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AbstrAct

The initial components of New Radio (NR) 
technology are being discussed within the 3GPP 
with the aim of not only satisfying the urgent 
needs of the 5G market but also the long-term 
requirements that network operators want to pro-
vide to customers. An expected solution to start 
delivering value immediately for the 5G systems 
is represented by LTE-NR tight-interworking, also 
known in the 3GPP specifications as EN-DC. With 
this new network architecture, existing LTE radio 
and core networks are used as a master entity for 
mobility management and coverage while adding 
a new secondary 5G carrier. In this article, we will 
illustrate the concepts and key features that 3GPP 
has specified for LTE-NR tight-interworking regard-
ing the control and user plane domains. Our sup-
porting performance evaluations highlight that 
EN-DC, at least in certain scenarios expected to 
exist in early deployments, is able to deliver better 
coverage and capacity compared to standalone 
LTE and NR technologies deployed alone.

IntroductIon And rAtIonAle
The requirements of 5th Generation (5G) tele-
communication systems have been specified 
by the International Telecommunications Union 
(ITU) [1] and the standardization is ongoing at a 
fast pace, mainly driven by the 3rd Generation 
Partnership Project (3GPP). The three major use 
cases that 5G systems are being designed to sup-
port are: enhanced Mobile Broadband (eMBB), 
Ultra-Reliable Low Latency Communications 
(URLLC), and massive Machine Type Communi-
cations (mMTC) [1, 2]. The extended support of 
MBB together with huge improvements in capac-
ity and coverage constitutes the eMBB. Further, 
URLLC is intended for emerging critical applica-
tions such as industrial Internet of Things (IoT), 
smart grids, and intelligent transportation systems 
that have very strict latency requirements. Finally, 
mMTC is concerned with the enhanced support 
of massive scenarios where the battery lifetime of 
sensors and coverage in challenging locations are 
the main constraints [3].

In 3GPP, the 5G radio access roadmap is com-
prised of two tracks. One is based on the evolu-
tion of Long Term Evolution (LTE) and the other 
on New Radio (NR) access. In the LTE track [3], 
enhancements are still ongoing in order to sup-
port as many 5G requirements and use cases as 
possible. The NR track, on the other hand, being 
free from the backward compatibility constraints 
of LTE, will introduce fundamental changes such 
as lower latencies given by the short transmis-

sion time intervals (TTIs) and flexible subcarriers 
spacing, and an increased capacity (and data 
rate) by supporting high spectrum frequencies 
(mm-Wave). Further, other new features are rep-
resented by the support of different numerolo-
gies, network slicing, and split architectures [4]. 
However, in order to have a speedy deployment 
of 5G networks without necessarily waiting for 
the full NR system (radio, core network and other 
supporting components) to be completed, 3GPP 
specified the full LTE-NR tight-interworking sys-
tem in March 2018. In LTE-NR tight-interwork-
ing, a non-standalone (NSA) version of NR will 
be used in conjunction with LTE in a dual connec-
tivity (DC) fashion, where both technologies are 
connected to the LTE evolved packet core (EPC). 
Such tight interaction between LTE and NR is also 
called E-UTRA-NR Dual Connectivity (EN-DC). 
We note that, in the case of EN-DC, this is the first 
time that a DC scenario is being enabled for two 
different 3GPP radio access technologies. Since 
the underlying technology components and capa-
bilities are not the same for LTE and NR, there 
have been a number of challenges to resolve 
before completing the first NR release in 3GPP 
Release 15. In the general setting of EN-DC, LTE 
is the master technology controlling the radio 
connection of a user equipment (UE) over the 
air interface, as well as the control plane connec-
tion to the EPC. NR, instead, provides enhanced 
capacity to the UE via the new air interface and 
(optionally) a direct user plane link to the EPC.

