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(54) Apparatus, method and software program product for quality of service management in a 
mobile device 

(57) A controller module (19) for coordinating data 
flow in a mobile device is described. The mobile device 
comprises at least one application (mail (25), games 
(26), video (27), Push2Talk (28), JVM, Instant Messag­
ing (IM) and MMS) adapted for exchanging data with at 
least one protocol stack (2,3); said protocol stacks being 
adapted for transferring data between at least one of 
said applications and a wireless connection. The con-
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troller module is adapted for receiving information about 
the respective QoS requirements of at least one of said 
applications, and at least one of actual parameters and 
predicted parameters within the mobile device that indi­
cate at least one of an actual state and a future state of 
said data flow. The controller module is adapted for de­
riving, from said inputs, control settings for the mobile 
device in a way that said QoS requirements are fulfilled 
as far as possible. 

I 

" I 
I 

: 30 
I 

:L 
11 

I ,---------:;:-:,--------,+___J 

: 20 

I I [""siwciQ,..-r-11,-~1 -_-lt1~ 

i s;1 · 
I 

52! 

I 
I ________________________ 1' ______ _ 

52 
MAC I 

L1 GSMIEDGE -- ---- 7 - ----- - .J 

51 

Printed by Jouve, 75001 PARIS (FR) 

Page 1 of 15 MOTOROLA-LENOVO EXHIBIT 1021



EP 1 484 871 A1 2 

Description 

BACKGROUND OF THE INVENTION 

as e.g. mail. Besides that, the controller module is in­
formed about the state of the data flow in the system. 
The controller module might e.g. receive parameters in-

[0001] The present invention relates to a controller 5 

module for a mobile device, to a mobile device, and to 

dicating the workload of the various protocol stacks, like 
e.g. the fill levels of buffers. The controller module might 
e.g. also be informed about the signal strength and the 

a method for coordinating data flow in a mobile device. 
[0002] Mobile devices, e.g. handsets or PDAs (Per­
sonal Digital Assistants), comprise a plurality of different 
applications that are supplied by different companies. 
Some of said applications include their own protocols, 
while others might e.g. use transport protocols such as 
UDP/IP or TCP/IP. Data is transferred from said trans­
port protocol layers to the mobile device's transmission 
protocol stack, e.g. to a GPRS/GSM or a GP RS/EDGE 
stack, and then, said data is transmitted via a wireless 
connection. Data that has been received via the wireless 
connection is transferred from the transmission protocol 
stack to the respective transport protocol stack. 
[0003] The transmission protocol stack receives data 
traffic from different kinds of applications and takes care 
of said data streams. The specific requirements of the 
different types of data traffic are not always considered. 

SUMMARY OF THE INVENTION 

[0004] It is an object of the invention to improve the 
data flow within a mobile device. The object of the in­
vention is solved by the independent claims. Preferred 
embodiments are shown by the dependent claims. 
[0005] According to the present invention, a controller 
module for coordinating data flow in a mobile device is 
provided. The mobile device comprises at least one ap­
plication that is adapted for exchanging data with at least 
one protocol stack, whereby said protocol stacks are 
adapted for transferring data between at least one of 
said applications and a wireless connection. The con­
troller module is adapted for receiving information about 
the respective quality-of-service (QoS) requirements of 
at least one of said applications, and at least one of ac­
tual parameters and predicted parameters within the 
mobile device that indicate at least one of an actual state 
and a future state of said data flow. The controller mod-
ule is adapted for deriving, from said inputs, control set­
tings for the mobile device in a way that said quality-of 

service requirements are fulfilled as far as possible. 
[0006] The controller module according to embodi­
ments of the present invention provides a link between 
the applications that are implemented on the mobile de­
vice and the protocol stacks, whereby said protocol 
stacks might e.g. comprise transport protocol stacks 
such as UDP/IP or TCP/IP as well as transmission pro-
tocol stacks, e.g. of the GPRS type. The controller mod-

available bandwidth of the wireless connection. Alterna­

tively or additionally, the controller module might receive 
predicted data indicating a future state of the system's 

10 data flow. Said predicted data might e.g. comprise infor­

mation related to the timing of cell reselections. 
[0007] Based on this input data, the controller module 
can calculate optimum setting parameters for the sys­
tem. Said setting parameters might e.g. comprise set-

15 ting parameters for the transport protocol stacks, for the 
transmission protocol stack, for the applications, for the 
radio resource management, etc. The controller module 
might e.g. select a transmission mode that is best suited 
for the respective traffic, it might prioritise the different 

20 data streams, postpone cell reselections, etc. The deci­
sions of the controller module might be based on pre­
defined rules, or on statistics, or on the validated results 
of a trial-and-error strategy, just to name a few exam­
ples. The controller module sets the system's arbitrary 

25 parameters in a way that the respective quality-of-serv­
ice requirements of the different kinds of data traffic are 
fulfilled as far as possible. 
[0008] The interplay between the applications, the 
various protocol stacks supplied by different companies 

30 and the wireless link is improved. As a result, the avail­

able resources in terms of bandwidth and transmission 
capacities can be exploited more efficiently. The total 
throughput might increase, and the properties of a re­
spective data transmission will be better adapted to the 

35 requirements imposed by the type of the data stream 
that is transmitted. A smooth and efficient transmission 

is provided for all sorts of data traffic. 
[0009] Preferably, said controller module receives 
said actual parameters from at least one of: the appli-

40 cations, the protocol stacks, the wireless connection. 

According to a preferred embodiment of the invention, 
said actual parameters comprise at least one of: work­

load of at least one of the protocol stacks, fill level of 
buffers, available bandwidth, signal strength on the 

45 wireless link. Further preferably, said control settings 

comprise control settings for at least one of: the protocol 
stacks, the applications and the wireless connection. 
The settings within the whole mobile device may be dy­

namically adapted to one another, and to the respective 
50 needs of the applications. 

