Maximizing Dual Cell Connectivity
Opportunities In LTE Small Cells Deployment
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Introduction DCC Placement Models
> In an attempt to meet the data rates for indoor users, 4G LTE network operators are deploying more OPT-FP Model OPPR-PC Model
small cells like Femtos and picos . ISR| |F| ISR| |F|
> Small cells helps to improve indoor users high data rates and reduce CAPEX and OPEX to operators. max .;_ Z Yij (1) max .;_ Z Yij (5)
» Frequent handovers, load imbalance and high interference are major issues in unplanned dense SINR;; = 9ijPmax (2) SINR;; = 9ijFj (6)
deployment Of Sma” Ce”S. No+Ymem 9 jmPmacrot Zj’eS/igij’Pmax No+Yimem 9 jmPmacrot Zjles/igijlpj’
» Cell edge users are major victims, who experience low throughput because of weak signal strength 1< Xj < |SR]| VjieF (3) P]- <P (7)
and high interference. ISR| w|F| _ _
> The overlapping regions dense small cell deployment can be exploited by the network operators by i Z 1SINR;; =2y (4) Finally the OPPR-PC model is formulated as follows
allowing more dual cell connectivity (DCC) for cell edge users in the overlapping region.

' el SHge _ | max Y0 Sy, such that (4), (7)
» In our work, we maximize the DCC opportunities to indoor users by deploying small cells using J

optimal placement with full power (OPT-FP) or opportunistic placement with power control (OPPR- Finally the OPT-FP model is
PC) models. formulated as follows,
» To ensure fair allocation of resources to all the users in the network, proportional fair (PF) scheduling max ZISRI yIF I1 ¥ , such that (3), (4)
J= Yy

algorithm Is incorporated.

Simulation Setup & Parameters

An example of Shopping Mall with Small Cells and DCC Users

TABLE 1: SIMULATION PARAMETERS
(( ())) Building Dimensions 48 mX48 mX4m
() 3 Macro BS Height 30 m
@ R14 R10 Number of Floors One
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Le=" e RN Buffer Status Full Buffer
Rt R15 RO \‘ Femtos Bandwidth 5 MHz (25 RBs)
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» Due to the smaller coverage region of small cells, load balancing and user-level fairness across small of [ | , | \ | , o
cells is a serious problem. X sub-region number X sub-region number X sub-region number
> EX'Stl ng WOI’kS explored SU b-OptI mal WayS Of |Oad balanC| ng by tun | ng the hyStGFESIS thl’eShO|d Fig. 2. Femto Loaction and SINR Variation in OPPR-PC Fig. 3. Femto Loaction and SINR Variation in OPPR-FP Fig. 3. Femto Loaction and SINR Variation in OPT-FP

margins and by varying the transmit power of cells

» Optimal placement of Femtos ensure no coverage hole with minimum number of Femtos but a
chance of imbalance in traffic load in these small cells owing to mobility of the users.

» One solution can be while deploying small cells, operators can maximize the coverage area of all
small cells and there by increase the possibility of joint scheduling for the cell edge users.

» Existing work on joint scheduling talks about uncoordinated power control in uplink between Macro
and small cells, but this increase the burden on backhaul and reduce the battery life of UE. Another
work talks about forced cooperative downlink packet scheduling with the same radio resource.
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P r O p O S e d W O r k Fig. 4.. DCC Connections in OPPR-PC Model Fig. 5.. DCC Connections in OPPR-FP Model Fig. 6.. DCC Connections in OPT-FP Model
» Experiment demonstrates the need for power control at Femtos to limit interference and there by increase
» In this work, we provide two placement model to improve the indoor data rate. the number of DCC opportunities to cell edge users in the overlapping region of Femtos
» Optimal Full power (OPT-FP) Model e o 566 =5 ] [The total DCC = 7|
» Opportunistic Power Control (OPPR-PC) Model as |
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Vij 1 if sub-region i is connected to Femto BS j, O otherwise. Fig. 7.. OPPR-PC: Locations & Connectivity of DCCC Users Fig. 8.. OPT-FP: Locations & Connectivity of DCCC Users
P; Transmission power of Femto BS j
_ (a) DCC Users Throughput Analysis . (a) DCC Users Throughput Analysis
@ o0 B FFUS ' 2 600l | B PFJS 7
£ [ INO PFJS-APC < [ INO PFJS-APC
— 400 G1<>A1 G1<>F1 G1<>F1 C1<->D1 E1<>D1 E1<->F1 B NO PFJS-ASC | = 400/ D<>E D<>E D<>C D<->C D<->C I NO PFJS-ASC ||
References \I ] ] \I \lﬂ ]H Flﬁi I £ ] \I \I ] §| ﬁl IV
g’ 200 - G1<>A1lG1<>F1 | g) 200 _
S S
= o = o

U1 U2 u3 U4 us ué6 uz uUs U9 U6 u7

[1] V. Sathya, A. Ramamurthy, and B. Reddy, “On placement and dynamic power control of Femtocells (b) Femto Average Throughput (b) Femto Average Throughput
In LTE hetnets,” in GLOBECOM, IEEE, 2014.

2] J.Liu and H.Sun, “An enhanced power control scheme for dual connectivity”, in VTC fall, 2014

3] A. Mukherjee, “Macro-small cell grouping in dual connectivity Ite-b network with non-ideal
packhaul ,” in ICC, IEEE, 2014.

4] A.Hooshmand, A. Nallananthan, and H. Aghvami, « Joint inter-cell interference coordination and > PHIS algorithm guarantees the DCC users to get proportionally equal throughput from each cell

—= T T T 1

' N PFJS

1 - |
0000 [ ] NO PFJS-APC

- NO PFJS-ASC

10000 - - PFJS |
[ INO PFJS-APC
I NO PFJS-ASC

355 Kbps
5000 417 Kbps 309 Kbps

250 Kbps H \ 105 Kbps ] 251 Kope ,
| | [ | 1 I f I[L-m-_-L 0 —|_| [ I - —-— th: - el [ Imml |

B1 C1 A1 D1 F1 H1 E1 G1 E A D F C B

[9)]
o
o
o

Throughput (kbps)
Throughput (kbps)

o

forced co-operative scheduling for the downlink of Ite system”, WCNC, 2014.

Conclusion

Acknowledgement

» In this work, we proposed an optimal Femto placement model OPT-FP and OPPR-PC for a
This work was supported by the Deity, Govt of India (Grant No. 13(6)/2010CC&BT). fixed user occupancy pattern to maximize DCC opportunities in indoor environments.




