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(57) Abstract: The present invention relates to method for operating a mobile communication network, wherein a) link processing
jobs running on one or more entities in the mobile communication network are identified which cause an increase of data transmis -
sion delay, preferably packet delay, in a communication link between the radio access network and a core network of said mobile
communication network, b) one or more of the identified link processing jobs are selected, preferably those causing the largest de-
terioration in said delay, and ¢) link parameters of the selected link processing jobs of the communication link are adapted depending
on latency requirements of a service using said communication link.
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METHOD FOR OPERATING A MOBILE
COMMUNICATION NETWORK

The present invention relates to a method for operating a mobile communication
network.

The present invention further relates to a mobile communication network,
comprising a radio access network and a core network, preferably for performing
with a method according to one of the claims 1-13.

The work leading to this invention has received funding from the European Union’s
Seventh Framework Program (FP 7/2007-2013) under grant agreement No. 317
941.

Although applicable in general to any kind of mobile communication network, the
present invention will be described with regard to a partly centralized radio access
network of a mobile communication network.

Although applicable in general to any kind of delay, the present invention will be
described with regard to a packet delay caused by encoding and decoding
processes.

In Fig. 1 a conventional non-centralized radio access network in form of an E-
UTRAN according to 3rd Generation Partnership Project; Technical Specification
Group Radio Access Network; Evolved Universal Terrestrial Radio Access (E-
UTRA) and Evolved Universal Terrestrial Radio Access Network (E-UTRAN);
Overall description; Stage 2 (Release 11), 3GPP LTE is shown. The evolved
nodeB eNB performs all radio access network RAN related functionality. Therefore
the functionality is usually executed decentralized at a local radio access point.
This includes preferably the corresponding layer 1-3 functionality according to 3rd
Generation Partnership Project; Technical Specification Group Radio Access
Network; Evolved Universal Terrestrial Radio Access (E-UTRA); LTE physical
layer; General description (Release 10) as shown in Fig. 2 where a radio resource
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control RRC controls and performs measurements on the physical layer. As shown
in Fig. 1 the core network CN functionality is usually performed on a centralized
entity or entities.

Current developments for radio access networks RAN are going to be more
centralized than today’s conventional radio access networks, at least partly. That
means that radio access points like base stations or evolved node Bs eNBs only
perform part of the radio access network protocol stack while the main part is
performed centrally. A remote radio access point therefore for example performs
part of the layer 1-3 of the radio access network functionality while the remaining
functionality is performed at a centralized entity. This centralized entity may be a
virtual base station pool executed on top of cloud-computing platforms. Examples
for such an architecture include Centralized RAN, disclosed in the non-patent-
literature of “C-RAN The Road Towards Green RAN,” white paper v2.5, Oct. 2011,
CMCC, or the “RAN as a Service” concept as discussed in P. Rost, C.J.
Bernardos, A. De Domenico, M. Di Girolamo, M. Lalam, A. Maeder, D. Sabella,
and D. Wubben, “Cloud technologies for flexible 5G radio access networks,” IEEE
Communications Magazine, vol. 52, no. 5, May 2014, respectively.

Mobile radio access networks are usually subject to quality of service QoS
constraints which are in particular expressed by packet delay, packet loss
probability and throughput constraints. For example in 3GPP LTE, i.e. according to
3GPP Technical Specification 23.203, ‘Policy and charging control architecture
(Release 8)’, www.3gpp.org, these constraints are reflected by the bearer concept
introducing QClI, i.e. a quality of service QoS class of identifier. For example the
general term “packet delay” comprises different parts all contributing to the delay
such as air interface latency, radio access network processing latency, core
network latency and latency imposed by the actual service processing used by a
user terminal UE. When looking on the radio access network processing latency,
this latency is imposed by encoding and decoding processes caused by forward
error correction. In a conventional LTE network the encoding and decoding
processes are performed by a so-called turbo-encoder/decoder or in case of a
IEEE 802.16m, i.e. a WIMAX radio access network, by a so-called low density
parity check LDPC code for which a message-passing decoder can be employed.
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This processing latency may become dominant in the radio access network if the
encoding and/or decoding processing is performed on non-specialized hardware
such as general purpose processes or entities like deployed in cloud-computing
environments.