[001 0] According to another preferred embodiment of 
the invention, said controller module is adapted for at 
least one of validating whether the derived control set-

ule is informed about the needs of the applications, in 
particular about the quality-of-service requirements of 55 

said applications, because the quality-of-service re­
quirements imposed by a Video data stream differ con­
siderably from those of a background application such 

tings have been well-suited for fulfilling said quality-of­
service requirements and whether the predicted param­
eters have been correct. The controller module might e. 
g. evaluate whether the previous control settings have 
improved the data flow within the mobile device. Be-

2 
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sides that, the controller module might e.g. draw up sta­
tistics in order to continuously improve the strategies for 
generating said control settings. 
[0011] A mobile device according to the invention 
comprises at least one application adapted for exchang­
ing data with at least one protocol stack, and at least 
one protocol stack adapted for transferring data be­
tween at least one of said applications and a wireless 
connection. Furthermore, the mobile device comprises 
a controller module adapted for coordinating data flow 
in the mobile device. Said controller module is adapted 
for receiving information aboutthe respective quality-of­

service requirements of at least one of said applications, 
and at least one of actual parameters and predicted pa­
rameters within the mobile device that indicate at least 
one of an actual state and a future state of said data 
flow. The controller module is adapted for deriving, from 
said inputs, control settings for the mobile device in a 
way that said quality-of-service requirements are ful­
filled substantially in the best possible way. 
[0012] Preferably, said protocol stacks comprise at 
least one transport protocol stack adapted for transfer-
ring data between at least one of said applications and 
a transmission control stack, and the transmission pro­

tocol stack, which is adapted for transferring data be­
tween at least one of said transport protocol stacks and 
the wireless connection. Usually, the various protocol 
stacks within the system are developed according to dif­
ferent standards that have been specified by different 
standard bodies. Furthermore, the transport protocol 
stacks (like e.g. UDP/IP or TCP/IP) and the transmission 
protocol stack (as e.g. a GPRS stack) are often supplied 

bile device, e.g. from the protocol stacks, from the mo­
bility/radio resource management, from the applica­
tions, etc. In case any system components are modified, 
the collector module will have to be adapted as well, but 

5 all the other modules of the quality-of-service manage­
ment system (e.g. the controller module) don't have to 
be modified, because they receive data from the collec­
tor module. 
[0015] Further preferably, the mobile device compris-

10 es a state predictor module adapted for deriving, from 
at least one of said actual parameters, predicted param­
eters within the mobile device that indicate a future state 
of the data flow. This provides an opportunity to look 
ahead and anticipate the future behaviour of the system. 

15 The data flow can be smoothly adapted to the future 
properties. In particular, it is useful to know in advance 
that a cell reselection will occur. 
[0016] Preferably, said state predictor module pro­

vides predictions for at least one of round trip time, 
20 throughput, coding scheme, bit error rate, and cell rese­

lections. For different kinds of data traffic, different kinds 
of predictions might be used. For example, for an appli­
cation such as Video, predictions related to throughput 
might be considered more important than predictions 

25 that relate to the bit error rate, because for this kind of 
traffic, the bit error rate might not be considered as being 
important. The controller module might therefore con­
sider the predictions in accordance with the respective 
type of data traffic. 

30 [0017] According to a preferred embodiment of the in-

by different companies. Therefore, these protocol 
stacks are not very well adjusted to each other. To some 
extent, it is possible to adapt the respective protocol 35 

stacks to the needs of the user, though. The protocol 

stacks might comprise arbitrary parameters that can be 
defined by the user. By adjusting these settings, it is pos-

vention, the mobile device comprises at least one pro­
tocol optimiser module adapted for accessing the pa­
rameters of corresponding transport protocol stacks, 
preferably in accordance with control settings provided 
by the controller module. The transport protocol stacks 
might offer a possibility for adapting their configurations 
to the quality-of-service requirements of applications 
that use the respective transport protocol. The corre­
sponding protocol optimiser module will then optimise sible to improve the interaction between the transport 

protocol stacks and the transmission protocol stack, 
whereby the interactions induced by the controller mod­
ule are not limited by the commonly used layered ap­

proach. The control exerted by the controller module 
might cover layers from the applications down to the 
physical layer. 
[0013] Preferably, the transport protocols comprise at 
least one of the protocols WAP, TCP, WTCP, UDP, UDP 
lite, RTP/RTCP. According to a preferred embodiment 
of the invention, said transmission protocol stack is a 
stack for at least one of: GPRS/GSM, GPRS/EDGE, 
CDMA, UMTS, wireless LAN, Bluetooth. Further prefer­
ably, the transmission protocol stack comprises at least 
one of a SNDCP, LLC, RLC, MAC, L 1 layer. 

40 the configuration of the transport protocol stack. There 

might exist arbitrary parameters of the transport protocol 
stack that may be modified by the protocol optimisers in 

accordance with the respective needs. By doing this, it 
is possible to optimise overall data flow and throughput. 

45 [0018] According to another preferred embodiment of 
the invention, the mobile device comprises a stack man­
ager module adapted for accessing the settings of the 
transmission protocol stack, preferably in accordance 
with control settings provided by the controller module. 

50 Transmission protocol stacks provide a variety of fea­
tures that can be adapted dynamically to the require­
ments of the kind of data stream that is actually trans­
mitted, in particular to the requirements related to relia-

[0014] Preferably, the mobile device comprises a col­
lector module adapted for collecting at least one of said 55 
actual parameters within the mobile device that indicate 

bility, priority, delay and required bandwidth of the data 
traffic. For example, the transmission protocol stack 
might e.g. provide different options concerning the 

the actual state of the data flow. This module is respon-
sible for gathering parameters from all parts of the mo-

3 

transmission mode. For a real-time application, an un­
acknowledged mode might be more suitable than an ac-
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service packet processor module can decide whether 
further data packets are forwarded to the transmission 
protocol stack, or whether said data packets have to be 
buffered, or even deleted. By means of said feedback 

knowledged mode. Besides that, the transmission pro­
tocol stack might e.g. comprise buffers that can be used 
for optimising the data flow. Though a transmission pro­
tocol stack of the GPRS type is used in most mobile de­
vices today, the present application also relates to future 
transmission protocol stacks. Future transmission pro­

tocol stacks will most likely also comprise possibilities 
for adjusting the transmission properties to the quality­
of-service requirements. 

