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Description

APPARATUS AND METHOD FOR TRANSMITTING DATA

BLOCKS BASED ON PRIORITY

Technical Field
The present invention relates to an apparatus and method for transmitting data

blocks based on priority from a transmitter in a UMTS (Universal Mobile Telecommu-
nications System) type IMT-2000 system, and in particular, to an apparatus and
method for transmission whereby a particular protocol layer determines the priority of
each data block among the data blocks received from an upper layer through a single
data stream, transfers the determined priorities together with the data blocks to a lower
layer through a single data stream, and the lower layer receiving the data blocks with
their priorities guarantees the respective quality of service (QoS) according to each
respective priority for each data block for transmission over the radio interface, to thus
guarantee a respectively different QoS for each data block within a single data stream
having the same QoS being guaranteed.

Background Art

A universal mobile telecommunication system (UMTS) is a third generation mobile
communications system that has evolved from the European Global System for Mobile
communications (GSM) that aims to provide an improved mobile communications
service based upon a GSM core network and wideband code division multiple access
(W-CDMA) wireless connection technology.

Figure 1 illustrates an exemplary basic architecture of a UMTS network. As shown
in Figure 1, the UMTS is roughly divided into a terminal 100 (mobile station, user
equipment (UE), etc.), a UMTS Terrestrial Radio Access Network (UTRAN) 120, and
a core network (CN) 130. The UTRAN 120 includes one or more radio network sub-
systems (RNS) 125. Each RNS 125 includes a radio network controller (RNC) 123,
and a plurality of base stations (Node-Bs) 121 managed by the RNC 123. One or more
cells exist for each Node B 121.

The RNC 123 handles the assigning and managing of radio resources, and operates
as an access point with respect to the core network 130. The Node-Bs 121 receive in-
formation sent by the physical layer of the terminal 100 through an uplink, and
transmit data to the terminal through a downlink. The Node-Bs 121, thus, operate as
access points of the UTRAN 120 for the terminal 100. Also, the RNC 123 allocates
and manages radio resources and operates as an access point with the core network
130. Between various network structure elements, there exists an interface that allows

data to be exchanged for communication therebetween.
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Figure 2 illustrates a radio interface protocol architecture that exists in the mobile
terminal and in the UTRAN as one pair, for handling data transmissions via the radio
interface. Regarding each radio protocol layer, the first layer (Layer 1) is a physical
layer (PHY) that serves the purpose of transmitting data over the radio interface by
using various radio transmission techniques. The PHY layer is connected with an
upper layer, the MAC layer via transport channels, which include a dedicated transport
channel and a common transport channel depending upon whether that channel is
shared or not.

In the second layer (Layer 2), a medium access control (MAC) layer, a radio link
control (RLC) layer, a packet data convergence protocol (PDCP) layer and a
broadcast/multicast control (BMC) layer exist. The MAC layer serves the purpose of
mapping various logical channels to various transport channels, as well as performing
logical channel multiplexing for mapping a plurality of logical channels to a single
transport channel. The MAC layer is connected to a higher layer (e.g., the RLC layer)
via logical channels, and these logical channels are divided into control channels that
transmit control plane information and traffic channels that transmit user plane in-
formation.

The RLC layer handles the guaranteeing of the quality of service (QoS) of each
radio bearer (RB) and the transmission of the corresponding data thereof. To guarantee
the unique QoS of a radio bearer, the RLC layer has therein one or two independent
RLC entities for each radio bearer, and provides three types of RLC modes; a
transparent mode (TM), an unacknowledged mode (UM), and an acknowledged mode
(AM), in order to support the various QoS. Also, the RLC layer adjusts the data size
accordingly such that a lower layer may transmit data over the radio interface, by
performing segmentation and concatenation on the data received from an upper layer.

The PDCP layer is located above the RL.C layer and allows data that is transmitted
by using Internet Protocol (IP) packets, such as IPv4 or IPv6, to be effectively
transmitted over a radio interface having a relatively smaller bandwidth. For this
purpose, the PDCP layer performs a header compression function, whereby only the
absolutely necessary data in the header portion of the data are transmitted, in order to
increase transmission efficiency over the radio interface. Because header compression
is its basic function, the PDCP layer only exists in the PS (packet switched) domain,
and a single PDCP entity exists per each radio bearer (RB) for providing effective
header compression function with respect to each PS service.

Additionally, in the second layer (I.2), a BMC (Broadcast/Multicast Control) layer
exists above the RLC layer for performing the functions of scheduling cell broadcast
messages and broadcasting to terminals located in a particular cell.

The radio resource control (RRC) layer located at the lowest portion of the third
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layer (L.3) is only defined in the control plane, for controlling the parameters of the
first and second layers and for controlling the transport channels and the physical
channels in relation to the establishment, the re-configuration, and the releasing of the
radio bearers (RBs). Here, the RB refers to a logical path provided by the first and
second layers of the radio protocol for data transfer between the terminal and the
UTRAN. And in general, the establishment of a radio bearer (RB) refers to regulating
the protocol layers and the channel characteristics of the channels required for
providing a specific service, as well as setting their respective specific parameters and
operation methods.

