US 20060088058A1
a9y United States

a2y Patent Application Publication o) Pub. No.: US 2006/0088058 A1

Eckert et al. 43) Pub. Date: Apr. 27, 2006
(54) DATA LINK LAYER PROTOCOL UNIT, 30) Foreign Application Priority Data
MOBILE RADIO DEVICES, MOBILE RADIO
NETWORK CONTROL UNIT AND METHOD Sep. 29, 2004 (DE)...ccovecrvccrvecnne 10 2004 047 349.8
FOR READING DATA FROM A PLURALITY
OF DATA LINK LAYER PROTOCOL BUFFER Publication Classification
STORAGES
(51) Imt.CL
(75) Inventors: Michael Eckert, Braunschweig (DE); Ho4J 3/22 (2006.01)
Hyung-Nam Choi, Hamburg (DE); (52)  US. Cl viciivtneseeeseiececiesieeseneseenne 370/469
Martin Wuschke, Meine (DE)
Correspondence Address: 7 ABSTRACT
DARBY & DARBY P.C. . .
P. 0. BOX 5257 Each transport format contains control parameters according
NEW YORK, NY 10150-5257 (US) to which data are mapped from at least one logical channel

onto at least one transport channel by a data link layer

(73) Assignee: Infineon Technologies AG, Munich (DE) protocol unit, with the control parameters in the transport
formats containing information regarding that or those data

(21) Appl. No.: 11/238,645 link layer protocol buffer storages and/or that or those data
link layer data streams from which the data to be transmitted
(22) Filed: Sep. 28, 2005 need to be transmitted in a data transmission time interval.

i 4 300
305 r~

2\
2309 MAC—

310 ¢ 309
309—\% > .{43»310 r-lﬁ\__mo
304 A B C

306 45 )EQ‘-{H LJ}oe
(HARQ 309 D)

O 3
308 307

303 |E-DCH

MAC Control

Ex.1005 / Page 1 of 25
TESLA, INC.



Patent Application Publication Apr. 27,2006 Sheet 1 of 5 US 2006/0088058 A1

FIG 1 100
105
y r’
103~ 1y 104— 1y
UTRANTRNS [ 05| 1, 112 TRNS 1™ 347
RNC ¢ N ‘

| | RNC
13 14 115 116 |
108v~l NodeB | I NodeB I [~109 110;] NodeB I | NodeB }ﬂ_»m

CE__

4 N o
101 107 102
U

E [~118

Ex.1005 / Page 2 of 25
TESLA, INC.



Patent Application Publication Apr. 27,2006 Sheet 2 of 5 US 2006/0088058 A1

FIG 2 200
211 212 e

/ 207 V/

W,
RRC control L3
s|5 5 =P
3|8 8 205 [PocPEENl | g L2/PDCP
213 I3 BMC/ L2/BMC
d
2;}% ’_>q>— > 202
[L'C L \ o %41—5 lLC L2/RLC
) = VY S
208
MAC | L2/MAC |
11 (
—_—
209 T T T 203
—Q- PHY L1
-
201
Ex.1005 / Page 3 of 25

TESLA, INC.



Patent Application Publication Apr. 27,2006 Sheet 3 of 5 US 2006/0088058 A1

FIG 3 301 302
MAC Control AN o
\ ontro
73095
310 C Yt 309 MAC—

e Ph TR
304 A (BOH(CCYCD
\306’—J )U{I{F

_ =306
(HARQ 309 - )
soswdj 307
303 |E-DCH
FIG 4 301 302
4 V4 300
309 310 ~
MAC Control i MAC—s
310( ~ d
3094t ith 305
304 3&(,} D F (G 306
C ARG 3 310
S 309
308—(___ ) 307
303 |E-DCH

Ex.1005 / Page 4 of 25
TESLA, INC.



Patent Application Publication Apr. 27,2006 Sheet 4 of 5 US 2006/0088058 A1

FIG 5 500

—
Information Element/ .| Typeand | Semantics
Group name Need Multi reference | description
. 1to
=014 Priority Queue oP <maxPQ>
>PQ Identity MP PQ Identity
[ >Choice PQ weighting
502¢ ,
> > explicit PQ weighting| OP o o0y [ value in%
| >>Pa weighting band | op
503J >>>|ower PQ border oP (gﬁg&) Value in % | 204
Integer o 505
> > >upper PQ border 0P (0...100) Value in %

Ex.1005 / Page 5 of 25
TESLA, INC.



US 2006/0088058 A1

Patent Application Publication Apr. 27,2006 Sheet 5 of 5

L09~f nad 9w |auuRY ") Jodsuel
B9 w9 9 L9919 619 919 S19EI9
AR M A M A R N A AL 809
! P 1 \ ' ' ' ' ! 01108]9S
(1do) buipped | V1vQ |- [¢ byya [+ eyLva| | M [ NN [Naid || N | Haid | Hais [ Haio [NSL| A o a_m&n
7 AT
619 . cv W\[)T 484 . 019609 209
200 @ Y 19 y \
K ) 80€' /08
N 1 _
Fhyva | Mo -g09 09N Feyivg | 2EauT] 0
Coylva | ¢#ad 509 091 ¢ hylya rﬁ_zmemé__gg_a_g
7T e ananp) Aolg
0 . . 3 Lqe
@om 09-H1+¢nad p-ovw Flnad p-oviN ™Nzog /
. . y
£09-+1¢ ¢nad p-ovin ¢'nad P-OYW T 109 MO} P-OB
7 2081 Mo Moy 10
i 2# MOl L# MOl 108 9 9L

Ex.1005 / Page 6 of 25

TESLA, INC.



US 2006/0088058 Al

DATA LINK LAYER PROTOCOL UNIT, MOBILE
RADIO DEVICES, MOBILE RADIO NETWORK
CONTROL UNIT AND METHOD FOR READING
DATA FROM A PLURALITY OF DATA LINK
LAYER PROTOCOL BUFFER STORAGES

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to German Patent
Application Serial No. 10 2004 047 349.8, which was filed
on Sep. 29, 2005.

FIELD OF THE INVENTION

[0002] The invention relates to a data link layer protocol
unit, mobile radio devices, a mobile radio network control
unit and also a method for reading data from a plurality of
data link layer protocol buffer storages.

BACKGROUND OF THE INVENTION

[0003] Such a mobile radio device, such a mobile radio
network control unit and such a method are known within
the context of the mobile radio system UMTS (Universal
Mobile Telecommunications System).

[0004] A UMTS mobile radio system normally has a core
network (CN), a mobile radio access network (UMTS Ter-
restrial Radio Access Network, UTRAN) and also a large
number of mobile radio terminals (User Equipment, UE). In
UMTS, a transmission mode is provided, called FDD (Fre-
quency Division Duplex) mode, which involves separate
signal transmission taking place in the uplink direction
(uplink direction denotes a signal transmission direction
from a mobile radio terminal to a respective base station in
the mobile radio access network) and in the downlink
direction (downlink direction denotes a signal transmission
direction from a respective base station associated with the
mobile radio terminal in the mobile radio access network to
the mobile radio terminal) through separate allocation of
frequencies or frequency ranges.

[0005] For the purpose of transmitting data between a
mobile radio terminal and a respective base station in a
mobile radio cell, UMTS defines an air interface which is
divided into three protocol layers. An overview and a
detailed description of the air interface protocol layers based
on UMTS can be found in 3GPP TS 25.301, Technical
Specification, Third Generation Partnership Project; Tech-
nical Specification Group Radio Access Network; Radio
Interface Protocol Architecture (Release 1999).

[0006] One of the three protocol layers of the UMTS air
interface is known as the Radio Resource Control (RRC)
protocol layer. The RRC protocol or the RRC protocol layer
is responsible for setting up and clearing down and also for
(re)configuring physical channels, transport channels, logi-
cal channels, signalling radio bearers and radio bearers, and
also for negotiating all parameters of the protocol layers of
layer 1 and layer 2 on the basis of UMTS. To this end, the
units of the RRC layer in the mobile radio terminal and in
the mobile radio network control unit use the signalling
radio bearers to interchange appropriate RRC messages, as
described in 3GPP TS 25.331, Technical Specification, Third
Generation Partnership Project; Technical Specification
Group Radio Access Network; RRC Protocol Specification
(Release 1999).
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[0007] For the purpose of management, generally the
management of mobile radio transmission resources in the
mobile radio terminal within the context of the uplink packet
data transmission, it is known that the mobile radio terminal
communicates information about the volume of data traffic
in a transport channel to a mobile radio network control unit
(Radio Network Controller, RNC) at the level of the RRC
protocol layer. This is done using “measurement report
messages”. In this connection, as table 1 below shows, data
buffer storage filling levels, i.e. the filling level of the data
buffer storages in the RLC units, for the transport channel in
question are indicated to the currently competent mobile
radio network control unit. In other words, this means that
in line with 3GPP TS 25.331, Technical Specification, Third
Generation Partnership Project; Technical Specification
Group Radio Access Network; RRC Protocol Specification
(Release 1999) the mobile radio network control unit is sent
notification at the RRC layer level regarding how many data
items to be transmitted there are at present in the buffer
storages in the RLC units of the respective mobile radio
terminal.

[0008] In this connection, mobile radio transmission
resources are to be understood, in particular, to mean the
transmission power of the mobile radio terminal, the number
and also the spreading factor of the allocated CDMA codes.

[0009] Table 1 shows an example of such a measurement
report list, as described in 3GPP TS 25.331, Technical
Specification, Third Generation Partnership Project; Tech-
nical Specification Group Radio Access Network; RRC
Protocol Specification (Release 1999):

TABLE 1
Information
Element/Group Type and Semantics
name Need Multi reference description
Traffic op 1to
volume <maxRB>
measurement
results
>RB Identity MP RB Identity
103416
>RLC Buffer op Enumerated In bytes
Payload (0, 4, And N
8, 16, Kbytes = N*1024
32, 64, bytes. Twelve
128, 256, spare values
512, 1024, are needed.
2K, 4K,
8K, 16K,
32K, 64K,
128K, 256K,
512K, 1024K)
>Average of op Enumerated In bytes And
RLC Buffer (0, 4, N
Payload 8, 16, Kbytes = N*1024
32, 64, bytes. Twelve
128, 256, spare values
512, 1024, are needed.
2K, 4K,
8K, 16K,
32K, 64K,
128K, 256K,
512K, 1024K)
>Variance of op Enumerated In bytes And
RLC Buffer (0, 4, N
Ex.1005
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TABLE 1-continued

Information
Element/Group Type and Semantics
name Need Multi reference description
Payload 8, 16, 32, Kbytes = N*1024
64, 128, 256,  bytes. Two
512, 1024, 2K, spare values
4K, 8K, 16K) are needed.

[0010] Using this information, the mobile radio network
control unit can configure the mobile radio terminal as
appropriate, for example in order to restrict or expand the
usable transport formats of a mobile radio terminal or to
perform handover to another mobile radio cell, reconfigu-
ration of the dedicated physical channels or an RRC state
change, particularly from a first RRC state CELL_DCH to
a second RRC state CELL._FACH.

[0011] The measurement result list shown in Table 1 is
thus transmitted from an RRC unit in the mobile radio
terminal to the RRC unit in the corresponding mobile radio
network control unit, and the respective RRC data buffer
storage filling level is indicated for each radio bearer (RB).

[0012] The standardization committee 3GPP (3rd Genera-
tion Partnership Project) is currently, as described in RP
040081, Proposed Work Item on FDD Enhanced Uplink,
TSG RAN Meeting #23, Phoenix, USA, Mar. 10 12 2004,
working on improving the packet data transmission via
dedicated transport channels in the uplink, i.e. for the uplink
direction at the UMTS air interface for the FDD mode, with
a view to increasing the data throughput and the transmis-
sion speed. To achieve better differentiation from the already
existing dedicated transport channel DCH, a new dedicated
transport channel called Enhanced Dedicated Channel
(E-DCH) has been introduced for this purpose. The funda-
mental characteristics of this new transport channel include
the application of a Hybrid Automatic Repeat Request
method (HARQ method) based on the N-channel stop&wait
method, scheduling controlled by the base station, also
called NodeB in UMTS, and also frame lengths of less than
or equal to 10 ms.

[0013] The N-channel stop&wait HARQ method is a
transmission protection method in which a mobile radio
terminal has a number of N “HARQ processes” configured
for it, with an HARQ process representing a respective
instance of the stop&wait method. For each HARQ process,
the data are transmitted to the network and are buffer-stored
until the network receives acknowledgement of correctly
received data (Acknowledgement, ACK). Otherwise, i.e. if
the data have not been received correctly (Negative
Acknowledgement, NACK), the data are transmitted to the
network again.

