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1.0 SCOPE 

Th is  s p e c i f i c a t i o n  describes t h e  func t i ona l  requi  rements f o r  t h e  

performance, design, and t e s t i n g  f o r  t h e  pro to type Automated In tegra ted 

Receive System (AIRS) t o  be demonstrated f o r  t h e  TDRSS S-Band S ing le  

Access Return Link. 

2.0 APPLICABLE DOCUMENTS 

The f o l l o w i n g  documents form a p a r t  o f  t h i s  s p e c i f i c a t i o n  t o  t h e  

extent  s p e c i f i e d  herein. I n  t h e  event o f  c o n f l i c t  between the  documents 

referenced here in  and t h e  contents o f  t h i s  spec i f i ca t i on ,  t he  contents 

o f  t h i s  s p e c i f i c a t i o n  s h a l l  be considered a superseding requi  rement. 

(a )  S-805-1, "Performance S p e c i f i c a t i o n  f o r  Services V i  a the  Tracking 
and Data Relay S a t e l l i t e  System," November 1976. 

(b )  STDN No. 101.2, "Tracking and Data Relay Sate1 l i t e  System (TDRSS) 
Users' Guide," Rev. 4, January 1980. 

( c )  HESD 10167, "Prime I tem Product Funct ion S p e c i f i c a t i o n  f o r  S-Band 
S ing le  Access Return Equipment (SSARE)," Rev. C, February 1978. 

(d )  STDN No, 108, "PN Codes fo r  Use w i t h  t h e  TDRSS," December 1976. 

3.0 REQUIREMENTS 

3.1 Funct ional  Requi rements 

The AIRS s h a l l  accept t h e  370 MHz I F  output  from t h e  NASCOM I F  

con f igu ra t i on  switch, perform data demodulation, provide a reconstructed 

c a r r i e r  f o r  Doppler measurement and, f o r  PN spread data, provide PN code 

epochs f o r  ranging measurements. F igure  3.1-1 i l l u s t r a t e s  the  AIRS 

func t i ona l  b lock diagram. The AIRS s h a l l  be able t o  support t h e  

fo l lowing funct ions:  

a. Acquire and t r a c k  DG1 PN spread s igna ls  as described i n  

Paragraph 3.2.3-2.3. 

b. Perform coherent I F  combining i f  required. 

c. Acquire and t rack  t h e  suppressed c a r r i e r  s igna l .  
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d. (Optional ) Provide adaptive equa l i za t i on  f o r  data ra tes  > 6 

Mbps ( I  o r  Q) f o r  NRZ data and 3 Mbps ( I  o r  Q) f o r  B i  - + data. 

e, Demodulate t h e  data and perform baseband combining i f  required. 

f. Provide RFI m i t i  ga t ion  processing f o r  convo lu t iona l  l y  encoded 

data. 

3.2 Performance Requirements 

The A I R S  s h a l l  acquire, demodulate, and decode t h e  various s igna l  

modulat ion types def ined here in  and s h a l l  p rov ide  the  spec i f i ed  output  

d i g i t a l  data w i t h i n  t h e  b i t  e r r o r  r a t e  (BER) l i m i t s  spec i f i ed  herein. 

Conf igura t ion  con t ro l  w i l l  be provided and s t a t e  vectors o r  ephemerides 

data f o r  s t a t i c  and dynamic Doppler c o r r e c t i o n  w i l l  be suppl ied 

preceding each miss ion period. 

3 -2.1 General Requirements 

3.2.1.1 Operat ional Modes 

The AIRS s h a l l  be implemented t o  operate i n  t h e  f o l l o w i n g  

operat ional  modes: 

a. Signal Acqu is i t i on  Mode 

b. Data Processing Mode 

c. RARR Tracking Support Mode 

These operat ional  modes w i  11 be supported w i t h  appropr iate s t a t i c  

and dynamic setup and parameter commands. Each mode o f  operat ion s h a l l  

conform t o  t h e  d e f i n i t i o n s  and r e s t r i c t i o n s  i n  t h e  f o l l o w i n g  paragraphs. 

3.2.1.1.1 Signal Acqu is i t i on  Mode 

The A I R S  s h a l l  acquire t h e  i n p u t  s igna ls  def ined i n  Table 3.2.1.1-1 

i n  compliance w i t h  Paragraph 3.2.4 e t  seq requirements, 

3,2.1.1.2 Data Processing Mode 

The AIRS s h a l l  process t h e  QPSK and BPSK modulated inpu t  s igna ls  



Table 3.2.1.1-1. AIRS Acquisition Mode Signal Characteristics. 
I I I 

C/No AND TIME 

A s  d e f i n e d  i n  Para .  

, Any f o r  NRZ 

I 

/ 1:2*to1:4* / Never 1 100~b/s to 150 'i i 
! I Kb/s for I chani Q channe l  a f t e r  I 1 

I 
I I / nel, biphase PN code l o c k  s t a t u s  

formats. is s e n t  t o  ADPE. I 
i I 

I channe l  always 
i 

/ 
I Q Channel off  f p r e s e n t  ! 

i j - I 

I r I 

i i 
I /<10kb/s  

i : I n i -  I coded,  
I i t i a l l y  [<20kb/s  

i A f t e r  carrier 1 1 l o c k  s t a t u s  is  / A s  d e f i n e d  i n  Para. 
1 s e n t  t o  ADPE 3~2.4.1 

f Any spec-  I j uncoded -+---. i 
Or i f i e d  illOkb/s v 

I 
: Never 1 coded,  
1 :>20kb/s .- 

i Always p r e s e n t  
8 I 

! I 8 uncoded I 

I -- I 1 '  ~ i c q u i s i t i o n  f requency  c o n d i t i o n s  w i l l  be a s  d e f i n e d  i n  Paragraphs 3.2.3.5.1 and 3.2.3.5.2 
(DG-1 o n l y ) .  *Q Channel w i l l  have higher C/N ?per. - 

0- 



def ined i n  Paragarph 3,2.3 e t  seq over any TBD hour mission pe r iod  i n  

compl i ance w i t h  the  f o l  1 owing requ i  rements as appl i cab1 e: 

Paragraph 3.2.5 C a r r i e r  Tracking 

Paragraph 3.2.6 Data E x t r a c t i o n  

Paragraph 3.2.7 I/Q Ambi gui  t y  Resolut ion 

Paragraph 3.2.8 Data Format Conversion 

Paragraph 3.2.10 Moni tor  and Status Signals 

The A I R S  s h a l l  demodulate data from two i n p u t  data classes def ined 

as Data Group 1 (DG-1) and Data Group 2 (DG-2). The normal charac ter is -  

t i c s  o f  these data classes w i l l  be as summarized i n  Table 3.2.1.1-2. 

DG-1  s igna ls  w i l l  be charac ter ized by t h e  use o f  staggered quadra- 

phase PN (SQPN) spreading o f  I and Q channel data i n  Modes 1 and 2. DG-1 

Mode 3 QPSK w i l l  have t h e  I channel data PN spread and Q channel 

unspread. DG-1 I and Q channel data may be uncoded o r  convo lu t i ona l l y  

coded. 

06-2 s igna ls  w i l l  be charac ter ized by unspread QPSK modulat ion i n  

both Modes 2 and 3. DG-2 I and Q channel data may be uncoded o r  

convo lu t i ona l l y  coded. 

3.2.1.1.3 RARR Tracking Support Mode 

The A I R S  s h a l l  prov ide a received c a r r i e r  s igna l  and detected PN 

epoch pe r iod  pulse w i t h  PN c lock  t o  t h e  RARR Equipment over any (3 hour) 

mission pe r iod  i n  compliance w i t h  Paragraphs 3.2.5 e t  seq and 3.2,9 e t  

seq requirements. The received c a r r i e r  s h a l l  be provided from any o f  

t h e  i npu t  s igna ls  def ined i n  Table 3.2.1.1-2 and t h e  PN epoch and PN 

c lock s h a l l  be provided from DG-1 Mode 1, 2 and 3 i npu t  s ignals.  

3.2.1.2 Autonomous Operation 

The A I R S  s h a l l  be used p r i m a r i l y  as a stand alone rece iver  dur ing  a 



-Anelm 
Table  3.2.1.1-2. Normal AIRS I n p u t  Data C o n f i g u r a t i o n s .  

Two Indepen- 
dent Sources 

. 
b I 

1 1  I D O E S  N O T  E X I S T  

* I Channel will have higher C/N, power. 

* *  Q - Channel will have higher C/No power. 
-- 



user support period. However, i t  s h a l l  be capable o f  accomodating r e a l  

t ime update i n t e r r u p t s  regarding system reconf igura t ions  and o r b i t  

changes. 

3,Z. l .Z . l  Set-Up Data 

The i n i  ti a1 set-up data requi red  f o r  autonomous operat ion du r ing  

user support pe r iod  s h a l l  inc lude:  

( a )  Doppler frequency p r e d i c t s  u n t i l  t h e  AIRS has acquired. 

( b )  L ink  D e f i n i t i o n .  This inc ludes data group, mode, data format, 

codi ng / in ter leav ing,  data rates, s igna l  l e v e l  estimates, 

etc. I f  t ransmi t ted  data c h a r a c t e r i s t i c s  are t o  be switched 

a f t e r  l i n k  acqu is i t i on ,  t h i s  event epoch w i l l  be provided. 

( c )  RFI Scenario. RFI scenar io w i l l  be provided t o  a i d  s e l e c t i n g  

t h e  m i  t i  ga t ion  technique. 

3.2.1.2.2 Real Time Updates 

The A I R S  s h a l l  be capable o f  accept ing rea l  t ime updates concerning 

recon f igu ra t i on  o f  t h e  A I R S  dur ing  a user support period. This inc ludes 

unscheduled o r b i t  changes f o r  which r e a l  t ime frequency p red ic t s  w i  11 be 

provided t o  A I R S  a t  a r a t e  o f  9 samples per  second. 

3.2 .1 .2 .3 .  Autonomous Operation 

Based on t h e  set-up data, t h e  AIRS s h a l l  be capable o f  

au tomat ica l ly  con f igu r ing  t h e  rece i  ver hardware/software t o  achieve t h e  

desi red  mode of conf igura t ion .  The AIRS s h a l l  , based on (a) i n i t i a l  

set-up data and (b) monitor s igna ls  dur ing  normal data operat ion, se lec t  

t h e  fo l lowing:  

( a )  I F  f i l t e r  bandwidths 

(b)  Loop order  and bandwidths f o r  PN and c a r r i e r  t rack ing ,  and b i t  

synchronizat ion 



Table 3.2.2.3-1. SSARE I F  Channel Characterist ics.  

PARAMETER 

1. Noise Figure 

2. Amplitude Response 

a. Flatness over - +5MHz about FIF* 
b. 3 dB bandwidth 

3 .  Phase Nonlinearity over - +3.5 MHz 
about FIF * 

4. Nonlinear Distortion 

a. AM/AM 

b, AM/PM 

5. Signal Gain 

a. Center Frequency 

-+ b. Short term stability 

c. Long term stability 

6. Inband spurious power added relative 
to maximum output signal level** 

a. Total power in - +5MHz band about FIF 
- 

b. Discrete spectral lines 

SPECIFICATION 

<20 dB - i 

< +1.0 dB/24 hours - - 

-30 dBc minimum 

-40 dBc minimum 
-. 
-.-7. Out of Band Rejection 

a. Input image band relative to rrraxirrrurn output - >40 dBc 

I b. 25 dB rejection BW 
signal level <30 MHz centered @F - I F, 

I c. 45 dB rejection BW - <40 MHz centered @fE]  

8. LO leakage (including harmonics) to 
Antenna 

9. Phase Noise added to carrier 

10. Maximum S + N output level 

* TDRS ~qualizer in the bypassed state. 
** During m x h m  SSARE input signal levels. 

<0.70° rms - 
<1.20° rms - 
<l.OoO rrns - 
<1.20° rms - 

+6 dBm 1 



( c )  Acqu is i t i on  s t ra tegy  

(d)  Tracking con f igu ra t i on  

(e) Reacqui s i  t i o n  procedure 

( f )  RFI m i t i g a t i o n  technique 

(g)  Data cond i t i on ing  

(h )  Adapti ve equal i za t ion  

( j )  Others 

3.2.1.2.4 Conf igura t ion  Modes 

The AIRS s h a l l  operate i n  t h r e e  d i s t i n c t  c o n f i g u r a t i o n  modes--the 

normal mode (NM), the  f l e x i b l e  data format mode (FDM) and the  t e s t  mode 

3.2.1.2.4.1 Normal Mode 

I n  t h i s  mode t h e  rece iver  conf igures i t s e l f  au tomat ica l ly  and 

se lec ts  t h e  rece iver  parameters t o  achieve optimum performance based on 

preselected user data c h a r a c t e r i s t i c s .  