Hereafter, the establishment of a radio bearer according to a quality of service
(QoS) will be explained. QoS refers to the quality of service that the end-user notices
upon being provided with a particular service. Various factors affect the QoS, such as
delay time, error ratio, bit rate, and the like. In UMTS, an appropriate QoS is
determined according to the type of service that is to be provided to the end-user. Here,
the appropriate QoS refers to a minimum QoS that allows the end-user to be provided
with the service, and the reason for setting a minimum QoS is to allow the service to be
provided to a plurality of users. Namely, because radio resources are limited, providing
a service using a high QoS to a particular user means that a large amount of radio
resources are allocated to that particular user, and thus the total number of users to
which service can be provided by the UMTS is decreased when considering the overall
cell in which service is being provided.

In UMTS, as the entity that determines the QoS for a certain type of service, a
MSC (Mobile Switching Center) is used for CS (circuit switched) services, while a
SGSN (Serving GPRS Supporting Node) or a GGSN (Gateway GPRS Supporting
Node) is used for PS (packet switched) services, and these entities exist within the core
network (CN). When the QoS determining entities receive a request for a particular
service from a terminal or an entity outside of the UMTS, an overall QoS is determined
between the terminal and the QoS determining entity.

Figure 3 depicts how the QoS between the terminal (UE) the Node B / RNC and the
MSC (SGSN/GGSN) are defined. In Figure 3, the QoS is separately established by
sections, which can be broadly divided into a "Tu section” that is a wired (wireline)
interface between the MSC (or the SGSN / GGSN) to the Node B / RNC, and a "Uu
section" that is a wireless (radio) interface between the Node B / RNC and the
terminal. Also, the Tu section has a Iu Bearer and the Uu section has a radio bearer
(RB) established, respectively, for providing services having an appropriate QoS. The
overall QoS between the terminal and the MSC (or the SGSN / GGSN) is determined
by the sum of the quality of service for the Iu interface ("QoS-Iu") and the quality of
service for the Uu interface ("QoS-Uu"). As the wireless interface has a more disad-
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vantageous environment when compared to that of the wired interface, the overall QoS
mostly depends upon the QoS-Uu.

The details of the QoS and bearer configuration procedures will be explained with
respect to a VoIP (Voice over Internet Protocol) service as being a representative
example of a PS service. First, assuming that the SGSN received a request for VoIP
service from a terminal, the SGSN determines an appropriate QoS for providing the
requested VoIP service by considering the priority and/or capabilities of the terminal
and/or considering various types of available resources. Also, it is assumed that the
SGSN determined the overall QoS with the following parameters: Delay = 200 ms;
Error Ratio = 10”; Bit Rate = 36 kbps. Based upon this overall QoS, the SGSN then
determines the QoS for each section. Here, because the wired interface generally has a
more advantageous environment compared to that of the wireless interface, it does not
greatly affect the overall QoS. Namely, the wired interface has a delay of less than a
few milliseconds (ms), an error ratio of less than 10° and a bit rate of several to several
hundred megabits per second (Mbps), thus most of the values for the overall QoS are
directly applicable to the QoS-Uu. Generally, the error rate and bit rate of the overall
QoS are directly applied to the QoS-Uu, and a delay value that excludes a few mil-
liseconds (ms) needed for the core network protocol to process data is applied. Thus,
for this situation, it is assumed that the SGSN determined the QoS-Uu to have the
following parameters: Delay = 180 ms; Error Ratio = 10; Bit Rate = 36 kbps. Then,
the SGSN informs this determined QoS-Uu to the RNC, and the RNC configures an
appropriate radio bearer (RB) in accordance thereto.

The RNC configures the RB based upon the QoS-Uu informed by the SGSN. More
accurately, the RRC layer, which is a radio protocol layer within the RNC, configures
the RB. As explained previously, the RB refers to a logical path provided by the first
and second layers of the radio protocol, and the data transmitted through the RB are
basically guaranteed the quality corresponding to the QoS-Uu. In order to configure an
RB that satisfies the QoS-Uu, the RRC layer of the RNC configures the first and
second layers of the radio protocol, and various characteristics, operation procedures,
parameters, and the like for each of the channels. For example, with respect to the
PDCP layer, the type of header compression method to be used, etc. are determined.
With respect to the RLC layer, the type of operation mode to be used, the maximum
data storage time to be used, the size of the RL.C PDU (protocol data unit) to be used,
various timer values and protocol parameter values to be used, etc. are determined.
With respect to the MAC layer, the type of channel mapping to be used, the method of
channel multiplexing to be used, the method of priority processing to be used, how to
perform transmission format combinations, etc. are determined. With respect to the
PHY (physical) layer, the method of modulation to be used, the coding methods to be
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used, the type of CRC (cyclic redundancy check) to be used, the transmission power
level to be used, the types of physical channels to be used, etc. are determined.

After the RRC of the RNC determines all of the aspects of the RB, the first and
second layers of the RNC are established according to the determined aspects, and si-
multaneously informs these aspects to the RRC of the terminal to allow the first and
second layers of the terminal to be established according to these aspects. When the
RB is established in this manner, a logical path between the terminal and the RNC is
formed, and thereafter, data is transmitted according to the determined path. Here, as
explained before, because a single RB guarantees a single QoS-Uu, the data
transmitted through the same RB are all guaranteed the same QoS-Uu.

