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Patentamt 80298 MUNICH
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Patent Office
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Questions about this communication ?
Contact Customer Services at www.epo.org/contact

Nederlandsch Octrooibureau
P.O. Box 29720

2502 LS The Hague
NETHERLANDS

Date

08.08.2017

Reference

Application No./Patent No.
03796549.8 - 1903 / 1573923

Applicant/Proprietor
INTERDIGITAL TECHNOLOGY CORPORATION

Your request dated

Your request cannot be granted anymore, since
m the patent application has been refused or withdrawn or is deemed to have been withdrawn.

[ the period for filing an opposition against the granted patent has expired or opposition proceedings
before the EPO have been completed. The matter is now the sole responsibility of the national Offices
of the designated Contracting States (see Articles 2(2), 64 EPC and Guidelines A-XI, 4).

If you do not agree with this finding, you may apply for an appealable decision within a period of two
months from notification of this communication. If you do not apply for a decision within the prescribed
period, your request will be placed on file and any administrative fee paid will be reimbursed.

For the Legal Division
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Acknowledgement of receipt

We hereby acknowledge receipt of the following subsequently filed document(s):

Submission number 5478400

Application number EP03796549.8

Date of receipt 25 July 2017

Receiving Office European Patent Office, The Hague

Your reference P6069593EP1

Applicant All applicants as on file

Documents submitted package-data.xml ep-sfd-request.xml

epf1038.pdf (1 p.) FREP-1.pd\P6069593EP1_20170724

-113415_Correspondence_to_Authorit
y_.pdf (1 p.)

Submitted by CN=Willem Niesing 45128

Method of submission Online

Date and time 25 July 2017, 11:01 (CEST)

receipt generated

Message Digest 51:3A:57:32:40:BA:C0:51:21:54:50:7E:EB:EE:DA:E7:81:CB:EF:43

Correction by the EPO of errors in debit instructions filed by eOLF

Errors in debit instructions filed by eOLF that are caused by the editing of Form 1038E entries or the continued use of outdated
software (all forms) may be corrected automatically by the EPO, leaving the payment date unchanged (see decision T 152/82,
OJ EPO 1984, 301 and point 6.3 ff ADA, Supplement to OJ EPO 10/2007).

/European Patent Office/

Acknowledgement of receipt - application number EP03796549.8 Page 1 of 1
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Representative:

Nederlandsch Octrooibureau
513

P.O.Box 29720

2502 LS The Hague
Netherlands

Office européen
des brevets

Phone: 070-3312500
Fax: 070-3527528
E-mail: patent@nlo.eu

Letter accompanying subsequently filed items

80298 Munich
Germany
Tel. +49(0)89 2399-0 | Fax -4465

P.O. Box 5818

2280 HV Rijswijk

Netherlands

Tel. +31(0)70 340-2040 | Fax -3016

10958 Berlin
Germany
Tel. +49(0)30 25901-0 | Fax -840

The document(s) listed below is (are) subsequently filed documents pertaining to the following application:

Application number

Applicant's or representative's reference

03796549.8

P6069593EP1

Description of document

Original file name

Assigned file name

1 | Document concerning representation

espondence_to_Authority_.pdf

P6069593EP1_20170724-113415_Corr

FREP-1.pdf

Payment
1 Mode of payment Not specified
Signatures
Place: The Hague
Date: 25 July 2017
Signed by: Willem Niesing 45128
Association: Nederlandsch Octrooibureau

Representative name:

Capacity:

P6069593EP1

NIESING, Willem

(Representative)
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Our ref:
Re:

EUROPEAN PATENT AND
TRADEMARK ATTORNEYS www.nlo.eu

European Patent Office

c/o P.O. Box 5818

2280 HV RIJSWIJK European Patent Office
c/o P.O. Box 5818

2280 HV RIJSWIJK

Ede, 24 July 2017
P6069593EP1
European patent application 03796549.8
Subject: Detection, avoidance and/or correction of problematic puncturing patterns in parity bit
streams used when implementing turbo codes
In the name of: InterDigital Technology Corporation/ Signal Trust for Wireless Innovation

Dear Sir/Madam,

With respect to the above indicated patent application please be informed that our office took over the
representation of the above subject case. Our association number is 513.

Therefore, please send all further correspondence in this matter to the following address and use the
above mentioned NLO reference P6069593EP1:

Nederlandsch Octrooibureau
P.O. Box 29720

2505 LS The Hague

The Netherlands

tel.: +31 (0)70 331 25 00
fax: +31 (0)70 352 75 28

Please have the change of representation registered.

Yours faithfully,

Patents  F +31(0)70 352 75 28 | E patents@nlo.eu Trademarks F +31(0)70 352 75 89 | E trademarks@nlo.eu

N.V. Nederandsch Octrooibureau is registered with the Dutch Chamber of Commerce under no. 27263335. The General Terms and Conditions apply to all services,
see https://nlo.eu/gtc_nlo_nv

NLO Shieldmark B.V. is registered with the Dutch Chamber of Commerce under no. 24176200. The General Terms and Conditions apply to all services,

see https:/nlo.eu/gtc_nlo_shieldmark

NLO bvba is registered in RPR Gent— Gent department under BE 0633692486. The General Terms and Conditions apply to all services,

see https://nlo.eu/gtc_nlo_bvba
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European Patent Office
Patentamt Postbus 5818
European 2280 HV RIJSWIJK
Patent Office NETHERLANDS

| 6 Tel. +31 (0)70 340-2040
2:\::; curopéen Fax +31 §037o 340-3016

this communication:

Johansson, Magnus Tel.:+31 (0)70 340 45 00
Awapatent AB

Jarnvagsgatan 10 A

Box 1066

251 10 Helsingborg

SUEDE

Date
03.01.11

Reference Application No./Patent No.

03796549.8 - 1228 / 1573923

Applicant/Proprietor
INTERDIGITAL TECHNOLOGY CORPORATION

Refund of fees

The following fee(s) was/were paid in respect of the application 03796549.8:

Fee Reference Voucher No Date  Currency Amount

Renewal fee 038 00972365 15.12.10 EUR 1 155,00

According to the present state of the file the refund will be made by:

CREDITING THE DEPOSIT ACCOUNT 28050043 CPA Computer Patent Annuities Ltd.

Amount refundable: Reference Currency = Amount Voucher No

038 EUR 1.155,00 00392260
Reason for refund: Closure of the application took legal effect on 22.06.10

The Authorising Officer

Rey ones Patenz,
.;b\ {a
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EPO Form 2907 12.07
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Europiisches
Patentamt

European
Patent Office
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Closure of the procedure in respect of application No. 03796549.8 - 1228 04.11.10

1. The procedure in respect of the above application is closed for the following reason:

ADWI 11/26.07.10 The time limit under Rule 112(2) EPC has expired.

2. The EPASYS situation has been verified in respect of item 1:

DFIL: 03.12.03
NOAP: /il
RDEC: /il
RFPR: //

REES: //f

No request for a decision under Rule 112(2), or for further processing under
Article 121 EPC or for re-establishment of rights under Article 122 EPC has
been filed.

DEAD

REFU 3/ADWI 3 and DEAD 1 coded. Date of legal effect 22:06-2010

3. Position regarding fees:

FEFSO1
DEST03
EXAMO2
CLMS(2)
FFEEO1
RFEE 03
RFEE 04
RFEE 05
RFEE 06
RFEE 07
ASOC03

[0 3.1 Form 2058A submitted to 1st examiner (if applicable)
O 3.2 Refund(s) ordered:

O 75% Exam fee

002
005
006
015
020
033
034
035
036
037
055

00396439
00396439
00396439
00396439
00396439
00722555
00770496
00786335
00421056
00842994
00396439

4. Mark "DEAD" on the paper file and:

17.06.05
17.06.05
17.06.05
17.06.05
17.06.05
156.12.05
13.12.06
12.12.07
31.03.08
11.12.09
17.06.05

[0 Other fees:

EUR
EUR
EUR
EUR
EUR
EUR
EUR
EUR
EUR
EUR
EUR

552,00
525,00
1 430,00
1 520,00
160,00
380,00
425,00
450,00
745,00

1 000,00
20,00

[0 Check whether a divisional application is pending and if so attach the DEAD file to it.

[0 Any models still in the Office's possession were returned on
(for dealing with models, please refer to Fil d'Ariane).

[J Submititto 1st examiner if a request for feedback is present.
O Keep paper file in file store (separate place) until next action for file destruction.

05-11-2010
Date

Flasshar, Claudia

Formalities Officer

To 1st examiner/Director for information :

Van Staveren M

room S08A28

EPO Form 2058 12.07
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European Patent Office
Patentamt Postbus 5818
European 2280 HV RIJSWIJK
Patent Office NETHERLANDS
| 6 Tel. +31 (0)70 340-2040
2:\::; curopéen Fax +31 §037o 340-3016

this communication:

Johansson, Magnus Tel.:+31 (0)70 340 45 00
A-‘-Nap?'tent AB Flasshar, Claudia 4789
Jarnvagsgatan 10 A

Box 1066

251 10 Helsingborg

SUEDE

Date

26-07-2010

Reference Application No./Patent No.

03796549.8 - 1228 / 1573923

Applicant/Proprietor

INTERDIGITAL TECHNOLOGY CORPORATION

Noting of loss of rights pursuant to Rule 112(1) EPC

The European patent application is deemed to be withdrawn under Article 94(4) EPC, because the
invitation to file observations on the communication from the Examining Division dated 09.12.09 was not
complied with.

Means of redress

Request for a decision (R. 112(2) EPC)

If the applicant considers that the finding of the European Patent Office is inaccurate, he may, within a
(non-extendable) period of two months after notification of this communication, apply in writing for a
decision on the matter. The application can only lead to the finding being reversed if this does not actually
correspond to the factual or legal situation.

Further processing (Art. 121 EPC)

The legal consequence of the failure to observe the time limit shall be deemed not to have ensued fif,
within a (hon-extendable) period of two months after notification of this communication, further
processing is requested by payment of the fee prescribed under Article 2(12) of the Rules relating to Fees
and the omitted act is completed (R. 135(1) EPC).

Important note to users of the automatic debiting procedure

The fee for further processing will be debited automatically on the day on which the above-mentioned
omitted act is completed (see Arrangements for the automatic debiting procedure, Supplement to OJ EPO
3/2009).

For the Examining Division
s Pate,
.;s\‘bs‘“e nfa,,,’
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Flasshar, Claudia

Registered letter
EPO Form 2021A 12.07 (19/07/10) ADWI 11
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European Patent Office
Patentamt Postbus 5818
European 2280 HV RIJSWIJK
Patent Office NETHERLANDS

| 6 Tel. +31 (0)70 340-2040
2:\::; curopéen Fax +31 §037o 340-3016

this communication:

Johansson, Magnus Tel.:+31 (0)70 340 45 00
Awapatent AB

Jarnvagsgatan 10 A

Box 1066

251 10 Helsingborg

SUEDE

Date
13.04.10

Reference Application No./Patent No.

03796549.8 - 1228 / 1573923

Applicant/Proprietor
INTERDIGITAL TECHNOLOGY CORPORATION

Extension of time limit pursuant to Rule 132(2) EPC

Examination procedure

With reference to your request, the time limit for replying to the communication according to Article
94(3) EPC dated 09.12.09 has been extended

by 2 months
to atotalof 6 months

from the date of notification of the above-mentioned communication.

Please note: To the extent that your request exceeded the above extension, your request has
been refused.

Note

The granting of extensions to time limits is governed by the Implementing Regulations to the
EPC and the Guidelines for Examination in the EPO, part E-VIII, 1.6.

If no reply to the communication is received in due time, the European patent application
will be deemed to be withdrawn (Art. 94(4) EPC).

For the Examining Division
s Pate,
-@\SG\\G Man,
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O1ng 9130

Lahrech, Mohamed

EPO Form 2944A 12.07 08.04.10
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Acknowledgement of receipt

We hereby acknowledge receipt of the following subsequently filed document(s):

Submission number 795038

Application number EP03796549.8

Date of receipt 07 April 2010

Receiving Office European Patent Office, The Hague

Your reference PC-EP-21020363

Applicant All applicants as on file

Documents submitted package-data.xml ep-sfd-request.xml

epf1038.pdf (1 p.) EXRE92-1.pd\20100406_21020363_

Request for extension of time limit.pdf
(1p.)

Submitted by CN=M. Johansson 6572,0=Awapatent AB,C=SE

Method of submission Online

Date and time 07 April 2010, 13:22 (CEST)

receipt generated

Message Digest AC:22:F2:21:AF:2D:F2:45:88:CA:A4:D1:A9:C6:6F:7F:93:1D:3D:2F

Correction by the EPO of errors in debit instructions filed by eOLF

Errors in debit instructions filed by eOLF that are caused by the editing of Form 1038E entries or the continued use of outdated
software (all forms) may be corrected automatically by the EPO, leaving the payment date unchanged (see decision T 152/82,
OJ EPO 1984, 301 and point 6.3 ff ADA, Supplement to OJ EPO 10/2007).

/European Patent Office/

Acknowledgement of receipt - application number EP03796549.8 Page 1 of 1
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Européisches

Office européen
des brevets

Sender:

Mr Magnus Johansson
AWAPATENT AB

Box 1066

251 10 HELSINGBORG
Sweden

Phone: +46 42 32 99 00
Fax: +46 42 32 99 01
E-mail: mail@awapatent.com

Patentamt
European . . .
0) Patent Office Letter accompanying subsequently filed items

80298 Munich
Germany
Tel. +49(0)89 2399-0 | Fax -4465

P.O. Box 5818

NL-2280 HV Rijswijk

Netherlands

Tel. +31(0)70 340-2040 | Fax -3016

10958 Berlin
Germany
Tel. +49(0)30 25901-0 | Fax -840

The document(s) listed below is (are) subsequently filed documents pertaining to the following application:

Application number

Applicant's or representative's reference

03796549.8

PC-EP-21020363

Description of document

Original file name

Assigned file name

examination procedure

1 |Request for extension of time limit during 20100406_21020363_Request for

extension of time limit.pdf

EXRE92-1.pdf

Signatures

Place:
Date:
Signed by:
Capacity:

Helsingborg
07 April 2010
SE, Awapatent AB, M. Johansson 6572

(Representative)
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Helsingborg EUROPEAN PATENT OFFICE
6 April 2010 DE-80298 MUNCHEN

Handled by
Magnus Johansson/MKK

Our ref.

PC-EP-21020363
FILED VIA EPOLINE ONLINE FILING

European Patent Application No. 03796549.8
in the name of INTERDIGITAL TECHNOLOGY CORPORATION

Dear Sirs,

Under the provisions of Rule 132 EPC, I hereby request a two-month extension of the time

limit for responding to your Article 94(3) Communication dated 09.12.2009.

Yours faithfully,

/Magnus Johansson/
Professional Representative

AWAPATENT AB
HELSINGBORG VAT No. SE556082702301
Jarnvigsgatan 10 A, 3 tr Telephone +46 42 32 99 00 MAILMO (Head office and registered office)
Box 1066 Fax +46 423299 01 STOCKHOLM COPENHAGEN SODERHAMN
SE-251 10 HELSINGBORG  Email mail@awapatent.com GOTEBORG VAXIO OSTERSUND

SWEDEN Homepage www.awapatent.com LINKOPING JONKOPING MUNICH
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Datum Blatt Anmelde-Nr.:
Date 09.12.2009 Sheet 1 Application No.: 03 796 549.8

Date Feuille Demande n®:

The examination is being carried out on the following application documents:

Description, Pages

1-38 filed with entry into the regional phase before the EPO

Claims, Numbers

1-6 received on 26.10.2009 with letter of 26.10.2009

Drawings, Sheets

1/21-21/21 filed with entry into the regional phase before the EPO
1. In response to the letter of reply of 26.10.2009:
2. The following document (D) is cited. A copy of the document is annexed to the

communication and the numbering will be adhered to in the rest of the procedure:
D1 =ETSITS 125 212 V5.1.0 (2002-06).

3. Figure 10 of this application is identical to D1, figure 17. Some figures of this
application are identified as "prior art", but figure 10 has been presented as being part of
the invention. As D1, fig. 17 is completely identical to figure 10 of this application, it is clear
that the applicant was aware of D1 (or of an earlier version which also showed this figure)
at the time of filing. The applicant is requested to explain why a proper prior art source for
figure 10 of the application was not provided at the time of filing; see Rule 42(1)(b) EPC.

EPA Form 2906 12.07CSX

IPR2023-01272 Page 14



Datum Blatt Anmelde-Nr.:

Date 09.12.2009 Sheet 2 Application No.: 03 796 549.8
Date Feuille Demande n®
4. It appears that large parts of the description of the present application are identical

to parts of D1. For example, the description starting in par. [0130] of this application is
highly similar to that starting in par. 4.5.4 of D1.

The applicant should therefore acknowledge D1 (see Rule 42(1)(b) EPC), and identify
which parts of this application have been taken from D1.

5. D1, figure 17 shows a bit separation circuit,a virtual IR buffer and a rate matching
unit as defined by claim 4 of this application.

Claim 4 defines that the virtual buffers buffers a "portion" of the interleaved systematic bits
and the interleaved first and second parity bit streams in case in case the totality of
interleaved bits is larger than the virtual buffer. This is the same as D1 (see 4.5.4.2), but
the term "portion" allows that e.g. all systematic bits are discarded. The application as filed
provides not basis for this term, and claim 4 is therefore contrary to Art. 123(2) EPC.

Furthermore, claim 4 now defines that there are three interleavers (for the systematic and
first and second parity streams) between the bit separator and the virtual buffer. The letter
of reply of 26.10.2009 points to paragraphs [0084] and [0085] of the application. In par.
[0085] it is stated "The functionality of the channel interleaver can be incorporated into the
rate-matching block interleaver. This can be accomplished by adding additional constraints
to the rate-matching block Interleaver (those defined by the channel interleaver) when the
interleaver is designed. This however wil require an additional interleaver for the
systematic bits". It is not clear how this could provide a basis for the definition of the first,
second and third interleavers in claim 4.

