
MARINE ON A MAN MAALIMAA DI MINI 
US 20180131399A1 

( 19 ) United States 
( 12 ) Patent Application Publication ( 10 ) Pub . No . : US 2018 / 0131399 A1 

Moon et al . ( 43 ) Pub . Date : May 10 , 2018 

( 54 ) DUAL RECEIVE PROCESSING IN 
WIRELESS COMMUNICATIONS 

( 71 ) Applicant : MediaTek Singapore Pte . Ltd . , 
Singapore ( SG ) 

( 72 ) Inventors : Jangwook Moon , San Diego , CA ( US ) ; 
Tze - Ping Low , Lexington , MA ( US ) ; 
Craig Burnet , Hertfordshire ( GB ) 

( 21 ) Appl . No . : 15 / 866 , 823 

( 22 ) Filed : Jan . 10 , 2018 

H04L 1 / 00 ( 2006 . 01 ) 
H04L 1 / 20 ( 2006 . 01 ) 
H04L 1 / 06 ( 2006 . 01 ) 

) U . S . CI . 
CPC . . . . . . . . . H04B 1 / 1607 ( 2013 . 01 ) ; H04B 1 / 7103 

( 2013 . 01 ) ; H04L 1 / 0618 ( 2013 . 01 ) ; H04L 1 / 20 
( 2013 . 01 ) ; H04L 1 / 0045 ( 2013 . 01 ) 

( 57 ) ABSTRACT 
A technique , as well as select implementations thereof , 
pertaining to dual receive processing in wireless communi 
cations is described . The technique may involve receiving , 
by a plurality of receive processing modules , an incoming 
signal from an antenna to provide a plurality of processing 
results . The technique may also involve generating , by a 
determination mechanism , a determination output based on 
the plurality of processing results . The determination output 
may include either one or more decoding metrics based on 
a respective processing result from one of the plurality of 
receive processing modules or a weighted combination of 
more than one respective processing result from more than 
one receive processing module of the plurality of receive 
processing modules . The technique may further involve 
decoding , by a decoder , the determination output to provide 
a decoded signal . 

Related U . S . Application Data 
( 62 ) Division of application No . 14 / 942 , 962 , filed on Nov . 

16 , 2015 , now Pat . No . 9 , 900 , 036 . 
( 60 ) Provisional application No . 62 / 084 , 626 , filed on Nov . 

26 , 2014 . 

( 51 ) 
Publication Classification 

Int . CI . 
H04B 1 / 16 ( 2006 . 01 ) 
H04B 1 / 7103 ( 2011 . 01 ) 

100 

U . 105 WEIGHT 
CALCULATION 

# 1 
- 114 

- 130 

Lo , L1 , . RECEIVE 

PROCESSING 
# 1 

DECODING 
METRIC 

GENERATION 
# 1 

140 COMBINING 

- 124 P2 
Pet pa 4 * Pi + P2 " Li + DECODING 

Ro , R , . . . RECEIVE 
PROCESSING 

# 2 

DECODING 
METRIC 

GENERATION 
# 2 

7126 
WEIGHT 

CALCULATION Pz 
# 2 



1007 116 

DP05 

Patent Application Publication 

- 105 

WEIGHT CALCULATION # 1 
P1 

- 114 

130 

DECODING METRIC GENERATION 
RECEIVE PROCESSING # 1 

Lo , L1 , . . . 

140 

COMBINING 

# 1 

122 

124 

- Li + 

P2Ri 

DECODING 

Py + P2 

P 

+ P 2 
Py + P2 

May 10 , 2018 Sheet 1 of 7 

Ro , Rt , . . . 

DECODING METRIC GENERATION # 2 

RECEIVE PROCESSING # 2 

— 126 

Lorem WEIGHT CALCULATION # 2 
P2 

US 2018 / 0131399 A1 

FIG . 1 



2007 

Patent Application Publication 

205 

216 

- 212 

214 

Yes 

DECODING METRIC GENERATION # 1 

RECEIVE PROCESSING # 1 
WEIGHT CALCULATION 

- 240 

# 1 

230 

- 222 

- 224 

Pi > P2 ? 

DECODING 
- 226 

LE RECEIVE PROCESSING # 2 

May 10 , 2018 Sheet 2 of 7 

WEIGHT CALCULATION # 2 
P2 

DECODING METRIC GENERATION # 2 
No 

FIG . 2 

US 2018 / 0131399 A1 



3007 

s305 

Patent Application Publication 

- 305 

- 312 

314 

330 

RECEIVE PROCESSING # 1 
WEIGHT CALCULATION # 1 

340 

PROBABILITY COMBINING 

322 

- 324 

DECODING 

DECODING METRIC CALCULATION 

LI 
May 10 , 2018 Sheet 3 of 7 

RECEIVE PROCESSING # 2 
WEIGHT CALCULATION # 2 

P2 

US 2018 / 0131399 A1 

FIG . 3 



400 

Patent Application Publication 

- 405 

450 

412 

- 414 

430 

RECEIVE PROCESSING # 1 
DECODING METRIC GENERATION 

Los 
LÝ : 

COMBINING 

440 

# 1 

- 422 

- 424 

( 1 – a ) Li + aR ; 

DECODING 

May 10 , 2018 Sheet 4 of 7 

RECEIVE PROCESSING # 2 LE 
DECODING METRIC GENERATION 
Ro , R1 , . 

# 2 

US 2018 / 0131399 A1 

FIG . 4 



9 DIE 

US 2018 / 0131399 A1 

( v ) 

May 10 , 2018 Sheet 5 of 7 

W 

w 

w 

w 

w 

w 

w 

w 

w 

w 

w 

w 

3 

wie w 

W 

w 

w 

w 

w 

w 

w 

w 

w 

w 

w 

w 

w 

w 

w 

w 

w 

w 

now me move or montanum ( ) = 

D 

www 

- - - - - [ = > 

www 

Patent Application Publication 

100g 



6007 

Patent Application Publication 

- 610 

- 620 ( 1 ) 

630 

RECEIVE PROCESSING MODULE # 1 

640 

DETERMINATION MECHANISM 

DECODER 

- 620 ( Q ) 

May 10 , 2018 Sheet 6 of 7 

RECEIVE PROCESSING MODULE # Q 

US 2018 / 0131399 A1 

FIG . 6 



Patent Application Publication May 10 , 2018 Sheet 7 of 7 US 2018 / 0131399 A1 

700 

710 

RECEIVE , BY A PLURALITY OF RECEIVE PROCESSING MODULES 
COMPRISING AT LEAST A FIRST RECEIVE PROCESSING MODULE AND 

A SECOND RECEIVE PROCESSING MODULE , AN INCOMING SIGNAL 
FROM AN ANTENNA TO PROVIDE A PLURALITY OF PROCESSING 

RESULTS 

GENERATE , BY A DETERMINATION MECHANISM , A DETERMINATION 
OUTPUT BASED ON THE PLURALITY OF PROCESSING RESULTS , THE 

DETERMINATION OUTPUT COMPRISING EITHER ONE OR MORE 
DECODING METRICS BASED ON A RESPECTIVE PROCESSING 

RESULT FROM ONE OF THE PLURALITY OF RECEIVE PROCESSING 
MODULES OR A WEIGHTED COMBINATION OF MORE THAN ONE 

RESPECTIVE PROCESSING RESULT FROM MORE THAN ONE RECEIVE 
PROCESSING MODULE OF THE PLURALITY OF RECEIVE PROCESSING 

MODULES 

730 

DECODE , BY A DECODER , THE DETERMINATION OUTPUT TO 
PROVIDE A DECODED SIGNAL 

FIG . 7 



US 2018 / 0131399 A1 May 10 , 2018 

DUAL RECEIVE PROCESSING IN 
WIRELESS COMMUNICATIONS 

CROSS REFERENCE TO RELATED PATENT 
APPLICATIONS 

[ 0001 ] The present disclosure is part of a divisional of 
U . S . patent application Ser . No . 14 / 942 , 962 , filed on 16 Nov . 
2015 and claiming the priority benefit of U . S . Provisional 
Patent Application No . 62 / 084 , 626 , filed on 26 Nov . 2014 . 
Contents of aforementioned applications are incorporated by 
reference in their entirety . 

