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The Invention relates to a method for transmitting data packets in a radio-communication system. According to the invention, a
criterion Is associlated with a data packet received by a radio station, and a data packet which Is correctly received Is transmitted to
another device and/or protocol layer when the criterion has been met.
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Abstract

The invention relates to a method for transmitting data packets 1n a radio-communication
system. According to the invention, a criterion 1s associated with a data packet received
by a radio station, and a data packet which is correctly received 1s transmitted to another

device and/or protocol layer when the criterion has been met.

. e Il -5 e — m—— -
R R A —————— T . T e L e s e



10

15

20

25

30

WO 03/019853 PCT/DE02/03081

CA 02458239 2004-02-20

Description

Method for transmitting data packets in a radio communica-

tion system

The invention relates to a method and a radio station for
transmitting data packets in a radio communication system,

in particular in a moblle radio system.

In radio communication systems, information such as voice,
image information, or other data, 1is transmitted with the
aid of electromagnetic waves over a radio 1nterface be-
tween a sending and a receiving radio station (base sta-
tion and mobile station). Said waves are radiated using
carrier frequencies lying in the fregquency band provided
for the respective system. Frequencies 1in the frequency

band of approximately 2,000 MHz are provided for future

mobile radio systems employing CDMA or TD/CDMA transmis-
sion methods over the radio interface, for example the
UMTS (Universal Mobile Telecommunications System) or other
3rd generation systems. Frequency Division Multlplex Ac-
cess (FDMA), Time Division Multiplex Access (TDMA), or a
method known as Code Division Multiplex Access (CDMA) here

serve to distinguish the signal sources.

As part of the process of specifying the UMTS standard,

methods are currently being defined which are to be opti-

mized for packet transmissions. An example of this 1s what

is termed High Speed Downlink Packet Access (HSDPA) for

Division Duplex) and TDD (Time Division

[ |

the FDD (Frequency
Duplex) mode of the UMTS standard. These methods are to be
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capable of catering for services with different Quality of
Service (QoS) requirements. A base station (NB: Node B) is
here responsible for what is termed the scheduling of dif-
ferent users’ data and for what is termed the retransmis-
sion, which 1s to say the repeated transmission, of incor-
rectly received data packets using what is termed a hybrid
ARQ process. Hybrid ARQ methods derive their advantage
from the fact that incorrectly received data packets are
stored 1n a storage facility in the receiving device so
they can be combined with succeeding, repeated and, where

applicable, modified transmissions of the data packets. In

contrast to known pure ARQ methods where faulty data pack-

ets are rejected at the receiving side, this advanta-

geously also makes 1t possible to benefit from the data
packets already received to increase the quality of recep-

tion.

In the receliving device 1t 1s necessary for the received
data to be forwarded to higher protocol layers in the cor-
rect sequence, which 1s to say i1n the sequence originally

present at the sending side. Since, owing to retransmis-

sions for instance, the time sequence of the correctly re-

celved data packets can become mixed-up during transmis-
sion over the radio interface, the original sequence has
Lo be restored at the receiving side. Customarily imple-
mented for thls in the receiving device is a reordering
puffer which continues to store a number of data packets

until a correct sequence can be ensured. If, for instance,

a second and a third data packet are correctly received
while correct reception of a first data packet is still

awalted, said two data packets will remain stored until
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the first data packet has also been correctly received.

The data packets are then forwarded in the original se-

quence to higher protocol layers in the receiving device.

Because a base station potentially has to control and

carry out transmissions of data packets to a large number
of users in parallel, also referred to as ‘user schedul-
ing’, long delays may disadvantageously arise until a re-
peatedly transmitted data packet has been correctly re-
ceived. It may in such cases no longer be possible to
maintain the pre-specified Quality of Service, and delays

will occur that are unpleasant for the user on the receiv-

ing side.

