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Summary
LTE networks get more mature and new
terminals of different capabilities are being
introduced. 3GPP just defined the new LTE-A UE
categories to support terminals with peak data
rates of up to 450 Mbps in the downlink. This
white paper provides an overview of all existing
LTE/LTE-A UE categories and presents the new
Release 11 capabilities that have just been
standardized. Furthermore it describes key
scenarios and use cases such as the support for
downlink carrier aggregation with 3 downlink
carriers with up to 60 MHz of total bandwidth.
Introduction UE Categories
LTE defines UE categories that group terminals’
capabilities in classes supporting certain data
rates in downlink and in uplink. Such UE
categories reduce the base station complexity
(less options and scheduler restrictions), limit
over the air signalling overhead and avoid a too
strong terminal market fragmentation.
Table 1 provides an overview of the defined UE
categories [2]. As can be seen the supported
peak data rates increase with the UE category.
The requirements on physical layer processing
concerning the maximum number of bits to be
processed per 1 ms transmission time interval
will scale accordingly. All UEs have to support
the maximum bandwidth of up to 20 MHz. Class
5 is unlikely to appear on the market. It supports

4x4 MIMO in downlink and 64QAM on uplink
which is extremely demanding.

Table 1: Rel.8/9 UE Categories

The peak data rates should not be
misunderstood as user data rates that are
achievable in a regularly loaded system. They
represent the maximum rate a UE can be
allocated by a base station in a 1 ms scheduling
interval and sometimes even represent the
maximum possible cell capacity. It means, they
can only be achieved in the rare event that all
resources are given to a single user and that this
user experiences the best possible channel state.
At initial attach, a terminal will report its
capabilities with the RRC procedure [3] shown in
Figure 1. Amongst others the UE categories,
supported LTE Release, supported access
technologies and frequency bands etc. are
signalled. Due to the ever growing number of
optionally supported features of different
releases, the message size has been growing
significantly. Once received by the base station,
the Mobility Management Entity will store the UE
capabilities of all UEs registered in its tracking
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area. It will provide this information to the base
station each time the terminal will reconnect to
the network.

Figure 1: UE Capability Exchange
Initial LTE terminals were of Class 3 providing
peak date rates up to 100 Mbps and are being
replaced by Class 4 terminal of a maximum data
rate of 150 Mbps.
LTE-Advance UE Categories
LTE-A introduced a new set of advanced
functions like Carrier Aggregation [1] and MIMO
with spatial multiplexing of up to 8x8 SU-MIMO.
The theoretically achievable peak data rates will
scale with the number of supported carriers and
supported MIMO streams.
Three additional UE categories have been
defined in LTE-Advanced Release 10 [4] as
shown in Table 2 below:

Table 2: Rel.10 UE Categories

Besides the supported UE class, the supported
band combinations for Carrier Aggregation and
the supported number of layers for MIMO spatial
multiplexing are signalled as part of the
capability exchange.

One of the use cases of Class 6 for instance is
the support of 2 carriers each having 20 MHz
bandwidth with 2x2 SU-MIMO. Once again a
high end class, Class 8, was introduced
supporting 5 carriers with an aggregated
downlink bandwidth of up to 100 MHz, 8x8 SUMIMO (4x4 SU-MIMO in uplink) as well as
64QAM. It can be understood that due to
complexity reasons these capabilities will not be
practical for quite some time to come, besides
the unavailability of an respective RF
specification or available band allocation of 100
MHz. Class 8 was defined in the specification to
fulfil the ITU-R requirements for 4G with respect
to the maximum peak data rate and maximum
bandwidth supported.
As a matter of fact, besides the LTE-A
categories, LTE-A capabilities are also signalled
separately. Therefore existing Rel.8 LTE UE
categories can also be extended by LTE-A
features. This would for instance allow for higher
data rates at lower bandwidth allocation. The
first LTE-Advanced terminals on the market are
likely to be Class 4 terminals supporting Carrier
Aggregation of two times 10 MHz bandwidth.
Introducing 450 Mbps
The marketing race on announcing higher and
higher peak data rates to the customers is
ongoing. New bands and Carrier Aggregation
band combinations are being standardized and
will be allocated in the different regions around
the globe to serve the ever growing data
demand.
Only this month Release 11 Change Requests for
the introduction of two new capabilities have
been approved at 3GPP RAN plenary #63 [5][6].
This functionality introduces UE categories
supporting the following downlink/uplink rates:
• UE category 9 - 450/50 Mbps
• UE category 10 - 450/100 Mbps
The new 450Mbps classes address a deployment
scenario of 3 downlink CA component carriers
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with total aggregated bandwidth of 60 MHz.
Neglecting the various SU-MIMO configurations,
Carrier Aggregation scenarios as depicted in
Figure 2 are now supported by the different LTE
releases. According to the Carrier Aggregation
RF band specifications, intra-band contiguous,
intra-band non-contiguous and inter-band
combinations will be supported [7]. Even before
specifications was available, several vendors and
operators announced tests and trials of
respective equipment in their labs [8][9][10].
The announced equipment seem to support FDD
and TDD variants of LTE-A.