3.2.1.2.4.2 F l e x i b l e  Data Format Mode 

I n  t h i s  mode t h e  rece iver  conf igures i t s e l f  au tomat ica l ly  and 

se lec ts  t h e  rece iver  parameters t o  accomodate f l e x i  b i  1  i ty i n  t h e  user 

data cha rac te r i s t i cs .  

3.2.1.2-4.3 Test Mode 

I n  t h i s  mode the  rece iver  c o n f i g u r a t i o n  and i t s  parameters are 

selected v i a  ex terna l  rea l  t ime s e r i a l  data i n t e r f a c e  (e.g. GPIB). I n  

t h e  t e s t  mode, t h e  AIRS i s  then a  general purpose dual channel spread 

spectrum BPSKIQPSK receiver .  

3.2.2 I F  Channel Charac te r i s t i cs  

The I F  i npu t  s h a l l  be t h e  e x i s t i n g  SSA Return Equipment (SSARE) I F  



Output which w i  11 comply w i t h  the  f o l  lowing requi  rements, Channel 

c h a r a c t e r i s t i c s  from user source w i l l  be def ined i n  Paragraph 3.2.3-4. 

3.2.2.1 TDRS Channel Equa l iza t ion  

3,Z.Z .1.1 TDRS D i s t o r t i o n  Equa l izer  Performance 

Residual d i s t o r t i o n  l e v e l  w i l l  be - < tO.ldB (over +5 MHz about Fc) 

a t  the  I F  Conf igura t ion  Switch Input .  Equivalent  res idual  phase 

v a r i a t i o n  l e v e l  w i l l  be - < fl.oO (over t3.5 MHz about Fc) a t  t h e  I F  

I Conf igura t ion  Switch Input.  

3.2.2.2 I F  C a r r i e r  Charac te r i s t i cs  

3.2.2.2.1 Center Frequency 

The IF  Channel c a r r i e r  center  frequency (FIF) w i l l  be 370 MHz t 530 

KHz f o r  t h e  SSA-1 o r  -2 i n p u t  frequency uncer ta in t i es  def ined i n  

Paragraph 3.2.3.5.1. 

3.2.2.2.2 Phase Noise 

The phase nbise added t o  the  I F  Channel c a r r i e r  by the  SSARE w i l l  " not exceed the  l e v e l s  def ined i n  i t em 9 o f  Table 3.2.2.3-1. 

3.2.2.2.3 Inc iden ta l  AM 

The i n c i d e n t a l  AM added t o  t h e  I F  Channel c a r r i e r  by the  SSARE w i l l  

not  exceed (TBD) %. 

3.2.2.3 Channel Charac te r i s t i cs  

The I F  Channel c h a r a c t e r i s t i c s  w i l l  comply w i t h  t h e  values l i s t e d  

i n  Table 3.2.2.3-1. 

3.2.3 Input  Signal Charac te r i s t i cs  

3.2.3.1 Input  Data Conf igurat ions 

The A I R S  s h a l l  process the  i n p u t  .signal conf igura t ions  1 i  s ted i n  

Tables 3.2.1.1-2 and 3.2.3.2-1 as def ined herein. Normal DG-1 and DG-2 

QPSK s igna ls  w i l l  have independent and asynchronous data from two 



L i H  C o r n  
Table  3.2.3.2-1 . S p e c i a l  AIRS I n p u s  Data C o n f i g u r a t i o n s  ( S i n g l e  ? a t a  Source C o n d i t i o n s ) .  

RELATIONSHIP 

USC I Mod- 
u l a t o r  f a i l -  

bits on I&Q 



L i H  C o r n  Table 3.2.3.2-1. ( con t i nued ) .  

- I ,Q DATA 
RELATIONSHIP 

QPSK, zero Q 
da ta  
modu la t ion  

QPSK, zero I 
data  
modu la t ion  

QPSK, ze ro  Q 
modu la t ion  

QPSK, ze ro  I 
modu la t ion  

RAT I 0  

Any 
s p e c i f i e d *  

Yes 

Any 
s p e c i f i e d *  

Any 
spec i f i ed *  

channel c a r r i e r  
p resen t  

E i t h e r  

E i t h e r  
1 

Yes 
except  
Mode 3  

None 

7 

Any 1 None I E i t h e r  I I channel c a r r i e r  
s p e c i f i e d *  p resen t  

PN Spread (excep t  
Mode 3 )  Q channel 
c a r r i e r  p resen t  

PN spread I channel 
c a r r i e r  p resen t  

I 
C--' 
N 

, Note 1 :  Spec ia l  SSARE I n p u t  Data C o n f i g u r a t i o n  B  above i s  d e f i n e d  o n l y  f o r  ' the case f o r  which t h e  h i g h  
powered channel has s u f f i c i e n t  EIRP t o  suppor t  t h e  minimum C/NO requi rements  f o r  t h e  channel 
da ta  r a t e .  

Note 2 :  Mode 3  w i t h  I channel absent  l ooks  l i k e  DG-2 BPSK. 



Table 3.2.3.2-2. Bit R a t e  and Modulation Characteristics. 

Coded NRZ,  a ate 1 /2 ) ,  



sources on the  I and Q channels. 

3.2.3.2 Data and PN Code Charac te r i s t i cs  

3.2.3.2.1 B i t  Rates 

The SSA s igna l  modulation and b i t  ra tes  w i l l  conform t o  Tables 

3,Z.l.l-2, 3.2.2.1-1, 3.2.3.2-2 and t h e  f o l l o w i n g  condi t ions:  

a. When I and Q channel data sources are independent, t h e  sum o f  

the  data ra tes  on t h e  I and Q channels w i l l  no t  exceed 600 

Kb/s f o r  DG-1 Modes 1 o r  2, 12.3 Mb/s f o r  DG-1 Mode 3 o r  24 

Mb/s f o r  DG-2 Modes 2 o r  3. 

b.  A l l  b i t  ra tes  w i l l  be def ined t o  20.1% accuracy. 

3.2.3.2.2 Data Formats and Convolut ional Coding 

a. DG-1 and DG-2 data when coded w i l l  be convolutiona11y encoded 

(cons t ra in t  length  7 )  a t  e i t h e r  r a t e  112 or  r a t e  113. 

b. Uncoded data format w i l l  be NRZ-L, M, S o r  Bi  cp-L, M, S; con- 

v o l u t i o n a l l y  coded data format w i l l  be NRZ-L, M, S. The 

output  o f  t h e  convolut ional  encoder may be NRZ t o  Bicp-L 

converted. 

3.2.3.2.3 PN Coding 

The DG-1  QPSK and BPSK s igna ls  w i l l  be spread w i t h  PN codes which 

conform t o  the  Table 3.2.3.2-3 c h a r a c t e r i s t i c s  and the  f o l l o w i n g  

cond i t ions  : 

a. The DG-1 Mode 1 Q channel code w i l l  be i d e n t i c a l  t o  t h e  Mode 1 

I channel code. 

b. The DG-1 Mode 2 I and Q channel codes w i l l  be d i f f e r e n t  User 

Code Assignments from STDN 1.08. 

c. The PN ch ip  r a t e  (FpN) w i  11 be def ined i n  Pragraph 

3.2.3.5.2(a). 



Table 3.2.3.2-3. DG-1 PN Coding Characteristics.  

PARAMETER 

PN Modulation 

MODE CHANNE CHARACTERISTIC 

SQPN 

PSK, + 90° - 

PN Code Lengths 
(21°-1)x256 chips 

211-1 chips 

All ONES code 
condition* 

All ONES condition 
delayed by (x++) 
chips relative to 
the I channel epoch. 
x will be as defined in 
column 5 of Table 1 of 
STDN 108. 

Spacecraft Oscil la top -- 
Delayed % chip 
period relative to 
the I channel code 
phase. 

PN Code Epoch 
Reference 

PN Code Family Mode 1 and 3 Return 
Link Codes as de- 
fined in Para. 
2,2.3 of STDN 108. 

-- 

Mode 2 Return Link 
Codes as defined 
in Para. 2.2.4 
of STDN 108. 

* The all ONES condition will be synchronized to the all ONES condition of the 
User S/C received forward link range code. 



3.2,3.2.4 Baseband Data 

Wi th in  any sequence of 512 symbols, t h e  number o f  t r a n s i t i o n s  w i l l  

be - > 64 and the  maximum number o f  consecutive symbols wi thout  a 

t r a n s i t i o n  w i l l  be - < 64, 

3.2.3.3 Adaptive Equal izer  Mode 

When the  data r a t e  f o r  DG-1 Mode 3 I o r  DG-2 I o r  Q exceed 12 Ms/s 

(NRZ) o r  6 Ms/s (b i -+) ,  adaptive equa l i za t i on  s h a l l  be employed w i t h  

data detec t ion .  

3.2.3.4 Channel Charac te r i s t i cs  From User Source 

The baseband, RF and I F  d i s t o r t i o n s  i n  t h e  SSA-1 o r  SSA-2 s igna l  

channels from the  data source on t h e  User Spacecraft t o  the  AIRS inpu t  

w i l l  be t h e  cascade o f  d i s t o r t i o n s  as def ined i n  t h e  fo l l ow ing  

paragraphs. 

3.2.3.4.1 User Baseband D i s t o r t i o n  

The user baseband s igna l  d i s t o r t i o n s  w i l l  no t  exceed the  values 

l i s t e d  i n  Table 3.2.3.4-1 f o r  t he  app l i cab le  data modes and data 

conf igura t ions  . 
3.2.3.4.2 TDRS RF D i s t o r t i o n  

The TDRS Spacecraft RF s igna l  d i s t o r t i o n s  w i  11 not  exceed t h e  

values l i s t e d  i n  Table 3.2.3.4-2 f o r  any data mode or  data 
i 

conf igura t ion .  The TDRS SSA channel bandwidth w i  11 be equivalent  t o  a 

5-pole But terworth f i l t e r  cascaded w i t h  a 3-pole Chebyshev f i l t e r  w i t h  

one dB r i p p l e ,  both w i t h  16.5 MHz 3-dB bandwidth. 

3.2.3.4.3 Ground Segment Antenna D i s t o r t i o n  

The ground segment Ku-Band Antenna component RF s ignal  d i s t o r t i o n s  

w i l l  not exceed the  values l i s t e d  i n  Table 3.2.3.4-3 f o r  any data mode 

o r  data conf igura t ion .  
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&iflCorn Table 3.2.3.4-1. User Baseband Signal Distortions (cont 'd ) .  

ITEM - PARAMETER 

10. PN Asymmetry 

APPLICABLE 
SSAR 
I_ 

NORMAL DATA MODES. 
PEAK - RMS 

I_ 

<0.01 chip - <0.006 1,2 ,3I  None' - I 
11. PN Chip Rate, Mode 2 C0.01 Hz a t  - cO.006 2l - 

(Relative t o  Absolute PN Rate 
Coherence with Carrier 
Rate) 

1 2 .  Data B i t  ~ i t t e r ~  
a .  To meet BER rqmts 

.Coded biphase data 
(20Kb/s t o  3 Mb/s) 

. A l l  Other Data 
b. To Meet BSR rqmts 

Per Para. 3.2.1.6.2 

APPLICABLE 
SPECIAL DATA 
CONFIGURATION 

1. Becomes applicable only i f  PN code and Carrier Tracking Loops a re  slaved together. 

1 

2 .  Lndicated percentages are  the user spacecraft peak clock frequency j i t t e r  and peak j i t t e r  r a t e  (sinusoidal 
or 30 random) a s  percent of the symbol r a t e .  B i t  j i t t e r  r a t e s  >0.1% peak only apply t o  biphase data format. 
sit j i t t e r  r e f e r s  t o  symbol j i t t e r  when the data i s  coded. BSR i s  the b i t  slippage 

A,B,C,E 
a l l  

3 .  Special data  configurations a s  defined In paragraph.. 3.2.3.2.. -- -- 



Table 3.2.3.4-2. TDRS Spacecraf t  R F  Signal D i s to r t ions .  

