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I. Introduction 

For a long time, IT has been termed as the 

path diversity developing effective SNR 

related to fading wireless channel. 

Transmitters on a specific note comprise 

multiple antennas that are liable to get 

used by block as well as trellis for the 

space-time codes. This aims to reduce 

development and probability related to bit 

and block error for improved end-to-end 

performance of the system. However, there 

are various instances, when the mobiles 

might not support multiple kinds of 

antennas because of size or some other 

constraints. Under such instances, the 

conventional mode of space-time codes is 

not apt to get used. For single-user 

scenario, this ends the discussion. Still, in 

case of more operations for wireless 

systems there is the need for multiuser 

mode. Therefore, the idea related to user 

cooperation happen, whereby mobiles 

share antennas to get connected to uplink 

transmit diversity, as in Fig. 1. As every 

user can see independent path of fading 

towards base station, there is the 

attainment of diversity being transmitted 

for every data of the user by both the 

paths. Basic ideas are about the 

cooperation can be derived from literatures 

for relay channel along with work initiated 

by Willemson, the multiple access 

channel. Still, initial works about the 

cooperation of the user is because of 

Sendonaris et al. [7], [8]. 

Conventional space-time coding cannot be used to provide uplink transmit diversity when mobile phones cannot 

support multiple antennas due to size or other constraints. The concept of cooperation diversity has been 

introduced to address this limitation. Through this concept, mobiles achieve uplink transmit diversity by 

relaying each other’s messages. This paper presents two extensions of a powerful variation of the cooperation 

diversity concept, coded cooperation framework. In this framework, instead of a simple repetition relay, coded 

cooperation divides the codewords of each mobile and transmits each codeword through independent fading 

channels. 
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Current paper offers data in a theoretic 

model that needs enough achievable rate as 

well as outage probabilities that get 

examined and implementation to CDMA, 

where 2 users assist each other through 

transmission of bit over intervals of 2 

successive bits. 1
st

 interval is for bit being 

transmitted by single user and 2
nd

 interval 

is where the partner retransmits estimated 

bit. As noted by Laneman and Wornell [9], 

[10] the purpose of the current work is to 

assess outage probabilities added by 

proposing an amplify-and-forward relay as 

the best thing for SNR scenarios towards 

the interest. The former method is for 

partner who repeats received bits (through 

either by forwarding or otherwise by hard 

mode of detection). In the recent period, 

there is a different structured termed as 

coded cooperation [11]–[13], that 

comprises of the symbols not being 

repeated by partner. Rather, codeword for 

every user gets partitioned within two sets; 

where 1 partition gets transmitted by user, 

and another by partner. We have reviewed 

respective method in Section II, too. The 

derivations show that coded cooperation 

offers important performance gains for 

every channel. Moreover, by permitting 

diversified code rates along with partitions, 

the aspect of coded cooperation 

concentrates in offering enough flexibility 

towards the process of adaptation of 

channel conditions.  

This paper introduces 2 extensions to the 

structure of coded cooperation [11]–[13] 

that can well develop performance under 

various conditions. 1
st

 extension is liable 

to transmit users’ codewords partially 

under reminiscent of space-time codes
1
; 

therefore, we call it space-time 

cooperation. It permits the users to get 

hold of better space-time diversity under 

fast fading, as against coded cooperation. 

                                                      
1
 Depending on the multiple access mechanism, an 

actual space-time code may be used. 
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Moreover, as coded cooperation comprises 

of two code components, respective turbo 

codes remain within natural fit. We have 

further investigated turbo-coded 

cooperation for originally coded 

cooperation and for the space-time 

cooperation and illustrated turbo-coded 

cooperation liable to develop performance 

against the non-cooperative turbo-coded 

approach having comparable amount of 

computational complexity.  Turbo codes 

led by us get decoded at base station; 

whereby its component never adds mobile 

complexity. As we analyze space-time 

cooperation’s performance, there is the 

note of over-slow and fast-frequency on a 

non-selective basis of fading channels. 

There are bounds of tight union for Bit 

Error Rate (BER) Along with Block Error 

Rate (BLER), verified by simulations, and 

implemented by tools as well as 

techniques collected from Simon and 

Alouini [14] and further from Malkamäki 

and Leib [15]. There is the full diversity 

order attained under slow fading as both 

users assist each other. For fast fading, 

there is higher diversity in comparison to 

coded cooperation and the non-

cooperation. 

