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Abstract 

 

In wireless networking, receivers are typically assumed to be utilizing single-user 

decoding. Still, for more than twenty years we know that we can take advantage of 

interference by multi-user decoding. The Interference Cancellation (IC) technique has, of late, 

gained interest in the wireless networking context. Previous works [3] have shown 

considerable potential gains by leveraging optimal collaborative rate control to enable IC, 

focusing on the low Signal-to-Noise Ratio (SNR) regime. Here, we present centralized and 

distributed rate control algorithms, enabling IC, to increase system throughput. We consider a 

system where the receivers can apply multi-user decoding to perform IC and the rates are 

provided by a step-wise function of the Signal to Interference-and-Noise Ratio (SINR), in 

realistic conditions. We conduct a thorough simulation study comparing the proposed 

algorithms using two IC techniques, and deliver results that indicate significant system 

throughput gains. 
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Chapter 1 

Introduction 

With the increase in density of users in a network, the contemporary wireless systems are 

expected to maintain the Quality of Service (QoS). The system as a whole needs a fast and 

adequate decision making capability to fulfil the QoS requirements. Throughput, is often 

considered as a network performance element required for satisfying the QoS. In the past, 

analysis of wireless networks is carried out using the physical model for data reception. The 

receivers are assumed to employ single-user decoding. That is, the receiving node considers 

only the signal from transmitting node of a link for decoding and passing on to higher 

network layers. All the concurrent transmissions are seen as interference and within this 

context are typically treated as a thermal noise increase.  

Wireless networking in general, regards interference as a throughput-limiting factor as the 

physical model plots the Signal to Interference-and-Noise Ratio (SINR) to an effective data 

rate. Unlike noise though, interference is an organised signal, containing encoded information. 

Multi-user decoding receivers can take advantage of this to perform Interference Cancellation 

(IC) [1]. That is, the receivers can attempt to decode (cancel) stronger signals before decoding 

the signal of interest. It directly results an increase in SINR for the signal of interest, enabling 

better transfer rates. To perform decoding of an interfering signal, it should be received with 

sufficient power, in comparison to all other transmissions, including the original signal of 

interest at the receiver. That is, to perform IC at a receiver the “Interference to other-Signals-

and-Noise Ratio” (an intuitive yet non-rigorous term coined in [2]), must meet the SINR 

threshold for decoding the transmitted rate of the interfering signal. Note that a key 

assumption for decoding interference signal is that the receivers share their transmission 

schemes (the modulation and channel coding pairs). Naturally, this is the case for transmitters 

belonging to a single or multiple collaborating wireless networks. 

1.1 Thesis goals 

Our work is based on the previous work in [3] focused on IC benefits from the perspective 

of networking. The single-user detection links tend to operate at the highest rate permitted by 

the SINR, but considering IC this is not necessarily optimal. If  some links‟ data rates are 

reduced below the maximum feasible, it may enable others to decode them, perform IC, and 

thus result in better SINR allowing higher throughput transmission schemes.  
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Interference cancellation is a nontrivial technique and a variety of multiuser detection 

techniques have been developed. For example, Successive IC [4], [5], [6] is the most widely 

adapted, while there also exists Parallel IC (PIC) [7], [8], and the zero-forcing and 

interference alignment [9], [10] techniques introduced more recently. Still, there exists 

physical layer issues with synchronization (e.g. see [11]), and also issues related to QoS 

constraints of higher layer may not allow full flexibility in IC [2]. This is analysed by 

introducing a set of centralized and distributed algorithms for deciding and coordinating IC. 

They provide fast solutions, enable more than one concurrent (Parallel) or Successive 

cancellations of interfering links and provide significant total throughput gains in a realistic 

SINR regime. Unlike both these previous works and that which has been presented in [12], 

the proposed algorithms can handle IC at realistic network sizes. 

1.2 Method 

The performance of a system can be improved by increasing the throughput at each node 

individually. The IC can be performed with certain criteria and if each node satisfies these 

criteria, higher transmission rates can be attained by cancelling the surrounding interferences. 

To increase the data rate of a link, it might be required to reduce the neighbouring links‟ data 

rate to decode and perform IC. To reach a conclusive state of the overall throughput, the gains 

and reductions in the throughputs are carefully analysed for which, a standard interference 

cancellation technique has to be utilized such as implementing the Successive Interference 

cancellation (SIC). A rate function with lower SINR limitation is used to ensure realistic 

transmission schemes. The rate function helps in eliminating the generation of inactive links. 

The system is analysed using both centralized and distributed algorithms and are discussed 

individually in Chapter 3. Algorithms are framed to verify the performance of the SIC & PIC 

on different scenarios. 

1.3 Thesis overview 

The thesis report is organized with the following chapters: 

Chapter 1:  

 This chapter deals with brief introduction to our thesis, thesis goals and 

methodology. 

Chapter 2: 

 In this chapter we present related work in the fields of Interference cancellation, 

the background of cancellation techniques, the conditions required for interference 

cancellations, and a tractable case to explain the working of interference cancellation. 
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Chapter 3: 

 In this chapter we introduce different heuristic algorithms starting with a simple 

centralized algorithm, we increase the complexity to form better algorithms which finally 

helps in developing a distributed algorithm. 

Chapter 4: 

 In this chapter we discuss about the simulation setup that is used for evaluating 

the algorithms, we explain different calculations we made for the evaluation and the 

implementation process to carry out the simulation. 

Chapter 5: 

 In this chapter we present the simulation results and a brief discussion on the 

observations based on number of cancellations, number of reductions, and total system 

throughput gains for each algorithm. 

Chapter 6: 

 In this chapter we give our conclusions based on the observations made in the 

results. 
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Chapter 2 

Related Work 

Interference limits the performance of cellular networks more than any other single effect. 

It is distinguished from noise as it is caused by other human designed devices. Interference is 

mostly from devices working in the same network. The conventional noise can be reduced by 

increasing transmission power; this simple approach increases overall interference as 

neighbouring devices should now deal with even higher interference than before. The 

maximum overall system capacity can be achieved by planning each device use the minimum 

transmit power required, so that the other devices in the network experience minimum 

interference. The achievable data rates for wide area wireless networks for example, cellular 

systems are limited. Even though peak data rates of order 1–10 Mb/s are expected for third-

generation (3G) techniques such as EV-DO [13] and HSDPA [14], a typical subscriber 

generally experiences an actual data rate less than 100 kb/s, and also can have a very poor 

latency.  

The speed and reliability of cellular systems have to be dramatically improved to compete 

with wireless Local Area Networks (LANs) like the IEEE 802.11 family. This can be 

achieved by innovative algorithms at the network and physical layers such as advanced signal 

processing techniques at the base station and mobile nodes. Future cellular systems will 

employ sophisticated scheduling algorithms in the downlink, so the primary function of the 

mobile unit will be decoding the desired signal in the presence of interference from the 

neighbouring cells. This is fortunate, since the mobile units will still be highly power limited 

and hence have limited processing power. It is difficult to coordinate and accurately 

synchronize scheduling algorithms for the uplink, since all users are at different distances 

from the base station and have rapidly changing multipath channels.  

