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INTERNATIONAL ELECTROTECHNICAL COMMISSION  

____________ 

 
SPECIFIC  ABSORPTION  RATE (SAR)  MEASUREMENT  

PROCEDURE FOR LONG TERM EVOLUTION  (LTE)  DEVICES  
 

FOREWORD 

1 )  The  I n ternati onal  E lectrotechn i cal  Commiss ion  ( I EC)  i s  a  worl dwide  organ ization  for standard ization  compris i ng  
a l l  n ational  e l ectrotechn ical  commi ttees  ( I EC National  Comm i ttees).  The  object  of I EC i s  to  promote  
i n ternati ona l  co-operation  on  a l l  q uestions  concern i ng  standard i zati on  i n  the  e l ectri cal  and  e l ectron ic fi e l ds.  To  
th i s  end  and  i n  add i ti on  to  other acti vi ti es,  I EC  publ i shes  I n ternational  Standards,  Techn ical  Speci fi cati ons,  
Techn ical  Reports ,  Publ i cl y Avai l abl e  Speci fi cati ons  (PAS)  and  Gu ides  (hereafter referred  to  as  “ I EC  
Publ i cation (s )” ) .  Thei r preparation  i s  en trusted  to  techn ical  commi ttees;  any I EC  Nati onal  Commi ttee  i n terested  
i n  the  subj ect  deal t  wi th  may parti ci pate  i n  th i s  preparatory work.  I n ternational ,  governmental  and  non -
governmental  organ izations  l i a i s i ng  wi th  the  I EC a l so  parti cipate  i n  th i s  preparation .  I EC col l aborates  cl osel y 
wi th  the  I n ternational  Organ i zation  for Standard ization  ( I SO)  i n  accordance  wi th  cond i t i ons  determ ined  by 
agreement between  the  two  organ i zati ons.  

2)  The  formal  decis ions  or ag reements  of I EC on  techn ical  matters  express,  as  nearl y  as  possib le,  an  i n ternati ona l  
consensus  of opi n ion  on  the  rel evant  sub jects  s i nce  each  techn ical  commi ttee  has  representati on  from  a l l  
i n terested  I EC National  Committees.   

3)  I EC Publ i cations  have  the  form  of recommendations  for i n ternational  use  and  are  accepted  by  I EC National  
Commi ttees  i n  that  sense.  Whi l e  a l l  reasonable  efforts  are  made  to  ensure  that  the  techn ical  content  of I EC  
Publ i cations  i s  accu rate,  I EC  cannot  be  hel d  responsi ble  for the  way i n  wh ich  they are  used  or for any 
m i s i n terpretation  by any end  u ser.  

4)  I n  order to  promote  i n ternational  u n i form i ty,  I EC National  Comm i ttees  undertake  to  app ly I EC Pub l i cations  
transparentl y to  the  maximum  extent  poss ible  i n  the i r national  and  reg i onal  publ i cati ons.  Any d i vergence  
between  any I EC Pub l i cation  and  the  correspond i ng  national  or reg i onal  publ i cati on  shal l  be  cl earl y i n d icated  i n  
the  l atter.  

5)  I EC i tsel f d oes  not  provi de  any attestation  of conform i ty.  I n dependent  certi fi cati on  bod ies  provi de  conform i ty 
assessment  services  and ,  i n  some  areas,  access  to  I EC marks  of conform i ty.  I EC i s  not  responsi ble  for any 
services  carri ed  ou t  by i ndependent certi fi cation  bod i es .  

6)  Al l  u sers  shou ld  ensure  that  they have  the  l atest  ed i ti on  of th i s  publ i cati on .  

7)  No  l i abi l i ty shal l  attach  to  I EC  or i ts  d i rectors,  employees,  servants  or agen ts  i ncl ud ing  i n d ivi dual  experts  and  
members  of i ts  techn ical  comm i ttees  and  I EC  Nati onal  Commi ttees  for any personal  i n j u ry,  property  damage  or 
other damage  of any natu re  whatsoever,  whether d i rect  or i nd i rect,  or for costs  ( i ncl ud i ng  l egal  fees)  and  
expenses  ari s i ng  ou t  of the  publ i cation ,  use  of,  or re l i ance  upon ,  th i s  I EC Publ i cati on  or any other I EC  
Publ i cations.   

8)  Attention  i s  d rawn  to  the  Normative  references  ci ted  i n  th i s  publ i cation .  Use  of the  referenced  publ i cations  i s  
i nd i spensable  for the  correct  appl i cati on  of th i s  publ i cation .  

9)  Attention  i s  d rawn  to  the  poss ib i l i ty that  some of the  e l ements  of th i s  I EC Publ i cation  may be  the  subject  of 
paten t ri gh ts .  I EC shal l  not  be  hel d  responsibl e  for i denti fyi ng  any or a l l  such  patent  ri gh ts.  

A PAS is  a  techn ical  speci fication  not fu l fi l l i ng  the  requ i rements  for a  s tandard ,  bu t made  
avai l ab le  to  the  publ ic.  

I EC PAS  63083  has  been  processed  by I EC  techn ical  comm ittee  1 06:  Methods  for the  
assessment of e lectric,  magnetic  and  e lectromagnetic  fiel ds  associated  wi th  human  exposure.  

The  text  of th i s  PAS  i s  based  on  the  
fol l owing  document:  

Th i s  PAS  was  approved  for 
publ i cation  by the  P-members  of the  
comm i ttee  concerned  as  i nd icated  i n  

the  fol l owi ng  document 

Draft PAS  Report on  voting  

1 06/377/PAS  1 06/385/RVD  

 
Th is  PAS shal l  remain  val i d  for an  i n i ti a l  maximum  period  of 3  years  starting  from  the  
publ ication  date.  The  va l i d i ty may be  extended  for a  s ing le  period  up  to  a  maximum  of 
3  years,  a t the  end  of wh ich  i t  sha l l  be  publ ished  as  another type  of normative  document,  or 
shal l  be  wi thdrawn .  
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A b i l i ngual  vers ion  of th is  publ ication  may be  issued  at  a  l ater date.  

