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Abstract – Dual connectivity (DC) allows user equipments 

(UEs) to get information all the while from diverse NodeBs 

(eNBs) keeping in mind the end goal to support the execution 

in a heterogeneous system with devoted transporter 

arrangement. Yet, how to proficiently work with DC opens 

various exploration questions. In this paper we concentrate 

working on it where a large scale and a little cell eNBs are 

between associated with customary backhaul connections 

portrayed by certain inertness, accepting free radio asset 

administration (RRM) functionalities dwelling in each eNB. 

With a specific end goal to completely reap the increase gave 

by DC, a productive stream control of information between 

the included large scale and little cell eNBs is proposed. 

Additionally, rules for the primary execution deciding RRM 

calculations, for example, UE cell affiliation and parcel 

booking are likewise introduced. It is shown how legitimate 

arrangement of the proposed stream control calculation 

offers proficient exchange offs between lessening the 

likelihood that one of the eNBs included in the DC comes up 

short on information and constraining the buffering time. 

Reproduction results demonstrate that the execution of DC 

over customary backhaul associations is near that achievable 

with between site bearer conglomeration (CA) and essentially 

zero inertness front pull associations, and regardless it is 

fundamentally higher contrasted with the case without DC. 

 

Keywords – Dual Connectivity (DC), Heterogeneous 
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I. INTRODUCTION 
 

Heterogeneous frameworks (HetNets) embodying 

extensive scale and little cells are considered as one of the 

essential steps towards meeting the future requirements for 

passing on the consistently extending broadband flexible 

development [1]. In spite of the way that the development 

to HetNet offers different points of interest, it also 

introduces a couple viewpoint changes and challenges that 

call for new headways and answers for gain it a veritable 

ground [2, 3]. Starting late, there are diverse examination 

exercises investigating further joining of expansive scale 

and little cell functionalities to totally increase the benefits 

of HetNet courses of action. An outline of such routines is 

given in [4–6]. With particular conveyor frequencies 

passed on everywhere scale and little cell layers, twofold 

system (DC) which expands the LTE-Advanced Carrier 

Aggregation (CA) helpfulness to allow customer apparatus 

(UE) to at the same time get data from both a full scale 

and a little cell eNBs is a promising technique. DC is 

among the courses of action systematized by 3GPP for 

Release 12 little cell redesigns. It hopes to improve 

customer throughput execution by utilizing radio resources 

as a part of more than one eNB[7]. Due to the for the most 

part short time ensuing to the presentation of DC in 3GPP 

Release 12, there is foreordained number of related studies 

in the open written work. The basic thought of DC is 

introduced in [8, 9]. The issues as to the mixing of base 

stations and the social occasion of adaptable UEs are 

investigated in [10]. From execution point of view, the 

customer throughput and adaptability favorable 

circumstances of DC as between site CA have been 

analyzed in [11–14]. The essentialness viability with DC is 

evaluated in [15] in connection with a rate of the present 

movement offloading parts. Nevertheless, those past 

execution examinations of DC [11–15] are generally based 

on the circumstance where the little cells are recognized 

with Remote Radio Heads (RRHs), tolerating united base 

band get ready at the full scale, and essentially zero 

lethargy quick fiber-based front force relationship amidst 

vast scale and RRHs. In a more suitable circumstance, the 

full scale and little cells are between related through 

customary backhaul affiliations (i.e., X2 interface 

according to 3GPP LTE wording) depicted by certain 

torpidity and confined farthest point, tolerating separate 

and self-sufficient radio resource organization (RRM) 

functionalities [e.g. pack arranging, medium access 

control(MAC), and Hybrid Automatic Repeat request 

(HARQ)] living in each eNB. For such circumstances, 

data must be sent from the vast scale cell eNB to the little 

cell eNB over the X2 interface before UEs planned with 

DC can benefit by data gathering from the two telephones. 

On the other hand, data transmission by method for the 

little cell will familiarize additional put off due with the 

X2 lethargy and the buffering time in the little cell eNB. 

