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Abstract- We carry optimization of the cellular network and a device-to-device (D2D) underlay communication by 
optimizing spectral sharing through auction-based mechanism. For that, we implement reverse iterative combinatorial 
auction mechanism(R-ICA), in which the cellular devices laced with spectral bandwidth bid for d2d devices iteratively.  We 
introduce a slight conjunction, and use sum rate as a priority rather than prices in auction mechanism. In addition, we 
compare the results obtained with the already proposed R-ICA method by plotting the obtained spectral efficiency values 
against the number of D2D users.  
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I. INTRODUCTION 
 
In a usual cellular network, user equipment’s even in 
proximity to each other interact with each other with 
multiple-hop link through base station This results in 
loss of efficiency of the link in terms of spectral 
bandwidth and power utilized. In a D2D link, two 
UEs (user equipment) can establish a direct link with 
each other over a direct link using the cellular 
resources instead of through the BS (base station). 
The BS instead monitors the communication 
periodically for its health. 
D2D communication can be popularly used to 
improve local area services, and by spectrum reuse 
local data rates can be increased dramatically. 
However, the unlicensed spectrum reuse may bring 
inconvenience for local service providers to guarantee 
a stable controlled environment, e.g., ad hoc network 
[2], which is not in the control of the base station 
(BS) or other central nodes. Hence, accessing to the 
licensed spectrum has attracted much attention. 
The potential of improving spectral utilization has 
stimulated work in this feature, which shows that 
D2D can improve system performances by reusing 
cellular resources. As a result, D2D is expected to be 
a key feature supported by next generation cellular 
networks. 
The existing researches allow D2D as an underlay to 
the cellular network to increase the spectral 
efficiency. In D2D communication, user equipments 
(UEs) transmit data signals to each other over a direct 
link using the cellular resources instead of through 
the BS, which differs from femto-cell where users 
communicate with the help of small low-power 
cellular base stations. D2D users communicate 
directly while remaining controlled under the BS.  
Although D2D communication brings improvement 
in spectral efficiency and makes large benefits on 
system capacity, it also causes interference to the 
cellular network as a result of spectrum sharing. 
Thus, an efficient interference coordination must be  

 
formulated to guarantee a target performance level of 
the cellular communication. 
We analyzed different resource sharing mechanisms 
which work on optimizing efficiency by reducing 
form factors such as interference, noise and 
complexity of networks. We also came across a 
similar algorithm which auctions spectral packets by 
the means of a price, a spectral quantity which 
increases and decreases for different bids. 
 
Based on the previous work on D2D communication, 
it is indicated that by proper resource management, 
D2D communication can effectively improve the 
system throughput with the interference between 
cellular networks and D2D transmissions being 
restricted. However, the problem of allocating 
cellular resources to D2D transmissions is of great 
complexity.  
 
Our work differs from all mentioned above in that we 
consider schemes to maximize the system sum rate by 
allowing multiple pairs share one cellular user’s 
spectrum resource. 
 
II. RELEVANT WORKS AND MOTIVATIONS 
 
Several work has been carried out to improve power 
efficiency in [13,11,12]. The authors in [13] utilized 
MIMO transmission schemes to avoid interference 
from cellular downlink to D2D receivers sharing the 
same resources, which aims at guaranteeing D2D 
performances. In [14], Interference management from 
both cellular network to D2D users and D2D 
communication to cellular users are considered.  
 
In order to further improve the gain from intra-cell 
spectrum reuse, properly pairing the cellular and D2D 
users for sharing the same resources has been studied 
[15]. The authors in [16] proposed an alternative 
greedy heuristic algorithm to lessen interference to 
the primary cellular networks using channel state 
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information (CSI). The scheme is easy-operated but 
cannot prevent signaling overhead. In [17], the 
resource allocation scheme avoids the harmful 
interference by tracking the near-far interference, 
identifies the interfering cellular users, and makes the 
uplink (UL) frequency bands efficiently used. Also, 
the target is to prevent interference from cellular to 
D2D communication. In [13], the authors provided 
analysis on optimum resource allocation and power 
control between the cellular and D2D connections 
that share the same resources for different resource 
sharing modes, and evaluated the performance of the 
D2D underlay system in both a single cell scenario 
and the Manhattan grid environment.  
 
Then, the schemes are to further optimize the 
resource usage among users sharing the same 
resources. Based on the aforementioned work, it 
indicates that by proper resource management, D2D 
communication can effectively improve the system 
throughput with the interference between cellular net- 
works and D2D transmissions being restricted. 
 