 

IMPORTANT – The 'colour inside'  logo on  the  cover page of th is  publ ication  i nd icates  that i t  
contains  colours  wh ich  are  considered  to  be  usefu l  for the  correct understanding  of i ts  
contents.  Users  shou ld  therefore  prin t th is  document using  a  colour prin ter.  
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INTRODUCTION  

LTE technology shows  an  added  complexi ty over previousl y avai l able  rad io  schemes  and  i n  
order to  configure  and  test LTE  devices,  many s ignal  parameters  have  to  be  taken  i n to  
account.  The  combinations  of parameters  i n  a  g iven  frequency band  can  resu l t i n  hundreds  of 
LTE  Modes  and  SAR test configurations.  The  main  purpose  of th is  protocol  i s  to  support the  
demonstration  of DUT compl iance  wi th  appl icable  exposure  l im i ts  based  on  a  reasonable  
number of SAR evaluations.  
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SPECIFIC  ABSORPTION  RATE (SAR)  MEASUREMENT  
PROCEDURE FOR LONG TERM EVOLUTION  (LTE)  DEVICES  

 
 
 

1  Scope 

This  Publ icl y Avai lable  Speci fication  (PAS)  appl i es  to  measurement procedures  of Speci fic  
Absorption  Rate  (SAR)  generated  by devices  wi th  LTE  (Long  Term  Evolu tion)  technology 
speci fied  by 3rd  Generation  Partnersh ip  Proj ect (3GPP),  Rel .  8  and  9  [1 ]  where  the  devices  
are  i n tended  to  be  used  wi th  the  rad iating  part i n  cl ose  proxim i ty to  the  human  head  and  body.  
Th is  document supports  both  FDD and  TDD  modes.  The  objective  of th is  document i s  to  
define  the  number of test  cond i tions  wi th  respect to  basic  rad io  frequency aspects,  i . e .  
channel  bandwid ths,  number and  offset of a l l ocated  resource  b locks  (RB),  modu lation ,  and  
maximum  power reduction  (MPR)  for I EC  62209-1  and  I EC 62209-2.  

2  Normative references  

The fol l owing  documents  are  referred  to  i n  the  text in  such  a  way that some or a l l  of thei r 
con ten t consti tu tes  requ irements  of th is  document.  For dated  references,  on l y the  ed i tion  
ci ted  appl i es.  For undated  references,  the  l atest ed i tion  of the  referenced  document ( i nclud ing  
any amendments)  appl i es.  

I EC 62209-1 : 201 6,  Measurement procedure for the assessment of specific absorption rate of 
human exposure to radio frequency fields from hand-held and body-mounted wireless 
communication devices – Part 1 :  Devices used next to the  ear (Frequency range of 300 MHz 
to  6 GHz)  

I EC  62209-2,  Human exposure to  radio frequency fields from hand-held and body-mounted 
wireless communication devices – Human models,  instrumentation,  and procedures – Part 2:  
Procedure to determine the specific absorption rate (SAR)  for wireless communication 
devices used in  close proximity to the human body (frequency range of 30 MHz to 6 GHz)  

ETSI  TR 1 21  905,  Digital cellular telecommunications system (Phase 2+)  (GSM); Universal 
Mobile  Telecommunications System (UMTS); LTE; Vocabulary for 3GPP Specifications 

3 Terms and  defin i tions  

For the  purposes  of th is  document,  the  terms  and  defin i ti ons  g iven  in  ETSI  TR 1 21  905  and  
the  fol l owing  appl y.  

3. 1   
LTE Mode  

speci fic operational  characteristics  of the  DUT 

Note  1  to  en try:  LTE  Mode  i s  the  combination  of channel  frequency,  channe l  bandwi d th ,  modu lation ,  n umber of 
resou rce  bl ocks,  the  offset  of the  resou rce  b l ocks  wi th i n  the  bandwid th ,  and  the  MPR.  

3.2   
Device  Posi tion  

orientation  and  posi ti on  of the  DUT wi th  respect to  the  phantom  

3.3   
Test Cond ition  

Test Cond i tion  refers  to  the  combination  of both  the  LTE  Mode  and  Device  Posi tion  
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4 Symbols  and  abbreviated  terms  

For the  measurement procedures  speci fi ed  i n  th i s  document,  the  symbols  and  abbreviated  
terms  of I EC  62209-1  and  I EC  62209-2  shal l  apply.  

5 Protocol  for SAR assessment 

5.1  General  LTE  SAR testing  considerations  

LTE technology shows  an  added  complexi ty over previous l y avai lab le  rad io  schemes.  I n  order 
to  configure  and  test LTE  devices,  many s i gnal  parameters  have  to  be  taken  i n to  account:  
frequency band ,  channel  bandwid th  (from  1 . 4  MHz to  20  MHz),  modu lation  (QPSK and  1 6-
QAM),  number of resource  b locks  a l l ocated ,  offset of the  resource  b locks  wi th in  the  channel  
bandwid th  as  wel l  as  MPR.  The  combinations  of parameters  in  a  g iven  frequency band  can  
resu l t  i n  hundreds  of LTE  Modes  and  SAR test configu rations.  I n  order to  address  th is  a  
speci fic protocol  i s  necessary for SAR assessment of LTE  devices.  The  main  purpose  of th is  
protocol  i s  to  support demonstration  of DUT compl iance  wi th  appl icable  l im i ts  based  on  a  
reasonable  number of SAR evaluations.  

For a  g i ven  LTE  Mode and  Device  Pos i ti on  (Test Cond i tion) ,  the  peak spatial -average SAR is  
re lated  to  the  maximum  RF  ou tput power.  As  a  consequence,  RF  conducted  power 
measurements  can  be  used  to  qu ickl y i den ti fy h i gh  SAR LTE  Mode.  SAR and  RF  conducted  
power are  however not d i rectl y proportional  because:  

i )  RF  conducted  power is  measured  wi th  a  50  Ohms  l oad  impedance;  

i i )  the  antenna  impedance  of a  DUT is  general l y not 50  Ohms  and  varies  over frequency;  

i i i )  the  antenna  impedance  can  be  affected  by Device  Pos i tion  and  phan tom  coupl i ng  
cond i ti ons.  

Because  of th is ,  a  s ing le  SAR measurement us ing  the  LTE  Mode wi th  the  h i ghest measured  
maximum  conducted  outpu t power i n  a  frequency band  may not be  sufficien t to  demonstrate  
compl iance  un less  the  SAR va lue  i s  s ign i fican tl y l ower than  the  appl icable  compl iance  l im i t.  I n  
the  fol l owing ,  the  requ ired  Test Cond i tions  are  establ ished  by appl ying  the  protocol  i n  5 . 2 .  

The  LTE  Test Cond i ti ons  are  measured  accord ing  to  the  SAR measurement protocols  i n  
I EC 62209-1  for devices  used  next to  the  ear and  i n  I EC  62209-2  for hand-held  and  body-
mounted  devices.  Th is  document on l y speci fi es  the  procedures  to  i denti fy the  LTE  Test 
Cond i tions  that wi l l  most  l ikel y resu l t  i n  SAR levels  closest to  the  h i ghest and  conservative  
SAR resu l t  obtained  from  an  up-scal ing  procedure.  

