars i t y-Aware Mult iple  Relay Select ion In 
Large Decode-and-For ward Relay Networks

Cooperat ive  communicat ion is  a  promising technolog y that  has  at tracted s ignificant  at tent ion recent ly 
thanks to i t s  abi l i t y  to  achieve spat ia l  divers i t y  in  wire less  networks  with only  s ingle-antenna nodes . 
The di f ferent  nodes  of  a  cooperat ive  system can share  their  resources  so that  a  v i r tual  Mult iple  Input 
Mult iple  O utput  (MIMO)  system is  created which leads  to  spat ia l  divers i t y  gains . To exploit  this 
divers i t y, a  var iety  of  cooperat ive  protocols  have been proposed in the l i terature  under  di f ferent  des ign 
cr i ter ia  and channel  information avai labi l i t y  assumptions. Among these  protocols , two of  the most-
widely  used are  the ampli fy-and-for ward (AF) and decode-and-for ward (DF) protocols . 
However, in  large-scale  re lay  networks , the re lay  se lect ion process  becomes highly  complex. In fact , 
in  many appl icat ions  such as  device-to-device  (D2D) communicat ion networks  and wire less  sensor 
networks , a  large number of  cooperat ing nodes  are  used, which leads  to  a  dramatic  increase  in the 
complexity  of  the re lay  se lect ion process . To solve  this  problem, the spars i t y  of  the re lay  se lect ion vector 
has  been exploited to reduce the mult iple  re lay  se lect ion complexity  for  large AF cooperat ive  networks 
whi le  a lso improving the bi t  error  rate  per formance. 
In this  work, we extend the study from AF to large-scale  decode-and-for ward (DF) re lay  networks . 
Based on exploit ing the spars i t y  of  the re lay  se lect ion vector, we propose and compare two dif ferent 
techniques  (referred to as  T1 and T2) that  a im to improve the per formance of  mult iple  re lay  se lect ion in 
large-scale  decode-and-for ward re lay  networks .  
In fact , when only  few re lays  are  se lected from a large number of  re lays , the re lay  se lect ion vector 
becomes sparse. Hence, ut i l iz ing recent  advances  in  sparse  s ignal  recover y  theor y, we propose to use 
di f ferent  s ignal  recover y  a lgor i thms such as  the Orthogonal  Matching Pursuit  (OMP) to solve  the re lay 
se lect ion problem. 
O ur theoret ica l  and s imulated resul ts  demonstrate  that  our  two proposed spars i t y-aware re lay  se lect ion 
techniques  are  able  to  improve the outage per formance and reduce the computat ion complexity  at  the 
same t ime compared with conventional  exhaust ive  search (ES)  technique. In fact , compared to ES 
technique, T1 reduces  the se lect ion complexity  by O(K^2 N) (where N is  the number of  re lays  and K 
is  the number of  se lected re lays)  whi le  outper forming i t  in  terms of  outage probabi l i t y  i r respect ive 
of  the re lays '  posi t ions . Technique T2 provides  higher  outage probabi l i t y  compared to T1 but  reduces 
the complexity  making a  compromise between complexity  and outage per formance. The best  se lect ion 
threshold for  T2 is  a l so theoret ica l l y  ca lculated and val idated by s imulat ions which enabled  T2 to a lso 
improve the outage probabi l i t y  compared with ES techniques . 
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