wo 2011/003572 A1 |00 0K 00O O R

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

o T
(19) World Intellectual Property Organization /g [} 1M1 AN A0 0010000 0
ernational Bureau S,/ ‘ 0 |
. .. _ S (10) International Publication Number
(43) International Publication Date \,!:,: o
13 January 2011 (13.01.2011) WO 2011/003572 Al

(51) International Patent Classification: (74) Agent: SCHUFFENECKER, Thierry; 120, Chemin de

HO4L 1/00 (2006.01) HO041 1/18 (2006.01) La Maure, F-06800 Cagnes sur Mer (FR).
(21) International Application Number: (81) Designated States (unless otherwise indicated, for every
PCT/EP2010/004077 kind of national protection available). AE, AG, AL, AM,
(22) Imternational Filing Date: ég’ éﬁ’ ég’ CAI\ZI, CBS ? CBRB’ CBI(J}, g;l’ DB]IE{ ? DBI\(V ’];313[{ ? ]];é’
6 July 2010 (06.07.2010) DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT.,
(25) Filing Language: English HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
. KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
(26) Publication Language: Enghsh ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
(30) Priority Data: NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD,
09368022.1 7 July 2009 (07.07.2009) EP SE, G, SK, SL, SM, ST, SV, 8Y, TH, TJ, TM, TN, TR,

TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(71) Applicants (for all designated States except US): ST-ER-
ICSSON SA [CH/CHJ; 39 Chemin du Champ-des-Filles (84) Designated States (unless otherwise indicated, for every

CH-1228  Plan-les-Ouates (CH). ST-ERICSSON kind of regional protection available): ARIPO (BW, GH,
(France) SAS [FR/FR]; 12 Rue Jules Horowitz, F-38000 GM, KE, LR, LS, MW, MZ, NA, 8D, SL, 82, 12, UG,
Grenoble (FR). ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
(72) Inventor; and EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
(75) Inventor/Applicant (for US only): THIERION, Philippe LV, MC, MK, MT, NL, NO, PL, PT, RO, SE, SI, SK,
[FR/FR]; 13, chemin de la chapelle des chiens, Résidence SM, TR), OAPI (BF, BJ, CF, CG, CL CM, GA, GN, GQ,
Altena-A2, F-06130 Grasse (FR). GW, ML, MR, NE, SN, TD, TG).

[Continued on next page]

(54) Title: PROCESS FOR CONTROLING THE HSDPA DOWNLINK DATA RATE RECEIVED BY A USER EQUIPMENT

(57) Abstract: A process for allowing a User Equipment

- (UE) in a wireless communication network to control the

| Receive one Block [ HSDPA downlink data rate received from a NodeB, said
\L 10 UE successively receiving blocks of data having a predeter-
mined size (N), involving the steps of: - receiving (10) one
block of data; - determining (20) the size N associated to
said block of data; The process further includes the steps
of: - comparing (30) the size N of said block with at least a
first predetermined threshold (N1); - if the size N shows to
be superior than said first threshold (N1), execute the fol-
30 lowing steps: - storing (40) said block; - issuing (50) a
NACK message to said NodeB; - accessing (60) a predeter-
mined Look-Up-Table (LUT) with the value of N1 as an in-

l Determine size N

l Decade block I\ Iim'e received block \\ put and extracting a corresponding CQI value (CQI_LUT);
l 80 l 40 - reporting (70) the CQI being the minimum between the
l oo ACKUNACK I reowe NACK CQI measured by the UE and said CQI LUT value to said
NodeB.
90 50
Access LUT & extract valut Access LUT & extract val
corresponding to size N1 corresponding to size N1
1 91 ! 60
| Report CQI 1o NodeB ‘\ l Report CQI to NodeB L\
92 70

Fig. 1



WO 2011/003572 A1 W00 00T OO

Published: —  before the expiration of the time limit for amending the
—  with international search report (Art. 21(3)) claims and to be republished in the event of receipt of
amendments (Rule 48.2(h))




10

15

20

25

30

WO 2011/003572 PCT/EP2010/004077

Process for controling the HSDPA downlink data rate

received by a User Equipment

Technical field

The invention relates generally to wireless communication and more
particularly to a process for allowing a User Equipment (UE) in a wireless
communication network to limit the HSDPA downlink data rate received from a
NodeB.

Background Art

Nowadays, various communication protocols are used to establish standard
rules for data representation, signaling, authentication and error detection required
to send information over communication channels. One of the communication
protocols widely used today is the High-Speed Downlink Block Access (HSDPA)
which is a technology upgrade to current Universal Mobile Telecommunications
System (UMTS) networks.

High Speed Downlink Packet Access (HSDPA) is a packet based data
service feature in WCDMA standard providing high speed downlink transmission
and belonging in the High-Speed Packet Access (HSPA) family.

Specifically, HSDPA uses four channels for achieving downlink transmission.
High-Speed Downlink Shared Channel (HS-DSCH) is a first channel (which is a
transport channel) used to send blocks on the downlink to the User Equipments
(UEs). High Speed-Shared Control Channel (HS-SCCH) informs the user that data
will be sent on the HS-DSCH. Uplink High Speed-Dedicated Physical Control

-1-
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Channel (HS-DPCCH) is a third channel used to carry acknowledgment (ACK) /
negative acknowledgement (NACK) information and current Channel Quality
Indicator (CQl) of the UE. Finally, High Speed-Physical Downlink Shared Channel
(HS-PDSCH) is a fourth channel used by the HSDPA and is added to UMTS in
order to increase downlink data rate. It carries information from the HS-DSCH

transport channel.