 

II. Coded cooperation: an overview 

Following the aforementioned context, 

coded cooperation acts through the means 

of sending every codeword of the user 

through 2 independent kinds of fading 

paths. Core concern is about the coded 

cooperation, as in [11] to [13]. This is 

about the attempt of the user in context of 

transmitting incremental redundancy over 

partner. As the same fails, respective users 

revert back automatically towards a non-

cooperative mode. Main aspect of the 

coded cooperation is about being managed 

automatically by the design of the code, 

and without any feedback among the users. 

Segment of the users in relation with their 

source data in the blocks remain 

augmented in a Cyclic Redundancy Check 

(CRC) code [16], with a total  

bits/source block (with CRC bits). Every 

block further gets encoded with error 

correction code of  to meet an 

entire rate of  code, we attained total 

code bits/source block. 2 users are liable to 

cooperate through the process of dividing 

transmission of bit codewords in 2 

successive spans of time segments, 

otherwise frames. In 1
st 

frame, every user 
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transmits rate in the form 

of

bits. This can attain higher rate code, e.g., 

through puncturing original codeword. 

Every user is liable receive as well as 

decode 1
st

 frame of partner. In case user 

decodes successfully, the rate  of the 

partner’s codeword, the user computes as 

well as transmits added parity bits for the 

data of the partner in 2
nd

 frame as 

. As for instance, in 

case the 1
st

 frame is attained through 

puncturing, collected bits can remain as 

puncture bits out of 1
st

 frame. As the user 

cannot decode the message of the partner 

successfully, he reverts for non-

cooperation through the calculation and 

the transmission of parity bits for his 

message. In case a user can decode 

partner’s message, yet not vice versa, both 

users will transmit the bits of the partner in 

2
nd

 frame. These bits remain optimally 

combined at base station before decoding 

(results of simulation gets reflected by this 

operation). Base station demands to be 

aware of the bits’ origin whereby each user 

attains transmitting under 2
nd

 frame. 

Simple solution gets base station that can 

simply get decoded as per possibilities 

within succession till the decoding 

happens successfully
2
. 

                                                      
2
 It is possible that the base station runs out 

of options without correct CRC check. In this 

case, the codeword with the lowest path 

metric from the Viterbi algorithm will be 

chosen. 
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Strategic maintenance of performance for 

entire system and rate with additional cost 

of complexity at base station gets referred 

in [13], with minimal implementation of 

complexity under care persuasion (50% or 

< in various conditions). In context of 

coded cooperation, every user needs to 

transmit total bits/source block in 2 

frames, along with users transmitting 

within their multiple channels for 

accessibility. We tried to define 

cooperation level as in the 

percentage to total bits/source block as 

transmitted by user for partner. As noted in 

Fig. 2 scheme’s operation with half-duplex 

operation related to mobiles remain 

significant through the means of assigning 

users’ orthogonal channels [10], [13]. 

There are innumerable methods of channel 

coding implied within the structure of 

coded cooperation. As for instance, the 

entire code may remain as a 

block/convolutional code, otherwise as 

combination of both. Partition among code 

bits for 2 frames can attain puncturing, 

codes for product, or other concatenation 

forms. Performance leads to [12] and [13] 

through simple, yet effective utilisation of 

coded cooperation through codes of Rate-

Compatible Punctured Convolutional 

(RCPC) [17]. Here, entire code gets noted 
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from respective family of RCPC code 

(e.g., mothercode). Codeword for 1
st

 

frame is meant through the application of 

the rate of puncturing matrix and added 

parity bits which get transmitted in 2
nd

 

frame which are punctured within 1
st

 

frame. Systems for coded cooperation 

attains full diversity as both the users 

cooperate (successfully decode) and offers 

BER’s impressive gains for slow fading. 

Still, because of the structure meant for 

fast fading, temporal and spatial diversity 

that are not simultaneously exploited 

through coded cooperation [12] and [13]. 

This stands as a key motivation in relation 

with the application of space-time 

principles for coding towards coded 

cooperation that is illustrated in the 

sections that follow. 

 

III. Coded cooperation added by space-

time transmission 

A. System Model 

For exposition, we determined to consider 

cellular system, wherein 2 mobiles were 

communicating with respective base 

station. Channels among each user as well 

as the base station (which are uplink 

channels) remain independent in an 

exclusive way (interuser channel). 

  

All channels remain in a flat (that is 

frequency under non-selective mode) 

fading. We noted flat fading to isolate 

spatial diversity’s benefits. Still, 

cooperation techniques as initiated hereby 

are easily extended towards wider band 

systems by selective frequency fading. 