Also for this reason claim 4 is contrary to Art. 123(2) EPC.
The same objections under Art. 123(2) EPC apply, mutatis mutandis, to claim 1.

6. Claim 4 defines twice, in the definition of the virtual buffer, that something is, or is
not, done "on a condition that the number of bits is larger [resp. not larger] than the virtual
buffer". However, claim 4 does not define means that would allow the unit to determine
which of the conditions is satisfied. Indeed, in par. [0136] of this application (which is
identical to D1, par. 4.5.4.2, second paragraph) it is stated that "the number of soft bits

EPA Form 2906 12.07CSX

IPR2023-01272 Page 15



Datum Blatt Anmelde-Nr.:
Date 09.12.2009 Sheet 3 Application No.: 03 796 549.8

Date Feuille Demande n®:

available in the virtual IR buffer is N,z which is signaled from higher layers for each HARQ
process". It thus appears that claim 4 lacks the features that allow the claimed unit to
obtain such signalling from higher layers. Therefore claim 4 (and also claim 1) are not
supported, which is contrary to Art. 84 EPC.

7. From par. [0084] of this application it is clear that interleaving before rate matching
is an alternative to modification of the puncturing pattern. Therefore, the parts of the
description that refer to modification of the puncturing pattern must be removed from the
application.

8. In view of the above objections, examination under Art. 52(1) EPC is presently not
feasible.

9. The attention of the applicant is drawn to the fact that the application may not be

amended in such a way that it contains subject-matter which extends beyond the content
of the application as filed (Article 123(2) EPC).

M. van Staveren

EPA Form 2906 12.07CSX
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The examination of the above-identified application has revealed that it does not meet the requirements of the
European Patent Convention for the reasons enclosed herewith. If the deficiencies indicated are not rectified

the application may be refused pursuant to Article 97(2) EPC.

You are invited to file your observations and insofar as the deficiencies are such as to be rectifiable, to correct

the indicated deficiencies within a period

of 4 months

from the notification of this communication, this period being computed in accordance with Rules 126(2) and
131(2) and (4) EPC. One set of amendments to the description, claims and drawings is to be filed within the

said period on separate sheets (R. 50(1) EPC).

Failure to comply with this invitation in due time will result in the application being deemed to be

withdrawn (Art. 94(4) EPC).
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CLAIMS

1. A method of rate matching for turbo coded transport channels in

wireless communications, the method comprising:

separating bits in a transport block into first, second and third code

blocks,

interleaving turbo encoded systematic bits_ arranged in the first code block:

interleaving a_first turbo encoded _parity bit stream_arranged in the

second code block;

interleaving a second turbo encoded parity bit stream_arranged in the
third code block;

buffering the interleaved systematic bits, the interleaved first parity bit
stream and the interleaved second parity bit stream in a virtual buffer whes-on

a_condition that the number of bits of the interleaved systematic bits, the

interleaved first parity bit stream and the interleaved second parity bit stream is
not larger than the virtual buffer;

buffering a portion of the interleaved systematic bits, the interleaved first
parity bit stream and the interleaved second parity bit stream when—on a

condition that the number of bits of the interleaved systematic bits, the

interleaved first parity bit stream and the interleaved second parity bit stream is
larger than the virtual buffer; and
using a rate-matching unit to perform rate matching on atJeast-enean

output of the virtual buffer.

2. The method of claim 1 wherein the buffered portion includes all of

the interleaved systematic bits.

3. The method of claim 1 further comprising:
collecting bits associated with the interleaved systematic bits, the

interleaved first parity bit stream and the interleaved second parity bit stream.

-53a-
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4, A wireless transmit/receive unit, WTRU, arranged to communicate

via turbo coded transport channels, the WI'RU comprising:

a bit separation circuit configured to separate bits in a transport block into

first, second and third code blocks,

a first interleaver configured to interleave turbo encoded systematic bits

arranged in the first code block;

a second interleaver configured to interleave a first turbo encoded parity

bit stream arranged in the second code block;

a third interleaver configured to interleave a second turbo encoded parity

bit stream arranged in the third code block;

a virtual buffer configured to:
buffer the interleaved systematic bits, the interleaved first parity

bit stream and the interleaved second parity bit stream when-on a condition that

the number of bits of the interleaved systematic bits, the interleaved first parity
bit stream and the interleaved second parity bit stream is not larger than the
virtual buffer; and

configuredto-__ buffer a portion of the interleaved systematic bits, the
interleaved first parity bit stream and the interleaved second parity bit stream

when-on a condition that the number of bits of the interleaved systematic bits,

the interleaved first parity bit stream and the interleaved second parity bit
stream is larger than the virtual buffer; and
a rate matching unit configured to perform rate matching on at-least

enean output of the virtual buffer.

5. The WTRU of claim 4 wherein the buffered portion includes all of

the interleaved systematic bits.

6. The WTRU of claim 4 further comprising:

-53b-
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a bit collection unit configured to collect bits associated with the
interleaved systematic bits, the interleaved first parity bit stream and the

interleaved second parity bit stream.

-53¢-
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European Patent Application No 03796549.8
in the name of INTERDIGITAL TECHNOLOGY CORPORATION

Dear Sirs,

In response to the Communication dated June 22, 2009 I hereby submit amended claims 1-6
as full replacement for claims 1-6 presently on file together with my observations.
Amendments

In the enclosed claims set, the following amendments have been made:

Claim 1 has been amended to relate to “4 method of rate matching for turbo caded

transport channels in wireless communications...”. Support for the amendment is found e.g.

in paragraph [0031] of the PCT application, disclosing rate matching for a turbo coded
transport channel in the form of a High Speed Downlink Shared Channel (HSDSCH).

Claim 1 has been further amended in that it now discloses “separating bits in a

transport block into first, second and third code blocks”. Support for the amendment is

found e.g. in paragraph [0049] and in Fig. 10 disclosing the separation of a bit stream “C”
into three bit streams by means of a bit separation unit.

Claim 1 has been further amended in that it now clearly discloses “interleaving turbo
encoded systematic bits”, “interleaving a first turbo encoded parity bit stream”, and
”interleaviﬁg a second turbo encoded parity bit stream”. Support for the amendments are
found in paragraphs [0084] and [0085] disclosing interleaving of the systematic bits and the

parity bit streams.
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Jarnvagsgatan 10 A, 3 tr Telephone +46 42 32 99 00 MALMO (Head office and registered office) .
Box 1066 Fax +46 42 32 99 01 STOCKHOLM COPENHAGEN SODERHAMN
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Claim 1 has been clarified in that the phrase “...ar least one...” has been changed to
“an”. Support for the amendment is found e.g. in Fig. 10 which clearly discloses a rate
matching unit (620) which is connected to the outputs of the virtual buffer.

Claim 4 has been amended in correspondence with claim 1.

Claim 4 has been further amended to disclose: “a virtual buffer configured to. buffer

the interleaved systematic bits... when on a condition that the number of bits ... is not larger
than the virtual buffer; and eonfigured-te buffer a portion of the interleaved systematic

bits... when on a condition that the number of bits ... is larger than the virtual buffer”. By

this clarifying amendment, it is trusted that the clarity objection raised under item 4 of the

Communication has been met.

Arguments
Re Added subject-matter

Item 2 of the Communication
The Examiner states that claims 1 and 4 presently on file do not relate to the objective stated

in the application text (paragraphs {0025] and [0026]). However, the objective of the present
invention according to the above paragraphs is inter alia to avoid problematic puncturing
patterns. More specifically, in paragraph [0049] (referring to Fig. 10) it is stated that
periodicities in the puncturing pattern have shown to degrade the Turbo code performance.
One way to combat this is, as disclosed in paragraph [0084], to interleave the parity bits
before rate-matching occurs. This is also applicable, as disclosed in paragraph [0085], to the
systematic bits. After interleaving the bits are received in a buffer as disclosed in paragraph
[0131].

In view of this, amended claim 1 now specifies the environment in which the rate
matching occurs, i.. in “turbo coded transport channels in a wireless communications” and
also specifies that it is “rurbo encoded” systematic bits and parity streams that are
interleaved. The bit streams are hence no longer unspecified.

Additionally, given that the objective is to avoid problematic puncturing patterns and
that this is achieved through interleaving the way the rate matching is performed not
essential. It must be considered implicit that rate matching simply matches the number of
transport channel bits to the bits available in a physical channel radio frame by repeating or

puncturing bits in the bit stream on a transport channel.
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I trust that the objections raised under item 2 of the Communication hereby have been

met.

Item 3 of the Communication
The Examiner objects that according to the present wording of claims 1 and 4, the bit

streams may be infinitely long and that this infroduces subject-matter in violation of Article
123(2) EPC.

According to amended claims 1 and 4, bits are arranged in a transport block and are
separated into code blocks for further processing. By amended claims 1 and 4, it is thus clear
that the size of the bit streams and the virtual buffer may vary but are restrained to the block
size defined in the applicable standard (e.g. paragraph [0068] in the present application
discloses that the MAC layer may decide on the appropriate size of the transport blocks).

I trust that the objections raised uider item 3 of the Communication hereby have been

met.

Item 5 of the Communication
The Examiner considers that the reference to “a portion” of interleaved streams and to “at

least one output of the virtual buffer” lacks a basis in the original application in violation of
Article 123(2) EPC.

Paragraph [0137] of the present application discloses that if all coded bits of the
corresponding TTI can be stored, the first rate matching stage shall be transparent, i.e. if the
bit streams are less than or equal to the size of the virtual buffer, the buffer will store all bits
without overflow. The opposite is disclosed in paragraph [0138] which states that the parity
bit streams are punctured if the size of the buffer is smaller than the parity bit streams, i.¢.
the buffer will only store a portion of the bit streams (the rest is removed by puncturing).

Consequently, the description provides a basis for the term “portion” which hence not
introduces any new subject-matter into the application.

Moreover, by the above mentioned amendment of claim 1 of “atfeast-onean output
of the virtual buffer”, it is clear that the objection regarding added subject-matter in respect
of the virtual buffer has been met.

Assuredly, Fig. 10 shows three outputs from the buffer that are connected to a rate
matching unit. However, it is put forward that it would be an unfair restriction to only allow
the claims to cover exactly three outputs considering that the exact number of outputs not is

essential for the achieving the objected as presently formulated.
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Requests

In view of the above, favourable action based on the new claims is hereby respectfully
requested. In the event that the Examiner is not prepared to issue a communication in
accordance with Rule 71(3) with regard to the new set of claims 1-6, I respectfully request
an additional opportunity to submit amendments and/or arguments under Article 94(3) EPC,
Rule 71(1) EPC and Guidelines C-VI 4.3, Alternatively, at the choice of the Examiner, I am
prepared to discuss the case during an informal telephone conversation. As an auxiliary

measure only, oral proceedings are requested.

Yours faithfully,
/Magnus Johansson/

Professional Representative
AWAPATENT AB

Encl. Amended claims 1-6
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Datum Blatt Anmelde-Nr.:
Date 22.06.2009 Sheet 1 Application No.: 03 796 549.8

Date Feuille Demande n®:

The examination is being carried out on the following application documents:

Description, Pages

1-38 filed with entry into the regional phase before the EPO

Claims, Numbers

1-6 received on 23.01.2009 with letter of 21.01.2009

Drawings, Sheets

1/21-21/21 filed with entry into the regional phase before the EPO

1. Inresponse to the letter of reply of 21.01.2009:

2. Asis clear from the introduction of this application, in particular from paragraphs
[0025] and [0026], the objective of the invention is to avoid problematic interactions
between a turbo encoder output and puncturing in following rate matching stages.

Claims 1 and 4 as presently on file do not relate to this objective. They merely refer to
undefined "systematic" and "parity" bit streams, which are not necessarily the result of
turbo encoding. They also refer to "rate matching" without defining how the rate matching
would be done in view of said objective.

Therefore, claims 1 and 4 are contrary to Art. 123(2) EPC.

3.  Furthermore, claims 1 and 4 refer to "the number of bits" of the systematic and parity

EPA Form 2906 12.07CSX

IPR2023-01272 Page 27



Datum Blatt Anmelde-Nr.:
Date 22.06.2009 Sheet 2 Application No.: 03 796 549.8

Date Feuille Demande n®:

bit streams, without defining what this means. In particular, claims 1 and 4 do not refer to
any frame size, and therefore appear to refer to the total number of bits in bit streams that
can in principle be infinitely long. Therefore claims 1 and 4 are contrary to Art. 123(2) EPC
for this reason, too.

4.  Claim 4 defines a "wireless transmit/receive unit" that comprises a virtual buffer that
may be configured in two possible ways. Claims 4 does not define that the claimed device
would be able to configure itself based on a virtual buffer size, so that it is not clear what
claim 4 defines, contrary to Art. 84 EPC.

5. Claim 1 refers to "a portion" of interleaved streams, and to "at least one output of the
virtual buffer”. It is not clear what the basis is for this definition in the original application,
which means that this aspect of claim 1 is contrary to Art. 123(2) EPC, likewise.

6. Inview of the above objections, further examination under Art. 52(1) EPC is currently
not feasible.

The attention of the applicant is drawn to the fact that the application may not be amended

in such a way that it contains subject-matter which extends beyond the content of the
application as filed (Article 123(2) EPC).

Dr. ir. M.P.J. van Staveren

EPA Form 2906 12.07CSX
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Failure to comply with this invitation in due time will result in the application being deemed to be
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What is claimed s

stages for processing a plurality of individual parity bit streams derived th ii
punchuring & selected number of bits, a method of avoiding problema# Turbo
code puncluring patterns, the method comprising: s

{a} determining whether or not a desired code zate, usgh " process the
parity bif siveams, results in a problematic puncturing patj érn; and

(b} if a problematie puncluring pattern results iy {a), adjusting the
number of bits punctured in each of the parity bit fres ms by increasing the
number of bits punciured in one of the parity bj¥ streams and decreasing the
nurnber of bits punctured in another one of the parity bit sireams,

2. The method of ¢laim 1 ¥ » degradations in the guality of
yunciured ervor correction coded ,,{ missions having a first group of parity 1
{P1} bits and & second group r-i 2 (P2} bits are identified, and step (B)
further comprises:

{(41) sdding punety o bits to the first group of P1 bits; and

(52) removing pnctured bits from the secand group of P2 bits, wherein the
puncturing rates pf im P1 and P2 bits are biased by adding a number of non-
punctured F1 b to the first group and decreasing the numbsr of non-punctured
P2hitsin group by the nuber of non-punciured P1 bits added tothe
first ;_.-»‘"

iy SU
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Qe 4{,1§

B2 | e s

{c} determining s rumber of bits Nusing ' 4J wherein Zis thy
number of bits at the input to each branch of rate matching and P is

number of the P1 and P2 bits at the output of rate matching; and

~

el 47 LR b
3 AR IS BLANES SLA . wul
{d}if T §<1 2+[2J caloulate the bias

Lo |
A= mx} i P P I 1l otherwisesetA=0.
ﬁmw g 272 {18+
i ] 2

4. The method of claim 3, wherein gon-puncluring patterns with &

period of 7N/2 cause degradation in perfoy fasnce results and A is & whole

number,

5. 'Themethod of claim 4 whedein the periods will be employed whenever

the average non-puncturing periogfof P1 or P2 bits is within =1 or 234 of TH/2 fox

even and odd N respectively. /

8. In & cosumuy tians system employing a plurality of rate matching
stages for processing a flurality of individual parity bit streams derived through
punciuriog a select * of bits, & method of aveiding problematic Turbo
cods punciuring P mss the method comprising:

{a} n ¢ the number of bits punctured in each of the parity bit stresams
by im:reasine number of bits punctured in one of the parily bif stresms and
decrease number of bits punctured in another one of the parity bit streams;

and

V4

(b} adjusting the puncturing rates of each of the parity bit streams

-40-
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puncturing rates.

7. The methed of claim § whersin degradations in the ity of
punciured error correction coded fransmissions having g first gre parity 1
{P1) bits and a second group of parity 2 (P2) bits are identified, yep (a) further

f:emgnses‘
a1} adding punctured bits to the first group of P1 b; &; ami

xax} removing punctured bits from the second gmu fof P2 bits; and step (b}
further comprises:

{b1) bissing the punciuring rates of the P1 ang 2 E}:ts by adding s number
of non-punstured P1 bits to the first group ami 4 creamg the number of non-
punciured P2 bits in the second group by the giinber of nop-punctured P1 bits
added to the first group. f

8. The method of claim 7 fugther gornprising:

{

. N
{¢} deterniining a nuwmber gt bits N using L7P 2] wherein 7 is the
number of bits at the input tghach branch of rate matching and P is the total

number of the Pl and P2 sy £s at the output of rate matching; and.

ol F ?N LR .
3 e : h
@y }-—v€ 75 7 <I- +i 5 j caleulate the bias

o
&,_,Em' P,:ﬁ“ L1}, otherwise seta =0,
[
‘ {z 2

f

41~
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period of 7H/2 cause degradation in performance results and ¥ is a _-;‘i
nuraber,

0. The method of claim § wherein the periods will ¥o employed
whenever the average non-puncturing period of P1 or P2 bits is y fithin +1 or 234

of 7Rf2 for even and odd N respectively.

rate; and ,

{6} adjusting a value for anticipated dedradation in accerdance with the
matching of the puncturing pattern and thé v- particular code rate by increasing
and decreasing the number of bits pungfured in respective parity bit streams,
and biasing the particular code rate. / :

12, The method of clajh 11 wherein degradations in the quality of
punctured error correction co ¢ trapsmissions having a first group of parity 1

{(P1} bits and = second groyh of parity 2 (P2) bits are identified, and step (b}

farther comprises:
(b1} adding pungtured bits to the first group of P1 bils;

b2y removing unctm‘ed bits from the second group of P2 bils; and

adding 2 number of non-punctured P1 bits fo the first group; and
¢ (i) decreasing the number of non-punctured P2 bits in the second
group hf the number of non-punctured P bits added to the frst group.