The object of the invention is to disclose a method and a
radio station which improve the known methods for packet
data transmission. Said object is achieved by means of the
features of the independent claims. Advantageous develop-

ments of the 1nventlon are indicated in the respective de-

pendent claims.

According to the invention, in order to optimize, for in-

stance, compliance with pre-specified Quality-of-Service
parameters, a correctly received data packet is forwarded

to another device and/or protocol layer when a criterion

has been met.

It 1s advantageously ensured by means of said method that

a correctly received data packet can be further processed

on the receiving side even when a preceding data packet

has not yet been correctly received. In the case outlined
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by way of example at the beginning, it may be more advan-
tageous 1n terms of maintaining the pre-specified Quality
of Service to dispense with receiving the first data
packet and to forward the correctly received second and
third data packet accordingly to the higher protocol layer
or, as the case may be, other device when the criterion
has been met. The third data packet can, where applicable,
also be forwarded even before the criterion has been met
as the second data packet has also been correctly received
and forwarded. It would accordingly not be an essential
requirement for the criterion to be met if a preceding

data packet has been correctly received in the original

sequence and forwarded. This advantageously avoids a fur-
ther delay i1n the forwarding of correctly received data

packets on account of meeting the criterion.

According to a first development of the invention the cri-
terion comprises knowledge on the receiving side that a
data packet which has not yet been correctly received 1is
not belng sent again by the sending radio station. Said
knowledge can be gained, for instance, by means of signal-

ing on the part of the sending radio station or on the ba-

sis of a pre-specified maximum number of retransmissions

of the data packet which has not been received correctly.

-

According to a further development of the invention the

criterion comprises a pre-specified time interval. Said

interval controlled by, for example, a timer is assigned
to each received data packet. On expiration of the time

interval a correctly received data packet will be for-

warded to the other device and/or protocol layer even if a
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preceding data packet has not yet been correctly received. The time interval
accordingly defines a period of time giving a preceding data packet time for correct
reception. The time interval can, according to a development of the invention, be
dimensioned as a function of a Quality of Service of the data transmitted in the data
packets, said interval being dimensioned shorter in the case, for example, of real-time
services such as telephony or video transmissions, where a higher bit error rate is

acceptable, than in the case of non-real-time services requiring a low bit error rate.

According to further embodiments of the invention, a data packet which has not been
correctly received by the time the time interval expires is not forwarded to the other
device and/or protocol layer. As a consequence of this, the ARQ process for the
retransmission of data packets which have not been correctly received can be
terminated on the part of the receiving radio station by, for example, not signaling a
new request for a data packet but, instead, positively signaling the data packet’s

successful reception.

According to one aspect of the present invention, there is provided a method for
transmitting data packets in a radio communication system, having the following
steps: at least two data packets are transmitted sequentially from a transmitting radio
station (NB) via a radio interface and said data packets are stored in a receiving radio

station (UE1) for restoration of a transmit-side sequence and subsequent forwarding

to a further device and/or protocol layer of the receiving radio station (UE1), with

repeat transmission being requested by means of a hybrid automatic repeat request
(HARQ) method Iif the first of the at least two sequentially transmitted data packets is
not correctly received, a predetermined time interval is assigned to a correctly
received second of the least two data packets and is started, and the correctly
received second data packet is forwarded to the further device and/or protocol layer

after the end of the assigned time interval, even if the first data packet has not yet

been correctly received by the end of the time interval.
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According to another aspect of the present invention, there is provided a radio station
(UE1) of a radio communication system, with the radio station (UE1) having; means
for receiving at least two data packets transmitted sequentially from a transmitting
radio station, means for storing the received at least two data packets for restoration
of a transmit-side sequence and subsequent forwarding to a further device and/or
protocol layer of the radio station (UE1), means for requesting repeat transmission of
an incorrectly received first of the at least two sequentially transmitted data packets
by means of a hybrid automatic repeat request (HARQ) method, means for assigning
and starting a predetermined time interval to a correctly received second of the at
least two data packets, and means for forwarding the correctly received second data
packet after the end of the assigned time interval to the further device and/or protocol
layer, even if the first data packet has not yet been correctly received by the end of

the time interval.