Moreover, these techniques imply the 

equal ways to remain wireless under the 
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local area networking added by ad hoc 

networks as in [9] and [10]. Users get 

allocated towards orthogonal channels as 

integral to scheme for multiple 

accessibilities. We are noting case, 

whereby the receivers maintain data for the 

channel state and further employ coherent 

kind of detection aspects. In case of 

modulation through the implications of 

Binary Phase Shift Keying (or the BPSK), 

we followed band-equivalent kind of 

signalling of discrete-time that gets 

transmitted through user in 

the form of 

, that includes transmitted energy/bit for 

every user 

, added by 

BPSK-modulated code bit in due course of 

time. Corresponding signal as has been 

received through user  

, 

further denotes base station) as 

 

 

that considers in terms of 

magnitude related to fading coefficient 

among the 

users accounting in 

terms of noise and other modes of additive 

interference for receiver. We modelled 

 in terms of independent samples 

related to Rayleigh based distribution that 

is attained through random variable being 

featured by value of mean-square 

, that comprises 

of the value of , relevantly 

accounting large-scale path that has the 

loss as well as shadowing. In case of slow 

(or the quasistatic) fading, the coefficients 

is noted to be constant 

 over transmission 

related to every source block, instead the 

fast fading has i.i.d. in reference to every 

transmitted symbol. as the noise 

term gets modelled in the form of 

independent, additive zero-mean, with 

white Gaussian noise that has variance 

 Receipt of SNR remains 

instantaneous for channel among the users 

. In terms of Rayleigh distributed aspects 

 follows exponential mode of 

distribution added by mean - 
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We have assumed respective channel 

statistics, like,  as not 

subject to change with determined time. 

We thereby quantify entire quality of every 

channel through the means of 

corresponding average mode of received 

SNR as in (2). We note some consider 

cases where attained average note of 

received SNR is meant for two uplink 

channels, that are  being 

equal (in a statistical manner with same 

channels) and remains unequal (in a 

statistical manner being not same to the 

channels). 

This symmetry/asymmetry can be attained 

from proximity in relation with 

cooperating users towards everyone and 

base station. 

In the derivations from [7] to [10], channel 

among users and assumed state of 

reciprocal instance, which is, 

 remains justifiable 

in terms of  Time Division Multiple 

Access (or TDMA) as well as systems of 

Code Division Multiple Access (or 

CDMA) and slow fading. Consequences of 

slow fading as offered in this particular 

paper reflect assumption as in [13], with 

reciprocity/lack of being important in 

affecting results. In reference to fast 

fading,  get noted 

as independent (till 1
st

 frame transmissions 

of user get perfectly arranged that can 

appear false for TDMA and CDMA). 

 

B. Space-Time Cooperation 

We have extended structure of coded-

cooperation as in Fig. 3. As against 

original structure, our coded-cooperation 

allows users to transmit data from partner 

in 2
nd

 frame (to anywhere possible), within 

new method, that has been termed as 

space-time cooperation, whereby the users 

send their personal and parity bits of the 

partner in 2
nd

 frame. This is a strategy that 

remains effective within fast fading 

channel due to the 2 reasons mentioned 

below-  

 



ELK ASIA PACIFIC JOURNAL OF COMPUTER SCIENCE AND INFORMATION SYSTEMS 

 

Volume 1 Issue 1, September (2014) 

  

 
 

www.elkjournals.com 
…………………………………………………………………………………………………………………… 

 

Under fast fading, uplink channel of the 

user finds independent fading among 1
st
 

and 2
nd

 frames; so through partner’s 

channel from 2
nd

 frame there is no 

additional benefit. In context space-time 

cooperation, 2
nd

 frame undergoes path-

diversity just like every user is liable to 

transmit both parities of the users in the 

process of 2
nd

 frame. 

Moreover, users by sending their and 

partner’s data can hedge over bets against 

exceptional conditions within channel of 

inter-user. Recall about every user leads to 

independent decisions over cooperation, as 

per the reception related to data of partner. 