Although the emergent time-division synchronous CDMA (TD-SCDMA) standard from 

China [15] has implemented uplink synchronization control, challenging the conventional 

wisdom that the uplink is necessarily asynchronous in CDMA systems, it is likely that most 

future cellular systems will still have an asynchronous uplink. Regardless, the base station 

will be tasked with decoding all K users in the presence of significant in and out-of-cell 

interference. Although this is a more challenging task, the base station receivers will generally 

have much higher complexity allowance than their mobile counterparts. For these reasons, 
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downlink receivers at the user terminals will employ relatively simple multi-user receivers 

that attempt to restore the orthogonality of intracell users via either a chip-level equalizer 

(CDMA) or intercarrier interference suppression (multi-user orthogonal frequency-division 

multiplexing, OFDM) while handling at most a few dominant and unknown other-cell 

interferers. On the other hand, uplink receivers at the base station will employ multiuser 

receivers that are capable of robustly decoding all desired and interfering users in the cell in 

the presence of nontrivial amounts of other-cell interference. Note that utilizing other 

sophisticated technologies such as multiple-antenna techniques or opportunistic multi-user 

scheduling will not change this fundamental reality in a multicell system. Multiple-antenna 

systems will be especially subject to interference limitations since by increasing the data rate 

per user and using many transmit antennas, the total interference imposed on neighbouring 

cells is further increased, making multi-user algorithms all the more prescient if multiple-

input multiple-output (MIMO) is adopted [16–18]. And although multiuser scheduling may 

increase throughput and decrease the number of interfering users, at lower spreading factors 

interference suppression will become even more crucial. 

2.1 Background of Interference Cancellation 

In traditional wireless networks interference has been considered harmful and can be seen 

from both theoretical analysis (e.g., [19]) and experimental measurements (e.g., [20], [21]). 

As a network becomes larger, the corresponding effects of interference are severe. When the 

throughput of a point-to-point link approaches Shannon capacity, it is essential to allow 

simultaneous transmissions to increase the wireless network capacity noticeably. 

Consequently, there is an increase in the interest for research in techniques for achieving 

simultaneous transmissions and receptions. In the communications community, innovative 

techniques such as zero forcing [23] and interference alignment see [22] and references 

therein. In these techniques, each receiver is enabled with decoding algorithms. The 

interfering signals can be cancelled when multiple senders collaboratively encode signals to 

multiple receivers. In their paper [10], the authors refer to all of these cooperative sender-side 

techniques as cooperative interference alignment techniques. Receivers can cancel 

interference in order to extract the desired packets by utilizing overheard packets. Previously, 

investigations on interference alignment techniques and cancellation are carried out that are 

either target specific opportunities (e.g., [24], [25]) or are mainly theoretical by focusing on 

asymptotic behaviours. In [26], the authors present that, it is not possible to achieve optimal 

scaling capacity in arbitrary extended networks applying old-fashioned point-to-point 
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abstraction for α ≥ 3, where α is path loss coefficient; to achieve optimal scaling, cooperative 

schemes are required.  

2.1.1 Parallel Interference Cancellation. 

Parallel interference cancellation (PIC) is a multiuser detection [1] technique where a 

particular user‟s signal is decoded by subtracting an approximation of the multiple-access 

interference (MAI) from the original signal of that user. PIC can be used in a variety of 

asynchronous or synchronous multiuser communication systems containing interfering users. 

If the multiple-access interference is calculated precisely then the consequent signal 

approximation for a particular user does not contain multiple-access interference thereby 

achieving single-user performance. Concatenated PIC stages are employed in PIC multistage 

structure to generate a group of ultimate decision statistics. The earlier stage‟s tentative 

decision outputs are used in each stage to create new multiple-access interference calculations 

and subtract these interference values from the original estimation to create new tentative 

decision outputs with apparently lower multiple-access interference. The authors in [27] and 

[28] called their PIC detector as a multistage detector. This is the first PIC detector for code 

division multiple access (CDMA) communication systems. The multistage detector was 

designed similar to the optimum maximum-likelihood detector and also to contain many 

desirable properties such as low computational complexity, potential for good performance, 

and low decision latency. Considering that bit decisions of prior stage are all correct and with 

perfect knowledge of the user amplitudes and cross correlation factors; a single-user 

performance can be achieved at a particular stage using multistage detector to perfectly cancel 

the MAI. But on the other hand, a bit decision error for Kth user in prior stage output leads to 

have a wrong sign in the Kth user‟s interference estimate and cancellation of this estimate 

from original signal results in amplifying the interference caused by the Kth user on remaining 

user‟s computational statistics. 

2.1.2 Successive Interference Cancellation 

In [29], it is shown that even with estimation errors in signal cancellation, the capacity of 

cellular CDMA systems increases considerably by using SIC. When compared to 

conventional implementations, the receivers using Multi User Detection (MUD) techniques 

provide noticeably higher capacity as indicated in the analysis of MUD [1].SIC is a promising 

practical approach towards MUD. The complexity of SIC is linearly proportional to the 

number of users, it works well in synchronous and asynchronous environments. There are few 

challenges that need to be overcome such as the power allocation for different users need to 
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maintained properly. A conventional matched-filter receiver considers that all the users 

receive same power to satisfy an equal SINR requirement. But in SIC, this is more 

complicated as the users are decoded one after other and each instance a large portion of their 

interference is cancelled from the signal before decoding the next user. In order to satisfy the 

equal SINR requirement, it is necessary that earlier users that are being cancelled have higher 

received powers than the later users. A power allocation scheme is proposed in [30] for SIC to 

achieve perfect IC. In [4] the authors show that receivers employing SIC will significantly 

increase capacity if Direct-Sequence Code Division Multiple Access (DS-CDMA) system is 

used. They point out that SIC requires non-uniform distribution of received powers to 

function properly. 

Simplicity is a major concern with multiuser detectors and interference cancellers. In an 

asynchronous channel, it is observed that the suboptimal linear detectors have considerably 

complex processing. In schemes where the collective detection of users‟ signals is performed 

appear to have a complex parallel structure. Therefore instead of performing parallel 

cancellation, successive cancellation can be implemented. The serial (successive) structure is 

more simple (requires less hardware) and stronger in performing the cancellations (see [31]). 

Performance comparison of the parallel and successive IC schemes is made in [32].  

Through this work in [6] the authors have shown that by using a simple successive IC 

scheme, one can effectively estimate and cancel a CDMA signal and thus substantially reduce 

near/far effects from a CDMA system and increase the system capacity. 

In [33], the author‟s show that SIC improves bandwidth utilization in cellular networks. In 

contrast to wireless LANs, the deployments are designed with centralized control. The 

synchronization of clocks of all the devices in the system is done by continuous closed-loop 

communications between the towers and cell phones. The towers define the appropriate 

transmission power, coding rate, and spreading codes to distinguish different uplink sends. 

