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Abstract—Integration of new radio technologies to legacy
ones has always been an important feature in any wireless
communication generation shift and it is envisioned that for the
transition to SG this will be even more critical. Different 5G
research projects have acknowledged the demand for a new air
interface that will be designed to operate in higher frequency
bands (compared to the ones currently allocated to LTE) where
propagation is more challenging and coverage is spotty. This
paper proposes a radio access network (RAN) architecture that
realizes a tight integration of this new air interface with LTE to
enable cross-air interface optimizations such as common
resource management, faster mobility and simultaneous multi-
connectivity features. The tight integration also aims at
leveraging both the better coverage of LTE and the higher
capacity of the higher frequency bands. In order to realize this
integration, common protocol layers (also called integration
layers) lying on the top of lower layer protocols specified per air
interface is proposed. The paper analyzes the alternatives for
this integration layer, having the LTE protocol stack specified
by 3GPP as a reference model. A recommendation is issued and,
based on that, potential multi-connectivity features are
presented.

Keywords—5G RAN architecture; tight integration of air
interfaces;

I. INTRODUCTION

Worldwide initiatives in the mobile industry have started
in the past few years in order to define the requirements and
principles of what is to be the 5™ generation of mobile
networks (5G). These initiatives (research projects, industry
fora, etc.) have acknowledged the demand for a new 5G air
interface, driven by the diversity of challenging 5G
requirements. Among these requirements, handling of
massive machine communication (MMC), and supporting low
latency (in the order of 1 millisecond) for ultra-reliable
communication (URC) need more attention [1]. Moreover, the
required very high capacity and very high data rates call for
the usage of higher bandwidth available only in higher
frequency bands [1][2]. Some of these initiatives are METIS
and iJoin research projects, where solutions for 5G network
architectures have been investigated [3][4][5][6].

These previous contributions provide the common vision
that the 5G is not a one-fits-all single air interface solution
addressing all possible use cases and operating in the whole
spectrum possibly allocated for 5G. Instead, the 5G points
towards an integration of air interfaces. It has been
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acknowledged the demand for a new air interface optimized
to operate in higher frequencies [1][2][7]. Under these
frequency bands, it is known that propagation is more
challenging and coverage can be spotty [7]. In parallel with
the 5G research activities, 3GPP is continuously adding new
features to LTE and it is likely that at the time 5G reaches the
market, LTE should be capable of addressing many of the 5G
requirements, such as the ones related to MMC and Mobile
Broadband (MBB). At that time, LTE is also expected to be
heavily deployed and, the fact that it operates in frequency
bands with better propagation properties, makes the
integration of LTE and the new air interface operating in
higher frequency bands very appealing [1].

This paper proposes a tight integration of LTE and the
new 5G air interface to fulfill the 5G requirements, aiming for
simultaneous multi-connectivity in order to enable faster
mobility and common resource management. This integration
goes beyond the existing interworking of current standards
(such as the one between LTE and 3G, based on core network
interfaces) where rather slow mechanisms (in the order of
100s of milliseconds) enables hard handovers and access
selection, mainly for coverage purposes, service layer
mapping and eventually some relatively slow load balancing.
In order to realize the tight integration, the paper proposes a
RAN architecture relying on using common protocol layers
(or integration layers) to the extent possible with only the
unavoidable lowest protocol layers being specific to each air
interface i.e. LTE and the new air interface.

Paper Organization — The paper is organized as follows.
In Section II, characteristics of the new air interface are
highlighted, mainly related to the operation of 5G in high
frequency bands. In Section III, we present different network
and device scenarios concerning the co-existence of LTE and
the new 5G air interface. In Section IV, different alternatives
for the integration layer are analyzed, from lower to higher
layer protocols. A recommendation is issued. In Section V,
multi-connectivity features are presented for both common
control and user planes that can be enabled by the
recommended solution. The paper is concluded by listing
some open questions to be answered before standardization in
the area takes place.