In case of a cooperating user receiving 

other correctly, yet never get, then one of 

many users might attain benefit from 

transmissions related to both 2
nd 

frames, 

otherwise other will not. As shown in [13], 

slow fading with reciprocal channel of 

inter-user is liable to lay impact over such 

imbalances that remain minimal as 

probability gets in relationship with 

imbalances being very small. In context of 

fast fading, this never happens. By the use 

of power in 2
nd 

frame for personalised 

data, users are liable to reduce impact over 

such adverse aspects. Space-time 

cooperation can be illustrated as - encoded 

block meant for User , divided under 

two frames -  

1, 2. In case of 2
nd 

frame transmission, if 

respective User 1 can decode  

successfully, he can start transmitting by 

the use of channel of User 1  and 

utilising channel of User 2 .  Otherwise, 

User 1  can well just transmit. For the 

maintenance of same average power, 

respective User  divides power under 2
nd 

frame as per ratio  in a way to get the 

energy as that the personal bits si 

of the User  and the partner  get 

transmitted with necessary 

energy   .  

We have denoted added parity bits of the 

respective User that are transmitted 

through User in the form of  

. To meet the current research 

objectives, multiple accesses added by 

coding schemes get assumed as 

that is liable to remain 

coherently combined at respective base 

station. We further illustrate 
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implementation of respective structure in 

context of different access as well as 

schemes of coding with details in Section 

III-C. 

Users remain independent within 2
nd

 

frame, that has no knowledge is the 1
st

 

frame is decoded correctly by respective 

partner. Thus, there remain four possible 

modes of cooperative cases in order to 

transmit 2
nd

 frame. For Case 1, both the 

users decode successfully in context of 

partners, so that each of them can send 

their 2
nd

 coded bits set within 2
nd

 frame, 

leading to fully noted cooperative scenario 

as in Fig. 3. In reference to Case 2, user or 

the partner are unable to decode 

successfully in 1
st

 frame, the approach 

reverts towards non-cooperative case for 

determined source blocks, 

, 2. In context of 

Case 3, respective User 2 decodes 

successfully to User 1, ye User 1 never 

decode User 2 successfully. As a result 

User 1 transmits his bits in 2
nd

 frame, 

which is and on the other hand, 

User 2 decides to split his power and 

further transmits added parity bits in terms 

of both the users. The scenario for Case 4 

remains same as Case 3, where roles 

played by User 1 and 2 get reversed. It is 

necessary to note bits of the user being 

transmitted only when there is multiple 

access to the channel, against original state 

of coded cooperation, with base station 

being aware of applying towards optimum 

combination for weights as well as 

decoding metrics ( as assumed as a 

priori).We can imply the same as in 

Section II to meet coded cooperation. 

Section V, is noted for the presentation of 

analytical methodology in terms of 

assessing performance related to space-

time cooperation, to display our 

achievement through full diversity within 

slow fading (as in Cases 1 and 3) with 

developed diversity related to originally 

coded cooperation within fast fading. We 

hereby demonstrate validity of such 

bounds through simulations as integral to 

performance as noted in Section VI. 

C. Issues of Implementation  

For CDMA, transmission channel 

demands for different sequences of chip. 

As the data for every user gets transmitted 

through 2 different users, there are 2 

transmissions which never remain coherent 

to time, yet can be resolved as per base 

station and combined through RAKE 
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fingers. We have noted that such a method 

1
st 

came into being in reference to 

uncoded cooperation of CDMA of 

Sendonaris et al. [7], [8]. 

For FDMA, there are newer method 

entailing transmissions over two varied 

bands of frequency. Every bit under 2
nd

 

frame is liable to transmit through 2 

antennas; therefore it is simple yet 

effective for the code of Alamouti [2] for 

utilisation. 

 

Space-time code by Alamouti needs 

symbols transmitting from two antennas 

under determined synchronization; or 

inter-symbol participation that can erode 

system performance. Tight 

synchronization of uplink among current 

users remains within systems of 

Orthogonal Frequency Division Multiple 

Access (OFDMA) [18], as for instance the 

symbols of training added by cyclic prefix 

along with other tools, showing detailed 

state of being outside the research scope of 

this paper. For TDMA, space-time code 

for Alamouti can be implied again, 

whereby the synchronization happens. As 

against TDMA’s OFDMA, 

synchronization at the level of symbol 

among users within uplink never gets 

guaranteed. Still, coarse synchronization is 
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there: as for instance, GSM offers 

synchronization to 0.5 symbol interval 

[19], that is not enough for this research 

purpose, yet get tighter synchronization. 

Development relays synchronization 

concern [20], yet demands more work in 

respective area. 