TECHNICAL FIELD 
[ 0002 ] The present disclosure is generally related to wire 
less communications and , more particularly , to dual receive 
processing in wireless communications . 

BACKGROUND 
[ 0003 ] Unless otherwise indicated herein , approaches 
described in this section are not prior art to the claims listed 
below and are not admitted as prior art by inclusion in this 
section . 
[ 0004 ] To meet the exploding demand for higher capacity , 
increasingly advanced receivers are considered and devel 
oped to combat various scenarios . For example , in Long 
Term Evolution ( LTE ) Rel - 12 , the so - called Network 
Assisted Interference Cancellation and Suppression ( NA 
ICS ) receiver is standardized in 3rd Generation Partnership 
Project ( 3GPP ) to effectively cancel inter - cell interference . 
As the name implies , some information is provided by 
Evolved Node B ( NB ) to aid interference cancellation . 
From the perspective of eNB , inter - eNB information 
exchanges are required to provide the information to user 
equipment ( UE ) . However , depending on the backhaul type , 
there could be delays of inter - eNB information exchange 
that can be intolerably long for NAICS receivers to work 
properly . In this case , the information conveyed to a UE 
would be outdated , and would not match to the current 
scheduling decision . In this case , the overall performance 
would be much degraded making it even worse than a 
conventional Rel - 11 receiver . 
[ 0005 ] In general , when an advanced receiver involves 
much estimation and detection , the estimation / detection 
results can also become inaccurate , thereby degrading the 
overall performance to be worse than the conventional 
receiver . To cope with this problem , a dual receiver structure 
can be used . In this type of receiver , multiple receivers run 
in parallel . In LTE , for example , a default receiver , such as 
a Minimum Mean Square Error and Interference Rejection 
Combiner ( MMSE - IRC ) receiver , and a NAICS receiver 
could run in parallel . However , in the last stage ( i . e . , before 
feeding the decoding metric to the decoder ) , some selection 
or combining methods are necessary . Without this , the turbo 
decoder would need to run twice , which is not desirable . 

features of the claimed subject matter , nor is it intended for 
use in determining the scope of the claimed subject matter . 
[ 0007 ] Various implementations of a multi - receiver struc 
ture are presented herein . The multi - receiver structure hav 
ing multiple component receivers in accordance with the 
present disclosure may effectively outperform pre - defined 
minimum performance by optimally combining or selecting 
the output of each component receiver , with one of the 
component receiver providing baseline minimum perfor 
mance . An example of dual processing discussed in the 
present disclosure may include two component receivers 
such as , for instance , a simple MMSE - based receiver and an 
advanced receiver . Usually an advanced receiver is more 
susceptible to estimation and / or detection errors , which can 
degrade its performance to a level worse than that of the 
default simple MMSE - based receiver . In this situation , the 
dual processing in accordance with the present disclosure 
can easily guarantee or outperform the minimum perfor 
mance . 
[ 0008 ] For illustration of the novel concept of the present 
disclosure , four example combining methods for dual 
receive processing are disclosed herein . The first and second 
example combining methods use estimated probability or 
similar metric of the received sequences . The second and 
third example combining methods eliminate the need of 
calculating the decoding metric twice for a simpler archi 
tecture and construction of a receiver . The fourth example 
combining method directly uses the decoding results , and 
can intelligently find the better receiver of the two by 
utilizing a " decoding success ” and a " decoding failure ” 
event . This enables the proposed dual receive processing to 
select the better receiver in any kind of interference scenario . 
The example combining methods are expected to provide 
good ways to effectively select and combine the output of 
each receiver . 
10009 ] . It is noteworthy that , although examples and imple 
mentations in the present disclosure may be provided in the 
context of wireless communications based on LTE , the 
proposed techniques , methods , devices , apparatuses , sys 
tems , structures and architectures may also be applied to any 
other scenarios where multiple receive processing is suitable 
or necessary . It is also noteworthy that , although examples 
and implementations in the present disclosure may be pro 
vided in the context of a two - receiver structure / architecture , 
the proposed techniques , methods , devices , apparatuses , 
systems , structures and architectures may also be easily 
extended to structures and architectures with more than two 
component receivers . For instance , the proposed receiver 
structure may be easily extended so that it includes N 
different component receivers where N is a positive integer 
greater than 1 . Advantageously , implementations in accor 
dance with the present disclosure may effectively achieve 
dual receive processing without running the decoder twice . 
[ 0010 ] In one example implementation , an apparatus may 
include an antenna , a plurality of receive processing mod 
ules , a determination mechanism , and a decoder . The 
antenna may be configured to receive an incoming signal . 
The plurality of receive processing modules may include at 
least a first receive processing module and a second receive 
processing module . Each of the plurality of receive process 
ing modules may be coupled to the antenna and configured 
to receive the incoming signal from the antenna and process 
the incoming signal to produce a respective processing 
result . The determination mechanism may be configured to 

SUMMARY 
[ 0006 ] The following summary is illustrative only and is 
not intended to be limiting in any way . That is , the following 
summary is provided to introduce concepts , highlights , 
benefits and advantages of the novel and non - obvious tech 
niques described herein . Select , not all , implementations are 
further described below in the detailed description . Thus , the 
following summary is not intended to identify essential 
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DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

receive the processing results from the plurality of receive 
processing modules and generate a determination output . 
The determination output may include either one or more 
decoding metrics based on a respective processing result 
from one of the plurality of receive processing modules or 
a weighted combination of more than one respective pro 
cessing result from more than one receive processing mod 
ule of the plurality of receive processing modules . The 
decoder may be configured to receive the determination 
output from the determination mechanism and decode the 
determination output to provide a decoded signal . 
[ 0011 ] In another example implementation , a method may 
involve a plurality of receive processing modules receiving 
an incoming signal from an antenna to provide a plurality of 
processing results . The plurality of receive processing mod 
ules may include at least a first receive processing module 
and a second receive processing module . The method may 
also involve a determination mechanism generating a deter 
mination output based on the plurality of processing results . 
The determination output may include either of : ( 1 ) one or 
more decoding metrics based on a respective processing 
result from one of the plurality of receive processing mod 
ules , or ( 2 ) a weighted combination of more than one 
respective processing result from more than one receive 
processing module of the plurality of receive processing 
modules . The method may further involve a decoder decod 
ing the determination output to provide a decoded signal . 

Overview 
[ 0020 ] Assume that a t - th received symbol may be 
expressed as Equation ( 1 ) below . 