313,  The method of claim 12 further comprising:

42~
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number of the P1 and P2 bits at the output of rate matching; and

E A G ~
() if iﬁg{»a» L «:iwﬁﬂ{-t%?sj, caleulate the bias

g" P
A maxdpee et B , otherwise setA=§.
W11 272 [N+l
L2 24

14,  The methed of claim 11 ﬁzrther .
{c} using Turbo code to implent the error correction coded

transmissions,

18, The method of claim J4 further comprising:
{d} identifying when 2 ng —pumtured bit pattern of the transmissions
exhibits a periodic characty with a period egual to & period of a
semi-periodic impulse respghse of recursive encoding blocks of the Turbo code;
{e} using the idg tiﬁed. non-punctured bit patterns which exhibit &
periodic charactey) ic to identify puncturing patlerns with degraded

performance,

ton coded transmissions having a first group of parity I (Pl) bitsand
2 secoptl group of parity 2 (F2) bits, the method comprising:
{=} adding punctured bits to the first group of P1 bits;

4
18. /A method of identifying degradations in the guality of punctured
8rTOY COF
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{c) biasing the puncturing rates of the P1 and P2 bits to avoid problemghic
puncturing patterns by
{) adding a number of non-punctured P1 bits to the first g _w‘ aund
{if} decreasing the number of non-punctured P2 bits ai: second
group by the number of non-punctured P1 bits ad&e& to the first g k ap,

17.  The method of claim 16 further comprising:
(@) using Turbo code to implement the errgt correction coded

{ransmissions,

18. The methed of claim 17 further compfising:

{e} entifying when a non-punctured bif pattern of the trensmissions
exhibits a periodic characteristic, with a/period equal to & period of @
semi-periodic impulse response of recursivg em:oding blocks of the Turbe cods;
and /

{f} using the identified non-puny bit patterns which exhibit a
periodic charpeteristic $o ideny punciuring patterns with degraded

performance.

18, A method for pé 'ucing degradations in quality of punctured error
corrected tode fransmiss) €os, the method comprising:

{a}identifying - pattern which approximates a particudar code
vate; and )

(b} adjustip the parameters of the transmissions sufficiently to cause &
mismateh in thé » puncturing pattern and the partienlar code rate by increasing
and decres . 2 the number of bits punctured in respeciive parity bit sireams,
and a the particular code rate,

20. Themethod of claim 19 further comprising:
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{WTRU), including buffer sizes that are supported by the WTRU; )
(d) using puncturing to remove sufficient bits to fit into the buffeé and
{e) adjusting an overall code rate 5o as to provide sufficient ary ;;‘
sorrection capability, thereby providing s first rate in a first stage $
and providing 8 second rate in a second stage of punciuring.

21, The method of claim 20, further comprising:

{f} increasing non-punciured bits in one of the firs} and second stage
of puncturing, and decreasing non-punctured bits in ay fiher of the first stage and
second stage of punchuring, thereby adding n ! puncturing to one stage
and removing it from the other stage.

22.  The method of claim 20 furthef comprising:
(§) increasing non-punctured bitd in the first stage and decreasing
non-punctured bits in the second stagy

93, The method of clainy20 further comprising:
{f} decreasing non-pun fured bits in the frst stage and inereasing

non-punctured bits in the sgfond stage.

24, The methyfl of claim 20 further comprising:

{f) interleavi ._ bits before rate matching occurs; and

{g) subseqy én tly de-interleaving the parily bits, thereby avoiding a need
{0 periodicaily g6 m ple the parity bits when performing periodic sampling in rate
matehing, r mitigating the effect of the periodicity of the puncturing

g:attem
£

28. A communications svstem for avoiding problematic Turbe code

pincturing patterns, the system comprising:

45.
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individual parity bit streams;
{b} means for adjusting the number of bifs punctured in each stagg i rate
maiching; and
{¢} means for adjusting the number of bits punctured ingy ch of the
phurality of parity bit streams by increasing the number of bits py s tured in one
of the parity bif streams and decreasing the number of bits puy iy anothey
one of the parity bit streams, and biasing the puncturing rife of a problematic

puncturing patlern.

26. The system of claim 25 wherein degfhdations iv the quality of
punctured ervor correction ceded {ransmissions § g a first group of pavity 1
{P}1) bits and a second group of parity 2 (P2} Yits are identified, the means for
adjusting the number of bits punctured § foach of the plurality of parity bit
streams further comprising: /

{c1} means for adding puncturegy ‘.- to the frst group of P1 bits;

{¢2) means for removing puncylired bits from the second group of P2 bits;
{8} means for biasing th &mcmring rates of the P1 and P2 bits to avoid
problematic puncturing pattdns, the biasing meaus including:

{#} means for, & number of non-punctured P1 kiis to the first
group; and /

(i} meag ' for decreasing the number of non-puncburad P2 bits in the
second group by npumber of non-punctured P1 bits added to the first group.

27.  Fhe system of claim 26 further comprising:

;ff means for determining a pumber of bits Nusing L7 2J wherein

¢

[
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total number of the P1 and P2 bits at the output of rate matching;

[

{2} means for calculating the bias 4 .§ mayd nfo R -
| w«'zj 272 4 ?Nﬂ

iR R R
Fosiom g f o 1 gnidd
(Pizy 2 2 {25

{§} means for setting blas A =0 i S Eeﬁ‘&-l N
@iy 24z |2
28.  The system of claim 27, wherein n-puncmring patterns with a
period of 742 cause degradation in perfy fnance results and & is & whole

number,

28. The system of :,,,f. wherein the perieds will be employed
whenever the average non-punct £t ¢ period of P1 or P2 bits is within £} or &34

of 78/2 for even and odd & rpépectively.

30. A communifations system for avoiding problematic Turbo code
puncturing patterns, § system comprising:

{8} & pluralj 4 of rate matching stages for processing a plurslity of
individual parityfit streams;

& for adjusting the number of punctured bits i each of the parity
bit streams, . increasing the number of bits punctured in one of the parity bit

} : decreasing the number of bits punctured in another ong of the parity

trghms; and
{£} means for biasing the puncturing rates of each of the individual parily
b streams while maintaining & constant overall effective

Y- 4
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31, 'The system of claim 30 wherein degradations in the of
punctured error correction coded transmissions having & first group of : i
(P1} bits and a second group of parity 2 (F2) bits are identified, . the
means for adjusting the number of punctured bits comprises:

{b1) means for adding punctured bits to the first group of :‘ bits; and

1

48
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33. The system of claim 32, wherein non-punctering patterné "with a
period of 7N/2 cause degradation in performance results and ¥ A

number,

34, The system of claim 33 whersin the periody/will be employed
whenever the average non-punicturing period of P1 or ?2 Pits is within <1 or 2%
of 782 for even and odd N respectively. 4

35. A communications system for identiffing degradations in quality of

punctured error correction coded fransmissiong, the system comprising:
{a) means for identifying a puncturjfig pattern which approximates
particular code rade; and y
{b} means for adjusting a value fr anticipated degradation in accordance
with the matching of the punctus pattern and the particular code rate by
intrsasing and decreasing the nug i. er of bits punctured in respective parity bit
stresams, and biasing the punef " g rate of 8 problematic puncturing pattern.
&8. The ; claim 85 wherein degradations in the quality of
fon eoded transmissions having a first group of parity 1
(Plibitsand a n group of parity 2 (P2} bits are identified, the means for
adjusting & v anticipated degradation further comprising:
£ for adding punctured bits to the first group of P1 bits;

for removing punctured bits from the second group of P2 bits;

punctured error corTa

and
means for biasing the punciuring rates of the P1 and P2 bits o aveid
problématic puncturing patterns, the biasing means including:

-49.
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group; snd
(i1) means for decreasing the number of non-punctured P2 bitfin the
second group by the number of non-punctured P1 bits added to the

37, The system of clabm 36 further comprising:

I ?M M‘\}' Ek
ORI EY

Yorrrrrsnssnnnsi
.

;: 53 18 e { E‘Y{ 1“‘%{ ﬁ
(P12} 2 13

L

{e} means for sefting big

«3(-
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exhibit & periodic characteristic to identify puncturing patterns with deggfided

performance,

40, Acommunications system for identifying degradationséh the quality
of punctured srrer corvection coded transmissions having a first g s of parity 1
{P1) bits and & second group of parity 2 (P2) bits, the system$ mpri&ing:
{2} means for adding punctured bits io the first groy é of P1 bits;
{b} means for removing punctured bits from the gé rond group of P2 bits;
{c} means for blasing the puncturing rates of he Pl and P2 bits to avoid
problematic puncturing patierns, the biasing mgans (&) including:
{i) measns for adding a number offion-punctured P1 bits to the first
group; and
(%) means for decreasing thefiumber of non-punctured P2 bits in the
second groug by the number of xmn-pctured P1 bits added to the first group.

4%,  The systern of clain 40 further comprising:
(&) means for using Tupbo code to implement the error correction coded

{ransmissions.

42.  The sysigh of claim 41 further comprising:

{e} means f@entif}'ing when a non-punciured bit pattern of the
fransmissions exj {bits a periodic characteristic, with a perind equal to s period of
a semi-periodig puise response of recursive encoding blocks of the Turbo code;

angd

{& ans for using the identified non-punctured bit patterns which

-Si-
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punctured error corrected code transmissions, the system comprising:
{a) means for identifying a puncturing pattern which approximatgh .‘
particular code rate; and
{b} means for adjusting the parameters of the transmissions s
cause a mismatch in the puncturing pattern and the particuly rate by
increasing and decreasing the mumber of bits punctured in re,ctive parity bit
streams, and basing the particular code rate.

Heiently to

44, The system of claim 43 further comprising 4

{¢} means for determining o capacity of a wirg fess transmit and receive
unit (WERU), including buffer sizes that are supphrted by the WIRL;

{d) means for using puncturing to remoyé sufficient bits to fit into the
buffer; and

{e) means for adjusting an overall ¢éde rate so as to provide sufficient
grror correction capability, thereby ppbviding a first rate in 8 first stage of
punciuring and providing & second gite in a second stage of puncturing.

45. The system of claiph 44, further comprising:

{f} means for increasiy non-punctured bits in one of the frst stage and

T ystem of claim 44 further comprising:

{f) me for increasing non-punctured bifs in the first stage and
decreasingh en-punctured bits in the second stage.
¢

4%, The system of claim 44 further comprising:
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increasing non-puncured bits in the second stage.

48 The system of claim 44 further coppt Eing:

{{} means for interleaving parify-tits before rate matching vecurs; and

{g) means for subsegpently de-interleaving the parity bits, thereby
avoiding a need fg.pefiodically sample the parity bits when performing periedic
samp 12 matching, thereby mitigating the effect of the periodicity of the

.
Rlnsiinngneiisrg

~53
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1. Amethod of vate matching comprising:

interleaving svstematic hits;

interleaving a firat pavity bit streans

interleaving A sec

ond parity bit stream

buffering the inferleaved systematic bits. the interleaved frst parity bit

stream and the nberleaved second parity bit stream in g virtual buffer when the

number_of bits of the interleaved svstematic bits, the interleaved first parity bit

stream and the interleaved second parity bit streaum 18 not larger than the virtual

buffer

buffering a portion of the interleaved svstematic bits, the interleaved first

parity bit siream and the interleaved second parity bit stream when the number of

bite of the interieaved systematic bits, the interleaved fivst parity bit shream and

the interleaved second partty bit stream is larger than the virtual buffer: and

using a rater grform rate matching on at least one cutput of

the virtual buffer,

2, The method of claim 1 wherein the buffered portion includes all of the

interleaved systematic bits,

The method of claym 1 further comprising:

collecting bits associated with the interleaved svstematic bits, the interleaved

first parity bit stream and the interleaved second parity bit stream,

4, A wireless fransmitfreceive unit, WIRU

a first intevleaver configured to interleave svstermatic bits:

a second intexieaver conficured to interleave a fivet parity bit streamy

a third interleaver configured to interleave a second parity bit stream)

S
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g virtual buffer conficured to buffer the interleaved svstematic bits. the

interleaved first paritv bit stream and the interleaved second parity bit stream

when the number of ‘bits of the interleaved svstematic bits, the interleaved first

parity bit strear and the interleaved second parity bit stream is @Qgg;ger than the

virtual buffer ¢

the interleaved frst *aritv Lit stream and the interjg@avad second }}'LYiw hit stream

when the number of bits of the interlesved svstematic bits, the interleaved first

parity bit stream and the interleaved second parity bit stream is larger than the

virtual buffers and

2 rate matching unit configured to perform rate matehing on at least one

gutput of the virtual buffer,

5 The WTRU of claym ¢ wherein the buffered portion includes all of the

interieaved svstematic bits,

8, The WTRU of clatm 4 further comprising!

a hit collection wnit conficured to collect bits associnted with the interleaved

systematic bits, the interleaved frst parity bit stream and the interleaved sscond

parity bit stream.
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D,A [3GPP: "3GPP TR 25.944"[Online] 1-48 INV.
June 2001 (2001-06), pages 1-64, HO3M13/35
XP002492854 HO3M13/27
Retrieved from the Internet:
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CEDEX, FRANCE,
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1 March 2002 (2002-03-01), XP014008471
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not comply with the EPC to such an extent that a meaningful search into the state of the art cannot
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Claims searched completely :
Claims searched incompletely :
Claims not searched :
Reason for the limitation of the search:

see sheet C

Place of search Date of completion of the search Examiner

The Hague

21 August 2008

T : theory or principle underlying the invention

E : earlier patent document, but published on, or
after the filing date

D : document cited in the application

L : document cited for other reasons

Van Staveren, Martin

CATEGORY OF CITED DOCUMENTS
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A : technological background
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QO : non-written disclosure
P : intermediate document
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document
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0 ) Eur-opean Patent INCOMPLETE SEARCH Application Number
J Office SHEET C EP 03 79 6549

Claim(s) searched incompletely:
1-48

Reason for the limitation of the search:

According to the description (see paragraphs 59, 63, 68, 73, 97, ...) the
invention relates to the modification of the DESIGN of a communication
system. Par. 59: "modifying Table in TS25.212/222", par. 68:
"“implementing modification to the current FDD standard", etc. There is
indeed no disclosure of a communication system that would be able to
change puncturing patterns on the fly. The claims of this application
however suggest that the communication system, during operation, would
change its own specifications. The claims therefore contradict the
disclosure and are therefore neither clear nor supported. The invention
as disclosed is therefore understood as a method of modifying a technical
standard, in particular as a method of modifying puncturing patterns in a
technical standard such as the 3GPP TS 25.212 and 25.222. This is not a
technical operation, and therefore the the claims, in sofar as they are
understood in the 1light of the description, relate to non-patentable
subject-matter (Art. 52(2)(c) EPC).
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Europaisches European Patent Office
Patentamt Postbus 5818
European 2280 HV RIJSWIJK
Patent Office NETHERLANDS

: 6 Tel. +31 (0)70 340-2040
S::“I:)er 2uropéen Fax +31 (0)70 340-3016

this communication:
Johansson, Magnus Tel.:+31 (0)70 340 45 00
Awapatent AB
Jarnvagsgatan 10 A
Box 1066
251 10 Helsingborg
SUEDE

Date
29.02.08

Reference Application No./Patent No.

03796549.8 - 1247

Applicant/Proprietor
INTERDIGITAL TECHNOLOGY CORPORATION

Communication of amended entries concerning the representative (R. 143(1)(h) EPC)

As requested, for the above-mentioned European patent application / European patent the
entries concerning the representative have been amended as follows:

Johansson, Magnus
Awapatent AB
Jarnvagsgatan 10 A
Box 1066

251 10 Helsingborg
SE

The amendment will be recorded in the Register of European Patents.

Client Data Registration

Tel.: +49 (0)89 2399 2780
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@ AWAPATENT

Helsingborg

1 February 2008

Handled by

Mikael Andersson

Our ref.