 

IV. Turbo-coded cooperation 

Coded cooperation by means of turbo 

codes (see Fig. 4), is liable to employ 2 

selected codes under Recursive Systematic 

Convolutional (or RSC) with interleaving 

[21], [22]. Users along with base station 

gain similar interleaver on a random basis 

(see Fig. 4). Codeword in reference to 1
st

 

frame gets attained by the application of 

1
st

  

RSC code. As the partner’s decoding 

attains success, user interleaves source bits 

on bit block as well as transmits parity bits 

in relation with 2
nd

 RSC code. The process 

of turbo coding is liable to get implied by 

coded cooperation/ cooperation of space-

time. Difference among two cases is noted 

within 2
nd

 frame. Turbo-coded cooperation 

makes every user transmit parity bits as in 

Frame 2 by the application of available 

power. In terms of turbo-coded space-time 

cooperation, every user is subject to 

transmit personal and 2
nd

 parity bits set of 

partner by splitting available power. In all 

such cases, in case the 1
st
 frame related to 

partner remains without successful 

decoding, user can encode, interleave and 

transmit 2
nd

 parity bits set for personal 

source block by the application of his 

power in total. The aforementioned 

scheme comprises of fixed 33% of 

cooperation that stands possible towards 

percentage of flexible cooperation and 

better performance, by the use of 

punctured turbo codes/compatible 

punctured rate of turbo codes (RCPT) [23]. 

Still, mobiles need to perform the process 

of turbo decoding over bits of partner, 

increase in complexity. Here, we just 

noting simple case added to fixed 

percentage of cooperation, whereby a user 

employs conventional mode of Viterbi 

decoding for respective partner (see Fig. 

4).At base station, amalgamation of 1s and 

2
nd

 frames leads to possibility meant for 

turbo decoding. Low-complexity remain as 

iterative decoder [21], [24] giving closer 

optimum mode of turbo codes’ decoding 

performance. 
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To get brevity, we have omitted 

explanation over modules of Single Input 

and Single Output (SISO) and iterative 

aspects related to turbo codes’ decoding. 

Many literatures, [24], [25] are there that 

gets referenced herein. 

 

V. Analysis of performance  

This section concentrates in presenting an 

analytical methodological approach for 

assessing performance related to coded 

cooperation. In the process of developing 

errors on pair wise probabilities, Section 

V-A uses techniques considered by Simon 

and Alouini [14], Craig [26], and 

Malkamäki and Leib [15]. Further, union 

bounds related to overall probabilities of 

bit-and block-error is noted in Section V-B 

by weight enumerating approaches. 

Validity of resulting bounds gets 

illustrated through simulations within 

Section VI. 

 

A. Probability for Pairwise Error: 

Pairwise error probability (PEP) related to 

the coded system has been noted as 

probability in terms of detecting erroneous 

codeword as the same gets transmitted. 

Generally, for binary code along with 

BPSK modulation, detection of coherent 

and maximised likelihood decoding, PEP-

conditioned over instantaneous mode of 

received SNR values get written in the 

form of [14, (12.13)] that denotes Gaussian 

approach [27, (2-1-97)], and get 

instantaneous receipt of SNR for 

respective code bit. 

 

Cardinality set remains equal to Hamming 

distance as noted between code-words  

and . Erroneous detection of , instead 

of , is error event, and typically gets 

referred to corresponding error event in 

relation with Hamming weight. 

Here, we have restricted our research to 

class meant for linear codes and have 

further assumed transmitted codeword as 

all-zero codeword. As a result, PEP relies 

on particular codewords  and the 

conditional PEP gets noted by . 

 

1) Slow Fading: Fading coefficients for 

every user uplink channel is constant over 

codeword, i.e., 
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for uplink channel of User  (subscript 0 

for base station). We thus can rewrite (3) 

in case of User 1’s codeword -

where and are bits count under 

Hamming weight, transmitted by User 1’s 

channel and also in context of both users’ 

channels, respectively, as 

 

For getting unconditional PEP, we need to 

consider expected value as in (4) in 

distributions of . Following 

Simon and Alouini [14], we can get –  

 

where gets noted as average uplink 

SNR between User , along with base 

station. Here, (5) needs to get noted as 

exact expression in relation with 

unconditional 

PEP for easily assessment with tools for 

numerical integration. 

Following upper bound gets attained for 

(5) through the process of noting integrand 

being maximized for  

 

In context of cases with where 

(Cases 1 and 3), we can get data from (6), 

for large SNR, respective PEP remains 

inversely proportional towards average 

SNR products in context of 2 uplink 

channels. Therefore,  with 

both being greater > 0, there is full 

diversity of 2 being attained well. This 

remains similar to originally noted coded 
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structure for cooperation that have (6) with 

 

In context of non-cooperation (in 

correspondence with Case 2), we need 

 as in (6), so we see that 

we just have diversified order one. In Case 

4, we attained  and 

thus diversified order one. 