In US 2004/0093458 a method for controlling turbo-decoding time in a high-speed
packet data communication system is described. In more detail, the decoding time
of a turbo-decoder is controlled depending on the completion status of a previous
transmission and a hybrid automatic repeat request HARQ status.

However, one of the disadvantages is that decoding constraints may not be kept
and therefore the decoding success may be affected negatively. A further
disadvantage is that the decoding time is controlled based on a completion status
of a previous transmission therefore lacking flexibility and actuality.

It is therefore an objective of the present invention to provide a method for
operating a mobile communication network and a mobile communication network
which proactively controls the delay in particular caused by link processing.

It is a further objective of the present invention to provide a method for operating a
mobile communication network and a mobile communication network which keep
latency constraints without affecting the success of link processing.

The aforementioned objectives are accomplished by a method of claim 1 and a
system of claim 14.

In claim 1 a method for operating a mobile communication network is defined.

According to claim 1 the method is characterized in that
a) link processing jobs running on one or more entities in the mobile
communication network which cause an increase of data
transmission delay are identified, preferably packet delay, in a
communication link between the radio access network and a core
network of said mobile communication network,
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b) one or more of the identified link processing jobs are selected,
preferably those causing the largest deterioration in said delay, and

c) link parameters of the selected link processing jobs of the
communication link are adapted depending on latency requirements
of a service using said communication link.

In claim 14 a mobile communication network comprising a radio access network
and a core network, preferably for performing with a method according to one of
the claims 1-13, is defined.

According to claim 14 the mobile communication network is characterized by an
identifying entity adapted to identify link processing jobs running on one or more
entities in the mobile communication network which cause an increase of data
transmission delay, preferably packet delay, in a communication link between said
radio access network and said core network,

a selecting entity adapted to select one or more of the identified link processing
jobs, preferably those causing the largest deterioration in said delay, and

an adaption entity adapted to modify link parameters of the selected link
processing jobs of the communication link depending on latency requirements of a
service using said communication link.

According to the invention it has been recognized that a processing latency of a
radio access network can be controlled by adapting link parameters of selected
links processing jobs of a communication link.

According to the invention it has been further recognized that an easy
implementation of a radio access network on general purpose entities or devices is
enabled while satisfying constraints or real-time guarantees.

According to the invention it has been further recognized that a delay is proactively
controlled based on actual services that is delivered on the communication link.



10

15

20

25

30

35

WO 2016/128064 PCT/EP2015/053076

The term “entity” is to be understood in its broadest sense. An entity may for
example be a plurality of devices connected with each other to perform a certain
function or functions. In particular with regard to claim 1 link processing jobs may
run in parallel on different entities or may be parallelized or the like.

The term “link processing job” is to be understood in a sense that it relates to
processing jobs performed on entities responsible for establishing a
communication link or affecting the delay in data transmission via that
communication link.

The term “modulation-and-coding scheme” denotes a matching of a modulation,
coding and other signal and protocol parameters to the conditions on the radio
communication link, for example path loss, interference due to signals coming
from other transmitters, a sensitivity of the receiver, available transmission power,
etc. and is particular to be understood in the aforementioned sense. For example
in the enhanced data service for a GSM evolution (EDGE) the modulation-and-
coding scheme determines how many bits per second are transmitted in one time
slot and uses a rate adaption algorithm adapting the modulation-and-coding
scheme according to the quality of the radio channel in the radio communication
link. Different modulation procedures can be used. Usually a so-called lower
modulation-and-coding scheme uses the “lowest” data transmission rate whereas
the “highest” modulation-and-coding scheme has the highest data transmission
rate per time slot. For example, when the quality of the communication link
deteriorates then a base station of the radio access network can change to a lower
modulation-and-coding scheme.