Along these lines, the aim of this article is to 
provide an overview of the new features standard-
ized for enabling the LTE-NR tight-interworking, 
specifically the EN-DC option [5, 6]. In doing 
this, we provide a description of the architecture 
options currently considered in the 3GPP stan-
dardization together with the main enhancements 
already agreed to make the interworking between 
LTE and NR a reality. In addition to this, perfor-
mance evaluations for the EN-DC option are also 
discussed. The obtained results will be useful to 
provide a comprehensive understanding of LTE-
NR tight-interworking, as well as to do a reality 
check against the stringent requirements set by 
the ITU agency [1].

Nevertheless, we note that the core essence 
of our article is not a detailed performance eval-
uation of LTE-NR tight-interworking but rather a 
description of what has been done and agreed in 
the standardization bodies to make this 5G option 
available before the full standardization of NR 
(i.e., standalone NR) expected for the year 2020.

The rest of the article is structured as follows. 
The following section provides a discussion of 
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three different architecture options to enable the 
interworking between LTE and NR. The main fea-
tures and enhancements needed for the control 
plane (CP) and user plane (UP) are illustrated fol-
lowing that. Further, we provide the performance 
evaluation methodology together with the simula-
tion results. Finally, concluding remarks are high-
lighted in the final section.

3GPP ArchItecture oPtIons for  
lte-nr tIGht-InterworkInG

The initial plan settled by the 3GPP was to com-
plete NR standardization by 2020. However, in 
order to address the urgent market needs brought 
up by network operators, 3GPP re-scheduled the 
5G time-plan to make NR available before 2020. 
Furthermore, to avoid technology fragmentation 
and the roll-out of the 5G technology before 
specifications have been finalized, 3GPP decided 
to divide the standardization process for NR into 
two main phases. In particular, these two phases 
can be summarized as follows [6].

Non-Standalone (NSA) NR: During this phase, 
NR is expected to utilize the existing LTE radio 
access network (RAN) and core network (CN) 
functionalities accordingly modified to handle the 
addition of a new 5G carrier targeting late 2018 
(early 2019) NR NSA deployments.

Standalone (SA) NR: In this phase, a full set 
of CP and UP functionalities will be specified to 
fully exploit the 5G capabilities driven by the ITU 
targets. Furthermore, 3GPP will also specify a new 
CN architecture for 5G enabling new features 
such as network slicing. With the completion of 
the second phase, NR will be able to operate with 
a full set of 5G capabilities without the need of 
the LTE co-existence.

Based on the aforementioned categories (i.e., 
NSA and SA), during 3GPP Release 15, five main 
5G architecture options have been identified [7]. 
In particular, a subset of these options refers to 
the SA case where either LTE or NR is connected 
to 5G Core (5GC) , that is, Option 2 and Option 
5 illustrated in [7], while the rest of the options 
shown in Fig. 1, that is, Option 3, Option 4, and 
Option 7, represent the possible cases where LTE 
and NR work together to provide NR access to a 
5G capable UE, such as a 5G smartphone or tablet.

In Option 3, which is also known as EN-DC 
(i.e., red lines depicted in Fig. 1), both the LTE 
base station, evolved Node B (eNB), and the NR 
base station (gNB) are connected to the LTE EPC. 
The NR UP connection to the EPC goes via the 
eNB (Option 3) or directly (Option 3A). Since 
this architecture is expected to be the first step 
toward full NR deployment, it also represents the 
main focus of this article. In fact, it is envisioned 
that network operators may implement this archi-
tecture option before all the components of the 
standalone NR RAN and the 5GC are specified. 
Accordingly, 3GPP finished the first drop of the 
EN-DC specification in March 2018 and made it 
available to network and UE vendors in order to 
start with the implementation on their products.

The remaining architecture options in Fig. 1 
are somehow specular to each other’s. In partic-
ular, Option 4, which is depicted via the green 
lines in Fig. 1, refers to NR-E-UTRA Dual Connec-
tivity (NE-DC) where a standalone gNB, as well 

as an evolved LTE eNB (i.e., eLTE eNB) are con-
nected to the new 5GC. Further, in Option 7 (see 
blue lines of Fig. 1), also known as Next Genera-
tion-RAN E-UTRA-NR Dual Connectivity (NGEN-
DC), instead, the eLTE eNB and the gNB (i.e., 
similar to the EN-DC option) are connected to 
5GC. However, such architecture options are not 
in the scope of our article, and thus for a more 
complete description the reader can refer to the 
3GPP TS 38.801 specification [7].