In HSDPA, the downlink data rate is determined by and is under the control of
the NodeB which, paraliely to the UE, performs its own calculation of the Channel
Quality Indicator (CQt) corresponding to an Adaptive Modulation and Coding (AMC)
determining the characteristics of the transmission. AMC consists in the three
following parameters: a) number of High Speed-Physical Downlink Shared Channel
(HS-PDSCH) codes, b) modulation and c) transport block size.

Figure 7 shows an illustrative example of the CQl mapping table for UE
category 10 and which is also described in GPP 25.214 (table 7D in the original
document). It can be seen that an increasing transport block size corresponds to an
increasing CQlI value. Different CQI mapping tables exist for different UE categories.

Generally speaking, in order to achieve a sufficient compromise between a
high data rate in the downlink link and a sufficient quality of data communication, the
characteristics of the data transmission in the downlink are controlled by the NodeB
so as to correspond to a Block Error Rate (BLER) equal to 10%, in accordance with
the requirements defined by 3rd Generation Partnership Project (3GPP).

A Block Error Rate (BLER) of 10% on the HS-PDSCH corresponds to the
number of negatively acknowledged blocks reported by the UE to the NodeB.

For inducing a BLER of 10%, NodeB selects a CQI (with the help of the CQl
reported by the UE) that provides this BLER value and transmits to the UE an AMC
corresponding to the selected CQI. For example, in 3GPP 25.214 table 7B , shown
in Figure 3, the NodeB may select a CQIl value varying between 0 and 30 with a
transport block size varying between 0 and 25558 respectively.
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Although the quality of HSDPA data communication between a NodeB and
an UE with a BLER around 10% is satisfactory, there may be cases where the data
rate received by the UE can not be processed. As an example, the Digital Signal
Processing (DSP) resources existing in the UE might be required by other
applications and for processing other tasks. Also, there might be a temporary lack of

DSP resources in the UE...

In such a situation, there is a clear need to allow the UE to take some kind of
control on the data rate received from the NodeB, while avoiding too much

disturbance of the NodeB.

Known HSDPA mechanisms do not provide such flexibility and the UE is
generally not allowed to limit in any way the data rate in the downlink when

necessary or simply appropriate.

In the non published french patent application n° 09/51385 filed on 5. March
2009 (internal docket 08-LMS-125) and entitled “Procédé de contrdle du
conctionnement d’une unite de traitement d’'un appareil de communication sans fil,
et appareil de communication corrrespondant » filed on behalf of ST WIRELESS
SA, there is described a first technique for providing such control on the downlink
data rate, which technique is based on the saturation of the CQIl being reported by
the UE to the NodeB and corresponds to a maximum value which the UE is

prepared to process.

However, it should be noticed that many NodeBs might not take into
consideration the particular value of CQI being reported by the UE and simply
proceed with their own computation of the CQl. In that case, as illustrated in figure
3, there would be no limitation in the data rate and the NodeB would keep the
control on the downlink data rate based on its own calculation of the CQlI.

In such a context, there is a strong desire to propose an alternative solution
to improve, in some way, the control of the HSDPA downlink data rate that the UE
may have or wish to have, without significantly disturbing the NodeB.
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Summary of the invention

It is an object of the present invention to provide a process allowing some
control of the downlink data rate in a 3GPP HSDPA User equipment.

It is a further object of the present invention to provide a process for limiting,
when appropriate, the downlink data rate of a HSDPA communication between a UE
and a NodeB.

These and other objects of the invention are achieved by means of a process that
allows a User Equipment (UE) in a wireless communication network to control the
HSDPA downlink data rate received from a NodeB. The UE successively receives
blocks (called transport blocks) of data having a predetermined size (N) and the
above mentioned process involves the steps of :

- receiving one block of data;

- determining the size N associated to said block of data;

The process further involves the steps of:

- comparing the size N of said block with at least a first predetermined
threshold (N1);
- if the size N shows to be strictly superior than said first threshold (N1), execute the
following steps :

- storing said block;

- issuing a NACK message to said NodeB;

- accessing a predetermined Look-Up-Table (LUT) with the value of N1 as an
input and extracting a corresponding CQI value called CQI_LUT

- reporting a CQlI value to said NodeB, said CQI value being derived from the
actual CQI measured by the UE and said CQI_LUT
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Therefore, there is achieved a more effective control of the data rate in the downlink
which can be determined by the User Equipment when it is necessary or

appropriate to limit such data rate.

In one embodiment, more than two groups may be considered by using two
threshold values N1 and N2 and, in that case, the LUT table is accessed by means
of the N2 value in order to extract said CQlI_LUT used for deriving the CQIl value
reported to the NodeB.

In one embodiment, the CQI value reported to the NodeB is equal to the
minimum between the CQIl measured by the UE and the CQI_LUT extracted from
said LUT.

In one embodiment, the NACK message is issued without any decoding of

said block.

Preferably, the process is based on the comparison of the size N with a first
threshold, a second and a third threshold (N1, N2, N3).

There is thus arranged a first group which comprises blocks having a size N
strictly superior to the first threshold (N1). A second group comprises the blocks
which size is comprised within the range JN2, N1]. A third group comprises the
blocks which size belongs in the range N3, N2]. At last, a fourth group comprises
the blocks which size is inferior or equal to the third threshold (N3).