5 channel, a kind of closed-loop control circuit for control­
ling the data flow is established. Congestion of the trans­

mission protocol stack is avoided. 
[0024] Preferably, the mobile device comprises an ap­
plication manager module adapted for collecting infor-

[0019] Preferably, said stack manager module is 
adapted for at least one of: modifying the timing of a cell 
reselection, interacting with the RLC layer of the trans­

mission protocol stack, indicating to the transmission 
protocol stack that a certain quality-of-service class is 
required, managing PDP contexts of the transmission 
protocol stack in accordance with quality-of-service re­
quirements, setting or modifying GGSN filter rules. 
[0020] According to a preferred embodiment of the in-

10 mation about the applications and their respective qual­
ity-of-service requirements. Said application manager 
module is responsible for collecting data from said ap­

plications. In case the set of applications is modified, the 
application manager module might have to be modified 

15 as well, but the other modules do not necessarily have 
to be changed. 

vention, the mobile device might comprise a quality-of­
service packet processor module adapted for at least 20 

one of monitoring and modifying the data flow between 
said at least one transport protocol stack and the trans­
mission protocol stack. The quality-of-service packet 
processor module keeps track of the different kinds of 
data traffic that are forwarded to the transmission pro- 25 
tocol stack. The information obtained by monitoring the 
data traffic might be used for drawing up statistics, and 
said statistics might be helpful for determining future 
system settings. Besides that, the quality-of-service 
packet processor module might be used for actively con- 30 
trolling and modifying the data flow. Instead of passing 
all the data packets to the transmission protocol stack, 

[0025] Further preferably, the mobile device compris­
es a protocol manager module adapted for initialising 
said protocol optimisers in accordance with at least one 
of: the required transport protocols and the quality-of­
service requirements of the applications. The protocol 
manager module is informed about the applications and 
their data traffic. In case the transmission of a new kind 
of data traffic is started, the protocol manager module 

might reinitialise the corresponding protocol optimisers. 
[0026] The modules according to embodiments of the 
present invention can be partly or entirely embodied or 
supported by suitable software, which can be stored on 
or otherwise provided by any kind of data carrier, and 
which might be executed in or by any suitable data 
processing unit. 

BRIEF DESCRIPTION OF THE DRAWINGS the quality-of-service packet processor module might 
delete or buffer some of the data packets. Additionally, 
the quality-of-service packet processor module might e. 
g. fragment arriving data packets. 

35 [0027] Other objects and many of the attendant ad­
vantages of the present invention will be readily appre­

ciated and become better understood by reference to 
the following detailed description when considering in 
connection with the accompanied drawings. 

[0021] Preferably, said quality-of-service packet proc­
essor module is adapted for buffering data packets in 
order to optimise the data flow. For example, it might be 
advantageous to buffer data packets of a background 40 
application during the transmission of a real-time data 
stream. Thus, the requirements of different kinds of data 
traffic, and in particular the requirements of real-time 
traffic can be fulfilled while data packets of other appli­
cations do not necessarily get lost. 
[0022] According to another preferred embodiment of 
the invention, the mobile device comprises a RLC man­
ager module adapted for accessing the RLC layer. Usu-

45 

Fig. 1 

Fig. 2 

shows the set-up of a mobile device; and 

depicts the set-up of a mobile device compris­
ing a QoS management system. 

DETAILED DESCRIPTION OF EMBODIMENTS OF 
THE INVENTION 

[0028] Fig. 1 gives an overview of the data flow in a ally, the RLC layer of a GPRS transmission stack com­
prises a RLC buffer adapted for buffering data packets. 
The fill level of said RLC buffer is an important param­
eter that can be used for optimising data traffic within 
the transmission protocol stack. 

50 mobile device. The mobile device comprises a plurality 
of applications 1 that exchange data packets of different 
transport protocols 2 with a transmission protocol stack 
3. The applications 1 might comprise applications such 

[0023] Preferably, said RLC manager module estab­
lishes a feedback channel to the quality-of-service pack- 55 
et processor module in order to provide the quality-of­
service packet processor module with information about 
the RLC layer. Based on this information, the quality-of-

4 

as mail 4, games 5, Video 6, Push2talk 7, JVM (Java 

Virtual Machine), IM (Instant Messaging), MMS (Multi­
media Messaging Service). Applications like mail 4 or 
JVM generate data that has to be transmitted securely. 
For this kind of data, transport protocols like e.g. TCP/ 
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IP (Transmission Control Protocol/Internet Protocol) 
and WTCP/1 P (Wireless TCP) are well-suited. Other ap­
plications like e.g. Video 6 or Push2talk 7 generate real-
time data streams according to the standards RTP (Re­
al-Time Transport Protocol) and RTCP (Real-Time 
Transport Control Protocol). Games 5 might generate 
real-time data streams. Usually, the protocol UDP/IP 
(User Datagram Protocol/Internet Protocol) is employed 
for the transport of real-time data streams, because 
UDP/IP allows for a fast transmission ("Fire and Forget") 
that is not impaired by security features and error han­
dling. For the transport of data that is provided by appli­

cations such as JVM, IM or MMS, the transport protocol 
WAP (Wireless Application Protocol) 8 is used. As can 
be seen from Fig. 1, the protocol WAP 8 represents a 
plurality of different protocols. 
[0029] Data packets that have been generated by an 
application are provided to the transmission protocol 
stack 3, in order to transmit said data via a wireless con­
nection. Data that has been received via the wireless 
link is routed to a corresponding transport protocol 
stack. In addition to the IP-based transport protocols, 
also the point-to-point protocol (PPP) might be utilized, 
e.g. for exchanging date with a PDA (Personal Digital 