For the  above reasons ,  stud ies  on  the  re lationsh ip  between  RF  conducted  power and  SAR 
were  conducted  by MT1  us ing  handsets  operating  i n  Band  1 ,  4  and  1 7.  The  resu l ts  i n  Annex A 
show that:  

•  QPSK modu lation  wi th  1  RB  a l location  general l y produces  the  h i ghest  peak spatia l -
average SAR – MPR does  not appl y i n  th is  case.  

•  Peak spatia l -average  SAR has  good  correlation  wi th  the  measured  RF  conducted  ou tpu t 
power.  The  re lationsh ip  deviates  from  proportional i ty by l ess  than  25  %  (k  =  2) .  

•  For LTE  Modes  wi th  maximum  conducted  power l ower than  85  %  of Pmax,  where  Pmax  i s  
the  h ighest measured  maximum  RF  conducted  output power across  a l l  LTE  Modes  i n  the  
frequency band ,  i t  i s  h igh l y un l ikel y that h ighest SAR resu l ts  wou ld  be  expected .  

5.1 . 1  Description  of LTE Mode selection  

Conducted  power shal l  be  measured  for the  l argest channel  bandwid th  supported  by the  LTE  
Modes  in  each  frequency band ,  us ing  QPSK modu lation  wi th  1  RB  a l l ocation .  The  requ ired  
test channels  shal l  be  determ ined  by 6 . 2 . 5  of I EC 62209-1 : 201 6.  I f the  number of requ ired  
channels  i s  1 ,  the  1  RB  shal l  be  a l l ocated  at  offset =  centre;  i f the  number of requ i red  
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channels  i s  3 ,  the  1  RB  shal l  be  a l l ocated  at offset =  0 ,  centre,  and  max wi th in  the  channel  
bandwid th .  I f the  number of requ i red  channels  i s  5,  the  1  RB  shal l  be  a l l ocated  at offset =  0 ,  
cen tre,  cen tre,  centre  and  max wi th in  the  channel  bandwid th ,  respectivel y,  for channels  from  
lowest to  h i ghest.  

Other LTE  Modes  besides  “QPSK modu lation  wi th  1  RB  a l l ocation”  shal l  a l so  be  measured  for 
the  d i fferent  channel  bandwid th  configurations  us ing  the  modu lations  and  RB  a l locations  
described  in  Table  C. 1  (wi thout MPR)  and  C. 2  (wi th  MPR),  wh ich  are  speci fied  by 3GPP for 
conformance  testing .  Conducted  maximum  outpu t power shal l  be  measured  us ing  the  
fol l owing  test channel  and  RB  offset configurations .  

•  When  MPR does  not appl y,  the  configurations  i n  Table  C. 1  are  measured  for the  low and  
m idd le  channels  wi th  RB  offset =  0  and  RB  offset  =  max for the  h i gh  channel .  

•  When  MPR appl ies,  the  configurations  i n  Table  C. 2  are  measured  

– for the  l ow channel  wi th  RB  offset =  max,  

– for m idd le  channel  wi th  RB  offset  =  0  and  max,  

– for h igh  channel  wi th  RB  offset =  0 .  

For “QPSK modu lation  wi th  1  RB  a l location ”  i n  smal l er channel  bandwid th  configurations ,  
when  the  same RB  offset  has  a l ready been  measured  i n  the  h ighest channel  bandwid th ,  such  
RB  offset  configurations  may be  om i tted .  These  correspond  to  RBs  a l l ocated  next to  the  
channel  edges;  for example,  offset =  0  for the  low channel  and  max for the  h igh  channel  for 
5  MHz,  1 0  MHz,  1 5  MHz channel  bandwid ths  i n  Band  1  may be  om i tted .  

The  conducted  maximum  ou tput power measurements  are  i l l ustrated  in  F igure  1  for 5  MHz,  
1 0  MHz,  1 5  MHz,  and  20  MHz channel  bandwid ths  in  Band  1  (1  920  MHz to  1  980  MHz)  and  
5  MHz and  1 0  MHz channel  bandwid ths  i n  Band  1 7  (704  MHz to  71 6  MHz).  The  orange and  
b lue  colour RBs  correspond  to  test configurations  that are  speci fi ed  by 3GPP for conformance  
testing .  The  red  colour RBs  are  the  add i ti onal  configurations  requ ired  for QPSK and  1  RB  
al location  i n  the  l argest channel  bandwid th  configuration ,  not speci fied  for 3GPP conformance  
testing .  The  low,  m idd le  and  h i gh  channels  are  determ ined  accord ing  to  the  I EC  62209-1  
requ i rements .  Annex E  l i sts  the  LTE  Modes  to  be  tested  i n  Band  3,  7  and  20.  

NOTE  Conducted  power testi ng  for add i ti onal  LTE  Modes  i s  a l l owed ,  when  the  resu l ts  form  a  superset of above  
requ i rements  (e. g .  conducted  power testi ng  accord ing  to  FCC requ i rements).  When  such  a  conducted  power 
superset  i s  reported ,  a l l  resu l ts  shal l  be  taken  i n to  account  i n  fol l owing  SAR test  procedu res.  
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Figure  1 a  – Band  1  (1  920  MHz to  1  980  MHz)  
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Figure  1 b  – Band  1 7  (700  MHz)  

Figure  1  – Use  of conducted  power for LTE Mode selection  

5.2  Power and  SAR Measurement  Protocol  
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Step 1 :   RF  conducted  power measurement 

RF conducted  power measurement shal l  be  performed  for a l l  LTE  Modes  described  in  the  
previous  section ,  where  P(m)  are  the  measured  power for the  m  LTE  Modes.  The  

measurement protocol  for RF  conducted  ou tpu t power is  described  in  Annex D.  
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The  LTE  Mode wi th  the  h i ghest measured  maximum  conducted  ou tput power i n  each  
frequency band  is  i denti fied  as  Pmax.  

The  subset of LTE  Modes  i n  a  frequency band  wi th  measured  power greater than  or equal  to  
85  %  of  Pmax  i s  i den ti fied  as  S.  