Along these lines, capable stream control organization of 

data between the included full scale and little cell eNBs 

accept a basic part. In this paper, we focus dealing with 

this issue of DC over standard backhaul. The rule duty is 

of three folds. We first focus on conclusion of a fruitful 

between eNB stream control estimation that goes for 

abusing the most extreme limit increment of DC while 

minimizing data buffering time in the little cell eNB. The 

proposed arrangement stays educated concerning snappy 

mixed bags of the UE throughput and support status in the 

little cell eNB and works effectively under differing 

backhaul plans (e.g. X2 latency, stream control 

periodicity). Additionally, we offer tenets to the setup of 

execution choosing radio resource organization (RRM) 

functionalities for DC, for instance, UE cell alliance (i.e. 

regulated directions to organize UEs with DC) and pack 

arranging (i.e. orderly guidelines to arrange the UEs 
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outlined on account of/without DC) keeping the deciding 

objective to ensure the right operation with DC. Thirdly, 

we demonstrate a wide execution examination under down 

to earth conditions. With a particular deciding objective to 

ensure abnormal state of validness and helpful significance 

of the results, the relating execution of the proposed 

counts should be evaluated under pragmatic multi-cell, 

multi-customer conditions, using discretionary point 

procedure sending models of little cell centers [16, 17], 

state of-the-workmanship stochastic radio expansion 

channel models, dynamic birth–death development 

models, and exact representation of the various 

frameworks that effect the execution. On account of the 

multifaceted way of the structure model and the diverse 

RRM parts included, totally legitimate determination of 

theoretical expressions gets the opportunity to be 

unmanageable.  

 

II. CONCEPT DESCRIPTION 
 

System model:- Give us a chance to consider a 

situation made out of an arrangement of large scale cells 

(signified as M) and an arrangement of little cells 

(indicated as S) conveyed at two non-covering bearer 

frequencies f1 and f2, individually. Because of the higher 

radio engendering misfortune at higher frequencies, it is 

expected that f1\f2 to guarantee great wide territory scope 

for the full scale layer. The standard reference is as 

indicated by the Rel'8 LTE details, where UEs are joined 

and served by a solitary eNB just, i.e. can just get 

information from either a large scale or a little cell eNB. 

For cases with DC, it is accepted that the current CA 

usefulness (see [18, 19] for extra foundation) is stretched 

out to bolster clients getting information at the same time 

from two eNBs (in accordance with Rel'12 details). The 

supposition is that such clients have their Primary Cell 

(PCell) arranged on the best full scale eNB, with the 

choice of additionally having a Secondary Cell (SCell) 

designed on the little cell eNB when possible. Figure 1 

delineates how diverse clients are either in DC mode 

between a full scale and a little cell eNB, or served by a 

solitary eNB just. Figure 2 outlines further points of 

interest on the downlink information stream for clients in 

DC mode between a large scale and a little cell eNB. As 

imagined, it is expected that the information stream to the 

UE is as per the following; client plane information from 

the Core Network (CN) is initially exchanged to the large 

scale eNB [operating as the expert eNB (MeNB)]. In the 

large scale eNB the information stream is part, so some 

information are transmitted through the full scale (PCell) 

to the UE, while other information are exchanged over the 

X2 interface to the little cell eNB [operating as the 

auxiliary eNB (SeNB)], and transmitted to the UE by 

means of the relating cell (SCell). In spite of the fact that 

in principle the parts of expert and optional eNB don't rely 

on upon the eNB's energy class and can change among 

UEs, we accept that the MeNB is dependably a large scale 

eNB while the SeNB is dependably a little cell eNB. The 

X2 interface forces latencies from few milli-seconds to a 

few many milli-seconds relying upon the usage. In 

arrangement with 3GPP presumptions, the MeNB and 

SeNB are expected to have free medium access control 

(MAC) elements and physical layer handling [7]. 

 
Fig.1. Basic illustration of assumed scenario where UEs 

are either served by a single cell or are benefiting from DC 

by simultaneously receiving data from both a macro and a 

small cell eNB 

 

This implies that the macro also, the little cell eNBs 

each choose how to calendar information for the UE. 

Essentially, autonomous Hybrid Automatic. Rehash ask 

for (HARQ) and connection adjustment are accepted for 

the PCell and SCell transmissions in accordance with 

fundamental CA presumptions [18, 19]. The UE is 

accepted to have multicarrier transmission capacity for the 

uplink with the goal that it can input separate Channel 

State Information (CSI) and HARQ (negative-) 

affirmations ((N)ACK) to the large scale and little cell 

eNBs. 