Y = S , + I + N , ( 1 ) 
[ 0021 ] For simplicity , the index t is dropped in the descrip 
tion below . In Equation ( 1 ) , S denotes the desired message 
symbol , I denotes the interference symbol , and N denotes 
the noise component . For example , in 3GPP , a MMSE - IRC 
receiver is designed to detect S considering I + N as effective 
noise . However , in a NAICS receiver , S and I are considered 
as signals , and they are jointly decoded . If a dual processing 
structure is applied in this case , MMSE - IRC and NAICS 
receivers would run in parallel . Both receivers generate 
decoding metrics such as , for example , log - likelihood ratios 
for each symbol . To avoid running a turbo decoder twice , it 
is necessary to select one of the two metrics , or combine 
them in a preferable way . The following description pertains 
to various techniques on how to combine the two metrics in 
accordance with the present disclosure . 
[ 0022 ] A first combining technique according to the pres 
ent disclosure may include procedures that are applied to 
blocks of symbols separately . A block of symbols may be , 
for example , a frequency domain - physical resource block 
( PRB ) in LTE , or it may be all allocated PRBs in the extreme 
case . For the interested block of transmission , a first receiver 
( e . g . , a MMSE - IRC receiver in 3GPP ) may calculate a 
weighting factor that represents the statistical property of the 
received signal . For example , a probability that the received 
symbols are received may be one possible metric . The 
probability may be expressed as Equation ( 2 ) below . 

m 

BRIEF DESCRIPTION OF THE DRAWINGS 

P1 = | | { maxp ( y ; | S = sj ) , j = 1 , . . . , | S1 – 1 } 

[ 0023 ] In Equation ( 2 ) , s ; denotes one of the constellations 
that S uses , and / S / denotes the cardinality of the constel 
lation . For each received symbol , the best probability may 
be calculated and accumulated . 
[ 0024 ] Similarly , a second receiver ( e . g . , a NAICS 
receiver in 3GPP ) may calculate similar probability accord 
ing to Equation ( 3 ) below . 

[ 0012 ] The accompanying drawings are included to pro 
vide a further understanding of the disclosure , and are 
incorporated in and constitute a part of the present disclo 
sure . The drawings illustrate implementations of the disclo 
sure and , together with the description , serve to explain the 
principles of the disclosure . It is appreciable that the draw 
ings are not necessarily in scale as some components may be 
shown to be out of proportion than the size in actual 
implementation in order to clearly illustrate the concept of 
the present disclosure . 
[ 0013 ] FIG . 1 is a block diagram of an example receiver 
architecture in accordance with a first combining technique 
of the present disclosure . 

[ 0014 ] FIG . 2 is a block diagram of an example receiver 
architecture in accordance with a second combining tech 
nique of the present disclosure . 
[ 0015 ) FIG . 3 is a block diagram of an example receiver 
architecture in accordance with a third combining technique 
of the present disclosure . 
[ 0016 ] FIG . 4 is a block diagram of an example receiver 
architecture in accordance with a fourth combining tech 
nique of the present disclosure . 
[ 0017 ] FIG . 5 is a diagram of example expected behaviors 
of weighting factor with various step sizes in accordance 
with the present disclosure . 
[ 0018 ] FIG . 6 is a simplified block diagram of an example 
apparatus in accordance with the present disclosure . 
[ 0019 ] FIG . 7 is a flowchart of an example process in 
accordance with an implementation of the present disclo 
sure . 

P2 = ( 3 ) 

[ ] { maxp ( y : 1 S = sj , l = ik ) , j = 0 , . . . , \ S1 – 1 , k = 0 , . . . , 1 / 1 – 1 } 

[ 0025 ] In Equation ( 3 ) , i , denotes one of the constellations 
that I uses , and / I / denotes the cardinality of the constella 
tion . 
[ 0026 ] The two probabilities represent how closely each 
receiver can represent the received symbols . Therefore , it is 
useful to use these two probabilities as a weighting factors 
in combining the two decoding metrics . 
[ 0027 ] FIG . 1 illustrates an example receiver architecture 
100 in accordance with the first combining technique . 
Receiver architecture 100 may include a number of func 
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tional blocks such as , for example , first receive processing 
112 , first decode metric generation 114 , first weight calcu 
lation 116 , second receive processing 122 , second decode 
metric generation 124 , second weight calculation 126 , com 
bining 130 and decoding 140 . The functional blocks of first 
receive processing 112 , first decode metric generation 114 
and first weight calculation 116 may be functional blocks of 
a first receiver , e . g . , a MMSE - IRC receiver , and configured 
to receive an incoming signal from antenna 105 and generate 
decoding metrics , e . g . , Lo , L1 , etc . shown in FIG . 1 , and a 
probability P , as a weighting factor . That is , the functional 
block of first receive processing 112 may perform receive 
processing as a MMSE - IRC receive processing module . The 
functional blocks of second receive processing 122 , second 
decode metric generation 124 and second weight calculation 
126 may be functional blocks of a second receiver , e . g . , a 
NAICS receiver , and configured to receive the incoming 
signal from antenna 105 and generate decoding metrics , e . g . , 
Ro , R , etc . shown in FIG . 1 , and a probability P , as a 
weighting factor . That is , the functional block of second 
receive processing 122 may perform receive processing as a 
NAICS receive processing module . The functional block of 
combining 130 may receive the decoding metrics and 
weighting factors from first and second receivers and com 
bine the decoding metrics with the weighting factors to 
provide an output as follows : ( P ( P + P > ) * L ; + ( P / ( P + P _ ) ) 
* R . The functional block of decoding 140 may decode the 
output of the functional block of combining 130 . 
[ 0028 ] It is noteworthy that although the example illus 
trated in FIG . 1 shows the functional blocks of two com 
ponent receivers , the first combining technique is applicable 
to implementations in which there are more than two com 
ponent receivers . Therefore , the scope of implementations 
based on the first combining technique in accordance with 
the present disclosure is not limited to two component 
receivers . 
[ 0029 ] As stated earlier , the weighting factors may be 
determined separately for each block of symbols to provide 
more flexibility . 
( 0030 ) When noise term N is distributed with a specific 
density ( e . g . , Gaussian distribution is a general assumption ) , 
the expression of P , and P , can be simplified with math 
ematical manipulations . For example , for Gaussian noise , if 
a logarithm is taken for the expressions of Pi , a distance 
between the received symbol Y and the constructed symbol 
may be obtained using the best constellation . This distance 
may be used as the weighting factor instead of the prob 
abilities . When the distance is utilized , the role of P , and P2 
needs to be swapped as the smaller distance is better in this 
case . 

[ 0031 ] Alternatively , noise estimate may be used for the 
weighting factor . When the noise estimate is small in one 
receiver , it would be better to put more weight on the outputs 
from that receiver . Similarly , when the noise estimate is 
utilized , the role of P , and P2 needs to be swapped as the 
smaller noise is better in this case . 
[ 0032 ] Alternatively , any variations of the probability 
expression or similar metrics that represent the " closeness ” 
between Y and the constructed symbol may also be used . For 
example , mutual information ( MI ) between the received 
symbols and the transmitted bits , b , may be expressed as 
Equation ( 4 ) below . 