S S A R  
.Dm. PBWIl.IETER EE;BK FSlS 

1. Composite Phase Noise at TDRS Output 1 

' 2  a. USC Noncoherent Modes 
1Hz-1OHz 
10Hz-32Hz 
32Hz-1KHz 
~KHZ-GMHZ 

b. USC Coherent Modes 2 

1Hz-1OHz 
10Hz-1KHz 
1KHz-6MHz 

2. Amplitude Flatness 3 

Unequalizable Ripple 

3. Phase Linearity 
3 . - 

Unequalizable ,Ripple < +2.a0 - - - el. 6O 
4. AM/PM Distortion - < 3.0°/dB N/A 

5. AM/AM Distortion >0.9dB/dB - N/A 

NOTES: 

Includes root sum square of USC and TDRS phase noise spectra. 
DG-1 DG- 2 .- 

USC NON COHERENT MODES 2 2 
USC COHERENT MODES 1,3 3 

Includes Ground Segment equalization. Applies over +3.5 MHz about center frequency. - 



-dencorn 
Tab le  3.2.3.4-3. GS Ku-Band Antenna RF S i g n a l  D i s t o r t i o n s .  

ITEM 

SSAR 

PARAMETER PEAK 
P 

RMS - 
1. Phase Noise Added to Carrier 

2 .  Amplitude Flatness over - +5MHz 
about Center Frequency - < - +0.70 dB N/A 

3. Phase Linearity over +3.5 MHz 
about Center Frequency - < - +l. 50° . - <0.87O - 

4. Total Added Spurious Power in 
+10 MHz Band about Center - <-41.6 dBc - <-44.0 dBc - 
Frequency1 

5. Incidental and Tracking AM - < +0.5% - <0.29% - 
(25-400 bps PRN) 

f 6. Nonlinear Distortion 

N O T E :  l~otal spurious is relative to total carrier plus modulation power 
(not cakrier alone). - 



3.2.3.4.4 SSARE RFIIF D i s t o r t i o n  

I The SSARE RF/IF generated s igna l  d i s t o r t i o n s  w i l l  not  exceed t h e  

values l i s t e d  i n  Table 3.2.3-4-4 f o r  any data mode or  data 

conf igura t ion .  

1 3.2.3.5 C a r r i e r  Frequency and PN Chip Rate Uncer ta in ty  

C a r r i e r  frequency and PN ch ip  r a t e  res idua l  e r r o r s  are based on t h e  

accuracy o f  t h e  suppl ied o r b i t  s t a t e  vector  o r  ephemerides assuming a f9 

sec t ime uncer ta in ty  . The unstable user spacecraf t  dynamics are based 

on a worst case acce lera t ion  of 50 m/sZ w i t h  no e x p l i c i t  l i m i t  on j e rk ,  

3 -2.3.5 -1 Frequency Uncerta inty - C a r r i e r  

a. Tuning Range--The AIRS s h a l l  have a tun ing  range ( B C )  about 

the  s p e c i f i e d  Fc. This t u n i n g  range s h a l l  be 2530 KHz i n  

order  t o  co r rec t  f o r  known frequency o f f s e t s  o f  2300 KHz 

maximum and Doppl e r  o f f  se ts  as de f  i ned be1 ow. 

b .  Doppler Frequency Shif ts--The maximum frequency o f f s e t s  o f  Fc 

due t o  Doppler s h i f t s  w i l l  no t  exceed t h e  fo l l ow ing  values: 

COHERENT USER MODES (Two Way Doppler): 2230 KHz 

DG-1 Modes 1,3 

DG-2 Mode 3 

NONCOHERENT USER MODES (One Way Doppler): 2115 KHz 

DG-1 Mode 2 

DG-2 Mode 2 

c. Frequency Rate o f  Change (fc) --The maximum Doppler frequency 

r a t e  of change of Fc w i  11 not  exceed the  fo l l ow ing  values: 

COHERENT USER MODES (Two Way. Doppler): 

A c q u i s i t i o n  Mode: +765 Hzlsecond 

RARR Tracking Support Mode: 21.5 KHzIsecond 



ITEM - 

-a : : 

T a b l e  3 .2 .3 .4 -4 .  Ground Segment SSARE RF/IF S i g n a l  Distortions. 

PARAMETER 

1. Phase Noise added to Carrier 
1Hz-lOHz 
10Hz-100Hz 
1OOHz-1KHz 
1KHz-6MHz 

2. Amplitude Flatness over 2 5  MHz 
about Center Frequency 

a. Downconverter Unit 
b. Conv/Corrector Unit 
c. TDRS Unequalized Residual 

3. Phase Linearity over 23.5 MHz 
about Center Frequency 

a. Downconverter Unit 
b. Conv/Corrector Unit. 
c. TDRS Unequalized Residual 

S S A R  
PEAK - RMS - 

4. Total Added Spurious Power n +10 MHz 
Band about Center Frequency 

f - <-40.6dBc - - <-43dBc 
5 .  IF Bandwidth 

a. 1 dB down 
b. 3 dB down 
c. 60 dB down 
d. Composite Poles 

6. Nonlinear Distortion 

TBD 
TBD 
TBD 
TBD 

N 0 T E S: Total spurious power is relative to total carrier plus modulation power (not carrier alone). 



Data Processing Mode: f800 Hzlsecond 

NONCOHERENT USER MODES (One Way Doppler) 

Acqui s i  t i o n  Mode: +383 Hzlsecond 

RARR Tracking Support Mode: f750 Hzlsecond 

Data Processing Mode: f 400 Hzlsecond 
.. 

d. Frequency Acce lera t ion  ( f c )  

COHERENT USER MODES: 

I A c q u i s i t i o n  Mode: f30.6 Hzlsecond 2 

I Data Processing and RARR Tracking Support Mode: 

2 3-. 

Stable Orb i t :  230.6 Hzls 
t+9 

Unstable Orb i t :  I f c l d t  c 765 Hz/s 
4- 
L 

NONCOHERENT USER MODE: 

A c q u i s i t i o n  Mode: t16.6 H Z / S ~ -  

Data Processing and RARR Tracking Support Mode: 

Stab le  Orb i t :  216.6 HZ/S' 
t+9 

Unstable Orb i t :  ( f c l d t  c 383 Hz/s 
t 

I e. Residual Frequency Error--The frequency e r r o r  of t h e  Doppler 

I c o r r e c t i o n  provided t o  t h e  AIRS w i l l  no t  exceed: 

Doppler E r r a r  Doppler Rate Doppler 
Acce lera t ion  

Coherent User Modes: ~f Hz A{ Hzlsec A; ~ z l s e c '  

Acqu is i t ionMode f2,200 f2.5 f .002 

RARR Tracking & 
Data Processing Mode 

Stable O r b i t  22,200 f28 23.1 

Unstable O r b i t  f10,300 $765 



Noncoherent User Modes: 

A c q u i s i t i o n  Mode A 1,900* f8.5 f .001. 

A c q u i s i t i o n  Mode B 4,200** 28.5 f .001 

RARR Tracking and 
Data Processing Mode 

Stable O r b i t  f4,200** 214 21.55 

t+9 
Unstable O r b i t  f8,800** f 383 ( n f l d t  

t 
< 383 Hzls - 

*User Spacecraft  Tuning E r r o r  = 700 Hz (Mode 2A) 
**User Spacecraft  Tuning E r r o r  = 3,000 Hz (M@e 28) 

3.2.3.5.2 PN Chip Rate Code Uncer ta in ty  

a. Tuning Range--The AIRS s h a l l  have a PN code r a t e  t u n i n g  range 

of f67.9 Kchips/second about the  center  ch ip  r a t e  o f  FpN = 

3.028 Mcki ps/second. This t u n i  ng range inc ludes f 64.5 

Kchipslsecond v a r i a t i o n  due t o  TDRS channe l iza t ion  p lus  

Doppler s h i f t s .  

b. Doppler Chip Rate Shi f t - -The Doppler frequency s h i f t  o f  t h e  PN 

code r a t e  on the  received SSAR s igna ls  w i  11 not  exceed t h e  

f o l  1 owing va1 ues : 

DG-1 Mode 1 and 3: f 309 c h i  pslsecond 

DG-2 Mode 2: 1154 c h i  ps/second 

c. PN Rate of Change and Acceleration--The PN code r a t e  o f  change 

and acce lera t ion  on the  received SSAR s igna ls  w i  11 not  exceed 

t h e  f o l  1 owing values : 



Stab le  Orb i t :  

DG-1 Mode 1 and 3:. f 2 

DG-1 Mode 2: f 1 

For Unstable O r b i t  : 

DG-1 Mode 1 and 3 

DG-1 Mode 2 

( ch i  ps/s3) 

I d. Residual Chip Rate Error--The ch ip  r a t e  e r r o r  o f  t he  c h i p  r a t e  

1 c o r r e c t i o n  provided t o  t h e  AIRS w i l l  no t  exceed: 

Chip Rate E r r o r  Rate Acce lera t ion  
I 
i E r r o r  dpN 
I "P il dfp ,,, 

c h i  ps/sec chips/sec2 chips/sec3 

Coherent DG-2 
Modes 1 and 3: 

Acqu is i t i on  Mode f3.0 + .0033 f . 2 6 x l 0 - ~  

RAKR Tracking & 
Data Processing 
Mode 

Stable O r b i t  f3.0 f .0378 f .0042 

t +9 Unstable O r b i t  
1 I A ' ~ ~ I ~ ~  
t 

Noncoherent DG-1 I Mode 2: 

Acqu is i t i on  Mode t5.7 f .011 f . 1 3 ~ 1 0 " ~  



RARR Tracking & 
Data Processi ng 
Mode 

Stable O r b i t  f5,7 20.0189 f 0,0021 

Unstable O r b i t  -112.6 t2951 ,, 

I ~ f P N l d t  
t 

e. PN Code Epoch Timing Uncertainty--The maximum PN code epoch 

t i m i n g  uncer ta in ty  between t h e  received PN code s t a t e  and t h e  

Acqu is i t i on  Mode setup value w i l l  not exceed t h e  f o l l o w i n g  

val  ues : 

DG-1 Modes 1 and 3: f1900 chips 

DG-1 Mode 2: 2047 chips 

3.2.3.6 Input  Signal Level 

TBD based on I F  channel i n t e r f a c e  cha rac te r i s t i cs .  

3.2.3.7 Data Processing C/Nn - Values 

The minimum c a r r i e r  t o  noise dens i ty  r a t i o  ( C / N ~ )  o f  t he  AIRS i n p u t  

s ignal  f o r  spec i f i ed  BER performance, w i  11 be as def ined by t h e  

f o l l o w i n g  equations as a func t i on  o f  t he  b i t  r a t e  (BR). The values 

apply t o  the  I o r  Q channels ca r r i e r - to -no ise  r a t i o  and the  channel b i t  

rates. 

a. UNCODED FORMAT (DG-1,DG-2) C/Nn - Minimum 

NRZ-L, B i  $-L 13.1-l-10 log(BR)dB-Hz 

NRZ-M, B i  @M,S 13.4+10 1 og(BR)dB-Hz 

b. CODED FORMAT (DG-1, DG-2) 

NRZ-L, B i  +-L 8.1+10 1 og(BR)dB-Hz 

NRZ-M, S 8.2+10 1 og(BR)dB-Hz 



C, DG-1  IDENTICAL I AND Q DATA 

For DG-1 Modes 1 and 3 when rece iv ing  i d e n t i c a l  synchronous 

data on the  I and Q channels and f o r  which t h e  I and Q channel 

-power d i v i s i o n  i s  balanced (spec ia l  data con f igu ra t i on  A), I 

and Q channel C/NO value w i  11 be 3 dB less  than def ined i n  (a)  

and (b)  above. 

d. C/Nn ., VARIATION RATE 

The v a r i a t i o n  r a t e  o f  C/NO w i l l  not  exceed + l o  dB/second f o r  

a l l  data modes. 

3.2.3.8 Unbalanced I/Q Power Condit ions 

The SSARE w i l l  receive DG-1 and DG-2 s igna ls  having unbalanced I 

and Q channel powers o f  up t o  4 t o  1 r a t i o  as def ined i n  the  f o l l o w i n g  

paragraphs. The I/Q power r a t i o  w i l l  be def ined and provided t o  t h e  

AIRS w i t h  an accuracy o f  f0.4 dB r e l a t i v e  t o  the  actual  received s igna l  

power r a t  i o. 

3.2.3.8.1 DG-1 I/Q Power Unbalance 

For unbalanced I and Q data r a t e  condi t ions,  t he  I/Q power r a t i o  

w i l l  vary as def ined i n  Table 3.2.1.1-2. The minimum C/NO o f  each ' 

channel ( I  o r  Q) w i l l  be cons is ten t  w i t h  t h e  minimum C/NO requirements 

def ined i n  Paragraph 3.2.3.7 f o r  each channel 's data ra te .  