In the related art, because a single RB guarantees a single QoS (QoS-Uu), the data
transmitted through the same RB is guaranteed the same QoS. However, there are
certain situations where the data transmitted via a single RB will have respectively
different priorities according to the processing techniques of the radio protocol layers,
thus requiring respectively different QoS to be guaranteed. The header compression
performed at the PDCP layer is an example of one such situation.

The header compression technique utilizes the fact that many portions of the IP
headers of IP packets that are part of the same packet stream do not change at all or do
not change very often. The fields that do not change are stored in the format of context
within a compressor of the transmitting side (i.e., transmitter) and within the de-
compressor of the receiving side (i.e., receiver), and the overhead of an IP header can
be reduced by only transmitting those fields that have changed after the context has
been formed. During the initial stages of header compression, because the compressor
transmits full header packets to the decompressor in order to form the context with
respect to the corresponding packet stream, there is no gain (advantage) of using
header compression. But after the context is formed in the decompressor, the
compressor only transmits compressed header packets, and thus the gain (advantage) is
drastic.

For a particular packet stream, determining whether to transmit a certain packet
with a full header or with a compressed header can be entirely dependent upon the
compressor. However, in general, when context is to be initially formed for a particular
packet stream, one or more full header packets should be transmitted. As compressed
header packets are transmitted thereafter, upon the lapse of a certain time period, one
or more full header packets are transmitted intermittently such that the context of the
decompressor is maintained in synchronization with the context of the compressor.

Figure 4 depicts an example of how full header packets and compressed header
packets are transmitted when using a header compression technique. When the
compressor of the PDCP in the transmitter receives an IP packet from an upper layer,
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the corresponding packet is transmitted to the receiver as a full header packet or a
compressed header packet according to the pattern of the header. If it is determined
that there is a need to form a new context or a need to update the context, the
compressor transmits the packet as a full header packet. If it is determined that the
context with respect to the header pattern of the corresponding packet is already
formed in the decompressor, then the compressor transmits the packet as a compressed
header packet.

The decompressor of PDCP in the receiver forms a context by first receiving a full
header packet for a certain packet stream. This is because the context will be the basis
from which the compressed headers to be received will be decompressed. If the de-
compressor receives compressed header packets in a state where the context has not
been formed, the decompressor cannot decompress the original header of the cor-
responding packet and thus will discard that received packet.

As such, when a header compression technique is used in a radio interface for a
certain PS service, the PDCP in the transmitter transmits the IP packets that were
received from an upper layer in a single stream having the same QoS, in either a
"packet for forming or updating context" format or a "a packet for not forming or
updating context" format. However, if a "packet for forming or updating context" is
not successfully transmitted to the receiver, all subsequently transmitted "packets for
forming or updating context" cannot be decompressed at the receiver and are thus
discarded. Thus, a "packet for forming or updating context" is relatively much more
important (i.e., has higher priority) than a "packet for not forming or updating context".
Disclosure of Invention

Technical Solution

In the related art, all the data transmitted via a single RB has the same QoS, and
relatively more important data cannot be transmitted with a higher QoS when
compared to relatively less important data. Thus, there is a need for allowing data to be
transmitted with different QoS according to its importance (i.e., priority), even though
the data is transmitted via a single RB. The present inventors recognized such
drawbacks of the related art and provided a solution by proposing a method and a
system by which the priority information of each PDU is also transferred when each of
the radio protocol layers transfers the PDUs having different priorities to its lower
layers.

A particular protocol layer of the transmitting side (transmitter) initially receives
service data units (SDUs) having the same priority through a single stream from an
upper layer, processes these SDUs to generate protocol data units (PDUs) having
different priorities, and uses respectively different transmission methods to transmit the
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generated PDUs over a radio interface in order to guarantee their respectively different
quality of service (QoS) requirements. Additionally, the priority information of each
PDU is also transferred when each of the radio protocol layers transfers the PDUs
having different priorities to its lower layers.

Description of Drawings

The features, nature, and advantages of the present invention will become more
apparent from the detailed description set forth below when taken in conjunction with
the drawings in which like reference characters identify correspondingly throughout
and wherein:

Figure 1 depicts an exemplary basic structure of a UMTS network.

Figure 2 depicts a radio access interface protocol architecture between the terminal
and UTRAN that is based upon the 3GPP wireless access network.

Figure 3 depicts an example of how the QoS between the terminal (UE) the Node B
/ RNC and the MSC (SGSN/GGSN) can be defined.

Figure 4 depicts an example of how full header packets and compressed header
packets are transmitted when using a header compression technique.

Figure 5 shows how the priority information is also transferred together when the
PDCEP layer transfers PDUs to the RLC layer.

Figure 6 shows an example where the RL.C layer consecutively transmits priority
data two times.

Figure 7 shows an example of a discrimination transmission function performed at
the RLC layer.

Figure 8 shows an exemplary method where the PHY layer receives from the MAC
layer, data blocks having three types of priorities, and three levels of transmission
power are used to transmit these data blocks.

Figure 9 depicts an exemplary method that combines the techniques of Figures 7
and 8.

Figure 10 depicts an exemplary communications system according to the present
invention.

Figure 11 depicts an exemplary mobile terminal according to the present invention.