Assistant) 9 that is connected to the mobile device. 
[0030] The transmission protocol stack 3 might e.g. 
be a GPRS/GSM stack or a GP RS/EDGE stack. In the 
future, other transmission protocol stacks that relate to 
future transmission protocols might be employed. 
[0031] In the lower part of Fig. 1, layers of a transmis­

sion protocol stack of the GPRS type are shown. The 
uppermost layer of said stack is the SNDCP (Sub-Net­
work Dependent Convergence Protocol). The subse­
quent layer, the LLC (Logical Link Control) is responsi­
ble for segmenting IP-packets into data blocks that are 
forwarded to the RLC (Radio Link Control). The RLC 

comprises a RLC buffer 1 O adapted for storing said data 
blocks until they are transmitted. For the transmission 

the QoS (Quality of Service) requirements of the appli­
cations, and in accordance with the behavior of the net­
work and the air link, whereby dynamic methods and 
predictive flow control (PFC) are utilized. The QoS man-

5 agement system controls and coordinates the QoS re­
lated settings within the mobile device. 
[0033] The QoS management system shown in Fig. 2 
comprises an application manager 12, a protocol man­
ager 13, a set of protocol optimisers 14-18, a main con-

10 troller 19, a QoS packet processor 20, a stack manager 
21, a RLC manager 22, a collector 23 and a state pre­
dictor 24. It has to be pointed out that a QoS manage­

ment system according to an embodiment of the present 
invention doesn't have to comprise every single one of 

15 said modules. A QoS management system according to 
an embodiment of the present invention might as well 
comprise a subset of the above-mentioned modules. In 
the following, the functionality and the interplay of said 
modules will be described in more detail. 

20 [0034] The application manager 12 keeps track of the 
various applications that are implemented on the mobile 
device, and of the QoS requirements of said applica­
tions. In the example of Fig. 2, the mobile device com­
prises the applications mail 25, games 26, Video 27, 

25 Push2talk 28, JVM, IM, and MMS. It has to be pointed 
out that besides the above-mentioned applications, the 
mobile device might comprise further applications that 
are not aware of the application manager 12. 
[0035] During the QoS assignment 29, the application 

30 manager 12 is informed about the respective QoS re­

quirements of the various applications. The protocol 
manager 13, which is initialised (30) by the application 
manager 12, is also informed about the applications and 
their QoS requirements. In case the system set-up is 

35 changed, a re-initialisation of the application manager 
12 might either be induced by the applications or by the 

main controller 19. 

of the data packets via the wireless link, either an ac­
knowledged mode or an unacknowledged mode may be 40 
used. The data packets are provided to the MAC (Me-

[0036] QoS classes are assigned to the various appli­
cations in order to differentiate the traffic in accordance 
with the needs of said applications. This differentiation 
might be based upon the required reliability, priority, de­
lay and the required bandwidth. In general, the respec­
tive QoS requirements are specified in terms of four ba­
sic QoS classes that have been defined by 3GPP (3rd 

dium Access Control) and to the physical layer L 1, which 

is the lowest layer of the GPRS/GSM/EDGE stack. The 
physical layer L 1 provides data to and receives data 
from a modulation unit. The physical layer L 1 is connect- 45 
ed with the Radio Resource Management 11. The Radio 
Resource Management 11 is responsible for monitoring 
and adjusting the available bandwidth of the wireless 
connection. 
[0032] In Fig. 2, the structure of a QoS management 50 

system according to embodiments of the present inven-
tion is shown. The QoS management system is a col­
lection of different modules and has to be seen as a ba-
sis for further architectural designs. Due to the modular 
approach, it can be adapted easily to different needs of 55 
various systems and/or customers. The QoS manage­
ment system might e.g. fulfill the tasks of optimising the 
data flow within the mobile device in accordance with 

5 

Generation Partnership Project), though other classifi­
cations might be used as well. 

Conversational class 

[0037] Traffic of the conversational class is very delay 
sensitive, and transfer delay and time variance between 
packets must stay below a certain value so that the hu­
man perception will accept the quality of the link. For 
traffic of the conversational class, it is most important 
that data is delivered in time. The bit error rate (BER) of 
the data traffic is not that critical. Examples for traffic of 
the conversational class comprise IP telephony and vid­
eo telephony. In the example of Fig. 2, data traffic of the 
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application Video 27 belongs to the conversational 
class. 

Streaming class 

[0038] Traffic of the streaming class comprises one 
way real-time traffic. For traffic of the streaming class, a 
low transfer delay is not necessarily required, but the 
delay variation of the real-time data stream should be 
limited. In Fig. 2, data traffic of the application Push2talk 
28 belongs to the streaming class. 

Interactive class 

[0039] Traffic of this class might for example emerge 
from an application where a user exchanges data inter­
actively with an opposite party, which might either be 
another user or a computer system. The response to a 
request is generally expected within a certain time limit. 
Although the transfer delay may be higher than in case 
of traffic of the conversational class, the round trip time 
(RTT) is a key parameter. Traffic of the interactive class 
should show a low BER. Examples for this kind of traffic 
comprise web browsing or Telnet. In the example of Fig. 

2, data traffic of the applications IM and JVM belongs to 
the interactive class. 