In one embodiment, the processing of the blocks belonging to the second

group involves the following steps:

- computing a first Group Block Error Rate (GBLER) representative of the
percentage of errors affecting the blocks (or part of the blocks) belonging to said
second group;

- comparing the first GBLER with a first predetermined GBLER threshold
(GBLER1);
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- if the first GBLER of said block is inferior to said first GBLER threshold (GBLER1),
execute the following steps :

- storing the received block;

- issuing a NACK message to said NodeB;

- accessing a predetermined Look-Up-Table (LUT) with the value of N2 as an

input and extracting a corresponding CQlI value called CQI_LUT;

- reporting a CQI value to said NodeB, said CQI value being derived from the
actual CQl measured by the UE and said CQI_LUT
- if the first GBLER of said block shows to be superior than said first GBLER
threshold (GBLER1), follow the steps of:

- decoding the received block in order to determine the occurrence of an error
affecting said block;

- issuing an ACK or NACK message in accordance to said decoding.

- access the LUT and report CQlI in the same way as mentioned above

In one embodiment, the CQIl value reported to the NodeB is equal to the
minimum between the CQIl measured by the UE and the CQI_LUT extracted from
said LUT.

In both above cases, if a NACK has been issued, it shall be used to update the first
GBLER for future blocks reception.

Preferably, the processing of the blocks belonging to the third group involves
the following steps:

- computing a second Group Block Error Rate (GBLER) representative of the
percentage of errors affecting the blocks (or part of the blocks) belonging to said
third group;
- comparing the second GBLER with a second predetermined GBLER threshold
(GBLER2) being inferior than said first GBLER threshold GBLER1;
- if the second GBLER of said block is inferior to said second GBLER threshold
(GBLER?2), execute the following steps :

- storing the received block;
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- issuing a NACK message to said NodeB;

- accessing a predetermined Look-Up-Table (LUT) with the value of N2 as an

input and extracting a corresponding CQI value called CQI_LUT;

- reporting a CQI value to said NodeB, said CQl value being derived from the
actual CQl measured by the UE and said CQI_LUT;
- if said second GBLER of said block shows to be superior than said second GBLER
threshold (GBLER?2), follow the steps of:

- decoding the block in order to determine the occurrence of an error affecting
said block;

- issuing a ACK or NACK message in accordance to said decoding

- access the LUT and report CQI in the same way as mentioned above

In one embodiment, the CQI value reported to the NodeB is equal to the
minimum between the CQl measured by the UE and the CQI_LUT extracted from
said LUT.

In both above cases, if a NACK has been issued, it shall be used to update
the second GBLER for future blocks reception.

Preferably, the processing of the blocks belonging to the fourth group

involves the following steps:

- decoding the block in order to determining the possible occurrence of an error
affecting said block ;

- issuing a ACK or NACK message in accordance to said decoding

- access the LUT and report CQlI in the same way as mentioned above

In one embodiment, the first GBLER threshold GBLER1 is set to a value
approximately equal to 40% and the second GBLER threshold GBLER2 is set to a

value approximately equal to 10%.

The invention also achieves a HSDPA User Equipment (UE) including a
receiver for receiving blocks from a NodeB, characterized in that it further includes:

-7-
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- means for receiving one block of data;
- means for determining the size N associated to said block of data;
- means for comparing the size N of said block with at least a first predetermined
threshold (N1);
- means activated when the size N shows to be superior than the first threshold
(N1), for executing the following steps :

- storing (40) said block;

- issuing (50) a NACK message to said NodeB;

- accessing (60) a predetermined Look-Up-Table (LUT) with the value of N2
as an input and extracting a corresponding CQI parameter called CQI_LUT

- reporting (70) a CQI value to said NodeB, said CQIl value being derived
from the actual CQI measured by the UE and said CQI_LUT

In one embodiment, the CQI value reported to the NodeB is equal to the
minimum between the CQlI measured by the UE and the CQI_LUT extracted from
said LUT.

The invention is particularly adapted to the realization of a HSDPA mobile
telephone.
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Description of the drawings
Other features of one or more embodiments of the invention will best be

understood by reference to the following detailed description when read in

conjunction with the accompanying drawings.

Figure 1 illustrates one first embodiment of a process for limiting the data rate

in the downlink.

Figure 2 is a second embodiment of a process for limiting the data rate in the

downlink.

Figure 3 is a flow chart illustrating the limited efficiency of the prior art method

with some NodeB.

Figure 4 illustrates the oscillation process between two extreme values “0%”
and “100%” for the BLER in the first embodiment.

Figure 5 illustrates the oscillation process of the BLER between two values

10% and 40% in the second embodiment.

Figure 6 illustrates the arrangement of four distinctive groups of blocks in

distributed in accordance with their size used in the second embodiment.

Figure 7 reminds the known CQIl mapping table for UE category 10 as
defined in the standardization documentation (3GPP 25.214 table 7B) .

Figures 8A-8C show an example of the contents of the Look-Up-Table used

in the second embodiment.
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Description of the preferred embodiment

In a HSDPA wireless communication network between a NodeB and a User
Equipment (UE), the blocks of data transmitted to UE in the downlink have a size
(N) determined by NodeB according to the AMC decision made by the latter with the
help of the CQlI reported by the UE.

With respect to Figure 1, there is illustrated one embodiment of a process performed
by a UE in order to take some control or temporary control of the HSDPA downlink

data rate.

In a step 10 of this process, the UE receives one block from the NodeB in

accordance with the known HSDPA protocol.

In a step 20, the process proceeds with the determination of the size N ( transport
block size) of the received block of data. As known by a skiled man, this
determination of the size N is achieved by means of the use of the High Speed-
Shared Control Channel (HS-SCCH).