Mode for Invention

The following description is based upon the presently preferred exemplary and non-
limiting embodiments of the present invention. More particularly, various inventive
concepts and principles embodied in systems and methods therein are discussed and
described.

The present invention provides a method of processing data packets for a radio
communications system employing a protocol stack with protocol layers therein, the
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method comprising: receiving data packets from an upper layer, each data packet
having priority information related thereto generated by and sent from the upper layer;
processing the received data packets by using the priority information; and transferring
the processed data packets to a first lower layer according to the priority information.

Preferably, the data packets can be received in service data units and transferred in
protocol data units. Also, the receiving, processing and transferring procedures can be
performed by a RLC layer.

Here, the upper layer can be a PDCP layer, and the PDCP layer can receive SDUs,
can perform header compression thereto to generate PDUs, and can transfer each
generated PDU together with its priority information.

The priority information can indicate whether the corresponding data packet
includes a full header or a compressed header. For example, a data packet including a
full header has higher priority than a data packet including a compressed header.

Preferably, the first lower layer can be a MAC layer.

Also, the transferring can be performed by transmitting the data packets repetitively
and randomly according to their priorities, or by transmitting the data packets using re-
spectively different radio channels according to their priorities, or by transmitting the
data packets using respectively different radio transmission techniques for a single
radio channel according to their priorities.

Here, the transferring can be performed via respectively different logical channels
such that each logical channel is used to transfer data packets of a certain priority.
Also, a total number logical channels can equal a total number of different priorities.

The above method can further comprise the steps of: receiving the processed data
packets having different priorities by the first lower layer via at least one data flow;
and transferring the received data packets to a second lower layer according to their
respective priorities via respectively different logical channels.

Here, a total number of data flows received from the first lower layer can equal a
total number of different priorities. Also, the second lower layer can be a PHY layer.

The above method can further comprise the steps of: receiving the data packets
from the second lower layer via at least one data flow; and transmitting the received
data packets to a receiver by using different transmission power levels corresponding
to the priorities.

Preferably, data packets of relatively higher priority can be transmitted by using a
relatively higher transmission power. Also, the steps can be performed in order to
guarantee respectively different qualities of service requirements. Additionally, the
receiver can be a mobile station, a user equipment, or other communications terminal.

Hereafter, each particular method will be explained for an exemplary situation
where Internet Protocol (IP) packets are transmitted over a radio interface after header
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compression is performed thereto.

First, the PDCP layer receives IP packets (namely, SDUs) through a single stream
from an upper layer and performs header compression thereto to generate PDUs that
include full headers or compressed headers. Then, the PDCP layer transfers the
generated PDUs to the RLC layer together with information indicating the priority for
each PDU. Here, such priority information can be expressed in a variety of ways. For
example, whether the packet includes a full header or a compressed header may be
informed, or the priorities may be divided into many levels (degrees) such that packets
including full headers are regarded as high priority and packets including compressed
headers are regarded as low priority, or various other expressions (e.g., degrees of
priority or importance) may be used.

Figure 5 shows how the priority information is also transferred together when the
PDCP layer transfers PDUs to the RLC layer. Although the transferring of PDUs
together with their priorities from the PDCP layer to the RLC layer is shown, other
radio protocol layers may transfer PDUs together with their priority information to its
lower layer.

There can be many transmitting methods used for a radio protocol layer to
guarantee respectively different QoS according to the priority of data. The present
invention presents a few exemplary methods merely for the sake of explanation, but it
can be easily understood that other methods can be used as well.

(1) Method for repetitive transmission of priority data

This method relates to randomly transmitting high priority data (i.e., important data)
repetitively several times performed by a particular radio protocol layer. The repetitive
transmission may be based upon feedback information from the receiving side
(receiver) or without such feedback information. Also, for repetitive transmissions
without feedback from the receiving side, the data with high priority may be con-
secutively transmitted repeatedly, or after initially transmitting once, the high priority
data may be selectively transmitted repeatedly during a selected duration when no
other data needs to be transmitted or a small amount of other data needs to be
transmitted. For either method, the radio protocol layer requires a function of storing
the important (priority) data to allow repetitive transmission thereof.

Figure 6 shows an example where the RLC layer consecutively transmits priority
data two times. Although not shown in Figure 6, if there are three or more types of
priorities, the number of repetitive transmissions can be set differently according to the
priorities. Also, although the repetitive transmission of priority data is exemplary
shown for an RLC layer, such repetitive transmissions can also be performed by other
types of radio protocol layers.

(2) Method of transmitting data using respectively different radio channels
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according to priority

In this method, a plurality of radio channels are established for one radio bearer
(RB) according to the number of priority data types, and the data are transmitted
through respectively different radio channels according to their priority. To achieve
this, a function for a particular layer of the radio protocol to discriminate according to
priority, the data received through a single stream from an upper layer and to transmit
such data via different channels is necessary.