Background class 

[0040] For data traffic of the background class, low 
delay or a short delivery time is not an issue, but the bit 
error rate (BER) has to be low. Data traffic of this class 
is usually received by a computer. Email traffic is a typ-
ical example for this kind of traffic. Accordingly, data traf­
fic of the application mail 25 in Fig. 2 belongs to the back­
ground class. 
[0041] Each one of the basic QoS classes may be fur-
ther split into subclasses. For example, within the inter­
active class, Telnet traffic might be found in a different 
QoS subclass than http traffic. 
[0042] The applications for the mobile device may be 
provided by different third-party companies. Based on 

(32) the protocol optimisers 14-18. During the initialisa­
tion, the parameters of a protocol optimiser are set in 
accordance with the QoS class of the application that 
utilizes the respective protocol. After the protocol opti-

5 misers have been initialised, they adapt their corre­
sponding protocols in accordance with the QoS class 
assignment and/or the properties of the link layer. The 
parameters of the corresponding transport protocol 
stacks are modified in a way that the overall data flow 

10 is optimised with respect to the applications' QoS re­

quirements. 
[0044] The protocol manager 13 is also responsible 
for initialising (33) the QoS packet processor 20. The 
QoS packet processor 20 is informed about the proto-

15 cols and the protocol parameters (for example the ports) 
the applications are using. After the protocol manager 
13 has performed the initialisations, it transfers (34) the 
control of the protocol optimisers 14-18 to the main con­

troller 19. The control of the QoS packet processor 20 
20 is also transferred to the main controller 19. Besides 

that, the protocol manager 13 is responsible for carrying 
out re-initialisations of the protocol optimisers and/or of 
the QoS packet processor. Said re-initialisations might 
be induced by the application manager 12 and/or by the 

25 main controller 19. 
[0045] The main controller 19 is responsible for coor­
dinating the overall data flow within the mobile device. 
For this purpose, the main controller 19 acquires data 
from all parts of the system. First of all, the main con-

30 troller 19 initialises (35, 36) the stack manager 21, the 

collector 23 and the state predictor 24. After said units 
have been initialised, the main controller 19 receives, 
via the collector 23, measured data from all parts of the 
system, e.g. from the transmission protocol stack. Be-

35 sides that, the main controller 19 receives predicted da­
ta indicating the future system state from the state pre­

dictor 24. Based on this information, the main controller 
19 decides how the parameters within the system, in 
particular the QoS parameters, have to be set, whereby 

40 the QoS requirements of the various applications are 
considered. The main controller 19 controls (37) the pro­
tocol optimisers 14-18 and the QoS packet processor 

20. The main controller 19 also controls (38) the stack the same reference platform, a lot of different mobile ter­
minals comprising different applications might be devel­
oped. If different handsets are built that are based on 45 

one reference design, the application manager 12 will 
usually be the only instance that will have to be adapted. 

manager 21. All these functional units are provided with 
the current set of optimised parameters. If the main con­
troller 19 becomes aware of an event like a cell reselec­
tion, it will inform the protocol optimisers, the QoS pack­
et processor and the stack manager about said event. All the other modules of the QoS management system 

will usually not have to be modified. 
[0043] The protocol manager 13 is aware of the ap- 50 

plications and of the QoS classes that have been as­
signed to said applications. Besides that, the protocol 
manager 13 has to be aware of the available set of pro-
tocol optimisers. The protocol optimisers 14-18 shown 
in Fig. 2 are respectively responsible for optimising the 55 

protocols RTP/RTCP/UDP lite, for optimising the set of 
WAP-protocols 31, and for optimising the protocols TCP, 
WTCP, and UDP. The protocol manager 13 initialises 

6 

Thus, the data traffic can be adapted to the new situa­
tion. If it becomes necessary, the main controller will in­
duce (39) a re-initialisation of the application manager 
12 and/or of the protocol manager 13. 
[0046] In addition to line status control, feedback con­
trol and decision making, the main controller 19 is also 
responsible for validating the decisions that have been 
taken in the past. In particular, the main controller 19 
has to prevent that different protocol optimisers work 
against each other. In case they do, a re-initialisation of 
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the protocol optimisers has to be initiated. Feedback 
channels from the protocol optimisers to the main con­
troller 19 are used for collecting additional status infor­
mation on the protocol optimisation procedures. 

(Coding Scheme 4) and for EDGE. Additional state pre­
dictor modules for different networks or different net­
work parameters may be added to the state predictor 
24. In order to incorporate new strategies, the algo-

[0047] The Mobility/Radio Resource Management 41 
is responsible for the mobility management, for author­

ization, and for establishing and terminating a wireless 
connection. The Mobility/Radio Resource Management 
41 is also responsible for performing cell reselections, 
i.e. for switching from one base station to an adjacent 
base station. 

5 rithms used by the state predictor modules may be up­
dated dynamically, whereby the updating may either be 
controlled by the user or by a network component. The 
main rules for the optimisation can either be set by the 
user, by the operator, or by the network. 

[0048] The stack manager 21 is responsible for dy­

namically adapting (40) the GPRS GSM/EDGE stack 
shown in Fig. 2. There exist a variety of possibilities how 
the stack manager 21 can do that: It might for example 
influence the Mobility/Radio Resource Management 41 
in a way that a cell reselection is either initiated or de­
layed. Furthermore, it might reset the RLC buffer42 and/ 

10 [0050] The collector 23 is responsible for collecting 
measured data from all parts of the system. For exam­
ple, the collector 23 receives RLC buffer information 48 
from the RLC layer, radio resource management infor­
mation 49 from the Mobility/Radio Resource Manage-

or delete selected PDUs (Packet Data Units) in the RLC 
buffer 42. It might as well exert a TBF (Temporary Block 
Flow) control by using at least one of the RLC manager 

15 ment 41, status information 50 from the QoS packet 
processor 20, bit errorrates 51 from the layer L 1, as well 
as the used coding scheme, and feedback information 
52 from the RTP/RTCP, UDP lite protocol stack. The col­

lector 23 provides (43) the measured data to the state 
20 predictor 24. Besides that, the measured data is also 

provided to the main controller 19. If any one of the pro­
tocol stacks is modified, or if different versions of a pro­
tocol stack are used for different handsets, in most cas-