3.2.3.8.2 DG-2 I/Q Power Unbalance 

DG-2 s igna ls  w i l l  have an I/Q power r a t i o  o f  e i t h e r  1:l o r  4 : l  

cons is ten t  w i t h  the  C/NO f o r  t he  data r a t e  o f  each channel as def ined i n  

3.2.3.7. The I channel w i l l  have t h e  h igher  power a t  t h e  4:l  r a t i o .  

3.2.3.9 RFI Degradation 

The AIRS s h a l l  incorpora te  RFI m i t i g a t i o n  techniques f o r  coded 

data, The performance improvement s h a l l  be no less  than (TBD) dB. 



3.2.4 Signal Acqu is i t i on  

The AIRS s h a l l  acquire t h e  SSAR s igna l  under t h e  cond i t ions  

spec i f i ed  i n  the  f o l l o w i n g  paragraphs w i t h i n  the  spec i f i ed  a c q u i s i t i o n  

times w i t h  a  p r o b a b i l i t y  o f  co r rec t  a c q u i s i t i o n  o f  0.9 o r  greater.  For 

DG-1 modes t ime t o  acqui r e  s p e c i f i c a t i o n s  i n c l  ude PN code acqui s i  ti on. 

3.2.4.1 SSAR Return Acqu is i t i on  

The A I R S  s h a l l  complete a l l  o f  t h e  f o l l o w i n g  SSAR a c q u i s i t i o n  and 

synchronizat ion a c t i v i t i e s  w i t h i n  t h e  def ined t ime l i m i t s  f o r  I and Q 

C/NO values def ined i n  Figures 3.2.4-1, 3.2.4-2, and 3.2.4-3. 

3.2.4.1.1 PN Code and C a r r i e r  

The AIRS s h a l l  acquire the  I and Q received data channel PN code 

and c a r r i e r  s igna ls  w i t h i n  t h e  t ime i n t e r v a l s  s p e c i f i e d  i n  Table 

3.2.4.1-1 and as def ined i n  Figures 3.2.4-1, 3.2.4-2, and 3.2.4-3 a f t e r  

appl i c a t i  on o f  t h e  i n p u t  s i  gnal . Probabi 1  i t y  o f  a c q u i s i t i o n  under t h e  

speci f i ed cond i t ions  s h a l l  be - > 90%. 

3.2.4.1.2 B i t  Sync A c q u i s i t i o n  

The A I R S  s h a l l  achieve B i t  Sync Lock w i t h i n  2,000 symbol per iods a t  

90% p r o b a b i l i t y  a f t e r  a p p l i c a t i o n  o f  t h e  i n p u t  s igna l  f o r  a l l  s i gna l  

condi ti ons speci f i ed herei  n. 

3.2.4.1.3 Decoder A c q u i s i t i o n  

The equipment s h a l l  ob ta in  branch synchronizat ion i n  - < 2000 b i t  

times a t  a  90% confidence 1  eve1 when convol u t i  onal l y  coded i n p u t  s igna l  s  

are present. When the  encoded symbols are in ter leaved,  the  a c q u i s i t i o n  

t ime s h a l l  be - < 60,000 b i t  times. 

3.2.4.2 Fa1 se Lock P ro tec t i on  

The f o l  lowing requi rements apply f o r  t h e  speci f i ed received s i  gnal 

l eve ls :  









Table 3.2.4.1-1. A c q u i s i t i o n  Time vs C/No and Mode Requirements 

ACQUISITION TIMES: 

DG-1 Modes 1 , 2A, 3 DG-1 Mode 2B 



a. Mu l t i pa th  - C i r c u i t r y  s h a l l  be provided t o  prevent a c q u i s i t i o n  

of a  DG-1 mu l t i pa th  s ignal ,  This p r o t e c t i o n  w i l l  be provided 

f o r  specular r e f l e c t i o n s  whose delay w i t h  respect t o  t h e  

d i r e c t  s igna l  1  i e s  w i fh in  t h e  range 700 ns t o  5  ms and whose 

received s igna l  l e v e l  i s  down a t  l e a s t  19 dB w i t h  respect t o  

the  d i  r e c t  i n p u t  s igna l  . 
b. False Lock - C i r c u i t r y  s h a l l  be provided i n  t h e  A I R S  t o  

p ro tec t  against  f a l s e  lock  i n  c a r r i e r  recovery and, du r ing  DG- 

1 s igna l  acqu is i t i on ,  f a l s e  l ock  t o  PN code sidebands. 

3.2.4.3 Reacqu is i t ion  

The A I R S  s h a l l  employ t h e  pre-drop-lock in format ion  t o  a i d  

reacqu is i t i on .  Uses o f  wa i t  s t a t e  and minisearch schemes s h a l l  be 

employed before r e v e r t i n g  t o  t h e  i n i  t i a1 a c q u i s i t i o n  process. 

Reacqu is i t ion  t ime s h a l l  be TBD% f a s t e r  than the  a c q u i s i t i o n  t ime f o r  a  

temporary s ignal  dropout f o r  l ess  than TBD sec. 

3.2.5 C a r r i e r  Tracking 

3.2.5.1 C a r r i e r  Cycle Slippage 

The A I R S  s h a l l  comply w i t h  the  fo l l ow ing  requirements. 

3.2.5.1.1 DG-1 Modes 

The demodulator c a r r i e r  recovery loop mean t ime t o  cyc le  s l i p  f o r  

DG-1 Modes 1, 2  o r  3 i n p u t  s igna ls  s h a l l  not  be 1  ess than (TBD = 1) 

minutes fo r  C/NO values from 28.1 dB-Hz t o  (TBD = 33) dB-Hz and s h a l l  

not be l ess  than 90 minutes f o r  C/NO values greater  than (TBD - 33) 

dB-Hz. 

3,2.5.1.2 DG-2 Modes 

The demodulator c a r r i e r  recovery loop mean t ime t o  cyc le  s l i p  f o r  

* 
DG-2 Modes, 2  o r  3  i npu t  s igna ls  s h a l l  not be l e s s  than 90 minutes. 



3.2.5.2 I and Q Channel Interchange 

The mean t ime f o r  random interchange between I and Q channels f o r  

a l l  data modes s h a l l  exceed 90 minutes. The t ime  t o  recover, f o r  data 

con f i gu ra t i ons  f o r  which I and Q channel ambiguity r e s o l u t i o n  i s  

required, s h a l l  no t  exceed t h e  t ime t o  detect ,  interchange and 

resynchronize t h e  b i t  synchronizers and convo lu t iona l  decoders. 

3.2.5.3 Loss o f  Lock 

C a r r i e r  and PN l o s s  o f  l ock  s h a l l  no t  occur f o r  C/NO values 3 dB 

lower than those def ined i n  Paragraph 3.2.3.7. 

3.2.6 Data E x t r a c t i o n  

3.2.6.1 B i t  E r r o r  Rate 

I n  t h e  Data Processing Mode, t h e  AIRS s h a l l  p rov ide  a b i t  e r r o r  

r a t e  (BER) o f  o r  be t te r .  This  app l i es  t o  both s t a b l e  and uns tab le  

o r b i t s .  

3.2.6.2 B i t  Sl ippage Rate Performance 

The A I R S  data output  symbol s l ippage r a t e  s h a l l  no t  exceed t h e  

values s p e c i f i e d  i n  Table 3.2.6.2-1. This  performance s h a l l  be met w i t h  

t h e  i n p u t  s igna l  cond i t i ons  s p e c i f i e d  herein. I nd i ca ted  j i t t e r  and 

j i t t e r  r a t e  percentages are  t h e  user spacecraf t  peak c lock  frequency 

j i t t e r  and peak j i t t e r  r a t e  ( s i  nusoidal  o r  3 u random) as percent  o f  t h e  

symbol c lock  ra te .  

3.2.6.3 Convolut ional  Decoding 

3.2.6.3.1 Rate 1/2 Decoders 

The f o l l o w i n g  data coding parameters apply t o  these r e t u r n  l i n k  

serv ices:  DG-1 modes 1 and 2 f o r  a s i n g l e  da ta  channel; DG-1 modes 1, 

2, and 3 f o r  dual data channels; DG-2 f o r  a s i n g l e  data channel (BPSK o r  

SQPSK modulat ion) ; and DG-2* f o r  dual data channels (quadr i  phase 
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modulation). 

1. Code 1: convolut ional ,  nonsystematic, transparent.  - 
2. Rate: 1/2. - 

3. Const ra in t  length: K = 7. - 
4. Generator funct ions:  - 

a. G1 = 1111001. - 
b. G2 = 1011011. - 

5. Symbols generated from GI w i l l  precede symbols generated from - 
G2 r e l a t i v e  t o  the  data b i t  period. 

6. Symbols generated from G2 w i  11 be e i t h e r  t r u e  o r  complemented - 
as def ined by the  serv ice  support schedule. 

The f o l l o w i n g  data coding parameters w i l l  apply t o  t h i s  r e t u r n  l i n k  

service: DG-2 f o r  a s i n g l e  data channel BPSK modulation. 

1. Code 2: convolut ional ,  nonsystematic, transparent.  - 
2. Rate: 1/2. - 

3. Constra int  length: K = 7. - 
4. Generator funct ions:  - 

a. G1 = 1011011 - 
b e  G2 = 1111001 - 

5. Symbols generated from G1 w i l l  precede symbols generated from - 
G2 r e l a t i v e  t o  t h e  data b i t  period. 

6 .  Symbols generated from GI w i l l  be complemented. - 
3.2.6.3.2 Rate 1/3 Decoders 

The f o l l o w i n g  data coding parameters apply t o  these r e t u r n  l i n k  

sevices: DG-1 mode 3 Q channel (dual .data channel conf igura t ion) ,  DG-2 

f o r  a s i n g l e  data channel (BPSK modulat ion),  and DG-2 f o r  one channel of 

t he  dual data channel con f igu ra t i on  (quadri  phase modulation). 



1. Code 3: convo1utiona1, nonsystematic, transparent.  - 
2. Rate: 1/3 - 
3. Const ra in t  length:  K = 7. - 
4. Generator funct ions: - 

a. G1 = 1111001. - 
b. G2 = 1011011. - 
C. G3 = 1110101. - 

5. Symbol sequence from t h e  convo lu t iona l  .coding w i l l  be - 

generated from GI, G2, and G3 successively re1 a t i v e  t o  t h e  

data b i t  period. 

6. A1 t e r n a t e  symbol s  generated from t h e  convol u t i  onal codi  ng w i  11 - 

be complemented. 

3.2.6.3.3 Symbol I n t e r l e a v i n g  

A t  symbol ra tes  above 300 Ks/sec, symbol i n t e r l e a v i n g  may be 

used. The func t i ona l  desc r ip t i on  o f  t h e  p e r i o d i c  convolut ional  

i n t e r l e a v i n g  o f  e i t h e r  Rate 1/2 o r  Rate 1/3 convo lu t iona l  encoder 

symbols i s  def ined i n  Appendix J o f  t h e  TDRSS Users' Guide, 

3.2.7 I/Q Channel Ambiguity Resolut ion 

The AIRS s h a l l  resolve t h e  DG-1 and DG-2 QPSK I and Q channel 

output ambigui t ies f o r  t he  cond i t i ons  i n  t h e  f o l l o w i n g  subparagraphs, 

3.2.7.1 DG-1 Data Modes 

3.2.7.1.1 Modes 1 and 2 

The I and Q channel ambiguity s h a l l  be resolved by recogn i t ion  of 

d i f f e r e n t  PN codes o r  delayed codes between I and Q as def ined t o  t h e  

AIRS. 

3.2.7.1.2 Mode 3 

The I channel s h a l l  be i d e n t i f i e d  by recogn i t i on  o f  t he  PN code 



spreading o f  t h e  I channel data. 

3.2.7.2 DG-2 Data Modes 

For DG-2 Modes 2 and 3, t he  I and Q channel ambiguity s h a l l  be 

reso l  ved f o r  t h e  f o l l o w i n g  condi t ions.  

3.2.7.2.1 Unbalanced (4:l) QPSK Modulat ion 

The A I R S  s h a l l  de tec t  I/Q power r a t i o  o f  4:l  and provide 

correspondingly co r rec t  I and Q channel outputs and lock  states. 