The method according to the invention is described in more detail below with

reference to exemplary embodiments and the drawings, in which:
FIG 1 is a block diagram of a radio communication system, and

FIG 2 is a schematic representation of the procedural flows according to the invention

in a sending and
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a recelving radio station.

FIG 1 shows an exemplary radio communication system having
a plurality of MSC (Mobile Switching Center) switching fa-
5 <c¢cilities which are interconnected. At least one of said
MSC switching facilities generally provides access to fur-
ther communication systems such as to a public switched
telephone network (PSTN). Base stations NB (Node B) are
connected to the MSC switching facilities as send/receive
10 facilities of the radio communication system. The base
stations NB are linked via communication connections to
terminals, specifically to user terminals UE (User Equip-
ment), over a radio interface, it being possible for said
terminals to be mobile or stationary terminals.
15
Between the base station NB shown in FIG 1 and the user
terminals UE located within the radio provisioning area of
said base station NB are unidirectional or, as the case
may be, bi-directional communication connections with an
20 uplink UL from the user terminal UE to the base station NB
and/or a downlink DL from the base statlion NB to the user

terminal ULR.

FIG 2 is a schematic of functionalities and facilities of

25 a sending radio station, in this example a base station
NB, and of a receiving radio station, in this example a
user terminal UE. To implement the method according to the

invention, the same functionalities can also be realized,

where applicable in a modified or simplified form, 1in the
30 respective other radio station. Data streams of currently

established connections for user 1 to user 3 are routed
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from the network side to the base station NB. As the data
packets are sent to the user terminals UEl...UE3 in, for
example, a common physical transmission channel, time con-
trol of the respective transmission is realized by means
of what 1is termed a scheduler. The data packets are fur-
Chermore assigned a user-specific HARQ user 1...3 HARO
process which controls a retransmission of data packets

which have not been correctly received.

The user terminal UEl of user 1 also receives the data
packets sent by the base station NB and intended for user
1 with the incorporation of a HARQ process. On being re-
ceived, a data packet is stored in a buffer store or, as
the case may be, reordering buffer which, as described at
the beginning, restores the original sequence of the data
packets before they are forwarded to another device or, as
the case may be, protocol layers. FIG 2 shows by way of
example the situatlion in which user terminal UEl has
stored five data packets 1...5 of a data stream in the re-
ordering buffer. The number 1...5 of the data packet and
the current status ‘received’ or, as the case may be,

‘missing’ is entered in the reordering buffer. At the time

under consilderation, user terminal UEl has correctly re-
ceilved data packets 2, 3, and 5 (status ‘received’)

whereas data packets 1 and 4 have not yet been received
Oor, as the case may be, have not yet been received cor-

rectly (status ‘missing’).

According to the invention, each data packet 1...5 in the
reordering buffer is assigned a timer or, as the case may

be, a time interval. The time interval is dimensioned for
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example as a function of Quality-of-Service requirements
cf the data stream, which is to say that services with
stringent requirements in terms of short transmission de-
lay, such as real-time services, for instance, can have a
shorter time interval than services with less stringent
requirements in terms of transmission delays, such as non-

real-time services, for instance.

In the situation shown i1n FIG 2, the assigned time inter-

val for data packet 2 expires (Timer expires), which is to

say sald packet has to be forwarded to another protocol

layer or, as the case may be, another device if an unac-

P

ceptable transmission delay and an infringement of the

Quality of Service 1s to be avoided. According to the
method known from the prior art, data packet 2 could not
be forwarded because data packet 1 has not yet been cor-
rectly received, meaning 1t would not be possible to com-
ply with the agreed Quality of Service. According to the
invention, however, the correctly received data packets 2
and 3 are still forwarded despite the missing data packet
1. Data packet 3 can, where applicable, also be forwarded
pefore the relevant time 1nterval has expired because the
preceding data packet, which is to say data packet 2, has
also been correctly received and forwarded. The delay
caused by the respectilive time interval can consequently

advantageously be avoided.