Time division along with synchronized clocks enables the frames' transmissions to be aligned.  

2.2 Conditions for Interference Cancellation 

Collision can be defined as two or more exclusive packet transmissions arriving at a 

receiver concurrently. It is possible to decode only the strongest signal considering the other 

signals as interference. Nevertheless, SIC enables recovery of much weaker signals. For this, 

the stronger signal is decoded. The original signal is reconstructed by subtracting (cancelling) 

stronger signal from the combined signal. The process under goes several repetitions to 

remove all the interferences to recover the required signal and hence it is called as successive 
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interference cancellation. Consider two transmitters    and    as shown in Figure 1, 

transmitting simultaneously at equal rates to a common receiver   , let     and     be received 

signal strengths respectively. Assume   as bandwidth and   as noise of the channel. Receiver    should be able to decode the stronger signal. Consider     as the stronger signal and     the 

weaker signal as interference. 

 

Figure 1: Two transmitters sharing a common receiver 

 In order to decode the stronger signal, Shannon‟s theorem says that highest feasible rate  ̂   for   ‟s transmission to    is 

  ̂                           

If   transmits at rates less than or equal to  ̂  , it can be decoded at   . Receiver   can 

decode   ‟s signal. If    ‟s signal is perfectly cancelled, the new bitrate  ̂   is 

  ̂                       

Note that to facilitate SIC, transmitter    ‟s rate  ̂   may need to be lower than the weaker 

transmitter   ‟s rate  ̂  . Let us now consider two transmitters    and   transmitting 

concurrently to different receivers     and   , respectively and     denote received signal 

strength (RSS) of    from    .  

 
Figure 2: Four possible scenarios for two links: signal of interest (solid-line) and interference (dashed-line) 
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The conditions required to enable SIC for each of the four possible scenarios can be 

formulated using the Figure 2.  

In figure 2.1;          and         , this shows that the required signals at each of the 

receiver are stronger than the interference and SIC is not required in this scenario. 

In figure 2.2;          and         , this shows that the required signal    at the 

receiver     is stronger than the interference and SIC is not required at   .But, for SIC at 

receiver   , the maximum permissible transmission rate for    to    is                     and 

at     the permissible transmission rate of     is                    . It clearly indicates that 

SIC at      is possible only if                      . Correlating this RSS relation with relative 

distances derived conditions for SIC as:  

(a) Receiver    should be closer to     than its own receiver   .  

(b) Receiver    should be closer to     than its own transmitter   .  

In figure 2.3;          and         , this is exactly like figure 2.2 with the weak and 

strong signal pairs reversed. 

In figure 2.4;          and         , SIC can be performed at both the receivers. The 

conditions have to be satisfied at both     and   . The maximum transmission rates for 

pairs       and        are                  and                 respectively. The SIC is 

possible at: 

(a) Receiver   only if                   . 
(b) Receiver   only if                  . 
The RSS is calculated based on distance between transmitter and receiver, using the path 

loss exponent of α=4.  

2.3 A Tractable Case 

Let       and        be a pair of links that shall be referred as “link 1” and “link 2”. 

The path losses for these links are     and      respectively, operating at a fixed common 

transmission power  . The interference paths are       and        with path losses     

and      respectively. Supposing there is no IC, the SINR at receiver    will be                    

and at receiver   ,                    where   is the thermal noise power. Let    ,     as SINR 
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thresholds mapped on to some effective transmission rates (i.e. modulation/coding scheme 

used, along with some requirement for a given bit-error rate), consider         ,        . 

Initially, the link 1 is allowed to cancel the interference generated by link 2. In order to 

perform IC, the transmission of    should be decodable at   , so its “Interference to other-

Signals-and-Noise Ratio” has to be                          . Therefore the second link can be 

cancelled at    and the new SINR for the first link becomes             . The link 1 is only 

limited by its path loss     and thermal noise. Therefore a modulation and coding scheme 

corresponding the new     SNR value can be used by the link 1 and enjoy the matching higher 

single-user channel throughput. Concurrently, if link 2 would attempt to cancel the 

interference of link 1, it should: (a) be able to decode the new transmission scheme of link 1, 

and (b) up on successful decoding of link 1, increase its own transmission scheme, while 

continuing to satisfy the condition for link 1 to able to cancel it.  

On the other hand, if               , where     corresponds to a lower level link 

throughput. The transmission of link 2 should now be limited to produce a modulation and 

coding scheme corresponding to the    threshold. This transmission will be sufficient 

for    to perform IC. In this scenario, the throughput gain in link 1 must be greater than the 

throughput reduction that link 2 has to undergo and as a result yields a total gain in throughput 

through IC. This may also cause link 2 to not perform IC. 

An example showing the prospective gains of collaborative IC is presented in Figure 4. 

Consider two identical links that rotate about their middle points as centres (as shown in 

Figure 3). The rotation is stopped as the transmitter of each link coincides with the receiver of 

the other. The results are presented with an open ended limit on 180º ([0, 180) degrees range) 

as the path loss of the links cannot be defined for distance-based path loss model. The 

throughput function considered is a non-decreasing function mapped on to the SINR values 

attained from a large set of throughput levels. Note that in practical systems, due to the 

discrete nature of the modulation/coding schemes, the mapping of SINR-to-rate is typically 

discrete and the consequent rate set is not very big. For illustration purposes, the function is 

normalised to attain the value of 1 for the single user throughput of the links. Both 

transmitters are assumed to have common power. 

 It can be observed straight forward in Figure 4 that up to nearly 120º, the most 

advantageous throughput-sum approach is to cancel any one of the two links. For the 

illustrated setup, rate reduction is not necessary in the interfering link: the strength of 

interference is higher than the strength of corresponding transmission signal, so it can be 
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decoded at the initial modulation and coding scheme. Therefore, the link that is not cancelled 

stays at the original throughput level, just as in the left plot. While the receivers move closer 

to the interfering transmitters, the interference becomes high enough for both the receivers to 

cancel the other links‟ interference at higher modulation and coding schemes than that in non-

IC situation to the left, as a result it enables increase in the aggregate throughput. Undeniably 

when the interfering transmitters almost coincide with the receivers, the interference is so 

high that without IC the throughput drops near zero, while in the case with IC the interference 

is so high that it can be decoded even when it is at the most SNR demanding modulation and 

coding scheme. Notice that in order to enable this, both links must cooperate and not select 

the highest possible rate. 

 
Figure 3: Two identical rotating links. 

 

 
Figure 4: The 2×2 identical rotating link throughput result without (left) and with IC (right). 
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Chapter 3 

Heuristic Algorithms for Interference Cancellation 

To establish our algorithms we provide the necessary terminology describing the system 

model used. A set of transmitter-receiver pairs           ,           forming a set of   links 

is considered. The   links have fixed transmission power and single-user decoding receivers. 

These links are generated such that their SINR values     are over a minimum threshold   . 