Figure 2: Supported CA Bandwidths
First markets to be addressed by such
technology will be Korea or US. Of course it
remains questionable which of the operators is
actually owning multiple 20 MHz blocks that can
be combined to an aggregated spectrum of 60
MHz bandwidth. In an upcoming White Paper
NoMoR will provide an overview of standardized
band combinations.
Although heavily marketed to the customer the
technology does not increase spectrum efficiency
as such. Still significant gain due to
instantaneous load balancing between carriers
can be expected at low to medium load. This
assumes a sufficient penetration of Carrier
Aggregation enabled terminals of course.

Future LTE-Advance UE Categories
We can expect more UE categories to come in
future releases. Physical layer peak data rates
will increase by aggregation of more and more
carriers and by multi-layer MIMO transmission.
As part of Release 12, 3GPP is currently defining
the use of 256QAM in the downlink. A scenario
to use such high modulation order might for
instance be an isolated indoor small cell.
After Release 12 functionality is fixed
(completion is targeted for end of 2014), we
might see new classes with downlink/uplink rates
like
• UE category xx - 600/ 50 or 100 Mbps
• UE category xx - 750 / 50 or 100 Mbps
Today’s practically used uplink peak data rates
are 50 Mbps. Uplink MIMO with transmissions on
multiple antennas or uplink carrier aggregation
with transmission in multiple bands might be a
major step in UE implementation complexity.
Furthermore, considering a defined overall UE
maximum output power of the LTE/LTE-A power
class of 23 dBm (±2dB) also limits the possible
gain compared to the downlink. The use of
64QAM as UE modulation scheme might be an
alternative to reach higher uplink rates.
Today the use of uplink 64QAM is linked to the
not used high end classes, class 5 and class 8. A
more flexible use of uplink 64QAM, independent
of the UE categories, has been discussed already
in 3GPP and is seen as feasible [11]. The
optional support of uplink 64QAM, providing
peak data rates of 75Mbps, at least for UE
categories 6, 7, 9 and 10 was thus agreed at the
RAN plenary last month.
Uplink 64QAM might have some impact on RF
specification and thus per signalling band per
band combination might be required, same as
for MIMO and Carrier Aggregation. Next RAN
plenary will decide if this functionality will
become part of Release 11 or part of Release 12.
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Backwards Compatibility
Of course backwards compatibility of LTE-A
equipment with LTE equipment is of high
importance and so far this backwards
compatibility was never broken.
As illustrated in the first case in Figure 3, an
LTE-A eNB will look like an LTE eNB to a LTE UE
by sending backwards compatible system
information.

Figure 3: UE and eNB Backwards
Compatibility
Conversely, an LTE-A UE will also signal its LTE
capabilities to the network in case there are LTE
only capable eNBs. This means that by now the
UE will signal its capabilities for every release.
Actually a single UE will support different UE
classes for the different Releases.