3.2.7.2.2 D i f f e r e n t  Channel Data Rates 

The AIRS s h a l l  au tomat ica l ly  reso lve  any I and Q channel output  and 

lock  s t a t e  ambigui t ies when the  channel data ra tes  d i f f e r  by 5%. 

3.2.7.2.3 Coded/Uncoded Channels 

When the  I and Q channels have balanced Power, t h e  I and Q data 

ra tes  d i f f e r  by l ess  than 5% and one channel i s  coded but  the  o ther  i s  

uncoded, channels ambi gui t y  s h a l l  be reso l  ved by recognizing t h e  coded 

channel i n  conjunct ion w i t h  t h e  decoder. When both the  I and Q channels 

are coded o r  uncoded, output  I and Q channel ambiguity r e s o l u t i o n  w i l l  

not  be required. 

3.2 -8 Data Format Conversion 

The AIRS s h a l l  convert a1 1 NRZ and B i  $M, S data formats t o  NRZ-L 

format. 

3.2.8.1 Uncoded NRZ-M o r  S o r  Bi+-M, S Data Format 

The uncoded NRZ-M or  S o r  B i+-M,  S data format s h a l l  be converted 

t o  NRZ-L by t h e  AIRS t o  provide negat ive t r u e  data output. 

3.2.8.2 Coded NRZ-M, S and B i @ L  Format 

a. Bi  +-L format whenever used w i l l  f o l l o w  the  convo1utional 

encoding. The A I R S  s h a l l  convert t h e  B i  $L format t o  NRZ-L 

p r i o r  t o  decodi ng. 



b. NRZ-M, S data format whenever se lec ted by the  User w i l l  be 

used t o  format the  data p r i o r  t o  convo lu t iona l  encoding. The 

AIRSIDecoder Un i t s  s h a l l  convert  from NRZ-M, S t o  MRZ-L format 

f o l  lowing V i  t e r b i  decoding. 

3-2.9 RARR Tracking Support 

The AIRS s h a l l  prov ide a reconstructed received c a r r i e r  and 

detected PN Epoch pe r iod  pulse w i t h  c lock  t o  t h e  RARR Equipment f o r  

Tracking Services support. The reconstructed c a r r i e r  and epoch pulse 

w i t h  c lock  s h a l l  meet the  f o l l o w i n g  performance requirements. 

3.2.9.1 Reconstructed C a r r i e r  

The A I R S  s h a l l  prov ide a 17.50 MHz reconstructed c a r r i e r  s igna l  

conta in ing  t h e  i npu t  s igna l  frequency dynamics. I n  a d d i t i o n  t h e  AIRS 

s h a l l  a l so  provide a t ime-tagged Doppler est imate t o  i t s  s e r i a l  data 

i n t e r f a c e  a t  a TBD update ra te .  

3.2.9.1.1 Reconstructed C a r r i e r  Phase Noise 

The AIRS phase noise c o n t r i b u t i o n  t o  t h e  reconstructed c a r r i e r  

s ignal  s h a l l  not  exceed t h e  f o l l o w i n g  values f o r  t h e  s p e c i f i e d  C/NO 

values and when in teg ra ted  over a one second period. 

MAX. C/Nn SYMBOL RATE MAX. RMS PHASE NOISE JITTER 
" 

28 dB-Hz 100 S/s 17.3~ 
5 

35 dB-HZ 500 S/S 1 2O 

38 dB-Hz 1000 S/s 8' 

45 dB-HZ 5000 S/S 4O 

3.2.9.2 PN Epoch and Clock Timing Accuracy 

The AIRS s h a l l  de tec t  t h e  a l l  ONES s t a t e  o f  t he  received PN code 



when opera t ing  i n  DG-1 Modes and provides a  PN Epoch pulse w i t h  c lock  t o  

the  RARR Equipment. 

3.2.9.2.1 PN Clock Time Var ia t i on  

The PN c lock t ime v a r i a t i o n  s h a l l  meet t h e  f o l l o w i n g  

I spec i f i ca t i ons .  

a) I n i t i a l  Fixed AIRS Delays: - < 500 nsec 

(Cal i brated Delay) 

b )  Va r ia t i on  on Fixed Delays: - < 13 nsec 

(Non-Cal i bratab le  Delay) 

c )  J i t t e r  (rms) a t  s p e c i f i e d  

minimum C/NO values 

Be1 ow 2KS/ s  : 

Above 2KS/s: 

< 14 nsec - 
< 8 nsec - 

3.2.9.2.2 PN Epoch Time Var ia t i on  

The PN Epoch pu1 se s h a l l  meet t h e  f o l l o w i n g  spec i f i ed  delay and 

I j i t t e r  requirements r e l a t i v e  t o  t h e  PN c lock time. 

I a) Maximum f i x e d  delay from p o s i t i v e  going 

I edge o f  PN Clock: - < 10% o f  c lock pe r iod  

I b) Var ia t i on  on f i x e d  delay: - < k5 nsec 

c )  J i t t e r  (rms): - < 2  nsec 

3.2.10 S e l f  Test and Operat ional Status Capabi 1  i t y  

S e l f - t e s t  features o f  t h e  AIRS when i n  opera t iona l  use s h a l l  

I provide an i n d i c a t i o n  o f  opera t iona l  readiness, warn o f  degraded 

performance, and f a c i l i t a t e  maintenance act ions.  S e l f - t e s t  c a p a b i l i t y  

s h a l l  be implemented by bui  I t - i n - t e s t  ,equipment (BITE) o r  by t h e  

I inherent  c a p a b i l i t y  o f  the  design, o r  a  combination o f  both. 

3.2.10.1 Operation Status 



The A I R S  s e l f - t e s t  c a p a b i l i t y  s h a l l  i nc lude  a determinat ion o f  t h e  

AIRS con f igu ra t i on  and the  q u a l i t y  o f  t he  received s ignal  as fo l lows:  

a. A I R S  conf igura t ion ,  s t a t e  and p e r t i n e n t  parameters. 

b. Performance i n d i c a t o r s  such as received s igna l  s t rength,  BER 

estimate, and phase j i t t e r  estimate. 

These data s h a l l  be assembled i n  an appropr iate s e r i a l  format and routed 

t o  an ex terna l  i n t e r f a c e  v i a  GPIB. The t ime between updates f o r  these 

data s h a l l  be no more than (TBD 1) sec. 

3.2.10.1.1 Displayed Monitor and Status Signals 

The AIRS s h a l l  d i sp lay  t h e  f o l  lowing d i s c r e t e  and analog s ignals.  

3.2.10.1.1.1 Lock Status Signals 

The f o l l o w i n g  s igna ls  s h a l l  be displayed. 

a. A C a r r i e r  Lock Signal (CLS) s h a l l  be provided t o  i n d i c a t e  

received c a r r i e r  locked/unlocked condi t ions.  

b. A PN Code Lock Signal (PLS) s h a l l  be provided t o  i n d i c a t e  

received PN code locked/unlocked condi t ions.  

c. A Received PN Code and C a r r i e r  Lock Signal (RLS) s h a l l  be 

provided whenever PLS and CLS are simultaneously obtained. 

d. A B i t  Sync Lock Signal (BLS) s h a l l  be provided t o  i n d i c a t e  b i t  

sync locked/unl ocked condi t ions.  

e. A Decoder Lock Signal (DLS) s h a l l  be provided t o  i n d i c a t e  

decoder branch synchronizat ion locked/unlocked condi t ions.  

3.2.10.1.1.2 Analog Signal Monitors 

The f o l l o w i n g  s igna ls  s h a l l  be d isplayed f o r  operat ional  mon i to r ing  

purposes . 
a. A Signal Strength Signal (SSS) s h a l l  be provided, 

b. A Signal Q u a l i t y  Signal (SQS) s h a l l  be provided. 



3.2.10.1.2 I n t e r f a c e  Ser ia l  Data 

The A I R S  s h a l l  prov ide monitor s igna ls  t o  t h e  ground segment 

i n t e r f a c e  as a  p a r t  o f  i t s  s e r i a l  GPIB data output.  The moni tor  s igna ls  

are designed t o  repor t  t he  s ta tus  o f  t he  rece ive r  and t h e  received 

s igna l  condi t ions.  The monitor s igna ls  s h a l l  inc lude:  

(a)  Lock Ind i ca t i ons  : 

(1 )  PN despread opera t iona l  s tatus-searchi  ng, t rack ing ,  o f  

l oss  o f  lock. 

(2 )  Frequency lock  loop- -o f f  o r  on ( t rack ing ,  acqui r i n g )  . 
(3)  C a r r i e r  lock  loop- -acqu is i t ion ,  t r a c k i n g  o r  l o s s  o f  lock.  

(b) AGC. Noncoherent AGC and Coherent AGC Voltages. 

( c )  L ink Performance I n d i c a t i o n s  - symbol e r r o r  rate,  b i t  e r r o r  

r a t e  and SNR. 

(d )  Receiver conf igura t ion ,  e.g. PN despread on o r  o f f ,  adapt ive 

equa l izer  on or  o f f ,  I F  f i l t e r  bandwidths, etc.  

(e )  Receiver modes - acqu is i t i on ,  data demodulation, o r  

reacqu is i t i on .  

3.2.10.2 Set Confidence 

The AIRS s e l f - t e s t  c a p a b i l i t y  s h a l l  i nc lude  a  confidence t e s t  which 

s h a l l  i n d i c a t e  whether the  AIRS i t s e l f  and i t s  i n t e r f a c e s  w i t h  ground 

s t a t i o n  equipments are opera t ing  c o r r e c t l y ,  as fo l lows:  

a. The t e s t  s h a l l  i n d i c a t e  equipment mal func t ion  f o r  a t  l e a s t  90% 

of a l l  A I R S  f a i l u r e  modes, weighted f o r  f a i l u r e  rate.  

b. The t e s t  s h a l l  have a  maximum f a l s e  alarm r a t e  o f  5% o f  t h e  

t o t a l  number o f  ma1 f u n c t i  ons indicated.  

c. When a  mal func t ion  i s  detected, data concerning the  

mal func t ion  s h a l l  be entered i n t o  memory f o r  l a t e r  review by 



mai ntenance personnel. 

Th is  t e s t  s h a l l  v e r i f y  t h a t  a1 1  hardware subsystems are func t i ona l ,  

e.g., by i n j e c t i n g  an i n t e r n a l  CW s igna l  a t  i t s  i n p u t  and moni to r ing  

voltages a t  various po in ts  o f  t he  rece iver .  It s h a l l  a l so  i nc lude  a  

t e s t  t o  v e r i f y  t h a t  t h e  rece iver  sof tware i s  healthy, e.g. by computing 

t h e  p a r i t y  check b i t s  o f  memory content.  

3.2.10.3 Fau l t  I s o l a t i o n  

The AIRS s h a l l  i nc lude  mal func t ion  i s o l a t i o n  t o  t h e  LRU and SRU 

1 eve1 . 
4.0 TEST REQUIREMENTS 

The equipment supp l i e r  s h a l l  be requ i red  t o  implement a  t e s t  

program t h a t  w i l l  demonstrate t o  t h e  purchaser t h a t  each o f  t h e  

spec i f i ed  requirements have been met. The t e s t  matr ix ,  Table 4-1, 

provides a  l i s t  o f  each o f  t h e  parameters which must be v e r i f i e d  and t h e  

method by which t h e  v e r i f i c a t i o n  s h a l l  be performed. The equipment 

supp l ie r  s h a l l  submit a  t e s t  procedure t o  t h e  purchaser which w i l l  

prov ide t h e  d e t a i l e d  t e s t  d e s c r i p t i o n  and t h e  i n s t r u c t i o n s  by which t h e  

t e s t s  w i l l  be implemented. The t e s t  procedure w i l l  be subject  t o  review 

and approval by t h e  purchaser. 

The methods o f  eva luat ion  prescr ibed by t h e  t e s t  ma t r i x  a re  def ined 

as fo l lows:  

a. Funct ional  Demonstration (FD) - Compliance i s  demonstrated i n  

a  non-quant i ta t ive  manner w i thout  t h e  use o f  ex terna l  t e s t  

devices. This i s  usua l l y  a  v i sua l  observat ion t h a t  t h e  

func t i on  responded i n  the  s e p c i f i e d  manner when selected. 

b. Test (T) - This v e r i f i c a t i o n  genera l ly  requires ex terna l  t e s t  

equipment f o r  s igna l  i n j e c t i o n  and/or s igna l  measurement i n  



order  t o  demonstrate compliance t o  a s p e c i f i e d  parameter 

va l  ue. 