[0014] The NodeB controlled scheduling is a method in
which the scheduling in the mobile radio terminal, i.e. the
selection of an appropriate transport format from a set of
defined transport formats for the E-DCH transport channel,
is controlled such that the nodeB can temporarily restrict or
expand a mobile radio terminal’s use of transport formats
from the set of defined transport formats for the E-DCH
transport channel on the basis of the traffic situation in the
respective radio cell.
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[0015] To date, however, a decision has not yet been made
regarding the details of how the data about the new transport
channel E-DCH are to be transmitted via the UMTS air
interface. One possible solution is to split the data according
to their priorities over various data buffer storages, known as
Priority Queues (PQ), which are then processed and hence
transmitted with preference or with less preference accord-
ing to their importance, i.e. their priority.

[0016] As set out above, a transmission protection method
(HARQ method) is applied in which the network sends the
mobile radio terminal an acknowledgement about correctly
or incorrectly received data. The mobile radio terminal
contains various data buffer storages for this function too, in
order to buffer-store the data prior to acknowledgement of
correct receipt.

[0017] Both functions are performed within the MAC
protocol layer in the newly provided subprotocol layer, i.e.
what is known as a Medium Access Control Enhanced
Uplink (MAC-e) entity, which is present, i.e. implemented,
both on the terminal and on the network. On the network, the
entity executing the communication protocol based on
MAC-e can be found in the NodeB, i.e. in the UMTS base
station.

[0018] In addition, UMTS communication standard
release 5 for the downlink (downlink transmission direction)
contains a method, called High Speed Downlink Packet
Access (HSDPA), for improving the air interface for the
packet data transmission via the shared transport channel
High Speed Downlink Shared CHannel (HS-DSCH). In
comparable fashion to the enhanced uplink medium access
control protocol, the fundamental characteristics of the
HSDPA method are based on the application of an N-chan-
nel stop&wait HARQ method, NodeB controlled scheduling
and frame lengths of less than 2 ms. These functions are
performed in the medium access control subprotocol layer
MAC-hs (Medium Access Control High Speed), with the
units which implement the MAC-hs protocol being provided
both on the terminal and on the network, in this case usually
in a mobile radio base station.

[0019] The MAC-hs subprotocol layer receives the data
which are to be processed in the downlink transmission
direction, i.e. the protocol data units which are processed in
the MAC-hs subprotocol layer, from the MAC-d subproto-
col layer using “MAC-d flows” in the form of MAC-d
protocol data units, which correspond to the MAC-hs ser-
vice data units (SDU). The protocol data units formed by the
MAC-hs subprotocol layer, i.e. the “MAC-hs PDUs”, are
transmitted via the transport channel called HS-DSCH to the
physical transmission layer, which then uses the air interface
to transmit them via the physical channel HS-PDSCH (High
Speed Physical Downlink Shared Channel) to a subscriber
terminal.

[0020] An MAC-hs protocol data unit comprises an MAC-
hs header field (header) and one or more MAC-hs SDUs. In
each transmission time interval (TTI) of 2 ms, it is possible
to transmit a maximum of one MAC-hs PDU. The MAC-hs
control data header, i.e. the header field of the MAC-hs
PDU, has a variable length. In the MAC-hs subprotocol
layer, the data to be transmitted are buffer-stored in data
buffer storages, known as Priority Queues (PQ), according
to their priority. In line with the MAC-hs subprotocol, as
described in 3GPP TS 25.321, Technical Specification, Third
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Generation Partnership Project; Technical Specification
Group Radio Access Network; Medium Access Control
(MAC) Protocol Specification, all the MAC-hs SDUs in a
transmission time interval belong to the same priority queue,
i.e. in each transmission time interval only MAC-hs SDUs
having the same priority are transmitted on an HS-DSCH
transport channel.

[0021] In line with the HSDPA method, a “Transport
Format Resource Indicator” (TFRI) is provided which is
transmitted to the individual subscriber terminals in a
respective mobile radio cell via the physical channel called
High Speed Shared Control CHannel (HS-SCCH). Using the
Transport Format Resource Indicator, the respective sub-
scriber terminal can derive the respective sizes of the trans-
port blocks of an MAC-hs PDU in line with 3GPP TS
25.321, Technical Specification, Third Generation Partner-
ship Project; Technical Specification Group Radio Access
Network; Medium Access Control (MAC) Protocol Speci-
fication. Signals are thus sent to indicate the size of the
respective MAC-hs PDU which is being transmitted on the
associated HS-PDSCH.

[0022] In line with the HSDPA method, in each data
transmission time interval the data from just one priority
queue are transmitted via the HS-DSCH, which is why the
control data header of an MAC-hs protocol data unit has a
very simple structure and it is necessary to transmit only the
information regarding the priority queue from which the
data to be transmitted originate.

[0023] In line with the UMTS Enhanced Uplink method,
on the other hand, the data having various priorities, i.e. the
data from various priority queues, are transmitted in an
MAC-e protocol data unit within a data transmission time
interval.

[0024] One possible solution to signalling the association
of an MAC-e SDU, i.e. an MAC-d PDU, for example, with
a respective priority queue and with a respective MAC-d
data stream would be to add to each MAC-e SDU a control
data header with an identification of the respective MAC-d
flow (flow-ID, FID) and then to add a control data header
with an identification of the respective priority queue (queue
1D, QID) to every single data packet from a priority queue
before transmission, so as then to be able to split the data at
the receiver again as appropriate in the data link layer.

[0025] However, this would be disadvantageous on
account of the enormous volume of additional signalling
data in the control data header (large overhead) which is
required.

[0026] In line with the HSDPA method, the TFRI is used
to signal the size of an MAC-hs protocol data unit. This is
disadvantageous in the case of E-DCH particularly because
data from various priority queues need to be transmitted in
each data transmission time interval.

[0027] On the basis of the prior art, it is thus merely
possible to signal the total size of an MAC-e protocol data
unit but not how the data of an MAC-e protocol data unit
need to be made up, i.e. from which priority queues how
many and using what packet size it is necessary to transmit
data in an MAC-e protocol data unit.

SUMMARY OF THE INVENTION

[0028] A data link layer protocol unit in a mobile radio
device for mapping data which are to be transmitted using
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the mobile radio device from at least one logical channel
onto at least one transport channel. The data link protocol
unit has a plurality of data link layer protocol buffer stor-
ages, at least one transport format memory, at least one
transport format selection unit, and a data link layer protocol
buffer storage reading device. The plurality of data link layer
protocol buffer storages for buffer storing logical channel
data which are to be transmitted from one or more data link
layer data streams of the logical channel data. The at least
one transport format memory for storing a plurality of
transport formats, with each transport format containing
control parameters according to which the data are mapped
from the at least one logical channel onto the at least one
transport channel by the data link layer protocol unit, where
the control parameters in at least some of the transport
formats contain information regarding that or those data link
layer protocol buffer storages and/or that or those data link
layer data streams from which the data to be transmitted
need to be transmitted in a data transmission time interval.
The at least one transport format selection unit for selecting
from the plurality of stored transport formats a respective
transport format to be used. The a data link layer protocol
buffer storage reading device which is set up such that it
reads the data buffer stored in the data link layer protocol
buffer storages on the basis of the selected transport format.

[0029] A mobile radio device having at least one data link
layer protocol unit, a transport format memory for storing a
plurality of transport formats, with a transport format con-
taining control parameters according to which the data are
mapped from at least one logical channel onto at least one
transport channel by the data link layer protocol unit in
another mobile radio device, where the control parameters in
at least some of the transport formats contain information
regarding that or those data link layer protocol buffer stor-
ages and/or that or those data link layer data streams from
which the data to be transmitted need to be transmitted in a
data transmission time interval, and a transport format
transmission device which is set up to transmit the transport
formats to the other mobile radio device.

[0030] A mobile radio network control unit having a
transport format memory for storing a plurality of transport
formats, with a transport format containing control param-
eters according to which the data are mapped from at least
one logical channel onto at least one transport channel by the
data link layer protocol unit in another mobile radio device,
where the control parameters in at least some of the transport
formats contain information regarding that or those data link
layer protocol buffer storages and/or that or those data link
layer data streams from which the data to be transmitted
need to be transmitted in a data transmission time interval,
and a transport format transmission device which is set up to
transmit the transport formats to the other mobile radio
device.

[0031] A method for reading data from a plurality of data
link layer protocol buffer storages which are associated with
at least one data link layer protocol unit, performed in a
mobile radio device, the method comprising the step of
selecting a transport format from a plurality of stored
transport formats, with a transport format containing control
parameters according to which the data are mapped from at
least one logical channel onto at least one transport channel
by the data link layer protocol unit, where the control
parameters in at least some of the transport formats contain

Ex.1005

/ Page 9 of 25
TESLA, INC.



US 2006/0088058 Al

information regarding that or those data link layer protocol
buffer storages and/or that or those data link layer data
streams from which the data to be transmitted need to be
transmitted in a data transmission time interval, wherein the
data buffer stored in the data link layer protocol buffer
storages are read on the basis of the control parameters.

BRIEF DESCRIPTION OF THE DRAWINGS

[0032] Exemplary embodiments of the invention are illus-
trated in the figures and are explained in more detail below.

[0033]

[0034] FIG. 1 shows a communication system based on an
exemplary embodiment of the invention;

In the figures,

[0035] FIG. 2 shows an illustration of a protocol structure
for the UMTS air interface;

[0036] FIG. 3 shows an illustration of the units in an
MAC-e protocol layer based on a first exemplary embodi-
ment of the invention;

[0037] FIG. 4 shows an illustration of the units in an
MAC-e protocol layer based on a second exemplary
embodiment of the invention;

[0038] FIG. 5 shows an illustration of an RRC message
for signalling the weighting values and the weighting value
ranges based on an exemplary embodiment of the invention;
and

[0039] FIG. 6 shows an outline to illustrate the processing
of the data in an MAC-e protocol layer based on the
exemplary embodiments of the invention.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS OF THE INVENTION

[0040] The invention is based on the problem of mapping
data from at least one logical channel onto at least one
transport channel in a data link layer protocol unit in simple
fashion with reduced signalling complexity in comparison
with known procedures.

[0041] The problem is solved by a data link layer protocol
unit, by mobile radio devices, by a mobile radio network
control unit and also by a method for reading data from a
plurality of data link layer protocol buffer storages.

[0042] A data link layer protocol unit in a mobile radio
device for mapping data which are to be transmitted using
the mobile radio device from at least one logical channel
onto at least one transport channel has a plurality of data link
layer protocol buffer storages for buffer-storing the logical
channel’s data which are to be transmitted from one or more
data link layer data streams of the logical channel’s data. In
addition, at least one transport format memory for storing a
plurality of transport formats is provided. Each transport
format contains control parameters according to which the
data are mapped from the at least one logical channel onto
the at least one transport channel by the data link layer
protocol unit. At least some of the transport formats, in other
words one or more, preferably all of the transport formats,
contain, as control parameters, information specifying that
or those data link layer protocol buffer storages and/or that
or those data link layer data streams from which the data to
be transmitted need to be transmitted in a data transmission
time interval. A likewise provided transport format selection
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unit is set up to select a respective transport format to be
used from the plurality of storaged transport formats for at
least one data transmission time interval. In addition, a data
link layer protocol buffer storage reading device is provided
which is set up such that it reads the data buffer-storaged in
the data link layer protocol buffer storages on the basis of the
selected transport format.

[0043] Each transport format thus clearly contains data
transmission characteristics which are used for data trans-
mission on the basis of a respective transport format. In
other words, this means that each transport format contains
the control parameters for setting the respective parameters
used in the data link layer for mapping the data which are to
be transmitted onto the transport channels which are used for
the data transmission in the physical layer, for example the
block size, the number of blocks in a set of blocks and the
indication of the transmission time interval (TTI).

[0044] Clearly, the procedure described above means that
a respective transport format is selected on the mobile radio
device’s data link layer protocol level for a data transmission
time interval, and the transport format indicates, in respec-
tively dedicated form, that or those data link layer protocol
buffer storages and/or that or those data link layer data
streams from which the data which are to be transmitted, i.e.
the data which are to be mapped onto the transport channel,
need to be read from the data link layer protocol buffer
storages.

[0045] Hence, within a transport format, there is clearly
signalling regarding those buffer storages or those data
streams from the data streams provided above the data link
layer from which the data need to be mapped onto the
transport channel, particularly onto a transport block, within
the data transmission time interval.

[0046] A mobile radio device has at least one data link
layer protocol unit having the features presented above.