22 and the Mobility/Radio Resource Management 41. 
Besides that, the stack manager 21 might define and 
administrate different PDP contexts for different service 
classes. In this respect, it might make use of the prede- 25 

fined GPRS QoS classes by signalling to the GPRS 
stack that a certain QoS class shall be selected, either 
for one or for all the PDP contexts. Furthermore, the 
stack manager 21 might set the filter rules on the part 
of the GGSN (Gateway GPRS Serving Note) in accord- 30 

ance with the QoS requirements of the respective traffic. 
In addition, class marks and watermarks might be set in 
accordance with the QoS profile. Furthermore, by set-
ting the RLC mode, the stack manager 21 might specify 
whether an acknowledged or an unacknowledged mode 35 

shall be used for the data transmission, and how the de­

livery of defective RLC blocks shall be handled. 
[0049] The state predictor 24 is responsible for pre­
dicting the future behaviour of the system parameters 
or for predicting special events like for example cell re- 40 
selections. The predictions are based on measurement 
or statistics from the GPRS stack or higher layer proto-

cols that are received (43) from the collector 23. The 
state predictor 24 forwards (44) its predictions to the 
main controller 19. The state predictor 24 might com- 45 

prise a multitude of different state predictor modules. 
For example, the state predictor 24 might comprise a 
state predictor module 45 adapted for predicting round 
trip time (RTT) and throughput. Furthermore, the state 
predictor 24 might comprise a state predictor module 46 50 

adapted for predicting cell reselections. During a cell re­
selection, data transmission is interrupted for a period 
of time in the order of several seconds. For this reason, 
predicting cell reselections is an important task. Addi­
tionally, the state predictor 24 might comprise a state 55 

predictor module 47 adapted for predicting the coding 
scheme and the BER (Bit Error Rate), which is particu-
larly relevant for GSM CS3 (Coding Scheme 3) and CS4 

7 

es only the collector 23 will have to be modified. 

[0051] The protocol optimisers 14-18 adapt the prop­
erties of their corresponding protocol stacks in accord-
ance with the measured or predicted properties of the 
link layer, and in accordance with the desired QoS class 
of a corresponding application, whereby the respective 
settings for the protocol stacks are provided (37) by the 
main controller 19. Protocol optimisers may control third 
party protocol stacks (as e.g. the WAP stack) as well as 
protocol stacks developed by the applicant (as e.g. RTP/ 
RTCP/UDP lite). For some of the applications, a direct 
control channel between the application and the corre­
sponding protocol optimiser might be required. For ex-

ample, the applications Video 27 and Push2talk 28 need 
a direct link 53 to the UDP lite protocol optimiser 14. In 
addition to the optimisation of transport protocols, an op­
timisation of built-in protocols (games) or modules 
(voice or video codec) might be desired for some of the 
applications. For this purpose, the application itself 

might request measurements and predictions from the 
application manager 12 that are delivered (54) by the 
main controller 19. 
[0052] The RLC manager 22 is an entity provided by 
the applicant that is part of the QoS management sys­
tem. The RLC manager 22 may set various parameters 
of the RLC, delete RLC blocks or reorder RLC blocks. 
In addition to the feedback channel from the RLC man­
ager 22 to the stack manager 21, there exists a further 
feedback channel 55 from the RLC manager 22 to the 
QoS packet processor 20. By using this feedback chan­
nel 55, the QoS packet processor20 may quickly access 
the RLC buffer status information in order to decide 
whether to hold back more packets or to deliver the next 
packets to the lower layers. 
[0053] The QoS packet processor 20 provides for an 
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additional adaptation of the data flow within the system. 
It is especially useful if more than one application is run­
ning at the same time (for example mail 25 and a real­
time application such as Video 27) and/or if a PDA 56 
or a laptop uses the handset as a modem while appli­
cations are running. It has to be avoided that the packet 
flow of a real-time application is slowed down by the 
packets of a typical background application such as 
mail. In this example, if the mail packets slow down 
throughput of the video packets, the QoS packet proc­
essor 20 will start holding back the mail packets. In ad­
dition to that, the QoS packet processor 20 is able to 
monitor the packet flow. Packets from applications or 
protocols that are not aware of the QoS management 
system and that are therefore not optimised can be de­
tected dynamically by means of protocol type port and 
service description in the header. Then, the packet flow 
of the respective application can be optimised. 
[0054] The QoS packet processor 20 closely cooper­
ates with the RLC manager 22. Based on the informa­
tion obtained via the feedback channel 55, the QoS 
packet processor 20 decides whether to hold back the 
next packets or to send them to the lower layers. If the 
available bandwidth is not sufficient to transfer all the 
packets and some packets have minor importance, 
these packets may be dropped by the QoS packet proc­
essor 20. In this case, re-initialisation may be necessary. 
Information about the packet flow is sent (57) from the 
QoS packet processor 20 to the main controller 19. The 
main controller 19 draws up packet flow statistics that is 
used for validating the actual QoS parameters. The QoS 
packet processor 20 might also be prepared for addi­
tional packet manipulation and optimising techniques, 

has the lowest priority, is assigned to the mail/message 
application, which will use the protocol WTCP. The ap­
plication manager 12 informs the protocol manager 13. 
The protocol manager 13 initialises the WTCP protocol 

5 optimiser 17 and the QoS packet processor 20 and 
passes the control to the main controller 19. The main 
controller 19 initialises the stack manager 21, the col­
lector 23 and the state predictor 24. The state predictor 
module 46 adapted for predicting cell reselections is 

10 started. The collector 23 starts to collect messages from 
the Mobility/Radio Resource Management 41 and 
sends them (43) to the state predictor module 46. The 
stack manager 21 sets the right GPRS parameters and 
RLC parameters in order to build up a GPRS connection 

15 with suitable QoS settings. The mail/message applica­
tion starts to send messages. Data packets that are 
queued in the QoS packet processor 20 are passed to 
the RLC buffer 42 in a way that the RLC buffer 42 con­
tains an optimum amount of data. 

