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ABSTRACT

While there is clarity on the wide range of
applications that are to be supported by 5G cel-
lular communications, and standardization of
5G has now started in 3GPP, there is no con-
clusion yet on the detailed design of the overall
5G RAN. This article provides a comprehensive
overview of the 5G RAN design guidelines, key
design considerations, and functional innovations
as identified and developed by key players in the
field.! It depicts the air interface landscape that
is envisioned for 5G, and elaborates on how this
will likely be harmonized and integrated into an
overall 5G RAN, in the form of concrete control
and user plane design considerations and archi-
tectural enablers for network slicing, supporting
independent business-driven logical networks
on a common infrastructure. The article also
explains key functional design considerations for
the 5G RAN, highlighting the difference to leg-
acy systems such as LTE-A and the implications
of the overall RAN design.

INTRODUCTION

After several years of research on fifth genera-
tion (5G) wireless and mobile communications,
there is broad consensus that 5G will not just be
a “business-as-usual” evolution of 4G networks
with new spectrum bands, higher spectral effi-
ciencies, and higher peak throughput, but will
also target new services and business models. The
main 5G service types typically considered are
extreme mobile broadband (xMBB, a.k.a. cMBB)
with data rates up to several gigabits per second
in some areas and reliable broadband access
over large coverage areas, massive machine-type
communications (mMTC) requiring wireless con-
nectivity for, for example, millions of power-con-
strained sensors and actuators, and ultra-reliable
MTC (uMTC, a.k.a. ultra-reliable and low-laten-
cy communications, URLLC) requiring end-to-
end latencies of less than 5 ms and 99.999 percent
reliability for, say, vehicle-to-anything (V2X)
communication [1-3].

Investigations toward an overall 5G radio
access network (RAN) architecture that can
efficiently support these requirements are still
ongoing. This article provides an overview of the

5G RAN design guidelines, key design consider-
ations, and functional innovations identified and
developed by key players in the field.! Key 5G
RAN design requirements are listed, after which
the envisioned 5G air interface (AI) landscape
is described, including the latest considerations
on how different air interface variants (AIVs)
may be integrated into one overall Al. The arti-
cle further captures overall system architecture
considerations, such as the logical split between
core network (CN) and RAN and related net-
work interfaces, before venturing into key 5G
functional design paradigms. Finally, conclusions
are drawn.

Key 5G RAN DESIGN REQUIREMENTS

Due to the diverse and extreme requirements of
the main 5G service types, it is clear that the 5G
RAN must be designed to operate over a wide
range of spectrum bands with diverse characteris-
tics, such as channel bandwidths and propagation
conditions [1]. It must further be able to scale to
extremes w.r.t. throughput, number of devices,
connections, and so on, which is facilitated if the
user plane (UP), related to application payload
transmission, and control plane (CP), related to
control functionality and signaling, are handled
individually. For scalability also toward various
possible deployments and an evolving application
landscape, both 5G RAN and CN must be soft-
ware configurable, meaning, for example, that it
is configurable which logical and physical entities
are traversed by CP and UP packets.

A common understanding is that the 5G
RAN should allow integrating Long Term Evo-
lution-Advanced (LTE-A) evolution and novel
5G radio on the RAN level, although integration
need not always take place on this level.

The 5G RAN should further support more
sophisticated mechanisms for traffic differen-
tiation than LTE-A in order to fulfill diverse
and more stringent quality of service (QoS)
requirements, and facilitate the network slicing
vision from Next Generation Mobile Networks
(NGMN) [2], enabling independent operation of
logical networks for different business cases on a
shared physical infrastructure.