Threshold    requirement guarantees that all the   links are above a minimum throughput. To 

calculate throughput, we consider that the effective transmission rate   that a link attains is a 

function of its SINR   i.e.         .  In practical systems we see that there is only a finite set 

of suitable transmission rates that are available for the transmission schemes (i.e. the 

modulation and coding pairs). Therefore we assume a non-decreasing, step-wise function as 

our    function as shown in Figure 5 [34]. 

 
Figure 5: The step-wise R function. 

The rate steps in    corresponds to the mapping of the required SINR thresholds of the 

respective transmission schemes, under a given bit-error-rate requirement, to effective data 

rate (throughput) values [8]. Denoting the SINR thresholds   ,             and the respective 

rate steps as     then the function   becomes: 
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We consider that there are   available transmission and coding schemes. We further 

denote the “Interference to Signal and Noise Ratio” as     , where link   attempts to cancel the 

interfering transmission of link   . Consider link   operates at rate level    therefore we use                   to indicate the respective threshold   has achieved. So, as indicated in 

Section 2.3, to perform the cancellation it is required that          . To evaluate our 

algorithms we consider as our baseline, the set of rates achieved under this model with single-

user decoding receivers. Hence their description below assumes that the system is at steady-

state and the receivers are switched to multi-user decoding ones.  

3.1 Centralized baseline algorithms 

In centralized algorithms we evaluate the IC capabilities of links in a sequence where the 

all the   links are sorted using a parameter that represents both (a) the capability of a link to 

gain throughput by performing IC, as well as (b) the actual amount of improvement in terms 

of throughput. We use: 

                                                  

where   is the index of the rate step corresponding to   function, i.e.              . 

Note that in the metric   the denominator indicates “how easy” it is for a link   to achieve the 

next threshold. We see that if the SINR distance is less, we require lesser amount of 

interference to be removed from link  ‟s SINR denominator to go up a rate step. The 

numerator enumerates the throughput benefit from such a rate increase on the link using IC.  

3.1.1 A simple IC  

In this algorithm we consider a simple greedy approach and based on this we develop 

more complex algorithms in the following sections. In this algorithm we sort the N links in a 

descending order of the   metric value. We start examining each link   ,            in this 

order, taking one link at a time and verifying the capability for cancelling some of the 
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interference from the remaining links. For this, we arrange the remaining     links in a 

descending order of their interference power. We examine their     , to perform IC. We take 

one link   at a time as long as there are no more links remained to be cancelled, or until some 

of the interference power cancellations leads to increase in the rate step of current link. 

Observe that if a link   is to be cancelled, we lock its rate step to make sure that this 

cancellation can be performed always. Therefore, we do not try to verify the possibility of the 

rate-locked links to perform IC. 

Algorithm for Rates going up without backtracking: 

1) All the links are sorted in increasing order of the product (The proximity of SINR to 

next level to achieve higher rate) and (The Gain in throughput achieved by this change 

in level). 

2) The interferences of each link are arranged in decreasing order of arrival power. This 

means the strongest interferer is tried to cancel first.  

3) Verify if an interferer can be cancelled. 

4) The cancellation is done sequentially until the current link goes up in level.  

5) When a link   goes up in its rate by cancelling an interfering transmitter, the rate of the 

interferer is locked and the locked rate cannot be changed. 

6) Steps 2 to 5 are repeated for the next link from the order of proximity, provided it is 

not already cancelled. if the link is cancelled by previous SIC then next link in the 

order is to be considered. 

3.1.2 Algorithm with backtracking and gains’ reductions 
Unlike the previous simple algorithm, in this algorithm we consider re-examining the rate-

locked links for any potential gains on performing IC. We relax the rate-locking of the links 

that are cancelled by links of higher   value. We try to perform IC on      links for each 

link  , in the order of decreasing interferences just as in the previous algorithm. In the order of 

Q when we consider a link  , we examine if this link can be cancelled at its current rate. If link 

j had already gone up in the rate step by previous IC, we check if IC is possible for all the rate 

steps down to  ‟s original rate i.e., before any IC took place on  , thus requiring   to reduce its 

gains. We check if there is a benefit in rate step increase of   by IC removing (a) any 

throughput loss from   upon reducing its rate step and (b) loss of throughput gains of the links 

that had already cancelled and ratelocked  , then we backtrack by unlocking the rate of   
allowing it to go up. Therefore, we reduce the rates of links such as   and also the rates of 
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links that had locked   where ever it is required. Note that in this algorithm, the rate 

reductions are allowed only on the links that have already benefitted from previous IC. We 

allow no link to go below the original rate that it had under single-user decoding.  

Algorithm: 

1) The ordering is done as in the algorithm „without backtracking‟. 

2) Start with the most probable link   to gain from a level change. 

3) Starting from the strongest interferer  . 
4) Verify if interferer   can be cancelled from  . 

a. If yes, perform cancellation and verify if there is gain in rate level at link  . 
i. If yes, Update the new rates and lock the interfering link  . 
ii. If no, perform step (4) using the next strongest interferer. Until   goes up in 

a level. 

b. If no, go to next link in the order of proximity and start from step (3). 

5) Calculate the current rate of the interfering link and calculate the gain that is achieved 

after SIC. 

6) Update the rates of   after IC. Interfering links   are marked as cancelled. 

7) For the next link  , check if the link    is already cancelled by some other link 

a. If yes, 

i. Check which link   cancelled link  , check the ISNR from  . Store the gain 

after IC of   the current link. 

ii. Verify if the link   can still perform IC on link   with new rate of link  . 
1. If yes, update the new rates at  ,  . 
2. If no, compare the gains in throughput at link   and  . Check if gain 

after IC at   is higher, 

a. If yes, undo the previous implementation of IC at   and consider 

the IC at current link  . 
b. If no, undo the changes made on the current link and go to next 

link. 

b. If  no, go to next link and start from step (3). 
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3.1.3 Algorithm with rate requests  

Unlike previous algorithm, where the links are not allowed to go down in their rates below 

their original rate, if required, we allow the rates of the links to go below their original rate 

that they had under single-user decoding so as to attain higher system throughput. This 

algorithm works on a different approach, this approach provides a brief overview of how the 

distributed algorithm is developed. Every link   checks the remaining     links by 

descending order of interference power, to identify if there is any rate step at which it can 

cancel them. The cancellation is said to be Successive IC if the      value is calculated taking 

into account the preceding cancellations. We start by creating a table for each link   that can 

be cancelled and we note the highest rate step that enables the cancellation. As a result we 

have for each link   a list of “cancellable rates” for its interferers and its own gain on 

performing IC at those rates. We arrange these links in descending order of throughput gain 

and continue with remaining links along this order. We allow backtracking as in the previous 

algorithm so as to ensure maximum gain in the total system throughput gain. For the sake of 

simplicity we initially performed Parallel IC to check the performance and later implemented 

Successive IC, so that we have a comparative analysis between the two methods. The parallel 

IC is performed considering the cancellations of the interfering links to happen concurrently 

treating all the remaining links as interferers while calculating      . 
Algorithm: 

1) For each link   check the interfering rate from   if            Interference cancellation 

is possible. 