[0047] Another mobile radio device has at least one data
link layer protocol unit and also a transport format memory
for storing a plurality of transport formats, with one or more,
preferably each, transport format containing control param-
eters according to which the data are mapped from at least
one logical channel onto at least one transport channel by the
data link layer protocol unit in another mobile radio device,
where the control parameters in at least some of the transport
formats contain information regarding that or those data link
layer protocol buffer storages and/or that or those data link
layer data streams from which the data to be transmitted
need to be transmitted in a data transmission time interval.

[0048] In addition, a transport format transmission device
is provided which is set up to transmit the transport formats
to the other mobile radio device.

[0049] A mobile radio network control unit has a transport
format memory for storing a plurality of transport formats,
with a transport format containing control parameters
according to which the data are mapped from at least one
logical channel onto at least one transport channel by a data
link layer protocol unit in another mobile radio device,
where the control parameters in at least some of the transport
formats contain information regarding that or those data link
layer protocol buffer storages and/or that or those data link
layer data streams from which the data to be transmitted
need to be transmitted in a data transmission time interval.
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In addition, the mobile radio network control unit has a
transport format transmission device which is set up to
transmit the transport formats to the other mobile radio
device.

[0050] In a method for reading data from a plurality of
data link layer protocol buffer storages which are associated
with at least one data link layer protocol unit and which
method is performed in a mobile radio device, a transport
format is selected from a plurality of storaged transport
formats, with a transport format containing control param-
eters according to which the data are mapped from at least
one logical channel onto at least one transport channel by the
data link layer protocol unit, where the control parameters in
at least some of the transport formats contain information
regarding that or those data link layer protocol buffer stor-
ages and/or that or those data link layer data streams from
which the data to be transmitted need to be transmitted in a
data transmission time interval. The data buffer-storaged in
the data link layer protocol buffer storages are read on the
basis of the control parameters.

[0051] Clearly, the invention can be seen in that a transport
format now contains additional information regarding the
data link layer protocol buffer storages and/or the data link
layer data streams, said information being used to read data
storaged in the data link layer buffer storages from the data
link layer buffer storages.

[0052] Signalling this information in the transport formats
allows or achieves very simple signalling of this informa-
tion, preferably on the network, for a mobile radio device.

[0053] Clearly, what is provided is thus an expanded
transport format, subsequently also called Enhanced Uplink
transport format, which is used, during the mapping of data
using the data link layer, to stipulate the makeup of the
protocol data unit(s) formed by the data link layer protocol
unit.

[0054] In this connection, for example when the mobile
radio device is set up to communicate using the UMTS
communication standard, a data link layer has one or more
of the following sublayers:

[0055] radio link control layer (RLC),

[0056] packet data convergence protocol layer (PDCP),
[0057] broadcast/multicast control layer (BMC),
[0058]

[0059] In addition, the mobile radio device preferably
contains a weighting memory which storages weighting
values and/or weighting value ranges, with a respective
weighting value and/or weighting value range being asso-
ciated with one of the data link layer protocol buffer stor-
ages. In other words, this means that at least one weighting
value and/or one weighting value range is/are associated
with each of the data link layer protocol buffer storages
taken into account as part of the inventive procedure for
reading the data buffer storages.

[0060] In this connection, it should be noted that the
invention can be applied both to all and to just one or more
sublayers of the data link layer, respectively, for example
with the aforementioned sublayers or else the medium
access control layer’s sublayers described below. In other
words, this means that the buffer storages provided in the

medium access control layer (MAC).

Apr. 27, 2006

respective sublayer can respectively be assigned a weighting
value and/or a weighting value range in each sublayer
individually or in all sublayers together.

[0061] In addition, the data link layer protocol buffer
storage reading device is preferably set up such that it reads
the data buffer-storaged in the data link layer protocol buffer
storages from the data link layer protocol buffer storages in
an order which is indicated by the priorities. The weighting
values and/or weighting value ranges are used to indicate a
respective proportion of the total data transmission band-
width available for data transmission which is respectively
allocated, i.e. reserved, for reading and transmitting the data
storaged in the respective data link layer protocol buffer
storage.

[0062] Within the context of this description, the priority
associated with a priority queue is to be understood to mean
the relative or absolute significance of the data buffer-
storaged in the respective priority queue’s buffer storage.

[0063] A weighting value within the context of this
description is to be understood to mean an indication of a
data transmission bandwidth which is to be respectively
allocated, in other words reserved, for reading the data
storaged in the respective data link layer protocol buffer
storage.

[0064] A weighting value range within the context of this
description is to be understood to mean an indication of a
range for a data transmission bandwidth within which the
data transmission bandwidth which is to be respectively
allocated for reading the data storaged in the respective data
link layer protocol buffer storage can be chosen admissibly.

[0065] A mobile radio device which is preferably set up as
a mobile radio base station, by way of example called
NodeB in the cellular mobile radio system UMTS, likewise
contains at least one data link layer unit.

[0066] The data buffer-storaged in the buffer storages are
preferably read in an order which is indicated by the
weighting values and/or weighting value ranges, with the
weighting values and/or the weighting value ranges respec-
tively being used to indicate a proportion of the total data
transmission bandwidth available for data transmission
which is respectively allocated for reading the data storaged
in the respective data link layer protocol buffer storage.

[0067] The respectively associated data transmission
bandwidths are preferably always greater than zero. In one
refinement of the invention, in the situation in which tem-
porarily no data from a particular service are transmitted,
provision is made for the network to be able to assign,
possibly on a temporary basis, a data transmission band-
width equal to zero Hz to the mobile radio device for a
particular data buffer storage.

[0068] In this connection, it should be noted that the data
link layer protocol buffer storages of one or more subpro-
tocol layers and/or the weighting memory can be set up as
one joint memory, with memory areas logically associated
with the different memories, or else as separate memories.

[0069] In particular, the method for controlling the reading
of the buffer storages of the data link layer is suitable for use
in a mobile radio terminal, with the inherently known
transport formats and also the inventive additional informa-
tion in the transport formats, that is to say the information in
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the buffer storages or in the data link data streams from
which the data are read and respectively mapped onto the
logical channel, being prescribed preferably by the UTRAN,
particularly preferably by a mobile radio network control
unit and/or by the UMTS base station (NodeB).

[0070] In line with one refinement of the invention, the at
least one data link layer protocol unit is in the form of one
of the following units:

[0071]
RLC),

radio link control unit (Resource Link Control,

[0072] packet data convergence protocol unit (PDCP),
[0073] broadcast/multicast control unit (BMC).

[0074] Inline with another refinement of the invention, the
data link layer protocol unit is in the form of a medium
access control unit, the medium access control unit being
able to set up as a unit in one of the following subprotocol
layers of the medium access control layer:

[0075] medium access control d subprotocol layer
(MAC dedicated layer),

[0076] medium access control c/sh subprotocol layer
(MAC control/shared),

[0077] medium access control b subprotocol layer
(MAC broadcast) and/or

[0078] medium access control e subprotocol layer
(MAC enhanced uplink).

[0079] 1If the data link layer protocol unit is in the form of
a medium access control unit, the data link layer protocol
buffer storages are medium access control unit protocol
buffer storages and the data link layer data streams are
medium access control unit data streams.

[0080] In line with another refinement of the invention, a
data link layer protocol data unit generation unit is addi-
tionally provided for the purpose of generating a protocol
data unit for the data on the basis of the respectively used
data link layer protocol. Each protocol data unit generated
by the data link layer protocol data unit generation unit has
a control data range and a useful data range. The control data
range contains control data based on the respective data link
layer protocol, which is also to be understood to mean a
corresponding data link layer subprotocol. The useful data
range contains the useful data which are to be transmitted
from the protocol layer (subprotocol layer) arranged above
the data link layer protocol unit, that is to say the useful data
which are to be transmitted from the logical channel. In
addition, the data link layer protocol data unit generation
unit is set up such that the information regarding that or
those data link layer protocol buffer storages and/or that or
those data link layer data streams from which the data
contained in the generated protocol data unit which are to be
transmitted have been read is written to the control data
range of the protocol data unit.

[0081] In this way, very simple and efficient signalling of
the assignment of the respective data to the data link layer
protocol buffer storages and/or data link layer data streams
is made possible without the need to indicate this assignment
information to every single protocol data unit of the data link
layer of the protocol layer arranged above the data link layer
protocol unit in the mobile radio terminal.
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[0082] Clearly, a control data header is thus indicated
particularly for the Enhanced Uplink subprotocol layer and
is provided with the following information:

[0083] from which MAC-d flow, identified by an
MAC-d flow identification statement (flow ID, FID),
and

[0084] from which priority queue, that is to say from
which data link layer subprotocol buffer storage, iden-
tified by a priority queue identification statement
(queue 1D, QID), the data in the MAC-e protocol data
unit (MAC-e PDU) which are provided by the MAC-d
subprotocol layer and processed by the MAC-e sub-
protocol layer originate.

[0085] In this connection, it should be pointed out that the
data processed by the MAC-e subprotocol layer are com-
bined within a data transmission time interval (TTI), in other
words the MAC-e SDUs from various MAC-d flows (MAC-
d data streams) and various priorities, that is to say data from
various priority queues, to form a protocol data unit and are
transmitted in the transport channel. Preferably, the data link
layer protocol data unit is set up such that the control data
range formed is the header field, in other words the header
of the protocol data unit. In other words, this means that
preferably the information regarding the data link layer
buffer storages and/or data link layer data streams is added
to the header field of the protocol data unit of the data link
layer protocol layer or preferably of the MAC-e subprotocol
layer.

[0086] This information is thus preferably transmitted to
another mobile radio device, preferably to a mobile radio
base station.

[0087] The type of signalling, described above, of the
information about the split and arrangement of the data
which are to be transmitted from the data link layer protocol
buffer storage or the data link layer data streams over the
data link layer protocol data unit is particularly advanta-
geous because directly successive data packets from a
particular communication service, which data packets are
very likely transmitted on the same data link layer data
stream, for example the same MAC-d flow and via the same
data link layer protocol buffer storage, preferably via the
same priority queue, need to be provided just once with an
identification of the corresponding MAC-d flow (FID) and/
or the corresponding priority queue identification (QID) and
hence the size of the control data to be transmitted in the data
link layer protocol data unit, preferably in the MAC-e PDU,
is reduced significantly.

[0088] In this connection, it should be noted that the
signalling described above affords an advantage even if the
data to be transmitted are distributed irregularly over the
various data link layer buffer storages, preferably the various
priority queues, since in this case at least the identification
of the priority queue can be signalled for all data from a
priority queue together.

[0089] In line with another refinement of the invention,
provision is made for the data link layer protocol data unit
generation unit to be set up such that the information
regarding that or those data link layer protocol buffer stor-
ages from which the data to be transmitted which are
contained in the generated protocol data unit have been read
is written to the protocol data unit’s control data range, and
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that the information regarding that or those data link layer
data streams from which the data to be transmitted which are
contained in the generated protocol data unit have been read
is written to the protocol data unit’s control data range in
association with a respective one of the data link layer
protocol buffer storages.

[0090] Clearly, this refinement of the invention means that
the structure of the control data range, preferably of the
protocol data unit’s header field, is such that an upper
structural plane of the control data range, i.e. of the control
data header, lists for each individual priority queue, i.e. for
each individual data link layer protocol buffer storage, which
packet data units (N) of what packet size (SID) are to be
transmitted from a priority queue, and a lower structural
plane of the control data range of the protocol data unit, in
other words of the control data header, signals how many
successive data items (N) originate from which data link
layer data stream, preferably from which MAC-d flow
(FID).

[0091] If only the information regarding that or those data
link layer protocol buffer storages from which the data to be
transmitted are read is written to the control data range of the
protocol data unit, provision is made for the information
about the data link layer data streams to be added to each
service data unit (SDU) of the data link layer protocol unit.

[0092] If only the information regarding that or those data
link layer data streams from which the data to be transmitted
have been read is written to the control data range of the
protocol data unit, provision is made for the information
regarding that buffer storage from which the respective data
packets of the protocol layer which is arranged above the
data link layer and which uses the services of the data link
layer and supplies the data link layer with the respective data
packets via the service access point are read to be added to
a respective service data unit (SDU) of the data link layer
protocol unit.

[0093] Particularly if the data link layer unit is set up as a
medium access control e unit, it has a medium access
subcontrol unit and an automatic repeat request control unit.
At least some of the plurality of data link layer protocol
buffer storages are set up as medium access control buffer
storages in which the data are buffer-storaged. In other
words, this means that the buffer storages are provided in the
unit for splitting the data over the individual differently
prioritized data buffer storages of the MAC-e protocol layer
and/or as the buffer storages for the ARQ processes in the
MAC-e protocol unit.