Figure 7 shows an example of a discrimination transmission function performed at
the RLC layer. As shown, the RL.C layer receives from an upper layer, SDUs having
three different kinds of priorities, and transfers these SDUs to a MAC layer according
to their priorities through respectively different logical channels. Then, the MAC layer
and the PHY layer use the transport channel and physical channel respectively
connected to each logical channel to transmit the data of different priorities through re-
spectively different channels. Here, the MAC layer and the PHY layer should be es-
tablished such that a higher QoS is guaranteed for the channels used for transmitting
high priority data. As the data are transmitted through respectively different channels
according to their priorities, when the RLC layer delivers data to the MAC layer, the
priority of each data may be delivered in a different order than that shown in Figure 7.

For example, referring to Figure 7, data 1 (data unit 1) and data 6 having the highest
priority are transmitted first, then data 4 having middle level (intermediate) priority is
transmitted, and finally, data 2, data 3, and data 5 having the lowest priority are
transmitted last. Alternatively, upon transmitting the highest priority data (data 1 and
6), if the channel conditions allow for transmission of additional data, then the next
highest priority data (e.g., data 4) can also be transmitted together with data 1 and 6. In
other words, data (data units, packets) of different priority levels may be transmitted
together if channel conditions, radio resources, or other circumstances allow for such
transmissions.

Also, referring to Figure 7, it can be said that the present invention allows a single
stream of data (data units, packets, etc.) received from an upper layer to be divided into
two or more radio bearers used for transmitting the data to a lower layer, based upon
the levels of priority for the data, for achieving the purpose of guaranteeing different
qualities of service for the data (data units, packets, etc.).

(3) Method employing respectively different radio transmission techniques
according to priority

In this method, when data having respectively different priorities are transmitted
through a single radio channel, respectively different transmission techniques are used
according to the different priorities. In essence, this method controls the QoS by units
of data blocks (or data units or packets) and not by channels, which allows more exact

10
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QoS control.

Radio transmission techniques refer to those procedures that are used to allow
reliable transmission of data over a radio (wireless) interface. A transmission profile
may be determined for a radio transmission technique. Examples include modulation,
coding, spreading, interleaving, power control, forward error correction (FEC), rate
matching, diversity, and the like. In a broad sense, the previously explained first
method for repetitive transmission of priority data can be considered as a type of radio
transmission technique.

The present invention provides a method in which the various radio transmission
techniques explained above are appropriately applied according to the priority of each
data block to achieve data transmissions with a QoS being guaranteed according to
each priority. To achieve this, the protocol layer that applies such radio transmission
technique must also receive the priority of each data block when the data blocks are
received from an upper layer, and an appropriate radio transmission technique should
be selected based upon the received priorities.

Figure 8 shows an exemplary method where the PHY layer receives from the MAC
layer, data blocks having three types of priorities, and three levels of transmission
power are used to transmit these data blocks over the radio interface according to the
respective priority of each data block, thus allowing important (priority) data to be
transmitted in a more stable and dependable manner. In this case, because the
important data are transmitted by only having the transmission power increased while
all other conditions are maintained the same, this has the effect of lowering the error
rate at the receiving side (receiver). An example of adjusting the transmission power is
shown, but other types of radio transmission techniques are also applicable. Ad-
ditionally, an example of the PHY layer performing the adjusting is shown, but this
method can be applied to other radio protocol layers as well.

Figure 9 depicts an exemplary method that combines the techniques of Figures 7
and 8.

As explained thus far, in order to transmit data blocks over a radio (wireless)
interface having a worse environment than a wired (fixed line) environment that
allowed the data to be transmitted in a single stream, the present invention performs
transmission with respectively different QoS guaranteed for each data block according
to their priorities, to thus allow more important (higher priority) data to be transmitted
much more reliably than less important (lower priority) data. If important data is lost
during transmission over the radio interface, the affect on the overall QoS of the cor-
responding service is very high. However, employing the present invention is ad-
vantageous in that the overall QoS for a particular service can be greatly improved.

The present invention can employ a variety of software, hardware, and/or a
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[69]

[70]
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[72]
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combination thereof to achieve the above-identified procedures and steps for radio
bearer (RB) release.

For example, Figure 10 depict a communication system comprising a terminal (UE
1010) in radio communication with a network (UTRAN 1020 and CN 1030) according
to an embodiment of the present invention. The network (UTRAN 1020 and CN 1030)
may include various hardware and software components. For example, the UTRAN
1020 comprises an RNC (1026), being connected to a plurality of Node Bs (1022), and
having a processor (1026-1) and a memory (1026-2). An RNC (1028), being connected
to a plurality of Node Bs (1024), may also comprise a processor (1028-1) and a
memory (1028-2). The RNCs (1026, 1028) are connected with one another via an
interface, and connected with the CN (1030) via another interface. The network
(UTRAN 1020 and CN 1030) handles the various processing procedures for commu-
nications with the terminal (UE 1010) as described previously. Here, it should be noted
that various software codes and protocols that are required for achieving the present
invention may be stored in one or more memory devices and executed by one or more
processors located within the Node Bs (1022, 1024), the RNCs (1026, 1028), and/or
other network elements.

The present invention is described with respect to mobile telecommunications, but
can also be applied to wireless (radio) communications systems such as personal data
assistants (PDAs) and notebook computers having wireless communications functions.
Additionally, the terminology used in the present invention should not be limited to
wireless (radio) communications systems such as UMTS, as the features of the present
invention are applicable to other wireless (radio) communications systems (such as
TDMA, CDMA, FDMA, etc.) that use various radio interfaces and physical channels.