To provide an idea about the possible use 
cases for deploying the aforementioned 5G archi-
tecture options, EN-DC and NGEN-DC can be 
deployed for mobile broadband and low latency 
MTC services since they are able to guarantee 
high connectivity robustness (i.e., by deploying 
LTE of frequencies below 6 GHz), and, at the 
same time, low latencies due to NR deployed on 
high frequencies (i.e., above 6 GHz). We note 
that EN-DC and NGEN-DC differ substantially by 
the different core network used; in EN-DC, we 
use the LTE EPC, whereas in NGEN-DC we have 
the NR 5GC. For NE-DC, instead, in our opinion 
this architecture option may be deployed for 
ad-hoc solutions/systems such as the ones related 
to factory automation scenarios. Here, the pri-
mary scope is to guarantee very low latencies by 
deploying NR as master node and then using LTE 
as a fallback solution in case the connectivity gets 
spotty or unstable.

enAblInG the  
en-dc ArchItecture oPtIon

The DC between two LTE eNBs was introduced 
in 3GPP Release 12 (completed in March 2015) 
and thus is not a new concept. However, EN-DC 

Figure 1. Illustration of LTE-NR tight-interworking architecture options in 3GPP.
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is the first architecture where a DC scenario is 
enabled for two different generations of 3GPP 
radio access technologies (RATs) [6, 8]. Since 
LTE and NR are specified under the same stan-
dardization body, there is high expectation for 
the tight-interworking features between these two 
RATs.

A series of solutions have been identified, and 
later addressed, during the past 3GPP meetings 
to enable the first commercial deployment of the 
EN-DC option, where the master node (MN) is an 
LTE eNB and the secondary (aggregated) node 
(SN) is a gNB, as illustrated in Fig. 1. According 
to such architecture, both the eNB and gNB have 
a direct interface with the existing LTE EPC in the 
user plane domain which is responsible for car-
rying the user data. On the control plane side, 
instead, only the MN has a direct interface toward 
the EPC on which all the signalling traffic between 
the UE and CN are carried. Consequently, the 
MN (which uses LTE) is responsible for maintain-
ing the connection state transitions, handling the 
connection setup/release, and performing the ini-
tial SN addition (i.e., also known as EN-DC setup).

control PlAne AsPects for 5G en-dc
Unlike in LTE DC, where there is only one radio 
resource control (RRC) termination point at the 
MN, the UE has a second RRC termination point 
at the SN in the case of EN-DC [9]. The benefits 
of having separate LTE and NR RRC termination 
points are that the SN, depending on the network 
configurations, is able to handle some SN-related 
RRC procedures (e.g., the change of the primary 
cell and the addition/modification of the second-
ary cells) without necessarily involving the MN 
(which is something different to what we had for 
LTE DC).

Additional features that have been introduced 
in 3GPP Release 15 are related to the setup 
(and modification) of the EN-DC operations [9]. 
In fact, since the UE should be able to compre-
hend both the LTE and NR RRC control signal-
ling, the RRC messages of such technologies 
are not expected to be drastically different than 
those used for the LTE DC signalling. However, 
the new NR RRC messages are expected to be 
enhanced and extended in a different way than 
the LTE RRC. Therefore, it is of utmost importance 

that the future releases of the NR RRC specifica-
tion (i.e., used also for NR SA) are not strictly tied 
to EN-DC. As agreed in 3GPP, one fundamental 
approach for achieving this is to encapsulate the 
SN RRC messages (i.e., generated by NR) within 
transparent message “containers” included in the 
MN RRC messages (i.e., generated by LTE). In 
this way, we can avoid defining all the NR mes-
sages in the LTE RRC specification (i.e., 3GPP TS 
36.331) thus including only the transparent con-
tainers that convey the configuration from the SN 
side (i.e., NR RRC).