Change of representative, LGD

EUROPEAN PATENT OFFICE
DE-80298 MUNCHEN

EPO - Munich
23

25, Feb. 2008

Change of Professional Representative

Dear Sirs,

Please be informed of a change of representative in the following cases:

Application No. | Applicant Former New Registration No.
representative representative of new
representative
06110604 FOSS Analytical AB GRONLUND, Tim Linus Wilhelm | AKESSON, Jan-Ake 9204560
05112794 Axis AB GRONLUND, Tim Linus Wilhelm | ANDERSSON, Mikael 9203670
05112519 Emotron AB GRONLUND, Tim Linus Wilhelm | ANDERSSON, Mikael 9203670
05112140 ~ Sudnif S. A. GRONLUND, Tim Linus Wilhelm | ANDERSSON, Mikael 9203670
05111247 Sudnif S. A. GRONLUND, Tim Linus Wilhelm | ANDERSSON, Mikael 9203670
05008246 REGATH AB GRONLUND, Tim Linus Wilhelm | AKESSON, Jan-Ake 9204560
06110903 Hemocue AB GRONLUND, Tim Linus Wilhelm | ANDERSSON, Mikael 9203670
06115338 Hemocue AB GRONLUND, Tim Linus Wilhelm | ANDERSSON, Mikael 9203670
06100433 P Mantorp AB GRONLUND, Tim Linus Wilhelm | GIVER, Stren 0079100
05017355 MOVING AB GRONLUND, Tim Linus Wilhelm | ANDERSSON, Mikael 9203670
05012005 HMS Industrial Networks AB__| GRONLUND, Tim Linus Withelm | JOHANSSON, Magnus 9208840
05712317 Interdigital Technology GRONLUND, Tim Linus Wilhelm | JOHANSSON, Magnus 9208840
Corporation
04815476 Interdigital Technology GRONLUND, Tim Linus Wilhelm JOHANSSON, Magnus . 9209290
Corporation
04815069 Interdigital Technology GRONLUND, Tim Linus Wilhelm | JOHANSSON, Magnus 9208840
Corporation ) .
04801721 FOSS Analytical AB GRONLUND, Tim Linus Withelm | AKESSON, Jan-Ake 9204560
04819104 Interdigital Technology GRONLUND, Tim Linus Wilhelm | JOHANSSON, Magnus 9208840
Corporation
04817901 Interdigital Technology GRONLUND, Tim Linus Wilhelm | JOHANSSON, Magnus 9208840
Corporation
04811133 Interdigital Technology GRONLUND, Tim Linus Withelm | JOHANSSON, Magnus 9208840
Corporation
04800968 Interdigital Technology GRONLUND, Tim Linus Wilhelm | JOHANSSON, Magnus 9208840
| Corporation )
04800340 Scalado AB GRONLUND, Tim Linus Wilhelm | ANDERSSON, Mikael 9203670
04795404 Interdigital Technology GRONLUND, Tim Linus Wilhelm | JOHANSSON, Magnus 9208840
Corporation
04795147 Interdigital Technology GRONLUND, Tim Linus Wilhelm | JOHANSSON, Magnus 9208840
Corporation
04775563 HOGANAS AB GRONLUND, Tim Linus Wilhelm | ANDERSSON, Mikael 9203670
04782601 Interdigital Technology GRONLUND, Tim Linus Withelm | JOHANSSON, Magnus 9208840
- Corporation
04783975 Interdigital Technology GRONLUND, Tim Linus Wilhelm | JOHANSSON, Magnus 9208840
Corporation
04783413 Interdigital Technology GRONLUND, Tim Linus Wilhelm | JOHANSSON, Magnus 9208840
Corporation
04782818 Interdigital Technology GRONLUND, Tim Linus Wilhelm | JOHANSSON, Magnus 9208840
Corporation
04775521 Rénning, Lennart GRONLUND, Tim Linus Wilhelm | ANDERSSON, Mikael 9203670
HELSINGBORG VAT No. SE556082702301
Jimvigsgatan 10 A, 3 tr Telephone +46 42 32 99 00 MALMO (Head office and registered office)
Box 1066 Fax +46 42 32 99 01 STOCKHOLM COPENHAGEN SODERHAMN
SE-251 10 HELSINGBORG  Email mail@awapatent.com GOTEBORG VAXIO OSTERSUND
SWEDEN apatent.com LINKOPING JONKOPING
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04757134 IPR Licensing, Inc. GRONLUND, Tim Linus Wilhelm | JOHANSSON, Magnus 9208840
04786564 Interdigital Technology GRONLUND, Tim Linus Wilhelm | JOHANSSON, Magnus 9208840
i Corporation

04778880 Interdigital Technology GRONLUND, Tim Linus Wilhelm | JOHANSSON, Magnus 9208840
Corporation :

04778172 Interdigital Technology GRONLUND, Tim Linus Wilhelm | JOHANSSON, Magnus 9208840

) Corporation )

04778184 Interdigital Technology GRONLUND, Tim Linus Wilhelm | JOHANSSON, Magnus 9208840
Corporation .

04777397 Interdigital Technology GRONLUND, Tim Linus Wilhelm | JOHANSSON, Magnus 9208840
Corporation

04785744 Interdigital Technology GRONLUND, Tim Linus Wilhelm | JOHANSSON, Magnus 9208840
Corporation

04751468 Interdigital Technology GRONLUND, Tim Linus Wilhelm | JOHANSSON, Magnus 9208840
Corporation -

04751325 Interdigital Technology GRONLUND, Tim Linus Wilhelm | JOHANSSON, Magnus 9208840
Corporation

04749044 FOSS Analytical AB GRONLUND, Tim Linus Wilhelm | AKESSON, Jan-Ake 9204560

04753976 IPR Licensing, Inc. GRONLUND, Tim Linus Wilhelm | JOHANSSON, Magnus 9208840

04748998 Secumanagement B.V. GRONLUND, Tim Linus Wilhelm | MILANOV, Nina 0143670

04776082 Interdigital Technology GRONLUND, Tim Linus Wilhelm | JOHANSSON, Magnus 9208840
Corporation : )

04754269 Kim, Tae Joon GRONLUND, Tim Linus Withelm | AKESSON, Jan-Ake 9204560

04734397 SANTEN GRONLUND, Tim Linus Wilhelm | MATTSSON, Niklas 0135220
PHARMACEUTICAL CO., .
LTD.

04760811 Interdigital Technology GRONLUND, Tim Linus Wilhelm | JOHANSSON, Magnus 9208840
Corporation -

-1 04759634 Interdigital Technology GRONLUND, Tim Linus Wilhelm | JOHANSSON, Magnus 9208840

Corporation

04727470 HOGANAS AB GRONLUND, Tim Linus Withelm | ANDERSSON, Mikael 9203670

04723886 HOGANAS AB GRONLUND, Tim Linus Wilhelm | ANDERSSON, Mikael 9203670

04722495 HOGANAS AB GRONLUND, Tim Linus Wilhelm ANDERSSON, Mikael 9203670

04721416 HOGANAS AB GRONLUND, Tim Linus Wilhelm | ANDERSSON, Mikael 9203670

04721412 Mitrionics AB GRONLUND, Tim Linus Wilhelm | JOHANSSON, Magnus 9208840

04720334 Interdigital Technology GRONLUND, Tim Linus Wilhelm | JOHANSSON, Magnus 9208840
Corporation )

04718470 HOGANAS AB GRONLUND, Tim Linus Wilhelm | ANDERSSON, Mikael 9203670

04715103 Interdigital Technology GRONLUND, Tim Linus Wilhelm | JOHANSSON, Magnus 9208840
Corporation

04711833 Interdigital Technology GRONLUND, Tim Linus Wilhelm JOHANSSON, Magnus 9208840
Corporation

04711082 BJORKEBO GARD AB GRONLUND, Tim Linus Wilhelm | ANDERSSON, Mikael 9203670

04711075 BJORKEBO GARD AB GRONLUND, Tim Linus Wilhelm | ANDERSSON, Mikael 9203670

04711072 Axis AB GRONLUND, Tim Linus Withelm | ANDERSSON, Mikael 9203670

04710298 Interdigital Technology GRONLUND, Tim Linus Wilhelm | JOHANSSON, Magnus 9208840
Corporation

04710293 Interdigital Technology GRONLUND, Tim Linus Wilhelm | JOHANSSON, Magnus 9208840
Corporation

04709926 Interdigital Technology GRONLUND, Tim Linus Withelm | JOHANSSON, Magnus 9208840
Corporation

04708948 KONSULTFIRMA BERTIL GRONLUND, Tim Linus Wilhelm | JOHANSSON, Magnus 9208840
PETTERSSON

04706906 Axis AB GRONLUND, Tim Linus Wilhelm | ANDERSSON, Mikael 9203670

04702546 Interdigital Technology GRONLUND, Tim Linus Wilhelm | JOHANSSON, Magnus 9208840
Corporation )

03796549 Interdigital Technology GRONLUND, Tim Linus Wilhelm | JOHANSSON, Magnus 9208840
Corporation

03799895 Interdigital Technology GRONLUND, Tim Linus Wilhelm | JOHANSSON, Magnus 9208840
Corporation

03790222 Interdigital Technology GRONLUND, Tim Linus Wilhelm JOHANSSON, Magnus 9208840
Corporation

03789818 Interdigital Technology GRONLUND, Tim Linus Wilkelm | JOHANSSON, Magnus 9208840
Corporation

03783365 Interdigital Technology GRONLUND, Tim Linus Wilhelm | JOHANSSON, Magnus 9208840
Corporation

03797784 FOSS Analytical AB GRONLUND, Tim Linus Wilhelm | AKESSON, Jan-Ake 9204560

03738869 Zi Decuma AB GRONLUND, Tim Linus Wilhelm | MILANOV, Nina 0143670

03733810 FOSS Analytical AB GRONLUND, Tim Linus Wilhelm | AKESSON, Jan-Ake 9204560

03733734 FOSS Analytical AB GRONLUND, Tim Linus Withelm | AKESSON, Jan-Ake 9204560

03723561 Secum 1t B.V. GRONLUND, Tim Linus Wilhelm MILANOV, Nina 0143670

02773099 Secumanagement B.V. GRONLUND, Tim Linus Wilhelm | MILANOV, Nina 0143670

00989155 Sec gement B.V. GRONLUND, Tim Linus Wilhelm | MILANOV, Nina 0143670

00989154 Secumanagement B.V. GRONLUND, Tim Linus Wilhelm | MILANOV, Nina 0143670

00989153 Secumanagement B.V. - GRONLUND, Tim Linus Wilhelm | MILANOV, Nina 0143670

97935247 HOGANAS AB GRONLUND, Tim Linus Wilhelm | ANDERSSON, Mikael 9203670
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Yours faithfully,
Joio byl | / s O"“’M
GRONLUND, Linus o HANSSON, (¥Magnus
: Je '
KESSON, Jan-Ake ANDERSSON, Mikael
/% ’
MILANOV Nma , lep/k, sesg}%'
@
43501\1, Niklas
ZOUR-0T-00 1512 O Docamenis wid Surtings KW T Skvivhora LGD de
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W AWAPATENT

Helsingborg . ’

2007-01-30 , EUROPEAN PATENT OFFICE
- ' DE-80298 MUNCHEN

Handled by ]

Stefan Hjelmqwist

EPO - Munich

A | 28
Aol 02, Feb. 2007

Our reference

New address of our Helsingborg office

Dear Sirs,

. Plea.se, be informed that our office in Helsingborg on February S is moving into new
premises with the following address. ‘ '

Postal address: - Box 1066, 251 10 Helsingborg
Visiting address: Jirnvigsgatan 10 A, Helsingborg

Our telephone and telefax numbers remains the same, namely +46 42 32 99 00 (telephone)
~and +46 42 32 99 01 (telefax). :

Yours faithfully,

?PAT NT AB

Stefan Hjelmgwist

Vice President, Helsingborg

E-mail: stefan.hjelmgwist@awapatent.com

Telephone: +46 42 32 99 05
~  Mobile: +46 708 86 87 97

HELSINGBORG « Org.nr. 556082-7023

glg?(vlﬁgg(g)atan 10A Telefon 042-32 99 00 MALMO (Huvudkontor och styrelsens site)

251 10 HELSINGBORG Fax 042-32 99 01 STOCKHOLM KOPENHAMN SODERHAMN

SVERIGE Epost mail@awapatent.com GOTEBORG VAXIO OSTERSUND
Hemsida  www.awapatent.com LINKOPING JONKOPING
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P B.5818 - Patentlaan 2 Européisches European Office européen

2280 HV Rijswijk (ZH) Patentamt Patent Office des brevets
‘= (070)3402040

FAX (070) 34030 16

Generaldirektion 1 Directorate General 1 Direction générale 1
- LT
AWAPATENT AB
Berga Allé 1
§%4E%2EHe|SIngborg EPO Customer Services

Tel.: +31 (0)70 340 45 00
Date
21.11.06
Reference

Application No./Patent No.
03796549.8 - 2223 PCT/US0338223

Applicant/Proprietor
INTERDIGITAL TECHNOLOGY CORPORATION

Notification pursuant to part A-lll, 5.3 of the Guidelines for Examination in the EPO

The communication issued pursuant to Rule 17(3) EPC, sent to the inventor desighated below, has been
returned by the postal services.

You are requested to indicate the correct address of the inventor (R. 17(1) EPC).

Inventor : PIETRASKI, Philip, J.
199 N. Oak Street
US / North Massapequa, NY 11758

Receiving Section

‘59\‘65 Patenta,”’
NS

Q,
“s

(eve ts
63% o El/,
o W
Us)ey uead®

%, ¥
S0, .
Oing 310

EPO Form 1117  03.90
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P.B.5818 - Patentlaan 2
2280 HV Rijswijk (ZH)
& (070) 3402040
FAX (070)3403016

Europiisches European Office européen
Patentamt Patent Office des brevets

Generaldirektion 1 Directorate General 1 Direction générale 1

PIETRASKI, Philip, J.

199 N. Oak Street

North Massapequa, NY 11758
ETATS-UNIS D'AMERIQUE

LT

EPO Customer Services

Tel.: +31 (0)70 340 45 00

Date
29.09.06

Reference

Application No./Patent No.
03796549.8-2223-US0338223

Applicant/Proprietor

INTERDIGITAL TECHNOLOGY CORPORATION

Notification of the data mentioned in Article 128(5) EPC pursuant to Rule 17(3) EPC

In the above-identified patent application you are designated as inventor/co-inventor.
Pursuant to Rule 17(3) EPC the data as mentioned in Article 128(5) EPC are notified herewith:

DATE OF FILING
PRIORITY

TITLE

DESIGNATED STATES

RECEIVING SECTION
.%\:ﬁ\\es PatEn[a”’,

.
& <
s 2
* ©
2 £
3 &
% 2
2 S
0, ~
% »
0990/ o
%ng 32130 *

EPO Form 1204 08.93

:03.12.03

1 US/16.12.02/ USP 434232
: US/30.01.03/ USP 444068
: US/15.05.03/ USP 470921
1 US/11.08.03/ USP 494404

: DETECTION, AVOIDANCE AND/OR CORRECTION OF

PROBLEMATIC PUNCTURING PATTERNS IN PARITY BIT
STREAMS USED WHEN IMPLEMENTING TURBO CODES

:ATBEBGCHCYCZDEDKEEESFIFRGBGRHUIEITLILU

MC NL PT RO SE SI SK TR
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P B.5818 - Patentlaan 2 Européisches European Office européen
2280 HV Rijswijk (ZH) Patentamt Patent Office des brevets

‘= (070)3402040

FAX (070)3403016

Generaldirektion 1 Directorate General 1 Direction générale 1

Grénlund, Tim Linus Wilhelm Hllm ||‘|| Vw ‘ll‘l m’l |H|‘ |”V |‘|‘| ‘lm ‘l“ ‘ll‘
AWAPATENT AB
Berga Allé 1
254 52 Helsingborg -
SUEDE EPO Customer Services

Tel.: +31 (0)70 340 45 00

Date
03.08.05

Reference Application No./Patent No.

03796549.8 - 2223 PCT/US0338223

Applicant/Proprietor
INTERDIGITAL TECHNOLOGY CORPORATION

Notification of European publication humber and information on the application of Article 67(3) EPC

The provisional protection under Article 67(1) and (2) EPC in the individual contracting states becomes
effective only when the conditions referred to in Article 67(3) EPC have been fulfilled (for further details, see
information brochure of the European Patent Office "National Law relating to the EPC" and additional
information in the Official Journal of the European Patent Office).

Pursuant to Article 158(1) EPC the publication under Article 21 PCT of an international application for which
the European Patent Office is a designated Office takes the place of the publication of a European patent
application.

The bibliographic data of the above-mentioned Euro-PCT application will be published on 14.09.05 in
Section |.1 of the European Patent Bulletin. The European publication humber is 1573923.

In all future communications to the European Patent Office, please quote the application nhumber plus
Directorate humber.

Receiving Section
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EX
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EPO Form 1219 04.94
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P B.5818 - Patentlaan 2 Européisches European Office européen
2280 HV Rijswijk (ZH) Patentamt Patent Office des brevets

‘= (070)3402040
FAX (070)3403016

Generaldirektion 1 Directorate General 1 Direction générale 1

T — MR

AWAPATENT AB
Berga Alle 1
g%4EEE)2EHe|SIngborg EPO Customer Services
Tel.: +31 (0)70 340 45 00
pate 27-07-2005
Reference Application No./Patent No.

03796549.8 - 2223 PCT/US0338223

Applicant/Proprietor

INTERDIGITAL TECHNOLOGY CORPORATION

Communication pursuant to Rules 109 and 110 EPC

(1) Amendment of application documents, especially the claims (Rule 109 EPC)

The above mentioned international (Euro-PCT) application has entered the European phase, or can do so,
once the necessary conditions are fulfilled.

Under Articles 28, 41 PCT, Rules 52, 78 PCT and Rule 86(2) to (4) EPC, the applicant may amend the
application documents after receiving the international search report.

Whether or not he has already done so, he now has a further opportunity to file amended claims or
other application documents within a non-extendable time limit of ONE MONTH after notification of
the present communication (Rule 109 EPC).

The claims applicable on expiry of the above time limit, i.e. those filed on entry into the European phase or

in response to the present communication, will form the basis for the calculation of any claims fee to be paid
(see page 2) and for any supplementary search to be carried out under Article 157(2) EPC (Rule 109 EPC).

-2/

Registered letter
EPO Form 1226 01.02 EUCL

IPR2023-01272 Page 66



Date Sheet 2 Application No. 03796549.8

(2) Claims fees under Rule 110 EPC

If the application documents on which the European grant procedure is to be based comprise more than ten

claims, a claims fee shall be payable for the eleventh and each subsequent claim within the period provided
forin Rule 107(1) EPC.

M Based on the application documents currently on file, all necessary claims fees have already been paid
(or the documents do not comprise more than 10 claims).

[0 All necessary fees will be/have been debited automatically according to the automatic debit order.

O The claims fee due for the claims ............ to . were not paid within the above-mentioned period.

Any non-paid claims fee, either based on the current set of claims or on any amended claims to be filed

pursuant to Rule 109 EPC (see page 1), may still be validly paid within a non-extendable period of grace of
ONE MONTH after notification of this communication.

If a payment is made for only some of the claims, it must be indicated for which claims it is intended. If a
claims fee is not paid in due time, the claim concerned is deemed to be abandoned (Rule 110(4) EPC).