2) If  the interfering rate from   on the link   is greater than the rate of the link   move to 

the next link. 

3) If No, the interfering link   has to go down to the rate at which,   can cancel the 

interference of link  . Store the rates that every   needs to have to be cancelled by   in 

the form of a table. 

4) All such requests from links should be stored and check for the Transmitter   that goes 

down to give a maximum gain in Interference cancellation. This therefore reduces the 

transmission rate of such a link   as well as disables the link   from going up. 

5) Perform IC on links which can cancel out the link   and update the gain in the rates. 

6) The links   and   are now locked and are no longer available for any changes in rates. 

7) Whereas link   can go down in levels if there is any gain possible at other links. 

8) Go to step 4 for the next maximum gain. Until all the links are checked for IC. 
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3.1.4 Algorithm with rate requests using a predefined order 

In this algorithm we consider a simple greedy approach as in section 3.1.1, the difference 

is that the rates of links are allowed to go below the original rate that it had under single-user 

decoding. Here we sort the   links in a descending order of the   metric value. We start 

examining each link   ,            in this order, taking one link at a time and verifying the 

capability for cancelling the interference from the remaining links. If a link   can be cancelled 

readily, we perform IC and move to the next link in the interference ordering, but if the link   
cannot be cancelled at it is original rate, we request it to go down in its rate step so as to 

enable the IC. The rates of the links   are locked and cannot be changed. Observe that this 

algorithm does not allow backtracking, the reason for this to be called as a greedy algorithm. 

Algorithm: 

1) The ordering is done just as the ordering in the Backtracking cases. 

2) Link   orders its interferers in descending order of the received signal strength (RSS).  

3) The strongest interferer is cancelled first. If link   has transmission rate of      and 

ISNR from   to   is less than    , the receiver in link   requests transmitter in link   to 

go down in rate less than or equal to rate of ISNR from   to  . 
4) This requires the link   to be locked at a lower rate. There by reducing the rate of the 

overall system. This may or may not increase the rates of other links. 

5) This process is done until all the links in the order are verified for IC. 

3.2 Distributed algorithm 

As indicated in the section 3.1.3, the distributed algorithm is based on requesting the 

interfering links for rate changes in a local and un-coordinated fashion. We have distributed 

the tasks in this algorithm into three time slotted stages (i) interferers rate requests, (ii) 

evaluation of requests, and (iii) announcements and updates. 

 

1) Interferers rate requests: Each link i evaluates its interferers, as in the centralized 

algorithm discussed in section 3.1.3, in order to identify at which of their rate level it can 

perform IC on each interfering link. Upon identifying the interferers it can cancel, each link i 

evaluates its own gain in throughput and broadcasts a request in the form of a N× 1 vector of 

rates. The vector formed by a link i contains its own gain and the highest rates it can allow the 

N- 1  interferers in order to reach its new rate step.  
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2) Evaluation of requests:  When this “request vector” is received, each link j compares its 

rate request from the vector with their current rate. If the request vector value is less than its 

current rate, it needs to verify whether on reducing its rate, which in turn enables link i to go 

up in rate-step, will ensure an increase in the total system throughput. If there are multiple rate 

requests from N- 1 links, j decides to change its current rate to the rate step that will result in 

the highest total system throughput. 

3) Announcements and updates: After completion of previous step, each link j announces 

its new rate. Requesting links evaluate the new rate vector and implement the achievable 

interference cancellations. Observe that if there are any link(s) that do not comply with the 

rate request of any link i, it chooses the next best alternative rate step ensuring an increase in 

the increase in total system throughput. 

Time slotted distributed algorithm: 

1) Time slot one  

a. Every receiver arranges its interferers in decreasing order. 

b. Successive IC starting from the strongest interferer. 

c. If IC is not possible 

i. Check the ISNR from link   if it belongs to the rate function. 

1. If yes, receiver requests new rate from interferer links. 

2. If no, IC cannot be possible. 

d. The gain up-on IC with the new rates will be sent to the interferer. 

2) Time slot two 

a. Calculating the system gain considering the rate requests from the interferers. 

b. Assigning the new rate based on highest system gain at current link. 

c. System gain calculation: 

i. (Cumulative gain from other interferer up on going down) – (The loss in 

rate for current receiver) 

3) Time slot three 

a. Every link announces its decision (i.e. going up by cancelling some other links or 

Going down to enable IC for some other links or to stay at current level (this 

could also mean some other link has requested to stay in the current level)). 

b. Update the new rate levels at each link in accordance with the Decisions. 

c. If any particular link   behaves different from the request of link  , link   chooses 

the next best system gain level and updates accordingly.  
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Chapter 4 

Simulation environment and implementation  

In order to compare the performances of all the algorithms discussed in the previous 

chapter, we have created a common environment to calculate the total system throughput gain 

and to perform analysis thereafter. The following sections describe the environment setup and 

calculations performed for analysis in the thesis. 

4.1 Environment setup 

We have considered a system of N = 6, 12, 18, and 24 links (each link corresponds to a 

separate transmitter-receiver pair) operating at power P = 10W. These links are randomly 

generated maintaining similar SINR distribution for all the four cases, each of the links having 

a minimum threshold of   .The transmitter-receiver pair is separated by a minimum distance 

of 75m. One hundred such scenarios are created for each set of links.  The links are randomly 

generated. For better understanding we have used two sets of data.  

 

In order to have similar SINR we considered the following network areas: 

Set-1: The link sets have different network areas: 

1) 6 Links   ----- 800 X 800 sq. meters. 

2) 12 Links ----- 1000 X 1000 sq. meters. 

3) 18 Links ----- 1200 X 1200 sq. meters. 

4) 24 Links ----- 1400 X 1400 sq. meters. 

Set-2: All link sets have same network area of 1400 X 1400 sq. meters. 

We present a snapshot of the network area in Figures 6 and 7, and the corresponding 

SINR distribution for four cases of link sets in Figures 8 and 9. Note that the similarity that is 

brought forward is in terms of the limits of the SINR distribution rather than them being 

identical; the PDF curves show that each of the links in all cases is always above minimum 

threshold   (Viz., -5.3dB). 
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Figure 6: Network area snapshots for set-1 of 6, 12, 18, and 24 links. 

 

 

 

 
Figure 7: Network area snapshots for set-2 of 6, 12, 18, and 24 links. 
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Figure 8: SINR distribution for set-1 of data samples of 6, 12, 18, and 24 links. 

 

 

 

 
Figure 9: SINR distribution for set-2 of data samples of 6, 12, 18, and 24 links. 
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4.2 Calculations  

Upon creating random nodes for 100 data samples in each of 6, 12, 18, and 24 scenarios, 

we start to calculate the performance metrics such as SINR and channel capacity, for this we 

followed the steps enumerated below:  

1) We assume path loss model with a path loss coefficient of 4 as it is calculated as: 

                         

where     is the distance between transmitter-receiver pair of link  .      is the path loss for 

link  .  
2) SINR at each receiver     is calculated using the formula:  

          ∑                                     

where,    is the transmission power with 10W and   is the thermal noise power. 