Another required feature distinctive from
LTE-A is the native and efficient support of
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bands.

communication forms like multi-connectivity
(e.g., concurrent communications of a device
with multiple network nodes) and network-con-
trolled device-to-device (D2D) communica-
tion, in the form of point-to-point, multicast, or
broadcast communication. The 5G RAN should
further support a wide range of physical deploy-
ments, from distributed base stations to central-
ized cloud-RAN deployments or distributed edge
clouds. Different types of backhaul and fronthaul
shall also be supported with steady performance
degradation in case of reduced backhaul or front-
haul quality in terms of delay and capacity. Also,
self-backhauling is seen as an important feature,
where devices may also act as base stations and
self-establish wireless backhaul links to suitable
donor base stations.

Finally, the 5G RAN must be highly ener-
gy-efficient and future-proof, that is, enabling
efficient introduction of new features and ser-
vices and backward compatibility of devices in
future releases.

AIR INTERFACE LANDSCAPE AND
INTEGRATION INTO ONE 5G AIR INTERFACE

In order to simultaneously handle the extreme
requirements of 5G use cases, an overall 5G Al
is envisioned, shown in the top left of Fig. 1,
which is composed of LTE-A evolution and novel
AlVs tailored to different services, bands, and
cell sizes. Also, non-cellular standards like Wi-Fi
are considered as part of 5G, although they are
not covered in this article. The overall 5G Al is
expected to operate over a wide range of spec-
trum bands, where frequencies below 6 GHz
are likely most suitable to support, for example,
mMTC services where coverage is important,
while spectrum above 6 GHz (up to 100 GHz) is
essential to meet xMBB capacity demand. Three

authorization schemes or mixtures thereof are
expected to coexist for 5G spectrum usages: pri-
mary user mode, licensed shared access (LSA),
and unlicensed mode. Exclusive use of spectrum
should remain the main and preferred solution,
while shared use of spectrum may be a comple-
ment to increase spectrum availability, as sum-
marized in [1].

Evolved LTE-A will likely play a pivotal role
in the overall 5G Al, with tight interworking
with novel AIVs [4], that is, support of inter-
AIV mobility with very low interruption times
and inter-AIV multi-connectivity. Note that this
does not imply LTE assistance, but also stand-
alone operation of novel AIVs or their usage as
an anchor layer is considered.

Novel 5G AlVs are needed in particular to
respond to stringent latency and reliability tar-
gets that LTE-A evolution cannot meet, or to
enable communication at significantly higher fre-
quencies than in existing systems. For this, some
new AlVs are expected to use significantly short-
er transmission time intervals (TTIs) and a wider
bandwidth compared to LTE. It is also clear that
there cannot be a “one-size-fits-all” solution for
all novel AIVs. For example, an AIV tailored
to lower carrier frequencies, large cell sizes, and
high velocity will likely have a physical layer
(PHY) designed to be most robust toward delay
spread and Doppler spread, whereas an AIV for
mmWave frequencies and short-distance com-
munication with limited mobility might instead
require robustness toward other impairments
like phase noise. Key properties of novel 5G
AIVs will be a flexible and scalable numerology
(e.g., frequency-dependent TTI length) enabling
user- and service-specific adaptations, flexible
sub-band configurations, improved spectral and
energy efficiency, support for flexible time-divi-
sion duplex (TDD), reduced out-of-band (OOB)
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For the CP, a single set
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is envisioned among
all novel AlVs. These
might differ, however,
for evolved LTE-A and
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are the need to support

procedures relying on a

beam-centric and
lean design.

emissions, and support for non-orthogonal multi-
ple access (NOMA) schemes [5].

A key challenge is the integration of differ-
ent AlIVs, including LTE-A evolution, into one
overall 5G Al with minimal standardization and
implementation complexity, while not sacrific-
ing the performance of individual AIVs. In this
respect, it is expected that there will be network
functions (NFs) on different protocol stack layers
that are tailored to different services (the right
side of Fig. 1). For safety-critical vehicular com-
munications, for example, one may need specific
medium access control (MAC) functionalities
like specialized hybrid automated repeat request
(HARQ) for fast multicast communications and
prioritized random access channels (RACHs).
Together with service-specific higher-layer opti-
mizations like the omission of header compres-
sion, the overall latency of emergency message
transmission may be substantially reduced [6].
However, it appears desirable to design all NFs
such that they can be parametrized from com-
mon specifications, and/or be selected from a
common pool of atomic functions, for easier
standardization and implementation.