The features of the present invention can be implemented in software, firmware,
hardware, or any combination thereof. Namely, the features of the present invention
may be implemented in hardware by using hardware logic such as codes, circuit chips
and ASIC, or may be implemented as codes using computer programming languages
stored in computer-readable storage media (such as hard disks, floppy disks, tapes,
etc.), optical storage media, of other memory devices such as ROMs or RAMs.

The codes stored in the computer-readable storage media can be accessed and
executed by a processor. The codes implementing the features of the present invention
may be accessed through a transmission medium or may be accessed through a file
server on a network. In such case, the devices having the codes implemented therein
are comprised of wireline (fixed line) transmission mediums (such as a network
transmission line), wireless (radio) transmission mediums, signal transmission,
wireless (radio) signals, infrared signals, and the like.

Figure 11 depicts a wireless communications device such as a mobile terminal
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(1100) that can perform the functions of the present invention. This wireless commu-
nications device is comprised of a processing unit module (1110) (such as a micro-
processor or digital processor), a radio frequency (RF) module (1135), a power control
module (1105), an antenna (1140), a battery (1155), a display module (1115), a keypad
(1120), a flash memory storage module (1130, 1125) (such as a ROM or SRAM), a
speaker (1145) and a microphone (1150).

The user can input command information such as phone numbers by pressing the
buttons on the keypad, and can perform voice-activate commands through the use of
the microphone. The processing unit module receives these commands and processes
them to perform the functions requested by the user. Also, various data that are
necessary in performing the above functions are used upon searching the storage
module, and the processing unit module can visually display the user command in-
formation and the data searched from the storage media on the display module for the
user's convenience.

The processing unit module transfers the command information to the RF module in
order to transmit wireless (radio) signals including voice communication signals. The
RF module includes a transceiver for transmitting and receiving wireless (radio)
signals, and the wireless (radio) signals are ultimately transmitted and received through
the use of the antenna. Upon receiving wireless (radio) signals, the RF module
converts these wireless (radio) signals into baseband frequencies to allow processing
thereof at the processing unit module. These converted signals are delivered through
the speaker or delivered as readable information.

The RF module is used for receiving data from the network or for transmitting the
information detected or generated at a wireless (radio) communications device to the
network. The storage module is used to store the information detected or generated at
the wireless (radio) communications device, and the processing unit module is ap-
propriately used for receiving data from the wireless (radio) communications device,
for processing the received data, or for transmitting the processed data.

Accordingly, the present invention provides a radio communications system
comprising: a protocol layer adapted to perform the steps of, receiving data packets
from an upper layer, each data packet having priority information related thereto
generated by and sent from the upper layer; processing the received data packets by
using the priority information; and transferring the processed data packets to a first
lower layer according to the priority information. Preferably, the first lower layer is
adapted to perform the steps of: receiving the processed data packets having different
priorities via at least one data flow; and transferring the received data packets to a
second lower layer according to their respective priorities via respectively different
logical channels.
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Preferably, the second lower layer is adapted to perform the steps of: receiving the
data packets from the first lower layer via at least one data flow; and transmitting the
received data packets to a receiver by using different transmission power levels cor-
responding to the priorities.

Although various aspects, embodiments, and features of the present invention have
been described for a UMTS communications scheme, many of these techniques can be
advantageously applied for other communications methods and systems.

The foregoing description of the preferred embodiments is provided to enable any
person skilled in the art to make or use the present invention. Various modifications to
these embodiments will be readily apparent to those skilled in the art, and the generic
principles defined herein may be applied to other embodiments. Thus, the present
invention is not intended to be limited to the embodiments shown herein but us to be
accorded the widest scope consistent with the principles and novel features disclosed

herein.
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Claims

[1] A method of processing data packets for a radio communications system
employing a protocol stack with protocol layers therein, the method comprising:
receiving data packets from an upper layer, each data packet having priority in-
formation related thereto generated by and sent from the upper layer;
processing the received data packets by using the priority information; and
transferring the processed data packets to a first lower layer according to the
priority information.

[2] The method of claim 1, wherein the data packets are received in service data
units and transferred in protocol data units.

[3] The method of claim 1, wherein the receiving, processing and transferring
procedures are performed by a RLC layer.

[4] The method of claim 1, wherein the upper layer is a PDCP layer.

[5] The method of claim 4, wherein the PDCP layer receives SDUs, performs header
compression thereto to generate PDUs, and transfers each generated PDU
together with its priority information.

[6] The method of claim 1, wherein the priority information indicates whether the
corresponding data packet includes a full header or a compressed header.

[7] The method of claim 6, wherein a data packet including a full header has higher
priority than a data packet including a compressed header.

[8] The method of claim 1, wherein the first lower layer is a MAC layer.

[9] The method of claim 1, wherein the transferring is performed by transmitting the

data packets repetitively and randomly according to their priorities, or by
transmitting the data packets using respectively different radio channels
according to their priorities, or by transmitting the data packets using re-
spectively different radio transmission techniques for a single radio channel
according to their priorities.

[10] The method of claim 1, wherein the transferring is performed via respectively
different logical channels such that each logical channel is used to transfer data
packets of a certain priority.

[11] The method of claim 10, wherein a total number logical channels equals a total
number of different priorities.