Jointly with or separately from the forwarding of data
packet 2 to the other device or, as the case may be, other
protocol layer, 1t 1s possible to signal to said device or

layer that data packet 1 has not been correctly received
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within the time interval assigned to it or, as the case
may be, by the expiration time of succeeding data packet
2. If data packet 1 is correctly received after the time
interval has expired, it will be rejected or forwarded di-

rectly to the other protocol layer or, as the case may be,

other device. The receiving user terminal UEl can further-

more halt the ARQ process by signaling to the sending base

'
p—

station that there should be no further transmissions of

salid data packet 1 or that data packet 1 has been success-
fully received, as a consequence of which a new transmis-

sion will not be initiated on the sending side. Data

packet 5 will not yet be forwarded in the situation shown
as the assigned time interval has not yet expired and the
preceding data packet 4 has not yet been received or, as

the case may be, has not yet been received correctly.

The HARQ concepts mentioned are especially suitable for
guaranteeing efficient communication with a fast data
rate. Data packets are usually sent by the sending device

ﬁ

NB to a receiving device UE, and the receiving device UE

sends ACK (Acknowledge) or NACK (Negative Acknowledge)
messages to confirm or not confirm error-free receipt of

the packets.

Problems arise when received ACKs and NACKs are misinter-
preted 1n the sending radio station NB. If a data packet
has not been correctly received by the receiving radio
station UEl, said station will send a NACK to the sending

gt

radlo station NB and then expect retransmission of the

data packet initiated by the HARQ protocol.
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If, however, the sending radio station NB misinterprets

the NACK as an ACK, said station will assume that the data

packet has been received correctly by the receiving radio
station UE]l and will transmit a subsequent data packet to
the receiving radio station UEl. This mechanism is exe-

cuted 1n the protocol layers responsible for the HARQ. In
this situation the receiving radio station UEl waits for a
specific length of time for the data packet to be retrans-

mitted. This can, however, be terminated if data packets

which are not to be transmitted until after the missing

data packet has been retransmitted have already been re-

ceived from the sending radio station NB. Depending on the

HARQ protocol concept employed, first transmissions and
retransmissions of a data packet can be identified by
means of transmission sequence numbers, channel numbers
and/or indications of whether a data packet is a first
transmission or already a retransmission. Also conceivable
1s the setting up of a time interval after which a data

packet must have been retransmitted. The time interval can

furthermore be relevant for, for example, determining a
data packet’s validity with reference to a maximum trans-
mission time for packets in cases where a large number of
data packets have since been transmitted for other users

and the number of retransmissions for the still missing

data packet has not yet attained the maximum. This will
allow the receiving radio station UEl to establish after a
specific period of time that the sending radio station NB

will not be sending the missing data packet again.

Where applicable, higher protocol layers such as, for ex-

ample, the RLC (RLC: Radio Link Control) retransmission
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protocol in the case of an HARQ protocol controlled by the
MAC (Medium Access Control), can recognize in the receiv-
1ng radio station UEl that a data packet has not been re-
celved or, as the case may be, has not been received cor-
rectly, and can request a retransmission. This procedure
can, however, disadvantageously result in delays as it may
not take an HARQ protocol implemented on lower protocol
layers into consideration if, for example, a transmission

window 1s observed or if data packets are reordered by the

HARQ protocol. The request for a retransmission by higher
protocol layers in the receiving radio station UEl may
furthermore be dependent on configured trigger conditions,
which 1s to say it may only be possible for said request
to be made periodically or after a number of missing data

packets have been recognized.