Regarding PHY waveforms and numerology,
it is envisioned that variations for different bands
and services will be required (the bottom left of
Fig. 1). It has not yet been concluded whether
one would use a single waveform family such as
orthogonal frequency-division multiplex (OFDM)
parameterized to support all services and bands,
or coexistence of different waveforms such as
variants of OFDM and filter-bank multi-carrier
(FBMC) [7]. However, one should strive for a
large extent of harmonization, maximum reuse
of signal processing blocks, and so on. While a
large degree of NF harmonization among novel
5G AIVs can be enabled by design, the harmoni-
zation among novel AIVs and LTE-A evolution is
more challenging, as this may pose too stringent
limitations on 5G possibilities.

In conclusion, 5G will consist of a diverse set
of AIVs, harmonized to a large but not complete
extent, requiring novel architectural and func-
tional design paradigms, as covered in the follow-
ing sections.

OVERALL 5G SYSTEM
ARCHITECTURE CONSIDERATIONS

CONSIDERATIONS ON
CN, CN/RAN SpLIT, AND NETWORK INTERFACES

In alignment with NGMN [2], it is expected that
the majority of CN and service-layer functions
are deployed in 5G as virtual network functions
(VNFs), running on virtual machines on standard
servers, potentially on cloud computing infra-
structures (i.e., data centers). Although not nec-
essary, the function design will to some extent
explore software-defined networking (SDN)
principles such as UP/CP split, and allow for
their flexible deployment in operators’ networks
depending on latency requirements, available
transport, processing and storage capacity, and
so on. Moreover, different services or network
slices may utilize different CN and service-layer
VNFs deployed at different network sites.

An important assumption, also considered

by the Third Generation Partnership Project
(3GPP) [8], is a logical split between RAN, CN,
and service layer functions. This appears ben-
eficial because it allows independent evolution
of RAN and CN functionality to accelerate the
introduction of new technology, and enables
access-agnostic CN functions (e.g., common UP
processing). A downside is that cross-CN/RAN
optimizations (e.g., collapsing of functionalities)
are limited to single-vendor environments.

Regarding the exact logical split between
RAN and CN, various changes are being pro-
posed w.r.t. the evolved packet system (EPS) [9].
For example, paging is envisioned to be moved
toward the RAN, and a new radio resource con-
trol (RRC) state has the potential to simplify the
5G CN, both aspects detailed later.

In previous generations, different radios like
3G and 4G were connected via different CNs
and performed CN-based mobility via CN inter-
faces for handovers and location updates. For
5G, requirements related to latency, reliabili-
ty, and short interruption times clearly render
a tighter interworking between LTE-A evolu-
tion and novel AIVs necessary [4] (e.g., enabling
RAN-based mobility and multi-connectivity). In
this context, it appears beneficial to have a com-
mon CN/RAN interface for LTE-A evolution
and novel AIVs, herein denoted as S1*, for:
¢ Fast establishment of multi-connectivity for

any user equipment (UE) entering the sys-

tem via LTE-A or novel AIVs, requiring
neither CN/RAN nor non-access stratum

(NAS) signaling
e Simplified UE implementation due to a

common NAS layer for LTE-A and novel

AlVs
¢ Common context handling enabling dynam-

ic UE activity and roaming across LTE-A

and novel AIVs without CN/RAN signaling

involved
* Needing only one CN state, reducing the
risk of losing state synchronization

One potential drawback of a common CN and
CN/RAN interface is the need for a common
evolution track for LTE-A and new AIVs, which
may be complicated if the 5G CN should diverge
strongly from the current design. Note that the
envisioned S1* interface would inherently enable
tight Wi-Fi integration as in LTE Release 13 via
Xw interface.