Step 2:   SAR measurement for the  LTE Mode generating  maximum RF  conducted  power 
(Pmax)  and  Device  Posi tion  causing  maximum SAR 

SAR measurement shal l  be  performed  for a l l  Device  Pos i ti ons  for the  LTE  Mode  wi th  
maximum  RF  conducted  power (Pmax)  to  determ ine  the  Device  Posi tion  wi th  the  h i ghest peak 

spatia l -average SAR,  i denti fied  as  SARSTEP2 .  

Three  approaches  can  be  appl i ed  to  determ ine  the  h ighest peak spatia l -average SAR i n  
step  3 :  

Approach  1  (AP1 ):  Select the  SAR measurement at Device Posi tion  causing  maximum  
SAR for Step 2  

For the  test pos i tion  wi th  the  h i ghest peak spatia l -average SARSTEP2 ,  mu l ti p l y by 1 . 35  to  yie ld  
the  scaled  h i ghest peak spatia l -average SAR,  i denti fi ed  as  AP1  SARSTEP3 .  The  factor of 1 . 35  

is  based  on  the  k=2  value  of the  ratio  between  SAR and  conducted  power (α)  determ ined  from  
Equation  (A. 1 )  and  the  two  stud ies  g i ven  in  Annex A.  

Approach  1  i s  fast method  yie ld ing  a  conservative  estimate  of the  maximum  SAR of the  
device.  I f maximum  SAR resu l t  obtained  using  th is  approach  are  above the  SAR l im i t,  
Approach  2  can  be  used  to  obta in  more  accurate  maximum  SAR resu l t.  

Approach  2  (AP2):  SAR measurement at Device Posi tion  causing  maximum SAR for 
LTE Modes  i ncluded  in  subset S  

For the  test pos i tion  wi th  the  h ighest peak spatia l -average SARSTEP2  determ ined  i n  Step  2 ,  
perform  SAR measurements  i n  th is  test pos i ti on  for the  other LTE  Modes  included  i n  the  
subset S.  The  h ighest peak spatial -average SAR i s  i den ti fi ed  as  AP2  SARSTEP3 .  

Approach  2  i s  the  more  accurate  method ,  bu t requ i res  testi ng  of the  LTE  Modes  i n  each  
Subset S.  

Approach  3  (AP3):  Limited  SAR measurements  at Device  Posi tion  causing  maximum  
SAR for LTE  Modes  i ncluded  i n  subset S  

For the  test pos i ti on  wi th  the  h ighest peak spatia l -average  SARSTEP2  determ ined  in  Step  2 ,  
perform  SAR measurements  i n  th is  test posi tion  for another LTE  Mode  having  the  h ighest 
conducted  power among  a l l  the  un tested  LTE  Modes  i ncluded  i n  the  subset S.  Mu l ti p l y the  
new measured  peak spatia l -average  SAR by 1 . 35  to  yie ld  the  new scaled  peak spatia l -
average SAR,  i den ti fi ed  as  AP3  SARSCALED .  I f AP3  SARSCALED  i s  not below the  SAR l im i t  
repeat SAR measurement for the  next LTE  Mode  as  described  above i n  th is  step,  
otherwise  select the  h ighest value  among  a l l  the  measured  peak spatia l -average SAR resu l ts  
and  the  last scaled  va lue  AP3  SARSCALED  and  i denti fy i t  as  AP3  SARSTEP3 .  

AP1  SARSTEP3 ,  AP2  SARSTEP3  or AP3  SARSTEP3  sha l l  be  reported  as  maximum  SAR for the  
LTE  frequency band .  

NOTE  When  assessing  s imu l taneous  mu l ti -transm ission  SAR (e. g .  LTE+WLAN),  the  maximum  LTE  SAR value  for 
each  test  posi ti on  obtained  u s ing  the  above  approaches  AP1 ,  AP2  or AP3,  or combination  of those,  shal l  be  
appl i ed  accord ing  to  the  s imu l taneous  transm iss ion  SAR procedu res  i n  I EC 62209-1  or I EC 62209-2  for th i s  
assessment.  
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6 Uncertainty estimation  

As the  protocol  described  here  i s  exactl y the  same i n  pri ncip le  as  that contained  i n  both  
I EC 62209-1  and  I EC  62209-2  except i t  commences  wi th  the  LTE  Mode wi th  the  h ighest 
conducted  power rather than  the  cen ter of the  transm i t frequency band ,  there  i s  no  change to  
the  uncertain ty estimation  for the  peak spatia l -average  SAR.  

The  uncertain ty estimation  shou ld  be  performed  as  ou tl i ned  i n  I EC 62209-1  and  I EC 62209-2.  

7 Measurement report 

The maximum  conducted  power measurement resu l ts  sha l l  be  included  i n  the  SAR report to  
i denti fy the  LTE  Modes  that requ i red  SAR measurement accord ing  to  the  protocol  i n  th is  
document.  The  SAR measurement resu l ts  sha l l  be  reported  accord ing  to  requ i rements  of 
I EC 62209-1  and  I EC 62209-2.  
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Annex A 
(informative)  

 
Supporting  information  

The re lationsh ip  between  RF  conducted  power and  peak spatia l -average SAR is  i nvestigated  
us ing  the  fol lowing  equation ,  where  m  d efines  a  g iven  LTE Mode i n  a  frequency band :  

 SAR(m)  =  α(m)P(m)  (A. 1 )  

The  peak spatia l -average SAR is  proportional  to  RF  conducted  power P.  However due  to  
an tenna  m ismatch ,  phantom  coupl ing  and  other cond i tions,  the  ratio  between  SAR and  

conducted  power (α)  i s  expected  to  vary among  the  LTE  Modes  (m) .  I n  order to  evaluate  the  

deviation  of α  among  LTE  Modes,  two  i ndependent stud ies  were  conducted .  

Study 1 :  

Th is  study is  fu l l y described  i n  [2 ] ,  [3 ]  and  [4] .  Th is  study was  performed  accord ing  to  the  
protocol  in  I EC 62209-1  and  therefore  refers  to  l ow,  m idd le  and  h i gh  channels .  The  protocol  to  
commence  SAR testing  wi th  the  LTE Mode wi th  the  h ighest RF  conducted  power was  
recommended  after the  resu l ts  of th is  s tudy and  Study 2  were  combined .  The  fol l owing  i s  a  
summary of the  test configurations:  

•  Device  type  and  characteristics:  Smartphones.  

•  Frequency and  channels  tested :  Band  1  (1  920  MHz to  1  980  MHz);  Low,  M idd le ,  and  H igh  
channel .  

•  Phantoms  and  test posi tions:  SAM  and  F lat.  

•  Conducted  power measurement configurations :  F igure  A. 1 .  