Further, as in LTE, the CP domain defined for 
EN-DC is responsible for handling radio-specific 
functionalities depending on the UE connection 
state by means of the RRC protocol layer. Here, 
the main difference with LTE DC is that the UE 
has two RRC protocol termination points toward 
the network. Therefore, in EN-DC, to transport 
the RRC messages between an eNB/gNB and a 
UE, the following set of signalling radio bearers 
(SRBs)1 can be used (Fig. 2) [9].

Master Cell Group (MCG) SRB (i.e., SRB1, 
SRB2): Direct SRB between MN (i.e., one of the 
serving cells comprised in a MCG) and UE, which 
can be used for conveying MN RRC messages 
that can also encapsulate SN RRC configurations. 
We note that the main difference between SRB1 
and SRB2 is that the SRB2 has a lower-priority 
than SRB1 and is always configured by the net-
work after security activation. In Fig. 2, the MCG 
SRB is identified by the red bold line.

Split SRB (i.e., a pair of SRB1 and SRB1S 
and a pair of SRB2 and SRB2S): SRB that is split 
between MN and SN (at the PDCP layer) toward 
UE allowing an MN RRC message to be sent via 
either the MN and SN lower layers (RLC, MAC 
and PHY) or both. In this case, the SN is one of 
the serving cells comprised in a secondary cell 
group (SCG). In Fig. 2, the Split SRB is identified 
by the red dotted line.

Secondary Cell Group (SCG) SRB (SRB3): 
Direct SRB between SN and UE that is used to 
send SN RRC messages without forwarding them 
via the MN. In Fig. 2, the SRB3 is identified by the 
blue bold line.

According to this differentiation, the introduc-
tion of a direct SRB (SRB3) between the SN and 
the UE is one of the major differences from LTE 

Figure 2. CP architecture with signaling radio bearers (SRBs) in EN-DC.
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DC, where the only SRB available was the MCG 
SRB (i.e., RRC was terminated only at the MN). 
The SRB3, indeed, can guarantee direct and fast 
communication of RRC messages exchanged 
between UE and SN in the downlink (e.g., for 
SCG reconfiguration) and in the uplink (e.g., for 
measurement reporting). We note that MCG and 
SCG are the terms given to the group of serving 
cells associated with the master and secondary 
RAN node, respectively.

Further, for RRC procedures requiring coor-
dination between MN and SN, the SRB3 cannot 
be used for sending RRC messages since the MN 
needs to be informed (e.g., to avoid the UE send-
ing a configuration that is not compliant with its 
capabilities). In these cases, the SN sends the con-
figuration toward the MN and the MN embeds 
the received configuration (i.e., NR RRC message) 
in a transparent container within its own (LTE) 
RRC message and passes it to the UE.

The reason behind this choice is to avoid 
potential race conditions2 between inter-depen-
dent LTE and NR RRC (re)configurations that 
may otherwise happen at the same time, result-
ing in conflicts. Another significant difference 
is the newly introduced split SRB, that is mainly 
used to exchange RRC messages via both the 
LTE and NR lower layers either by duplicat-
ing them or by selecting the better radio path 
(i.e., please refer to bold and dotted red line 
of Fig. 2). In this way, mobility robustness can 
be greatly improved. For instance, one of the 
most important use cases, enabled by the use of 
the split SRB, is represented by the handover of 
the MN. In fact, during this procedure, the SN 
could be kept, and eventually the handover com-
mand is sent through the SN link (i.e., via SRB1S 
or SRB2S) if this one has a stronger signal with 
respect to the link toward the MN.

user PlAne AsPects for 5G en-dc
In EN-DC, the UP domain is mainly responsible 
for the transport of the user data between net-
work and UE by using data radio bearers (DRBs) 
which are are pretty much the same of LTE DC. 
In fact, there is the support of the following bear-
ers: MCG DRBs (i.e., bearers terminated at the 
MN and using only the MN lower layers), MCG 
split DRBs (i.e., bearers terminated at the MN 
that can use both/either the MN and SN lower 
layers), and SCG DRBs (i.e., bearers terminated 
at the SN and using only the SN lower layers). 
Additionally, SCG split DRBs were introduced for 
EN-DC [10] so as to enable bearers to use both/
either the MN and SN lower layers while being 
terminated at SN.