[12] The method of claim 1, further comprising:
receiving, by the first lower layer, the processed data packets having different
priorities via at least one data flow; and
transferring the received data packets to a second lower layer according to their

respective priorities via respectively different logical channels.
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[16]
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[19]

[20]

[21]
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[23]

[24]

[25]

[26]
[27]

The method of claim 12, wherein a total number of data flows received from the
first lower layer equals a total number of different priorities.

The method of claim 12, wherein the second lower layer is a PHY layer.

The method of claim 12, further comprising:

receiving the data packets from the first lower layer via at least one data flow;
and

transmitting the received data packets to a receiver by using different
transmission power levels corresponding to the priorities.

The method of claim 15, wherein data packets of relatively higher priority are
transmitted by using a relatively higher transmission power.

The method of claim 15, wherein the steps are performed in order to guarantee
respectively different qualities of service requirements.

The method of claim 15, wherein the receiver is a mobile station, a user
equipment, or other communications terminal.

A radio communications system comprising:

a protocol layer adapted to perform the steps of,

receiving data packets from an upper layer, each data packet having priority in-
formation related thereto generated by and sent from the upper layer;

processing the received data packets by using the priority information; and
transferring the processed data packets to a first lower layer according to the
priority information.

The system of claim 19, wherein the data packets are received in service data
units and transferred in protocol data units.

The system of claim 19, wherein the receiving, processing and transferring
procedures are performed by a RLC layer.

The system of claim 19, wherein the upper layer is a PDCP layer.

The system of claim 22, wherein the PDCP layer receives SDUs, performs
header compression thereto to generate PDUs, and transfers each generated PDU
together with its priority information.

The system of claim 19, wherein the priority information indicates whether the
corresponding data packet includes a full header or a compressed header.

The system of claim 24, wherein a data packet including a full header has higher
priority than a data packet including a compressed header.

The system of claim 19, wherein the first lower layer is a MAC layer.

The system of claim 19, wherein the transferring is performed by transmitting the
data packets repetitively and randomly according to their priorities, or by
transmitting the data packets using respectively different radio channels
according to their priorities, or by transmitting the data packets using re-
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[28]

[29]

[30]

[31]

[32]
[33]

[34]

[35]

[36]

spectively different radio transmission techniques for a single radio channel
according to their priorities.

The system of claim 19, wherein the transferring is performed via respectively
different logical channels such that each logical channel is used to transfer data
packets of a certain priority.

The system of claim 28, wherein a total number logical channels equals a total
number of different priorities.

The system of claim 19, wherein the first lower layer is adapted to perform the
steps of:

receiving the processed data packets having different priorities via at least one
data flow; and

transferring the received data packets to a second lower layer according to their
respective priorities via respectively different logical channels.

The system of claim 30, wherein a total number of data flows received from the
first lower layer equals a total number of different priorities.

The system of claim 30, wherein the second lower layer is a PHY layer.

The system of claim 30, wherein the second lower layer is adapted to perform the
steps of:

receiving the data packets from the first lower layer via at least one data flow;
and

transmitting the received data packets to a receiver by using different
transmission power levels corresponding to the priorities.

The system of claim 33, wherein data packets of relatively higher priority are
transmitted by using a relatively higher transmission power.

The system of claim 33, wherein the steps are performed in order to guarantee re-
spectively different qualities of service requirements.

The system of claim 33, wherein the receiver is a mobile station, a user

equipment, or other communications terminal.

17



PCT/KR2005/000940

WO 2006/075820

[Fig. 1]

CORE NETWORK

llllllllllllllllllllllllllllll

RNC

Node B
Cell Cell Cell

7
RNC
/\\ 121
_ 5

UE

N\ /

120

13

100

1/9



WO 2006/075820

PCT/KR2005/000940
[Fig. 2]
Control Plane User Plane
I
RRC
J—_ RRC control (Layer 3)
29 giE Radio
5 E 5 % Bearers
(& (X [* R R
PDCP
( Layer 2)
BMC BMC
( Layer 2)

RLC
( Layer 2)

Logical Channel

MAC

(Layer 2)
Transport Channel

PHY

(Layer1)
[Fig. 3]
Uu fu
J— %M"" AR O h
UE Radio Bearer (QoS-Uu) lu Bearer (QoS-lu) MSC
Node B /RNC SGSN/GGSN
[Fig. 4]

Full Header
Header

size

Compressed Header

2/9



WO 2006/075820 PCT/KR2005/000940

[Fig. 5]
4
3
|
9 P Packet
1
PDCP
Header Compressor
Compressed
Header Packet
Full Header
Packet

3/9



WO 2006/075820

HIGH

LOW

LOW

HIGH

HIGH

HIGH

LOW

LOw

HIGH

HIGH

[Fig. 6]

4/9

Compressed
Header Packet

Full Header
Packet

PCT/KR2005/000940



PCT/KR2005/000940

WO 2006/075820

[Fig. 7]

I
o
T

HIGH

RLC

LOW

MID

HIGH

5/9



WO 2006/075820

1 HIGH
» LOW
MID
Low
LOowW
HIGH

[Fig. 8]

Power Level

6/9

PCT/KR2005/000940



WO 2006/075820 PCT/KR2005/000940

[Fig. 9]