4.1 Test  Signals 

I n  a d d i t i o n  t o  t h e  normal A I R S  outputs, t he  f o l l o w i n g  t e s t  access 

po i  n t s  s h a l l  be avai 1 able: 

a. PN code search f l a g .  

b .  C a r r i e r  Loop VCO. 



APPENDIX 

BASELINE RECEIVER 

1.0 I n t r o d u c t i o n  

The purpose o f  t h i s  appendix i s  t o  descr ibe a basel ine rece iver  

design* capable o f  meeting t h e  AIRS func t i ona l  requ i  rement 

spec i f i ca t i ons .  The con t rac to r  s h a l l  employ t h e  rece iver  design 

described below o r  propose and j u s t i f y  another design. The con t rac to r  

s h a l l  support h i s  proposed design by present ing a n a l y t i c a l  and/or 

experimental evidence o f  i t s  e f fec t i veness  i n  meeting a l l  o f  t h e  

performance requi  rements given i n  t h e  spec i f i ca t i on .  

2.0 AIRS Basel ine Design Features 

Except f o r  t h e  PN a c q u i s i t i o n  and t r a c k i n g  c i r c u i t s ,  t h e  AIRS 

base1 i ne i s  a d i  g i  t a l  rece i  ver c o n t r o l  l e d  by software (numerical 

a lgor i thms) r e s i d i n g  i n  a numerical processor. A l l  h igh  speed 

processing i s  implemented v i a  dedicated h igh  speed l o g i c .  The loop 

con t ro l  e r r o r  s igna ls ,  which are t o  be f i l t e r e d  w i t h  r e l a t i v e l y  

narrowband f i l t e r s  (e.g. c a r r i e r  loop f i l t e r ,  b i t  sync loop f i l t e r ,  

etc.) , w i l l  be f i r s t  pre-processed by these dedicated l o g i c  c i r c u i t s  t o  

a speed compati b l e  w i t h  the  numerical processing. The d i g i t a l  /numeri c a l  

processor scheme i s  selected f o r  i t s  v e r s a t i l i t y  i n  terms o f  con t ro l  and 

parameter se lec t ions  necessi tated by t h e  A I R S  requ i  rements. 

The s p e c i f i c  design approaches are selected t o  achieve near optimum 

performance and/or maximum f 1 e x i  b i  1 i ty  w i t h  m i  nimal impact on t h e  

hardware complexity o f  the  rece iver .  They are out1 ined i n  t h e  f o l l o w i n g  

sect ions, 

*See a l so  Vots, I1 and 111. 



2.1 Dual Channel Acqu is i t i on  and Tracking 

Signals from the  I and Q channels are f u l l y  u t i l i z e d  i n  generat ing 

the  e r r o r  s igna ls  d r i v i n g  t h e  a c q u i s i t i o n  and t r a c k i n g  c i r c u i t s .  The 

e r r o r  s igna ls  are wei ghted according t o  t h e  s p e c i f i e d  power s p l i t ,  This 

approach maximizes t h e  avai 1  able received power f o r  a c q u i s i t i o n  and 

t r a c k i n g  under a1 1  user data cha rac te r i s t i cs .  

2.2 PN Acqu is i t i on  and T rack ing  

2.2.1 Mult ichannel PN Acqu is i t i on  

Coordinated p a r a l l e l  search us ing  sequent ia l  de tec t ion  i s  employed 

f o r  PN acqu is i t ion* .  This w i l l  ensure acceptable a c q u i s i t i o n  t ime by 

reducing t h e  uncer ta in ty  i n t e r v a l  t o  be searched by each channel. Four 

channels are used t o  s a t i s f y  the  a c q u i s i t i o n  t ime  requirement and 

represent e f f i c i e n t  use o f  hardware complexity . Two channels are used 

f o r  t r a c k i n g  a f t e r  i n i t i a l  a c q u i s i t i o n  wh i l e  the  other  two w i l l  be 

devoted t o  v e r i f y  t h a t  t he  t r a c k i n g  channel i s  no t  l ock ing  t o  a  code 

s idelobe o r  a  mu l t i pa th  s ignal .  

2.2.2 PN Side1 obe LockIFal se Lock D isc r im ina t ion  

Sidelobe and fa1 se lock  d i sc r im ina t ion  are implemented us ing  

sequential  de tec t ion  w i t h  a  h igher d ismissal  r a t e  t o  look f o r  poss ib le  

st ronger code c o r r e l a t i o n  l e v e l s  once a c q u i s i t i o n  i s  declared. 

2.2.3 PN Mu l t i pa th  Lock D isc r im ina t ion  

Mu l t i pa th  lock  i s  prevented by checking code c o r r e l a t i o n  f 2  chips 

away from declared lock  po in t .  

2.2.4 Dual Channel D i thered Ear l y ILa te  PN Tracking Loop 

For DG-1 mode 1 and 2  s igna ls  where both channels are spread, PN 

*For low data rate,  p a r a l l e l  search techniques such as one us ing CCD 
ma tched- f i l t e r  w i l l  be used. 



t r a c k i n g  i s  accomplished using a  d i the red  e a r l y / l a t e  t r a c k i n g  loop f o r  

both t h e  I&Q channels. A  3  dB SNR improvement can be r e a l i z e d  f o r  1: l  

power s p l i t  compared t o  t r a c k i n g  on ly  one channel. 

2.3 Frequency Acqu is i t i on  and Reacqu is i t ion  

2.3.1 Frequency Lock Loop 

Rapid frequency a c q u i s i t i o n  i s  accompl i shed by employing a  

frequency lock  loop o r  an a l t e r n a t e  and s u i t a b l e  frequency es t ima t ion  

scheme. This approach a l so  avoids f a l s e  l o c k i n g  t o  data sidebands--a 

phenomenon commonly associated w i t h  sweep a c q u i s i t i o n  schemes. 

2.3.2 O r b i t  Uncer ta in ty  Est imat ion 

Once t h e  rece iver  has acquired and t racked t h e  incoming c a r r i e r  

frequency, the  est imated Doppler from t h e  c a r r i e r  loop i s  used f o r  

Doppler cor rec t ion .  The purpose i s  t o  reduce t h e  frequency uncer ta in ty  

f o r  r e a c q u i s i t i o n  dur ing  temporary s igna l  loss.  It a lso  reduces t h e  

frequency dynamics t h a t  t h e  rece i  ver  c a r r i e r  t r a c k i n g  loop must hand1 e 

i n  the  steady state.  

2.4 J o i  n t  B i t  SynclCarr i  e r  Recovery 

2.4.1 Data-Aided C a r r i e r  Loop 

A design based on t h e  data-aided loop i s  selected f o r  c a r r i e r  

recovery t o  e l im ina te  c ross ta l k  between t h e  I and Q channels. This 

a1 1  ev i  ates, f o r  example, t he  t r a c k i n g  problems r e s u l t i n g  from 2-phase 

Costas loop quadrature channel i n t e r f e r e n c e  associated w i t h  t h e  cu r ren t  

SSARE DG1-Mode 3  operat ion. 

2.4.2 J o i n t  Carr ier /Clock A c q u i s i t i o n  

The b i t  sync and c a r r i e r  loop f u n c t i o n  as a  s i n g l e  u n i t  and acquire 
I 

s imultaneously. This provides a  r a p i d  o v e r a l l  system acqu is i t i on .  

2.4.3 D i g i t a l  Implementation 



The b i t  sync and c a r r i e r  loop are  implemented w i t h  numerical 

a1 g o r i  thms, Optimum f i l t e r  parameters can be selected cont inuously and 

instantaneously. Smooth parameter t r a n s i t i o n s  can a lso  be r e a l i z e d  

eas i l y .  

2.4.4 Switchable Second- o r  Third-Order Loops 

A t h i r d - o r d e r  c a r r i e r  loop i s  employed as a r e s u l t  o f  t h e  

requirement t o  t r a c k  h igh  dynamics f o r  an unstable o r b i t .  A t h i rd -o rde r  

loop a l so  n u l l i f i e s  t h e  s t a t i c  phase e r r o r  which a f f e c t s  t h e  s l i p  

performance o f  t he  receiver .  However, a second-order loop i s  used 

dur ing  i n i  t i a1 a c q u i s i t i o n  and subsequent reacqui s i t i o n  t o  avoid 

p o t e n t i  a1 s tab i  1 i t y  problems associ ated w i t h  acqui r i n g  w i t h  a t h i r d -  

order  loop. 

2 .5 M i  s c e l l  aneous 

2.5.1 PN/Carrier Loop Frequencjl A id ing  

A f t e r  t he  PN loop has acquired and t racks,  t h e  l o c a l  PN c lock,  

coherent ly  r e l a t e d  t o  the  c a r r i e r  frequency, can be used t o  a i d  c a r r i e r  

loop frequency acqu is i t i on .  The frequency e r ro r ,  due t o  PN loop 

t r a c k i n g  j i t t e r ,  i s  considerably l ess  than the  c a r r i e r  frequency 

uncer ta in ty  provided by t h e  o r b i t  estimate. Hence the  PN c lock can be 

employed t o  reduce t h e  c a r r i e r  unce r ta in t y  dur ing  c a r r i e r  acqu is i t i on .  

A f t e r  t h e  c a r r i e r  loop has acquired and t racks,  t h e  c a r r i e r  frequency 

can be d i v ided  down t o  a i d  t h e  PN loop by compensating the  Doppler 

induced PN c lock dynamics so t h a t  a narrower PN loop bandwidth can be 

emp 1 oyed . 
2.5.2 RFI M i t i g a t i o n  Processing 

Provis ions f o r  processing demodulated convo lu t i ona l l y  encoded 

symbols corrupted by RFI are incorporated. For t h e  more complicated 



nonl i near processing schemes, the  processor i s  imp1 emented using a h i  gh- 

speed ROM (Read Only Memory). 

2.5.3 Adaptive Equal izer  

Tapped delay l i n e  equa l izers  are inc luded a t  t h e  output o f  t h e  data 

I demodulator f o r  h igh  r a t e  data (> - 6 Mbps per channel ). This can 

I increase t h e  SSA data throughput t o  12 Mbps per channel. 

3.0 DETAILED DESIGN APPROACH 

The func t i ona l  p a r i t i o n s  o f  t h e  AIRS base l ine  rece iver  are shown i n  

Fig. 3-1. The rece iver  cons is ts  o f  a f i r s t  I F  stage where the  incoming 

s igna l  a t  370 MHz i s  down converted and Doppler compensated w i t h  

/ a v a i l a b l e  p r e d i c t s  t o  a 35 MHz second IF. The 35 MHz I F  i s  selected t o  

be compatible w i t h  t h e  e x i s t i n g  LRD and MRD. The s igna l  i s  then gain 

con t ro l  l e d  w i t h  an automatic l e v e l  c o n t r o l  (ALC) c i r c u i t  ( i  .ee, 

noncoherent AGC) before i t  i s  fed  t o  t h e  PN despread subsystem. 

I f  t h e  incoming s igna l  i s  PN spread, i t  i s  despread by m u l t i p l y i n g  

o f f  t h e  PN modulation w i t h  t h e  l o c a l  PN code estimate. Despreading i s  

bypassed f o r  t h e  unspread channel. The l o c a l  PN code est imate i s  

generated by means o f  t h e  PN a c q u i s i t i o n  and t r a c k i n g  c i r c u i t s .  

I n  t h e  I F  demodulator sect ion, I and Q channels are combined a t  I F  

i f  they conta in  i d e n t i c a l  data. The s igna ls  are then demodulated t o  

I baseband i n  the  Acq/Track Condi t i  oni  ng block. 

I A f t e r  t h e  I F  demodulator sect ion,  t h e  rece ive r  i s  implemented 

I d i g i t a l l y .  The baseband data i s  A/D converted and processed by t h e  

( d i g i t a l  processor. The d i g i t a l  processor cons is ts  o f  h igh  speed l o g i c  

I c i r c u i t s  dedicated t o  var ious func t ions  such as f i l t e r i n g  and loop e r r o r  

s igna l  generation, etc.  The d i g i t a l  processor a1 so outputs t h e  

demodulated data. 
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A l l  loops (excluding t h e  PN loop and ALC although t h e i r  parameter 

se lec t ions  are under software c o n t r o l )  are c losed v i a  t h e  software 

r e s i d i n g  i n  a numeri c a l  processor (e .g. a microprocessor w i t h  dedicated 

f 1 o a t i  ng p o i n t  a r i t h m e t i c )  . Add i t i ona l  func t ions  are a1 so shown i n  t h e  

f igure .  