Nevertheless, the introduction of the SCG 
split DRBs does not come problem-free. In fact, 
adapting RRC procedures for the use of SCG split 
DRB entails that every bearer type change from 
MCG split DRB to SCG split DRB will lead to a 
re-establishment of the higher layers (i.e., Packet 
Data Convergence Protocol (PDCP)), as well as, 
in some cases, signalling toward the EPC to con-
figure the path from CN to RAN. In order to min-
imize the impact of the bearer type change and 
reduce the implementation and testing efforts on 
UEs, in 3GPP Release 15 has been agreed to har-
monize the bearer definitions. This new concept, 
also called “bearer harmonization,” has the aim 

of reducing the type of bearers from the UE per-
spective. In fact, according to the UP architecture 
for EN-DC depicted in Fig. 3, the new bearer type 
definitions are as follows:

Direct DRBs: DRBs that will have only one 
lower layer configuration (either corresponding 
to LTE or NR lower layers). If the LTE lower layers 
are configured, either the NR or LTE version of 
the higher layers can be used by the bearers. If 
the NR lower layers are configured, only the NR 
version of the higher layers can be used. Direct 
DRBs can be terminated at the MN or SN, regard-
less of the lower layer configuration (e.g., a bearer 
that is terminated at the MN that is using only SN 
lower layers, or vice versa).

Split DRBs: DRBs that will have two lower 
layer configurations (corresponding to LTE and 
NR lower layers). These will always use the NR 
version of the higher layers (i.e., PDCP). In case 
of split DRBs, packet duplication (i.e., a duplicate 
copy of the same message sent over the two 
radio access technologies) could be enabled to 
provide additional reliability. Split DRBs can also 
be terminated at the MN or SN.

Another aspect that has been impacted by 
the bearer harmonization is security related con-
figuration. Different from LTE DC, each bearer 
(be it direct or split) is assigned a security key out 
of two possible key values which are then used 
for encryption/decryption of the UP data. Such 
security key values are identified as the eNB key 
(KeNB) and secondary gNB key (S-KgNB). The 
reason behind this choice is that, having two set 
of keys, the change of bearer types is much easier 
from the UE perspective as PDCP configuration 
is decoupled from the changes in the lower layer 
configurations. In this way, unnecessary protocol 
layer re-establishments, which could lead to sig-
nificant interruptions in data transmissions, can be 
minimized.

PerformAnce evAluAtIon
To validate the benefits of the initial NR NSA 
deployments adopting the EN-DC architec-
ture, a supportive performance assessment has 
been conducted by using a static system-level 
5G simulator. The baseline scenario considered 
for the simulations is a deterministic 3GPP hex-
agonal deployment with seven sites each one 

Figure 3. DRBs and harmonized bearer concept in EN-DC (from the network 
perspective).
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with three sectors, adding up to 21 cells in total 
(i.e., please refer to Table 1). Both the LTE and 
NR technologies are assumed to be co-located 
on the same trellis at a height of about 25 m, 
whereas the inter-site distance between two 
sites is equal to 500 m. The overall simulated 
area is about 1.2 km2. Here, LTE is deployed at 
2.1 GHz, whereas NR acts on 28 GHz. In our 
performance evaluation, we use a bandwidth 
of 20 MHz and 100 MHz per single LTE and 
NR carrier, respectively. Further, only for LTE 
we decided to use the carrier aggregation tech-
nique where five LTE carriers are aggregated, 
for a total of 100 MHz bandwidth available. 
The motivation behind this choice is to have 
a fair comparison (i.e., in term of bandwidth) 
among LTE, NR, and EN-DC. The antenna mod-
elling is based on the default parameters given 
in the 3GPP simulation guidelines that can be 
found in 3GPP TR 36.814 [11] and 3GPP TS 
38.802 [12] for LTE and NR, respectively. The 
propagation is modelled through the 3GPP 
SCM model [13] that is tuned based on the 
urban macro environment and only downlink 
transmissions are considered. The main assump-
tions used in the simulation campaign can be 
found in Table 1.