Previous Contributions — The integration of multiple air
interfaces in the context of 5G RAN architecture has been
addressed by recent contributions. In [3], the METIS project
proposes that “5G will consist of evolved versions of existing
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air interfaces complemented by a set of new wireless
technologies” (in the paper, air interfaces are called radio
access technologies). In addition to this, the authors also state
that “the new 5G architecture must optimize multiple air
interfaces coordination and interworking being more flexible
in radio resource management and traffic allocation”. In [4],
an architecture option relying on simultaneous connectivity of
multiple air interfaces is proposed. The importance of legacy
systems (more specifically LTE) in the context of 5G
architecture research is also shared by iJoin project in [5],
where the authors argue that “5G mobile architectures will
most likely be developed as an evolution of LTE Release 12
and beyond”, so that “introduced concepts need to be...as
compatible as possible with the 3GPP network architecture
while satisfying demands on performance”. In [6],
simultaneous multi-connectivity features are described,
however the focus being more into software-defined
networking (SDN) as an architecture enabler.

Other contributions not associated to METIS or iJoin
projects are also relevant to this paper. In [8], it is proposed a
tight integration between LTE and a new 5G air interface
operating in the mmWave spectrum in order to improve cell
discovery procedures. A tight integration of LTE and other air
interfaces is also proposed in [9] as a way to fulfill some 5G
requirements. On the other hand, the focus of [9] has been on
unlicensed spectrum (e.g. Wi-Fi), where other tight
integration solutions exist such as the one currently discussed
in 3GPP [10]. In [11], the importance to address “how legacy
networks will interface and interoperate with the new network
architecture” in 5G is highlighted and the authors recognize
the need of “mechanisms to support simultaneous sessions
and seamless session mobility across different access
networks”.

II. 5G IN HIGH FREQUENCY BANDS

In 5G, MBB services will still play an important role,
however with more challenging requirements such as very
high data rates (in the order of 10 Gb/s) in certain scenarios,
more than 10 Mb/s available in urban and suburban
environments and at least a few Mb/s available essentially
everywhere [1]. It is also envisioned that 5G should support a
new range of services, such as ultra-reliable machine
applications which may require very low latencies (in the
order of 1ms) and ultra-reliable connectivity to serve
applications such as traffic safety, infrastructure protection, or
emerging industrial Internet applications.

LTE 5G in higher frequency bands

| | |
3Gz 10G17 30GHzZ 100GHz

Fig. 1. LTE and 5G in higher frequencies

A. Challenging propagation conditions

To support the long-term traffic demands and to
efficiently enable the very wide transmission bandwidths
needed for multi-Gb/s data rates, the range of operation might
not only range to frequencies below 6.5 GHz (currently used

for LTE) but also higher frequencies up to 30 GHz or above
[1], as shown in Fig. 1.

In comparison to the current frequency bands allocated to
LTE, much more challenging propagation conditions exists
[7], such as lower diffraction and higher outdoor/indoor
penetration losses, which means that signals will have less
ability to propagate around corners and penetrate walls. In
addition, atmospheric/rain attenuation and higher body losses
could also contribute to making the coverage of the new 5G
air interface spotty.

B. Massive use of beamforming

Beamforming, where multiple antenna elements are used
to form narrow beams, is an efficient tool for improving both
data rates and capacity. Its extensive use, in particular at the
network side, is an essential part of high-frequency wireless
access in order to overcome the propagation challenges
highlighted earlier [7]. The operation in higher frequencies is
one of the drivers for beamforming based solutions since high
frequencies makes it is possible to use smaller antenna
elements enabling deployments of larger antenna arrays. On
the other hand, despite potential link budget gains, reliability
of a system purely relying on beamforming and operating in
higher frequencies might be challenging, since the coverage
might be more sensitive to both time and space variations.