Disclaimer: This information, partly obtained from
official 3GPP documents, is assumed to be reliable,
but does not necessarily reflect the view of Nomor
Research GmbH. The report is provided for
informational purpose only. We do not accept any
responsibility for the content of this newsletter. Nomor
Research GmbH has no obligation to update, modify
or amend or to otherwise notify the reader thereof in
the event that any matter stated herein, or any opinion,
projection, forecast or estimate set forth herein,
changes or subsequently becomes inaccurate.
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Note: This white paper is provided to you by Nomor
Research GmbH. Similar documents can be obtained from
www.nomor.de. Feel free to forward this issue in
electronic format. Please contact us in case you are
interested in consultancy services on related subjects.
Please note in our assessment(s) we only considered
those facts known to us and therefore the results of our
assessment/assessments are subject to facts not known
to us. Furthermore, please note, with respect to our
assessment(s) different opinions might be expressed in
the relevant literature and for this purpose there may be
some other interpretations which are scientifically valid.
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Standardisation Service
Standardisation is often essential to drive
technology, to get knowledge about market
trends, customer or competitors and basically to
lay ground for future business with the required
knowledge for implementation. Real impact in
standardisation will be time and cost intensive
since it requires years of attendance with
excellent contributions, working across various
groups and contacts to the decision makers, and
is thus mostly limited to the key player.
Nomor Research's standardisation services
provide you the resources and the knowledge
needed
to
understand
and
influence
standardisation. Sharing the resources between
partners and projects maximized your impact
and presence while limiting your cost.
3GPP RANx, 3GPP SAx, ETSI, DVB, IETF, ITU,
ISO/MPEG, and DASH-IF, we can support you in
manifold tasks on short notice as well as in long
lasting projects.
Contact us at standard@nomor.de or visit
http://www.nomor.de/lte-standardisation

Technology Training
NoMoR provides you professional training held
by distinguished expert in mobile communication
industry.
Standard Courses:
LTE Technology Training
LTE Signalling/Protocols
LTE MIMO Technologies
LTE-Advanced
LTE Self-Organizing Networks
LTE Heterogeneous Networks

Consulting can include, but is not limited to:
Regular standardisation updates,
In-depth information on technical areas,
Release overview, analysis, feature
roadmaps and complexity analysis,
Contribute and influence standards activities,
Represent your company at standardization,
Analyze the feasibility of concepts for
standardization,
Evaluation of own and other contributions,
Answer questions concerning certain
standards.

As development cycles are getting shorter and
new technologies are emerging frequently in a
rapidly changing market, your teams need to act
quickly once strategic decisions have been taken.
Professional training tailored to your specific
needs and any level of background will get your
team up-to-date and will save you money, since
your staff can focus on the task to be done.
Contact us at training@nomor.de or visit
http://www.nomor.de/training
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System Level Simulation Services
Nomor Research has developed a comprehensive
simulation environment supporting various
standards such as LTE, LTE Advanced and HSPA
and offers related services to support research,
development and standardisation.
Features of the dynamic multi-cell, multi-user
system level simulator include:
• macro-cell and HetNet deployments (pico-,
femto-cell, relay nodes)
• flexible base station and user configurations
and drop models
• different transmitter and receiver chains incl.
MIMO, ZF, MMSE
• channel modelling with slow/fast fading,
pathloss, full user mobility
• intra- and intercell interference modelling for
OFDMA, SC-FDMA and WCDMA
• 2D and 3D antenna pattern and multiantenna beam forming
• extensive metrics and KPIs: capacity,
throughput, spectral efficiency, user QoS etc

The simulator can be used on project basis or in
customized
simulation
campaigns.
The
performance of the system level simulator has
been calibrated to simulation results obtained in
standardisation.
Research on advanced algorithms include, but
are not limited to:
• various aspects of scheduling and resource
allocation algorithms considering channel
and buffer status, QoS etc.
• inter-cell
interference
coordination,
avoidance and cancellation
• single user-, multi-user MIMO with open and
closed loop feedback
• cooperative multi-point transmission and
reception
• functions for self-organising and selfoptimizing networks (e.g. load balancing,
mobility optimization, tilt optimisation, range
extension,
power
saving
etc.)

If you are interested in our services please
contact us at info@nomor.de or visit us at
http://www.nomor-research.com/simulation
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