20 [0057] Now, the real-time application (Video or Voice 
over IP) is started. It indicates to the application man­
ager 12 that the highest QoS class "conversational", 
non-acknowledged mode is requested. It also indicates 
the required bandwidth. The real-time application uses 

25 the protocols RTP/RTCP and UDP lite. The application 
manager 12 informs the protocol manager 13. The pro­
tocol manager 13 initialises the RTP/RTCP/UDP lite 
protocol optimiser 14 and reinitialises the QoS packet 
processor 20. Then, the control is passed to the main 

30 controller 19. The main controller 19 re-initialises the 
stack manager 21, the collector 23 and the state predic­
tor 24. The state predictor module 45 adapted for pre­
dicting roundtrip time (RTT) is started. The collector 23 

e.g. with respect to data compression or header com­
pression. For example, it might fragment large data 35 

packets that are e.g. issued by third party applications. 
[0055] From the modules that have been described 

starts to collect (48) RLC buffer status messages and 
forwards them to the main controller 19. The stack man­
ager 21 sets the right GPRS parameters and RLC pa-
rameters. The main controller 19 starts to monitor the 
bandwidth. Both applications start to send data. The re­
al-time packets are given to the lower layer directly with-

so far, the application manager 12, the protocol manag-
er 13 and the collector 23 comprise external interfaces 
that are realized by means of APls (Application Pro­
grammer Interfaces). These well-defined interfaces 
simplify the adaptation of the application manager 12, 
the protocol manager 13 and the collector 23 to new ap­
plications, protocol stacks and layers. All the other in­
terfaces of the QoS management system's modules are 
realized as internal interfaces. In fact, the application 
manager 12, the protocol manager 13, and the collector 
23 are the only modules that have to be adapted to the 
respective handset and to the software running on said 
handset. 
[0056] In the following, several examples will be dis­
cussed in order to illustrate how the QoS management 
system works. As a first example, a mail/message ap­
plication and a real-time application like Voice over IP 

40 out queuing. The WTCP packets are queued in the QoS 
packet processor 20. If the allocated bandwidth is more 
than required by the real-time application, the QoS 
packet processor 20 will forward these packets to the 
lower layers. Additionally, the data packets of the back-

45 ground class may be intermittently transmitted between 
the data packets of the real-time data stream. 
[0058] As a second example, a real-time video appli­
cation will be discussed that comprises two RTP 
streams, one for the voice, and one for the pictures. The 

50 initialisation is carried out as described above. From the 

or Video are considered that are running at the same 55 
time. First, the mail/message application indicates to the 
application manager 12 that it intends to send and re­
ceive messages. The QoS class "background", which 

user's point of view, the voice data stream is more im­
portant than the video data stream. The user can rather 
accept some missing pictures than missing or delayed 
voice data. For this reason, the QoS subclass of the 
voice RTP stream is higher than that of the video RTP 
stream. If the allocated bandwidth is not sufficient for 
transferring both streams, the RLC manager 22 will in­
form the QoS packet processor 20 via the feedback 

8 
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channel 55. In this situation, the QoS packet processor link. 
20 will drop as many RTP packets of the video stream 

4. The controller module of claim 1 or any one of the 
above claims, characterized in that said control 

as necessary to fit both streams into the allocated band­
width. The packets of the voice RTP stream are not 
dropped, they are transferred as fast as possible. 
[0059] As a third example, a re-initialisation of QoS 

settings is carried out for a real-time Voice over IP ap­
plication. Again, the initialisation is done as described 

5 settings comprise control settings for at least one 
of: the protocol stacks, the applications, and the 
wireless connection. 

5. The controller module mobile device of claim 1 or in connection with the first example. For the Voice over 
IP application, the best codec mode (highest quality, big­
gest data payload) is employed. The main controller 19 
monitors the allocated bandwidth. If it can be seen that 

10 any one of the above claims, characterized in that 
said protocol stacks comprise: 

the allocated bandwidth is not sufficient for transferring 
the RTP packets in time, the main controller 19 will send 
a re-initialisation command to the application manager 15 

12. The application manager 12 informs the VoIP appli­
cation about the amount of allocated bandwidth. The 
Vol P application re-initialises and starts to use another 

codec mode (less quality, less data payload). The pro-
tocol manager 13 re-initialises the corresponding proto- 20 

col optimisers and passes the control back to the main 
controller 19. 

Claims 25 

at least one transport protocol stack (2) adapt­
ed for transferring data between at least one of 
the applications and a transmission control 
stack (3); 
the transmission protocol stack (3), which is 
adapted for transferring data between at least 
one of said transport protocol stacks (2) and the 
wireless connection. 

6. The controller module mobile device of claim 1 or 
any one of the above claims, characterized in that 
said controller module (19) is adapted for at least 

one of validating whether the derived control set­
tings have been well-suited for fulfilling said quality­
of-service requirements and whether the predicted 
parameters have been correct. 

1. A controller module (19) for coordinating data flow 
in a mobile device that comprises at least one ap­
plication (25-28, JVM, IM, MMS) adapted for ex­
changing data with at least one protocol stack (2, 
3); said protocol stacks (2, 3) being adapted for 
transferring data between at least one of said appli­
cations and a wireless connection; 

30 7. A mobile device comprising 

characterized in that 
35 

said controller module (19) is adapted for re­
ceiving information about the respective quali­
ty-of-service requirements of at least one of 
said applications, and at least one of actual pa­
rameters and predicted parameters within the 40 

mobile device that indicate at least one of an 
actual state and a future state of said data flow; 

and 
said controller module (19) is adapted for de­
riving, from said inputs, control settings for the 45 

mobile device in a way that said quality-of-serv-
ice requirements are fulfilled as far as possible. 

2. The controller module of claim 1, characterized in 
that said controller module (19) receives said actual 50 

parameters from at least one of: the applications, 
the protocol stacks (2, 3), the wireless connection. 

3. The controller module of claim 1 or any one of the 
above claims, characterized in that said actual pa- 55 

rameters comprise at least one of: workload of at 
least one of the protocol stacks, fill level of buffers, 
available bandwidth, signal strength on the wireless 

9 

at least one application (25-28, JVM, IM, MMS) 
adapted for exchanging data with at least one 
protocol stack (2, 3); 
at least one protocol stack (2, 3) adapted for 
transferring data between at least one of said 

applications and a wireless connection; 

characterized by 

a controller module (19) adapted for coordinat­
ing data flow in the mobile device, 

wherein said controller module (19) is adapted 
for receiving information about the respective 
quality-of-service requirements of at least one 

of said applications, and at least one of actual 
parameters and predicted parameters within 
the mobile device that indicate at least one of 
an actual state and a future state of said data 
flow; and 
wherein said controller module (19) is adapted 
for deriving, from said inputs, control settings 
for the mobile device in a way that said quality­
of-service requirements are fulfilled substan­

tially in the best possible way. 