 
Fig.2. High-level sketch of assumptions for a user in DC 

between a macro and a small cell 
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Once the information parcels have been decoded 

effectively by the UE, they are re-requested and conveyed 

to higher layers. It is in this manner evident that the 

execution of DC relies on upon various variables, where 

particularly the outline of RRM calculations for choosing 

serving cell(s) for the UEs, bundle booking, and stream 

control between the advanced eNBs over the X2 interface 

are of significance. 

 

III. FLOW CONTROL 
 

The MeNB needs to forward the information to the 

SeNB for UEs working in DC mode. Gotten information 

from the MeNB are cradled in the SeNB until they are 

transmitted over the air interface to the UE by means of 

the SCell. In this way, the key inquiry is the amount of 

information the MeNB ought to forward to the SeNB. On 

the off chance that the MeNB doesn't sufficiently forward 

information to the SeNB, the SeNB cushion might 

frequently come up short on information, in this way 

restricting the client throughput increase gave by DC. 

Then again, if an excess of information is pushed to the 

SeNB, buffering postponement at SeNB is expanded and it 

may even happen that the SeNB encounters cushion flood 

while the MeNB support runs vacant.  

 

 
Fig.3. DC gain with different values of d, k and cip , single 

user case 

The configuration focus of the stream control calculation 

is consequently to ensure that there is dependably 

information to be planned in the SeNB so UEs arranged 

with DC can profit by synchronous information gathering 

from the two phones, while restricting the likelihood of 

cushion flood and diminishing the extra postpone 

presented by transmission through the SeNB. The 

objective of stream control in DC is to coordinate the 

information rate experienced in the SeNB. As the SeNB 

has the data of the planned client throughput of its related 

UEs (both momentary and normal quality) and also cradle 

status, it is a characteristic decision for the SeNB to 

choose the amount of information the MeNB ought to 

forward. 

The proposed stream control component is 

schematically delineated in Fig. 4. Let D indicate the 

restricted X2 inactivity [the backhaul round-trek delay 

(RTD) is accordingly equivalent to 2D], and q the stream 

control periodicity. The information demands from SeNB 

to MeNB are sent intermittently on a for every client 

premise. The asked for measure of information is taking 

into account the normal past planned throughput of the 

relating client at the SeNB, the current SeNB support 

status, and the pending information forward solicitations. 

 
 

The pending information forward solicitations are those 

solicitations that have as of now been issued towards the 

MeNB however for which information has not yet touched 

base in the SeNB support because of the backhaul RTD. 

Note that the measure of pending information is not quite 

the same as zero just if the stream control periodicity is 

littler than the backhaul RTD (i.e., q\2D). The purpose 

behind setting the stream control periodicity littler than the 

backhaul RTD is for the MeNB to have the capacity to 

speedier adjust to the varieties of channel quality and 

burden conditions in the SeNB 
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IV. RADIO RESOURCE  MANAGEMENT 

CONSIDERATIONS 
 

The two principle RRM functionalities that focus the 

radio asset portion among the clients in the framework are 

the cell affiliation criteria and the parcel planning. 

Subsequently, these RRM choices are additionally the 

ones that effect the most on the execution (and relative 

increases) of applying DC.The suspicions for these two 

arrangements of RRM calculations are consequently plot 

and roused in the accompanying.  

a) Cell affiliation:-   
The serving cell for a UE is resolved in light of 

downlink UE estimations. The UE measures the Reference 

Signal Received Power (RSRP) from every phone, and 

additionally the Received Signal Strength Indicator (RSSI) 

on every segment transporter. The RSRP communicates 

the got force of the transmitted reference signal from the 

distinctive cells, while the RSSI is comparable to 

wideband got power per bearer [23]. Communicated in 

decibel, the Reference Signal Received Quality (RSRQ) 

for one phone rises to the RSRP short the RSSI on the 

relating bearer. The UE can be arranged to perform 

estimations of RSRP/RSRQ from its serving and 

encompassing cells. In devoted bearer sending, the RSRQ-

based cell choice is favored as it catches the channel 

quality and burden conditions experienced on the 

comparing layer [11].  