RLC

HIGH

MID

Low

MAC

PHY | Power controiler |

Power Level

7/9



WO 2006/075820

1010
4

UE

Processor|

Memory |-

PCT/KR2005/000940
[Fig. 10]
UTRAN 51 020 1030
1026
1022 5 0 RNC
Node B Processor|\ 4 no6_
9 1022
M
Node B emory ™ 4 0o6-2
1024 741028 CN
Node B Processor|™ 1qog 1
§ 1024
Memory |
Node B 1028-2

8/9



WO 2006/075820

[Fig. 11]

PCT/KR2005/000940

1100

o

1140
_ 4
51135
4 1105 4 11565
Receiver Power
RE Module |<€—| Management &—— Battery
: Module
Transmitter
1110 1115
I 4 e
| DSP/Microprocessor ——» Display
L T 4113
g
» | Monitoring
circuits Decoder | ¢ Keypad
s
l T lT 1120
g 7
1150 1145 Flash Memory, SIM Card
ROM, SRAM
Z g
1130 1125

9/9



INTERNATIONAL SEARCH REPORT

International application No.
PCT/KR2005/000940

A.  CLASSIFICATION OF SUBJECT MATTER
IPC7 HO04B 7/26

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

1PC7 H04B 7/26, HOAL 12/56, H04Q 7/38

Minimum documentation searched (classification system followed by classification symbols)

KR : IPC as above

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the intertnational search (name of data base and, where practicable, search terms used)
KIPASS, ESPACENET & Keywords : PDU, priority, header, compresssion, repeat, transmission, power and similar terms

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X EP 1209862 A1 (LUCENT TECHNOLOGIES INC.) 29 Mady 2002 1-5,8,19-23,26
Y | the whole document *» " ' 10-14,28-32
Y -] WO 99/09775 A2 (NOKIA TELECOMMUNICATIONS OY )25 February 1999 10 -'_1_4’,-.28 =32 -
’ .| * abstract; clalrnsl 17* o
Y EP 0994604 A'2 ( LUCENT TECHNOLOGIES INC.) 19 Ap‘ril 2000 - 10-14;28-32
* paragraphs [0041]-[0049], figures 7, 8 * :
A WO 03/047189 A1 (LG ELECTRONICS INC. ) 5 June 2003 1-36
* the whole document *
A US 6577596 B1 ( TELEFONAKTIEBOLAGET LM ERICSSON ) 10 June 2003 1-36
* the whole document *

I:] Further documents are listed in the continuation of Box C.

|Z| See patent family annex.

» Special categories of cited documents:

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L"  document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of citation or other
special reason (as specified)

"Q" document referring to an oral disclosure, use, exhibition or other
means

"P"  document published prior to the international filing date but later
than the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to ‘involve an inventive step when the document is
combined with one or more other such documents,such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

25 JULY 2005 (25.07.2005)

Date of mailing of the international search report

25 JULY 2005 (25.07.2005)

Name and mailing address of the ISA/KR

Korean Intellectual Property Office
920 Dunsan-dong, Seo-gu, Dagjeon 302-701,
Republic of Korea

Facsimile No. 82-42-472-7140

Authorized officer

SHIN, Jun Ho

Telephone No.  82-42-481-8129

Form PCT/ISA/210 (second sheet) (January 2004)




INTERNATIONAL SEARCH REPORT

International application No.

Information on patent family members PCT/KR2005/000940
Patent document Publication Patent family Publication
cited in search report date member(s) date
EP1209862A1 29-05-2002 EP01209940A1 29-05-2002
EP01220490A1 03-07-2002
JP2004282108A2 07-10-2004
KR20020040611 30-05-2002
US20030095552A1 22-05-2003
W09909775A2 25-02-1999 AT252306E 15-11-2003
AUBB09498A 1 08-03-1999
CA2300986A1 25-02-1999
CN1270746A 18-10-2000
DE69819037T2 19-08-2004
EP01046315A2 25-10-2000
EP01046315B 1 15-10-2003
ES2206977T13 16-05-2004
F 111046781 31-01-2003 -
‘F1973394A0 .. . ‘ 19708‘1997'
JP2001516192T2 - 25-09-2001"
W09909775A3 " .“08-07-1999"
ZASB074T2A 22—02—1999
EPO994604A2 19-04-2000 CA228 1456A1 14-04-2000
DE69916963T2 28-04-2005
. EP00S94604A3 10-10-2001
EP0099460481 06-05-2004
JP2000209661A2 28-07-2000
KR200002904 1A 25-05-2000
US659424081 15-07-2003
 W003047189A1 05-06-2003 AU2002353634A1 10-06-2003
EPO1315356A2 28-05-2003
JP2003229925A2 15-08-2003
KR2003042845A -02-06-2003
KR2003043529A 02-06-2003
US20030123485A1 03-07-2003
. US06577596 10-06-2003 AU200113065A1 12-06-2001
CN1433623A 30-07-2003
EPO1234428A1 28-08-2002
JP2003516041T2 07-05-2003
W00 141397A1 07-06-2001

Form PCT/ISA/210 (patent family annex) (January 2004)




	Abstract
	Bibliographic
	Description
	Claims
	Drawings
	Search_Report