In a step 30, the process performs a test and the size N of said block of data with at
least a first predetermined threshold (N1). Generally speaking, the determination of
the first threshold N1 is performed by the UE in accordance with its own
requirements or in accordance with the level of the data rate in the downlink which it
is prepared to accept. Practically, as a non limiting example, the UE may decide to
to limit the data rate to 2Mbps, what corresponds to an amount of 4000 bits for each

2-ms period.

If the size N of the received block is strictly superior to N1, then the process
proceeds with a step 40 wherein the N-size block is stored by means of any

conventional storing method.

Then, in a further step 50, the process issues a negative acknowledgement (NACK)
message which is reported to the NodeB. One may notice that this NACK message

-10-
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will impact the BLER calculation process which is performed by the NodeB and will
therefore allow to reduce the data rate. In the example being considered ( N1 =
4000), the blocks having a size superior to 4000 bits are simply not accepted and a

NACK message is reported to the NodeB.

In a step 60, the value of N1 is used as an input for accessing a predetermined
Look-Up-Table (LUT), shown in figures 8A to 8C, so as to extract one appropriate
value CQI_LUT (third column in Fig. 8A to 8C) corresponding to that value of N1
(Second Column of Fig. 8A to 8C).

Finally, in a step 70, the process proceeds with the transmission to the NodeB of the
particular value extracted from the said LUT through the appropriate signalling
channel. More particularly, the value being reported to the NodeB is derived from
the actual CQl measured by the UE and said CQI_LUT. In one particular
embodiment, If the CQI measured by the UE is inferior to that value extracted from
the LUT, it shall report the lowest value.

If the test of step 30 fails, the process proceeds to a step 80 wherein the received
block is decoded in accordance with any conventional decoding method.

In accordance with such decoding, the UE proceeds, in a step 90, to the generation
of a ACK or a NACK message which is then reported to the NodeB as

conventionally.

Then, in_a step 91, the value of N1 is used as an input for accessing the Look-Up-

Table (LUT) as previously in step 60, ie for the purpose of extracting one
appropriate value CQl_LUT corresponding to that value of N1 (Second Column of
Fig. 8A to 8C).

Then, in a step 92, the process proceeds with the transmission to the NodeB of the
particular value derived from the actual CQl measured by the UE and said
CQI_LUT. More particularly, as previously, If the CQl measured by the UE is inferior
to that value extracted from the LUT, it shall report the lowest value.

-11-
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The first embodiment which was described above allows the UE to limit the data
rate in the downlink because of the NACK message which is systematically
generated as soon as the size N exceeds the value of the first threshold.

However, the process illustrated in figure 1 still shows a main drawback, resulting
from the fact that the BLER value which is computed by the NodeB tends to oscillate
between two extreme values, respectively 0 and 100 per cent, as illustrated in figure

4 and discussed below.

Assuming for instance that the size N of blocks transmitted by the NodeB is
superior to the threshold N1, the UE continuously sends NACK messages to the
NodeB in order to limit blocks size N in accordance with steps 30-70 described

above.

Accordingly, the BLER which is computed by the NodeB on the basis of those
NACK messages tends to approach to 100%.

As a consequence, the NodeB may interpret this extreme value of the BLER as the
condition of a bad transmission and may proceed with the limitation of the size N of

the blocks transmitted.

As soon as the size N of the blocks falls below the value of N1, the UE will switch in
the conventional decoding process of the blocks illustrated with steps 80 and 90
and, therefore, may expect to receive blocks without a significant level of errors.
Consequently, a significant amount of ACK messages will be reported to the NodeB,
thus resulting in a new calculation of the BLER which will now be close to 0%.

Because of this low BLER value which is now computed, the NodeB inevitably tends
to increase again the size N of the blocks transmitted to the UE , which size then
eventually exceeds threshold N1. As before, the UE starts again sending NACK
messages to NodeB and one can observe that a BLER oscillation between 0% and
100% will take place, as shown in Figure 4.

-12-
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Clearly, the wide oscillation of the BLER between 0% and 100% severely degrades
the downlink data communication. Indeed, while the transmission shows to be
almost perfect when the BLER is close to 0%, it can be seen that, when the BLER
value switches to a value close to 100%, the transmission is significantly

deteriorated because of the multiple retransmission of blocks which has to occur.

Therefore, while the first embodiment of figure 1 still allows the UE to take some

control of the data rate, there is still a drawback which needs to be solved.

This drawback is solved by the process which is illustrated in the second

embodiment and which will now be described with details.

The second embodiment is based on the arrangement of four different groups

distinguishing the blocks received and their processing thereof.

More particularly, there are defined at least three thresholds, namely a first
threshold (N1), a second threshold (N2) and a third threshoid (N3), with N3 < N2 <
N1, are used for defining four groups in which blocks of size N transmitted by
NodeB are included. Specifically, there is a first group comprising blocks having a
size N strictly superior to said first threshold (N1), a second group comprising blocks
with size N between said first and said second threshold JN2, N1], a third group
comprising blocks with size N between said second and said third threshold JN3,
N2] and a fourth group comprising blocks with size N inferior or equal to said third
threshold (N3). The selection of the above mentioned thresholds is made by the UE

and depends on the data rate which the UE is prepared to accept.

With respect to figure 2, it should be noticed that steps 110 to 170 corresponds to
the processing of the blocks belonging to the first group and are identical to the
steps 10 to 70 which were described in reference to figure 1 except that the
threshold N2 should be taken for accessing the LUT .

Indeed, step 110 corresponds to the receiving of one block.
Step 120 corresponds to the determination of the size N of the block being received.