NOTE  Green  colou r bars  mean  measurements  were  not  conducted  for these  cond i ti ons  because  these  are  
the  same  as  those  of 20  MHz bandwid th  ( l argest channel  bandwid th  used  i n  d evice).  

•  N umber of DUTs:  4  d i fferen t devices  from  3  d i fferent  manufacturers.  

•  N umber of measurements:  42  for both  conducted  power and  SAR.  

International  Electrotechnical  Commission

 



 – 1 4  – I EC PAS  63083:201 7  © I EC  201 7  

Low Middle High
5 MHz

8

8

25

MPR = 0

MPR = 1

1 0 MHz

1 922.5 MHz 1 950.0 MHz 1 977.5 MHz

50

1 2

1 925.0 MHz 1 950.0 MHz 1 975.0 MHz

MPR = 0

MPR = 1 ,  2

20 MHz

1

1 8

1 8

1 00

1 930.0 MHz 1 950.0 MHz 1 970.0 MHz

MPR = 1 ,2

MPR = 1

MPR = 1 ,2

MPR = 1

5
 M
H
z

2
0
 M
H
z

1
0
 M
H
z

QPSK

QPSK

1 6QAM

1 2 1 2 1 2

1 6QAM

QPSK

1 6QAM

1 6QAM

QPSK

1 6QAM

1 6QAM

 

Figure A. 1  – Low,  M iddle,  and  H igh  channel  at  2  GHz band  (Band  1 )  

The resu l ts  are  summarized  in  the  fo l l owing .  

•  Deviations:  Coefficien t of variation  (CV)  of α  i s  l ess  than  1 1 . 5  %  (Table  A. 1 ).  

•  RF  conducted  power is  h ighest wi thou t MPR for the  devices,  wh ich  a l so  resu l t  i n  the 
h ighest SAR.  

•  The  deviation  of α  for SAM  is  s l igh tl y l arger than  that of F lat phan tom .  Th is  may be  due  to  
DUT p lacement uncertain ty.  
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Figure A.2  – RF  conducted  power vs.  1 0g  SAR 
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Table  A. 1  – CV of α  

SAR 1 g  1 0g  

Flat  7 . 9  %  7 . 9  %  

SAM  (Cheek)  9 . 9  %  9 . 4  %  

SAM  (Ti l t)  1 1 . 4  %  1 0. 9  %  

 

NOTE  CV stands  for coeffi cien t  of variati on  wh ich  i s  the  standard  devi ation  d i vi ded  by the  average  value.  

Study 2:  

This  s tudy i s  fu l l y described  in  [5] .  

•  2  DUTs  

•  Positions:  body rear 1 0  mm,  left SAM  s ide  cheek / ti l t,  ri gh t SAM  s ide  cheek / ti l t  

•  Bands:  LTE  FDD band  4 ,  LTE  FDD  band  1 7  

•  Channels:  

Band  4:  1 9975 (1 71 2 . 5  MHz) ,  20000  (1 71 5  MHz),  20025  (1 71 7. 5  MHz),  20050  (1 720  
MHz),  201 75  (1 732 .5  MHz),  20300  (1 745 MHz) ,  20325 (1 747. 5  MHz),  20350  (1 750  MHz),  
20375  (1 752. 5  MHz)  

Band  1 7:  23755 (706. 5  MHz),  23780  (709  MHz) ,  23790  (71 0  MHz) ,  23800  (71 1  MHz),  
23825  (71 3.5  MHz),  23825 (71 3. 5  MHz).  

•  Bandwidths:  

Band  4:  5  MHz,  1 0  MHz,  1 5  MHz,  20  MHz 

Band  1 7:  5 MHz,  1 0  MHz  

•  RB s izes:  

Band  4:  1 ,  1 2 ,  25,  36,  50 ,  75,  1 00  

Band  1 7:  1 ,  1 2 ,  25,  50  

•  RB offsets:  

Band  4:  0,  6 ,  1 2 ,  1 3 ,  1 8,  24 ,  25,  36 ,  39,  49,  50 ,  74 ,  99  

Band  1 7:  0,  6 ,  1 2 ,  24 ,  25,  49  

•  Modulations:  QPSK,  1 6-QAM  

•  Number of measurements:  251 0.  A summary of the  measurements  i nclud ing  LTE Modes,  
conducted  power measurements ,  Device  Posi ti ons  and  Test Cond i tions  can  be  found  i n  
[5] .  
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Figure A.3  – 1 g  SAR as  a  function  of RF  conducted  power in  various   
test cond i tions  (dashed  l ines  ind icate  y=a*x l inear regressions)  

Table  A.2  – Maximum CV of α  found  in  Study 2  

SAR 1 g  

Flat  1 2 . 9  %  

SAM  (Cheek)  1 7. 1  %  

SAM  (Ti l t)  1 6. 8  %  

 

Justi fications  of re lati ve  standard  deviations  

The  probabi l i ty dens i ty function  of the  ratio  of two normal  random  variables  was  derived  by 
H inkley i n  [6 ] .  Assum ing  the  peak spatia l -average  SAR for a  g i ven  LTE  Mode m  i s  a  random  
normal  variable  wi th  a  maximum  of 1 5  %  re lative  standard  deviation  (30  %  k=2  uncertain ty)  
and  the  conducted  power P(m)  i s  a  random  normal  variable  wi th  a  maximum  5  %  relative  

standard  deviation ,  then  α(m)  fo l l ows  a  d istribu tion  as  defined  by H inkley such  that:  

•  I f SAR(m)  and  P(m)  are  uncorre lated  then  the  95  %  confidence i n terval  of α(m)  i s  
about  31  %  l arge  or + /-1 5. 5  %  around  average.  

•  I f SAR(m)  and  P(m)  correlate  wi th  a  coefficien t of more  than  0. 9  then  the  95  %  confidence 

i n terval  of α(m)  i s  about  22  %  large  or + /-1 1  %  around  average.  