[ 0033 ] The MI may also be used as a weighting factor . In 
other words , MI calculated from each component receiver 
may be used in place of the weighting factor . In general , 
depending on the complexity of implementation or perfor 
mance , different metric may be chosen to meet certain 
requirements in accordance with the present disclosure . 
[ 0034 ] A second combining technique according to the 
present disclosure may be a variation of the first combining 
technique . Under the second combining technique , the 
weighting factors may be used to select the better receiver 
before generating the decoding metric . Then , the decoding 
metric is calculated for the selected receiver . In this way the 
complexity of calculating two decoding metrics may be 
eliminated . 
[ 0035 ] FIG . 2 illustrates an example receiver architecture 
200 in accordance with the second combining technique . 
Receiver architecture 200 may include a number of func 
tional blocks such as , for example , first receive processing 
212 , first weight calculation 214 , first decoding metric 
generation 216 , second receive processing 222 , second 
weight calculation 224 , second decoding metric generation 
226 , decision 230 and decoding 240 . The functional blocks 
of first receive processing 212 , first weight calculation 214 
and first decoding metric generation 216 may be functional 
blocks of a first receiver , e . g . , a MMSE - IRC receiver , and 
configured to receive an incoming signal from antenna 205 
and generate a probability P , as a weighting factor . That is , 
the functional block of first receive processing 212 may 
perform receive processing as a MMSE - IRC receive pro 
cessing module . The functional blocks of second receive 
processing 222 , second weight calculation 224 and second 
decoding metric generation 226 may be functional blocks of 
a second receiver , e . g . , a NAICS receiver , and configured to 
receive the incoming signal from antenna 205 and generate 
a probability P as a weighting factor . That is , the functional 
block of second receive processing 222 may perform receive 
processing as a NAICS receive processing module . The 
functional block of selection 230 may determine which of P1 
and P2 is greater . In the event that P , is greater than P2 , the 
functional block of decision 230 may select the first receiver 
and thus the functional block of first decoding metric 
generation 216 may be selected to generate the decoding 
metric for the functional block of decoding 240 to decode . 
Otherwise , in the event that P , is not greater than P2 , the 
functional block of decision 230 may select the second 
receiver and thus the functional block of second decoding 
metric generation 226 may be selected to generate the 
decoding metric for the functional block of decoding 240 to 
decode . 
[ 0036 ] Similarly , any variation of the probabilities or 
similar metric may also be used to select the one of two 
branches . As with the first combining technique , the inequal 
ity in the decision step needs to be swapped when the 
distance or noise estimate is used as the weighting factor . 
[ 0037 ] It is noteworthy that although the example illus 
trated in FIG . 2 shows the functional blocks of two com 
ponent receivers , the second combining technique is appli 
cable to implementations in which there are more than two 
component receivers . Therefore , the scope of implementa 
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tions based on the second combining technique in accor 
dance with the present disclosure is not limited to two 
component receivers . 
[ 0038 ] A third combining technique according to the pres 
ent disclosure may involve applying the combining before 
calculating the decoding metric . An example of the third 
combining technique is log - likelihood ratio ( LLR ) . Assum 
ing equi - probable message bits in the transmitter , LLR may 
be defined by Equation ( 5 ) below . 
[ 0039 ] The combining can be applied before calculating 
the decoding metric , e . g . , LLR . Assuming equi - probable 
message bits in the transmitter , LLR is defined as 

( 5 ) 
LLR = 10p ( yb = 1 ) LLR = log Ply 16 = 0 ) 

[ 0040 ] By utilizing the weighting factors directly in Equa 
tion ( 5 ) , LLR may be modified and expressed by Equation 
( 6 ) below . 

Pi ( y b = 0 ) Wrecl + P2 ( y | b = 0 ) Wrec2 LLR = log 
y b = 1 ) Wrecl + p2 ( b = 1 ) Wrec2 

[ 0041 ] In Equation ( 6 ) , each of pi and P2 denotes the 
probability assuming the first and second receive processing , 
respectively . Moreover , each of Wreck and Wrec2 denotes the 
normalized weighting factor for the respective component 
receiver . They are normalized so that the sum is one . As with 
the second combining technique , the third combining tech 
nique also provides the advantage of calculating the decod 
ing metric only once . 
[ 0042 ] FIG . 3 illustrates an example receiver architecture 
300 in accordance with the third combining technique . 
Receiver architecture 300 may include a number of func 
tional blocks such as , for example , first receive processing 
312 , first weight calculation 314 , second receive processing 
322 , second weight calculation 324 , probability combining 
and decoding metric calculation 330 and decoding 340 . The 
functional blocks of first receive processing 312 and first 
weight calculation 314 may be functional blocks of a first 
receiver , e . g . , a MMSE - IRC receiver , and configured to 
receive an incoming signal from antenna 305 and generate 
a probability P . That is , the functional block of first receive 
processing 312 may perform receive processing as a 
MMSE - IRC receive processing module . The functional 
blocks of second receive processing 322 and second weight 
calculation 324 may be functional blocks of a second 
receiver , e . g . , a NAICS receiver , and configured to receive 
the incoming signal from antenna 305 and generate a 
probability Pz . That is , the functional block of second 
receive processing 322 may perform receive processing as a 
NAICS receive processing module . The functional block of 
probability combining and decoding metric calculation 330 
may perform probability combining and decoding metric 
calculation using LLR as expressed in Equation ( 6 ) to 
generate the decoding metric for the functional block of 
decoding 340 to decode . 
[ 0043 ] It is noteworthy that although the example illus 
trated in FIG . 3 shows the functional blocks of two com 
ponent receivers , the third combining technique is appli - 
cable to implementations in which there are more than two 

component receivers . Therefore , the scope of implementa 
tions based on the third combining technique in accordance 
with the present disclosure is not limited to two component 
receivers . 
[ 0044 ] A fourth combining technique according to the 
present disclosure may , instead of calculating the probability 
for each receiver , utilize the decoding result ( e . g . , whether a 
result of the decoding is a success or failure ) to control the 
weighting factor . Accordingly , the fourth combining tech 
nique may be much simpler than the first combining tech 
nique in actual implementation . 
[ 0045 ] FIG . 4 illustrates an example receiver architecture 
400 in accordance with the third combining technique . 
Receiver architecture 400 may include a number of func 
tional blocks such as , for example , first receive processing 
412 , first decoding metric generation 414 , second receive 
processing 422 , second decoding metric generation 424 , 
combining 430 , decoding 440 and weighting factor adjust 
ment 450 . The functional blocks of first receive processing 
412 and first decoding metric generation 414 may be func 
tional blocks of a first receiver , e . g . , a MMSE - IRC receiver , 
and configured to receive an incoming signal from antenna 
405 and generate a probability P1 . That is , the functional 
block of first receive processing 412 may perform receive 
processing as a MMSE - IRC receive processing module . The 
functional blocks of second receive processing 422 and 
second weight calculation 424 may be functional blocks of 
a second receiver , e . g . , a NAICS receiver , and configured to 
receive the incoming signal from antenna 405 and generate 
a probability P , . That is , the functional block of second 
receive processing 422 may perform receive processing as a 
NAICS receive processing module . The functional block of 
combining 430 may receive the decoding metrics from first 
and second receivers and combine the decoding metrics with 
a weighting factor a as follows : ( 1 - a ) * L ; + a * R ; . The func 
tional block of decoding 440 may decode the output of the 
functional block of combining 430 . The functional block of 
weighting factor adjustment 450 may , based on the output of 
the functional block of decoding 440 , adjust the weighting 
factor a by utilizing a decoding result ( e . g . , output ) of the 
functional block of decoding 440 . 
[ 0046 ] For illustrative purpose without limiting the scope 
of the present disclosure , an example algorithm for adjusting 
the value of weighting factor a , which may be applied by the 
functional block of weighting factor adjustment 450 , is 
provided below . 
[ 0047 ] 1 ) Start from a = 0 . 5 , and set the sign of moving 
direction to ‘ + ' ; 
[ 0048 ] 2 ) If decoding fails , toggle the sign of direction 
( i . e . , + 1 ? - 1 , - 1 + 1 ) ; 
[ 0049 ] 3 ) Change a , i . e . , a = a + sign * A ; 
[ 0050 ] 4 ) Ifa > 1 , reset a to 1 , and if a < 0 , reset a to 0 ; and 
[ 0051 ] 5 ) Wait for the next packet , and proceed to step 2 . 
[ 0052 ] In FIG . 4 , although the adjustment of a occurs 
outside of the functional block of decoding 440 ( e . g . , a turbo 
decoder ) , the weighting factor a may alternatively be con 
trolled inside the functional block of decoding 440 after each 
turbo decoding iteration . In this case , in addition to the 
decoding success / failure information , the quality of the 
decoding results may also be used . The sum of magnitude of 
LLR is a good example of the metric that represents the 
quality of the decoding results . For instance , the higher the 
magnitudes of LLR are , the more reliable the current decod 
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ing results are . This relationship is used to fine - tune the 
weighting factor a . Any similar metrics may also be used . 
10053 ] The new weighting factor a is used for the next 
decoding trial with the next packet transmission . Note that 
the moving direction of a does not change until the decoding 
fails . This is required because a UE may or may not know 
which of first receiver and second receiver is the better 
choice . The choice could also change depending on the 
various interference scenarios . When the decoding fails , the 
control algorithm may determine that the current direction is 
not a good choice . The moving direction may change , or 
toggle , when the decoding fails . Therefore , the proposed 
algorithm may find the good direction in all different cases . 
[ 0054 ] The step size in adjustment of the weighting factor 
a , A , may be configured to exhibit desirable tracking results . 
FIG . 5 is a diagram of example expected behaviors of 
weighting factor with various step sizes in accordance with 
the present disclosure . Part ( A ) of FIG . 5 shows example 
behavior of the weighting factor with smaller step size . Part 
( B ) of FIG . 5 shows example behavior of the weighting 
factor with larger step size . 
[ 0055 ] It is noteworthy that although the example illus 
trated in FIG . 4 shows the functional blocks of two com 
ponent receivers , the fourth combining technique is appli 
cable to implementations in which there are more than two 
component receivers . Therefore , the scope of implementa 
tions based on the fourth combining technique in accordance 
with the present disclosure is not limited to two component 
receivers . 