 

3) The ISNR at each receiver      is calculated as follows: 

           ∑                                       

where,      is the interference from transmitter   at receiver  . Observe that while 

calculating the ISNR at a receiver  , the transmission from its own transmitter   appears as 

interference in the denominator.  

4) We assign the effective transmission rate   for each link using the rate-step function   

shown in Figure 5. 

4.3 Implementations 

The simulation of the algorithms is performed in Matlab. We first create one hundred 

snapshots in each set of links based on a condition discussed in section 4.1. For each of these 

snapshots, we calculate the total system gain in terms of throughput using each algorithm and 

save the results simultaneously. Hence we have one hundred saved outputs for each set of 

links. Later with these outputs, we calculate and compare the parameters like SINR, System 

throughput, Total number of cancellations, and Interference reductions. 

For better understanding the results are presented using percentiles of top and bottom 

throughput gains. The following chapter elaborates on the results and observations of our 

thesis.  
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Chapter 5 

Simulation results and analysis 

Simulation is carried out as mentioned in the previous chapter to evaluate the performance 

of all the algorithms using PIC and SIC. Two different sets of data are used for this purpose so 

as to have a better understanding. A snapshot of simulation setup is provided for a 6-link 

environment in the Figure 10.  

 

 
Figure 10: An indicative case of the centralized rate requests’ algorithm. 

The process of the Distributed Algorithm can be explained using the above snapshot 

where two cancellations take place. The algorithm works in three steps, as the first step, each 

node evaluates the gains from each of its interferers and sends this result to them. The second 

step involves calculating the total system gain using the information received from other 

nodes and deciding to either stay at current rate-levels or to change their rate-levels. In the 

third step every node announces its decision and depending on this each node adapt to the 

resulting rate-levels. Observe that Link-1 requires Link-3 to reduce its rate step from 8 to 6 

which in turn brings a gain of 7 rate steps at Link-1. The total system gain during this process 

can be seen as Total gain –Total Loss = 5, which results in a net increase of 6.7Mb/s from the 

baseline. In other cancellation, Link-6 cancels Link-5 at its current rate step, gaining 5 rate 

D
is

ta
nc

e
 in

 m
et

er
s 

Distance in meters 



 
 

24 
 

steps. This snapshot clearly illustrates the benefits of the Distributed Algorithm, in the 

following sections we compare and analyse different performance metrics for all the 

algorithms. 

Number of Cancellations: 

Firstly we see the number of cancellations each algorithm performs, each cancellation is 

an indication of a definite gain in system throughput, and we show four different plots Figure 

11-14 for different data sets and different cancellation techniques. Figure 11 and 12 are 

generated using PIC on two different sets of data, whereas Figure 13 and 14 are generated 

using SIC on these same sets of data. The general trend in the number of cancellations is 

expected to increase as we increase the complexity of algorithms. For each algorithm the 

wherever the IC is possible the increase in rate step is noted and the average on the whole for 

each set of links is calculated and is presented over each algorithm in the plots.  

 

 
Figure 11: Number of cancellations per snapshot using PIC for Set 1. Marked over each group is the average 

number of rate step increments. 

Each set of links is analysed using 100 snapshots and so the maximum number of links in 

that can be cancelled in each set of links is N-1 (N = [6, 12, 18, 24]). Observe that for 6 links 

the maximum number of cancellations possible is 500 and in the Figure 11 it is seen that there 

are 32 cancellations using the Basic IC, which sums up to a probability of 6.5%. These 

probabilities are used to analyse the performance and will be presented at the end of this 

chapter. 
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Figure 12: Number of cancellations per snapshot using PIC for Set 2. Marked over each group is the average 

number of rate step increments. 

 

 
Figure 13: Number of cancellations per snapshot using SIC for Set 1. Marked over each group is the average 

number of rate step increments. 
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Figure 14: Number of cancellations per snapshot using SIC for Set 2. Marked over each group is the average 

number of rate step increments. 

 

 

Number of Reductions: 

As a second part of analysis the number of reductions each algorithm requires for its links 

to enable IC to have a better system throughput is considered. Four different plots Figure 15-

18 for different data sets and different cancellation techniques. Figures 15 and 16 are 

generated using PIC on two different sets of data, whereas Figures 17 and 18 are generated 

using SIC on these same sets of data. The first two algorithms Simple IC and Backtracking 

with Gain Reduction are not incorporated with reducing of the links‟ rate step below their 

baseline rate steps. So, these two algorithms are not presented as there would not be any links 

reducing their baseline rate steps. As the complexity increases the number of reductions 

increase and the centralised algorithm Rate reductions is the base algorithm used to develop 

the Distributed algorithm. The important observation one can make out of these plots is that 

the number of rate reductions reduce drastically in a centralised algorithm using Successive 

Interference cancellation. The Distributed algorithm performs otherwise this behaviour can be 

attributed to the aggressive policy of cancellations and rate selections.  
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Figure 15: Number of links reducing their baseline rates to enable IC per snapshot using PIC for Set 1. Marked 

over each group is the average number of rate step decrements, each time such is expected to reduce its rate. 

 

 

 

 
Figure 16: Number of links reducing their baseline rates to enable IC per snapshot using PIC for Set 2. Marked 

over each group is the average number of rate step decrements, each time such is expected to reduce its rate. 
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Figure 17: Number of links reducing their baseline rates to enable IC per snapshot using SIC for Set 1. Marked 

over each group is the average number of rate step decrements, each time such is expected to reduce its rate. 

 

 

 
Figure 18: Number of links reducing their baseline rates to enable IC per snapshot using SIC for Set 2. Marked 

over each group is the average number of rate step decrements, each time such is expected to reduce its rate. 
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Throughput Gains: 

The third part of analysis consists of the total throughput gains that each of the algorithms 

provide by taking advantage of the IC. Four different plots Figure 19-22 for different data sets 

and different cancellation techniques. Figures 19 and 20 are generated using PIC on two 

different sets of data, whereas Figures 21 and 22 are generated using SIC on these same sets 

of data. The general trend of the throughput gains is expected to increase as the complexity in 

the algorithms increase. The performance is monitored using top 95-percentile, mean value, 

and bottom 5-percentile for each algorithm and for each set of links. The throughput is 

measured in Megabits per second.  

 

The performance of SIC in the Rate requests algorithm is better than that using PIC. It is 

because of the very small number of cancellations required for the rate-step increments. The 

Distributed algorithm is expected to perform in the same way but due to the limitation of the 

number of cancellations because of the aggressive policy of cancellations, it is observed that it 

performs almost same using PIC and SIC. But overall performance of the Distributed 

algorithm is always better than the Centralised algorithms.  

 

 

 
Figure 19: Throughput gains for each algorithm using PIC for Set 1. Marked over each group is it’s the mean 

(over 100 instances) throughput value for single-user decoding receivers (baseline). 
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Figure 20: Throughput gains for each algorithm using PIC for Set 2. Marked over each group is it’s the mean 

(over 100 instances) throughput value for single-user decoding receivers (baseline). 