I n  other words,  for the  above assumption ,  the  k=2  uncerta in ty on  α(m)  determ ination  for a  

g i ven  LTE  Mode  m  can  be  as  h igh  as  1 5 .5  % .  I n  add i tion ,  α(m)  varies  wi th  the  mode m ,  so  

that  CV of α  across  modes  i s  l ikel y to  be  h i gher than  8  % .  
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To  investigate  the  CV that can  be  expected ,  1 00  samples  of α(m)  were  arti ficia l l y generated  
as  the  outpu t of a  ratio  of two uncorrelated  normal  random  variables  SAR(m)  and  P(m)  wi th  
respective  re lati ve  standard  deviation  of 1 5  %  and  5  % .  For a  mode m1 ,  SAR(m1 )  was  chosen  
wi th  a  mean  va lue  of 0 . 66  W/kg  and  a  mean  conducted  power P(m1 )  of 1 37  mW.  For a  mode 
m2,  the  average  of SAR(m2)  and  P(m2)  were  chosen  respectivel y equal  to  0 . 66  W/kg  and  

1 24.5  mW.  As  a  matter of fact,  α(m1 )  and  α(m2)  were  l og ical l y found  to  exh ib i t an  average  
re lati ve  d i fference over the  1 00  real i zations  of abou t 1 0  %.  However,  the  maximum  relative  

d i fference  on  a  speci fic set  of real i zations  of α(m1 )  and  α(m2)  was  observed  to  be  as  h igh  as  
54  % .  Th is  approach  i s  however conservative  as,  when  comparing  SAR va lues  across  LTE  
Modes  in  a  g i ven  pos i tion ,  the  whole  uncertain ty budget of the  measurement system  is  not  
explored .  I n  add i ti on ,  averag ing  the  uncerta in ty contribu tions  across  a  variety of modes  

decreases  the  overal l  observed  d ispersion  of α.  
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Annex B  
(informative)  

 
Maximum Power Reduction  (MPR)  

Table  B . 1  – Maximum Power Reduction  (MPR)  for Power C lass  3  

Modulation  Channel  bandwidth  /  Transmission  bandwidth  con figuration  [RB]  MPR (dB)  

1 . 4  

MHz 

3.0  

MHz 

5 

MHz  

1 0  

MHz 

1 5  

MHz 

20  

MHz 

QPSK >  5  >  4  >  8  >  1 2  >  1 6  >  1 8  ≤  1  

1 6  QAM  ≤  5  ≤  4  ≤  8  ≤  1 2  ≤  1 6  ≤  1 8  ≤  1  

1 6  QAM  >  5  >  4  >  8  >  1 2  >  1 6  >  1 8  ≤  2  
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Annex C  
(informative)  

 
Power test condi tions  

Table  C . 1  – Test Configuration  Table  wi thout MPR 

Ch.  B.W.  [MHz]  Modu lation  RB  

1 . 4  QPSK 1  

1 . 4  QPSK 5  

3  QPSK 1  

3  QPSK 4  

5  QPSK 1  

5  QPSK 8  

1 0  QPSK 1  

1 0  QPSK 1 2  

1 5  QPSK 1  

1 5  QPSK 1 6  

20  QPSK 1  

20  QPSK 1 8  

 

Table  C .2  – Test Configuration  Table  wi th  MPR 

Ch.  B.W.  [MHz]  Modu lation  RB  

   

1 . 4  QPSK 6  

1 . 4  1 6QAM  5  

1 . 4  1 6QAM  6  

   

3  QPSK 1 5  

3  1 6QAM  4  

3  1 6QAM  1 5  

   

5  QPSK 25  

5  1 6QAM  8  

5  1 6QAM  25  

   

1 0  QPSK 50  

1 0  1 6QAM  1 2  

1 0  1 6QAM  50  

   

1 5  QPSK 75  

1 5  1 6QAM  1 6  

1 5  1 6QAM  75  

   

20  QPSK 1 00  

20  1 6QAM  1 8  

20  1 6QAM  1 00  
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Annex D  
(normative)  

 
RF  Conducted  Output Power Measurement 

As expla ined  in  Clause  5. 1 ,  RF  conducted  outpu t power measurements  are  used  to  i denti fy 
Test Cond i ti ons  that are  un l ike l y to  produce  the  h i ghest SAR values  for the  LTE  Modes  i n  a  
frequency band .  I t  i s  hence  essen tia l  to  defi ne  gu idel i nes  for ensuring  repeatable  and  precise  
RF  conducted  power measurements  for LTE  devices.  Stud ies  conducted  by MT1  committee  
[Derat et a l . ;  Newbury 201 3]  showed  that the  resu l ts  of such  measurements  can  be  affected  
by e . g .  ( i )  the  presence / absence  of device  charger,  ( i i )  th e  number of data  frames  (1 0  ms  for 
LTE)  used  for RMS power averag ing .  

Hence,  the  fol lowing  gu idel ines  shal l  be  appl i ed  to  measure  conducted  output  power:  

•  Device  ampl i fier ou tput shal l  be  cabled  to  the  measurement i nstrument (power meter,  base  
station  i nput,  etc. )  and  cable  shal l  not move  during  assessment of conducted  power for a  
g i ven  frequency band .  

•  Device  shal l  be  operated  on  battery and  no  charger shal l  be  connected  to  the  device.  
Battery shal l  have  at  l east 60  %  charge  for a l l  power measurements .  

•  The  same subframe al l ocation  shal l  be  used  for power measurements  of a l l  LTE  Modes  i n  
a  g i ven  frequency channel .  As  an  example,  measurements  for a l l  LTE  Modes  i n  band  1 7  
cou ld  be  carried  ou t wi th  the  fol l owing  scheme:  on ly subframe #0  is  acti vel y transm i tti ng  i n  
each  data  frame wi th  the  remain ing  9  subframes  i nacti ve.  

•  Measured  RF  conducted  ou tpu t power shal l  be  averaged  over at  l east  20  frames.  

Conducted  power measurements  shal l  be  documented  and  measurement uncertain ty shal l  be  
taken  i n to  accoun t.  For a  g i ven  frequency channel  and  a  g i ven  LTE  Mode m,  U(P(m))  denotes  
the  relati ve  s tandard  deviation  of conducted  power measurements  of mode m  obta ined  over at 
l east 5  repeated  measurements.  The  re lative  standard  deviation  i s  the  standard  deviation  

d i vi ded  by the  average  )(mP  across  the  5  measurements.  

I n  th is  document,  i ncl ud ing  Clause  5 . 2  for the  SAR test protocol :  

•  Conducted  ou tpu t power P(m)  for a  g i ven  LTE  Mode m  a t  a  defined  frequency channel  

shal l  be  understood  as  )(mP .  

•  Maximum  outpu t conducted  power across  the  m  LTE  Modes  shal l  be  understood  as  

{ }max:1 )(max mPMm= .  

•  U(P,k=2)  denotes  the  k=2  uncertain ty of conducted  power assessment defined  as  

( ){ })(2max :1 mPUMm= .  