Further features, advantages and preferred embodiments are described in the
following subclaims.

According to a preferred embodiment a selected link processing job is a decoding
and/or encoding process of an applied forward error correction code on said
communication link. The encoding and decoding process has a significant impact
on the radio access network processing latency and therefore on the data
transmission delay.
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According to a further preferred embodiment in step c) the link parameters being
adapted include a signal-to-noise power ratio, wherein said ratio is adapted by
using a higher or a lower transmission power of entities between which the
communication link is established. This enables in an easy way to increase the
transmission power to compensate a higher noise leading to packet loss on the
communication link for example.

According to a further preferred embodiment in step c) the link parameters being
adapted include parameters representing a modulation-and-coding scheme and
wherein the parameters of said modulation-and-coding scheme are adapted such
that said scheme is reduced if an encoding and/or decoding time exceeds a
encoding and/or decoding latency constraint and increased if said encoding and/or
decoding time falls below said encoding and/or decoding latency constraint. This
enables in an easy way to adapt the parameters of a modulation-and-coding
scheme for reducing the data transmission delay on the communication link.

According to a further preferred embodiment additional resources, preferably in
form of physical resource blocks, are allocated if available or freed for the
communication link according to an adaption of the modulation-and-coding
scheme. This enables in a flexible way to allocate or free additional resources for
example to outweigh a rate-loss due to the adjustment of the modulation-and-
coding scheme.

According to a further preferred embodiment said data transmission delay
imposed by a backhaul connection between a remote access point in the radio
access network and an entity in the core network is determined and included in the
latency requirements of said service. This enables a more precise adaption of the
link parameters. For example when a delay imposed by the backhaul connection
between a remote access point and a central processor - if the delay is significant
compared to the required latency guarantees - then this delay is subtracted from
the required latency constraint to obtain an optimal adaption of the link
parameters.
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According to a further preferred embodiment for representing a performance of the
decoding and/or encoding process a single parameter is used. Then the decoding
performance or the encoding performance can be characterized by one parameter
or value enabling an easy comparison and evaluation of the complete decoding
process and/or encoding process by other entities. The performance of the
decoding and/or encoding process can for example be represented by the single
parameter representing the decoding time per iteration and information bit.

According to a further preferred embodiment depending a) on a decoding time
constraint indicating a maximum allowable decoding time for a turbo-decoder
and/or b) on an encoding time constraint indicating a maximum allowable
encoding time for a turbo-encoder and parameters of a modulation-and-coding
scheme a maximum number of iterations for the turbo-decoder and/or turbo-
encoder is provided. The terms “turbo-encoder” and “turbo-decoder” are technical
terms in 3GPP LTE. For example depending on the decoding time constraint and
a given modulation-and-coding scheme in the case of a turbo-decoder a maximum
number of turbo-decoder iterations is provided in order to maintain the decoding
time and preferably to provide a feedback in time.

According to a further preferred embodiment feedback information of the decoding
and/or encoding process is evaluated by comparing said feedback information with
a decoding time constraint and/or encoding time constraint and a change
indication for the modulation-and-coding scheme to a user terminal is provided in
case said constraint is not met. This enables in an easy way to control the
decoding and/or encoding delay such that before encoding/decoding is performed,
for example a non-acknowledgement message NACK is sent in order to indicate
that a lower modulation-and-coding scheme has to be chosen.

According to a further preferred embodiment when user terminals choose
modulation-and-coding schemes then user terminal information and service-
dependent link adaption information is provided to each user terminal. For
example a base station may provide user terminal and service-dependent link
adaption tables to each user terminal enabling a precise adaption of the link
parameters by a user terminal.
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According to a further preferred embodiment a monitoring module is provided such
that it is self-learnable and that it regularly, preferably permanently, monitors the
selected link processing jobs, preferably in form of a decoding process and/or
encoding process and evaluates the monitoring information, preferably in form of
actual decoding time and/or encoding time and adjusts the link parameters of step
c) automatically based on the evaluated monitoring information. This allows in a
fast and efficient way to adapt link parameters of the selected link processing jobs.