-13-



10

15

20

25

30

WO 2011/003572 PCT/EP2010/004077

Step 130 corresponds to the test performed for comparing the value of N with the
first threshold N1. If N <= N1, the process proceeds to a step 210 and otherwise the
following steps 140-170 are successively performed when N>N1:

Step 140 corresponds to the storing of the received block;

Step 150 corresponds to the issuance of a NACK message to the NodeB;

Step 160 corresponds to the access of the LUT and the extraction of the appropriate
CQI_LUT value used for deriving the reporting of the appropriate value CQl to the

NodeB;
Step 170 corresponds to the reporting of that CQl value to the NodeB.

The second embodiment distinguishes over the first embodiment on the additional
processing which are to be performed on blocks belonging to the second, the third

and the fourth group, respectively.

Steps 210-292 correspond to the processing of the blocks belonging to the second

group JN2, N1].

Step 210 is a test for comparing the size N to the second threshold N2.

If N is strictly superior to N2, then the process goes to a step 220 and, otherwise it

proceeds to a step 310.

In_a step 220, the UE proceeds with the computation of a first Group BLock Error
Rate (GBLER) which is computed on the basis of the errors detected by the UE (in
accordance with any conventional error detecting mechanism) on all the blocks (or

part of the blocks) belonging to the second group. .

Then, in a _step 230, the process compares the first GBLER with a first GBLER
threshold (GBLER1) in order to determine if the former is inferior to the latter and, in
that case, the process proceeds to a step 240. In practice, one may consider a
value of 40% for the GBLER1

-14 -
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In step 240, the process stores the received block and then, in a step 250, a NACK
message is issued and transmitted to the NodeB. This NACK message similarly to
the first embodiment permits a control of the data rate which is transferred between
the NodeB and the UE, and limits the throughput being transmitted by NodeB to a

maximum value determined by the UE. .

The process then proceeds to a step 260 wherein the above mentioned Look-Up-
Table (LUT) (shown in Figure 8A to 8C) is accessed in order to return the

appropriate value of CQI corresponding to the size N2 of the received blocks.

In a step 270, the process then proceeds with the reporting to the NodeB of the CQI
which is the minimum between measured CQIl and value read from the LUT.

If the test of step 230 failed, then the process proceeds to a step 280 where the
received block is decoded by the UE in accordance with any conventional decoding

method.

In accordance with said decoding, the UE then stores the received block and issues
in a step 290 a positive Acknowledgment (ACK) or a negative Acknowledgment
(NACK) to the NodeB.

The process then proceeds to steps 291 and 292 which are identical to the step 160
and 170, that is to say that the LUT is accessed with the use of threshold N2.

Steps 310-390 correspond to the processing of the blocks belonging to the third
group N3, N2].

Step 310 is a test for comparing the size N to the third threshold N3.

If N is strictly superior to N3, then the process goes to a step 320 and, otherwise it
proceeds to a step 410.

In a step 320, the UE proceeds with the computation of a second Group BLock
Error Rate (GBLER) which is computed on the basis of the errors detected by the

-15-
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UE (in accordance with any conventional error detecting mechanism) on all the

blocks belonging to the third group.

Then, in a_step 330, the process compares the second GBLER with a second
GBLER threshold (GBLER2) in order to determine if the former is inferior to the
latter and, in that case, the process proceeds to a step 340. In practice, the second
threshold value GBLER2 can be set to be equal to 10% which corresponds to the
standardized value of the BLER conventionally used by the 3GPP.

In step 340 the UE stores the received block and, then, in a step 350 it issues a
NACK message to the NodeB. As before, this NACK message permits a control of
the data rate which is transmitted between the NodeB and the UE, and limits the

throughput being transmitted by NodeB to a maximum value.

In_a step 360, similarly to the step 260, the process proceeds with accessing the
look-up-table with N2 as input for the purpose of extracting an appropriate CQI
value and, in a step 370, reports to the NodeB the CQI value which is the minimum
between the CQI measured by the UE and the value extracted from the LUT.

If the test of step 330 fails (ie if the GBLER is superior to the GBLER2), then the
process proceeds to a step 380, for decoding the received block by means of any
conventional decoding method.

In a further step 390, the UE determines the possible occurence of an error affecting
the received block and, correspondingly, stores said block and reports an ACK or
NACK message to the NodeB in accordance with the result of said decoding..

Then the process proceeds to steps 391 and 392 which are identical to the step 160
and 170, namely the access of the LUT with the value of N2 as an input.

If the test of step 310 failed, then the process proceeds to step 410 where the

received block is decoded by the UE in accordance with any conventional decoding
method.
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In accordance with said decoding, the UE then stores the received block and issues
in a step 420 a positive Acknowledgment (ACK) or a negative Acknowledgment
(NACK) to the NodeB.

The process then proceeds to steps 421 and 422 which are identical to the step 160
and 170, that is to say that the LUT is accessed with the use of threshold N2.

It can be seen that the second embodiment shows an oscillation of the BLER
between the two values of GBLER1 and GBLER2, for instance 40% and 10%

respectively, as shown in figure 5.

Figure 6 summarizes the arrangement of the four distinctive groups delimited by

three particular thresholds defined as follows:

N1: 4000
N2: 3500
N3: 2500

The figure also shows the dependency of the BLER on the size (transport block

size) used by the nodeB.

It can be seen that the process achieves the limitation of the data rate in the
downlink, by controlling the transmission of ACK/NACK messages between the two
above mentioned thresholds and the transport block sizes sent by the nodeB
between the transport block size thresholds N1 and N2.