•  For the  sake  of s impl ici ty,  the  core  text s imply refers  to  P(m)  and  Pmax.  
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Annex E  
(informative)  

 
RF  Conducted  LTE Modes  to be  tested  for Band  3,  7  and  20  

Table  E. 1  – Band  3  (1  71 0  MHz to  1  785 MHz)  

Band  
Channel  

Bandwi th   
[MHz]  

Channel  N .  Modu lation  RB  Number RB  Offset  

3  20  1 9300  QPSK 1  0  

3  20  1 9300  QPSK 1  49  

3  20  1 9300  QPSK 1  99  

3  20  1 9300  QPSK 1 8  0  

      

3  20  1 9300  QPSK 1 00  0  

3  20  1 9300  1 6QAM  1 8  82  

3  20  1 9300  1 6QAM  1 00  0  

3  20  1 9575  QPSK 1  0  

3  20  1 9575  QPSK 1  49  

3  20  1 9575  QPSK 1  99  

3  20  1 9575  QPSK 1 8  0  

      

3  20  1 9575  QPSK 1 00  0  

3  20  1 9575  1 6QAM  1 8  0  

3  20  1 9575  1 6QAM  1 8  82  

3  20  1 9575  1 6QAM  1 00  0  

3  20  1 9850  QPSK 1  0  

3  20  1 9850  QPSK 1  49  

3  20  1 9850  QPSK 1  99  

      

3  20  1 9850  QPSK 1 8  82  

3  20  1 9850  QPSK 1 00  0  

3  20  1 9850  1 6QAM  1 8  0  

3  20  1 9850  1 6QAM  1 00  0  

3  1 5  1 9275  QPSK 1 6  0  

      

3  1 5  1 9275  QPSK 75  0  

3  1 5  1 9275  1 6QAM  1 6  59  

3  1 5  1 9275  1 6QAM  75  0  

3  1 5  1 9575  QPSK 1  0  

3  1 5  1 9575  QPSK 1 6  0  

      

3  1 5  1 9575  QPSK 75  0  

3  1 5  1 9575  1 6QAM  1 6  0  

3  1 5  1 9575  1 6QAM  1 6  59  

3  1 5  1 9575  1 6QAM  75  0  
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Band  
Channel  
Bandwi th   
[MHz]  

Channel  N .  Modu lation  RB  Number RB  Offset  

      

3  1 5  1 9875  QPSK 1 6  59  

3  1 5  1 9875  QPSK 75  0  

3  1 5  1 9875  1 6QAM  1 6  0  

3  1 5  1 9875  1 6QAM  75  0  

3  1 0  1 9250  QPSK 1 2  0  

      

3  1 0  1 9250  QPSK 50  0  

3  1 0  1 9250  1 6QAM  1 2  38  

3  1 0  1 9250  1 6QAM  50  0  

3  1 0  1 9575  QPSK 1  0  

3  1 0  1 9575  QPSK 1 2  0  

      

3  1 0  1 9575  QPSK 50  0  

3  1 0  1 9575  1 6QAM  1 2  0  

3  1 0  1 9575  1 6QAM  1 2  38  

3  1 0  1 9575  1 6QAM  50  0  

      

3  1 0  1 9900  QPSK 1 2  38  

3  1 0  1 9900  QPSK 50  0  

3  1 0  1 9900  1 6QAM  1 2  0  

3  1 0  1 9900  1 6QAM  50  0  

3  5  1 9225  QPSK 8  0  

      

3  5  1 9225  QPSK 25  0  

3  5  1 9225  1 6QAM  8  1 7  

3  5  1 9225  1 6QAM  25  0  

3  5  1 9575  QPSK 1  0  

3  5  1 9575  QPSK 8  0  

      

3  5  1 9575  QPSK 25  0  

3  5  1 9575  1 6QAM  8  0  

3  5  1 9575  1 6QAM  8  1 7  

3  5  1 9575  1 6QAM  25  0  

      

3  5  1 9925  QPSK 8  1 7  

3  5  1 9925  QPSK 25  0  

3  5  1 9925  1 6QAM  8  0  

3  5  1 9925  1 6QAM  25  0  

3  3  1 921 5  QPSK 4  0  

      

3  3  1 921 5  QPSK 1 5  0  

3  3  1 921 5  1 6QAM  4  1 1  
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Band  
Channel  
Bandwi th   
[MHz]  

Channel  N .  Modu lation  RB  Number RB  Offset  

3  3  1 921 5  1 6QAM  1 5  0  

3  3  1 9575  QPSK 1  0  

3  3  1 9575  QPSK 4  0  

      

3  3  1 9575  QPSK 1 5  0  

3  3  1 9575  1 6QAM  4  0  

3  3  1 9575  1 6QAM  4  1 1  

3  3  1 9575  1 6QAM  1 5  0  

      

3  3  1 9935  QPSK 4  1 1  

3  3  1 9935  QPSK 1 5  0  

3  3  1 9935  1 6QAM  4  0  

3  3  1 9935  1 6QAM  1 5  0  

3  1 . 4  1 9207  QPSK 5  0  

      

3  1 . 4  1 9207  QPSK 6  0  

3  1 . 4  1 9207  1 6QAM  5  1  

3  1 . 4  1 9207  1 6QAM  6  0  

3  1 . 4  1 9575  QPSK 1  0  

3  1 . 4  1 9575  QPSK 5  0  

      

3  1 . 4  1 9575  QPSK 6  0  

3  1 . 4  1 9575  1 6QAM  5  0  

3  1 . 4  1 9575  1 6QAM  5  1  

3  1 . 4  1 9575  1 6QAM  6  0  

      

3  1 . 4  1 9943  QPSK 5  1  

3  1 . 4  1 9943  QPSK 6  0  

3  1 . 4  1 9943  1 6QAM  5  0  

3  1 . 4  1 9943  1 6QAM  6  0  
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Table  E.2  – Band  7  (2  500  MHz to  2  570  MHz)  

Band  
Channel  
Bandwi th   
[MHz]  

Channel  N .  Modu lation  RB  Number RB  Offset  

7  20  20850  QPSK 1  0  

7  20  20850  QPSK 1  49  

7  20  20850  QPSK 1  99  

7  20  20850  QPSK 1 8  0  

      

7  20  20850  QPSK 1 00  0  

7  20  20850  1 6QAM  1 8  82  

7  20  20850  1 6QAM  1 00  0  

7  20  21 1 00  QPSK 1  0  

7  20  21 1 00  QPSK 1  49  

7  20  21 1 00  QPSK 1  99  

7  20  21 1 00  QPSK 1 8  0  

      