[0094] The automatic repeat request control unit is pref-
erably set up in line with MAC-e to carry out a hybrid
automatic repeat request method (HARQ method).

[0095] In line with one refinement of the invention, the
automatic repeat request control unit is set up to carry out
precisely one automatic repeat request process for each data
link layer protocol buffer storage.

[0096] In line with another refinement of the invention,
provision is made for the data link layer protocol unit to be
set up to select a transport format for each automatic repeat
request process.

[0097] In addition, the data link layer protocol buffer
storages may be automatic repeat request buffer storages,
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with each automatic repeat request buffer storage being
associated with one, preferably just one, automatic repeat
request process. In line with this refinement of the invention,
the data link layer protocol unit is set up such that the
transport format(s) is/are selected on the basis of filling
levels of the automatic repeat request buffer storages.

[0098] The text below explains a few preferred refine-
ments of the mobile radio device described above.

[0099] In line with one refinement of the invention, a
weighting setting unit is provided for prescribing the weight-
ing values and/or the weighting value ranges on the basis of
arespective quality of service used for the data transmission,
in other words on the basis of a transport traffic class which
is provided as part of the respective mobile radio system for
data transmission and which is characterized by the respec-
tively provided quality of service, for example. This
achieves particularly simple and efficient processing of the
data in the data link layer buffer storages and also simple and
reliable signalling of the respective weighting of the buffer
storages, while ensuring complete and timely transmission
of the data buffer-storaged in the respective buffer storages
in line with the respective prioritization associated with the
data.

[0100] The weighting setting unit is preferably set up such
that it prescribes weighting values which are within a
respective weighting value range. In this way, the weighting
setting unit and hence the mobile radio device can flexibly
assign different weighting values and hence different data
transmission bandwidths to the respective buffer storages
which are being taken into account, and prescribing the
respective weighting value ranges and hence prescribing the
respective data transmission bandwidth ranges allow opti-
mization of the reading and hence the data transmission
from the mobile radio device to a mobile radio base station,
for example.

[0101] In addition, in line with another refinement of the
invention, a transmission control device, preferably set up in
line with the Radio Resource Control layer based on UMTS,
is provided for controlling mobile radio transmission
resources of the mobile radio device.

[0102] Inline with another refinement of the invention, the
transmission control device is set up to receive the transport
formats from another mobile radio device, which allows the
transport formats to be prescribed by the other mobile radio
device.

[0103] Inthis way, for the purpose of efficient signalling or
for the purpose of configuration of the MAC-e protocol unit
in the mobile radio device, the UMTS mobile radio network
control unit (RNC) signals, preferably to the mobile radio
terminal and to the UMTS base station (NodeB), how the
data of an MAC-e protocol data unit, generally of a data link
layer protocol data unit, may be made up, i.e. from which
priority queues, generally from which data link layer pro-
tocol buffer storages, identified by means of priority queue
identifiers, generally identified by means of data link layer
protocol buffer storage identifiers, how many data items
(SID) and in what packet size (N) data are to be transmitted
in an MAC-e protocol data unit, generally in a data link layer
protocol data unit.
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[0104] Preferably, when choosing the parameters of the
various data link layer protocol buffer storages (priority
queues) the current transmission conditions are also taken
into account.

[0105] By way of example, account is taken of the fact that
possibly one or more priority queues have buffer-storaged
no data for transmission, i.e. that a priority queue has zero
times N bits (0*N bits) which are to be read, i.e. no data are
to be read.

[0106] The information regarding those MAC-d flows and
that priority queue from which the data for transmission
originate is managed at the transmitter, preferably inside
mobile radio terminals, and, when using the invention in an
MAC-e subprotocol layer in the automatic repeat request
control unit which is set up to carry out a hybrid automatic
repeat request method, is inserted into the control data range,
i.e. it is inserted into the control data header in the MAC-e
protocol data unit.

[0107] The transmission control device is set up such that
it receives weighting values and/or weighting value ranges
from another mobile radio device, preferably from a mobile
radio station, particularly preferably from a mobile radio
network control unit (Resource Network Control Unit) and
transmits them to, i.e. provides them for, the weighting
setting unit, which means that the weighting values and/or
weighting value ranges can be prescribed by the other
mobile radio device.

[0108] This provides a very simple and reliable way of
controlling the reading response of the data buffer storages
in the data link layer of the mobile radio terminals from the
mobile radio network, at the level of the radio network
control protocol layer (RNC) based on UMTS, depending on
the volume of data and the transmission quality in the
respective mobile radio cell, for which mobile radio cell the
mobile radio network control unit is responsible.

[0109] If appropriate, the mobile radio network control
unit may also activate a handover. In addition, the mobile
radio network control unit may be used to prescribe one or
more transport formats temporarily as invalid or, by pre-
scribing a set of transport formats, with the weighting values
and/or weighting value ranges preferably being linked to the
respective transport formats, to prescribe a selection of
possible weighting values/weighting value ranges at least to
some extent.

[0110] In line with another refinement of the invention,
provision is made for the data link layer protocol buffer
storage reading device to be set up such that if one or more
data link layer protocol buffer storages have buffer-storaged
no data for transmission then it additionally allocates the
proportion or proportions of the data transmission band-
width which is/are allocated for this or these data link layer
protocol buffer storage(s) to the data link layer protocol
buffer storage(s) which has/have buffer-storaged data for
transmission.

[0111] The effect achieved by this is that during operation
it is possible to react dynamically to a few buffer storages
currently containing no buffer-storaged data for transmis-
sion. The data transmission bandwidths, in other words
transmission resources, respectively allocated for these
buffer storages are distributed in prescribable fashion, with
particular preference evenly, i.e. in equal parts, alternatively
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on the basis of the proportions of data transmission band-
width which have been associated with the respective buffer
storages to date, over those buffer storages, in other words
the free data transmission bandwidths are split over the
buffer storages, which contain buffer-storaged data for trans-
mission.

[0112] The mobile radio devices and also the mobile radio
network control unit are preferably set up on the basis of a
communication standard for communication on the basis of
a cellular mobile radio system, preferably for communica-
tion on the basis of the cellular mobile radio system UMTS.

[0113] Particularly when the invention is used within the
context of UMTS, important aspects of the invention can
clearly be seen in that the weighting of the data buffer
storages, particularly of the priority queues, i.e. to the buffer
storages in the MAC subprotocol layer MAC-e in line with
the demands on the quality of service which are made for the
respective data, for efficient processing of the data from the
data buffer-storaged in these data buffers, and are to be seen
in very simple signalling of the weighting, i.e. of the
weighting values and/or the weighting value ranges, from
the UMTS base station or the RNC unit.

[0114] The signalling for configuring the inventive
weighting of the data buffer storages in the data link layer,
preferably in the MAC-e subprotocol layer, is effected in the
form of radio resource control messages (RRC messages)
from the mobile radio network control unit to the mobile
radio terminal, also called subscriber terminal (user equip-
ment, UE), and also via the “Tub” interface between the radio
network control unit to the associated UMTS base station

(NodeB).

[0115] The weightings, i.e. the weighting values, or the
weighting value ranges which are assigned to the respective
data buffer storages in the data link layer, preferably to the
priority queues in the MAC-e subprotocol layer, can be
explicitly signalled as a defined percentage of the total
available data transmission bandwidths used. Thus, when
three data link layer buffer storages are provided, for
example, the first buffer storage with the highest priority can
be assigned 50%, the data link layer protocol buffer storage
with the second highest priority, in other words with medium
priority, can be assigned 25%, and the third data buffer
storage buffer-storing data with the lowest priority can be
assigned 25% of the total available transmission bandwidth.

[0116] The data which are transmitted within a defined
time interval via the E-dedicated channel (E-DCH) are in
this case made up proportionally from the data which are
buffer-storaged in the respective data buffer storages, in line
with the signalled weighting (the signalled weighting values
and the respective data buffer storages’ associated data
transmission bandwidths which are linked thereto).

[0117] Inone advantageous variant, a priority queue buffer
storage is provided in the MAC-e subprotocol layer for each
data traffic class.

[0118] In this case, the weightings of the data buffer
storages in the MAC-e subprotocol layer are not explicitly
signalled, but rather the data traffic class is assigned to the
weightings of the corresponding priority queues as stipu-
lated previously, and in combination therewith the data
transmission bandwidths provided which correspond to the
priorities are allocated.
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[0119] The data traffic classes provided on the basis of
UMTS are explained in more detail below.

[0120] There are currently the following four data traffic
classes provided on the basis of UMTS: conversational,
streaming, interactive, background.

[0121] By way of example, the weighting values can be
assigned to the priority queues on the basis of the data traffic
classes such that streaming data are weighted with 40%,
conversational data are weighted with 30%, interactive data
are weighted with 20% and background data are weighted
with 10%. In other words, this means that the streaming data
are assigned 40% of the total available data transmission
bandwidth, the conversational data are assigned 30%, the
interactive data are assigned 20% and the background data
are assigned 10%.

[0122] If a priority queue temporarily contains no data, in
other words if the buffer storage for this priority queue
currently contains no buffer-storaged data, then in line with
one refinement of the invention the other priority queues are
assigned more bandwidth, as was described above. By way
of example, this can be done by virtue of the remaining
available bandwidth, i.e. the data transmission bandwidth
which is not required by the priority queues with “empty”
buffer storages, being split over the other data buffer stor-
ages, preferably in equal parts.

[0123] To be able to match the weightings, i.e. the weight-
ing values of the individual priority queues, generally of the
data link layer protocol buffer storages, dynamically to the
current transmission conditions, particularly to the current
data buffer filling levels in the MAC-e sublayer, and also to
the transmission situation in the respective mobile radio cell,
weighting bands, also called weighting value ranges in this
description, are clearly introduced, preferably for each of the
data buffer storages considered and taken into account,
alternatively for at least some of the data buffer storages
taken into account, within which weighting bands the
weighting can be lowered or raised by the mobile radio
network, particularly by the UMTS base station NodeB, on
the basis of the respective data buffer storage filling level,
the data transmission situation in the respective mobile radio
cell and the weightings of the other priority queues, gener-
ally of the other data link layer protocol buffer storages.

[0124] For this, the mobile radio network control unit
RNC configures the UMTS base station using the Iub
interface with the weighting bands, i.e. weighting value
ranges, which are to be used within which the UMTS base
station can then reconfigure the mobile radio terminal,
which sends data to the UMTS mobile radio station using an
uplink communication link, very quickly and dynamically
the respective weighting values used, i.e. in other words the
weights associated with the buffer storages and hence the
respective data transmission bandwidths used and allocated.

[0125] Ifno or just very few data items are held in the data
buffer storage of a priority queue, this priority queue and
hence the respective data link layer protocol buffer storages
are assigned only a low weighting within the weighting
band, i.e. a small value for the weighting value within the
weighting value range, preferably a weighting value which
is at the lower limit range of the weighting value range. If
the data buffer filling level in the respective data link
protocol buffer storage is very high, this priority queue,
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generally this buffer storage, is assigned a higher weighting
within the weighting band and hence a higher weighting
value within the weighting value range, preferably a weight-
ing value which is at the upper limit range of the weighting
value range. Preferably, the dynamic matching of the
weighting using the weighting bands is controlled by the
mobile radio network, particularly by the UMTS base sta-
tion.

[0126] When the weighting of a priority queue changes,
the weightings, i.e. the weighting values, of the other
priority queues are taken into account and are possibly
adjusted accordingly.

[0127] To match the weighting of a priority queue to the
data buffer filling level of the respective data buffer storage,
two alternatives, in particular, are provided:

[0128] the percentage filling level of the respective data
buffer storage is mapped on a one-to-one basis onto the
weighting of the priority queue within the weighting
band.

[0129] Priority queue data buffer storage threshold val-
ues are defined which, if they are exceeded, entail the
weighting of the respective priority queue being dis-
cretely raised or lowered in a prescribed manner, i.e. by
a prescribable value.

[0130] In this connection, it should be noted that the sum
of all weightings which are associated with the priority
queues, generally with the data link layer protocol buffer
storages, can never exceed 100%.

[0131] If overlaps in the weighting bands of the priority
queues mean that equal weightings arise, these are prefer-
ably processed with equality by taking, i.e. reading, the same
number of data packets from all priority queues. Clearly, one
fundamental aspect of the invention may be seen in the
application of the inherently known weighted fair queueing
principle, which involves the data streams being assigned to
the individual queues, with each queue being assigned a
weighting which represents a defined percentage of the total
transmission bandwidth, to the specific area of application of
the data link layer in a mobile radio communication system,
preferably in a cellular mobile radio communication system,
particularly preferably a UMTS mobile radio communica-
tion system.