Also, the existing X2 interface is expected
to evolve (denoted herein X2*), in particular to
support inter-node multi-connectivity, high-per-
formance mobility, and RAN-based paging. The
left side of Fig. 2 illustrates the envisioned logical
architecture with mentioned interfaces.

USER PLANE AND CONTROL PLANE ARCHITECTURE

For the UP, a harmonized packet data conver-
gence protocol (PDCP) for LTE-A evolution and
novel AIVs can be achieved with a single set of
functions captured in a common specification,
potentially with different operation modes. This
would facilitate the standardization process and
the implementation of features such as handover
and UP aggregation among AIVs. For aggrega-
tion among LTE-A evolution and novel AIVs, a
bearer split should be supported where anchor-
ing may occur on either side.
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Figure 2. Logical architecture and network interfaces, options for multi-AIV integration, and function splits.

For the CP, a single set of RRC specifications
is envisioned among all novel AIVs. These might
differ, however, for evolved LTE-A and novel
AlIVs in order to simplify the standardization
process. Major changes envisioned in the RRC
for novel AIVs are the need to support proce-
dures relying on a beam-centric and lean design.

For the CP support of multi-connectivity
among novel AIVs, a single RRC connection
is envisioned (as in LTE dual connectivity),
since it accelerates the establishment of a sec-
ondary AIV and reduces UE complexity. For
multi-connectivity among LTE-A evolution and
novel AIVs, different options in Fig. 2 have
been investigated, with the current assumption
being to have a single RRC connection (i.e., a
single state machine at the UE). The stated UP
and CP architecture options are shown on the
right side of Fig. 2.

DEPLOYMENT ARCHITECTURE, PLACEMENT OF LOGICAL
FUNCTIONS, AND RECONFIGURATION

As mentioned before, the 5G RAN should
support a wide range of physical deployments
and maximally leverage centralization, while
also supporting distributed base stations and
non-ideal backhaul. A key enabler for this is
the implementation of some radio functions as
VNFs, as mentioned before in the CN context,
allowing flexibly shifting these toward or away
from the radio edge depending on the physical
architecture and specific application require-
ments. Preliminary analyses [10] concluded that
functions that are time-asynchronous to the

radio interface (in LTE these are PDCP and
RRC functions related to measurement control
and reporting, handover preparation and exe-
cution, dual connectivity, random access, RRC
state transition, etc.) are mostly suitable to be
implemented as VNFs and possibly centralized,
as they typically require low data rates on their
interfaces, scaling with the number of users and
not the overall traffic. Further, these functions
can typically cope with larger latency (e.g., tens
of milliseconds in LTE).

However, time-synchronous functions (in LTE
these are PHY, MAC, and radio link control
[RLC] functions, e.g., scheduling, link adapta-
tion, power control, interference coordination)
typically require high data rates on their inter-
faces, scaling with the traffic, signal bandwidth,
and number of antennas, and benefit from hard-
ware acceleration. The potential for centraliza-
tion is here most pronounced in deployments
with low-latency and high-bandwidth backhaul/
fronthaul due to timing and real-time processing
requirements.

A key consideration for 5G is to design RAN
functions such that strict timing relations between
the protocol layers are avoided, and hence multi-
ple possible function splits among physical enti-
ties are possible. The right side of Fig. 2 shows
some possible function splits, including the afore-
mentioned split between asynchronous and syn-
chronous functionality.

The 5G RAN is envisioned to enable a fast
reconfiguration of the mix of supported AIVs
and frequency bands, the reconfiguration of the
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Beamforming will play
an essential role in 5G,
in particular in the con-
text of bands beyond
6 GHz, where a larger
path loss has to be
overcome, but where
shorter wavelengths
also permit a larger
number of antenna
elements at reasonable
form factor. Different
from LTE-A, where
only data channels use
beamforming, higher
bands will also require
beamforming of control
channels.

related NFs as such, and the mapping of NFs to
physical architecture. This reconfiguration func-
tionality is expected to act on the basis of vari-
ous input parameters, such as available resources
(spectrum and hardware), traffic demand, UE
capabilities (supported AIVs, frequency bands,
etc.), and requested services (e.g., bandwidth and
quality of service [QoS]), and could exploit col-
laboration among network nodes.