8. The mobile device of claim 7 or any one of the above 
claims, characterized in that said controller mod-
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ule (19) receives said actual parameters from at 
least one of: the applications, the protocol stacks, 
the wireless connection. 

17. The mobile device of claim 16, characterized in 
that said state predictor module (24) provides pre­
dictions for at least one of: round trip time, through­
put, coding scheme, bit error rate, cell reselections. 

9. The mobile device of claim 7, characterized in that 5 
said actual parameters comprise at least one of: 
workload of at least one of the protocol stacks, fill 
level of buffers, available bandwidth, signal strength 

18. The mobile device of claim 7 or any one of the above 
claims, characterized by at least one protocol op­
timiser module (14-18) adapted for accessing the 
settings of corresponding transport protocol stacks, on the wireless link. 

10. The mobile device of claim 7 or any one of the above 
claims, characterized in that said control settings 
comprise control settings for at least one of: the pro­
tocol stacks, the applications and the wireless con­
nection. 

11. The mobile device of claim 7 or any one of the above 
claims, characterized in that said protocol stacks 
comprise: 

at least one transport protocol stack (2) adapt­
ed for transferring data between at least one of 
the applications and a transmission control 
stack (3); 

10 preferably in accordance with control settings pro­

vided by the controller module (19). 

19. The mobile device of claim 7 or any one of the above 
claims, characterized by a stack manager module 

15 (21) adapted for accessing the settings of the trans­
mission protocol stack, preferably in accordance 
with control settings provided by the controller mod­
ule (19). 

20 20. The mobile device of claim 19, characterized in 
that said stack manager module (21) is adapted for 
at least one of: 

the transmission protocol stack (3), which is 25 
adapted for transferring data between at least 

modifying the timing of a cell reselection; 

interacting with the RLC layer of the transmis­
sion protocol stack; 

one of said transport protocol stacks (2) and the 
wireless connection. 

indicating to the transmission protocol stack 
that a certain quality-of-service class is re­
quired; 

12. The mobile device of claim 11, characterized in 30 
that the transport protocols comprise at least one 

managing PDP contexts of the transmission 
protocol stack in accordance with quality-of­
service requirements; of the protocols WAP, TCP, WTCP, UDP, UDP lite, 

RTP/ RTCP. 

13. The mobile device of claim 11 or any one of the 
above claims, characterized in that said transmis­

sion protocol stack (3) is a stack for at least one of: 
GPRS/GSM, GPRS/EDGE, CDMA, UMTS, wire­
less LAN, Bluetooth. 

14. The mobile device of claim 11 or any one of the 
above claims, characterized in that said transmis­

sion protocol stack (3) comprises at least one of a 
SNDCP, LLC, RLC, MAC, L 1 layer. 

15. The mobile device of claim 7 or any one of the above 
claims, characterized by a collector module (23) 
adapted for collecting at least one of said actual pa­

rameters within the mobile device that indicate the 
actual state of the data flow. 

16. The mobile device of claim 7 or any one of the above 
claims, characterized by a state predictor module 

setting or modifying GGSN filter rules. 

35 21. The mobile device of claim 7 or any one of the above 
claims, characterized by a quality-of-service pack­

et processor module (20) adapted for at least one 
of monitoring and modifying the data flow between 
said at least one transport protocol stack and the 

40 transmission protocol stack. 

22. The mobile device of claim 21, characterized in 
that said quality-of-service packet processor mod­
ule (20) is adapted for buffering data packets in or-

45 der to optimise the data flow. 

50 

23. The mobile device of claim 7 or any one of the above 
claims, characterized by a RLC manager module 
(22) adapted for accessing the RLC layer. 

(24) adapted for deriving, from at least one of said 
actual parameters, predicted parameters within the 55 
mobile device that indicate a future state of the data 

24. The mobile device of claim 23, characterized in 
that said RLC manager module (22) establishes a 
feedback channel to the quality-of-service packet 
processor module (20) in order to provide the qual­
ity-of-service packet processor module (20) with in­
formation about the RLC layer. 

flow. 
25. The mobile device of claim 7 or any one of the above 

10 
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claims, characterized by an application manager 
module (12) adapted for collecting information 
about the applications and their respective quality­
of-service requirements. 

26. The mobile device of claim 7 or any one of the above 
claims, characterized by a protocol manager mod­
ule (13) adapted for initialising said protocol opti­
misers (14-18) in accordance with at least one of: 

5 

the required transport protocols and the quality-of- 10 
service requirements of the applications. 

27. A method for coordinating data flow in a mobile de-
vice, said mobile device comprising at least one ap­
plication (25-28, JVM, IM, MMS) adapted for ex- 15 
changing data with at least one protocol stack (2, 
3); said protocol stacks (2, 3) being adapted for 
transferring data between at least one of said appli­
cations and a wireless connection; with said method 
comprising the following steps: 20 

collecting information about the respective 
quality-of-service requirements of at least one 
of said applications; 
collecting at least one of actual parameters and 25 
predicted parameters within the mobile device 
that indicate at least one of an actual state and 
a future state of said data flow; 
deriving, from the collected data, control set-
tings for the mobile device in a way that said 30 
quality-of-service requirements are fulfilled as 
far as possible. 

28. Computer program product, comprising computer 
program means adapted to embody the features of 35 

the controller module as defined in any one of 
claims 1 to 6 when said computer program product 
is executed on a mobile device, processing system, 
digital signal processor, or the like. 

40 

29. Computer program product, comprising computer 
program means adapted to perform the method 
steps as defined in claim 27 when said computer 
program product is executed on a mobile device, 
processing system, digital signal processor, or the 45 
like. 

50 

55 

11 
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