[0132] The mobile radio device is preferably set up as a
mobile radio terminal which is particularly preferably set up
to receive and send data on the basis of one or more
protocols of a cellular mobile radio system, for example
GSM, preferably GPRS or UMTS.

[0133] With particular preference, the mobile radio termi-
nal is thus set up to communicate in a UMTS mobile radio
system, in other words the mobile radio terminal is set up to
receive and send data on the basis of one or more protocols
of a UMTS mobile radio system.

[0134] Particularly advantageous aspects of the invention
can be seen in the introduction and transmission of an
MAC-e control data header via the air interface for the
purpose of efficient and mobile-radio-resource saving trans-
mission of control data for the purpose of efficient receiver-
end data processing of the received MAC-e protocol data
units and also in the signalling from the UMTS mobile radio
access network, preferably the mobile radio network control
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unit, to the mobile radio terminal and to the mobile radio
base station of how the data of an MAC-e protocol data unit
may be made up, i.e. from which priority queues how many
and in what packet size MAC-e service data units (SDUs)
are to be transmitted in an MAC-e protocol data unit.

[0135] FIG. 1 shows a UMTS mobile radio system 100,
for reasons of simpler illustration particularly the compo-
nents of the UMTS mobile radio access network (UMTS
Terrestrial Radio Access Network, UTRAN), which has a
plurality of mobile radio network subsystems (RNS) 101,
102 which are respectively connected by means of an “Iu”
interface 103, 104 to the UMTS core network (CN) 105. A
mobile radio network subsystem 101, 102 has a respective
mobile radio network control unit (Radio Network Control-
ler, RNC) 106, 107 and also one or more UMTS base
stations 108, 109, 110, 111, which are also called NodeB in
UMTS.

[0136] Within the mobile radio access network, the mobile
radio network control units 106, 107 of the individual
mobile radio network subsystems 101, 102 are connected to
one another by means of an “Iur” interface 112. Each mobile
radio network control unit 106, 107 respectively monitors
the assignment of mobile radio resources for all the mobile
radio cells in a mobile radio network subsystem 101, 102.

[0137] A UMTS base station 108, 109, 110, 111 is respec-
tively connected to a mobile radio network control unit 106,
107 associated with the base station by means of an “Iub”
interface 113, 114, 115, 116.

[0138] Each UMTS base station 108, 109, 110, 111 clearly
provides radio coverage for one or more mobile radio cells
(CE) within a mobile radio network subsystem 101, 102.
Between a respective UMTS base station 108, 109, 110, 111
and a subscriber terminal 118 (user equipment, UE), subse-
quently also called mobile radio terminal, in a mobile radio
cell, message signals or data signals are transmitted using an
air interface, called Uu air interface 117 in UMTS, prefer-
ably using a multiple access transmission method.

[0139] By way of example, the UMTS-FDD mode (Fre-
quency Division Duplex) is used to achieve separate signal
transmission in the uplink and downlink directions (Uplink:
signal transmission from the mobile radio terminal 118 to
the respective UMTS base station 108, 109, 110, 111;
downlink: signal transmission from the respective associ-
ated UMTS base station 108, 109, 110, 111 to the mobile
radio terminal 118) through appropriate separate assignment
of frequencies or frequency ranges.

[0140] A plurality of subscribers, in other words a plural-
ity of activated mobile radio terminals 118 registered in the
mobile radio access network, in the same mobile radio cell
preferably have their signalling separated from one another
using orthogonal codes, particularly using the “CDMA
method” (Code Division Multiple Access).

[0141] In this connection, it should be noted that FIG. 1
shows only one mobile radio terminal 118 for reasons of
simple illustration. In general, however any number of
mobile radio terminals 118 are provided in the mobile radio
system 100.

[0142] The communication between a mobile radio termi-
nal 118 and another communication terminal can be set up
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using a complete mobile radio communication link to
another mobile radio terminal, alternatively to a landline
communication terminal.

[0143] As FIG. 2 shows, the UMTS air interface 117 is
logically divided into three protocol layers (symbolized in
FIG. 2 by a protocol layer arrangement 200). The units
(entities) ensuring and providing the functionality of the
respective protocol layers described below are implemented
both in the mobile radio terminal 118 and in the UMTS base
station 108, 109, 110, 111 or in the respective mobile radio
network control unit 106, 107.

[0144] FIG. 2 shows the protocol structure 200 from the
viewpoint of the dedicated transport channel DCH (dedi-
cated channel).

[0145] The bottommost layer shown in FIG. 2 is the
physical layer PHY 201, which represents the protocol layer
1 on the basis of the OSI reference model (Open System
Interconnection) on the basis of the ISO (International
Standardisation Organisation).

[0146] The protocol layer arranged above the physical
layer 201 is the data link layer 202, protocol layer 2 on the
basis of the OSI reference model, which for its part has a
plurality of subprotocol layers, namely the Medium Access
Control protocol Layer (MAC protocol layer) 203, the Radio
Link Control protocol layer 204 (RLC protocol layer), the
Packet Data Convergence Protocol protocol layer 205
(PDCP protocol layer), and also the Broadcast/Multicast
Control protocol layer 206 (BMC protocol layer).

[0147] The topmost layer of the UMTS air interface Uu is
the mobile radio network layer (protocol layer 3 on the basis
of the OSI reference model), having the mobile radio
resource control unit 207 (Radio Resource Control protocol
layer, RRC protocol layer).

[0148] Each protocol layer 201, 202, 203, 204, 205, 206,
207 provides the protocol layer above it with its services via
prescribed, defined service access points.

[0149] To provide a better understanding of the protocol
layer architecture, the service access points have been pro-
vided with generally customary and unambiguous names,
such as logical channels 208 between the MAC protocol
layer 203 and the RLC protocol layer 204, transport chan-
nels 209 between the physical layer 201 and the MAC
protocol layer 203, radio bearers (RB) 210 between the RLC
protocol layer 204 and the PDCP protocol layer 205 or the
BMC protocol layer 206, and also signalling radio bearers
(SRB) 213 between the RLC protocol layer 204 and the
RRC protocol layer 207.

[0150] On the basis of UMTS, the protocol structure 200
shown in FIG. 2 is split not just horizontally into the
above-described protocol layers and units of the respective
protocol layers, but also vertically into a “control protocol
plane211 (Control plane, C plane), which contains parts of
the physical layer 201, parts of the MAC protocol layer 203,
parts of the RLC protocol layer 204 and also the RRC
protocol layer 207, and the user protocol plane 212 (User
plane, U plane), which contains parts of the physical layer
201, parts of the MAC protocol layer 203, parts of the RL.C
protocol layer 204, the PDCP protocol layer 205 and also the
BMC protocol layer 206.
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[0151] The units of the control protocol plane 211 are used
to transmit exclusively control data, which are required for
setting up and clearing down and also maintaining a com-
munication link, whereas the units of the useful plane 212
are used to transmit the actual useful data.

[0152] Details regarding the protocol layer arrangement
200 are described in 3GPP TS 25.301, Technical Specifica-
tion, Third Generation Partnership Project; Technical Speci-
fication Group Radio Access Network; Radio Interface
Protocol Architecture (Release 1999).

[0153] Each protocol layer or each unit (entity) of a
respective protocol layer has particular prescribed functions
during mobile radio communication. The transmitter end
needs to ensure the task of the physical layer 201 or of the
units of the physical layer 201, the secure transmission via
the air interface 117 of data coming from the MAC protocol
layer 203. In this connection, the data are mapped onto
physical channels (not shown in FIG. 2). The physical layer
201 provides the MAC protocol layer 203 with its services
via transport channels 209 and these are used to stipulate
how and with what characteristics the data are to be trans-
ported via the air interface 117. The fundamental functions
which are provided by the units of the physical layer 201
include channel coding, modulation and CDMA code
spreading. Correspondingly, the physical layer 201 or the
entities of the physical layer 201 at the receiver end performs
the CDMA code despreading, demodulation and the decod-
ing of the received data and then forwards these data to the
MAC protocol layer 203 for further processing.

[0154] The MAC protocol layer 203 or the units of the
MAC protocol layer 203 provides or provide the RLC
protocol layer 204 with its or their services using logical
channels 208 as service access points and these are used to
characterize what type of file the transported data involve.
The task of the MAC protocol layer 203 in the transmitter,
i.e. during data transmission in the uplink direction in the
mobile radio terminal 118, is particularly to map the data
which are present on a logical channel 208 above the MAC
protocol layer 203 onto the transport channels 209 of the
physical layer 201. The physical layer 201 provides the
transport channels 209 with discrete transmission rates for
this. It is therefore an important function of the MAC
protocol layer 203 or of the entities of the MAC protocol
layer 203 in the mobile radio terminal 118 in the transmis-
sion situation to select a suitable transport format (TF) for
each configured transport channel on the basis of the respec-
tive current data transmission rate and the respective data
priority of the logical channels 208 which are mapped onto
the respective transport channel 209, and also the available
transmission power of the mobile radio terminal 118 (UE).
A transport format contains, inter alia, a stipulation of how
many MAC data packet units, called transport block, are
transmitted, in other words transferred, to the physical layer
201 via the transport channel 209 per transmission period
TTI (Transmission Time Interval). The admissible transport
formats and also the admissible combinations of the trans-
port formats for the various transport channels 209 are
signalled to the mobile radio terminal 118 by the mobile
radio network control unit 106, 107 when a communication
link is set up. In the receiver, the units of the MAC protocol
layer 203 split the transport blocks received on the transport
channels 209 over the logical channels 208 again.
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[0155] The MAC protocol layer or the units of the MAC
protocol layer 203 normally has or have three logical units.
The “MAC-d unit” (MAC dedicated unit) handles the useful
data and the control data, which are mapped onto the
dedicated transport channels DCH (Dedicated Channel) via
the corresponding dedicated logical channels DTCH (Dedi-
cated Traffic Channel) and DCCH (Dedicated Control Chan-
nel). The MAC-c/sh unit (MAC control/shared unit) handles
the useful data and the control data from logical channels
208, which are mapped onto the common transport channels
209, such as the common transport channel RACH (Random
Access Channel) in the uplink direction or the common
transport channel FACH (Forward Access Channel) in the
downlink direction. The MAC-b unit (MAC broadcast unit)
handles only the mobile radio cell-related system informa-
tion, which is mapped via the logical channel BCCH (Broad-
cast Control Channel) onto the transport channel BCH
(Broadcast Channel) and is transmitted by broadcast to all of
the mobile radio terminals 118 in the respective mobile radio
cell.

[0156] Using the RLC protocol layer 204 or using the
units of the RLC protocol layer 204, the RRC protocol layer
207 is provided with its services by means of signalling
radio bearers (SRB) 213 as service access points, and the
PDCP protocol layer 205 and the BMC protocol layer 206
are provided with their services by means of radio bearers
(RB) 210 as service access points. The signalling radio
bearers and the radio bearers characterize the way in which
the RLC protocol layer 204 needs to handle the data packets.
To this end, by way of example, the RRC protocol layer 207
stipulates the transmission mode for each configured signal-
ling radio bearer or radio bearer. The following transmission
modes are provided in UMTS:

[0157] Transparent mode TM,
[0158] Unacknowledged mode (UM), or
[0159] Acknowledged mode (AM).

[0160] The RLC protocol layer 204 is modelled such that
there is an independent RLC entity for each radio bearer or
signalling radio bearer. In addition, the task of the RLC
protocol layer or of its entities 204 in the transmission device
is to split or assemble the useful data and the signalling data
from radio bearers or signalling radio bearers into data
packets. The RLC protocol layer 204 transfers the data
packets produced after the split or the assembly to the MAC
protocol layer 203 for further transport or for further pro-
cessing.

[0161] The PDCP protocol layer 205 or the units of the
PDCP protocol layer 205 is or are set up to transmit or to
receive data from the “Packet Switched Domain” (PS
domain). The main function of the PDCP protocol layer 205
is to compress or decompress the IP header information
(Internet Protocol header information).

[0162] The BMC protocol layer 206 or its entities is or are
used to transmit or to receive “cell broadcast messages” via
the air interface.

[0163] The RRC protocol layer 207 or the entities of the
RRC protocol layer 207 is or are responsible for setting up
and clearing down and reconfiguring physical channels,
transport channels 209, logical channels 208, signalling
radio bearers 213 and radio bearers 210 and also for nego-
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tiating all of the parameters of the protocol layer 1, i.e. of the
physical layer 201 and of the protocol layer 2. To this end,
the RRC units, i.e. the units of the RRC protocol layer 207,
in the mobile radio network control unit 106, 107 and the
respective mobile radio terminal 118 interchange appropri-
ate RRC messages, via the signalling radio bearers 213.
Details regarding the RRC layer are described in 3GPP TS
25.331, Technical Specification, Third Generation Partner-
ship Project; Technical Specification Group Radio Access
Network; RRC Protocol Specification (Release 1999).

