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Presenter
Presentation Notes
Good Afternoon everyone First of all i would like to thank everyone for coming out to my thesis defense today: the examiners Prof. Talim, Prof. Marsland, Prof. Abbas and my supervisor Prof. Halim.  My colleagues and friends thank you all for coming. This is a very exciting day for me so I’d like to ask you to please forgive for any signs of nervousness you may or may not see Today I am presenting my master’s thesis work titled “ “ under the supervision of prof Halim. 
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Presenter
Presentation Notes
The flow of the presentation will be as follows: I will start off with some background information and the motivation behind this work. A problem statement and the contribution of this thesis will be outlined. Optimization framework and our proposed schemes: Inter cell interference coordination and intra-cell interference coordation. I will then presnetn the simulation results. Finally, some concluding remarks and possible future work will be given.
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 Increasing demand on wireless data networks 
 Next Generation Networks (LTE, LTE-A) 
 Carrier Aggregation 
 MIMO 
 CoMP 
 Relays 

  Orthogonal Frequency Division Multiple Access 
(OFDMA) is the air-interface technology 

 

Presenter
Presentation Notes
There’s an increase in demand in mobile broadband networks where
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Existing Cellular Networks Next Generation Cellular Networks 
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Inter-cell Interference Coordination (ICIC) 
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 Inter-cell interference  (ICI) can be defined as a collision of 
resource blocks (RB) (scheduling unit) caused by simultaneous use 
by several cells. 

 
 Cell-edge users performance degradation due to ICI. 
 
 ICIC techniques aim to minimize collision probabilities and to 

minimize SINR degradation caused by those collisions by 
coordinating transmissions between neighbouring base stations. 

 
  Literature focuses mainly on static, semi-static schemes or cluster 

based schemes. 
 



 
  Problem Statement  
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 Problem Statement and Contribution 

Wednesday May 25th, 2011 MASc Thesis Defense: Heba Eid 8 

 
 

Higher interference levels in NGN, if left unmitigated, will 
degrade the performance of the network throughput 

especially to users at cell-edge  
 

We propose an inter-cell and intra-cell interference 
coordination techniques with  multi-sectored base stations. 



 
  Optimization Framework 

Wednesday May 25th, 2011 MASc Thesis Defense: Heba Eid 9 



Optimization Framework: 
Multi-sectored Base Station 
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 12 Sectored BS with highly 
directional antennas. 
 

 Antenna Pattern is given by       
 

                                                   (1) 

 
 

 



Optimization Framework 
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Maximize 
 

                                                (2) 

subject to 

                                                (3) 

 
 

                                                                             (4)   
 
                                                                      

   Symbols Used 
 i  sector (cell),  
 u user,  
 b  resource unit, 
 M  # of users/sector,  
 N  # of resource units, 
 ∏  set of transmission 

possibilities 
 

 
 
 
 

Presenter
Presentation Notes
Utility maximization problem is expressed by equation 2, where we aim to maximize the utility function across all RBs across all Ues across pi which is the set of transmission possibilities for all sectors i Subject to equations 3 and 4. equation 3 indicates that this is binary integar problem where the assignment values takes either 0 or 1. equation 4) indicates that a RB can only be used once in a sector. It takes a value of zero if its restricted to use or a value of 1 if its not restricted to use.



Optimization Framework:  
Utilities Considered  
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 Demand Factor: 
 
                                            (8)              
 
where      is the average UE u 

throughput across a certain time 
frame and         is given by  

 
                                                  (9)  
                                  

 
 

 

 Three different utilities 
considered: 
                                       (5) 
 
                                       (6) 

 
                                      (7) 

 

Presenter
Presentation Notes
There are 3 utilities considered in in our algorithm.Maximizing the overall network throughput, which is a traditional method used in most schemes todayMaximizing rate multiplied by the demand factor where the demand factor is the average throughput of all Ues in the sector over the average rate of a single UE. A UE at the cell-edge is more likely to suffer from bad radio conditiions, will have a low average rate thus will have a higher demand factor.For U=rd^2, there’s a higher weight given to the demand factor which as we will see later will target the improvement of celledge performance.
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Proposed Algorithm 
Overview 
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  Two schemes proposed: 
 

Inter-cell IC:  coordination between sectors 
in  neighbouring base stations.  

 

Intra-cell IC : coordination among sectors 
served by a common base station. 
 

Presenter
Presentation Notes
There are two schemes that are proposed here:Inter-cell interference coordination, where transmission is coordinated between sectors in neighboring cells andIntra-cell interference coordination where transmission is coordinatedbetween sectors  in neighbouring cells and and sectors within own cell (intra-cell) sectors.2



 Cluster Based Centralized Algorithm 
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Cluster Group: 

 User forms cluster with two dominant interferers , j and k, 
respectively. 

 User's rates are computed with combinations (∏) of these 
interferers restrictions 
1.  No restrictions 
2. Only one restriction takes place,             or    
3. Two interferers are restricted                         

 The rates are computed using the following SINR expression    
                                                                                               (10 ) 
   

 

 

 

 

Presenter
Presentation Notes
We use a cluster based interference coordination, where each transmitting  User forms cluster with two most dominant interferers , j and kUser rates are computed for pi, which is the set of transmission probabilities. They are:For the cluster, there are no restrictions on the RB Only one restriction takes place, either sector j or sector k is restricted from using RB bThe two most dominant interferers are restricted from using the rb b.