 

2) Fast Fading: it refers to fading 

coefficients that are no more constant in 

terms of codeword, yet are i.i.d. over 

coded bits. Therefore, we need to 

generalize (4) in terms of- 

 

where set of gets portion of Hamming 

weight’s bits as transmitted by User  s 

channel. Cardinalities related to  

, respectively, 

with further,   

We implied techniques as in [14] as there 

are many to get from following expression 

under unconditional PEP: 

 

From (9), diversity order in case of fast 

fading gets noted as in Cases 1 and 3 

A 

against this, Cases 2 and 4 has  

and in terms of original coded for the 

cooperation structure  

added by no cooperation 

 with diversified order 

being equal to . Therefore, our modified 

structure includes space-time transmission, 
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offering increased diversity in terms of fast 

fading. 

 

B. Rate of Bit and Block Error  

We hereby can get the union bounds in 

relation with BER and BLER, since PEP 

function is used for the well-known 

enumeration tools for weight. It is 

necessary to note that for the attainment of 

tight bounds for slow fading, which can be 

used to limit-prior-average process from 

[15]. 

1) Convolutional Codes: as or structure 

considers terminated convolutional 

codesadded by a inite uncoded block 

length represented by  along with 

coded block length we hereby can 

attain bounds for respective BER and 

BLER uses for enumeration of weight over 

equivalent block code in terms of  

 

where gets noted for free distance of 

respective code, and further  gets 

the multiplicity related to the codewords in 

relation with input weight represented by 

and output weight represented by  

 

2) Turbo Codes: In the same way, we can 

note WEF (Weight Enumerating Function) 

to gain equivalent block code, as in [22] 

and [28]. Application of uniform 

interleaver [22]
3
, whereby WEF for entire 

concatenated code is on the basis of WEF 

over constituent codes. We followed the 

formulation as noted in [22] added by a 

minor variation meant in context of turbo 

code initiated with in the 

form of constituent systematic recursive 

convolutional codes along with interleaver 

mark with size  

Conditional WEF related to a block code 

as offers every possibility for 

codewords to get generated through the 

input set of the sequences added by weight 

 (that gets noted as , has been 

marked as dummy variable).  With the 

assumption of  as conditional 

                                                      
3
 A uniform interleaver with size K maps a 

codeword of weight w into all its distinct 

permutations with equal probability [22]. 
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WEF meant for in 

terms of Followed by this, the 

probabilistic uniform interleaver gets 

conditional WEF in relation with turbo 

code marked as in [22] 

 

Though we initiated with original turbo 

code structure [21], [22] with same kinds 

of constituent convolutional codes, 

considering WEF in terms of 

 being on separate domains 

(added by two dummy variables, which are 

and ), creates space for four different 

kinds of scenarios under the relevant 

cooperation schemes, that remains as 

subcase with the analytical purview of 

[22]. BER added by BLER for the turbo 

code seemed to get attained through the 

application of argument for union bound 

[22] 

  

that holds in terms of multiplicity 

for the codewords oin relation with input 

weight and relevant parity weights with 

  that can be collected from the 

corresponding code 

 added by and 

which stands in correspondence to 

PEP expression considered from Section 

V-A. Expressions as noted in 

aforeassumed context of 

 

It is necessary to note  being equal to 

exponents’ summation for and 

 added by  being equal 

to relevant exponent of  

 

3) Rate of Overall Bit and Block Error: 

Entire end-to-end mode of unconditional 

BER remains equal to average 

unconditional BERs four possible kinds of 

transmissions as has been discussed in 

Section III-B 
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where  noted by BER in 

relation with Case  

along with the 

probability of getting Case . End-to-end 

BLER bears same expression. Bounds 

over probabilities  for every 

4 cases get attained from BLER in relation 

with code used 1
st
 frame transmissions. 

Calculations made over gets 

omitted here, yet can be derived from [13]. 

In accordance to (13), entire end-to-end 

diversity can be attained through 

cooperation that stands same as weighted 

average over the diversity in connection 

with each of 4 cases, that withstand 

relative weights for the determination if 

interuser channel status. Determined 

behavior gets demonstrated rated under 

results of the performance as noted in 

Section VI. 