[0164] As described above, the mobile radio terminal 118
can communicate information about the volume of data
traffic on a transport channel to its associated mobile radio
network control unit 106, 107 at the RRC level in order to
manage the mobile radio resources. In this case, the serving
mobile radio network control unit (Serving Radio Network
Controller, SRNC) is provided with an indication of the RLC
data buffer filling levels of the transport channel in question,
i.e. it is indicated how many data items there are currently
in the respective RLLC data buffer storages of the mobile
radio terminal 118.

[0165] Using this information, the serving mobile radio
network control unit 106, 107 can then perform appropriate
configuration operations on the mobile radio terminal 118,
for example in order to restrict or increase the usable
transport formats of a mobile radio terminal 118 or to effect
handover to another mobile radio cell, reconfiguration of the
dedicated physical channels or an RRC state change from a
first state CELL_DCH to a second state CELL_FACH.

[0166] The standardization committee 3GPP is currently
working on improving packet data transmission by dedi-
cated transport channels in the uplink for the UMTS-FDD
mode.

[0167] In this connection, a dedicated transport channel
called Enhanced-DCH (E-DCH) is provided. The funda-
mental characteristics of this new transport channel include
the application of a hybrid automatic repeat request method
(HARQ method) on the basis of the N-channel stop&wait
method, scheduling controlled by a UMTS base station and
provision of frame lengths of less than or equal to 10 ms.
The HARQ transmission protection method is used to trans-
mit an acknowledgement about correctly or incorrectly
received data to the mobile radio terminal 118 from the
network. For this function, the mobile radio terminal 118
contains various data buffer storages in order to buffer-store
the data prior to acknowledgement of correct receipt. In
addition, in line with the current proposal within the context
of the Enhanced DCH transport channel, provision is made
for the data to be split over various data buffer storages,
known as priority queues, in accordance with the priorities
of said data, with the data being buffer-storaged in the data
buffer storages in line with their importance, i.e. their
prioritization, and hence being processed preferentially or
less preferentially according to their buffer-storage in the
respective buffer storage of a prescribed priority.

[0168] Both functions are implemented in a new sublayer
of the MAC protocol layer 203, as illustrated in line with a
first embodiment in FIG. 3 as MAC-e (MAC enhanced
uplink) subprotocol layer 300, which is likewise imple-
mented both on the terminal, i.e. in the mobile radio terminal
118, and on the network, i.e. in a UMTS base station 108,
109, 110, 111. The MAC-e subprotocol layer 300 receives its
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data from the MAC-d subprotocol layer via “MAC-d
flows”301, 302 and in turn transmits its data via the E-DCH
transport channel 303 to the physical layer 201.

[0169] The MAC-e subprotocol layer 300 or its entities
communicates or communicate, for example for the purpose
of configuration, with the RRC protocol layer 207 via the
MAC control access point 304.

[0170] In the MAC-d subprotocol layer, one or more
logical channels are multiplexed onto an MAC-d flow 301,
302, with each MAC-d flow 301, 302 in the MAC-d sub-
protocol layer being assigned a priority, said priority being
used by the function priority queue distribution, imple-
mented in a priority queue distribution unit 305 in the
MAC-e subprotocol layer 300, to split the data over the data
buffer storages 306 with the different priorities, i.e. for
processing using data of different priorities in a respective
data buffer storage, with a data buffer storage respectively
buffer-storing data of one priority.

[0171] The data buffer storage in the priority queues 306
then buffer-stores the data until they are retrieved for trans-
mission using an HARQ unit 307.

[0172] In line with the N-channel stop&wait HARQ
method, the HARQ unit 307 comprises a number of N
“HARQ processes”, with an HARQ process representing a
respective instance of the stop&wait method. For each
HARQ process, the HARQ unit 307 takes a number of
packet data units (PDUs) according to their priority from the
data buffer storages of the priority queues 306 and forwards
them via the E-DCH transport channel 303 to the physical
layer 201, where they are then transmitted to the network via
dedicated physical channels using the air interface 117.

[0173] The HARQ unit 307 buffer-storages the packet data
units (PDUs) transmitted for each HARQ process in an
appropriate HARQ buffer storage (not shown) until success-
ful transmission has been acknowledged by the network.

[0174] ATF selection unit 308 coupled to the HARQ unit
307 is responsible for selecting the transport format suitable
for transmission for each HARQ process.

[0175] In the MAC-e subprotocol layer 300, this is done
by using the RRC protocol layer 207 to configure a set of
different transport formats from which the TF selection unit
308 selects a suitable one for each transmission time interval
(TTT) and HARQ process.

[0176] The MAC-e subprotocol layer 300 is set by the
mobile radio network control unit 106, 107 using the RRC
protocol layer.

[0177] A mobile radio subscriber uses the mobile radio
terminal 118, preferably in the mobile radio device
described above, to use a service based on UMTS the UMTS
mobile radio core network 105 provides this requested
service in a prescribed, defined quality of service (QoS)
which corresponds to the Quality of Service requirements of
the service in question.

[0178] In line with UMTS, the following four traffic
classes for classifying provided services are currently
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defined, which are distinguished by their specific data trans-
mission characteristics and quality requirements:

[0179] Conversational:

[0180] The conversational traffic class is provided for
real-time applications between subscribers. These
include applications such as voice telephony and
video telephony. Communication links in this traffic
class require a constant, i.e. guaranteed, data trans-
mission rate and hence data transmission bandwidth
with short time delays during data transmission. On
the other hand, a conversational application is insen-
sitive toward brief data transmission errors.

[0181] Streaming:

[0182] The streaming traffic class is provided for
realtime distribution services such as video and
audio in which data are transmitted unidirectionally,
for example from a server computer to a client
computer, with the realtime distribution services
allowing the receiver to play back the data and
present them to a user of the receiver mobile radio
device during the actual transmission. During
streaming, a continuous data stream is set up, so that
communication links in this traffic class require a
constant, i.e. guaranteed, data transmission rate and
hence data transmission bandwidth. However, a
streaming application is insensitive toward short data
transmission delays and in this respect makes no
stringent demands in comparison with an application
in the conversational traffic class.

[0183] Interactive:

[0184] The interactive traffic class is provided for
interactive applications, such as internet surfing,
games and chat. The communication links in this
traffic class require no constant data transmission
rate and hence data transmission bandwidth, but
place great demands on the integrity of the data
transmission, i.e. they require a very low bit error
rate.

[0185] Background:

[0186] Applications in the background traffic class
transmit data with a low priority in the background.
Examples are the downloading of data, the receipt of
e-mail (electronic mail) and SMS (Short Message
Service). Communication links in this traffic class
require no constant data transmission rate and hence
data transmission bandwidth and are insensitive
toward time delay during data transmission. On the
other hand, they place great demands on the integrity
of transmission, i.e. they require a very low bit error
rate.

[0187] In detail, the quality of service of a communication
service which has been provided is described using various
attributes, such as the maximum bit rate, the guaranteed bit
rate or the maximum transmission delay for the respective
communication service.

[0188] Hence, when a mobile radio subscriber is provided
with a requested communication service in a defined quality
of service QoS by the mobile radio core network 105 the
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mobile radio core network 105 stipulates the associated QoS
attributes in appropriate fashion.

[0189] When the communication link is set up (connection
set-up), the subscriber and hence the subscriber mobile radio
terminal 118 are allocated the appropriate mobile radio
resources required for the communication link, such as the
necessary CDMA spreading codes, on the network, i.e. on
the UTRAN, by the mobile radio network control unit 106,
107, and the protocols of the protocol layers 1 and 2 are
configured such that the communication service can be
secured with the negotiated quality of service for the dura-
tion of the communication link.

[0190] The negotiated quality of service of a communica-
tion service can be reconfigured during an existing commu-
nication link by the mobile radio core network 105, for
example on account of scarce mobile radio resources or
increasing interference in the mobile radio cell.

[0191] Again with reference to FIG. 3, the text below
explains details relating to the stop&wait method used (also
called send&wait method) and also the HARQ method used
(Hybrid Automatic Repeat Request method).

[0192] The N-channel stop&wait HARQ method is a data
transmission protection method in which a number of N
“HARQ processes” is configured in a mobile radio terminal
118, an HARQ process respectively being an instance of the
stop&wait method.

[0193] Foreach HARQ process, the data are transmitted to
the communication network, particularly the mobile radio
base station, and are buffer-storaged until the communica-
tion network receives a positive acknowledgement message
about correctly received data (Acknowledgement, ACK).
Otherwise, i.e. if data have not been received correctly,
which is communicated by means of a negative acknowl-
edgement message. (Negative Acknowledgement, NACK),
the data are sent to the mobile radio communication network
again.

[0194] The “NodeB-controlled scheduling” is a method in
which the scheduling in the mobile radio terminal 118, i.e.
the selection of an appropriate transport format from a set of
defined transport formats for the E-DCH transport channel,
is controlled such that the NodeB 108, 109, 110, 111 can
temporarily restrict the use by the mobile radio terminal 118
of transport formats from the set of defined transport formats
for the E-DCH transport channel on the basis of the traffic
situation in the respective mobile radio cell.

[0195] Both functions, i.e. the functionality of the HARQ
method and the functionality of the stop&wait method, are
implemented in the MAC-e (MAC-enhanced uplink) sub-
protocol layer within the MAC layer, with the MAC-e
subprotocol layer being provided, i.e. implemented, both on
the terminal and on the network. On the network, the MAC-e
subprotocol layer is located in the NodeB 108, 109, 110, 111.

[0196] FIG. 3 shows the MAC-e architecture on the
terminal by way of example, i.e. it shows how the function-
ality of the MAC-e subprotocol layer is implemented in the
mobile radio terminal 118.

[0197] For the exemplary embodiments shown, a trans-
mission scenario is assumed in which a user of the mobile
radio terminal 118 uses three packet services in the uplink at
parallel times, for example one service for interactive gam-
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ing on the internet, one service for downloading text files
and one service for streaming video data.

[0198] These packet data are transmitted from the mobile
radio terminal 118 via the E-DCH transport channel 303 to
the mobile radio communication network, i.e. to the serving
mobile radio network control unit 106 and the base station
109 via the air interface 117. When the communication link
is set up, the mobile radio terminal 118 is to this end sent
configuration messages about the RRC protocol layer 207,
implemented both in the mobile radio network control unit
106 and in the mobile radio terminal 118, which the RRC
protocol layer 207 can use in the mobile radio terminal 118
to configure the protocol layers which are situated below it
on the basis of the communication layer model.

[0199] In line with this exemplary embodiment, two
MAC-d flows 301, 302 are configured for the entity of the
MAC-e subprotocol layer 300, with just one respective
logical channel being multiplexed on an MAC-d flow 301,
302, and the data of the packet services being transmitted on
the respective associated logical channel.

[0200] In addition, a respective priority queue 306 and in
the HARQ unit four HARQ processes with a respective
HARQ buffer storage are configured for each MAC-d flow
301, 302.

[0201] In addition, a plurality of different transport for-
mats is configured for the E-DCH transport channel 303,
from which transport formats the transport format selection
unit 308 (TF selection) needs to find a suitable transport
format for each transmission time interval (TTI) and HARQ
process. The data from the MAC-d flows 301, 302 are
assigned to the individual priority queues 306 according to
their priority and are transmitted.

[0202] In the MAC-d subprotocol layer, one or more
logical channels are multiplexed onto an MAC-d flow 301,
302, with each MAC-d flow 301, 302 in the MAC-d sub-
protocol layer being assigned a priority which the priority
queue distribution unit 305 uses to split the data over the
respective priority queues 306 and hence the priority queue
buffer storages with the different priorities. The data buffer
storages of the priority queues 306 then buffer-storage the
data until they are retrieved, i.e. read, by the HARQ unit 307
for the purpose of data transmission.

[0203] As described above, the different transport formats
are transmitted from the mobile radio network control unit
106 to the mobile radio terminal 118 and are storaged there.

[0204] In addition, as the table below shows, each trans-
port format has a respective indication of how the MAC-e
protocol data units need to be configured, in other words set
up. The values shown in the table below are not a restriction
of the general validity of this procedure.