Example Implementations 
[ 0056 ] FIG . 6 illustrates an example apparatus 600 in 
accordance with the present disclosure . In some implemen 
tations , apparatus 600 may be an electronic apparatus . For 
instance , apparatus 600 may be a computing apparatus , a 
communication apparatus , a portable apparatus or a wear 
able apparatus . In some implementations , apparatus 600 
may be a smartphone , a tablet computer , a laptop computer , 
a notebook computer , a desktop computer , a wearable com 
puting apparatus , a wearable communication apparatus or 
the like . In some implementations , apparatus 600 may be a 
single integrated - circuit ( IC ) chip , a chip set or multiple 
discrete and separate IC chips . Regardless of the form in 
which apparatus 600 is implemented , apparatus 600 may be 
configured to implement receiver architecture 100 , receiver 
architecture 200 , receiver architecture 300 and receiver 
architecture 400 described above . 
[ 0057 ] Apparatus 600 may include various components 
including those shown in FIG . 6 . To avoid obscuring the 
figure and to focus on components and features pertinent to 
the present disclosure , components of apparatus 600 rel 
evant to implementations of the present disclosure are 
shown in FIG . 6 while other components of apparatus 600 
are not shown . Referring to FIG . 6 , apparatus 600 may 
include an antenna 610 , multiple receive processing mod 
ules 620 ( 1 ) - 620 ( Q ) with Q being a positive integer greater 
than or equal to 2 , a determination mechanism 630 , and a 
decoder 640 . Each of multiple receive processing modules 
620 ( 1 ) - 620 ( Q ) , determination mechanism 630 and decoder 
640 may be implemented in the form of hardware , software , 
firmware , middleware , or any combination thereof . In some 
implementations , one or more of multiple receive processing 
modules 620 ( 1 ) - 620 ( Q ) , determination mechanism 630 and 
decoder 640 may be implemented in the form of hardware 

including , for example , one or more transistors , one or more 
diodes , one or more capacitors , one or more resistors , one or 
more inductors and / or one or more memristors . 
[ 0058 ] Antenna 610 may be configured to receive an 
incoming signal . The multiple receive processing modules 
620 ( 1 ) - 620 ( Q ) may include at least a first receive processing 
module and a second receive processing module . Each of the 
multiple receive processing modules 620 ( 1 ) - 620 ( Q ) may be 
coupled to antenna 610 and configured to receive the incom 
ing signal from antenna 610 and process the incoming signal 
to produce a respective processing result . Determination 
mechanism 630 may be configured to receive the processing 
results from the multiple receive processing modules 620 
( 1 ) - 620 ( Q ) and generate a determination output . The deter 
mination output may include either of : ( 1 ) one or more 
decoding metrics based on a respective processing result 
from one of the multiple receive processing modules 620 
( 1 ) - 620 ( Q ) , or ( 2 ) a weighted combination of more than one 
respective processing result from more than one receive 
processing module of the multiple receive processing mod 
ules 620 ( 1 ) - 620 ( Q ) . Decoder 640 may be configured to 
receive the determination output from determination mecha 
nism 630 and decode the determination output to provide a 
decoded signal . 
[ 0059 ] In some implementations , the first receive process 
ing module may include a MMSE - IRC receive processing 
module , and the second receive processing module may 
include a NAICS receive processing module . 
[ 0060 ] In some implementations in which receiver archi 
tecture 100 is employed , determination mechanism 630 may 
include a plurality of weight calculation modules each of 
which corresponding to a respective one of the multiple 
receive processing modules 620 ( 1 ) - 620 ( Q ) . Each weight 
calculation module may be configured to receive the respec 
tive processing result from the respective receive processing 
module and generate a respective weighting factor . The 
plurality of weight calculation modules may include at least 
a first weight calculation module and a second weight 
calculation module corresponding to the first receive pro 
cessing module and the second receive processing module , 
respectively . Additionally , determination mechanism 630 
may include a plurality of decoding metric generation mod 
ules each of which corresponding to a respective one of the 
multiple receive processing modules 620 ( 1 ) - 620 ( Q ) . Each 
decoding metric generation module may be configured to 
receive the respective processing result from the respective 
receive processing module and generate respective one or 
more decoding metrics . The plurality of decoding metric 
generation modules may include at least a first decoding 
metric generation module and a second decoding metric 
generation module corresponding to the first receive pro 
cessing module and the second receive processing module , 
respectively . Moreover , determination mechanism 630 may 
include a combining module configured to receive the 
weighting factors and decoding metrics from the plurality of 
weight calculation modules and the plurality of decoding 
metric generation modules , respectively , to generate the 
determination output . In some implementations , the first 
weight calculation module may be configured to generate a 
first probability P , as a first weighting factor , the second 
weight calculation module may be configured to generate a 
second probability P2 as a second weighting factor , the first 
decoding metric generation module may be configured to 
generate one or more first decoding metrics L? , the second 
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modules 620 ( 1 ) - 620 ( Q ) and receive the respective weight 
ing factors from the plurality of weight calculation modules . 
The probability combining and decoding metric calculation 
module may be also configured to perform log - likelihood 
ratio ( LLR ) combining before calculating one or more 
decoding metrics to generate the determination output . In 
some implementations , the first weight calculation module 
may be configured to generate a first probability P , as a first 
weighting factor , the second weight calculation module may 
be configured to generate a second probability P , as a second 
weighting factor , and the determination output may be 
expressed by an equation as follows : 