 

VI. Evaluation of the performance  

In order to meet our simulations, we 

implied 16-bit CRC code along with 

generator polynomial offered by 

coefficients 15 935 (that is hexadecimal 

notation). We hereby computed through 

computer enumeration of WEF for the 

collected codes by us. This is inclusive of 

partition in relation with Hamming 

weights  in the form of 

referring to the length of 

respective source block represented by . 

All the noted compositions are among the 

systems that stands equal to the rate of data 

marked as and with equal rate of code 

; thus, we plot error probabilities in 

contrast to SNR channel. Plotting of 

BER/BLER against SNR data bit, or 

 offers similar results till an 

additive constant under the domain of log-

SNR. Plots can remain applied equally 

towards every scheme of multiple 

accessibility due to: 

Application of orthogonal space-time 

block code being same in coherence with 

combined multiple copies of every data 

symbol [2], [4]. Therefore, consequences 

attained from space-time cooperation are 

noted below with equivalent base for the 

CDMA case, whereby the coherent 

remains in combination with the 

achievable resource through signature 

being with correlative properties, added for 

TDMA and FDMA, where orthogonal 

space-time block code gets implied as 
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noted in Section III-C. Moreover, all the 

collected results for this section are meant 

for space-time cooperation in the format of 

 

 

A. Rate-Compatible Punctured 

Convolutional Codes 

We have implied RCPC codes’ family 

along with memory 

determined puncturing period 

represented as rate ¼ mother 

code, added by the generator polynomials 

G (octal) as has been offered by 

Hagenauer [17].  In context of slow fading, 

we have selected entire structure of code 

rate as otherwise in case of fast 

fading, we are inclined to imply 

 In every possible case, source 

block remains with size  bits. 
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As illustrated in Fig. 5, there is the 

analytical bound added by the simulation 

with BER meant for slower mode of 

Rayleigh fading with arrange of 10 dB at 

an average SNR channels for interuser and 

perfect interuser. In case of both uplink 

channels of the users, there is same 

average SNR (that is Symmetric Uplink 

Channels), along with the cooperation 

level by 50%. Under the state of slow 

fading, whereby space-time cooperation 

attains important with non-cooperative 

systems: benefits same as coded 

cooperation. As for instance, BER of 

 for coding gain is noted as 9 dB 

being attained by system of non-

cooperative baseline related to similar rate 

added by bandwidth, as well as power as 

the interuser channel gets 10 dB. Perfect 

(with error free instance) interuser channel 
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illustrates gain limits that have BER = 

 , which is 11 dB. 

Fig. 6 declares BER results that are for fast 

Rayleigh fading with cooperation 

percentage at 30%. Uplink channel of the 

Use1 gets fixed at 5 dB, and the channel 

for User 2 varies from a range of 0 to 5 dB. 

Fig. 6 notes User 2 understanding gain of 1 

dB, in case, the channel for interuser is 

with average SNR that has 10 dB. In an 

interesting note, User 1 is with a better 

channel for the development. Union 

bounds matches well towards simulation 

results. 

 

As noted in Fig. 7 there is the comparison 

of coded co-operations of BLER and 

space-time on analytical bounds, in context 

of fast Rayleigh fading along with 10–dB 

interuser SNR. Cooperation remains at 

30%, added by SNR of User 1 that gets 

fixed at 10 dB, showing development of 

the User 2 and no declination in the 

performance of User by assisting User 2. 
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This is noted even though User 1 gets 

better SNR to begin. 

 

B. Turbo Codes 

We have employed best turbo code at rate-

1/2 of the eight-state constituent codes, 

added by generator polynomials noted as 

 (octal) from [29]. Here, 

entire code rate is 1/3. Source block 

comprises  

Cooperation percentage gets assessed as 

33%. Baseline related to all comparisons 

remains as non-cooperative mode of turbo 

coded system; thus comparisons remain 

fair as per computational complexity and 

rate. 

In Fig. 8 results of simulation are noted for 

BER of respective turbo coded cooperation 

against non-cooperative turbo code along 

with many conditions of interuser channel. 

Fig. 8 notes cooperation offering important 

benefits caused by increased diversity. 

Benefit at   gets noted 

from 5 dB (for 6dB interuser channel) 

towards 8 dB (perfect interuser channel). 

As noted in Fig. 9, union bounds added by 

simulation results led in terms of BLER of 

turbo coded cooperation gets marked for 

fast fading. Here, User 1 attains fixed 

average uplink SNR at the range of 5 dB, 

added by interuser channel of SNR 10 dB. 