A method according to the invention is described below

which facilitates faster recognition of an unsuccessful

retransmission of a missing data packet or of a data
packet which has not been received correctly and makes

possible an immediate request for retransmissions by means

of higher protocol lavers.

It 1s proposed according to the invention that the proto-

1

]

col layer responsible in the receiving radio station U
for executing the HARQ protocol informs the higher proto-
col layers that a NACK which was sent owing to a data

packet’s not having been received or not having been cor-

rectly received was probably misinterpreted by the sending

radio station NB as an ACK as soon as a situation has

arisen corresponding to the examples described in the
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foregoing. In this case the higher protocol layers in the
receiving radio station UEl are aware that the missing
data packet will not be re-sent by the sending radio sta-
tion NB within the normal HARQ process, notwithstanding
the current status of the HARQ protocols. The higher pro-
tocol layers in the receiving radio station UEl can then
immediately initiate appropriate action. Examples of such
action include requests for retransmission to the sending
radio station NB via appropriate retransmission protocols
of the higher protocol layers in cases where the HARQ pro-
tocol of the lower protocol lavers is unable to success-
fully re-send a data packet. Thanks to this method, the
higher protocol layers advantageously do not have to wait
until the HARQ protocol forwards the received packets,
possibly without the missing data packets. This fast ini-
tiation of a necessary retransmission of a data packet by
higher protocol layers independently of the HARQ protocol
peing applied advantageously facilitates faster throughput

of data packets and shorter transit times.

An example of the method according to the invention is the
HARQ protocol in an HSPDA system which is executed in the
and the base station NB.

L4

MAC between the user terminal U
In this case the MAC of the user terminal UE signals to
the RLC of the user terminal UE that a data packet is
missing 1in the HARQ protocol or, as the case may be, has
not been received correctly. Under the control of this
signaling the RLC protocol will prompt a retransmission of

the missing data packet.
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CLAIMS:
1. Method for transmitting data packets in a radio communication system,

having the following steps:

at least two data packets are transmitted sequentially from a
transmitting radio station (NB) via a radio interface and said data packets are stored
in a receiving radio station (UE1) for restoration of a transmit-side sequence and
subsequent forwarding to a further device and/or protocol layer of the receiving radio
station (UE1), with repeat transmission being requested by means of a hybrid
automatic repeat request (HARQ) method if the first of the at least two sequentially

transmitted data packets is not correctly received,

a predetermined time interval is assigned to a correctly received second

of the least two data packets and is started, and

the correctly received second data packet is forwarded to the further
device and/or protocol layer after the end of the assigned time interval, even if the

first data packet has not yet been correctly received by the end of the time interval.

2. Method according to claim 1, in which a data packet which has not been
correctly received by the time the time interval is not forwarded to the further device

and/or further protocol layer of the radio station (UE1).

3. Method according to claim 2, in which the hybrid automatic repeat

request (HARQ) method is terminated after the end of the time interval.

4. Method according to any one of claims 1 to 3, with the time interval

assigned to the correctly received second data packet being dimensioned as a

function of a quality of service.

S. Method according to any one of claims 1 to 4, in which it is signaled to

the further device and/or protocol layer of the radio station (UE1) during the
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forwarding of the correctly received second data packet that the first data packet was

not correctly received.

6. Radio station (UE1) of a radio communication system, with the radio

station (UE1) having;

means for receiving at least two data packets transmitted sequentially

from a transmitting radio station,

means for storing the received at least two data packets for restoration
of a transmit-side sequence and subsequent forwarding to a further device and/or

protocol layer of the radio station (UE1),

means for requesting repeat transmission of an incorrectly received first
of the at least two sequentially transmitted data packets by means of a hybrid
automatic repeat request (HARQ) method,

means for assigning and starting a predetermined time interval to a

correctly received second of the at least two data packets, and

means for forwarding the correctly received second data packet after
the end of the assigned time interval to the further device and/or protocol layer, even

if the first data packet has not yet been correctly received by the end of the time

interval.
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