7  20  21 1 00  QPSK 1 00  0  

7  20  21 1 00  1 6QAM  1 8  0  

7  20  21 1 00  1 6QAM  1 8  82  

7  20  21 1 00  1 6QAM  1 00  0  

7  20  21 350  QPSK 1  0  

7  20  21 350  QPSK 1  49  

7  20  21 350  QPSK 1  99  

      

7  20  21 350  QPSK 1 8  82  

7  20  21 350  QPSK 1 00  0  

7  20  21 350  1 6QAM  1 8  0  

7  20  21 350  1 6QAM  1 00  0  

7  1 5  20825  QPSK 1 6  0  

      

7  1 5  20825  QPSK 75  0  

7  1 5  20825  1 6QAM  1 6  59  

7  1 5  20825  1 6QAM  75  0  

7  1 5  21 1 00  QPSK 1  0  

7  1 5  21 1 00  QPSK 1 6  0  

      

7  1 5  21 1 00  QPSK 75  0  

7  1 5  21 1 00  1 6QAM  1 6  0  

7  1 5  21 1 00  1 6QAM  1 6  59  

7  1 5  21 1 00  1 6QAM  75  0  

7  1 5  21 375  QPSK 1 6  0  

      

7  1 5  21 375  QPSK 75  0  

7  1 5  21 375  1 6QAM  1 6  0  
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Band  
Channel  
Bandwi th   
[MHz]  

Channel  N .  Modu lation  RB  Number RB  Offset  

7  1 5  21 375  1 6QAM  75  0  

7  1 0  20800  QPSK 1 2  0  

      

7  1 0  20800  QPSK 50  0  

7  1 0  20800  1 6QAM  1 2  38  

7  1 0  20800  1 6QAM  50  0  

7  1 0  21 1 00  QPSK 1  0  

7  1 0  21 1 00  QPSK 1 2  0  

      

7  1 0  21 1 00  QPSK 50  0  

7  1 0  21 1 00  1 6QAM  1 2  0  

7  1 0  21 1 00  1 6QAM  1 2  38  

7  1 0  21 1 00  1 6QAM  50  0  

      

7  1 0  21 400  QPSK 1 2  38  

7  1 0  21 400  QPSK 50  0  

7  1 0  21 400  1 6QAM  1 2  0  

7  1 0  21 400  1 6QAM  50  0  

7  5  20775  QPSK 8  0  

      

7  5  20775  QPSK 25  0  

7  5  20775  1 6QAM  8  1 7  

7  5  20775  1 6QAM  25  0  

7  5  21 1 00  QPSK 1  0  

7  5  21 1 00  QPSK 8  0  

      

7  5  21 1 00  QPSK 25  0  

7  5  21 1 00  1 6QAM  8  0  

7  5  21 1 00  1 6QAM  8  1 7  

7  5  21 1 00  1 6QAM  25  0  

      

7  5  21 425  QPSK 8  1 7  

7  5  21 425  QPSK 25  0  

7  5  21 425  1 6QAM  8  0  

7  5  21 425  1 6QAM  25  0  
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Table  E.3  – Band  20  (832  MHz to  862  MHz)  

Band  
Channel  
Bandwi th   
[MHz]  

Channel  N .  Modu lation  RB  Number RB  Offset  

20  20  24250  QPSK 1  0  

20  20  24250  QPSK 1  49  

20  20  24250  QPSK 1  99  

20  20  24250  QPSK 1 8  0  

      

20  20  24250  QPSK 1 00  0  

20  20  24250  1 6QAM  1 8  82  

20  20  24250  1 6QAM  1 00  0  

20  20  24300  QPSK 1  0  

20  20  24300  QPSK 1  49  

20  20  24300  QPSK 1  99  

20  20  24300  QPSK 1 8  0  

      

20  20  24300  QPSK 1 00  0  

20  20  24300  1 6QAM  1 8  0  

20  20  24300  1 6QAM  1 8  82  

20  20  24300  1 6QAM  1 00  0  

20  20  24350  QPSK 1  0  

20  20  24350  QPSK 1  49  

20  20  24350  QPSK 1  99  

      

20  20  24350  QPSK 1 8  82  

20  20  24350  QPSK 1 00  0  

20  20  24350  1 6QAM  1 8  0  

20  20  24350  1 6QAM  1 00  0  

20  1 5  24225  QPSK 1 6  0  

      

20  1 5  24225  QPSK 75  0  

20  1 5  24225  1 6QAM  1 6  59  

20  1 5  24225  1 6QAM  75  0  

20  1 5  24300  QPSK 1  0  

20  1 5  24300  QPSK 1 6  0  

      

20  1 5  24300  QPSK 75  0  

20  1 5  24300  1 6QAM  1 6  0  

20  1 5  24300  1 6QAM  1 6  59  

20  1 5  24300  1 6QAM  75  0  

      

20  1 5  24375  QPSK 1 6  59  

20  1 5  24375  QPSK 75  0  

20  1 5  24375  1 6QAM  1 6  0  
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Band  
Channel  
Bandwi th   
[MHz]  

Channel  N .  Modu lation  RB  Number RB  Offset  

20  1 5  24375  1 6QAM  75  0  

20  1 0  24200  QPSK 1 2  0  

      

20  1 0  24200  QPSK 50  0  

20  1 0  24200  1 6QAM  1 2  38  

20  1 0  24200  1 6QAM  50  0  

20  1 0  24300  QPSK 1  0  

20  1 0  24300  QPSK 1 2  0  

      

20  1 0  24300  QPSK 50  0  

20  1 0  24300  1 6QAM  1 2  0  

20  1 0  24300  1 6QAM  1 2  38  

20  1 0  24300  1 6QAM  50  0  

      

20  1 0  24400  QPSK 1 2  38  

20  1 0  24400  QPSK 50  0  

20  1 0  24400  1 6QAM  1 2  0  

20  1 0  24400  1 6QAM  50  0  

20  5  241 75  QPSK 8  0  

      

20  5  241 75  QPSK 25  0  

20  5  241 75  1 6QAM  8  1 7  

20  5  241 75  1 6QAM  25  0  

20  5  24300  QPSK 1  0  

20  5  24300  QPSK 8  0  

      

20  5  24300  QPSK 25  0  

20  5  24300  1 6QAM  8  0  

20  5  24300  1 6QAM  8  1 7  

20  5  24300  1 6QAM  25  0  

     0  

20  5  24425  QPSK 8  1 7  

20  5  24425  QPSK 25  0  

20  5  24425  1 6QAM  8  0  

20  5  24425  1 6QAM  25  0  
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