The second GBLER threshold GBLER?2 is preferably chosen to have a value
close to the rate of 10% in order to maintain the BLER value around 10% according
to 3GPP. Generally, the first GBLER threshold GBLER1 may take values higher
than 10% but significantly smaller than 100% in order to avoid unnecessary data
retransmission by NodeB occurring when too many NACK messages are reported
to the latter and maintain sufficient quality of data communication.
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CLAIMS

1. Process for allowing a User Equipment (UE) in a wireless communication network
to control a HSDPA downlink data rate received from a NodeB, said UE
successively receiving blocks of data having a predetermined size (N), involving the

steps of :

- receiving (10) one block of data;
- determining (20) the size (N) associated to said block of data;

Characterized in that it further involves the steps of :

- comparing (30) the size (N) of said block with at least a first predetermined
threshold (N1);
- if the size (N) shows to be strictly superior than said first threshold (N1), execute
the following steps :

- storing (40) said block;

- issuing (50) a NACK message to said NodeB;

- accessing (60) a predetermined Look-Up-Table (LUT) with the value of said
first threshold (N1) as an input and extracting a corresponding CQI value (CQI_LUT)

- reporting (70) a CQl value to said NodeB, said CQIl value being derived
from a CQIl measured by the UE and said corresponding CQlI value (CQI_LUT).

2. Process according to claim 1 characterized in that it involves more than two
groups of block sizes (N) based on the use of at least two threshold values
comprising the first threshold (N1) and a second threshold (N2) and further
comprising the step of accessing said Look-Up-Table (LUT) with the value of said
second threshold (N2) for the purpose of extracting said corresponding CQI value
(CQI_LUT) used for deriving the CQI value being reported to the Node B.

3. Process according to claim 1 characterized in that the CQI value being reported
to the NodeB is equal to the minimum of the CQl measured by the UE and the
corresponding CQI value (CQI_LUT) extracted from said Look-Up-Table (LUT).
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4. Process according to claim 1 characterized in that it involves the comparison of
said size (N) with the first threshold (N1), a second threshold (N2) and a third
threshold (N3), (with N3 < N2 < N1),

a first group comprising block sizes (N) strictly superior to said first threshold (N1) ;

a second group comprising block sizes (N) inferior or equal to said first and strictly
superior to said second threshold: (N1>= N > N2) ;

a third group comprising block sizes (N) inferior or equal to to said second and
strictly superior to said third threshold (N2>=N > N3) ; and

a fourth group comprising block sizes (N) inferior or equal to said third threshold (N
<= N3).

5. Process according to claim 4 characterized in that a block with a size (N) which
belongs to said second group (N1, N2) is subject to the following processing :

- compute (220) a first Group Block Error Rate (GBLER) representative of the
percentage of errors affecting the blocks belonging to said second group;
- compare (230) said first GBLER with a first predetermined GBLER threshold
(GBLER1);
- if the first Group Block Error Rate (GBLER) of said block is inferior to said first
GBLER threshold (GBLER1), execute the following steps :

- storing (240) said block;

- issuing (250) a NACK message to said NodeB;

- accessing (260) a predetermined Look-Up-Table (LUT) with the value of the

second threshold (N2) as an input and extracting a corresponding CQl value

(CQI_LUT);

- reporting (270) the CQI being the minimum of the CQI measured by the UE
and said corresponding CQI value (CQI_LUT) to said NodeB,;
- if said first Group Block Error Rate (GBLER) of said block shows to be superior
than said first GBLER threshold (GBLER1), follow the steps of:

- decoding (280) said block in order to determine the occurrence of an error
affecting said block;

- issuing (290) a ACK or NACK message in accordance to said decoding
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- accessing (291) said predetermined Look-Up-Table (LUT) with the value of
said second threshold (N2) as an input and extracting a corresponding CQl
value (CQI_LUT)

- reporting (292) a CQI value to said NodeB, said CQI value being derived
from a CQIl measured by the UE and said corresponding CQl value
(CQI_LUT).

6. Process according to claim 5 characterized in that a block with a size (N) which
belongs to said third group (N2, N3) is subject to the following processing :

- compute (320) a second Group Block Error Rate (GBLER) representative of the
percentage of errors affecting the blocks belonging to said third group;
- compare (330) said second GBLER with a second predetermined GBLER
threshold (GBLERZ2) being inferior than said first GBLER threshold GBLERA1;
- if the second Group Block Error Rate (GBLER) of said block is inferior to said first
GBLER threshold (GBLER1), execute the following steps :
- storing (340) said block;
- issuing (350) a NACK message to said NodeB;
- accessing (360) a predetermined Look-Up-Table (LUT) with the value of the
second threshold (N2) as an input and extracting a corresponding CQI value
(CQI_LUT);
- reporting (370) the CQl being the minimum of the CQl measured by the UE
and said corresponding CQI value (CQI_LUT) to said NodeB;
- if said second Group Block Error Rate (GBLER) of said block shows to be superior
than said second GBLER threshold (GBLER2), follow the steps of:
- decoding (380) said block in order to determine the occurrence of an error
affecting said block;
- issuing (390) a ACK or NACK message in accordance to said decoding
- accessing (391) said predetermined Look-Up-Table (LUT) with the value of
said second threshold (N2) as an input and extracting a corresponding CQl
value (CQI_LUT)
- reporting (392) a CQI value to said NodeB, said CQI value being derived
from a CQIl measured by the UE and said corresponding CQIl value
(Cal_Lut
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7. Process according to claim 6 characterized in that a block which belongs to said

fourth group is subject to the following processing :

- decoding (410) said block in order to determining the possible occurrence of an
error affecting said block ;

- issuing (420) a ACK or NACK message in accordance to said decoding

- accessing (421) said predetermined Look-Up-Table (LUT) with the value of said
second threshold (N2) as an input and extracting a corresponding CQIl value
(CQI_LUT)

- reporting (422) a CQl value to said NodeB, said CQI value being derived from a
CQl measured by the UE and said corresponding CQl value (CQI_LUT).