RAN ARCHITECTURE SUPPORT FOR NETWORK SLICING
Flexibility and configurability will be key RAN
characteristics to support the stated diverse
services and related requirements in one
common network infrastructure. This may be
realized by a protocol architecture support-
ing a service-specific selection of NFs and
service-tailored optimizations, as elaborated
earlier. Going beyond the support of diverse
services as such, network slicing [2] refers to
the operation of multiple independent logi-
cal networks for different business cases on a
shared physical infrastructure. For instance, a
dedicated network slice could be configured
for a particular V2X business case, involving
service level agreements (SLAs) among stake-
holders and a slice-specific selection and con-
figuration of CN, transport network, and RAN
functions. It is envisioned that [6]:

* Even if network slices are seen as separate
logical networks, efficient reuse of resources
like radio spectrum, infrastructure, trans-
port network, and NFs among the slices is
essential.

* Network slices (or an abstraction thereof,
e.g., groups of service flows) need to be visi-
ble to the RAN, such that NFs can take into
account overall slice-specific metrics or con-
straints (e.g., the constraint that all services
belonging to a slice may jointly only occupy
a certain amount of radio resources).

* Means for slice isolation and protection are
needed (e.g., to guarantee that events in
one slice cannot negatively impact another
slice).

* Performance monitoring solutions need to
be aggregated per slice to verify the fulfill-
ment of SLAs and/or properly operate the
different businesses associated with differ-
ent slices.

* Configuration management, self-organiz-
ing networks (SON), and so on could be
slice-tailored. Additionally, certain functions
could be turned on/off and/or possibly con-
figured individually for different slices. This
decision should be made before the deploy-
ment of a slice; however, the fine-tuning of
the configuration of the functions shall be
possible during the lifetime of the slice.

One open question related to network slic-
ing is how the system could tell to which slice a
newly appearing device or service should belong.
This could be solved via network implementation
where UE identities are matched with the slice
to which they belong. Alternatively, a slice-spe-
cific identity could be either transmitted over
system information to support the UE to access
the proper slice or a slice-aware authentication/
attach where the UE has some sort of slice-spe-
cific identity.

KEY FUNCTIONAL
DESIGN PARADIGMS FOR THE 5G RAN

Beyond the overall system architecture, the envi-
sioned service and band diversity suggests vari-
ous paradigm changes in the functional design of
the 5G RAN, as explained in the following.

BEAM-CENTRIC DESIGN

Beamforming will play an essential role in 5G, in
particular in the context of bands beyond 6 GHz,
where a larger path loss has to be overcome, but
where shorter wavelengths also permit a larger
number of antenna elements at reasonable form
factor. Different from LTE-A, where only data
channels use beamforming, higher bands will
also require beamforming of control channels.
For analog/hybrid antenna architectures, beam
sweeping procedures are proposed for synchroni-
zation and reference signals where transmissions
do not occur simultaneously over all directions.
For initial access, a beam-based system increases
inefficiency of broadcasted information, posing
a severe issue given the size of the system infor-
mation in LTE-A. Compression mechanisms are
being proposed that minimize the information
transmitted in common channels (possibly not
beamformed), using dedicated channels for the
remaining information when UEs are connected.
Mobility reference signals will also require beam-
forming, and the UE should be able to detect
different beams. In addition, due to the volatility
of links in higher frequencies, faster and robust
beam switching mechanisms should be supported
including the UE directly using a pre-configured
candidate beam. Clearly, a beam-centric design,
which is necessary for higher bands, but may for
harmonization reasons be generally introduced
in 5G, has a large implication on the overall
RAN design [11].