C. Shorter time-domain structures

In order to support applications requiring very low
latencies (in the order of Ims), such as some ultra-reliable
machine communication use cases, a new time-domain
structure based on shorter transmission time intervals (TTIs)
and a wider bandwidth for radio resource blocks compared to
the one specified for LTE are likely to be defined for the new
5@ air interface, as shown in [1] and [11]. To give an idea, the
current 10ms radio frame in LTE might be reduced to 1ms,
leading to new subframes of 0.2ms.

III. NETWORK AND DEVICE SCENARIOS FOR 5G

A. Network Scenarios

New air interface has spottier
coverage (mainly cell center)

Essentially the same
coverage

‘ Non-Collocated ‘

~——
—

Overlapping coverage

—)

Coverage provided only by Coverage provided only
the new air interface by LTE

Fig. 2. Network scenarios for 5G
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The network scenarios for LTE and the new air interface
in the future may be very diverse in terms of coverage and co-
location. In terms of deployments, LTE and the new air
interface can be co-located (i.e. being implemented in the
same node) so that constraints in the interface between these
two could be relaxed, which can allow a tight integration in
the lower layers of the protocol stack, as it will be explained
in Section IV. In scenario A, both air interfaces will have
essentially the same coverage. Otherwise, in scenario B, the
new air interface could have lower coverage, spottier and
mainly at the cell center.

LTE and the new air interface may also be deployed in
separate nodes and then constraints in the inter-node interface
have to be considered. Non co-location may limit the
integration possibilities, depending on the properties of the
inter-node interface in terms of latency and bandwidth. In that
case, the scenario C, where both LTE and the new 5G air
interface have overlapping coverage becomes interesting. The
scenario A, B and C are highlighted in Fig. 2.

B. User equipment (UE) Scenarios

When it comes to the UEs, the scenarios vary based on the
availability of multi-radio devices. It is likely that in 5G there
will be dual radio UEs, where these can have both dual
receiver and transmitter (RX/TX) ie. that can be
simultaneously fully connected to both LTE and new 5G air
interfaces. These will be called herein UE type #1.
Alternatively, some UEs may have only dual RX but single
TX, i.e. only the downlink can be simultaneously enabled in
both air interfaces. Such a UE is herein denoted UE type #2.
In addition to these two UE types, there will be single-radio
UEs capable of both air interface variants, but only one at a
time or only capable of one of air interfaces. The latter will
likely be the case for MMC devices, required to have a lower
cost. Single-radio UEs will herein be called UE type #3. The
main focus of this paper will be on UEs type#l, as type #2
UEs are seen as less likely to be ubiquitous and type #3 UEs
cannot benefit as much on the features enabled by the tight
integration. The UE types are highlighted in Fig. 3.

RX1 'RXZ
=68

UE type #1

UE type #2 UE type #3

Fig. 3. UE Scenarios for 5G RAN

IV. RAN ARCHITECTURE SUPPORTING TIGHT INTEGRATION

In order to realize the tight integration of LTE and the new
5G air interface, it is proposed an architecture relying on
common protocols (also called integration layers). A common
protocol in this context can be defined, from a transmission
point of view, as a protocol requiring services from more than
one immediately lower layer protocols where each one is
associated to a specific air interface. From a reception point of
view, the common protocol receives processing data units
(PDUs) from these lower layer protocols, where each one is
associated to a specific air interface, being the lower layer

protocol flows from the different air interfaces being
terminated at the same location of the common protocol. The
application programming interfaces (APIs) above or below
the common protocol can be either agnostic to the air
interface or specific, depending on the required functions to
be implemented in each protocol. Based on the characteristics
highlighted for the new 5G air interface, different alternatives
for the common protocol are analyzed in the following.