The term “self-learnable” is to be meant that the monitoring module evaluates
provided information and aggregates the evaluated information for further refining
the adaption of parameters of links. For example the monitoring module may be
implemented with a neural network or the like.

According to a further preferred embodiment an entity on which link processing
jobs are running is provided in form of a base station and/or a user terminal in the
radio access network. This allows an easy implementation of the method in current
mobile communication networks.

According to a further preferred embodiment relation information, preferably in
form of a link adaption table, is maintained reflecting link parameters of selected
link processing jobs and service requirements, preferably wherein the service
requirements include a latency requirement and a signal-to-interference-plus-noise
ratio of conditions of the communication link. This enables an easy access to the
information relating the chosen link-adaptation to both service-requirement in
terms of latency and said signal-to-interference-plus-noise ratio, i.e. the actual
modification of the link-adaptation, for example the signal-to-noise power ratio
offset or the modulation-and-coding scheme depending on a user’s experienced
instantaneous channel conditions.

There are several ways how to design and further develop the teaching of the
present invention in an advantageous way. To this end it is to be referred to the
patent claims subordinate to patent claim 1 on the one hand and to the following
explanation of preferred embodiments of the invention by way of example,
illustrated by the figure on the other hand. In connection with the explanation of the
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preferred embodiments of the invention by the aid of the figure, generally preferred
embodiments and further developments of the teaching will be explained. In the
drawings

Fig. 1 shows a conventional mobile communication network;

Fig. 2 shows part of a conventional mobile communication network in more
detail;

Fig. 3 shows part of a mobile communication network according to a first
embodiment of the present invention;

Fig. 4 shows part of a mobile communication network according to a second
embodiment of the present invention; and

Fig. 5 shows a decoding time and data rate over signal-to-noise ratios for a
mobile communication network according to a third embodiment of the
present invention.

Fig. 1 shows a conventional mobile communication network.

In Fig. 1 the difference between E-UTRAN and EPC according to 3GPP 36.300 is
shown. An evolved nodeB eNB in a radio access network RAN is connected via a
S1 connection to a core network CN of the mobile communication network in form
of an evolved packet core EPC in LTE terminology.

Fig. 2 shows part of a conventional mobile communication network in more detail.
In Fig. 2 layers 1-3 according to 3GPP 36.201 of LTE is shown. Logical channels

are provided in layer 2 whereas transport channels are provided in layer 1. A radio
resource control RRC performs control and measurements on layer 3.
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Fig. 3 shows part of a mobile communication network according to a first
embodiment of the present invention and Fig. 4 shows part of a mobile
communication network according to a second embodiment of the present
invention.

In Fig. 3 an uplink processing in a centralized architecture is shown whereas in
Fig. 4 the corresponding downlink processing of said architecture is shown.
Remote radio access points RAP only perform part of the RAN protocol stack
while the main part is performed centrally in a virtualized base station pool located
in a cloud. The connection between the different remote radio access point RAP is
performed by a communication link CL of a transport network. The cloud C
partially processes links in form of providing a partial physical layer, medium
access control MAC, a centralized decoder and further higher layers, whereas the
remote radio access point RAP performs further a layer 1 functionality plus a
distributed encoder EP, for example as shown in Fig. 4. When a link process LP in
form of a centralized decoder runs on the cloud C the decoding process DP might
cause an increase of data transmission delay in the communication link CL
between the user equipment UE and the core network CN of the mobile
communication network 1. When the decoder causes the largest deterioration in
delay, then the decoding process is identified and the link parameters of the
identified decoding process DP are adapted depending on the latency
requirements of a service S running on the user equipment UE and using said
communication link CL.

Fig. 5 shows a decoding time and data rate over signal-to-noise ratios for a mobile
communication network according to a third embodiment of the present invention.