PQ #1 PQ #2 PQ #3
TB TB TB
# size # size # size
TF of TBs (bit) of TBs (bit) of TBs (bit)
#1 0 100 0 100 0 100
#2 1 100 0 100 0 100
#3 0 100 1 100 0 100

Apr. 27, 2006

-continued
PQ #1 PQ #2 PO #3

B B B

# size # size # size

TF of TBs (bit) of TBs (bit) of TBs (bit)
#4 0 100 0 100 1 100
#10 2 200 2 100 0 100
#11 3 200 2 100 1 100
#12 2 300 1 200 2 100
#n 5 300 3 300 1 300

[0205] In the table:

[0206] a first column (TF) indicates the number of the
respective transport format,

[0207] a second column (PQ#1/# of TBs) indicates a
number of data packets in the first priority queue A 306
that is admissible on the basis of the respective trans-
port format,

[0208] athird column (PQ#1/TB size (bit)) indicates the
size of the transport block in bits in which the data
packets in the first priority queue A 306 are intended to
be inserted into the MAC-e protocol data unit,

[0209] a fourth column (PQ#2/# of TBs) indicates a
number of data packets in the second priority queue B
306 that is admissible on the basis of the respective
transport format,

[0210] a fifth column (PQ#2/TB size (bit)) indicates the
size of the transport block in bits in which the data
packets in the second priority queue B 306 are intended
to be inserted into the MAC-e protocol data unit,

[0211] a sixth column (PQ#3/# of TBs) indicates a
number of data packets in the third priority queue C 306
that is admissible on the basis of the respective trans-
port format, and

[0212] a seventh column (PQ#3/TB size (bit)) indicates
the size of the transport block in bits in which the data
packets in the third priority queue C 306 are intended
to be inserted into the MAC-e protocol data unit.

[0213] Thus, in line with a first transport format (#1), for
example, provision is made for no data to be transmitted
using the MAC-e subprotocol unit.

[0214] In line with a fourth transport format (#4), by way
of example no data packet in the first priority queue A 306
is admissible (value “0” in the second column), no data
packet in the second priority queue B 306 is admissible
(value “0” in the fourth column) and one data packet with a
size of 100 bits in the third priority queue C 306 is
admissible (value “1” in the seventh column and value
“100” in the seventh column of the table).

[0215] In addition, the protocol data unit of the MAC-e
subprotocol layer has been set up for a twelfth transport
format (#12), for example, such that two data packets with
a size of 300 bits each in the first priority queue A 306 are
added to the protocol data unit, one data packet with a size
ot 200 bits from data packets in the second priority queue B
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306, and also two data packets with a size of 100 bits each
from the third priority queue C 306. Hence, in line with this
transport format, an MAC-e PDU needs to be formed with
two data packets with a size of 300 bits, one data packet with
a size of 200 bits and two data packets with a size of 100 bits.

[0216] In line with these possible combinations which are
shown in the table and are storaged in the mobile radio
terminal 118, the MAC-e subprotocol layer 300 selects a
suitable expanded transport format for each data transmis-
sion time interval, as explained in more detail below with
reference to FIG. 6.

[0217] FIG. 6 shows the structure of an MAC-e PDU
control data header in a block diagram 600, and this struc-
ture is explained in more detail below.

[0218] As FIG. 6 shows and as explained above in detail,
the MAC-e subprotocol layer 300 is supplied with the data
for transmission, i.e. the MAC-e SDUs, using the MAC-d
flows 301, 302 from the MAC-d subprotocol unit.

[0219] In line with this exemplary embodiment of the
invention, the first MAC-d flow 301 has a first MAC-d
protocol data unit (MAC-d PDU, ,) 601 and a second
MAC-d protocol data unit (MAC-d PDU, ) 602. In addi-
tion, the second MAC-d flow 302 has a third MAC-d
protocol data unit 603 (MAC-d PDU,,) and a fourth
MAC-d protocol data unit 604 (MAC-d PDU, )).

[0220] Using the priority queue distribution unit 305, the
individual MAC-d protocol data units are split over the
individual priority queues 306 on the basis of their impor-
tance, i.e. on the basis of their priority, and are buffer-
storaged in the priority queue buffer storages of the priority
queues 306.

[0221] In line with the exemplary embodiment shown in
FIG. 6, the fourth MAC-d protocol data unit 604, provided
with a second MAC-d flow identifier 605 (FID,,), is
assigned to the first priority queue A 306, as is the first
MAC-d protocol data unit 601, provided with a first MAC-d
flow identifier 606 (FID,,;) which identifies the first MAC-d
flow 301.

[0222] The priority queue distribution unit 305 also sup-
plies the second MAC-d protocol data unit 602, provided
with the first MAC-d flow identifier 606 (FID,,), to the
second priority queue B 306, as well as the third MAC-d
protocol data unit 603, but this is provided with the second
MAC-d flow identifier 605 (FID,,,).

[0223] In line with the respectively selected transport
format and the above-described additional information,
associated with the respective transport format, regarding
the number and size of the data packets which are respec-
tively to be read from a priority queue 306 and to be added
to the MAC-e PDU, the HARQ unit 307 in cooperation with
the transport format selection unit 308 reads and adds to the
MAC-e protocol data unit, which is explained in more detail
below.

[0224] Hence, as described above, the MAC-e SDUs are
split according to their importance, that is to say their
priority, over the various priority queues 306 using the
priority queue distribution unit 305.

[0225] Since the data in various MAC-d flows 301, 302
can be transferred to a priority queue 306, this exemplary
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embodiment involves the information regarding which
MAC-e SDU comes from which MAC-d flow 301, 302
(identified by means of the flow ID, FID) being buffer-
storaged, preferably internally, by means of the MAC-e
subprotocol layer.

[0226] FIG. 6 thus shows the MAC-d flow identification
statement 605, 606 merely in dashes, thus symbolizing that
this information is preferably not added to the data packet,
ie. to the MAC-e protocol data unit, and hence is not
transmitted via the air interface.

[0227] As explained in more detail below, the HARQ unit
307 is used to set up the MAC-e protocol data unit 607,
whose structure is shown in detail in FIG. 6.

[0228] To set up the MAC-e protocol data unit 607, the
HARQ unit 307 retrieves, i.e. reads, the data from the
various priority queues 306 according to particular criteria,
such as the priorities of the data or the weightings or
weighting value ranges transmitted using an RRC message,
as explained in more detail below, for the individual priority
queues 306. This is done on the basis of the respective
transport format selected using the transport format selection
unit 308 (TF selection).

[0229] In addition, the HARQ unit 307 adds a control data
header, i.e. an MAC-e header, to data which have been read
from the priority queues 306. The header, in other words the
control data range 608 of the MAC-e subprotocol layer, has
a version number field 609 for holding a version number (V)
and also a sequence number field 610 indicating a sequence
number which is increased continuously for every MAC-e
protocol data unit, i.e. a serial sequence number (Transmis-
sion Sequence Number TSN). The sequence number is
required in order to perform the HARQ transmission pro-
tection method at the level of the MAC-e subprotocol layer.

[0230] As FIG. 6 shows, in line with the preferred
embodiment an upper structural plane (denoted by the
reference symbol 611 in FIG. 6) of the control data range
608 contains precisely one identifier of the identity of the
priority queue 306, in line with this embodiment in a priority
queue identifier field 612, for a particular number of data
packets SID (Size Index) originating from the same priority
queue 306. A data packet number field 613 indicates for the
data in the respective priority queue 306 how many data
packets from this priority queue 306 are contained in the
MAC-e protocol data unit 607.

[0231] In addition, a lower structural plane of the control
data range 608, in other words the control data header
(denoted by the reference symbol 614 in FIG. 6), indicates
from which MAC-d flow how many successive data packets
originate.

[0232] These statements are repeated within the upper
structural plane 611 for each MAC-d flow 301, 302.

[0233] Hence, as FIG. 6 shows, an MAC-d flow identifier
field 615 and also an MAC-d flow data packet number field
616 are respectively included for each MAC-d flow.

[0234] The information regarding how many data packets
are transmitted in an MAC-e protocol data unit 607 from
which MAC-d flow 301, 302 is indicated in the respectively
selected transport format and is described in the table shown
above, for example.
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[0235] In one alternative embodiment of the invention, the
full identifiers are not specified and transmitted in the
MAC-e protocol data unit 607 to the mobile radio base
station 109, but rather only an index for a row in a table or
a pointer to a row in a table which explicitly storages the
order and the number of data packets in a respective priority
queue 306 and the size thereof.

[0236] In this case, this table is storaged both on the
terminal and on the network, which means that just one
index for the respective table row needs to be written to the
control range of the MAC-e protocol data unit 607, which
additionally achieves significant savings in terms of bits
required in the control data range 608, i.e. in the header field
of the MAC-e protocol data unit 607, and still permits
explicit coding and decoding of the data on the basis of the
MAC-e protocol, i.e. particularly splitting of the multiplexed
data over the respective priority queues 306 and the MAC-d
flows at the receiver, particularly in the mobile radio base
station 109.

[0237] At the end of one or more information elements in
the lower structural plane 614, a flag 617 is provided which
indicates whether there are further control data or useful data
following the flag 617 in the MAC-e protocol data unit 607.
The MAC-d protocol data units 604, 606 storaged in a useful
data range 618 of the MAC-e protocol data unit 617 are
added to the MAC-e protocol data unit 617 on the basis of
the selected transport format and/or the weightings and/or
the weighting bands.

[0238] In the control data range 608, the data in the upper
structural plane 611 are repeated for every considered pri-
ority queue 306 for the data which are to be transmitted in
the respective MAC-e protocol data unit 617.

[0239] To fill the total length of an MAC-e protocol data
unit 607 to a length which is suitable or required for
transmission, this exemplary embodiment of the invention
has provision for filling bits, which are also called padding
bits, also to be inserted in a padding range 619 at the end of
the MAC-e protocol data unit 607.

[0240] The MAC-e protocol data unit 607 formed is
supplied to the physical layer via the E-DCH and is trans-
mitted to the mobile radio base station 109 using said
physical layer.

[0241] Upon receipt of the MAC-e protocol data unit 607,
the mobile radio base station 109, generally at the receiver,
uses the MAC-e subprotocol layer unit there, in line with the
information contained in the control data range 608, to split
the data over the various “reordering queues”, which cor-
respond to the priority queues of the MAC-e subprotocol
layer of the sending mobile radio device, and over the
respective MAC-d flows 301, 302.

[0242] The procedure shown in FIG. 6 and described
above for creating the MAC-e protocol data unit 607 applies
both to the refinement of the MAC-e subprotocol layer
shown in FIG. 3 and to the MAC-e subprotocol layer shown
in FIG. 4.

[0243] The text below gives a more detailed explanation
of how and on the basis of what rules the data packets are
read from the individual priority queues 306.

[0244] As FIG. 3 and FIG. 4 show, the UTRAN uses an
RRC message 500, as shown by way of example in FIG. 5,
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to signal to the mobile radio terminal 118 the weighting of
the individual priority queues 306 (explicit PQ weighting)
and additionally the weighting bands within which the
weighting of the priority queues 306 can be lowered and
raised dynamically by the mobile radio communication
network, particularly by the UMTS base station 108, 109,
110, 111, on the basis of the respective data buffer storage
filling level of the priority queues 306, the data transmission
situation in the respective mobile radio cell and the weight-
ings of the other priority queues 306 in the mobile radio
terminal 118 (Priority Queue Weighting Band).

[0245] The weightings, i.e. in other words the weighting
values 309 and also the weighting value ranges (i.e. the
weighting bands) 310 are storaged in a weighting memory
(not shown) in the mobile radio terminal 118.

[0246] Each priority queue 306 has a weighting value 309
and a weighting value range 310, respectively, explicitly
associated with it.

[0247] FIG. 5 shows an example of the structure of the
RRC message 500 which is used to transmit the weighting
values 309 and also the weighting value ranges 310 for the
respective priority queues 306.

[0248] In this context, without any restriction to the gen-
eral validity, it is assumed that the mobile radio terminal 118
uses appropriate RRC messages to signal to the mobile radio
communication network the respective data buffer storage
filling levels of the data buffers of the individual priority
queues 306 on a regular basis, i.e. preferably at prescribed
times or upon request by the mobile radio network control
unit 308.

[0249] As FIG. 5 shows, the RRC weighting value mes-
sage 500 contains the following data:

[0250] a statement indicating the respective priority
queue 501,

[0251] a statement indicating the respective weighting
value 502, and

[0252] a statement indicating the weighting band, i.e.
the weighting value range 503, with the weighting
value range 503 being provided by a statement indi-
cating a lower weighting value 504, i.e. a minimum
permissible weighting value, and also by an upper
weighting value 505, ie. a maximum permissible
weighting value.