The following deployment options are com-
pared in our study with the aim to investigate the 
average throughput achieved, and how this varies 
when considering different levels of traffic load.

LTE-Only Deployment: This is a benchmark 
setup where connectivity is available only over 
conventional LTE links. We consider that carrier 

aggregation is enabled and a total of five carriers 
are aggregated.

Standalone NR Deployment: As for the LTE 
case, here NR acts as a standalone technology 
providing connectivity to UEs that are within its 
coverage.

EN-DC Deployment: In this case, the UE uses 
dual connectivity between LTE and NR. The UE is 
scheduled on the NR link whenever in NR cover-
age and if the UE has better radio link to the NR 
cell than the LTE cell. In all other cases, LTE is the 
preferred option.

sImulAtIon results

The results in Fig. 4 illustrate the user throughput 
as a function of the traffic load at the 5th and 50th 
percentile data points of the Cumulative Distribu-
tion Function (CDF) obtained in the simulations. 
For the sake of clarification, the 50th percentile 
is the median achieved by averaging over all the 
considered users’ positions (i.e., shown in Fig. 1) 
and the 5th percentile represents all the users with 
the lowest throughput and thus typically at the 
cell edge (i.e., typically the area with the weak-
est signal strength). Therefore, as shown in Fig. 
4, for the UEs at the cell edge (i.e., 5th percentile 
metric), the EN-DC architecture outperforms the 
other solutions as the NR connectivity offloads 
the low-frequency LTE band and improves the 
coverage with respect to the LTE-only and NR-on-
ly deployments.

As an example, EN-DC is able to reach 
1750 bps/m2 at the cell-edge, whereas the LTE 
and NR single-connectivity configurations satu-

Table 1. Main simulation parameters.

Parameter Value Scenario considered 

Number of BSs 7

Sectors per BS 3 (tri-sector)

inter-site distance 500 m

BS height 25 m

Electrical downtilt 12°

BS power 43 dBm

UE power 23 dBm

LTE frequency 2.1 GHz

LTE bandwidth (single carrier) 20 MHz

Number of LTE carriers 5

NR frequency 28 GHz

NR bandwidth 100 MHz

Subcarrier spacing (LTE and NR) 15 KHz

Number of OFDM symbols (LTE and NR) 14

TTI duration 1 ms

Number of UEs 48 per sector

UE distribution Uniform

UE height 1.5 m

Propagation model 3GPP SCM

Propagation environment Urban macro (UMa)
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rate at around 1200 bps/m2 and 400 bps/m2, 
respectively. A similar behavior is also observed 
when the 50th percentile metric is considered, 
with the only difference that the throughput 
achieved is much higher with respect to the 
previous case where the cell edge users were 
considered. Thus, with EN-DC, the network 
can handle a higher traffic load as compared 
to LTE and NR for every possible user location 
(i.e., at the cell edge or close to the base sta-
tion). The benefits of EN-DC are not limited 
to the data rates, as it also benefits from the 
lower latency enabled by the NR physical layer 
without necessarily waiting for the full NR sys-
tem to be deployed (radio, core network, and 
other supporting components). It is important 
to stress that the good performance depicted 
here with LTE is not realistic since operators 
generally do not have such a large bandwidth 
(i.e., 100 MHz) available in the LTE spectrum. 
Further, the frequency used for NR (i.e., 28 
GHz) gives high benefits in terms of achiev-
able throughput even if the coverage, how-
ever, is quite reduced compared to that one 
of LTE. This translates into a higher number 
of UEs served by NR as it is possible to notice 
from Fig. 4 (i.e., looking at the values obtained 
for the throughput).

We note that the missing data points in Fig. 
4 (e.g., no data points for the NR curves after 
the 500bps/m2 point) are due to the traffic 
overload situations, that is, there are no radio 
resources/capacity available to support any 
more UEs/traffic.