DEDICATED AND SELF-CONTAINED TRANSMISSIONS, AND
NEW SCHEMES TO DISTRIBUTE SYSTEM INFORMATION

In LTE-A, mobility and system access procedures
rely on “always-on” signals such as synchroni-
zation sequences, cell-specific reference signals,
and system information. For a lean and future-
proof design, active mode mobility should rely,
whenever possible, on more dynamically configu-
rable reference signals possibly sparsely transmit-
ted in time and in specific frequency resources.
These could be either periodic or configured on
demand based on mobility scenarios (highways,
semi-static environments, etc.). Besides minimi-
zation of broadcast signals, as depicted in Fig. 3a,
one should strive to avoid transmitting, for exam-
ple, reference signals over the entire bandwidth,
but instead use self-contained transmissions as
shown in Fig. 3b. Here, reference signals used for
the estimation of data channels are transmitted
jointly with the payload, minimizing the overhead
and interference, and are better suited for beam-
based transmission and more future-proof (e.g.,
facilitating the definition of new physical chan-
nels when needed) [12].

In particular, in the context of the co-usage
of lower and higher frequency bands, new ways
to distribute common signals are envisioned, for
instance, letting only some nodes, frequency car-
riers, or AIVs transmit system information or
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Figure 3. Dedicated and self-contained transmissions, and means to distribute system information in 5G.

parts of it (Fig. 3c). These solutions exploit the
fact that multiple carriers and nodes might use
exactly the same system information configura-
tion.

SERVICE PRIORITIZATION AT INITIAL ACCESS

In LTE-A, service prioritization is possible
through access class baring, where resources are
split among services with significantly diverse
QoS requirements. A proposed paradigm change
in 5G is to provide service differentiation already
on the PHY/MAC level. As one specific exam-
ple, random access requests associated with
delay-sensitive services could apply a combina-
tion of preamble signatures at a given random
access time slot, enabling high-priority service
requests to have very small collision rates (up to
100 times less than state-of-the-art access class
baring schemes [13]), since they could easily be
identified at the receiver side. Without service
differentiation at the initial access phase, uncrit-
ical services may impair the successful initial
access of mission-critical services.

HIERARCHICAL AND DYNAMIC TRAFFIC STEERING AND
RESOURCE MANAGEMENT IN 5G

A key challenge in 5G is how to dynamical-
ly assign the foreseen wide service range to the
different spectrum bands, usage types, relat-
ed AIVs, and the radio resources therein, also
involving novel communication forms like uni-
cast or multicast network controlled D2D. This
challenge will further be pronounced through
more dynamic network topologies, for instance,
resulting from a flexible activation and deac-
tivation of access nodes, antennas and remote
radio heads (RRHs), moving cells, and nomadic
nodes. Furthermore, interference interdepen-
dencies between network nodes will increase,
for instance, in dense deployments with TDD
and a flexible usage of uplink (UL) and downlink
(DL), D2D, or in-band self-backhauling. Conse-
quently, key design principles related to traffic

steering and resource management need recon-
sideration [13].

A proposed paradigm change in 5G is an
extended notion of the term resource, consider-
ing not only classical radio resources in time and
frequency, but also soft network capabilities like
processing power, memory/storage capacity and
power budget. Also, licensed spectrum resources
should be natively complemented by shared (e.g.,
LSA) or unlicensed resources, where the dura-
tion and extent of spectrum sharing may depend
on the uncontrolled source of interferers and
dynamicity in topology changes.

In existing systems, the assignment of ser-
vices to radio access technologies (RATs, e.g.
3G and 4G) and cells takes place via handover
(i.e., RRC-level mechanisms). In 5G, in particu-
lar considering more stringent QoS requirements
and the relative unpredictability of radio links
in higher bands, traffic steering will need to be
performed in a more agile way and on a faster
timescale.