If claims fees have already been paid, but on expiry of the above-mentioned time limit there is a new set of
claims containing fewer fee-incurring claims than previously, the claims fees in excess of those due under
Rule 110(2), 2nd sentence, EPC will be refunded (Rule 110(3) EPC).

You are reminded that any supplementary search under Article 157(2) EPC will relate only to the last set of

claims applicable on expiry of the above time limit AND will be confined to those fee-incurring claims for
which fees have been paid in due time.

The fee for the eleventh and each subsequent claim is EUR  40,00.

RECEIVING SECTION
Rodriguez, Ana

EPO Form 1226 01.02 EUCL
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Copy for the Elected Office (EO/EP)

PCT/US2003/038223

PATENT COOPERATION TREATY 30

PCT

NOTIFICATION OF THE RECORDING
OF A CHANGE

(PCT Ruie 92bis.1 and
Administrative Instructions, Section 422)

From the INTERNATIONAL BUREAU
To:

WOLINSKY, Scott

Volpe and Koenig, P.C.
United Plaza, Suite 1600
30 South 17th Street
Philadelpha, PA 19103
United States of America

Date of mailing (day/month/year)

13 June 2005 (13.06.2005)

Applicant’s or agent's file reference

1-2-0526.1WO

IMPORTANT NOTIFICATION

International application No.

PCT/US2003/038223

International filing date (day/month/year)

03 December 2003 (03.12.2003)

D the applicant

1. The following indications appeared on record concerning:

D the agent

D the common representative

the inventor
Name and Address

STERNBERG, Gregory, S.
50 Brompton Road

Apt. 2B

Great Neck, NY 11021
United States of America

State of Nationality State of Residence

Telephone No.

Facsimile No.

Teleprinter No.

D the person

2. The International Bureau hereby notifies the applicant that the following change has been recorded concerning:

the address

[:l the nationality D the residence

D the name
Name and Address

STERNBERG, Gregory, S.
7 Brookwood Road

Mt. Laurel, NJ 08054
United States of America

EPO_DG 1 Facsimile No.

05 07 2005

State of Nationality State of Residence

Telephone No.

Teleprinter No.

3. Further observations, if necessary:

JEAM 14

4. A copy of this notification has been sent to:

the receiving Office

D the International Searching Authority

D the International Preliminary Examining Authority

[:l the designated Offices concerned
the elected Offices concerned

D other:

The International! Bureau of WIPO
34, chemin des Colombettes
1211 Geneva 20, Switzerland

Facsimile No. (41-22) 338.71.30

Authorized officer

Miguel CORBEIRA (Fax 338-71-30)

Telephone No. (41-22) 338 9201

Form PCT/I1B/306 (March 1994)

006716143
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What is claimed is:

1. In a communications system employing a plurality of rate matching
stages for processing a plurality of individual parity bit streams derived through
puncturing a selected number of bits, a method of avoiding problematic Turbo
code puncturing patterns, the method comprising:

(a) determining whether or not a desired code rate, used to process the
parity bit streams, results in a problematic puncturing pattern; and

(b) if a problematic puncturing pattern results in step (a), adjusting the
number of bits punctured in each of the parity bit streams by increasing the
number of bits punctured in one of the parity bit streams and decreasing the

number of bits punctured in another one of the parity bit streams.

2. The method of claim 1 wherein degradations in the quality of
punctured error correction coded transmissions having a first group of parity 1
(P1) bits and a second group of parity 2 (P2) bits are identified, and step (b)
further comprises:

(b1) adding punctured bits to the first group of P1 bits; and

(b2) removing punctured bits from the second group of P2 bits, wherein the
puncturing rates of the P1 and P2 bits are biased by adding a number of non-
punctured P1bits to the first group and decreasing the number of non-punctured
P2 bits in the second group by the number of non-punctured P1 bits added to the

first group.

3. The method of claim 2 further comprising:

-39-

IPR2023-01272 Page 69



1-2-0526.1WO

s
(c) determining a number of bits N using TP 2] wherein Is the

number of bits at the input to each branch of rate matching and P is the total

number of the P1 and P2 bits at the output of rate matching; and

@) if r__IN <l—-£+ N , calculate the bias
(P12) 2 2 |2 :

A=|max—L P P__ [ , otherwise setA=0.
IN-1{ 2 2 |7N+1
2 2
4, The method of claim 3, wherein non-puncturing patterns with a

period of 7N/2 cause degradation in performance results and N is a whole

number.

5. The method of claim 4 wherein the periods will be employed whenever

the average non-puncturing period of P1 or P2 bits is within +1 or +% of 7N/2 for

even and odd N respectively.

6. In a communications system employing a plurality of rate matching
stages for processing a plurality of individual parity bit streams derived through
puncturing a selected number of bits, a method of avoiding problematic Turbo
code puncturing patterns, the method comprising:

(a) adjusting the number of bits punctured in each of the parity bit streams
by increasing the number of bits punctured in one of the parity bit streams and
decreasing the number of bits punctured in another one of the parity bit streams;

and .
(b) adjusting the puncturing rates of each of the parity bit streams
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while maintaining a constant overall effective coding rate by biasing the

puncturing rates.

7. The method of claim 6 wherein degradations in the quality of
punctured error correction coded transmissions having a first group of parity 1
(P1) bits and a second group of parity 2 (P2) bits are identified, step (a) further
comprises:

(al) adding punctured bits to the first group of P1 bits; and

(a2) removing punctured bits from the second group of P2 bits; and step (b)
further comprises:

(b1) biasing the puncturing rates of the P1 and P2 bits by adding a number
of non-punctured P1 bits to the first group and decreasing the number of non-
punctured P2 bits in the second group by the number of non-punctured P1 bits
added to the first group.

8. The method of claim 7 further comprising:
. l.41 1

=|e—+—

(c) determining a number of bits N using P 2J wherein 7 is the

number of bits at the input to each branch of rate matching and P is the total

number of the P1 and P2 bits at the output of rate matching; and_
(d) if f__IN < l—ﬁ+ N , calculate the bias
(P12) 2 2 (2

P P 1 , otherwise setA=0.

1
4 =|maxyr———-> , -=r—=
IN-1| 22 |IN+1
2 2
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9. The method of claim 8, wherein non-puncturing patterns with a

period of 7N/2 cause degradation in performance results and N is a whole

number.

10. The method of claim 9 wherein the periods will be employed

whenever the average non-puncturing period of P1 or P2 bits is within +1 or +%%

of 7N/2 for even and odd N respectively.

11. A method of identifying degradations in quality of punctured error
correction coded transmissions, the method comprising:

(a) identifying a puncturing pattern which approximates a particular code
rate; and

(b) adjusting a value for anticipated degradation in accordance with the
matching of the puncturing pattern and the particular code rate by increasing
and decreasing the number of bits punctured in respective parity bit streams,

and biasing the particular code rate.

12. The method of claim 11 wherein degradations in the quality of
punctured error correction coded transmissions having a first group of parity 1
(P1) bits and a second group of parity 2 (P2) bits are identified, and step (b)
further comprises:

(b1) adding punctured bits to the first group of P1 bits;

(b2) removing punctured bits from the second group of P2 bits; and

(b3) biasing the puncturing rates of the P1 and P2 bits to aveid
problematic puncturing patterns by:

(i) adding a number of non-punctured P1 bits to the first group; and
(ii) decreasing the number of non-punctured P2 bits in the second
group by the number of non-punctured P1 bits added to the first group.

13. The method of claim 12 further comprising:
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~ |41 1 J
— + -—
(c) determining a number of bits N using l”’ 2] wherein I is the

number of bits at the input to each branch of rate matching and P is the total

number of the P1 and P2 bits at the output of rate matching; and

@if L ——IM N I N alculate the bias
®12) 2112

A= maxd—1 _§ g_ ! , otherwise setA=0.

TN -1 ’ TN +1
2 2

14. The method of claim 11 further comprising:

(c) using Turbo code to implement the error correction coded

transmissions.

15. The method of claim 14 further comprising:
(d) identifying when a non-punctured bit pattern of the transmissions
exhibits a periodic characteristic, with a period equal to a period of a

semi-periodic impulse response of recursive encoding blocks of the Turbo code;
and

(e) using the identified non-punctured bit patterns which exhibit a
periodic characteristic to identify puncturing patterns with degraded

performance.

16. A method of identifying degradations in the quality of punctured
error correction coded transmissions having a first group of parity 1 (P1) bits and
a second group of parity 2 (P2) bits, the method comprising:

(a) adding punctured bits to the first group of P1 bits;
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(b) removing punctured bits from the second group of P2 bits; and
(c) biasing the puncturing rates of the P1 and P2 bits to avoid problematic
puncturing patterns by:
(1) adding a number of non-punctured P1 bits to the first group; and
(ii) decreasing the numbér of non-punctured P2 bits in the second

group by the number of non-punctured P1 bits ad&ed to the first group.

17. The method of claim 16 further comprising:
(d) using Turbo code to implement the error -correction coded

transmissions.

18. The method of claim 17 further comprising:
(e) identifying when a non-punctured bit pattern of the transmissions
exhibits a periodic characteristic, with a period equal to a period of a

semi-periodic impulse response of recursive encoding blocks of the Turbo code;

and
(f) using the identified non-punctured bit patterns which exhibit a

periodic characteristic to identify puncturing patterns with degraded

performance.

19. A method for reducing degradations in quality of punctured error
corrected code transmissions, the method comprising:

(a) identifying a puncturing pattern which approximates a particular code

rate; and
(b) adjusting the parameters of the transmissions sufficiently to cause a

mismatch in the puncturing pattern and the particular code rate by increasing
and decreasing the number of bits punctured in respective parity bit streams,

and biasing the particular code rate.

20. The method of claim 19 further comprising:
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(c) determining a capacity of a wireless transmit and receive unit
(WTRU), including buffer sizes that are supported by the WTRU;

(d) using puncturing to remove sufficient bits to fit into the buffer; and

(e) adjusting an overall code rate so as to provide sufficient error
correction capability, thereby providing a first rate in a first stage of puncturing

and providing a second rate in a second stage of puncturing.

21. The method of claim 20, further comprising:

(f) increasing non-punctured bits in one of the first stage and second stage
of puncturing, and decreasing non-punctured bits in another of the first stage and
second stage of puncturing, thereby adding additional puncturing to one stage
and removing it from the other stage.

22. The method of claim 20 further comprising:
(f) increasing non-punctured bits in the first stage and decreasing

non-punctured bits in the second stage.

23. The method of claim 20 further comprising:
(f) decreasing non-punctured bits in the first stage and increasing

non-punctured bits in the second stage.

24.  The method of claim 20 further comprising:

(f) interleaving parity bits before rate matching occurs; and

(g) subsequently de-interleaving the parity bits, thereby avoiding a need
to periodically sample the parity bits when performing periodic sampling in rate
matching, thereby mitigating the effect of the periodicity of the puncturing

pattern.

25. A communications system for avoiding problematic Turbo code

puncturing patterns, the system comprising:
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- (a) a plurality of rate matching stages for processing a plurality of
individual parity bit streams;
(b) means for adjusting the number of bits punctured in each stage of rate
matching; and
(c) means for adjusting the number of bits punctured in each of the
plurality of parity bit streams by increasing the number of bits punctured in one
of the parity bit streams and decreasing the number of bits punctured in another
one of the parity bit streams, and biasing the puncturing rate of a problematic

puncturing pattern.

26. The system of claim 25 wherein degradations in the quality of
punctured error correction coded transmissions having a first group of parity 1
(P1) bits and a second group of parity 2 (P2) bits are identified, the means for
adjusting the number of bits punctured in each of the plurality of parity bit
streams further comprising:

(c1) means for adding punctured bits to the first group of P1 bits;

(c2) means for removing punctured bits from the second group of P2 bits;
and

(c3) means for biasing the puncturing rates of the P1 and P2 bits to avoid
problematic puncturing patterns, the biasing means including:

(i) means for adding a number of non-punctured P1 bits to the first
group; and
(ii) means for decreasing the number of non-punctured P2 bits in the

second group by the number of non-punctured P1 bits added to the first group.
27. The system of claim 26 further comprising:
fr= [if_ g

(d) means for determining a number of bits N using » 2J wherein
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I is the number of bits at the input to each branch of rate matching and P is the

total number of the P1 and P2 bits at the output of rate matching;

(e) means for calculating the bias 5 _{ max f _P , £__ 1 if
IN-1] 272 [7N+1
2 2

! -7ﬁ<1—-1-0-+§- ; and
(P12) 2 2 |2/
(f) means for setting biasA =0 if ! —7N21—ﬁ+ N .
(P12) 2 2 |2

28. The system of claim 27, wherein non-puncturing patterns with a
period of 71\7/2 cause degradation in performance results and N is a whole

number.

29. The system of claim 28 wherein the periods will be employed

whenever the average non-puncturixig period of P1 or P2 bits is within +1 or +\%

of 7N/2 for even and odd N respectively.

30. A communications system for avoiding problematic Turbo code
puncturing patterns, the system comprising:

(a) a plurality of rate matching stages for processing a plurality of
individual parity bit streams;

(b) means for adjusting the number of punctured bits in each of the parity
bit streams by increasing the number of bits punctured in one of the parity bit
streams and decreasing the number of bits punctured in another one of the parity

bit streams; and
(c) means for biasing the puncturing rates of each of the individual parity

bit streams while maintaining a constant overall effective
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coding rate.

31. The system of claim 30 wherein degradations in the quality of
punctured error correction coded transmissions having a first group of parity 1
(P1) bits and a second group of parity 2 (P2) bits are identified, wherein the
means for adjusting the number of punctured bits comprises:

(b1) means for adding punctured bits to the first group of P1 bits; and

(b2) means for removing punctured bits from the second group of P2 bits;
and the means for biasing the puncturing rates comprises:

(c1) means for biasing the puncturing rates of the P1 and P2 bits to avoid
problematic puncturing patterns, the biasing means including:

(i) means for adding a number of non-punctured P1 bits to the first
group; and
(ii) means for decreasing the number of non-punctured P2 bits in the

second group by the number of non-punctured P1 bits added to the first group.

32. The system of claim 31 further comprising:

N=|—+—

- tu 1J
7P 2§ wherein

(d) means for determining a number of bits N using

I is the number of bits at the input to each branch of rate matching and P is the

total number of the P1 and P2 bits at the output of rate matching;

(e) means for calculating the bias p _{maxl £ P P__ [ if
IN-1[ 22 |IN+]
2 2

I 7N N |N
——<l-—+|—}; and
l(P/z) ‘2" 2 [2J
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(f) means for setting biasA =0 if ! —7N21—-1l+ i .
(P12 2 2 |2

33. The system of claim 32, wherein non-puncturing patterns with a
period of 71\7/2 cause degradation in performance results and N is a whole

number.

34. The system of claim 33 wherein the periods will be employed

whenever the average non-puncturing period of P1 or P2 bits is within +1 or +%%

of 7ﬁ/2 for even and odd N respectively.

35. A communications system for identifying degradations in quality of
punctured error correction coded transmissions, the system comprising:

(a) means for identifying a puncturing pattern which approximates a
particular code rate; and

(b) means for adjusting a value for anticipated degradation in accordance
with the matching of the puncturing pattern and the particular code rate by
increasing and decreasing the number of bits punctured in respective parity bit

streams, and biasing the puncturing rate of a problematic puncturing pattern.

36. The system of claim 35 wherein degradations in the quality of
punctured error correction coded transmissions having a first group of parity 1
(P1) bits and a second group of parity 2 (P2) bits are identified, the means for
adjusting a value for anticipated degradation further comprising:

(b1) means for adding punctured bits to the first group of P1 bits;

(b2) means for removing punctured bits from the second group of P2 bits;
and

(b3) means for biasing the puncturing rates of the P1 and P2 bits to avoid

problematic puncturing patterns, the biasing means including:

-49-

IPR2023-01272 Page 79



1-2-0526.1WO0

(i) means for adding a number of non-punctured P1 bits to the first

group; and
(ii) means for decreasing the number of non-punctured P2 bits in the
second group by the number of non-punctured P1 bits added to the first group.

37. The system of claim 36 further comprising:

N={—+=

- [41 1 J
P 2 wherein

(c) means for determining a number of bits N using

I is the number of bits at the input to each branch of rate matching and P is the

total number of the P1 and P2 bits at the output of rate matching;

(d) means for calculating the bias o -|maxl. L P2 P__ 1 if

[71\‘/-1 272 [7ﬁ+1]
! —7ﬁ<l—ﬁ+£ ; and
P12) 2 2 |27¢

2
(e) means for setting biasA =0 if

I N N |N
SN P A A0 §
(P12) 2 2 {2

38. The system of claim 35 further comprising:

(c) means for using Turbo code to implement the error correction coded

transmissions.

39. The system of claim 38 further comprising:
(d) means for identifying when a non-punctured bit pattern of the
transmissions exhibits a periodic characteristic, with a period equal to a period of

a semi-periodic impulse response of recursive encoding blocks of the Turbo code;

and
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(e) means for using the identified non-punctured bit patterns which
exhibit a periodic characteristic to identify puncturing patterns with degraded

performance.

40. A communications system for identifying degradations in the quality
of punctured error correction coded transmissions having a first group of parity 1
(P1) bits and a second group of parity 2 (P2) bits, the system comprising:
(a) means for adding punctured bits to the first group of P1 bits;
(b) means for removing punctured bits from the second group of P2 bits;
and
(c) means for biasing the puncturing rates of the P1 and P2 bits to avoid
problematic puncturing patterns, the biasing means ¢e) including:
(i) means for adding a number of non-punctured P1 bits to the first
group; and
(ii) means for decreasing the number of non-punctured P2 bits in the

second group by the number of non-punctured P1 bits added to the first group.

41. The system of claim 40 further comprising:

(d) means for using Turbo code to implement the error correction coded

transmissions.