The analysis showed so far finds a confirma-
tion also in the results that are shown in Fig. 5 
(i.e., that illustrates the CDF in terms of user 
throughput). In particular, it is possible to see 
that the performance gap increases especially 
at the very tails of the CDF when EN-DC is con-
sidered. This is principally due to the use of the 
mm-wave spectrum that, on one side, suffers 
more from the blockage effects (i.e., that may 
translate into lower available coverage) but on 
the other side allows the data rate to be boosted 
and achieve performance much better than the 
what we have in LTE.

conclusIons
In this article, we provided an overview of the 
features specified in the standardization bodies 
(e.g., 3GPP) to enable the non-standalone NR-EN-
DC architecture option that is envisioned to be 
the first commercial deployment of 5G networks. 
In this regard, we described the available archi-
tecture options that may be exploited to enable 
the tight-interworking between the LTE and NR 
radio access technologies. Then, focusing on the 
EN-DC option, we illustrated the control and user 
plane features to make EN-DC become a reality. 
Our evaluation results demonstrate that in a co-lo-
cated scenario (i.e., where NR is deployed togeth-
er with LTE), EN-DC is able to provide notable 
performance benefits in terms of user throughput 
in both low and high traffic load conditions. How-
ever, it is noteworthy that EN-DC is not the arrival 
point for 5G deployments but rather an interme-
diate milestone toward the 5G ecosystem where 
NR will work as a standalone technology and with 
the 5G core network.
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Figure 5. Obtained CDFs for the case when a sin-
gle cell is 90 percent loaded.

0 100 200 300 400 500
[Mbps]

10

20

30

40

50

60

70

80

90

100

C
D

F 
[%

]

LTE CA
NR
EN-DC

It is noteworthy that 

EN-DC is not the arrival 

point for 5G deploy-

ments but rather an 

intermediate milestone 

toward the 5G eco-

system where NR will 

work as a standalone 

technology and with the 

5G core network.



IEEE Communications Magazine • June 2019144

cal Layer Aspects (Release 9), Mar. 2017. 
[12] 3GPP TR 38.802 v14.2.0, 3rd Generation Partnership Proj-

ect; NR; Study on new radio access technology Physical 
layer aspects (Release 14), Sept. 2017. 

[13] 3GPP TR 38.901 v14.3.0, 3rd Generation Partnership Proj-
ect; Study on channel model for frequencies from 0.5 to 
100 GHz (Release 14), January 2018.

bIoGrAPhIes
Osman n. C. Yilmaz (osman.yilmaz@ericsson.com) is a project 
manager and senior researcher at Ericsson Research in Finland, 
focusing on 5G research and standardization. He has worked in 
global radio access system research and standardization projects 
since 2008, and is the inventor/co-inventor of 80+ patent appli-
cation families, as well as the author/co-author of 30+ interna-
tional publications and numerous standardization contributions. 
Previous positions include NSN Research and Nokia Research 
Center, where he received the Nokia Top Inventor Award in 
2013. He received his M.Sc. and Ph.D. degrees from Aalto Uni-
versity, Finland.

Oumer TeYeb (oumer.teyeb@ericsson.com) is currently a senior 
researcher at Ericsson Research, Sweden. He earned a Ph.D. in 
mobile communications from Aalborg University, Denmark, in 
2007 and has been working at Ericsson Research in Stockholm, 
Sweden, since 2011. His main areas of research are protocol 
and the architectural aspects of cellular networks, and the inter-
working of cellular networks with local area wireless networks 
such as WLAN. Since 2017, he has been part of the Ericsson 
3GPP standardization delegation in the RAN2 WG.

anTOninO OrsinO (antonino.orsino@ericsson.com) is currently 
an experienced researcher at Ericsson Research, Finland, and 
an Ericsson 3GPP standardization delegate in the RAN2 WG. 
He received his Ph.D. from the University Mediterranea of Reg-
gio Calabria, Italy, in 2017. He is actively working on 5G NR 
standardization activities. Additional research interests include 
device-to-device and machine-to-machine communications in 
4G/5G cellular systems, and Internet of Things. He received 
the Best Junior Carassa Award in 2016 as the best Italian junior 
researcher in telecommunications.