Other a n c i l l a r y  blocks i n c l u d i n g  frequency and t ime generat ion 

( locked t o  5 MHz F&T reference) and hardware/software i n t e r f a c e  are a l so  

requi  red. 

I n  what fo l lows,  each func t i ona l  b lock i n d i c a t e d  i n  F igure 3.1 w i l l  

be expounded. 

3.1 F i r s t  IF  Sect ion 

Refer t o  F igure 3.1-1. The f i r s t  I F  stage converts the  incoming 

frequency a t  370 MHz t o  an I F  o f  35 MHz. I t s  output  i s  then 

noncoherently gain c o n t r o l l e d  by t h e  ALC c i r c u i t  whose response t ime can 

be c o n t r o l l e d  by vary ing  t h e  loop parameters. The b ias reference 

vol tage can be var ied  according t o  t h e  received data cha rac te r i s t i cs .  

The I F  conversion stage a l so  performs Doppler compensation based on 

t h e  a v a i l a b l e  pred ic ts .  I n  t h e  scheme shown, t h e  Doppler p r e d i c t s  

con t ro l  t h e  frequency output o f  t h e  synthesizer  which operates a t  a 

nominal frequency o f  55 MHz. The synthesizer  i s  locked t o  t h e  s t a t i o n  

Frequency & Time (F&T) reference t o  prov ide  best achievable frequency 

s t a b i l i t y .  The 335 MHz LO frequency i s  obta ined by up convert ing t h e  

synthesizer  output by a f i x e d  reference a t  280 MHz der ived from a 5- MHz 

F&T reference. 

3.2 PN Despread Sect ion 

The PN subsystem performs t h e  acqu is i t i on ,  t r a c k i n g  and despreading 

o f  PN spread s ignals.  Bypass paths are provided f o r  unspread s igna ls .  





3.2.1 PN Acqu is i t i on  

Sequential de tec t ion  i s  employed f o r  PN a c q u i s i t i o n  as shown i n  

Figure 3.2-1 t o  opt imize the  a c q u i s i t i o n  performance. The BPF i s  

selected t o  match t h e  data r a t e  o f  t h e  incoming s ignal .  I n  order  t o  

s a t i s f y  t h e  AIRS a c q u i s i t i o n  requirement, 4 channels are employed t o  

perform t h e  sequent ia l  search i n  a  coordinated manner*. Each channel 

searches over 114 o f  t he  t o t a l  ch ip  uncer ta in ty  region thereby 

increas ing t h e  average search r a t e  by a  f a c t o r  o f  4. When code sync has 

been detected, 2 channels w i l l  be reconf igured t o  the  t r a c k i n g  

conf igura t ion ,  Two rernaini ng PN channels w i  11 cont inue t o  v e r i f y  i f  t h e  

t r a c k i n g  channel i s  locked t o  a  s idelobe by searching f o r  h igher  code 

c o r r e l a t i o n  elsewhere. I f  a  s idelobe l o c k  i s  no t  detected, they w i l l  be 

used t o  v e r i f y  i f  a  m u l t i p a t h  lock  has been detected by checking t h e  

d isplaced code c o r r e l a t i o n  l e v e l  (+2 chips r e l a t i v e  t o  t h e  lock  

p o i n t ) .  I f  a mu l t i pa th  lock  i s  not found, they w i l l  then be conf igured 

f o r  t r a c k i n g  (DG1 Modes 1 and 2). 

3.2.2 PN Tracking 

F igure  3.2-2 shows the  PN t r a c k i n g  loop. Two d i the red  e a r l y l l a t e  

gated loops are employed i n  pa ra l l e l - -one  f o r  each data channel ( i f  both 

I and Q channels are spread). The advantage o f  t h e  d i the red  e a r l y l l a t e  

gated loop i s  i t s  a b i l i t y  t o  n u l l i f y  t h e  e f f e c t s  o f  imbalances between 

t h e  e a r l y  and t h e  l a t e  channel. The BPF bandwidth i s  a  design parameter 

and i s  selected according t o  t h e  data rate.  I n  t h e  two channel 

conf igura t ion ,  t h e  I and Q channels are a l so  d i the red  as we l l  as t h e  

ea r l y  and l a t e  channels t o  n u l l i f y  imbalances between t h e  I and Q 

I *See a c q u i s i t i o n  employing CCD i n  Vol. 111. 
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channels. The t i m i n g  diagram f o r  t h e  c o n t r o l l i n g  and swi tching s igna ls  

(sl-s8) are shown i n  F igure  3.2-3. The gains GI and GQ f o r  t h e  PN e r r o r  

s igna ls  are selected according t o  t h e  s p e c i f i e d  power s p l i t .  The code 

c lock frequency i s  aided w i t h  Doppler p r e d i c t s  and, a f t e r  t he  c a r r i e r  

recovery loop has acquired and tracked, w i t h  t h e  c a r r i e r  loop frequency 

estimate. 

When only one channel i s  spread, one-half o f  t he  t r a c k i n g  loop i s  

used and the  con f igu ra t i on  reduces t o  a  conventional d i thered ear ly11 a te  

PN loop. 

3.3 I F  Demodulator Sect ion 

The I F  demodulator sec t ion  cons is ts  o f  t he  coherent combiner and 

t h e  s i  gnal cond i t i on ing  block f o r  data w i  pe-of f  d u r i  ng c a r r i e r  frequency 

acqu is i t i on .  

3.3.1 Coherent Combiner 

When both t h e  despread I and Q channel conta in  i d e n t i c a l  data, t h e  

two channels are coherent ly  combined a t  I F  us ing a  power combiner and 

on ly  one channel i s  used f o r  subsequent processing. 

3.3.2 C a r r i e r  Acqu is i t i on  Processing_ 

The c a r r i e r  a c q u i s i t i o n  processing subsystem i s  shown* i n  F igure 

3.3-1. The 35 MHz I F  s igna l  has a1 ready been down-converted using a  

frequency synthesizer  nomi na1 l y  a t  10 MHz. The frequency synthesizer  i s  

a  numer ical ly  c o n t r o l  l e d  osci  11 a t o r  under command o f  t h e  sof tware 

r e s i d i n g  i n  the  numerical processor. During c a r r i e r  frequency 

acqu is i t i on ,  t he  frequency con t ro l  i s  accomplished by means o f  a 

frequency lock  loop a lgor i thm. Dur ing c a r r i e r  t rack ing ,  the  frequency 

1 *A s impler  scheme i s  discussed i n  Vol .I11 and s h a l l  be used. 
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con t ro l  i s  accomplished by means o f  a phase-locked loop a lgor i thm. The 

down-converted s igna l  a t  25 MHz i s  f i l t e r e d  by t h e  BPF whose bandwidth 

i s  selected according t o  t h e  data ra te .  A 25 MHz I F  i s  chosen t o  

accommodate the  h igher data ra tes  (12 Mbps/channel). The s igna l  i s  then 

complex ( I&Q)  demodulated by a f i x e d  25 MHz LO when conf igured f o r  

t rack ing .  For acqu i r i ng  BPSK and UQPSK ( 4 : l  power s p l i t )  s ignals,  t h e  

s ignal  i s  doubled and complex demodulated by a 50 MHz LO. For acqu i r i ng  

QPSK s i  gnal , t h e  s igna l  i s  quadrupled and complex demodulated by a 100 

MHz LO. 

The advantage o f  t h i s  scheme i s  t h a t  swi tch ing  from a c q u i s i t i o n  t o  

t r a c k i n g  con f igu ra t i on  can be accompl i shed by simply swi tch ing  t h e  

mu1 ti p l  i ers. 

For PN spread low r a t e  data ( <  100 Kbps), a 2.5 MHz I F  may be 

considered so t h a t  h igh  Q BPFs are not  required. I n  t h a t  case t h e  

nominal synthesizer  output  i s  37.5 MHz and t h e  5 MHz system reference i s  

d i v ided  by 2 ( r a t h e r  than m u l t i p l i e d  by 5) t o  get  2.5 MHz. 

3.4 Baseband D i  g i  t a l  Processor Sect ion 

The complex demodulated s igna l  s  (s lowly  r o t a t i n g  phasors a t  

baseband) are A/D converted, processed and detected by t h e  d i g i t a l  

processor. The d i g i t a l  processor has a d d i t i o n a l  funct ions:  (1 )  i t  

provides e r r o r  s igna l  samples a t  a r a t e  compatible w i t h  the  numerical 

processor f o r  t h e  t r a c k i n g  and a c q u i s i t i o n  algori thms, ( 2 )  i t  provides 

adaptive equa l i za t i on  f o r  h igh  data rates,  (3 )  i t  provides RFI 

m i t i g a t i o n  processing f o r  convo lu t i ona l l y  encoded data, and (4) i t  

provides moni to r ing  s igna l  s. 

3.4.1 A/D Subsystem 

The A/D subsystem i s  shown i n  Fig.  3.4-1. The inphase and 
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quadrature components of the baseband channel are f i r s t  f i l tered by the 

LPF whose bandwidth i s  commensurate with the sampling rate. The LPF i s  

used to limit the noise power into the ADC and provide antialiasing 

f i l ter ing for the sampling process. For acquisition the sampling rate 

i s  4 times the frequency uncertainty (4x20 KHz maximum). For tracking 

NRZ data, the sampling rate i s  16 times the bi t  rate. However, for high 

data rates ( ~ 1 0  Mbps) the sampling rate i s  limited by the processing 

rate of the digital processor so that 8 times the bit  rate i s  

anticipated. For Manchester data the sampling rate i s  2 times t h a t  of 

NRZ. 

The lowpass f i l tered signal i s  then gain controlled to  match the 

dynamic range of the ADC. The GCA setting i s  preset based on the data 

rate during. ini t i  a1 acquisition. After the receiver has acquired, the 

GCA i s  controlled via a coherent AGC loop to optimize performance. 

3.4.2 Di gi tal  Processor 

The digital processor accepts the sampled signals from the A/D 

subsystem and provides error signals for carrier frequency acquisition, 

carrier tracking, data clock recovery, coherent AGC and the necessary 

d a t a  for monitoring functions. I t  groups the samples into demodulated 

data, provides RFI mitigation processing, and provides adaptive 

equalization for high rate data. 

3.4.2.1 Frequency Acquisition Processing 

In  the carrier frequency acquisition mode, the data in the input 

signal has been multiplied o f f  so that the input t o  the ADC i s  a slowly 

rotating phasor. Two approaches can be used to  estimate the frequency 

uncertainty; namely, via an open loop estimator and via a closed loop 

estimator. The open loop estimator in general offers improved 



performance a t  t h e  expense o f  complexity and w i l l  not  be addressed 

present ly .  Here we consider a frequency 1 ock 1 oop (FLL) mechani z a t i  on 

shown i n  Figure 3.4-2. I n  t h i s  scheme, an est imate o f  t h e  frequency 

e r r o r  i s  formed from the  crossproduct (Ik-lQk-IkQk-l) which can be shown 

t o  be propor t iona l  t o  t h e  frequency o f f s e t  hf and t h e  t ime between 

samples. When both I and Q channels conta in  data and can be separated 

by the  PN despreader, as i n  a normal DG-1 data conf igura t ion ,  t h e  e r r o r  

s igna ls  are weighted w i t h  t h e  corresponding power s p l i t  before feeding 

t o  the  FLL software. The h ighest  sampling r a t e  i s  on t h e  order o f  80 

KHz; therefore,  t h e  numerical processor can accomodate t h e  data 

throughput. 

3.4.2.2 Data-Aided C a r r i e r  T rack ing IB i t  Sync 

F igure  3.4-3 shows t h e  requ i red  data processing f o r  generat ing 

c a r r i e r  and c lock loop e r r o r  s ignals.  Since a data-aided c a r r i e r  loop 

i s  implemented, demodulated data i s  a l so  a v a i l a b l e  as p a r t  of t h e  e r r o r  

generat ion scheme. 

The data-aided loop and t h e  b i t  sync (a  f u l l  symbol window DTTL) 

are b a s i c a l l y  d i g i t a l  implementation o f  t he  equivalent  analog loops. 