42. The system of claim 41 further comprising:

(e) means for identifying when a non-punctured bit pattern of the
transmissions exhibits a periodic characteristic, with a period equal to a period of
a semi-periodic impulse response of recursive encoding blocks of the Turbo code;
and

(f) means for using the identified non-punctured bit patterns which
exhibit a periodic characteristic to identify puncturing patterns with degraded

performance.
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43. A communications system for reducing degradations in quality of
punctured error corrected code transmissions, the system comprising:

(a) means for identifying a puncturing pattern which approximates a
particular code rate; and

(b) means for adjusting the parameters of the transmissions sufficiently to

cause a mismatch in the puncturing pattern and the particular code rate by
increasing and decreasing the number of bits punctured in respective parity bit

streams, and biasing the particular code rate.

44. The system of claim 43 further comprising:

(c) means for determining a capacity of a wireless transmit and receive
unit (WTRU), including buffer sizes that are supported by the WTRU;

(d) means for using puncturing to remove sufficient bits to fit into the
buffer; and

(e) means for adjusting an overall code rate so as to provide sufficient
error correction capability, thereby providing a first rate in a first stage of

puncturing and providing a second rate in a second stage of puncturing.

45. The system of claim 44, further comprising:

(f) means for increasing non-punctured bits in one of the first stage and
second stage of puncturing, and decreasing non-punctured bits in another of the
first stage and second stage of puncturing, thereby adding additional puncturing

to one stage and removing it from the other stage.
46. The system of claim 44 further comprising:
(f) means for increasing non-punctured bits in the first stage and

decreasing non-punctured bits in the second stage.

47. The system of claim 44 further comprising:
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(f) means for decreasing non-punctured bits in the first stage and

increasing non-punctured bits in the second stage.

48. The system of claim 44 further comprising:

(f) means for interleaving parity bits before rate matching occurs; and

(g) means for subsequently de-interleaving the parity bits, thereby
avoiding a need to periodically sample the parity bits when performing periodic
sampling in rate matching, thereby mitigating the effect of the periodicity of the

puncturing pattern.

-53.

IPR2023-01272 Page 83



1-2-0526.1WO°

Additionally, methods are described hereinafter for modifying the puncturing
patterns such that performance of degraded Turbo code is restored.

[0046] In accordance with the present invention, the methods disclosed
herein may be implemented in a wireless transmit/receive unit (WTRU) and/or a
base station. Hereinafter, a WTRU includes but is not limited to a UE, mobile
station, fixed or mobile subscriber unit, pager, or any other type of device capable
of operating in a wireless environment. When referred to hereafter, a base
station includes but is not limited to a base station, Node-B, site controller,
access point or other interfacing deice in a wireless environment.

(0047] Figure 8 graphically depicts the SNR required to successfully decode
a data block (critical SNR) with high probability versus Code Rate when biasing
of parity bits P1/P2 is applied. As shown in Figure 7, it has been found that
particular codes created by puncturing the rate 1/3 3GPP Turbo code exhibit
poorer than expected performance, as can be seen from the peaks in the figure.
(0048] Figure 9 is a plot of the problematic regions with respect to an
ordered pair (r1,r2) which are the rates of puncturing the parity streams in the
first and second stages of rate matching, respectively. As can be seen, there are
particular regions where the rates of puncturing of the parity streams are such
that some combinations of rates are particularly problematic.

[0049] In one embodiment, puncture biasing for parity bits P1 and P2 is
implemented for one stage rate matching. Figure 10 is a schematic block
diagram showing circuitry 600 for 3GPP rate matching for HSDPA, using a
Turbo coded HS-DSCH. The circuitry 600 implements a 3GPP rate-matching
scheme for HSDPA. The circuitry 600 includes a bit separation circuit 605, a
first rate matching stage 610, a virtual incremental redundancy (IR) buffer 615, a
second rate matching stage 620 and a bit collection circuit 625. The first rate
matching stage 610 includes a Parity 1 (P1) bit rate matching circuit 630 and
Parity 2 (P2) bit rate matching circuit 635. The second rate matching stage 620
includes a systematic bit rate matching circuit 640, a Parity 1 (P1) bit rate
matching circuit 645 for the second rate matching and a Parity 2 (P2) bit rate
matching circuit 650 for the second rate matching. In operation, the systematic
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bits, Parity 1 (P1) and Parity 2 (P2) bits are processed through the first rate
matching stage 610, virtual IR buffer 615, second rate matching stage 620 and
bit collection circuit 625. Note that the Parity 1 (P1) and Parity 2 (P2) bits are
treated separately. The systematic bits, Parity 1 (P1) and Parity 2 (P2) bits are
combined at the bit collection circuit 625 to provide a single data output Ngata.
Also note that if the number of coded bits is less than or equal to the size of the
virtual IR buffer 615, the first rate matching stage 630 is transparent. The
transparent first stage case and Rel-4 rate matching are considered.

[0050] In its actual implementation, it is anticipated that the different
circuit functions will be executed by a common circuit or circuits, such as
microprocessor circuitry, and in accordance with program instructions. The
specific circuit functions used to implement the invention would therefore be a
matter of choice of those configuring the circuitry within the rate matching
circuitry 600.

[0051] The rate matching algorithm performs puncturing if the overall code
rate is greater than 1/3 and repetition if the code rate is less than 1/3. Currently
code rates greater than 1/3 are accomplished by applying the same puncturing
rate to both P1 and P2 bits (to within one bit) but with different puncturing
pattern phases. In order to avoid non-puncturing periodicities that have been
shown to degrade the Turbo code performance, the puncturing rates for P1 and
P2 be independently biased. For example, if the number of P1 bits is decreased
by A and the number of P2 bits is increased byA, the overall code rate is
unchanged but the problematic non-puncturing periods can be avoided. Given
this approach to avoiding the problematic code rates, an analytical expression for
the requisite bias, has been derived.

[0052] A simple and efficient method of modifying the puncture patterns is
biasing the number of punctured bits in P1 and P2 by adding additional
puncturing to one and removing it from the other. The amount of the bias should
be no more than is needed to avoid certain periodicities. In biasing the

puncturing rates of P1 and P2 bits, two constraints must be met.

-10-

IPR2023-01272 Page 85



An das Europdische Patentamt

Eintritt in die

europdische Phase

(EPA als Bestimmungsamt
oder ausgewdhites Amt)

To the European Patent Office

Entry into the
European phase

(EPO as designated or
elected Office)

PO - Munich
E 77

20, Juni 2005
1

A l'office européen des brevets

Entrée dans la

phase européenne

(I'OEB agissant en qualité
d'office désigné ou élu)

Européische Anmeldenummer oder, falls
nicht bekannt, PCT-Aktenzeichen oder
PCT-Veréffentlichungsnummer

European application number, or, if not
known, PCT application or publication
number

03796549.8

Numéro de dépét de la demande de
brevet européen ou, a défaut, numéro
de dépét PCT ou de publication PCT

Zeichen des Anmelders oder Vertreters
(max. 15 Positionen)

Applicant's or representative’s reference
(max. 15 spaces)

PC-EP-21020363

Référence du demandeur ou du mandataire
(15 caractéres ou espaces au maximum)

X

1. Anmelder
Die Angaben tiber den (die)
Anmelder sind in der internationalen
Verbffentlichung enthalten oder vom
Internationalen Baro nach der
internationalen Verdffentlichung
vermerkt worden.

Anderungen, die das Intemationale
Bitro noch nicht vermerkt hat, sind
auf einem Zusatzblatt angegeben.

Zustellanschrift
(siehe Merkblatt Il, 1)

1. Applicant
Indications conceming the
applicant(s) are contained in the
international publication or recorded
by the International Bureau after the
international publication.

Changes which have not yet been
recorded by the International Bureau
are set out on an additiona! sheet.

Address for correspondence
(see Notes II, 1)

1.

Demandeur

Les indications concerant le(s) de-
mandeur(s) figurent dans la publication
internationale ou ont été enregistrées
par le Bureau international aprés la
publication internationale.

Les changements qui n‘ont pas encore
été enregistrés par le Bureau inter-
national sont indiqués sur une feuille
additionnelle.

Adresse pour la correspondance
(voir notice Il, 1)

, Zur Kasse

2. Vertreter

Name (Nur einen Vertreter angeben,
der in das européische Patentregister
eingetragen und an den zugestelit
wird)

Geschiéftsanschrift

Telefon
Telefax Telex

Weitere(r) Vertreter auf Zusatzblatt

€L10])

2, Representative

Name (Name only one
representative who will be listed in
the Register of European Patents and
to whom notification will be made)

Linus Grénlund

Address of place of business

AWAPATENT AB
Berga Allé 1

SE-254 54 Helsingborg
Sweden

Telephone

+46 42 329900

Fax Telex
+46 42 329901

Additional representative(s) on
additional sheet

4

2, Méndataire

Nom (N'indiquer qu* un seul
mandataire, qui sera inscrit au
Registre européen des brevets et
auquel signification sera faite)

Adresse professionnelle

Téléphone

Téléfax Télex

Autre(s) mandataire(s) sur une feuille
additionnelle

O 0 XO |O

3. Vollmacht
Einzelvollmacht ist beigefugt.

Allgemeine Vollmacht ist registriert
unter Nummer:

Alligemeine Vollmacht ist eingereicht,
aber noch nicht registriert.

Die beim EPA als PCT-Anmeldeamt
eingereichte Vollmacht schlieit aus-
dricklich die europdische Phase ein.

3. Authorisation

Individual authorisation is attached.

General authorisation has been
registered under No:

47108

Pouvoir

Un pouvoir spécial est joint.

Un pouvoir général a été enregistré
sous le n°:

A general authorisation has been
filed, but not yet registered.

The authorisation filed with the EPO
as PCT receiving Office expressly
includes the European phase.

Un pouvoir général a été déposeé,
mais n'est pas encore enregistré.

Le pouvoir général déposé a 'OEB
agissant en qualité d'office récepteur
au titre du PCT s'applique expressé-
ment & la phase européenne.

EPA/EPO/OEB Form 1200.1 12.03

IPR2023-01272 Page 86




E:‘.

Pritfungsantrag

Hiermit wird die Prafung der Anmel-
dung gemaB Art. 94 EPU beantragt.
Die Priifungsgebihr wird (wurde)
entrichtet.

Prifungsantrag in einer zugelassenen
Nichtamtssprache
(siehe Merkblatt 11l, 5.2):

4. Request for examination
Examination of the application under
Art. 94 EPC is hereby requested.
The examination fee is being (has
been, will be) paid.

Request for examination in an
admissible non-EPO language
(see Notes lll, 5.2):

4. Requéte en examen

Il est demandé que soit examinée

la demande de brevet conformément
a Fart. 94 CBE. Il est (a été, sera)
procédé au paiement de la taxe
d'examen.

Requéte en examen dans une langue
non officielle autorisée
(voir notice lll, 5.2):

g 5. Abschriften 5. Copies 5. Copies
Zusétzliche Abschrift(en) der im Additional copy (copies) of the Priére de fournir une ou plusieurs
ergdnzenden europdischen documents cited in the copies supplémentaires des
Recherchenbericht angefihrten supplementary European search documents cités dans le rapport
Schriftstiicke wird (werden) report is (are) requested. complémentaire de recherche
beantragt. européenne.
Anzahi der zusédtzlichen Séitze von Number of additional sets of copies Nombre de jeux supplémentaires
Abschriften de copies
1

6. Fir das Verfahren vor dem EPA 6. Documents intended for pro- 6. Piéces destinées a la procédure
bestimmte Unterlagen ceedings before the EPO devant I'OEB

6.1 Dem Verfahren vor dem EPA als 6.1 Proceedings before the EPO as 6.1 La procédure devant 'OEB agissant

Bestimmungsamt (PCT 1) sind fol-
gende Unterlagen zugrunde zu legen:

die vom Internationalen Biro ver-
offentlichten Anmeldungsunter-
lagen (mit allen Anspriichen,
Beschreibung und Zeichnungen),
gegebenenfalls mit den gednderten
Anspriichen nach Art. 19 PCT

D soweit sie nicht ersetzt werden
durch die beigefiigten
Anderungen.

Falls nétig, sind Klarstellungen auf
einem Zusatzblatt einzureichen !

6.2 Dem Verfahren vor dem EPA als
ausgewihitem Amt (PCT I1) sind fol-
gende Unterlagen zugrunde zu legen:

die dem internationalen vorlaufigen
Prifungsbericht zugrunde gelegten
Unterlagen, einschlieBlich seiner
eventuellen Anlagen

(Solche Anlagen missen immer
beigefigt werden)

D soweit sie nicht ersetzt werden
durch die beigefiigten Ande-
rungen.

Falls nétig, sind Klarstellungen auf
einem Zusatzblatt einzureichen!

Sind dem EPA als mit der internatio-
nalen vorldufigen Prifung beauf-
tragten Behorde Versuchsberichte
zugegangen, darfen diese dem Ver-
fahren vor dem EPA zugrunde gelegt
werden.

designated Office (PCT I) are to be
based on the following documents:

the application documents pub-
lished by the International Bureau
(with all claims, description and
drawings), where applicable with
amended claims under Art. 19 PCT

unless replaced by the amend-
ments enclosed.

Where necessary, clarifications must
be submitted on a separate sheet!

6.2 Proceedings before the EPO as
elected Office (PCT II) are to be
based on the following documents:

the documents on which the inter-
national preliminary examination
report is based, including its
possible annexes

(Such annexes must always be filed)

unless replaced by the amend-
ments enclosed.

Where necessary, clarifications must
be submitted on a separate sheet!

If the EPO as International Prelimi-
nary Examining Authority has
received test reports, these may be
used as the basis of proceedings
before the EPO.

en qualité d'office désigné (PCT !) doit
se fonder sur les piéces suivantes:

les piéces de la demande publiée
par le Bureau intemnational (avec
toutes les revendications, la descrip-
tion et les dessins), éventuellement
avec les revendications modifiées
conformément 2 I'article 19 du PCT

dans la mesure ou elles ne sont pas
remplacées par les modifications
jointes.

Le cas échéant, des explications
doivent étre jointes sur une feuille
additionnelle!

6.2 La procédure devant 'OEB agissant

en qualité d'office élu (PCT II) doit
se fonder sur les piéces suivantes :

les piéces sur lesquelles se fonde le
rapport d'examen préliminaire
international, y compris ses

annexes éventuelles

(De telles annexes sont toujours a
joindre)

dans la mesure ou elles ne sont
pas remplacées par les
modifications jointes.

Le cas échéant, des explications
doivent étre jointes sur une feuille
additionnelle!

Si I'OEB, agissant en qualité
d'administration chargée de I'examen
préliminaire international, a requ des
rapports d'essais, ceux-ci peuvent
constituer la base de la procédure
devant I'OEB.
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7. Ubersetzungen

Beigefiigt sind die nachfolgend

angekreuzten Ubersetzungen in einer

der Amtssprachen des EPA (Deutsch,

Englisch, Franzbsisch):

e Im Verfahren vor dem EPA als
Bestimmungsamt oder
ausgewdhitem Amt (PCT I+l1l):

[:] Ubersetzung der urspriinglich
eingereichten internationalen
Anmeldung (Beschreibung, An-
spriiche, etwaige Textbestandteile in
den Zeichnungen), der veréffent-
lichten Zusammenfassung, und
etwaiger Angaben {iber biologisches
Material nach Regel 13*¢ 3 und
134 PCT

D Ubersetzung der prioritéits-
begriindenden Anmeldung(en)

] Es wird hiermit erklart, dalt die
internationale Anmeldung in ihrer
urspringlich eingereichten
Fassung eine vollstédndige
Ubersetzung der friheren An-
meldung ist (Regel 38(5) EPU)

o Zusiitzlich im Verfahren vor dem
EPA als Bestimmungsamt (PCT I):

D Ubersetzung der nach Art. 19 PCT
gednderten Ansprilche nebst
Erkldrung, falls diese dem
Verfahren vor dem EPA zugrunde
gelegt werden sollen (siehe Feld 6)

e Zusétzlich im Verfahren vor dem
EPA als ausgewdhitem Amt
(PCT 1I):

|:| Ubersetzung der Anlagen zum
internationalen vorldufigen
Priifungsbericht

7. Translations

Translations in one of the official

languages of the EPO (English,

French, German) are enclosed as

crossed below:

e In proceedings before the EPO
as designated or elected Office
(PCT1+1):

Translation of the international
application (description, claims,
any text in the drawings) as
originally filed, of the abstract as
published and of any indication
under Rule 13**3and 13**4 PCT
regarding biological material

Translation of the priority appli-
cation(s)

Itis hereby declared that the
interational application as
originally filed is a complete
translation of the previous
application (Rule 38(5) EPC)

¢ In addition, in proceedings before
the EPO as designated Office
(PCTI):

Translation of amended claims
and any statement under Art. 19
PCT, if the claims as amended are
to form the basis for the procee-
dings before the EPO

(see Section 6)

e In addition, in proceedings before
the EPO as elected office (PCT Il):

Translation of any annexes to the
international preliminary exami-
nation report

7. Traductions

Vous trouverez, ci-joint, les

traductions cochées ci-aprés dans

'une des langues officielles de I'OEB

(allemand, anglais, frangais):

e Dans la procédure devant 'OEB
agissant en qualité d'office
désigné ou élu (PCT | + I)):

Traduction de la demande inter-
nationale telle que déposée
initialement (description, revendica-
tions, textes figurant éventuelle-
ment dans les dessins), de I'abrégé
publié, et de toutes indications
visées aux régles 13°* 3et 13°*4

du PCT concernant le matériel
biologique

Traduction de la (des) demande(s)
ouvrant le droit de priorité

Il est déclaré par la présente que
la demande internationale telle
que déposée initialement est une
traduction intégrale de la demande
antérieure (régle 38(5) CBE)

e De plus, dans la procédure devant
I'OEB agissant en qualité d'office
désigné (PCT I):

Traduction des revendications
modifiées et de la déclaration faite
conformément a l'article 19 du PCT,
si la procédure devant 'OEB doit
étre fondée sur les revendications
modifiées (voir la rubrique 6)

e De plus, dans la procédure devant
I'OEB agissant en qualité d'office
élu (PCT li):

Traduction des annexes du
rapport d'examen préliminaire
international

8. Biologisches Material
[] Die Erfindung bezieht sich auf bzw.
verwendet biologisches Material, das
nach Rege! 28 EPU hinterlegt worden
ist.