[0253] For the exemplary embodiment shown in FIG. 3, it
may be assumed that the following values are configured for
the four priority queues 306:

[0254] First, explicitly the weighting values 309

[0255] for the first priority queue A 50% of the total
available data transmission bandwidth,

[0256] for the second priority queue B 30% of the total
available data transmission bandwidth,

[0257] for the third priority queue C 15% of the total
available data transmission bandwidth, and

[0258] for the fourth priority queue D 5% of the total
available data transmission bandwidth.
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[0259] In addition, the individual priority queues 306 have
the following associated weighting values 310:

[0260] for the first priority queue A a first weighting
value range from 30% to 60% of the total available data
transmission bandwidth,

[0261] for the second priority queue B 10% to 40% of
the total available data transmission bandwidth,

[0262] for the third priority queue C 5% to 30% of the
total available data transmission bandwidth, and

[0263] for the fourth priority queue D 2% to 15% of the
total available data transmission bandwidth.

[0264] 1t should again be pointed out that when the
weighting values within the respective weighting value
ranges 310 vary it is necessary to ensure that the sum of the
weighting values of the four, in line with FIG. 4 of the three,
weighting values 309 do not exceed the value 100%, since
otherwise more data transmission bandwidth would need to
be allocated than is actually available.

[0265] In line with these exemplary embodiments of the
invention, different definitions are provided for priority
queues.

[0266] As FIG. 3 shows, each priority queue 306 may be
permanently associated with an MAC-d flow 301, 302, and
for each MAC-d flow there are N priority queues 306 for the
various priorities. In this case, N corresponds to the number
of priorities of the logical channels 208 which are multi-
plexed on the respective MAC-d flow.

[0267] Alternatively, provision may be made, as FIG. 4
shows, for each priority queue 306 to be able to receive data
from all the MAC-d flows 301, 302, and in this case there are
N priority queues 306 for all the MAC-d flows together. In
this case, N corresponds to the number of different priorities
of the logical channels 208 which are multiplexed onto the
MAC-d flows.

[0268] In a third alternative embodiment of the priority
queues 306, provision is made for a priority queue to be
provided for each defined traffic class. There are N priority
queues 306 for all the MAC-d flows 301, 302 together, as
FIG. 4 shows. In this case, N corresponds to the number of
traffic classes, for example N=4 when the four traffic classes
“conversational”, “streaming”, “Interactive” and “back-
ground” are defined.

[0269] Inthis case, the MAC-d subprotocol layer provides
the MAC-e subprotocol layer 300 with information about
the priorities of the logical channels 208 which are multi-
plexed onto an MAC-d flow, and the priority queue distri-
bution unit 305 in the MAC-e subprotocol layer 300 then
uses this information to split the data over the individual
priority queues 306.

[0270] In the exemplary embodiment shown in FIG. 4,
there are thus three priority queues 306 provided which are
respectively assigned a weighting value 309 and a weighting
value range 310 in the way illustrated above at the appro-
priate point.
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[0271] In line with this exemplary embodiment, the indi-
vidual priority queues 306 have the following associated
weighting values 309:

[0272] for the first priority queue E 50% of the total
available data transmission bandwidth,

[0273] for the second priority queue F 25% of the total
available data transmission bandwidth, and

[0274] for the third priority queue G 25% of the total
available data transmission bandwidth.

[0275] Inaddition, the individual priority queues 306 have
the following associated weighting value ranges 310, i.e.
weighting bands:

[0276] for the first priority queue E a weighting value
range from 30% to 60% of the total available data
transmission bandwidth,

[0277] for the second priority queue F a weighting value
range from 10% to 40% of the total available data
transmission bandwidth, and

[0278] for the third priority queue G a weighting value
range from 10% to 40% of the total available data
transmission bandwidth.

[0279] As the data are being read from the respective
priority. queue data buffer storages, the data are read on the
basis of the data transmission bandwidth allocated in line
with the weighting value 309 which is currently assigned to
each respective priority queue 306.

[0280] This also means that during the existing mobile
radio communication link for transmitting the useful data
per unit time TTI the data packets buffer-storaged in the
priority queue buffer storages are transmitted proportionally
via the E-DCH transport channel 303 from the various
priority queues 306 in line with their explicit weighting (i.e.
the weighting values) and the selected transport format.

[0281] If there are temporarily only very few data items in
the data buffer storage of a priority queue 306, this priority
queue 306 is assigned only a low weighting within the
weighting band, i.e. within the weighting value range, by the
UMTS base station 308, 309, 310, 311.

[0282] This means that a weighting value is selected and
is assigned to the respective priority queue 306, which is
close to the lower, i.e. minimum permissible, weighting
value 504 in the weighting value range 503.

[0283] If the data buffer storage filling level of the data
buffer storage for the respective priority queue 306 is
temporarily very high, on the other hand, the UMTS base
station 308, 309, 310, 311 assigns the priority queue 306 a
higher weighting within the weighting band, preferably a
weighting value which is close to the upper, i.e. maximum
permissible, weighting value 505 in the respective weighting
value range 503.

1-21. (canceled)

22. A data link layer protocol unit in a mobile radio device
for mapping data which are to be transmitted using the
mobile radio device from at least one logical channel onto at
least one transport channel, comprising:

a plurality of data link layer protocol buffer storages for
buffer storing logical channel data which are to be
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transmitted from one or more data link layer data
streams of the logical channel data;

at least one transport format memory for storing a plu-
rality of transport formats, with each transport format
containing control parameters according to which the
data are mapped from the at least one logical channel
onto the at least one transport channel by the data link
layer protocol unit, where the control parameters in at
least some of the transport formats contain information
regarding that or those data link layer protocol buffer
storages and/or that or those data link layer data
streams from which the data to be transmitted need to
be transmitted in a data transmission time interval;

at least one transport format selection unit for selecting
from the plurality of stored transport formats a respec-
tive transport format to be used; and

a data link layer protocol buffer storage reading device
which is set up such that it reads the data buffer stored
in the data link layer protocol buffer storages based on
the selected transport format.

23. The data link layer protocol unit as claimed in claim
22, wherein the data link layer protocol unit is in the form
of a radio link control unit, a packet data convergence
protocol unit, or a broadcast/multicast control unit.

24. The data link layer protocol unit as claimed in claim
22, set up as a medium access control unit,

wherein the data link layer protocol buffer storages are
medium access control unit protocol buffer storages,
and the data link layer data streams are medium access
control unit data streams.
25. The data link layer protocol unit as claimed in claim
22, further comprising a data link layer protocol data unit
generation unit which

is set up to generate a protocol data unit which has a
control data range and a useful data range, where the
control data range contains control data based on the
data link layer protocol, and where the useful data
range contains the useful data which are to be trans-
mitted, and

is set up such that the information regarding that or those
data link layer protocol buffer storages and/or that or
those data link layer data streams from which the data
to be transmitted which are contained in the generated
protocol data unit have been read is written to the
control data range of the protocol data unit.

26. The data link layer protocol unit as claimed in claim
25, wherein the data link layer protocol data unit generation
unit is set up such that the control data range generated is the
header field of the protocol data unit.

27. The data link layer protocol unit as claimed in claim
25, wherein the data link layer protocol data unit generation
unit is set up such that

the information regarding that or those data link layer
protocol buffer storages from which the data to be
transmitted which are contained in the generated pro-
tocol data unit have been read is written to the control
data range of the protocol data unit, and

the information regarding that or those data link layer data
streams from which the data to be transmitted which
are contained in the generated protocol data unit have
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been read is written to the control data range of the
protocol data unit in association with a respective one
of the data link layer protocol buffer storages.

28. The data link layer protocol unit as claimed in claim
24, further comprising a medium access subcontrol unit and
an automatic repeat request control unit.

29. The data link layer protocol unit as claimed in claim
28, wherein the automatic repeat request control unit is set
up to perform a hybrid automatic repeat request method.

30. The data link layer protocol unit as claimed in claim
29, wherein the automatic repeat request control unit is set
up to perform precisely one automatic repeat request process
per data link layer protocol buffer storage.

31. The data link layer protocol unit as claimed in claim
30, set up to select a transport format for each automatic
repeat request process.

32. The data link layer protocol unit as claimed in claim
30, wherein the data link layer protocol buffer storages are
automatic repeat request buffer storages, with each auto-
matic repeat request buffer storage being associated with an
automatic repeat request process, and

wherein the data link layer protocol unit is set up such that
the transport format(s) is/are selected based on filling
levels of the automatic repeat request buffer storages.
33. The data link layer protocol unit as claimed in claim
22, set up as a medium access control unit in a medium
access control unit Enhanced Uplink subprotocol layer.
34. A mobile radio device having at least one data link
layer protocol unit as claimed in claim 22.
35. The mobile radio device as claimed in claim 34,
comprising:

a weighting memory which storages weighting values
and/or weighting value ranges, with a respective
weighting value and/or weighting value range being
associated with one of the data link layer protocol
buffer storages; and

a data link layer protocol buffer storage reading device
which is set up such that it reads the data buffer stored
in the data link layer protocol buffer storages from the
data link layer protocol buffer storages based on the
selected transport format and in an order which is
indicated by the weighting values and/or weighting
value ranges, with the weighting values and/or the
weighting value ranges being used to indicate a respec-
tive proportion of the total data transmission bandwidth
available for data transmission, which proportion is
respectively allocated for reading the data stored in the
respective data link layer protocol buffer storage.

36. The mobile radio device as claimed in claim 35,
further comprising a weighting setting unit for prescribing
the weighting values and/or weighting value ranges based on
a quality of service respectively used for the data transmis-
sion.

37. The mobile radio device as claimed in claim 36,
wherein the weighting setting unit is set up such that it
prescribes weighting values which are within a respective
weighting value range.

38. The mobile radio device as claimed in claim 35,
further comprising a transmission control device for con-
trolling mobile radio transmission resources of the mobile
radio device, which transmission control device is set up to
receive the transport formats from another mobile radio
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device, which allows the transport formats to be prescribed
by the other mobile radio device.
39. A mobile radio device, comprising:

at least one data link layer protocol unit;

a transport format memory for storing a plurality of
transport formats, with a transport format containing
control parameters according to which the data are
mapped from at least one logical channel onto at least
one transport channel by the data link layer protocol
unit in another mobile radio device, where the control
parameters in at least some of the transport formats
contain information regarding that or those data link
layer protocol buffer storages and/or that or those data
link layer data streams from which the data to be
transmitted need to be transmitted in a data transmis-
sion time interval; and

a transport format transmission device which is set up to
transmit the transport formats to the other mobile radio
device.

40. The mobile radio device as claimed in claim 39, set up

as a mobile radio base station.

41. A mobile radio network control unit, comprising:

a transport format memory for storing a plurality of
transport formats, with a transport format containing
control parameters according to which the data are
mapped from at least one logical channel onto at least
one transport channel by the data link layer protocol
unit in another mobile radio device, where the control
parameters in at least some of the transport formats
contain information regarding that or those data link
layer protocol buffer storages and/or that or those data
link layer data streams from which the data to be
transmitted need to be transmitted in a data transmis-
sion time interval; and

a transport format transmission device which is set up to
transmit the transport formats to the other mobile radio
device.

42. A method for reading data from a plurality of data link
layer protocol buffer storages which are associated with at
least one data link layer protocol unit, performed in a mobile
radio device, the method comprising the step of selecting a
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transport format from a plurality of stored transport formats,
with a transport format containing control parameters
according to which the data are mapped from at least one
logical channel onto at least one transport channel by the
data link layer protocol unit, where the control parameters in
at least some of the transport formats contain information
regarding that or those data link layer protocol buffer stor-
ages and/or that or those data link layer data streams from
which the data to be transmitted need to be transmitted in a
data transmission time interval, wherein the data buffer
stored in the data link layer protocol buffer storages are read
based on the control parameters.

43. A data link layer protocol unit in a mobile radio device
for mapping data which are to be transmitted using the
mobile radio device from at least one logical channel onto at
least one transport channel, comprising:

a plurality of data link layer protocol buffer storage means
for buffer storing logical channel data which are to be
transmitted from one or more data link layer data
streams of the logical channel data;

at least one transport format memory means for storing a
plurality of transport formats, with each transport for-
mat containing control parameters according to which
the data are mapped from the at least one logical
channel onto the at least one transport channel by the
data link layer protocol unit, where the control param-
eters in at least some of the transport formats contain
information regarding that or those data link layer
protocol buffer storage means and/or that or those data
link layer data streams from which the data to be
transmitted need to be transmitted in a data transmis-
sion time interval;

at least one transport format selection means for selecting
from the plurality of stored transport formats a respec-
tive transport format to be used; and

a data link layer protocol buffer storage reading means for
reading the data buffer stored in the data link layer
protocol buffer storage means based on the selected
transport format.
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