Inter-cell Interference Coordination: 
Problem Formulation 
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 Inter-cell Constraints 
                                               

 
                     
                                                              
  

 

                                                                     (11) 

                                                  
 

 Due to the complexity of  the 
problem, it is decomposed into 
smaller sub-problems of size  k 
where k  is equal 10 

 
 Scheduling constraints 
                                                    (12) 

 
 where        is equal 4 

Presenter
Presentation Notes
The contraints given by equation 11 model the inter-cell constraints. The  first constraint model that user u will use RB b provided that sector j is restricted from using rb bSecond equation follows the same pattern. So user u in sector i will be transmitting on rb b provided that sector k is transmitted from use. And so on..Sector j and k will also have their restrictions to their dominant interferers sectoras and this  inter relation propagates in the network.



Intra-cell Interference Coordination: 
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Presenter
Presentation Notes
So in the intra-cell coordination scheme, in addition to the inter-cell coordination, we propose intra-cell coordination between sectors under the same base station. Once again, frequency reuse of 1 is assumed.We define phi as the beam group, which is  4 neighbouring sectors. From the picture, beams 1-4 make a beamgroup, beams 5-8 make another beamgroup and 9-12 make another beam group.For each beam group, RB which is our scheduling unit is to be used only once. It is solved as an optimization problem.



Intra-cell Interference Coordination: 
Problem Formulation 
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 SINR Computation: 
                                                                                             (13) 
 

 
 Intra-cell usage constraint: 

 
                                                                                             (14) 

 
 
 
 

Presenter
Presentation Notes
Due to the fact that not all RB are being utilized, or used for transmission the interference levels the SINR will be computed differently where the background interference will be reduced to a quarter of the interference level in the previous system. Equation 14 models in the intra-cell usage constraint.



Intra-cell Interference Coordination: 
Problem Formulation 
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 Inter-cell Constraints 
                                               

 
                     
                                                              
  

                                                                                            

                                                                 (15)               

 

 To simplify the problem, it is 
decomposed into sub-problems 
of size k  where k   is equal 16 

 
 Scheduling constraints 
                                              (16) 

 
  where        is equal 2 

Presenter
Presentation Notes
The same inter-cell constraints will be used in addition to the intra-cell constraints given in the previous page.Due to the complexity of the problem, we decomposed the problem into a set of subproblem of size K, where k here is equal to 16. The problem size here differs from inter-cell coordination because the setup used for this problem is different.
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Network Wide Coordination 
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Presenter
Presentation Notes
A network wide coordination was used where we have simulated coordination in 19 BS where we have users in Tier 0 and Tier 1 and Tier 2 acts as interference contributer only



Simulation Results: U=r 
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Presenter
Presentation Notes
For the utility U=r, we have a CDP plot of the average UE throughput for the 3 schemes, the reference scheme denoted by the pink curves, the inter-cell coordination which is plotted in blue, and intra-cell coordination which is plotted in green.The reference scheme that is used here the previous work of Mahmud where there are 3 sectors per base station. As we can see here, the use of multi-sectored base station significantly improves the cell throughput. Intra-cell, because of the resource loss, has lower cell throughput compared to inter-cell but its a little higher than our reference scheme.If we take a look at the zoomed tail which is our 5th percentile, we see that our reference scheme is better in terms of cell-outage and that the intra-cell coordination is better than inter-cell interference coordination.



Simulation Results: U=r 
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Scheme Cell Throughput (in Mbps) Cell-Edge Throughput (in 
Kbps) 

Reference Scheme 46.89 
 

40.40 

Inter-cell IC 142.11 0.00 

Intra-cell IC  66.67 0.00 

Presenter
Presentation Notes
Moving on to the numerical results, we see that the inter-cell IC yields the best cell throughput with the three times the improvement compared to the reference. Intra-cell, because the reuse is equivalent to 3, has lower cell throughput though still higher due to the use of multi-sectores.The cell edge performance is poor for cell-edge throughput where as we can see here, we have zero values for cell edge throughput for the proposed schemes.



Simulation Results: U=rd 
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Simulation Results: U=rd 
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Scheme Cell Throughput  (in Mbps) Cell-Edge Throughput (in 
kbps) 

Reference 42.84 35.45 

Inter-cell IC 134.16 149.52 

Intra-cell IC 60.45 428.63 



 Simulation Results   
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Simulation Results    ccc  
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Scheme Cell Throughput (Mbps) Cell-Edge Throughput (in 
Kbps) 

Reference 40.50 197.56 

Inter-cell IC 117.05 
 

262.72 
 

Intra-cell IC 55.08 577.95 



 
 Conclusion 
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Conclusion 
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 A novel multi-sectored base station with highly directional 
antennas has been studied with different utilities. 

 
 The use of 12 sectored base station has an enormous impact 

on cell throughput where the improvement was three times 
that of the reference scheme. 
 

 Utility              shows the most gain in cell-edge throughput. 

 



Conclusion 
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 Order of cell throughput performance of the three schemes 
   Reference scheme ≤ Intra-cell IC ≤  Inter-cell IC 

 
 Order of cell-edge throughput performance of the three 

schemes 
              Reference scheme ≤ Inter-cell IC ≤  Intra-cell IC 
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Questions? 
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 Thank you !!   
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