D Die Angaben nach Regel 28(1)c)
EPU (falls noch nicht bekannt, die
Hinterlegungstelle und das (die)
Bezugszeichen [Nummer, Symbole
usw.] des Hinterlegers) sind in der
internationalen Veréffentlichung oder in
der gemé&R Feld 7 eingereichten Uber-
setzung enthalten auf:

Seite(n) / Zeile(n)

Die Empfangsbescheinigung(en)
der Hinterlegungsstelle

ist (sind) beigefiigt

wird (werden) nachgereicht

oo

Verzicht auf die Verpflichtung des
Antragstellers nach Rege! 28(3) EPU
auf gesondertem Schriftstick

8. Biological material

The invention relates to and/or uses
biological material deposited under
Rute 28 EPC.

The particulars referred to in

Rute 28(1)(c) EPC (if not yet known,
the depository institution and the
identification references(s) [number,
symbols, etc.] of the depositor) are
given in the intemnational publication
or in the translation submitted under
Section 7 on:

page(s) / line(s)

The receipt(s) of deposit issued by
the depositary institution

is (are) enclosed
will be filed at a later date
Waiver of the right to an undertaking

from the requester pursuant to Rule
28(3) EPC attached.

8. Matiére biologique
L'invention conceme et/ou utilise
de la matiére biologique, déposée
conformément a la régle 28 CBE.

Les indications visées a la régle
28(1)c) CBE (si non encore connues,
l'autorité de dép6t et la (les)
référence(s) d'identification [numéro ou
symboles etc.] du déposant) figurent
dans la publication internationale ou
dans une traduction produite con-
formément a la rubrique 7 a la / aux:

page(s) / ligne(s)

Le(s) récépissé(s) de dépdt délivré(s)
par l'autorité de dépét

est (sont) joint(s)
sera (seront) produit(s) ultérieurement
Renonciation, sur document distinct, &

'engagement du requérant au titre
de la régle 28(3) CBE.
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D 10.

1 Stand bei Drucklegung: 27 Vertragsstaaten, und zwar: / Status when this form was printed: 27 contracting states, namely / Situation 4 la date d'i
4 savoir. AT Osterrsich / Austria / Autriche, BE Belgien / Belgium etl:h Belgique, BG Bulgarien / Bulgaria / B

2 Fir folgende Staaten nur moglich, falls in der intemationalen Anmeldung am oder nach folg Tago‘g i Sk
Estland: 1. Juli 2002, Slowenien: 1 Dezember 2002, Ungam: 1 Januar 2003 und Rumanien: 1 Marz 2003. / For th:

in the intemational application on or after the stated date: Siovak Republic, Bulgaria, Czech Republic and Estonia: 1 July 2002, Siovenia: 1
2003 and Romania: 1 March 2003. / En ce qui contj.en!?‘lesjsta

AbbuchungEsauftrag erteilt (Feld 12),
so wird das EPA beauftragt, bei Ab-
lauf der Grundfrist nach Regel 107
(1)d) EPU den siebenfachen Betra
einer Benennungsgebihr abzubu
Ist eine Erkldrung nach Nr. 10.2
abgegeben worden, so sollen die
Benennungsgebihren nur fur die dort
angegebenen Vertragsstaaten
abgebucht werden, sofem dem EPA
nicht bis zum Ablauf der Grundfrist
ein anderslautender Auftrag zugeht.

en.

Suisse et Liechtenstein, CY ?‘Lpnem 1 Cyprus / Chypre, CZ Tschi

Denmark / Danemark, EE Esf
United Kingdom / Roy Uni, GR G

Luxembourg, MC Monaco / Monaco / Monaco, NL Niedertands / Nethedands / Pays-Bas,
Sweden / Suéde, S| Slowenien / Slovenia / Slovénie, SK Slowakische Repubiik / Slovak Republic

4 une date ultéri
1% mars 2003

P qt que, ¢

ts suivants seulement si la dési

been issued (Section 12), the EPO
is authorised, on expn;y of the basic

eriod under Rule 107(1)(d) EPC,
o debit seven times the amount of
the designation fee. If states are
indicated under No. 10.2, the EPO
will debit designation fees only for
those states, unless instructed
otherwise before the basic period
expires.

Y . o

9. Nucleotid- und Aminosdure- 9. Nucleotide and amino acid 9. Séquences de nucléotides
sequenzen sequences et d'acides aminés
Die nach Regeln 5.2 und 13* PCT The items necessary in accordance Les piéces requises selon les régles
sowie Regel 111(3) EPU erforderli- with Rules 5.2 and 13" PCT and 5.2 et 13 PCT et la régle 111(3) CBE
chen Unterlagen liegen dem EPA Rule 111(3) EPC have already been ont déja été déposées auprés de
bereits vor. furnished to the EPO. I'OEB.
Das schriftliche Sequenzprotokoll The written sequence listing is La liste de séquences écrite est
wird anliegend nachgereicht. fumished herewith. produite ci-joint.

D Das Sequenzprotokoll geht nicht The sequence listing does not La liste de séquences ne contient
Uber den Inhalt der Anmeldung in include matter which goes beyond pas d'éléments s'étendant au-dela
der urspriinglich eingereichten the content of the application as du contenu de fa demande telle
Fassung hinaus. filed. qu'elle a été déposée.

Der vorgeschriebene Datentrédger ist The prescribed data carrier is Le support de données prescrit
beigefigt. enclosed. est joint.

I:] Die auf dem Datentrédger gespei- The information recorded on the L'information figurant sur le
cherte Information stimmt mit data carrier is identical to the support de données est identique
dem schriftlichen Sequenzprotokoll written sequence listing. a celle que contient la liste de
Uberein. séquences écrite.

10. Benennungsgebihren 10. Designation fees 10. Taxes de désignation

g 10.1 Es ist derzeit beabsichtigt, den sie- 10.1 Itis currently intended to pay seven 10.1 Il est actuellement envisagé de payer
benfachen Betrag einer Benennungs- times the amount of the designation un montant correspondant a sept
gebuhr zu entrichten. Damit gelten fee. The designation fees for all the fois la taxe de désignation. Les taxes
die Benennungsgebihren fir alle EPC contracting states' designated de désignation sont ainsi réputées
Vertragsstaaten des EPU' als ent- in the international application’ are payées pour tous les Etats
richtet (Art. 2 Nr. 3 GebOQ), soweit sie thereby deemed to have been paid contractants de la CBE' désignés
in der internationalen Anmeldung (Art. 2 No. 3 RFees). dans la demande internationale’
bestimmt sind®. (art. 2, point 3 du RRT).

D 10.2 Abweichend von der Erklérung in Nr. 10.2 The declaration in No. 10.1 does not 10.2 Contrairement a ce qui est indiqué au
10.1 ist derzeit beabsichtigt, weniger apply. Instead, it is currently intended n® 10.1, il est actueliement envisagé
als sieben Benennungsgebithren fir to pay fewer the seven designation de payer moins de sept taxes
folgende in der internationalen An- fees for the following EPC de désignation pour les Etats
meldung bestimmte Vertrags- contracting states” designated in contractants de la CBE? suivants
staaten des EPU’ zu entrichten: the international application: désignés dans la demande

internationale:

M | [ | @) I 1 |

@[ 1] YR

()] | | ) l ] |

Soweit unter Nr. 10.2 Vertragstaaten If contracting states are indicated Si des Etats contractants sont
aufgefihrt sind, wird beantragt, fur under No. 10.2, it is requested that no mentionnés au n® 10.2, priére de ne
die dort nicht angefihrten Vertrags- communication under Rule 108(3) pas procéder a la signification d’'une
staaten von der Zustellung einer EPC be issued for contracting states notifications prévue par la régle 108(3)
Mitteilungen nach Regel 108(3) EPU not thus indicated. CBE pour les Etats contractants n'y
abzusehen. étant pas mentionnés.

3 Wird ein automatischer 10.3 If an automatic debit order has 10.3 Si un ordre de prélévement auto-

matique est donné (rubrique 12),

il est demandé & 'OEB de prélever,
a I'expiration du délai normal visé
alaregle 107 Qd) CBE, un montant
correspondant a sept fois la taxe de
désignation. Si une déclaration a été
faite au n° 10.2, les taxes de désigna-
tion ne sont a prélever que pour les
Etats contractants qui y sont indi-
qués, sauf instruction contraire ref,:.ge
par I'bIEB avant I'expiration du délai
normal.

pression : 27 Etats ts,
ulgarie, CH/LI Schweiz und Liechtenstein / Switzerland and Liechtenstein /
s / Czech Rep publig DE Deutschland / Germany / Allemagne, DK Danemark /
d / Estonia / Estonie, ES Spanien / Spain / Espagne, FI Finnland / Finland / Finlande, FR Frankreich / France / France, GB Vereini
i d / Greece / Gréce, HU Ungam / Hungar; / Hongrie, IE Irland / Ireland / Ilande, IT italien / ltaly / ltalie, LU Luxe:
T Portu%al { Portugal / Portugal, RO Rumdnien / Romania / Roumanie, SE eden /
/ République slovaque, TR Tarkei / Turkey / Turquie

s Konigreich /
I?.nl.;:gembowgl

ische Repubiik,
e following states this is possible only if they are designated

bk,

ien, Tschechische Republik und

December 2002, Hungary: 1 January

i%r(\yaéﬁon a été effectude dans la demande intemationale 4 la date suivante ou
tchéque et Estonie: 1% juillet 2002, Slovénie: 1% décembre2002, Hongrie: 1% janvier 2003 et Roumanie:
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Space for States with which "extension

Erstreckung des europdischen
Patents

Bei Zahlung der Erstreckungs-
gebthr(en) gilt diese Anmeldung auch
als wirksamer Erstreckungsantrag fur
die in der internationalen Anmeldung
bestimmten »Erstreckungsstaaten«.
Es ist beabsichtigt, diese Gebuhr(en)
fur folgende Staaten zu entrichten:

Slowenien ¥

Litauen

Lettland

Albanien

Rumanien "

Ehemalige jugoslawische
Republik Mazedonien

2

For Slovenia and Romania this is possible only ¥ they are desgnatadn

11. Extension of the European patent

On payment of the extension fee(s)
this application is also deemed to be
a request for extension to all the
“extension states” designated in the
intemational application. It is intended
to pay the fee(s) for the following
states:

Slovenia"

Lithuania

Latvia

Albania

Romania ”

Former Yugoslav Republic
of Macedonia

2

11. Extension des effets du brevet
européen
La taxe (Les taxes) d’extension
payeée(s), la présente demande
est également réputée étre une
demande d’extension a tous les
«Etats autorisant 'extension»
désignés dans la demande
internationale. Il est envisagé de
payer la taxe (les taxes) d’extension
pour les Etats suivants:

Slovénie

Lituanie

Lettonie

Albanie

Roumanie "
Ex-République yougostave
de Macédoine

2)

FCerwenendenmarlenrunngim faks in der intemationalen Anmeidung bis 30. November 2002 (Slowenien) oder bis 28. Februar 2003 (Rumanien) bestimmt. /
mmwmwmmNWnWM(sm)uzeme(me

En ca qui conceme la Siovénie et la Roumanie, seulement si i désignation a été effectuée dans la demande ¥ jusquiau 30
28 février 2003 (Roumanie).
2) Piatz fOr Staaten, rmuenen»Elsn'adu\gsamumm« Drucklegung dieses Fonmblatts in Kraft tretan und die in der intemationalen

Anmeidung
" enter into force afler this form has been printed and which were designated in the intemational
Prévu pour des Estats 4 fégard desquets des «accords dextension» entreront en vigueur aprés fimpression du présent fonmulaine et qui ont ét désignés dans ta demande ntematonale.

2002 (Slovénie) ou jusquau

bestimmt waren. /
bon. /

12

Automatischer Abbuchungsauftrag
(Nur méglich fiir Inhaber von beim
EPA gefiihrten laufenden Konten)

Das EPA wird beauftragt, nach Maf}-
gabe der Vorschriften (iber das auto-
matische Abbuchungsverfahren féllige
Gebiihren und Auslagen vom
untenstehenden laufenden Konto
abzubuchen. Im Bezug auf die Benen-
nungsgebiihren wird auf Feld 10.3
verwiesen. Das EPA wird ferner be-
auftragt, die Erstreckungsgebiihren
fur jeden in Feld 11 angekreuzten
»Erstreckungsstaat« bei Ablauf der
Grundfrist zu ihrer Zahlung abzu-
buchen, sofern ihm nicht bis dahin ein
anderslautender Auftrag zugeht.

Nummer und Kontoinhaber

12. Automatic debit order
(for EPO deposit account holders
only)

The EPO is hereby authorised, under
the Arrangements for the automatic
debiting procedure, to debit from the
deposit account below any fees and
costs falling due. For designation
fees, see Section 10.3. The EPO is
also authorised, on expiry of the basic
period for paying the extension fees,
to debit those fees for each of the
"extension states" marked with

a cross in Section 11, unless
instructed otherwise before the said
period expires.

Number and account holder

12. Ordre de prélévement automatique
(uniquement possible pour les
titulaires de comptes courants
ouverts auprés de I'OEB)

Par la présente, il est demandé a
I'OEB de prélever du compte courant
ci-dessous les taxes et frais venant a
échéance, conformément a la régle-
mentation relative au prélévement
automatique. Pour les taxes de
désignation, se reporter a la rubrique
10.3. Hl est en outre demandé a 'OEB
de prélever, a I'expiration du délai
normal prévu pour leur paiement, les
taxes d'extension pour chaque « Etat
autorisant I'extension» coché a la
rubrique 11, sauf instruction contraire
regue avant I'expiration de ce délai.

Numéro et titulaire du compte

13.

Eventuelle Riickzahlungen auf das
beim EPA gefuhrte laufende Konto

Nummer und Kontoinhaber

13. Any reimbursement to EPO deposit
account

Number and account holder
2810 0022 AWAPATENT AB

13. Remboursements éventuels a
effectuer sur le compte courant
ouvert auprés de I'OEB
Numeéro et titulaire du compte

14.

Unterschrift{en) des (der)
Anmelder(s) oder Vertreters

Ort / Datum
Fir Angestelite (Art. 133(3) EPU)
mit aligemeiner Vollmacht:

Nr.

Name(n) des (der) Unterzeichneten bitte in Druck-
schrift wiedecholen. Bei juristischen Personen bitte
auch die Steung des (der) Unterzeichneten
innerhab der Gi 1aft in Dn

14. Signature(s) of applicant(s) or

representative
7/ -~

Lixds Grénlund

Place / Date Helsingborg 2005-06-17
For employees (Art. 133(3) EPC)
having a general authorisation:

No.

Please print name(s) under signature(s). In the
case of legal persons, the position of the
signatory within the company should also be
printed.

14. Signature(s) du (des) demandeur(s)
ou du mandataire

Lieu / Date
Pour les employés (art. 133(3) CBE)
disposant d'un pouvoir général:

NO

Le ou les noms des signataires doivent étre indiqués
en caractéres dimprimerie, S'il s'agit d'une personne
morale, la posmonocwpéeau sandeoe!e-cnparle ou
les sigr Qoit ég; &tre indiquée en
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Additionally, methods are described hereinafter for modifying the puncturing
patterns such that performance of degraded Turbo code is restored.

[0046] In accordance with the present invention, the methods disclosed
herein may be implemented in a wireless transmit/receive unit (WITRU) and/or a
base station. Hereinafter, a WTRU ineludes but is not limited to a UE, mobile
station, fixed or mobile subscriber unit, pager, or any other type of device capable
of operating in a wireless environment. When referred to hereafier, a base
station includes but is not limited to a base station, Node-B, site controller,
access point or other interfacing deice in a wireless environment.

[0047] Figure 8 graphically depicts the SNR required to successfully decode
a data block (critical SNR) with high probability versus Code Rate when biasing
of parity bits PI/P2 is applied. As shown in Figure 7, it has been found that
particular codes created hy puncturing the rate 1/3 3GPP Turbo code exhibit
poorer than expected performance, as can be seen from the peaks in the figure,
[0048] Figure 9 is a plot of the problematic regions with respect to an
ordered pair (rl,r2) which are the rates of puncturing the parity streams in the
first and second stages of rate matching, respectively. As can be seen, there are
particular regions where the rates of puncturing of the parity streams are such
that some combinations of rates are particularly problematic.

[0049] In one embodiment, puncture biasing for parity bits P1 and P21s
implemented for one stage rate matching. Figure 10 is a schematic block
diagram showing circuitry 600 for 3GPP rate matching for HSDFPA, using a
Turbo coded HS-DSCH. The circuitry 600 implements a 3GPP rate-matching
scheme for HSDPA. The circuitry 600 includes a bit separation circuit 605, a
first rate watching stage 610, a virtual incremental redundancy (IR) buffer 615, a
second rate matching stage 620 and a bit collection circuit 625. The first rate
matching stage 610 includes a Parity 1 (P1) bit rate matching circuit 630 and
Parity 2 (P2) bit rate matching circuit 635. The second rate matching stage 620
includes a systematic bit rate matching circuit 640, a Parity 1 (P1) bit rate
matching circuit 645 for the second rate matching and a Parity 2 (P2) bit rate
matching circuit 650 for the second rate matching. In operation, the systematic

-9-
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bits, Parity 1 (P1) and Parity 2 (P2) bits are processed through the first rate
matching stage 610, virtual IR buffer 615, second rate matching stage 620 and
bit eollection circuit 625. Note that the Parity 1 (P1) and Parity 2 (P2) bits are
treated separately. The systematic bits, Parity 1 (P1) and Parity 2 (P2) bits are
combined at the bit collection cireuit 625 ta provide a single data output Nyaea.
Also note that if the number of coded bits is less than or equal to the size of the -
virtual IR buffer 615, the first rate matching stage 630 is transparent. The
transparent first stage case and Rel-4 rate matching are considered.