Pi ( y | b = 0 ) Wrecl + pz ( y | b = 0 ) Wrec2 LLR = log pi ( y | b = 1 ) Wrecl + P2 ( y | b = 1 ) Wrec2 ' 

decoding metric generation module may be configured to 
generate one or more second decoding metrics Ri , with 
Osisn - 1 and n being a number of symbols in the incoming 
signal , and the determination output may be expressed by an 
equation as follows : ( P / / ( P + P2 ) ) * L , + ( P2 / ( P1 + P2 ) ) * R ; . 
[ 0061 ] In some implementations in which receiver archi 
tecture 200 is employed , determination mechanism 630 may 
include a plurality of weight calculation modules each of 
which corresponding to a respective one of the multiple 
receive processing modules 620 ( 1 ) - 620 ( Q ) . Each weight 
calculation module may be configured to receive the respec 
tive processing result from the respective receive processing 
module and generate a respective weighting factor . The 
plurality of weight calculation modules may include at least 
a first weight calculation module and a second weight 
calculation module corresponding to the first receive pro 
cessing module and the second receive processing module , 
respectively . Additionally , determination mechanism 630 
may include a plurality of decoding metric generation mod 
ules each of which corresponding to a respective one of the 
multiple receive processing modules 620 ( 1 ) - 620 ( Q ) . Each 
decoding metric generation module may be configured to 
receive the respective processing result from the respective 
receive processing module and generate respective one or 
more decoding metrics . The plurality of decoding metric 
generation modules may include at least a first decoding 
metric generation module and a second decoding metric 
generation module corresponding to the first receive pro 
cessing module and the second receive processing module , 
respectively . Moreover , determination mechanism 630 may 
include a decision module configured to receive the respec 
tive weighting factors from the plurality of weight calcula 
tion modules and select one of the plurality of decoding 
metric generation modules to provide the respective one or 
more decoding metrics as the determination output to the 
decoder for decoding . In some implementations , the first 
weight calculation module may be configured to generate a 
first probability P , as a first weighting factor , the second 
weight calculation module may be configured to generate a 
second probability P , as a second weighting factor , the 
decision module may select the first decoding metric gen 
eration module to provide one or more first decoding metrics 
to the decoder in an event that the decision module deter 
mines that P , is greater than P2 , and the decision module 
may select the second decoding metric generation module to 
provide one or more second decoding metrics to the decoder 
in an event that the decision module determines that P , is not 
greater than P2 . 
0062 ] In some implementations in which receiver archi 

tecture 300 is employed , determination mechanism 630 may 
include a plurality of weight calculation modules each of 
which corresponding to a respective one of the multiple 
receive processing modules 620 ( 1 ) - 620 ( Q ) . Each weight 
calculation module may be configured to receive the respec 
tive processing result from the respective receive processing 
module and generate a respective weighting factor . The 
plurality of weight calculation modules may include at least 
a first weight calculation module and a second weight 
calculation module corresponding to the first receive pro 
cessing module and the second receive processing module , 
respectively . Additionally , determination mechanism 630 
may include a probability combining and decoding metric 
calculation module configured to receive the respective 
processing results from the multiple receive processing 

with b denoting transmitted bits , Wreel denoting a first 
normalized weighting factor corresponding to the first 
receive processing module , and Wrec2 denoting a second 
normalized weighting factor corresponding to the second 
receive processing module . 
[ 0063 ] In some implementations in which receiver archi 
tecture 400 is employed , determination mechanism 630 may 
include a plurality of decoding metric generation modules 
each of which corresponding to a respective one of the 
multiple receive processing modules 620 ( 1 ) - 620 ( Q ) . Each 
decoding metric generation module may be configured to 
receive the respective processing result from the respective 
receive processing module and generate respective one or 
more decoding metrics . The plurality of decoding metric 
generation modules may include at least a first decoding 
metric generation module and a second decoding metric 
generation module corresponding to the first receive pro 
cessing module and the second receive processing module , 
respectively . Additionally , determination mechanism 630 
may include a combining module configured to receive the 
decoding metrics from the plurality of decoding metric 
generation modules to generate the determination output 
using a weighting factor . Moreover , determination mecha 
nism 630 may include a weighting factor adjustment module 
configured to receive the decoded signal and adjust the 
weighting factor based on the decoded signal . In some 
implementations , the first decoding metric generation mod 
ule may be configured to generate one or more first decoding 
metrics L ; , the second decoding metric generation module 
may be configured to generate one or more second decoding 
metrics R ; , with Osisn - 1 and n being a number of symbols 
in the incoming signal , and the determination output may be 
expressed by an equation as follows : ( 1 - a ) * L ; + c * R ; , with 
a denoting the weighting factor that is adjusted utilizing a 
decoding result of the decoder . 
[ 0064 ] FIG . 7 illustrates an example process 700 in accor 
dance with an implementation of the present disclosure . 
Process 700 may include one or more operations , actions , or 
functions as represented by one or more of blocks 710 , 720 
and 730 . Although illustrated as discrete blocks , various 
blocks of process 700 may be divided into additional blocks , 
combined into fewer blocks , or eliminated , depending on the 
desired implementation . Process 700 may be implemented 
by receiver architecture 100 , receiver architecture 200 , 
receiver architecture 300 , receiver architecture 400 and 
apparatus 600 , as well as any variations thereof . Example 
process 700 may begin at 710 . 
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[ 0065 ] At 710 , process 700 may involve a plurality of 
receive processing modules receiving an incoming signal 
from an antenna to provide a plurality of processing results . 
The plurality of receive processing modules may include at 
least a first receive processing module and a second receive 
processing module . Process 700 may proceed from 710 to 
720 . 
[ 0066 ] At 720 , process 700 may involve a determination 
mechanism generating a determination output based on the 
plurality of processing results . The determination output 
may include either of : ( 1 ) one or more decoding metrics 
based on a respective processing result from one of the 
plurality of receive processing modules , or ( 2 ) a weighted 
combination of more than one respective processing result 
from more than one receive processing module of the 
plurality of receive processing modules . Process 700 may 
proceed from 720 to 730 . 
[ 0067 ] At 730 , process 700 may involve a decoder decod 
ing the determination output to provide a decoded signal . 
[ 0068 ] In some implementations , the first receive process 
ing module may include a MMSE - IRC receive processing 
module , and the second receive processing module may 
include a NAICS receive processing module . 
[ 0069 ] In some implementations and with reference to 
receiver architecture 100 , in generating the determination 
output , process 700 may involve a plurality of weight 
calculation modules generating weighting factors . Each of 
the plurality of weight calculation modules may correspond 
to a respective one of the plurality of receive processing 
modules . Each of the weighting factors may be generated 
based on a respective processing result from a respective one 
of the plurality of receive processing modules . The plurality 
of weight calculation modules may include at least a first 
weight calculation module and a second weight calculation 
module corresponding to the first receive processing module 
and the second receive processing module , respectively . 
Additionally , process 700 may involve a plurality of decod 
ing metric generation modules generating decoding metrics . 
Each of the plurality of decoding metric generation modules 
may correspond to a respective one of the plurality of 
receive processing modules . Each of the decoding metrics 
may be generated based on a respective processing result 
from a respective one of the plurality of receive processing 
modules . The plurality of decoding metric generation mod 
ules may include at least a first decoding metric generation 
module and a second decoding metric generation module 
corresponding to the first receive processing module and the 
second receive processing module , respectively . Moreover , 
process 700 may involve a combining module , which is 
configured to receive the weighting factors and decoding 
metrics , generating the determination output . In some imple 
mentations , the first weight calculation module may be 
configured to generate a first probability P , as a first weight 
ing factor , the second weight calculation module may be 
configured to generate a second probability P2 as a second 
weighting factor , the first decoding metric generation mod 
ule may be configured to generate one or more first decoding 
metrics L? , the second decoding metric generation module 
may be configured to generate one or more second decoding 
metrics R ; , with Osisn - 1 and n being a number of symbols 
in the incoming signal , and the determination output may be 
expressed by an equation as follows : ( P / ( P1 + P2 ) ) * L ; + ( P2 ! 
( P1 + P2 ) ) * R ; 