8. Process in accordance with claim 6 characterized in that said first GBLER

threshold (GBLER1) is set to a value approximately equal to 40%.

9. Process in accordance with claim 6 characterized in that said second GBLER
threshold (GBLER2) is set to a value approximately equal to 10%.

10. HSDPA User Equipment (UE) including a receiver for receiving blocks from a

NodeB, characterized in that it further includes:

- means for receiving (10) one block of data;
- means for determining (20) the size (N) associated to said block of data;
- means for comparing (30) the size (N) of said block with at least a first
predetermined threshold (N1);
- means activated when the size (N) shows to be superior than said first threshold
(N1), for executing the following steps :

- storing (40) said block;

- issuing (50) a NACK message to said NodeB;

- accessing (60) a predetermined Look-Up-Table (LUT) with the value of said
first threshold (N1) as an input and extracting a corresponding CQIl value
(CQl_LUTY);

-21-



10

15

20

25

30

WO 2011/003572 PCT/EP2010/004077

- reporting (70) a CQI value being the minimum of a CQl measured by the UE
and said corresponding CQI value (CQI_LUT) to said NodeB.

11. HSDPA User Equipment (UE) according to claim 10 characterized in that said
NACK message is issued without any decoding of said block.

12. HSDPA User Equipment (UE) according to claim 10 characterized in that it
comprises means for comparing the size (N) of the received blocks with at least the
first threshold (N1), a second threshold (N2) and a third threshold (N3), (with N3 <
N2 < N1), thereby creating four distinctive groups:

a first group comprising block sizes (N) superior to said first threshold (N1) ;

a second group comprising block sizes (N) comprised between said first and said
second threshold (N1, N2) ;

a third group comprising block sizes (N) comprised between said second and said
third threshold (N2, N3) ; and

a fourth group comprising block sizes (N) inferior to said third threshold (N3).

13. HSDPA User Equipment (UE) according to claim 12 characterized in that it
further includes means for processing a block belonging to the second group (N1,
N2) which further comprises:
- means for computing (220) a first Group Block Error Rate (GBLER) representative
of the percentage of errors affecting the blocks belonging to said second group;
- means for comparing (230) said first Group Block Error Rate (GBLER) with a first
predetermined GBLER threshold (GBLER1);
- means activated when the first Group Block Error Rate (GBLER) of one received
block belonging to the second group is inferior to said first GBLER threshold
(GBLER1), for executing the following steps :
- storing (240) said block;
- issuing (250) a NACK message to said NodeB;
- accessing (260) a predetermined Look-Up-Table (LUT) with the value of the
second threshold (N2) as an input and extracting a corresponding CQl value
(CQI_LUT),
- reporting (270) the CQI being the minimum of the CQl measured by the UE
and said corresponding CQl value (CQl_LUT) to said NodeB;
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- means activated when said first GBLER of said block shows to be superior than
said first GBLER threshold (GBLER1), for executing the following steps:

- decoding (280) said block in order to determine the occurrence of an error
affecting said block;

- issuing (290) a ACK or NACK message in accordance to said decoding

- accessing (291) a predetermined Look-Up-Table (LUT) with the value of N2

as an input and extracting a corresponding CQlI value (CQI_LUT)

- reporting (292) a CQI value being the minimum of the CQI measured by the

UE and said corresponding CQl value (CQI_LUT) to said NodeB.

14. Equipment according to claim 13 characterized in that it includes means for
processing a block belonging to the third group (N2, N3), which further comprises:

- means for computing (320) a second Group Block Error Rate (GBLER)
representative of the percentage of errors affecting the blocks belonging to said third
group;
- means for comparing (330) said second Group Block Error Rate (GBLER) with a
second predetermined GBLER threshold (GBLER2) being inferior than said first
GBLER threshold GBLERH1;
- means activated when the second Group Block Error Rate (GBLER) of said block
is inferior to said first GBLER threshold (GBLER1), for executing the following
steps :

- storing (340) said block;

- issuing (350) a NACK message to said NodeB;

- accessing (360) a predetermined Look-Up-Table (LUT) with the value of the

second threshold (N2) as an input and extracting a corresponding CQlI value

(CQI_LUT);

- reporting (370) the CQI being the minimum of the CQIl measured by the UE
and said corresponding CQI value (CQI_LUT) to said NodeB;
- means activated when said second GBLER of said block shows to be superior
than said second GBLER threshold (GBLER2), for performing the steps of:

- decoding (380) said block in order to determine the occurrence of an error
affecting said block;

- issuing (390) a ACK or NACK message in accordance to said decoding
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- accessing (391) a predetermined Look-Up-Table (LUT) with the value of N2
as an input and extracting a corresponding CQI value (CQI_LUT)

- reporting (392) CQlI being the minimum of the CQI measured by the UE and
said corresponding CQl value (CQI_LUT) to said NodeB.

15. Equipment according to claim 14 characterized in that it includes means for

processing a block belonging to the fourth group which further comprises:

- means for decoding (410) said block in order to determine the possible
occurrence of an error affecting said block ;

- means for issuing (420) a ACK or NACK message in accordance to said
decoding.

- accessing (421) a predetermined Look-Up-Table (LUT) with the value of the
second threshold (N2) as an input and extracting a corresponding CQI value
(CQI_LUT),

- reporting (422) a CQI value being the minimum of the CQl measured by the UE
and said corresponding CQlI value (CQI_LUT) to said NodeB
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Table 7D: CQI mapping table for UE category 10.