Union bounds relevantly match simulated 

derivations, except in relatively low SNR 

under non-cooperative case, that gets noted 

as a behaviour as noted already, [28]. 

Profit for 'User 2 ranges 3 dB at 

 which decreases 

slowly as User 2’s SNR leads to User 

1SNR. User 1 (with better channel) 

sacrifices necessary performance through 

cooperation that stays acceptable for better 

system performance. It s noted as worst 

user attained development in a noted way. 
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Performance led by space-time turbo 

coded-cooperation turns up as fast fading 

channel and has been illustrated in Fig. 10. 

Conditions of the channel remain same as 

Fig. 9. Profit for User 2 is noted at BLER 

that stands same as turbo coded 

cooperation, yet the profit gets maintained 

on a wider SNR range. Further, User 1 are 

subject to gain from cooperation as against 

the former instance. 

 

VII. Splitting of minimax power  

There are various applications that are for 

the need of wireless system in order to 

offer and further maintain least possible 

service quality for all users. In context of 

non-cooperative system, there is the 

possibility that a user might have very 
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good channel which is liable to offer 

quality service in a very significant manner 

and in a better way as against necessary 

application. There is another user who can 

have a poor channel like user being 

outage/remain significant in increasing 

power for meeting service quality 

demands. This can turn up towards 

detrimental affect over other users in 

respective system. In such an instance, 

poor allocation of stem resources can 

happen. As the users cooperate, there is the 

scope to share resources like cooperating 

users attaining minimum quality of service 

with more reliability with least power. 

 

This in particular is meant for structure of 

space-time coded cooperation as noted 

here, leads to the ratios of and 

power splitting as well combined 

resources related to 2 users sharing most 
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effective provision. Guaranteeing 

minimum possible service quality for both 

users leads to minimax criterion in 

determining  

 

where end-to-end BER of User 1 and 2, 

get noted respectively. To resolve 

optimization issue, we identified  as a 

monotonically increasing approach of 

and decreasing approaches of  

(same as  increases and decreases 

with ). Therefore, at the optimum stage 

of (14) corresponds to a state, where 

are equal. In case 

are not equal, it has been 

clearly derived that we are liable to alter 

, or otherwise to make the same 

equal and therefore reduce maximum of 

. 

We can thus simplify (14) as -- 

 

Application of the Lagrange multipliers, 

we can note - 

 

Taking derivatives attained from (16) with 

, algebraic manipulation 

leads to- 

 

with attaining derivative of . The 

2 equations note above are solved in order 

to get necessary values for . 

These are the optimal values for 

 are meant for and act at 

average interuser as well as uplink SNR, 

along with entire scheme for coding and 

percent cooperation. Results as declared in 

Fig. 11 and Table I, we have solved (17) 

on a numerical basis through searching 

region under  . 
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Table 1 optimum and values for 

minimax criteria, where= 5 dB 

 

 

We used bounds as attained in Section V 

in order to get and related 

derivatives. As noted in Fig. 11, union 

bounds in relation with minimax 

optimization remain under fast fading 

added by the implementation of RCPC 

code. Average uplink SNR of User 1 

gets fixed at 5 dB, and of User 

2remains varied between 0 to 5 dB. The 

interuser channel comprises 10 dB at an 
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average SNR, added by overall rate of the 

code as  added by 30% 

cooperation. 

Optimum values related to  is 

meant for SNR point as noted in Table I. 

We noted that since uplink channel of User 

2 deteriorates on a relative ground to User 

1, they together allocate more power to 

data for User 2. Optimum are 

as both user’s uplink 

SNR remains equal, as considered. 

 

VIII. Conclusions 

In this paper, it has been introduced that 

there are two extensions towards the coded 

cooperation: as, space-time cooperation 

and turbo-coded cooperation. Coded 

cooperation remains as an effective 

structure for the attainment of uplink 

transmit diversity in context of single-

antenna mobiles. This paper offers 

extensions to turn coded cooperation more 

effective. Motivation in reference to space-

time cooperation is liable to capture 

diversity of space-time under fast fading. 

Motivation related to turbo coded 

cooperation leverage structure if natural 

two-code structure in relation with coded 

cooperation for the attainment of better 

performance. We are developing tight rate 

of bounds over bit and block-error as per 

proposed methods. Tall such bounds, and 

simulations, performance demonstrate 

proposed extensions: space-time 

cooperation offering profits in fast fading 

and further in turbo coded cooperation. 
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