One specific proposal is a hierarchical traf-
fic steering and resource management approach
in the RAN, as illustrated in Fig. 4. Here, the
“outer loop” (access network-outer, AN-O)
receives the QoS policies from the CN and main-
tains a cross-AIV 5G RAN view, based on real-
time feedback (per-TTI or periodically over a few
TTIs) from the AIVs in the “inner loop” (access
network-inner, AN-I). This allows the AN-O to
do fast traffic re-routing among the AIVs, and
also dynamically (de-)activate AI'Vs and place
UEs into suitable multi-AIV multi-connectiv-
ity constellations, while the actual TTI-level
resource management happens in the AN-I. The
exact implementation of the scheme depends
on the chosen function split in the RAN. If, for
instance, RRC, PDCP, and RLC, are centralized
in a cloud RAN, and MAC and PHY are per-
formed in radio units, the former group would
naturally constitute the AN-O and the latter the
AN-I, as depicted on the right side of Fig. 4. The

A key challenge in 5G
is how to dynamically
assign the foreseen
wide service range to
the different spectrum
bands, usage types,
related AlVs and the
radio resources therein,
also involving novel
communication forms
like uni-cast or multi-
cast network controlled
D2D. This challenge will
be further pronounced
through more dynamic
network topologies.
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Figure 4. An example scheme for hierarchical traffic steering and resource management in its abstract form (left), and in the con-
text of a RAN function split (right). The function split shown on the right illustrates one specific example, while different split

options depending on xHaul* characteristics are possible.

interface between AN-O and AN-I, here denoted
as xHaul*, would then have to encompass new
RAN measurement information elements for
the real-time AIV feedback to the AN-O, and
control information elements for the steering of
the AN-I resource management schemes by the
AN-O. It is still under research to which extent
these information elements should be standard-
ized and may possibly also require changes to the
Uu interface.

A NoVEL RRC STATE MODEL IN 5G

Moving toward the Internet of Things (IoT),
there will be significantly more battery-powered
UE:s (e.g., sensors, baggage tags, wearable devic-
es) in 5G. Therefore, battery efficiency and dura-
tion will be essential, especially for devices with
limited accessibility (e.g., in remote locations or
restricted areas). However, fast first packet trans-
mission (UL or DL) may be even more import-
ant than today. This trade-off between device
power efficiency and fast accessibility is often
called the “UE sleeping problem.”

For 5G, a novel RRC state model is pro-
posed to address the problem, relying on a novel
state, RRC Connected Inactive, in addition to
RRC Connected and RRC Idle. This novel state
explores the principle of “not discarding previ-
ously exchanged information” for inactive UEs,
meaning that UEs in the new state still keep
parts of the RAN context (e.g., related to secu-
rity, UE capability information). In addition, sig-
naling is reduced by allowing the UE to move
around within a pre-configured area without
notifying the network, even among LTE-A evolu-
tion and novel AIVs. The new state is envisioned
to be highly configurable with a wide range of
discontinuous reception (DRX) cycles (from
milliseconds to hours) and service-tailored state
transitions.

Transitions from RRC Idle to RRC Connect-
ed are expected to occur mainly when a UE first

attaches to the network, or as a fallback when devic-
es and/or the network cannot use the previously
stored RAN context. However, transitions from
RRC Connected Inactive to RRC Connected are
expected to occur often and are hence optimized
to be fast and lightweight in terms of signaling. This
is achieved by keeping the CN/RAN connection
alive during inactivity periods and reducing the
amount of RRC signaling needed to resume an
existing inactive connection via the usage of a RAN
context ID — an option inspired by the suspend/
resume procedure considered for idle state UEs in
LTE [14]. Thanks to the common CN/RAN inter-
face, the UE is able to perform this optimized state
transition even when roaming among LTE-A evo-
lution and novel AIVs. The proposed novel state
model and expected benefits w.r.t. protocol over-
head and CP latency reduction are shown in Fig.
5, with more details and a discussion on similarities
and differences of the proposed new RRC state to
the URA-PCH state in high-speed packet access
(HSPA) given in [15].