— e e vl Bl
0 N/A Out of range
1 137 1 QPsK 0 28800 O
2 173 1 QPsK o
3 233 1 QaPsK o
4 317 1 QPsK o
5 E744 1 QPsK Y
6 461 1 aPsK o
7 650 2 aPsK 0
8 792 2 arsk o
] 931 2 QPsK o
10 1262 3 QPsK o
1 1483 3 aPskK 0
12 1742 3 QPsK 0
13 2279 4 QPsK o
14 2583 4 QPsK o
15 3319 5 QPsK o
16 3565 5 16-QAM o
17 4189 5 16-QAM o
18 4664 5 16-QAM 0
19 5287 5 16-QAM o
20 5887 5 16-QAM o
21 €554 5 16-QAM o
2 7168 5 16-QAM o
23 9719 7 16-QAM o
24 11418 8 16-QAM o
25 14411 10 16-QAM o
26 17237 12 16-QAM o
27 21754 15 16-QAM o
28 23370 15 16-QAM o
29 24222 15 16-QAM o
30 25558 15 16-QAM o
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Maximum accepted Reported 48 699 6

Index ]| TB SiZJe (N2) CQI 49 711 6
1 137 1 50 724 6
2 149 1 51 737 8
3 161 1 52 751 6
4 173 1 53 764 6
S5 185 1 54 778 6
6 197 1 55 792 7
7 209 1 56 806 7
8 22 1 57 821 7
9 233 2 58 838 7
10 245 2 59 851 7
1 257 2 60 866 7
12 269 2 61 882 7
13 281 2 62 898 7
14 293 2 63 0914 7
15 305 2 64 931 8
16 317 3 65 947 8
17 329 3 66 064 8
18 341 3 67 982 8
19 353 3 68 1000 8
20 365 3 69 1018 8
21 377 4 70 1036 8
22 389 4 71 1055 8
23 401 4 72 1074 8
24 413 4 73 1093 8
25 425 4 74 1113 8
26 437 4 75 1133 8
27 449 4 76 1154 8
28 461 5 77 1175 8
29 473 5 78 1196 8
30 485 5 78 1217 8
3 497 5 80 1239 8
32 508 5 81 1262 9
33 521 5 82 1285 9
34 533 5 83 1308 9
35 545 5 84 1331 9
36 557 5 85 1356 9
37 569 5 86 1380 9
38 581 5 87 1405 9
39 593 5 88 1430 )
40 605 5 89 1456 9
41 616 5 80 1483 10
42 827 5 o1 1508 10
43 839 5 92 1537 10
4 650 6 03 1564 10
45 662 . 94 1593 10
46 674 6 95 1621 10
47 886 6 % 1651 10
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97 1681 10 146 4042 15
98 1711 10 147 4115 15
99 1742 11 148 4189 16
100 1773 1 149 4265 16
101 1805 11 150 4342 16
102 1838 11 151 4420 16
103 1871 11 152 4500 16
104 1805 11 153 4581 16
105 1938 11 154 4664 17
106 1974 11 155 4748 17
107 2010 1 156 4834 17
108 2046 1 157 4921 17
109 2083 11 158 5010 17
110 2121 1 159 5101 17
111 2159 11 160 5183 17
112 2198 11 161 5287 18
113 2238 11 162 5382 18
114 2279 12 163 5480 18
115 2320 12 164 5579 18
116 2362 12 165 5680 18
117 2404 12 166 5782 18
118 2448 12 1687 5887 19
119 2492 12 168 5993 19
120 2537 12 169 6101 19
121 2583 13 170 6211 19
122 2630 13 171 6324 19
123 2677 13 172 6438 19
124 2728 13 173 6554 20
125 2775 13 174 6673 20
126 2825 13 175 6793 20
127 2876 13 176 6916 20
128 2928 13 177 7041 20
129 2981 13 178 7168 21
130 3035 13 179 7298 21
131 3090 13 180 7430 21
132 3145 13 181 7564 21
133 3202 13 182 7700 21
134 3260 13 183 7840 21
135 3319 14 184 7981 21
136 3379 14 185 8125 21
137 3440 14 186 8272 21
138 3502 14 187 8422 21
139 3565 15 188 8574 21
140 3630 15 189 8729 21
141 3695 15 190 8888 21
142 3762 15 191 9047 21
143 3830 15 192 9210 21
144 3899 15 193 9377 21
145 3970 15 194 9546 21
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195 9718 22 244 23370 27
196 9894 22 245 23792 27
197 10073 2 246 24222 28
198 10255 2 247 24659 28
198 10440 2 248 25108 28
200 10629 22 249 25558 29
201 10821 22 250 26020 29
202 11017 22 251 26490 29
203 11216 2 252 26969 29
204 11418 23 253 27456 29
205 11625 23 254 27952 29
208 11835 23
207 12048 23
208 12266 23
209 12488 23
210 12713 23
21 12943 23
212 13177 23
213 13415 23
214 13657 23
215 13904 23
216 14155 23
217 14411 24
218 14671 24
219 14936 24
220 15206 24
221 15481 24
222 15761 24
23 16045 24
224 16335 24
25 16630 24
26 16931 24
27 17237 25
228 17548 25
229 17865 25
230 18188 25
231 18517 25
232 18851 25
233 19192 25
234 19538 25
235 19891 25
236 20251 25
237 20617 25
238 20989 25
239 21368 25
240 21754 26
241 22147 26
242 22548 26
243 22955 26
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