b) Bundle booking:-  
The understood Proportional Fair (PF) scheduler is 

connected, which is intended to focalize to apportioning 

equivalent asset offer to the clients by and large, accepting 

that the clients display comparable blurring variability 

[26]. The issue with benchmark PF scheduler is that in 

situations where DC and non-DC UEs exist together, it 

will designate more assets to the clients associated with 

various cells (with DC) than clients with single integration 

(without DC). For the illustration where client 1 is 

associated with cell A, client 2 is joined with cell B, and 

client 3 is joined with both cell An and B by utilizing DC, 

the benchmark PF scheduler will bring about the 

accompanying asset distribution: In cell A, clients 1 and 3 

will by and large be designated 50 % of the transmission 

assets. In cell B, clients 2 and 3 will by and large be 

allotted 50 % of the transmission assets. This outcomes in 

an uncalled for asset assignment among the three clients as 

client 3 is dispensed double the measure of assets when 

contrasted with clients 1 and 2. As considered in [27, 28], 

the answer for this unevenness is to utilize an adjusted 

type of PF when computing the planning metric. The 

booked client particle physical asset squares (PRBs) j in 

cell k in sub outline t is resolved as: 

 
 

V. PERFORMANCE ANALYSIS 
 

Simulation assumptions:-  
The simulated environment is in line with 3GPP Rel-12 

Scenario 2A as defined in [29]. The network topology 

consists of a standard hexagonal grid of three-sector macro 

eNBs complemented with a set of outdoor small cells. 

Macros and small cells are deployed at 2 and 3.5 GHz, 

respectively, assuming 10 MHz carrier bandwidth at each 

layer. A directional 3D antenna pattern with down-tilt is 

modeled for the macro cells, while small cells are simply 

equipped with Omni-directional antennas. The 

transmission power for the macro and small cells is 46 and 

30 dBm, respectively. The macro inter-site distance is 500 

m. The small cells are randomly deployed in condensed 

clusters with 4 cells within a circular area with 50 m radius 

according to a uniform point process, subject to a 

minimum distance of 20 m between small cells. There is 

one small cell cluster per macro cell area. The ITU defined 

geometrical channel model is applied, where macro to UE 

links follow the Urban Macro model (UMa), while small 

cell to UE links are based on the Urban Micro model 

(UMi) [30]. Both UMa and UMi include separate models 

for line-of sight (LOS) and non-LOS (NLOS). Selection 

between the LOS and NLOS model is random for each 

link, where the probabilities for selecting LOS or NLOS 

vary with the distance between the UE and eNB. 

Furthermore, notice that the UMa and UMi models are 

fairly advanced in the sense that effects such as shadow 

fading, angular dispersion, and temporal dispersion are 

correlated as also observed in [31] from analysis of field 

measurements. The simulator follows the LTE 

specifications, including detailed modeling of major RRM 

functionalities such as packet scheduling, hybrid ARQ and 

link adaptation [32]. Closed loop 2 9 2 single user MIMO 

with pre-coding and rank adaptation is assumed for each 

link and the UE receiver type is Interference Rejection 

Combining (IRC) [33]. A dynamic birth–death traffic 

model is applied for generating user calls, where call 

arrival is according to a Poisson process with arrival rate k 

per macro cell area. The hotspot deployment model is 

assumed, where 2/3 of the calls are generated in the small 

cell clusters, while the remaining UEs are generated 

uniformly over the entire simulation area. Each call has a 

finite payload size of B = 4 Mbits. Once the payload has 

been successfully received by the UE, the call is 

terminated and the UE is removed from the simulation. 

Thus, the average offered load per macro cell area equals k 

9 B. Channel-aware cross-carrier PF scheduler is used as 

specified in Sect. 4.2. The link to system mapping is based 

on the exponential effective metric model [34]. The non-

ideal backhaul connections are explicitly modeled by 

assuming an X2 latency ranging from 5 to 50 ms. Flow 

control between the MeNB and SeNB is performed with 

the periodicity ranging from 5 to 20 ms. The schedulers in 

the macro and small cell exchange information on the past 

average scheduled throughput at the respective eNB for 
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UEs that are configured with DC every 50 ms. Cases with 

inter-site CA and zero latency front haul connections (i.e. 