 
Reverse Iterative Combinational Auction Mechanism 
Auction mechanism to allocate resources is an 
excellent method to optimise spectral performance in 
a distributed network like D2D. R-ICA mechanism [2] 
is aimed at improving sum rate (spectral efficiency) of 
a combined cellular-D2D network. 
In the auction, all the spectral resources are considered 
as a set of resource units, which as bidders compete to 
obtain the packages of the goods (D2D pairs) in each 
auction round. 
 
We first formulate the valuation of each resource unit, 
as a basis of the proposed auction. And then a detailed 
non-monotonic descending price auction algorithm is 
explained depending on the utility function that 
accounts for the channel gain from D2D and the costs 
for the system. 
 

 

Simulation results after auction process show that 
there is significant improvement in the spectral 
efficiency of the system. But in the R-ICA auction, the 
process gives priority to the price paid by bidders 
instead of the sum rate. There are high chances that 
the bidder paying more may cause decrease in the 
overall sum rate of system. On the other hand, the 
bidder paying lesser price might result in increase of 
sum rate more than the bidder paying higher price. We 
introduce a new algorithm which is a slight variation 
of the R-ICA method. The new method is simulated in 
MATLAB environment and results obtained are 
compared with the original auction method.      
 
III. SUM RATE PRIORITY ITERATIVE 
AUCTION METHOD 
 
The new method is called sum rate priority iterative 
auction method because two bidders that are bidding 
for the same D2D link will be given the link based on 
the increase in system sum rate they cause and not on 
the basis of price they are paying for the link. The 
auction continues till all the links are auctioned off. 
Following is the flow chart that explains the auction 
process. 
 

 
Fig.2 Flow chart showing Sum rate priori iterative auction 

based mechanism 
 
The new algorithm proposed by us takes a different 
approach to allocate spectrums. Initially the cellular 
devices bid for different D2D links. They submit their 
respective bids in form of links and the prices they are 
ready to pay to get those links. Algorithm, in our case; 
doesn’t find the maximum price submitted but it 
calculates the increase in spectral efficiency of the 
system when the links are allotted to the aspirants 
individually. The cellular device which results in 
maximum increase in system’s sum rate is allotted the 
links. This is different than the already proposed 
reverse iterative combinatorial auction mechanism in 
which the links are auctioned off to the one that pays 
the highest revenue. The reason behind the motivation 
to go with this new approach of sum-rate priori is that 
it benefits all the users in general rather than the 
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bidder. The algorithm for sum rate priori iterative 
auction mechanism is similar to the reverse iterative 
auction combinatorial mechanism. At first, the 
valuation and initial prices of resource packages are 
setup. Then cellular users submit their bids in the form 
{link numbers, price} or {Dk,Pk}. Now spectral 
efficiency for each aspiring bidder is calculated 
individually. The increase for each user is compared 
and even if the price paid is not maximum, the user is 
given the link if the increase caused by him in the 
spectral efficiency is the maximum. This ensures that 
all the users including cellular users (which are given 
priority) and the D2D users are benefitted.   
 
IV. RESULTS 
 
Finally, complete MATLAB simulation of sum-rate 
priori iterative auction method is done and resulting 
sum rate values are plotted against number of D2D 
users is plotted. Also comparison with R-ICA and 
random allocation method is done. Results clearly 
show that sum-rate priori method is better than reverse 
iterative combinatorial auction method. 
 

 
Fig. 3 Plot of sum rate vs. number of D2D users (cellular 

users=4) 
 

 
Fig 4. Comparison between SPI and R-ICA auction method 

CONCLUSION 
 
Device to Device (D2D) communication is an 
advanced technology which aims to provide better 
services using the resources of existing cellular 
system. Using the real time constraints on SINR and 
giving priority to cellular communication over Device 
to Device communication, we found out the optimum 
power allocation for transmitted powers by cellular 
and device to device transmitter using linear 
programming problem. Results show that in general, 
interference increases as the number of D2D links in 
the system increases. Signal to Interference plus 
Noise ratio (SINR) of cellular user is averaged over 
whole cell and is plotted.  
Finally, we propose a new algorithm that takes a 
different approach to auction D2D links which results 
in the improvement of the overall sum rate and hence 
all the D2D users and cellular users get benefitted 
more as compared with R-ICA method of auction.  
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