A. Common physical (PHY) layer

In LTE, the PHY layer (based on OFDM transmission)
provides services to the MAC layer in the form of transport
channels and handles mapping of transport channels to
physical channels. OFDM-based transmission will most likely
remain as a good baseline also for the new air interface
variant, although the detailed numerology would probably
need to be adjusted to cope with the higher frequencies. As
discussed in Section II, the new 5G air interface will likely
have quite different characteristics compared to LTE (e.g. in
terms of propagation and TTI numerology) so that a common
PHY become very challenging to be implemented.

In addition to this, this architecture would impose
limitation in terms of deployments since non-collocated
scenarios would likely not be possible due to the high level of
synchronicity needed between the physical layers of LTE and
the new air interface.

B. Common medium access control (MAC) layer

In the LTE architecture, the MAC layer provides services
to the RLC layer in the form of logical channels, and performs
mapping between these logical channels and transport
channels. The main functions are: uplink and downlink
scheduling, scheduling information reporting, Hybrid-ARQ
feedback and retransmissions, multiplexing/demultiplexing
data across multiple component carriers for carrier
aggregation. In principle, the integration on the MAC level
can lead to coordination gains, enabling features such as
cross-carrier scheduling for both air interfaces. Major gains
could potentially be possible for dual-radio UEs.

The challenge to realize a common MAC comes from the
assumed differences in the time- and frequency-domain
structures for LTE and the new air interface. A high level of
synchronicity would be needed between the common MAC
layer and both the PHY layer of LTE and of the new air
interface, even assuming a harmonized numerology for both
OFDM-based transmission schemes. This challenge would
likely limit MAC level of integration to co-located
deployments in which this high level of synchronicity can be
achieved.

C. Common radio link control (RLC) layer

In LTE, the RLC layer provides services for the packet
data convergence protocol (PDCP) layer. The main functions
for both user and control plane are segmentation and
concatenation, retransmission handling, duplicate detection
and in-sequence delivery to higher layers.

RLC integration is likely challenging due to the existing
level of synchronicity between PHY, MAC and RLC. For
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example, in order to perform fragmentation/reassembly, the
RLC needs to know the scheduling decisions in terms of
resource blocks for the next TTI, which in consequence, is a
function of PHY layer information. A  joint
fragmentation/reassembly for the two air interfaces would
likely not work unless a common scheduler is deployed. This
would also likely limit the possible deployments to the co-
located case as described for common MAC layer.

D. Common PDCP layer

In LTE, PDCP is used for both control plane and user
plane. The main control plane functions are
ciphering/deciphering and integrity protection. For the user
plane, the main functions are ciphering/deciphering, header
compression and decompression using ROHC, in-sequence
delivery, duplicate detection and retransmission (mainly used
during handovers).

In contrast to PHY, MAC and RLC functions, the PDCP
functions do not have strict constraints in terms of
synchronicity with the lower layers. In other words, a specific
design for PHY/RLC/MAC functionalities for both air
interfaces would likely not impose any problems for a
common PDCP layer. In addition to this, such integration
would work in both co-located and non-collocated network
deployment scenarios, making it more general and future-
proof.

User Plane Architecture

Air interface
1
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T

[ Application

|
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5G PDCP ]

RLC

MAC
PHY

LTE and the new 5G air

)
UE interface in a co-located RAN

Fig. 4. Recommended architecture for User Plane

E. Common radio resources control RRC layer

The RRC layer is responsible for the control plane
functions in LTE. Among these we can list the broadcast of
system information for non-access stratum and access
stratum, paging, connection handling, allocation of temporary
identifiers, configuration of lower layer protocols, quality of
service management functions, security handling at the access
network, mobility management, measurement
reporting/configuration, etc.

The listed RRC functions do not require synchronization
with functions in lower layer protocols, which makes it quite
likely that they can be common to the multiple air interface
variants in order to exploit potential coordination gains from a
common control plane. As in the case of common PDCP
layer, both co-located and non-collocated network
deployment scenarios would be allowed.