RAN-BASED PAGING

Due to the expected massive number of devices
and denser deployments in 5G, paging may sig-
nificantly increase the load on the Al and the
CN/RAN interface, thus requiring new solutions
for efficient paging and UE location tracking.
One proposed option is hierarchical location
tracking where the CN tracks UEs in RRC Con-
nected Inactive on the level of groups of RAN
locations, whereas the RAN tracks these at
cell-level granularity. This can be seen as a com-
bination of the hierarchical location concepts in
high-speed packet access (HSPA) with the lean-
er state model (compared to HSPA) described
before [15]. This could involve a lightweight sig-
naling procedure terminated in the RAN, using
a security handling mechanism based on retain-
ing and updating the security context from the
last attach procedure. The proposed hierarchical
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Figure 5. The proposed novel RRC state model and its expected benefits.

5G functional design

paradigm Key benefits

Key difference to LTE-A evolution

Implication on overall RAN design

Beam-centric design

bands
Dedicated and self-con-
tained transmissions, Energy efficiency and future-proofness, potential-
new ways of distributing ly also improved C-plane scalability

system information

Service prioritization at
initial access

Hierarchical and dynamic
traffic steering and

resource management
8 UMTC.

Reduced UE power dissemination and C-plane
latency. Reduction of CN/RAN signaling by at
least 70% [15]. Especially suitable for bursty

A novel RRC state model

connectivity and massive access.

b sszd gy reduced C-plane latency [13].

Better coverage, capacity and data rates in higher

Service differentiation already at first access,
lower latency, and 100x reduction of collision
probability for mission-critical services [13]

Faster and more agile resource management,
around 20% reduction in mean packet delivery
delay [13], higher overall reliability. Essential for

CN/RAN signaling reduced by more than 85%,

Narrow beams possibly swept instead of
notion of omnidirectional cells

Reference signals not always on, not full band,
not all subframes

Different levels of service prioritization for
diverse sets of delay requirements

Traffic steering performed on comparatively
lower protocol stack layer. Dynamic traffic
steering instead of handover.

UEs are always connected from a CN
perspective. Significantly larger possibilities for
service-specific configuration.

In LTE, paging is a CN function, which is now

moved into the RAN ;
interface.

Table 1. Summary of the key functional design paradigms considered.

location tracking approach would imply moving
some paging and mobility related functionalities
from CN to RAN, hence changing the CN/RAN
split compared to EPS.

Table 1 summarizes the key functional design
paradigms explained before, their key benefits,
difference from LTE-A, and their implication on
the overall 5G RAN design.

CONCLUSIONS
This article has provided a consolidated view of
the likely overall SG RAN architecture, func-
tions, and interfaces, enabling integration of

LTE-A evolution and multiple novel AIVs in
5G. Besides providing details on the likely logical
architecture and its mapping to physical architec-
ture as well as means to support network slicing,
the article has ventured into key functional para-
digm changes that are proposed (e.g., related to
a beam-centric design, lower-layer service priori-
tization, traffic steering in 5G, and a novel RRC
state model), emphasizing the key differences
from LTE-A and the main RAN design implica-
tions. It has to be noted that the topics covered
in this article are still under research and subject
to finalization in the next months.

All control signals beamformed. All mo-
bility and initial access procedures need
native beam-centric design.

Significantly more configurable reference
signals and mobility procedures

New MAC procedures required for RACH
to enable service prioritization. Signaling
to higher layers needed.

New control information elements and
steering options between protocol layers
needed. Possible impact on Uu interface.

Context fetching needs to be specified and
supported. Novel mobility procedures for
new state need to be defined.

Entire re-design of paging functionality,
signaling etc. Change of usage of CN/RAN
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Due to the expected
massive number of
devices and denser
deployments in 5G,

paging may significantly

increase the load on

the Al and the CN/RAN

interface, thus requir-
ing new solutions for

efficient paging and UE

location tracking.
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