In Fig. 5 on the left side a decoding time per code word in milliseconds is shown
over the corresponding signal-to-noise ratio in dB for a cloud radio access network
with different offsets and for 8 iterations. The same is shown for the corresponding
data rate in bits per second/Hertz over the corresponding signal-to-noise ratio in
dB on the right side of Fig. 5.
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In summary the present invention provides a method and a system proactively
controlling preferably the processing latency of a radio access network by
changing the chosen modulation-and-coding scheme, i.e. by modifying the link-
adaptation process. In particular, the direct dependence of required decoding time
and experienced signal-to-noise power ratio is exploited: The closer
communication link operates to its channel capacity more processing resources in
order to decode successfully are required. If the number of resources is either
fixed or a parallelization of algorithms is not possible, etc. then the amount of time
to process a code word also increases. In order to control the decoding latency
either the signal-to-noise power ratio is changed for instance through higher
transmission power or the actual modulation-and-coding scheme is reduced if the
decoding time would exceed the decoding latency constraint.

Further the present invention provides a mobile communication network
respectively a system which

- Chooses the link-adaptation or modulation-and-coding scheme depending
on the latency requirements imposed by a used service,

- Allocates additional physical resource blocks, if possible, in order to
outweigh the rate-loss due to the adjustment of the modulation and coding
scheme,

- Maintains a table which relates the chosen link-adaptation to both service
requirement in terms of latency and SINR, i.e. the actual modification of the
link-adaptation (e.g. signal-to-noise power ratio SNR offset or modulation
and coding scheme) depends on the user's experienced instantaneous
channel conditions (e.g. signal-to-interference-plus-noise ratio SINR),

- Takes into account the delay imposed by the backhaul connection between
remote access point and central processor or entity, e.g. if the delay is
significant compared to the required latency guarantees, then this delay is
subtracted from the required latency constraint.

- Provides a self-learning module which permanently monitors the actual
decoding time in order to adjust the link-adaptation table accordingly, if
necessary,
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- Enables a characterization of the en- and/or decoding performance using a
single parameter which represents the required en- and/or decoding time
per iteration and information bit,

- Depending on the decoding time constraint and the given modulation and
coding scheme, in the case of a turbo-decoder a maximum number of
turbo-decoder iterations is provided in order to maintain the decoding time
and to provide feedback in time,

- If user terminals choose a modulation-and-coding scheme, then decoding
feedback may be exploited in order to control the decoding delay such that
before decoding is performed already a NACK is sent in order to indicate
that a lower modulation and coding scheme must be chosen,

- If user terminals choose a modulation-and-coding scheme, then the base
station may provide a user terminal and service-dependent link-adaptation
table to each user terminal,

- The above can equally applied in the downlink in order to control the
decoding time and resources at the user terminal.

In particular the present invention enables the use of the link-adaptation process to
control the decoding latency, enables performing the decoding latency adaption
based on user terminals and actual services that are delivered and preferably uses
a single parameter to characterize the decoding performance.

The present invention can be applied to any mobile communication network or
system that processes radio access network information but it is preferably applied
to such networks or systems deploying general purpose hardware such in the
case of cloud-computing platforms.
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Many modifications and other embodiments of the invention set forth herein will
come to mind to the one skilled in the art to which the invention pertains having the
benefit of the teachings presented in the foregoing description and the associated
drawings. Therefore, it is to be understood that the invention is not to be limited to
the specific embodiments disclosed and that modifications and other embodiments
are intended to be included within the scope of the appended claims. Although
specific terms are employed herein, they are used in a generic and descriptive
sense only and not for purposes of limitation.
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Claims

1. A method for operating a mobile communication network (1), characterized
in that
a) link processing jobs (LP, DP, EP) running on one or more entities in
the mobile communication network (1) which cause an increase of
data transmission delay are identified, preferably packet delay, in a
communication link (CL) between the radio access network (RAN)
and a core network (CN) of said mobile communication network (1),
b) one or more of the identified link processing jobs (LP, DP, EP) are
selected, preferably those causing the largest deterioration in said
delay, and
c) link parameters of the selected link processing jobs (DP, EP) of the
communication link (CL) are adapted depending on latency
requirements of a service (S) using said communication link (CS).