Control Plane Architecture
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Fig. 5. Recommended architecture for Control Plane

Recommendation — At least PDCP and RRC layers
should be common for LTE and the new air interface
supporting the 5G requirements, as shown in Fig. 4 and Fig.
5. Lower layer integration could be further elaborated when
more details are known about the new air interface. The
following section describes multi-connectivity features
enabled by the recommended architecture.

V. MULTI-CONNECTIVITY FEATURES

In the following we present some features that can be
enabled by the recommended architecture. Fig. 6 highlights
these features.

A. Control Plane Diversity

A common control plane for LTE and the new air
interface would allow a dual-radio UE to have a single
control point for dedicated signaling connected via the two
air interfaces. In such a feature, no explicit signaling would
be needed to switch link and the receiver should be capable of
receiving any message on any link including the same
message simultaneously on both air interfaces.

The main benefit of this feature is to provide reliability
without the need for explicit signaling to switch air interface,
which might be important to fulfill the ultra-reliability
requirements for certain applications in the challenging
propagation conditions where the connection on one air
interface is lost so quickly that no explicit “switch signaling”
could have been performed. In addition, a common control
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plane is also an enabler for user plane integration features, as
discussed in the following.

R
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New alr

RLC/MAC/PHY of LIE

RLC/MAC/PHY of the

new 5G air interface

<€==> Control plane
€—> Userplune — —

((&))

New air

((g))
New air
interface

interface

D. Fast User Plane Switching

E. Lean by help of LTE

C. User Plane Aggregation

Fig. 6. Multi-connectivity features

B. Fast Control Plane Switching

In such a feature, also relying on a common control plane,
the UE would be capable of connecting to a single control
point via any of the air interfaces and switch very fast from
one link to another (without requiring extensive connection
setup signalling).

The reliability might not be as high as in the Control Plane
Diversity and additional signaling would be needed,
compared to the Control Plane Diversity. On the other hand,
one advantage is that the solution would work for all UE

types.
C. User Plane Aggregation

One variant of the user plane aggregation is called flow
aggregation, which allows a single flow to be aggregated
over multiple air interfaces. In another variant, defined as
flow routing, a given user data flow is mapped on a single air
interface, so different flows of the same UE may be mapped
on different air interfaces.

The benefits of this feature is increased throughput,
pooling of resources and support for seamless mobility. The
flow aggregation variant may have limited benefits when the
air interfaces provide different latency and throughput. The
solution only works for UEs type #1.

D. Fast User Plane Switching

For this feature, rather than aggregating the user plane,
the user plane for one UE uses only a single air interface at a
time, but a fast switching mechanism is provided between
them. A robust control plane is required. Apart from
providing resource pooling, seamless mobility and reliability,
a main advantage is that it applies for UE types #1, #2 and
#3.

E. Lean by help of LTE

This feature relies on a common control plane. The basic
idea here is to make 5G “lean” by letting the new 5G air

interface transmitters be active when there are active UEs on
5@, and transmit information to idle mode UEs, e.g. system
information, over LTE. The main benefit is that it likely
reduces network energy consumption and “idle” interference
in 5G. Even though the transmitted energy is just moved
from one transmitter to another, substantial energy can be
saved when the electronic circuitry associated with a
transmitter can be turned off.

VI. CONCLUSION

The paper proposes a functional RAN architecture that
realizes a tight integration of LTE and the new 5G air
interface in order to enable cross-air interface optimizations
such as common resource management, faster mobility and
simultaneous multi-connectivity features. In order to realize
this tight integration, a common protocol layer (also called
integration layer) lying on the top of lower layer protocols
specified per air interface is being proposed. It is
recommended that a common PDCP/RRC for both user and
control plane would be reasonable and future-proof choice.

A potential next step could be a performance evaluation of
the proposed multi-connectivity features. Another track would
be the further analyzes of the functions needed for the 5G
PDCP and RRC layers for both LTE and the new 5G air
interface.
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