[ 0070 ] Alternatively and with reference to receiver archi 
tecture 200 , in generating the determination output , process 
700 may involve a plurality of weight calculation modules 
generating weighting factors . Each of the plurality of weight 
calculation modules may correspond to a respective one of 
the plurality of receive processing modules . Each of the 
weighting factors may be generated based on a respective 
processing result from a respective one of the plurality of 
receive processing modules . The plurality of weight calcu 
lation modules may include at least a first weight calculation 
module and a second weight calculation module correspond 
ing to the first receive processing module and the second 
receive processing module , respectively . Additionally , pro 
cess 700 may involve a plurality of decoding metric gen 
eration modules generating decoding metrics . Each of the 
plurality of decoding metric generation modules may cor 
respond to a respective one of the plurality of receive 
processing modules . Each of the decoding metrics may be 
generated based on a respective processing result from a 
respective one of the plurality of receive processing mod 
ules . The plurality of decoding metric generation modules 
may include at least a first decoding metric generation 
module and a second decoding metric generation module 
corresponding to the first receive processing module and the 
second receive processing module , respectively . Moreover , 
process 700 may involve a decision module , configured to 
receive the respective weighting factors from the plurality of 
weight calculation modules , selecting one of the plurality of 
decoding metric generation modules to provide respective 
one or more decoding metrics as the determination output to 
the decoder for decoding . In some implementations , the first 
weight calculation module may be configured to generate a 
first probability P , as a first weighting factor , the second 
weight calculation module may be configured to generate a 
second probability P2 as a second weighting factor , the 
decision module may select the first decoding metric gen 
eration module to provide one or more first decoding metrics 
to the decoder in an event that the decision module deter 
mines that P , is greater than P2 , and the decision module 
may select the second decoding metric generation module to 
provide one or more second decoding metrics to the decoder 
in an event that the decision module determines that P , is not 
greater than P2 . 
[ 0071 ] Alternatively and with reference to receiver archi 
tecture 300 , in generating the determination output , process 
700 may involve a plurality of weight calculation modules 
generating weighting factors . Each of the plurality of weight 
calculation modules may correspond to a respective one of 
the plurality of receive processing modules . Each of the 
weighting factors may be generated based on a respective 
processing result from a respective one of the plurality of 
receive processing modules . The plurality of weight calcu 
lation modules may include at least a first weight calculation 
module and a second weight calculation module correspond 
ing to the first receive processing module and the second 
receive processing module , respectively . Additionally , pro 
cess 700 may involve a probability combining and decoding 
metric calculation module , configured to receive the pro 
cessing results from the plurality of receive processing 
modules and receive the weighting factors from the plurality 
of weight calculation modules , generating the determination 
output by performing LLR combining before calculating one 
or more decoding metrics . In some implementations , the first 
weight calculation module may be configured to generate a 
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first probability P , as a first weighting factor , the second 
weight calculation module may be configured to generate a 
second probability P , as a second weighting factor , and the 
determination output may be expressed by an equation as 
follows : 

LLR Pily b = 0 ) Wrecl + P2 ( yb = 0 ) Wrec2 
pi ( y | b = 1 ) Wrecl + pz ( y | b = 1 ) Wrec2 

with b denoting transmitted bits , Wrecl denoting a first 
normalized weighting factor corresponding to the first 
receive processing module , and wrecz denoting a second 
normalized weighting factor corresponding to the second 
receive processing module . 
[ 0072 ] Alternatively and with reference to receiver archi 
tecture 400 , in generating the determination output , process 
700 may involve a plurality of decoding metric generation 
modules generating decoding metrics . Each of the plurality 
of decoding metric generation modules may correspond to a 
respective one of the plurality of receive processing mod 
ules . Each of the decoding metrics may be generated based 
on a respective processing result from a respective one of the 
plurality of receive processing modules . The plurality of 
decoding metric generation modules may include at least a 
first decoding metric generation module and a second decod 
ing metric generation module corresponding to the first 
receive processing module and the second receive process 
ing module , respectively . Additionally , process 700 may 
involve a combining module , configured to receive the 
decoding metrics from the plurality of decoding metric 
generation modules , generating the determination output 
using a weighting factor . Moreover , process 700 may 
involve a weighting factor adjustment module , configured to 
receive the decoded signal , adjusting the weighting factor 
based on the decoded signal . In some implementations , the 
first decoding metric generation module may be configured 
to generate one or more first decoding metrics L? , the second 
decoding metric generation module may be configured to 
generate one or more second decoding metrics R ; , with 
Osisn - 1 and n being a number of symbols in the incoming 
signal , and the determination output may be expressed by an 
equation as follows : ( 1 - a ) * L ; + a * R ; , with a denoting the 
weighting factor that is adjusted utilizing a decoding result 
of the decoder . 

being so associated can also be viewed as being “ operably 
couplable ” , to each other to achieve the desired functional 
ity . Specific examples of operably couplable include but are 
not limited to physically mateable and / or physically inter 
acting components and / or wirelessly interactable and / or 
wirelessly interacting components and / or logically interact 
ing and / or logically interactable components . 
10074 ] . Further , with respect to the use of substantially any 
plural and / or singular terms herein , those having skill in the 
art can translate from the plural to the singular and / or from 
the singular to the plural as is appropriate to the context 
and / or application . The various singular / plural permutations 
may be expressly set forth herein for sake of clarity . 
[ 0075 ] Moreover , it will be understood by those skilled in 
the art that , in general , terms used herein , and especially in 
the appended claims , e . g . , bodies of the appended claims , are 
generally intended as “ open ” terms , e . g . , the term “ includ 
ing ” should be interpreted as “ including but not limited to , " 
the term “ having ” should be interpreted as “ having at least , " 
the term “ includes ” should be interpreted as “ includes but is 
not limited to , " etc . It will be further understood by those 
within the art that if a specific number of an introduced claim 
recitation is intended , such an intent will be explicitly recited 
in the claim , and in the absence of such recitation no such 
intent is present . For example , as an aid to understanding , 
the following appended claims may contain usage of the 
introductory phrases “ at least one ” and “ one or more ” to 
introduce claim recitations . However , the use of such 
phrases should not be construed to imply that the introduc 
tion of a claim recitation by the indefinite articles “ a ” or “ an ” 
limits any particular claim containing such introduced claim 
recitation to implementations containing only one such 
recitation , even when the same claim includes the introduc 
tory phrases “ one or more ” or “ at least one ” and indefinite 
articles such as “ a ” or “ an , ” e . g . , “ a ” and / or “ an ” should be 
interpreted to mean " at least one ” or “ one or more ; ” the same 
holds true for the use of definite articles used to introduce 
claim recitations . In addition , even if a specific number of an 
introduced claim recitation is explicitly recited , those skilled 
in the art will recognize that such recitation should be 
interpreted to mean at least the recited number , e . g . , the bare 
recitation of “ two recitations , ” without other modifiers , 
means at least two recitations , or two or more recitations . 
Furthermore , in those instances where a convention analo 
gous to " at least one of A , B , and C , etc . ” is used , in general 
such a construction is intended in the sense one having skill 
in the art would understand the convention , e . g . , " a system 
having at least one of A , B , and C ” would include but not be 
limited to systems that have A alone , B alone , C alone , A and 
B together , A and C together , B and C together , and / or A , B , 
and C together , etc . In those instances where a convention 
analogous to " at least one of A , B , or C , etc . ” is used , in 
general such a construction is intended in the sense one 
having skill in the art would understand the convention , e . g . , 
“ a system having at least one of A , B , or C ” would include 
but not be limited to systems that have A alone , B alone , C 
alone , A and B together , A and C together , B and C together , 
and / or A , B , and C together , etc . It will be further understood 
by those within the art that virtually any disjunctive word 
and / or phrase presenting two or more alternative terms , 
whether in the description , claims , or drawings , should be 
understood to contemplate the possibilities of including one 
of the terms , either of the terms , or both terms . For example , 