2. The method according to claim 1, characterized in that a selected link
processing job is a decoding process (DP) and/or encoding process (EN) of an
applied forward error correction on said communication link (CL).

3. The method according to claim 2, characterized in that in step c) the link
parameters being adapted include a signal-to-noise-power ratio, wherein said ratio
is adapted by using a higher or lower transmission power of entities between
which the communication link (CL) is established.

4, The method according to one of the claims 1-3, characterized in step c) the
link parameters being adapted include parameters representing a modulation-and-
coding scheme and wherein the parameters of said modulation-and-coding
scheme are adapted such that said scheme is reduced if an encoding and/or
decoding time exceeds an encoding and/or decoding latency constraint and
increased if said encoding and/or decoding time falls below said encoding and/or
decoding latency constraint.
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5. The method according to claim 4, characterized in that additional resources,
preferably in form of physical resource blocks, are allocated or freed for the
communication link if available accordingly to adapting the modulation-and-coding
scheme.

6. The method according to one of the claims 1-5, characterized in that said
data transmission delay imposed by a backhaul connection between a remote
access point (RAP) in the radio access network (RAN) and an entity (C) in the
core network (CN) is determined and included in the latency requirements of said
service (S).

7. The method according to at least claim 2, characterized in that for
representing a performance of the decoding and/or encoding process (DP/EP) a
single parameter is used.

8. The method according to at least claim 2, characterized in that depending
a) on a decoding time constraint indicating a maximum allowable
decoding time for a turbo-decoder and/or
b) on an encoding time constraint indicating a maximum allowable
encoding time for a turbo-encoder,
and parameters of a modulation-and-coding scheme a maximum number of
iterations for the turbo-decoder and/or turbo-encoder is provided.

9. The method according to at least claim 8, characterized in that feedback
information of the decoding and/or encoding process (DP/EP) is evaluated by
comparing said feedback information with a decoding time constraint and/or
encoding time constraint and providing a change indication for the modulation-
and-coding scheme to a user terminal (UE) in case said constraint is not met.

10. The method according to at least claim 4, characterized in that when user
terminals (UE) choose modulation-and-coding schemes then user terminal
information and service-dependent link adaptation information is provided to each
user terminal (UE).
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11.  The method according to one of the claims 1-10, characterized in that a
monitoring module is provided such that it is self-learnable and that it regularly,
preferably permanently monitors the selected link processing jobs (CP), preferably
in form of a decoding process and/or encoding process (DP/EP), and evaluates
the monitoring information, preferably in form of actual decoding time and/or
encoding time, and adjusts the link parameters of step ¢) automatically based on
the evaluated monitoring information.

12. The method according to one of the claims 1-11, characterized in that an
entity on which link processes (LP) are running is provided in form of a base
station (eNB) and/or a user terminal (UE) in the radio access network (RAN).

13.  The method according to one of the claims 1-12, characterized in that
relation information, preferably in form of a link adaptation table, is maintained
reflecting link parameters of selected link processing jobs (LP) and service
requirements, preferably wherein the service requirements include latency
requirements and signal-to-interference-plus-noise ratio of conditions of the
communication link (CL).

14. A mobile communication network (1) comprising a radio access network
(RAN) and a core network (CN), preferably for performing with a method according
to one of the claims 1-13, characterized by

an identifying entity adapted to identify link processing jobs running on one or
more entities in the mobile communication network (1) which cause an increase of
data transmission delay, preferably packet delay, in a communication link between
said radio access network (RAN) and said core network (CN),

a selecting entity adapted to select one or more of the identified link processing
jobs (LP, EP, DP), preferably those causing the largest deterioration in said delay,
and

an adaption entity adapted to modify link parameters of the selected link
processing jobs (LP, EP, DP) of the communication link (CL) depending on latency
requirements of a service (S) using said communication link (CL).
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