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Outlines
• Introduction
• Primary Component Carrier Assignment 
• Analysis
• Results
• Conclusion
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Definition Digital, Broadband, Packet 
data

Throughput 14.4Mbps (D ↓), 5.8Mbps(U ↑)

Communication Speed Over Generation
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Definition Analog

Throughput 14 Kbps

3G

Definition Digital, Narrowband, Circuit 
Data

Throughput 236 Kbps

Definition Digital, Broadband, Packet 
data, All IP

Throughput 300Mbps (D ↓), 75Mbps (U ↑)
2G

1G

4G

LTE
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Presenter
Presentation Notes
Here the slide shows the communication generation over time with managed throughput. We specifically work on LTE systems. Analog: Continues (0,…,1)- Digital: Discrete (0,1).D stand for Downlink and U stand for uplink.Narrowband: Smaller bandwidth, flat for channel , Broadband: Large bandwidth can be KHz, MHz, GHz according to application, non-flat for channel.Circuit: non-shared, Packet: shared.  



LTE and LTE-A
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LTE LTE-A

Theoretical Throughput 300Mbps (D ↓) - 75Mbps (U ↑) 3Gbps (D ↓) - 1.5Gbps (U ↑) 

Experienced Throughput 13Mbps (D ↓) crowded area

Technology OFDMA (D ↓), SC-FDMA (U ↑) OFDMA, CA, RN, MIMOCA
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Presenter
Presentation Notes
There are some differences between LTE and LTE-A. The performance of LTE-A is higher than LTE because of CA and RN. CA is the part where multi bands take places.OFDMA: Orthogonal Frequency Division Multiple AccessCA: Carrier AggregationRN: Relay Nodes



Carrier Aggregation (CA) 
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Band-c
Band-b

Band-a

Band-c Band-b

Up to 5 Carrier Components (CC) for downlink and uplink

Band-a

eNodeB (eNB)

eNodeB

Evolved Node B:
LTE base station

Primary Component CarrierSecondary Component Carriers
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Presenter
Presentation Notes
Blue phone can connect Band-c, Band-b, and Band-a.Red phone can connect Band-b and Band-a.Black phone can connect Band-a. Here Component Carriers represented by half circles and can be several of them in one band.   Total 5 Component Carriers (CC) can be for Uplink and Downlink. 



Objective

Analyzing the impact of packet drops and delay 
experienced by users during the primary component 

carrier assignment operations.
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Component Carrier Assignment

• Case 1: PCC needs to be updated, therefore all 
SCCs need to be updated.

• Case 2: All SCCs need to be updated but PCC 
does not need to be updated.

• Case 3: Some SCCs need to be updated but PCC 
does not need to be updated.
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Presenter
Presentation Notes
Case 1: Packet transfer is stopped because of PCC updating.Case 2: Packet transfer can only continue over PCC.Case 3: For this case, there can be to type of Component Carrier Assignment, whether similar to Case 2 (joint) or Component Carriers can be updated partially. (Next slides makes the explanation more clear.)  
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Band-c
Band-b

Band-a

eNB

Can performance of reassignment of primary component
carrier be improved if one of SCCs is used as PCC?

𝑡𝑡 = 0𝑡𝑡 = 20

1

𝑡𝑡 = 21
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PCC and SCCs

PCC needs to be updated, 
so the others CCs.

The new CCs are assigned
and one of them is PCC.

Blue is PCC

Presenter
Presentation Notes
The problem about carrier aggregation is that if PCC is selected to be updated, SCCs must be updated. Therefore, it causes delay. However, if PCC is updated what happens if a SCC can be used as PCC.Blue is Primary Component CarrierThe others are Secondary Component Carriers 
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Band-c
Band-b

Band-a

eNB

𝑡𝑡 = 0𝑡𝑡 = 20

1

𝑡𝑡 = 21
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PCC Granting from a SCC

PCC needs to be updated, 
so the others CCs.
The new CCs are assigned.

Black can be PCC, so 
PCC is now black not blue

Blue is PCC

Which can be next PCC?CCs can be updated now.

Presenter
Presentation Notes



Queuing Analysis
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Disjoint Buffer System

Presenter
Presentation Notes
In our analysis, we have used Disjoint buffer system.



Simulation parameters

– LTE (1 CC), LTE-A (4 CCs) 
– 1/2 of users are LTE-A.
– Users are freely move around of eNB
– Min-delay packet scheduling is used.
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Presenter
Presentation Notes
CC: Component carriersCQI: Channel Quality IndicatorCCA: Component Carrier AssignmentBPSK: Binary phase-shift keyingQPSK: Quadrature Phase Shift KeyingQAM: Quadrature Amplitude Modulation



• Discrete event simulation for downlink process with carrier 
assignment methods. 
– 4 CCs assignment to LTE-A type users and 1 CC assignment to LTE type 

users

• We compare four methods by considering with/out PCC 
granting
– RA (Random)
– LL (Least Loaded) according to user loads on carriers
– CQ (Channel Quality) according to channel quality
– LR (Least Load and Rate) user loads and channel quality for rate function 

Results
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Delay: With/out PCC Granting
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Objective 
Observing  effects of number of users on delay.

Not much delay differences 
between with/out PCC granting.

LL = Least Load
LR=Least Load Rate

RA = Random
CQ= Channel Quality

CQ is the 
worst in 

with/out PCC 
granting.
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Throughput: With/out PCC Granting
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Objective 
Observing  effects of number of users on throughput.

Slightly higher throughput with 
PCC granting.

LL = Least Load
LR=Least Load Rate

RA = Random
CQ= Channel Quality

CQ is the 
worst in 

with/out PCC 
granting.
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Conclusion
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Thank You

http://www.cs.ou.edu/~atiq
atiq@ou.edu

Presenter
Presentation Notes

http://www.cs.ou.edu/%7Eatiq
mailto:husnu@ou.edu
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