The conventional integrate-and-dump c i r c u i t  i s  implemented d i g i t a l l y  

w i t h  an accumulator which sums the  samples over one symbol durat ion.  To 

generate the  e r r o r  s igna l  samples f o r  t h e  DTTL b i t  sync, t he  I (inphase) 

component samples are a lso  accumulated over a b i t  i n t e r v a l  centered 

between two adjacent b i t s .  This g ives a measure o f  t he  b i t  sync c lock  

e r ro r .  However, t he  e r r o r  s igna l  i s  not always o f  the appropr iate 

siyn. Therefore, a t r a n s i t i o n  detec tor  i s  implemented by examining two 

adjacent b i t s  and i t s  output i s  used t o  co r rec t  t h e  s ign ambiguity. A t  

t he  h ighest  data r a t e  ( = l o  Mbps) t h e  throughput r a t e  o f  t he  e r r o r  





samples must be reduced i n  order  t o  be compatible w i t h  t h e  speed of t h e  

numerical processor. For t h i s  purpose, a second f i x e d  l e n g t h  

accumulator i s  used t o  reduce t h e  da ta  throughput rate.  Two DTTLs a re  

implemented f o r  independent I and Q channels. 

The e r r o r  s igna l  samples f o r  t h e  c a r r i e r  recovery loop based on t h e  

MAP theory requ i res  the  product Q tanh(1) .  I n  t h a t  case, the  non l i nea r  

element must be implemented w i t h  a h igh  speed ROM. However, n e g l i g i b l e  

degradat ion i s  a n t i c i p a t e d  i f  the  tanh(.)  f u n c t i o n  i s  replaced by a 

c l i p p e r  ( o r  more simply, a s ign  func t i on ) .  The c l i p p i n g  f u n c t i o n  i s  

e a s i l y  implemented by a comparison/threshold operat ion. E r r o r  s igna ls  

from t h e  I and Q channels a re  weighted and combined according t o  t h e  

power s p l i t  before feeding t o  the  PLL a lgo r i t hm software. When t h e  

r a t i o  PI/Pg i s  quant ized t o  a power o f  2, t h e  (ga in )  m u l t i p l i c a t i o n  can 

be implemented by s h i f t i n g  t h e  p o s i t i o n  o f  the  b i t s  represent ing  t h e  

e r r o r  s igna l  samples, Again, t h e  f i x e d  l eng th  accumulator f o l l o w i n g  t h e  

e r r o r  samples i s  f o r  t h e  purpose o f  data throughput reduct ion.  

For Manchester coded data, t he  accumulator I&D opera t ion  must be 

s l i g h t l y  modif ied. I n  t h i s  case t h e  accumulator sums t h e  d i g i t a l  

samples f o r  t h e  f i r s t  h a l f  b i t  t ime and sub t rac ts  them f o r  t h e  remaining 

h a l f .  The net  e f f e c t  i s  i d e n t i c a l  t o  f i r s t  conver t ing  t h e  Manchester 

symbol t o  NRZ data and then per forming t h e  standard operat ions on t h e  

converted NRZ data stream. The above approach i s  mot ivated by t h e  MAP 

est imat ion.  

However, t h e  DTTL can be implemented by t r a c k i n g  h a l f  o f  a 

Manchester symbol as shown i n  F igure  3..4-4. I n  t h i s  case the  Manchester 

coded data i s  t r e a t e d  as NRZ coded data  a t  double the  data rate.  The 

advantage o f  t h i s  approach i s  t o  have a guaranteed minimum symbol 



(phase) t r a n s i t i o n  dens i ty  o f  50% regardless o f  t h e  source b i t  

t r a n s i t i o n  densi ty .  This a l so  e l im inates  t h e  occurrences o f  long runs 

o f  ones o r  zeros. The guaranteed t r a n s i t i o n  dens i ty  g r e a t l y  improves 

the  a c q u i s i t i o n  (and t rack ing )  performance o f  t h e  DTTL, However, means 

must be provided t o  resolve t h e  c lock  phase ambiguity in t roduced by 

t r a c k i n g  2  t imes the  data ra te .  A standard method i s  t o  observe t h e  

t r a n s i t i o n s  about the  two poss ib le  c lock  phases ( f rom d i v i d i n g  t h e  X2 

c lock)  over a  pe r iod  o f  time. 

Due t o  i t s  a b i l i t y  t o  accomodate low b i t  t r a n s i t i o n  dens i t ies ,  t h e  

l a t t e r  approach o r  a  combination o f  both (e.g. acquire w i t h  t h e  second 

method and t rack  w i t h  t h e  f i r s t )  are recommended. 

3.4.2.3 C a r r i e r  and B i t  Sync Lock Detec t ion  

Lock detec t ion  i s  accomplished by comparing t h e  power i n  t h e  

demodulated data and t h e  power i n  t h e  e r r o r  s igna l  d r i v i n g  t h e  loops 

( c a r r i e r  and c lock recovery). When t h e  loops are not  locked, they are 

roughly equal. When t h e  loops are i n  l ock  the  data channel has a  much 

higher power than t h e  e r r o r  channel. Lock i s  declared i f  the  power 

r a t i o  o f  t h e  data channel t o  t h e  e r r o r  channel exceeds a c e r t a i n  

threshold.  The requ i red  s igna ls  t o  be processed by the  lock  de tec t i on  

software are i n d i c a t e d  i n  F igure  3.4-3. 

3.4.2.4 Coherent Automatic Gain Contro l  

The generat ion o f  t h e  e r r o r  s igna l  necessary t o  d r i v e  t h e  coherent 

AGC software i s  a l so  i nd i ca ted  i n  Fig. 3.4-3. The s ignal  i s  a  measure 

o f  the  energy o f  t h e  coherent ly  demodulated data. An absolute value 

func t i on  i s  used t o  s i m p l i f y  operation.. Signal energy est imates from I 

and Q channels are  weighted by t h e  power s p l i t  and used f o r  AGC con t ro l .  

" 3,4.2.5 Adaptive Equa l iza t ion  
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Fig .  3.4-4. A l t e r n a t e  D i g i t a l  P r o c e s s i n g  f o r  Track ing  
B i - 4  S i g n a l s .  



For h igh  r a t e  data (> - 6 Mbpslchannel ), adapt ive equa l i za t i on  i s  

employed. The technique i s  shown i n  F igu re  3.4-5. The adaptat ion 

a lgo r i t hm i s  the  method o f  s teepest  descent w ide ly  described i n  t h e  

1  i te ra tu re ,  The t a p  weight increments are obta ined by c o r r e l  a t i  ng t h e  

p a r t i c u l a r  t ap  i n p u t  w i t h  t h e  equal ized e r r o r  de f ined as t h e  d i f f e r e n c e  

between the  dec is ion  c i r c u i t  i n p u t  and output.  W represents a  

t ransversa l  f i l t e r  w i t h  s e t t a b l e  t a p  weights. A 3-tap t ransve rsa l  

f i l t e r  i s  shown i n  F igure  3.4-5b and should be adequate f o r  our  

purpose. Again, t h e  e r r o r  s igna l  samples e1 and eq must be accumulated 

by a  f i x e d  length  accumulator t o  slow down the  data throughput r a t e  

before goi  ng t o  t h e  adapt i  ve equal i z a t i o n  software. 

3-4.2.6 RFI M i t i g a t i o n  and V i t e r b i  Decoder 

F igure  3.4-6 shows the  i n t e r f a c e  between t h e  A I R S  and t h e  e x i s t i n g  

V i t e r b i  decoder. It i s  a n t i c i p a t e d  t h a t  t he  on ly  requ i red  s igna l  t o  

i n t e g r a t e  t h e  opera t ion  o f  t h e  decoder w i t h  A I R S  i s  t he  code node sync 

in fo rmat ion .  Hence, t h e  AIRS can use t h e  e x i s t i n g  decoder. Methods o f  

implementing var ious RFI m i t i g a t i o n  schemes i n  t h e  d i g i t a l  processor a re  

a1 so indicated.  

3.4.2.7 L ink  Performance I n d i c a t o r  

L ink  performance i n d i c a t i o n  can be ob ta i  ned by e i t h e r  measuring t h e  

SNR o f  t h e  demodulated data o r  i t s  pseudo p r o b a b i l i t y  o f  e r ro r .  I n  t h e  

f i r s t  method, t h e  sample mean and var iance o f  t h e  absolute value o f  t h e  

demodulated data samples (see F igure  3.4-3) are computed t o  get an 

est imate o f  the  SNR. However, s ince t h i s  computation i s  r a t h e r  

involved,  a  dedicated a r i t h m e t i c  l o g i c  . un i t  (ALU) may be needed. A way 

o f  g e t t i n g  around t h e  speed problem i s  t o  count every 5 samples o r  so a t  

t he  h ighes t  data ra te .  This  reduces t h e  speed requirement f o r  t h e  ALU. 
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The second approach i s  shown i n  Figure 3.4-7. A scaled vers ion  of 

t he  AGC reference b ias  i s  used t o  se t  a  threshold.  The number o f  s igna l  

samples f a i l i n g  t o  exceed t h e  th resho ld  i s  counted and t h e  value o f  t h e  

count i s  r e l a t e d  t o  t h e  BER. Th is  method i s  considerably s impler  t o  

imp1 ement . 
3.5 Software Sect ion 

The various a lgor i thms se lec ted which make up the  software sec t ion  

are b r i e f l y  described i n  what fo l lows.  Fur ther  t r a d e o f f s  and s tud ies  

are requ i red  t o  spec i f y  the  var ious parameters. 

3.5.1 O r b i t  Uncerta inty Es t imat ion  

A delay-locked loop i s  selected. It operates o f f  t h e  d i f f e r e n c e  

between t h e  pred ic ted and t h e  measured Doppler t o  co r rec t  f o r  t h e  t ime 

uncer ta in ty  i n  t h e  Doppler p red ic ts .  Since t h e  uncer ta in ty  va r ies  

s lowly w i t h  t ime (design goal i s  f o r  reacqu is i t i on ,  not f o r  c o r r e c t i n g  

unstable o r b i t ) ,  a  narrow bandwidth fi rs t -o rde r  loop design su f f i ces .  

3.5.2 Doppler Compensation 

I f  on ly  the  s t a t e  vectors o r  ephemerides are provided t o  AIRS, AIRS 

must compute the  equivalent  Doppler. A design s i m i l a r  t o  one used i n  

ADPE s u f f i c e s  . 
3.5.3 B i t  Sync 

A ful l -window DTTL w i t h  second-order loop i s  selected. The b i t  

sync closes the  loop by vary ing the  frequency and phase o f  the  c locks  

con t ro l  1  i ng t h e  sampling o f  t h e  ADCs and the  c l e a r i n g  and dumping o f  t h e  

accumul ators.  

3.5.4 CAGC 

Coherent AGC o f f  the  demodulated data i s  used. The AGC bandwidth 

should be roughly 10 times smal ler  than the  c a r r i e r  loop bandwidth, The 



loop i s  closed by s e t t i n g  t h e  GCA i n  f r o n t  o f  t h e  ADC. 

3.5.5 C a r r i e r  Recovery 

Data-aided loop i s  selected. A FLL i s  used t o  p u l l  i n  t h e  c a r r i e r  

frequency uncer ta in ty  t o  approximately 25 Hz. Then the  c a r r i e r  loop 

acquires phase w i t h  a second-order loop and t r a c k s  w i t h  a t h i r d - o r d e r  

loop. Upon loss  o f  lock, a second-order loop i s  again employed f o r  

reacqu is i t i on .  The long loop design closes t h e  loop by changing t h e  

frequency and phase o f  t h e  synthesizer  a t  10 MHz i n  F igure 3.3-1. 

3.5.6 LPI 

Simple computations are invo lved and depend on t h e  method selected. 

3.5.7 RFI M i t i a a t i o n  

SeJects non l inear  processing based on R F I  model dur ing  operat ion. 

3.5.8 Adaptive Equa l iza t ion  

Performs weight updates i n  the  tapped delay l i nes .  Since t h e  

channel model does not  change r a p i d l y  w i t h  time, t h e  equa l izer  i s  

designed t o  acquire w i t h  a l a r g e r  feedback constant and t r a c k  w i t h  a 

small e r  feedback constant i n  i t s  steepest descent a1 g o r i  thm. 

3.5.9 Lock Detect ion 

Simp1 e f i 1 t e r i  ng and comparison operat ion i s  requi  red. 

3.5.10 PN Acqu is i t i on  and Track Contro l  

Contro ls  swi tch ing  between a c q u i s i t i o n  and t rack ing .  Switches t o  a 

narrower PN 1 oop bandwidth a f t e r  frequency a i  d i  ng from c a r r i e r  recovery 

i s  ava i lab le .  

3.5.11 Moni tor  and Control  

The func t ions  are: 

e Determine a c q u i s i t i o n  and t r a c k i n g  sequence. 

r Determine opt imal reacqui s i  t i  on s t ra tegy  based on rece iver  