ideal flow control) are simulated as well in order to 

provide an upper performance bound for DC. Table 1 

summarizes the main parameters used in the system-level 

simulations. The main Key Performance Indicators (KPIs) 

are the 5 and 50 % downlink user throughput. The system 

capacity per macro cell area is defined as the maximum 

offered load that can be tolerated for a certain minimum 5 

% outage user throughput (e.g. 4 Mbps). This definition is 

used for comparing the relative capacity gains with DC as 

compared to the case without DC. For users configured 

with DC, another important performance measures are the 

buffering time in the SeNB and the probability of SeNB 

buffer being empty. The buffering time in the SeNB is 

defined as the time that elapses between the instant a data 

bit reaches the SeNB buffer and the time in which the 

same bit is first transmitted to the UE. The system-level 

simulator has been extensively tested and verified by 

reproducing various published performance results in the 

open literature [23, 29, 30]. As we are able to reproduce 

such results, it gives confidence that the simulator is 

reliable. In order to ensure statistical reliable results for the 

end-user throughput, simulations are run for a time 

duration corresponding to at least 3000 completed calls. 

This is sufficient to have a reasonable confidence level for 

both the 5 and 50 % user throughput performance. 

Analysis of flow control:-  
We first analyze how to tune the flow control parameter 

hs. Figure 5 shows the empirical cumulative distribution 

function (cdf) of the user throughput with different SeNB 

target buffering time settings. The results are obtained 

with 20 ms X2 latency, 5 ms flow control periodicity, and 

30 Mbps offered load, which corresponds to medium load 

(*40 % PRB utilization on the average). With low value of 

hs, the SeNB only requests a small amount of data from 

the MeNB at each flow control period, resulting in a 

higher probability of the SeNB buffer running empty. 

Performance gain of DC:-  
We next evaluate the user throughput gain of DC over 

traditional backhauls with the flow control parameter 

settings in Table 3. For cases without DC, only the 

performance with optimal RE offset at each offered load is 

plotted as a reference. Figures 9 and 10 show the 5 and 50 

% user throughput with and without DC. The performance 

with inter-site CA and ideal fiber-based front haul 

connection is also plotted as an upper bound of the 

performance. It is shown that both the 5 and 50 % user 

throughput with DC are significantly higher than without 

DC. The gain mechanism with DC is multifold. Firstly, 

users with DC benefit from higher transmission bandwidth 

by accessing the resources from the two layers. Quite 

obviously this bandwidth gain is higher at low load, i.e. 

when the probability of having a single user accessing all 

the available radio resources in both the macro and the 

small cells is higher. Moreover, because users configured 

with DC can simultaneously be allocated resources in the  

 
 

macro and small cell layers, the system can benefit from 

increased multi-user scheduling diversity order and faster 

inter-layer load balancing, thus achieving a better 

utilization of the radio resources across multiple layers. 

This is better exploited by users experiencing lower data 

rates, as cross-carrier PF packet scheduling aims at 

maximizing the sum of log (Ri) over all users. That is also 

why it is observed that the gain of DC at 5 % user 

throughput is higher as compared to the 50 % user 

throughput. 

 
Fig.9. 5 % user throughput with/without DC under 

different backhaul configurations 
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Fig.10. Median user throughput with/without DC under 

different backhaul configurations 

 

VI. CONCLUSION 
 

In DC circumstances where the extensive scale and little 

cells are interconnected with standard backhaul 

affiliations, we have proposed a practical stream control 

figuring to forward the data from the MeNB to the SeNB. 

Moreover, general principles for the RRM functionalities 

that most altogether influence the execution of DC, 

specifically UE cell association and pack booking have in 

like manner been given. Generation results show that with 

DC, there is a trade off between customer throughput and 

SeNB buffering inertia. With the proposed stream control 

count, such trade off can be properly balanced by 

organizing the target buffering time in the SeNB and the 

stream control periodicity. As the execution of DC under 

assorted outlines of X2 latency, stream control periodicity, 

and development weight is modestly close to the execution 

with between site CA and fiber-based front pull 

affiliations, it prescribes that the proposed stream control 

count is all around capable and prepared to change in 

accordance with unmistakable conditions. It is exhibited 

that the execution of DC over routine backhaul can finish 

80 % of the increment available with between site CA 

tolerating fiber-based front pull affiliations. Specifically, 

60 % cutoff get for a target 5 % power outage throughput 

of 4 Mbps is obtained with bursty action when stood out 

from the case without DC. The expansion with DC begins 

from greater transmission information exchange limit by 

getting to the two cells and moreover extended multi-

customer contrasts and speedier between eNB weight 

modifying. 
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