 

 

 
Figure 21: Throughput gains for each algorithm using SIC for Set 1. Marked over each group is it’s the mean 

(over 100 instances) throughput value for single-user decoding receivers (baseline). 
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Figure 22: Throughput gains for each algorithm using SIC for Set 2. Marked over each group is it’s the mean 

(over 100 instances) throughput value for single-user decoding receivers (baseline). 

The Tables 1-6 provide the average values of the two data sets we considered for the 

analysis. The Tables 1-3 show the performance of PIC and Tables 4-6 show the performance 

of SIC. The Algorithms Simple IC, Backtracking with Gains Reduction (BT), Rate Requests, 

Rate Requests using predefined Order (RRO), and Distributed algorithms are shown in the 

rows and their corresponding values in the columns under each set of Links.  

Table 1: Average Number of cancellations for each of the algorithm using PIC 

Number of Cancellations 

Algorithm 6-Links 12-Links 18-Links 24-Links 

Simple IC 24.5 49 105 124 

BT 24 49.5 109 127 

Rate Requests 55.5 108.5 218.5 264.5 

RRO 71 131.5 249.5 326 

Distributed 96.5 176 301.5 384 

 

The Maximum total number of Cancellations possible for 6-Links is 500 and for 24- Links 

is 2300.The probability that a cancellation takes place using the simple IC algorithm for 6-

Links is 4.9% and for 24-Links it is 5.3%. Similarly all the trends are considered to analyse 

the system performance using different algorithms to come to a conclusion regarding the best 

performing algorithm. 
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Table 2: Average Number of Reductions for each of the algorithm using PIC 

Number of Reductions 

Algorithm 6-Links 12-Links 18-Links 24-Links 

Simple IC 0 0 0 0 

BT 0 0 0 0 

Rate Requests 27 53 88 109 

RRO 25 47 85 105 

Distributed 50 87 134 153 

 

Table 3: Average Total Throughput gain for each of the algorithm using PIC 

Total Throughput Gain (Mbps) 

Algorithm 6-Links 12-Links 18-Links 24-Links 

Simple IC 112.0483 167.4235 250.9056 266.2369 

BT 118.4128 169.929 266.2304 273.9006 

Rate Requests 235.5495 311.6585 364.5921 363.1044 

RRO 294.5614 357.0629 385.2981 361.0572 

Distributed 414.5689 438.0461 451.1938 419.2758 

 

Observe that the Distributed algorithm has highest number of cancellations on an average 

of the both different sets and it provides higher throughput gains in comparison to the 

centralised algorithms. The following section provides the tables and values for the 

performance of the algorithms using SIC. For the sake of ease, the algorithms are presented in 

abbreviated forms as Backtracking with gains reduction (BT), Rate Requests using predefined 

Order (RRO). 

Table 4: Average Number of cancellations for each of the algorithm using SIC 

Number of Cancellations 

Algorithm 6-Links 12-Links 18-Links 24-Links 

Simple IC 24.5 49 105 124 

BT 24 49 104 123.5 

Rate Requests 55.5 108 217 263 

RRO 71 131.5 249.5 326 

Distributed 95.5 175 294 376 
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Table 5: Average Number of Reductions for each of the algorithm using SIC 

Number of Reductions 

Algorithm 6-Links 12-Links 18-Links 24-Links 

Simple IC 0 0 0 0 

BT 0 0 0 0 

Rate Requests 5.5 7.5 6 6.5 

RRO 25 46.5 84.5 105.5 

Distributed 52 92.5 141.5 158.5 

 

Table 6: Average Total Throughput gain for each of the algorithm using SIC 

Total Throughput Gain (Mbps) 

Algorithm 6-Links 12-Links 18-Links 24-Links 

Simple IC 112.04825 167.4235 250.90555 266.2368 

BT 118.41275 170.132 268.13695 274.39695 

Rate Requests 235.1432 312.4031 365.1451 364.2509 

RRO 294.56135 357.06285 385.2981 361.0572 

Distributed 412.6054 442.56015 457.88485 426.08035 

 

 

We begin by examining the behaviour of the proposed algorithms with respect to taking 

advantage of the IC capability towards enabling the use of higher rates. First of all we observe 

that the flexibility introduced by the distributed algorithm (magenta dashed column in figures 

11-22) results in providing the most cancellations, whereas the centralized algorithm with 

backtracking (dotted green) performs roughly half (figure 11-14). 

Note that in our algorithms cancellations take place only when they result in enabling rate 

increments. Clearly “enforcing” links to go below their single-user “greedy” rate increases the 

potential in performing IC. Still, more cancellations, from one algorithm to the other, does not 

map proportionally to the number of rate levels they enable. This is well expected as both the 

Q metric and the distributed algorithm‟s policy tend to promote the cancellations that enable a 

link to reach the next rate step rather than “jump”.  

Furthermore, we note that the distributed algorithm results in roughly one per six links 

reducing its rate level, but we see this being disproportionate to the number of levels these 

step down on average (figure 15-18). This is due to the more aggressive policy of our 
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distributed algorithm, enabling the link gaining the most to step up in setting the rates. 

Whereas in the rate requests‟ algorithm, where the Q metric selects the more “efficient” link 

to initiate the rate selection process, the result is more balanced with less links reducing their 

rates and each reduction being fewer rate steps on average.  

With respect to performance, we obtain throughput gains in the order of 10% up to 15% 

on average, while there are snapshots with gain of up to 25% (in the two rightmost groups of 

figure 19-22). The distributed algorithm offers consistently the higher total throughput, and 

practically always provided IC solutions, unlike the others, which could not perform IC in 

some instances. This can again be attributed to the aggressive policy of prioritizing the highest 

gaining link. 
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Chapter 6 

Conclusion and Future work 

We have presented three rate control algorithms collaboratively enabling Interference 

Cancellation under multi-user decoding receivers. The performance evaluation through 

simulations indicated that the distributed algorithm yields the best throughput results, going 

up to 25% in some cases, whereas the centralized algorithm with explicit rate reduction 

requests come a close second. The centralized algorithm with rate requests presents better 

fairness properties, as fewer links are reducing their rates and those that do are not as 

aggressive as in the distributed. With respect to scalability the distributed algorithm offers 

better results, since the number of cancellations, as well as rate lever decrements, are both 

proportional to N, while the gain per increment is practically constant (see figure 11-14). 

Our work here complements the previous work in [3] by providing evaluations of 

straightforward, fast algorithms, in realistic test setups. Further scope of work includes 

formulating a protocol in ad-hoc wireless networks in order to evaluate the distributed 

algorithm in system-level simulation and evaluate its overhead, stability and scalability 

properties.  The work in this domain has already begun and related work is published in [35]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

36 
 

References 

 

[1]  S. Verdu, Multiuser Detection, Cambridge University Press, 1998. 