ADDITIONAL NOTES 
[ 0073 ] The herein - described subject matter sometimes 
illustrates different components contained within , or con - 
nected with , different other components . It is to be under 
stood that such depicted architectures are merely examples , 
and that in fact many other architectures can be implemented 
which achieve the same functionality . In a conceptual sense , 
any arrangement of components to achieve the same func 
tionality is effectively “ associated ” such that the desired 
functionality is achieved . Hence , any two components 
herein combined to achieve a particular functionality can be 
seen as “ associated with ” each other such that the desired 
functionality is achieved , irrespective of architectures or 
intermedial components . Likewise , any two components so 
associated can also be viewed as being " operably con 
nected " , or " operably coupled ” , to each other to achieve the 
desired functionality , and any two components capable of 
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3 . The apparatus of claim 1 , wherein : 
the first weight calculation circuit is configured to gener 

ate a first probability P , as a first weighting factor ; 
the second weight calculation circuit is configured to 

generate a second probability P2 as a second weighting 
factor ; and 

the determination output is expressed by an equation as 
follows : 

pilylb = 0 ) Wrecl + pz ( y1b = 0 ) Wrec2 LLR = log1 pi ( y | b = 1 ) Wrecl + P2 ( y | b = 1 ) Wrec2 

the phrase " A or B ” will be understood to include the 
possibilities of “ A ” or “ B ” or “ A and B . ” 
[ 0076 ] From the foregoing , it will be appreciated that 
various implementations of the present disclosure have been 
described herein for purposes of illustration , and that various 
modifications may be made without departing from the 
scope and spirit of the present disclosure . Accordingly , the 
various implementations disclosed herein are not intended to 
be limiting , with the true scope and spirit being indicated by 
the following claims . 
What is claimed is : 
1 . An apparatus , comprising : 
an antenna configured to receive an incoming signal ; 
a plurality of receive processing circuits comprising at 

least a first receive processing circuit and a second 
receive processing circuit , each of the plurality of 
receive processing circuits coupled to the antenna and 
configured to receive the incoming signal from the 
antenna and process the incoming signal to produce a 
respective processing result ; 

a determination circuit configured to receive the process 
ing results from the plurality of receive processing 
circuits and generate a determination output , the deter 
mination output comprising either one or more decod 
ing metrics based on a respective processing result 
from one of the plurality of receive processing circuits 
or a weighted combination of more than one respective 
processing result from more than one receive process 
ing circuit of the plurality of receive processing cir 
cuits ; and 

a decoder configured to receive the determination output 
from the determination circuit and decode the determi 
nation output to provide a decoded signal , 

wherein the determination circuit comprises : 
a plurality of weight calculation circuits each of which 

corresponding to a respective one of the plurality of 
receive processing circuits , each weight calculation 
circuit configured to receive the respective process 
ing result from the respective receive processing 
circuit and generate a respective weighting factor , 
the plurality of weight calculation circuits compris 
ing at least a first weight calculation circuit and a 
second weight calculation circuit corresponding to 
the first receive processing circuit and the second 
receive processing circuit , respectively ; and 

a probability combining and decoding metric calcula 
tion circuit configured to receive the respective pro 
cessing results from the plurality of receive process 
ing circuits and receive the respective weighting 
factors from the plurality of weight calculation cir 
cuits , the probability combining and decoding metric 
calculation circuit also configured to perform log 
likelihood ratio ( LLR ) combining before calculating 
one or more decoding metrics to generate the deter 
mination output . 

2 . The apparatus of claim 1 , wherein the first receive 
processing circuit comprises a Minimum Mean Square Error 
and Interference Rejection Combiner ( MMSE - IRC ) receive 
processing circuit , and wherein the second receive process 
ing circuit comprises a Network Assisted Interference Can 
cellation and Suppression ( NAICS ) receive processing cir 
cuit . 

with b denoting transmitted bits , Wreci denoting a first 
normalized weighting factor corresponding to the first 
receive processing circuit , and wrecz denoting a second 
normalized weighting factor corresponding to the sec 
ond receive processing circuit . 

4 . A method , comprising : 
receiving , by a plurality of receive processing modules 

comprising at least a first receive processing module 
and a second receive processing module , an incoming 
signal from an antenna to provide a plurality of pro 
cessing results ; 

generating , by a determination mechanism , a determina 
tion output based on the plurality of processing results , 
the determination output comprising either one or more 
decoding metrics based on a respective processing 
result from one of the plurality of receive processing 
modules or a weighted combination of more than one 
respective processing result from more than one receive 
processing module of the plurality of receive process 
ing modules ; and 

decoding , by a decoder , the determination output to 
provide a decoded signal , 

wherein the generating of the determination output com 
prises : 
generating , by a plurality of weight calculation mod 

ules each of which corresponding to a respective one 
of the plurality of receive processing modules , 
weighting factors each of which generated based on 
a respective processing result from a respective one 
of the plurality of receive processing modules , the 
plurality of weight calculation modules comprising 
at least a first weight calculation module and a 
second weight calculation module corresponding to 
the first receive processing module and the second 
receive processing module , respectively ; and 

generating , by a probability combining and decoding 
metric calculation module configured to receive the 
processing results from the plurality of receive pro 
cessing modules and receive the weighting factors 
from the plurality of weight calculation modules , the 
determination output by performing log - likelihood 
ratio ( LLR ) combining before calculating one or 
more decoding metrics . 

5 . The method of claim 4 , wherein the first receive 
processing module comprises a Minimum Mean Square 
Error and Interference Rejection Combiner ( MMSE - IRC ) 
receive processing module , and wherein the second receive 
processing module comprises a Network Assisted Interfer 
ence Cancellation and Suppression ( NAICS ) receive pro 
cessing module . 
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6 . The method of claim 4 , wherein : 
the first weight calculation module is configured to gen 

erate a first probability P , as a first weighting factor ; 
the second weight calculation module is configured to 

generate a second probability P2 as a second weighting 
factor , and 

the determination output is expressed by an equation as 
follows : 

P? ( y | b = 0 ) Wrecl + P2 ( y | b = 0 ) Wrec2 LLR = log pi ( y | b = 1 ) Wrecl + p2 ( y | b = 1 ) Wrec2 ' 

with b denoting transmitted bits , Wrecl denoting a first 
normalized weighting factor corresponding to the first 
receive processing module , and Wrec2 denoting a sec 
ond normalized weighting factor corresponding to the 
second receive processing module . 

* * * * 