[2] D. Yuan, et al, “On Optimal Link Activation with Interference Cancellation in Wireless 

Networking”, IEEE Trans. Veh. Technol., vol. 62, pp. 939–945, Feb. 2013. 

[3] V. Angelakis, L. Chen, and D. Yuan, “Optimal and Collaborative Rate Selection for 

Interference Cancellation in Wireless Networks,” IEEE Comm. Lett., vol. 15, pp. 819–821, 

Aug. 2011. 

[4] A. Agrawal, et al. “Power control for successive interference cancellation with imperfect 

cancellation,” in Proc. of IEEE ICC ‟02, pp. 356–360, Apr. 2002. 

[5] S. Weber, et al. “Transmission capacity of ad hoc networks with successive interference 

cancellation,” IEEE Trans. Info. Theory, vol. 53, pp. 2799–2814, Aug. 2007. 

[6] P. Patel and J. Holtzman, “Analysis of a simple successive interference cancellation 

scheme in a DS/CDMA system,” IEEE J. Select. Areas Commun., vol. 12, pp. 796–807, June 

1994. 

[7] D. R. Brown III, et al. “On the performance of linear parallel interference cancellation,” in 

IEEE Trans. Inf. Theory, vol. 47, pp. 1957–1970, July 2001. 

[8] H. Yan and S. Roy, “Parallel interference cancellation for uplink multirate overlay CDMA 

channels,” IEEE Trans. Commun., vol. 53, pp. 152–161, Jan. 2005. 

[9] D. Halperin, T. Anderson, and D. Wetherall, “Taking the sting out of carrier sense: 

interference cancellation for wireless LANs,” in Proc. Of ACM MobiCom ‟08, pp. 339–350, 

Sep. 2008. 

[10] L. E. Li, et al. “A general algorithm for interference alignment and cancellation in 

wireless networks,” in Proc. IEEE INFOCOM ‟10, pp. 1–9, Mar. 2010. 

[11] S. Wei, D. L. Goeckel, and M. Valenti, “Asynchronous cooperative diversity,” in IEEE 

Trans. Wireless Commun., vol. 5, pp. 1547–1557, June 2006. 

[12] E. Karipidis, E. G. Larsson, and D.Yuan, “Mixed-integer linear programming framework 

for max-min power control with single-stage interference cancellation,” in Proc. of IEEE 

ICASSP ‟11, pp. 3448–3451, May. 2011. 

[13] “S. R0023, High Speed Data Enhancement for CDMA2000 1x-Data Only,” 3GPP2, June 

2000.  

[14] “High Speed Downlink Packet Access (HDSPA), Release 5,” 3GPP, 2003. 



 
 

37 
 

[15] B. Li et al., “Recent Advances on TD-SCDMA in China,” IEEE Commun. Mag., vol. 43, 

no. 1, Jan. 2005, pp. 38–44. 

[16] R. Blum, J. Winters, and N. Sollenberger, “On the Capacity of Cellular Systems with 

MIMO,” IEEE Commun. Lett., vol. 6, June 2002, pp. 242–44. 

[17] H. Dai, A. Molisch, and H. Poor, “Downlink Capacity of Interference-Limited MIMO 

Systems with Joint Detection,” IEEE Trans. Wireless Commun., vol. 3, no. 2, Mar. 2004, pp. 

442–53. 

[18] W. Choi and J. G. Andrews, “Spatial Multiplexing in Cellular MIMO CDMA Systems 

with Linear Receivers,” Proc. IEEE ICC, Seoul, Korea, May 2005. 

[19] P. Gupta and P. R. Kumar. The capacity of wireless networks. IEEE Transactions on 

Information Theory, 46(2):388–404, Jan. 2001. 

[20] J. Li, C. Blake, D. S. J. D. Couto, H. I. Lee, and R. Morris. Capacity of ad hoc wireless 

networks. In Proceedings of ACM MOBICOM, 2001. 

[21] Y. Li et. al. Effects of interference on wireless mesh networks: Pathologies and a 

preliminary solution. In Proceedings of HotNets,Atlanta, GA, Nov. 2007. 

[22] V. R. Cadambe and S. A. Jafar. Interference alignment and the degrees of freedom for 

the k user interference channel. IEEE Transactions on Information Theory, 54(8):3425–3441, 

2008. 

[23] D. Tse and P. Viswanath. Fundamentals of Wireless Communication. Cambridge 

University Press, May 2005.  

[24] S. Katti, S. Gollakota, and D. Katabi. Embracing wireless interference: Analog network 

coding. In Proceedings of ACM SIGCOMM, Aug. 2007. 

[25] S. Gollakota, S. D. Perli, and D. Katabi. Interference alignment and cancellation. In 

Proceedings of ACM SIGCOMM, 2009. 

[26] U. Niesen, P. Gupta, and D. Shah. On capacity scaling in arbitrary wireless networks. 

IEEE Transactions on Information Theory, 55(9):3959– 398, 2009. 

[27] M. Varanasi and B. Aazhang, “Multistage detection in asynchronous code-division 

multiple-access communications,” IEEE Trans Commun., vol. 38, pp. 509–19, Apr. 1990. 

[28] M. Varanasi and B. Aazhang, “Near-optimum detection in synchronous code-division 

multipleaccess systems,” IEEE Trans. Commun., vol. 39, pp. 725–36, May 1991. 

[29] J. Andrews and T. Meng, ”Optimum Power Control for Successive Interference 

Cancellation with Imperfect Channel Estimation”, to appear IEEE Transactions On Wireless 

Communications, Oct, 2001.  



 
 

38 
 

[30] D. Warrier and U. Madhow, ”On the capacity of cellular CDMA with successive 

decoding and controlled power disparities,” 48thIEEE Veh. Tech. Conference, vol. 3, pp. 

1873-7, May 1998.  

[31] Y. C. Yoon, R. Kohno, and H. Imai, “Combination of an adaptive array antenna and a 

canceller of interference for direct-sequence spread spectrum multiple access system,” IEEE 

J. Select. Areas Commun., vol. 8, no. 4, May 1990. 

[32] P. Patel and J. Holtzman. “Performance comparison of a DSKDMA system using a 

successive‟ interference cancellation (IC) scheme and a parallel IC scheme under fading,” to 

appear.  

[33] J. G. Andrews. Interference cancellation for cellular systems: A contemporary overview. 

IEEE Wireless Communications, 12(2):19–29, Apr. 2005. 

[34] V. Angelakis, S. Elyasi, S. Katuri, and Di Yuan, “Rate Control Algorithms Turning 

Interference into Advantage”, the 4th Nordic Workshop on System & Network Optimization 

for Wireless (SNOW), Ylläs, Finland, Apr. 2013. 

[35] V. Angelakis, E. Tragos, S. Papadakis, E. Karamichali, and Di Yuan, “Successive IC 

Enabled by Distributed Rate Control in an 802.11a Ad Hoc Wireless Network”, IEEE Smart 

Communications in Network Technologies (SaCoNeT), Paris, France, June 2013. 

 

 

 

 