[0050] In its actual implementation, it is anticipated that the different
circuit functions will be executed by a common circuit or circuits, such as
microprocessor circuitry, and in accordance with program instructions. The
specific circuit functions used to implement the invention would therefore be a
matier of choice of those configuring the circuitry within the rate matching
circuitry 600. ‘

[0051] The ratematching algorithm performs puncturing if the overall code
rate is greater than 1/8 and repetition if the code rate is less than 1/3. Currently
code rates greater than 1/3 are accomplished by applying the same puncturing
rate to both P1 and P2 bits (to within one bit) but with different puncturing
pattern phases. In order to avoid non-puncturing periodicities that have been
shown to degrade the Turbo code performance, the puncturing rates for P1 and
P2 be independently biased. For example, if the number of P1 bits is decreased
by A and the number of P2 bits is increased by A, the overall code rate is
unchanged but the problematic non-puncturing periods can be avoided. Given
this approach to avoiding the problematic code rates, an analytical expression for
the requisite bias, has been derived.

{0052] A simple and efficient method of modifying the puncture patterns is
biasing the number of punctured bits in P1 and P2 by adding additional
puncturing to one and removing it from the other. The amount of the bias should
be 1o more than is needed to avoid certain periodicities. In biasing the
puncturing rates of P1 and P2 bits, two constraints must be met.
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What is claimed is:

1. In a communications system employing a plurality of rate matching
stages for processing a plurality of individual parity bit streams derived through
puncturing a selected number of bits, a method of avoiding problematic Turbo
code puncturing patterns, the method comprising:

(a) determining whether or not a desired code rate, used to process the
parity bit streams, results in a problematic puncturing pattern; and

(b) if a problematic puncturing pattern resulis in step (a), adjusting the
number of bits punctured in each of the parity bit streams by increasing the
number of bits punctured in one of the parity bit streams and decreasing the

number of bits punctured in another one of the parify bit streams.

2. The method of claim 1 wherein degradations in the quality of
punctured error correction coded transmissions having a first group of parity 1
(P1) bits and a second group of parity 2 (P2) bits are identified, and step (b)

further comprises:

(b1) adding punctured bits to the first group of P1 bits; and

(b2) removing punctured bits from the second group of P2 bits, wherein the
puncturing rates of the P1 and P2 bits are biased by adding a number of non-
punctured P1bits to the first group and decreasing the number of non-punctured
P2 bits in the second group by the number of non-punctured P1 bits added to the

first group.

3. The methad of claim 2 further comprising:

-30.
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N!' = [il—- —+ lJ
(c) determining a umber of bits N using 7P 2] wherein7is the

number of bits at the input t0 each branch of rate matching and P is the total

number of the P1 and P2 bits. at the output of rate matching; and
. f I 71\?, N | R .
- —— = ulate the b
(dhf(PIZ) 2 <1 2+[2J,cah the bias

LA S , otherwise set A =0.

I
A= max - == =
IN-1| 2 2 |7N+1
2 2

4. The method of claim 3, wherein non-puncturing patterns with a
period of 7N/2 cause degradation in performance results and N is a whole

number.

5. The method of claim 4 wherein the periods will be employed whenever
the average non-puncturing period of P1 or P2 bits is within +1 or % of 7N/2 for

even and odd ¥ respectively.

6. In a communications system employing a plurality of rate matching
stages for processing a plurality of individual parity bit streams derived through
puncturing a selected number of bits, a method of avoiding problematic Turbo
code puncturing patterns, the method comprising:

(a) adjusting the number of bits punctured in each of the parity bit streams
by increasing the number of bits punctured in one of the parity bit streams and
decreasing the number of bits punctured in another one of the parity bit streams;

and _
(b) adjusting the puncturing rates of each of the parity bit streams
-40-
Empf.zeit: 17/06/2005 14:05 ‘ Empf.nr.2345 P.0O12

IPR2023-01272 Page 94



17/86/2885 14:64 +46-42-323901 AWAPATENT AB SIDA 12/24

1-2-0526.1WO0

while maintaining a constant overall effective coding rate by biasing the
puncturing rates.

7. The method of claim 6 wherein depradations in the quality of
punctured error correction coded transmissions having a first group of parity 1
(P1) bits and a second group of parity 2 (P2) bits are identified, step (2) further
cormprises:

(al) adding punctured bits to the first group of P1 bits; and

(a2) removing punctured bits from the second group of P2 bits; and step (b)
further comprises:

(b1) biasing the punecturing rates of the P1 and P2 bits by adding a number
of non-punctured P1 bits to the first group and decreasing the number of non-
punctured P2 bits in the second group by the number of non-punctured P1 bits
added to the first group.

8. The method of claim 7 further comprising:

ﬁ=|-41 1

(¢) determining a number of bits ¥ using U ZJ wherein 7 is the

number of bits at the input to each branch of rate matching and P is the total

number of the P1 and P2 bits at the output of rate matching; and, |

ol I IN N N .
L ELLAR 'Y LIS P t
(d) if 52 <1 > +[2J,calculate he bias

£ P I , atherwise setA=0.

I
A =] max - -, ——
TFN-1] 2 2 |IN+1
2 2
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9. The method of claim 8, wherein non-puncturing patterns with a

period of 7N/2 cause degradation in performance results and & is a whole

number.

10. The method of claim 9 wherein the periods will be employed
whenever the average non-puncturing period of P1 or P2 bits is within +1 or +14

of 7N/2 for even and odd N respectively.

11. A method of identiﬁriné degradations in quality of punctured error
correction coded transmissions, the method comprising:

(a) identifying a puncturing pattern which approximates a particular code
rate; and .
(b) adjusting a value for anticipated degradation in accordance with the
matching of the puncturing pattern and the particular code rate by increasing
and decreasing the number of bits punctured in respective parity bit streams,
and biasing the particular code rate.

12. The method of claim 11 wherein degradations in the quality of
punctured error correction coded transmissions having a first group of parity 1
(P1) bits and a second group of parity 2 (P2) bits are identified, and step (b)
further comprises:

(b1) adding punctured bits to the first group of P1 bits;

(b2) removing punctured bits from the second group of P2 bits; and

(b3) biasing the puncturing rates of the P1 and P2 bits to avoid
problematic puncturing patterns by:

(i) adding a number of non-punctured P1 bits to the first group; and
(ii) decreasing the number of non-punctured P2 bits in the second

group by the number of non-punctured P1 bits added to the first group.

13,  The method of claim 12 further comprising:

-42-
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~ | a1 1J
—_—
(¢) determining a number of bits N using l"’ 2} wherein [ is the

number of bits at the input to each branch of rate matching and P is the total

number of the P1 and P2 bits at the output of rate mafching; and

d)if TN <l-—£+ pud , calculate the bjas
leery 2 2 |2

A=| max<- — _.£ . P , .I - ,OtheI'WiSESEtA—'!O-
IN-1| 2 2 |7N+]
2 2

14. The method of claim 11 further comprising:
(¢) using Turbo code to implement the error correction coded

transmissions.

15. The methed of claim 14 further comprising:

(d) identifying when a non-punctured bit pattern of the transmissions
exhibits a periodic characteristic, with a period equal to a period of a
sémi-periodic impulse response of recursive encoding blocks of the Turbo code;
and

(e) using the identified non-punctured bit patterns which exhibit a
periodic characteristic to identify puncturing patterns with degraded

performance,

16. A method of identifying degradations in the quality of punctured
error correction coded transmissions having a first group of parity 1 (P1) bits and
a second group of parity 2 (P2) bits, the method comprising:

(a) adding punctured bits to the first group of P1 bits;

43~
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(b) removing punctured bits from the second group of P2 bits; and
(c) biasing the puncturing rates of the P1 and P2 bits to avoid problematic
puncturing patterns by:
(1) adding a number of non-punctured P1 bits to the first group; and
(if) decreasing the number of non-punctured P2 bits in the second
group by the number of non-punctured P1 bits ad;:led to the first group.

17. The methed of claim 16 further comprising:
(d) using Turbo code to implement the error correction coded

transmissions.

18. The method of claim 17 further comprising:

(e) identifying when a non-punctured bit pattern of the transmissions
exhibits a periodic characteristic, with a period equal to a period of a
semi-periodic impulse response of recursive encoding blocks of the Turbo code;

and
(f) using the identified non-punctured bit patterns which exhibit a

periodic characteristic to identify puncturing patterns with degraded

performance.

15. A method for reducing degradations in quality of punctured error
corrected code transmissions, the method comprising: _
(a) identifying a puncturing pattern which approzimates a particular code

rate; and
(b) adjusting the parameters of the transmissions sufficiently to cause a

mismatch in the puncturing pattern and the particular code rate by increasing
and decreasing the number of bits punctured in respective parity bit streams,
and biasing the perticular code rate,

20. The method of claim 19 further comprising:
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(¢) determining a capacity of a wireless transmit and receive unit
(WTRU), including buffer sizes that are supported by the WIRU:

(d) using puncturing to remove sufficient bits to fit into the buffer; and

(e) adjusting an overall code rate so as to provide sufficient error
correction capability, thereby providing a first rate in a first stage of puncturing
and providing a second rate in a second stage of puncturing.

21. The method.of claim 20, furtber comprising:

(D) increasing non-punctured bits in one of the first stage and second stage
of puncturing, and decreasing non-punctured bits in another of the first stage and
second stage of puncturing, thereby adding additional puncturing to one stage
and removing it from the other stage.

22. The method of claim 20 further comprising:
(f) increasing non-punctured bits in the first stage and decreasing

non-punctured bits in the second stage.

23. The metbod of claim 20 further comprising:
(f) decreasing non-punctured bits in the first stage and increasing

non-punctured bits in the second stage.

24, The method of claim 20 further comprising:

(D) interleaving parity bits before rate matching occurs; and

{g) subsequently de-interleaving the parity bits, thereby avoiding a need
to periodically sample the parity bits when performing periodic sampling in rate
matching, thereby mitigating the effect of the periodicity of the puncturing

pattern.

25. A communications system for avoiding problematic Turbo eode

puncturing patterns, the system comprising:
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- (a) a plurality of rate matching stages for processing a plurality of

individual parity bit streams;

(b) means for adjusting the number of bits punctured in each stage of rate'
matching; and

(c) means for adjusting the number of bits punctured in each of the
plurality of parity bit streams by increasing the number of bits punctured in one
of the parity bit streams and decreasing the number of bits punctured in another
one of the parity bit streams, and biasing the puncturing rate of a problematic
puncturing pattern.

26. The system of claim 25 wherein degradations in the quality of
punctured error correction coded fransmissions having a first group of parity 1
(P1) bits and a second group of parity 2 (P2) bits are identified, the means for
adjusting the number of hits punctured in each of the plurality of parity bit
streams further comprising:

(c1) means for adding punctured bits to the first group of P1 bits;

(¢2) means for removing punctured bits from the second group of P2 bits;
and

(c3) means for biasing the puncturing rates of the P1 and P2 bits to avoid
problematic puncturing patterns, the biasing means including:

(i) means for adding a number of non-punctured P1 bits to the first
group; and

(ii) means for decreasing the number of non-punctured P2 bits in the
second group by the number of non-punctured P1 bits added to the first group.

27. The system of claim 26 further comprising:

. lar 1
N=[—+—J
(d) means for determining a number of bits N using 7P 2] wherein
46-
Empf.zeit:17/06/2005 14:06 V Empf.nr.:345 P.O18

IPR2023-01272 Page 100



17/86/2085 14:84 +46-42-3299a1 AWAPATENT AB SIDA 18/24

1-2-0526.1W0

I is the number of bits at the input to each branch of rate matching and P is the

total number of the P1 and P2 bits at the output of rate matching;

(e) means for calculating the bias g ~|max L . £ £__ 1 if
IN-1] 2 2 [7N41
2 2

o ——”\} <I-E—+ -IF- ; and
P12y 2 2 |2¢
(f) means for setting biasA =0 if}(},%——z— 21

28. The system of claim 27, wherein non-puncturing patterns with a

period of 7N/2 cause degradation in performance results and N is a whole

number.

29, The system of claim 28 wherein the periods will be employed
whenever the average non—punctu:hig period of P1 or P2 bits is within =1 or +1%

of 7N/2 for even and odd N respectively.

30. A communications system for avoiding problematic Turbo code
puncturing patterns, the system comprising:

(a) a plurality of rate matching stages for processing a plurality of
individual parity bit streams;

(b) means for adjusting the number of punctured bits in each of the parity
bit streams by increasing the number of bits punctured in one of the parity bit
streams and decreasing the number of bits punctured in ancther one of the parity

bit streams; and
(c) means for biasing the puncturing rates of each of the individual parity
bit streams while maintaining a constant overall effective
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coding rate.

31. The system of claim 30 wherein degradations in the quality of
punctured error correction coded transmissions having a first group of parity 1
(P1) bits and a second group of parity 2 (P2) bits are identified, wherein the
means for adjusting the number of punctured bits comprises:

(b1) means for adding punctured bits to the first group of P1 bits; and

(b2) means for removing punctured bits from the second group of P2 bits;
and the means for biasing the puncturing rates comprises:

(c1) means for biasing the puncturing rates of the P1 and P2 bits to avoid
problematic puncturing patterns, the biasing means including:

(1) means for adding a number of non-punctured P1 bits to the first
group; and

(ii) means for decreasing the number of non-punctured P2 bits in the
second group by the number of non-punctured P1 bits added to the first group.

32. The system of claim 31 further comprising:

(d) means for determining a number of bits N using 7P 2§ wherein

I is the number of bits at the input to each branch of rate matching and P is the

total number of the P1 and P2 bits at the output of rate matching;

(e) means for caleulating the bias 5 | gax

L —7ﬁ<l—-]z+£'and
(P/2) 2 2 |2/

! 2 B 7 llif
272

RN
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e ol I N NN
(f) means f b =0 if |—— s 2
means for setting bias A ,(PIZ) 3 21 2 +[2J

33.  The system of claim 32, wherein non-puncturing patterns with a
period of 7N/2 cause degradation in performance results and ¥ is 2 whole
number. ' .

34, The system of claim 33 wherein the periods will be employed
whenever the average non-puncturing period of P1 or P2 bits is within 1 or +14

of 7X/2 for even and odd N réspectively.

35. A communications system for identifying degradations in quality of
punctured error correction coded transmissions, the system comprising:

(@) means for identifying a puncturing pattern which approximates a
particular code rate; and
‘ (b) means for adjusting a value for anticipated degradation in accordance
with the matching of the puncturing pattern and the particular code rate by
increasing and decreasing the number of bits punctured in respective parity bit
streams, and biasing the puncturing rate of a problematic puncturing pattern.

86. The system of claim 35 wherein degradations in the quality of
punctured error correction coded transmissions having a first group of parity 1
(P1) bits and a second group of parity 2 (P2) bits are identified, the means for
adjusting a value for anticipated degradation further comprising:

(b1) means for adding punctured bits to the first group of P1 bits;

(b2) means for removing punctured bits from the second group of P2 bits;
and

(b3) means for biasing the puncturing rates of the P1 and P2 bits to avoid
problematic puncturing patterns, the biasing means including:

49
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(i) means for adding a number of non-punctured P1 bits to the first

group; and
(ii) means for decreasing the nuinber of non-punctured P2 bits in the
second group by the number of non-punctured P1 bits added to the first group.

37. The system of claim 36 further comprising: S
) ;v=lf£+iJ

{(c) means for determining a number of bits N using 7P 2) wherein

Iis the number of bits at the input to each branch of rate matching and P is the

total number of the P1 and P2 bits at the output of rate matching;

(d) means for calculating the bias A~ |max{ L -2 2___ I _
l'm-l 2°2 [m?n]
2 2

7 —7ﬁ<1—£’-+£ ;and
P,/12) 2 2 |2/

(¢) means for setting biasA =0 if |—— 22 1—-’Y-+lﬂ j

(P/2) 2 2 |2

38. The system of claim 35 further comprising:
(c) means for using Turbo code to implement the error correction coded

transmissions.

39. The system of claim 38 further comprising:

(d) means for identifying when a non-punctured bit pattern of the
transmissions exhibits a periodic characteristic, with a period equal to a period of
a semi-periodic impulse response of recursive encoding blocks of the Turbo code;

and
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' (e) means for using the identified non-punctured bit patterns which
exhibit a periodic characteristic to identify puncturing patterns with degraded

performance.

40. A communications system for identifying degradations in the quality
of punctured error correction coded transmissions having a first group of parity 1
(P1) bits and a second group of parity 2 (P2) bits, the system comprising:
(a) means for adding punctured bits to the first group of P1 bits;
(b) means for removing punctured bits from the second group of P2 bits;
and
(c) means for biasing the puncturing rates of the P1 and P2 bits to aveid
problematic puncturing patterns, the biasing meanps (e) including:
(i) means for adding a number of non-punctured P1 bits to the first
group; and ,
(i1) means for decreasing the number of non-punctured P2 bits in the
second group by the number of non-punctured P1 bits added to the first group.

41. The system of claim 40 further comprising:
(d) means for using Turbo code to immplement the error correction coded

transmissions.

42. The system of claim 41 further comprising:

(e) means for identifying when a non-punctured bit pattern of the
transmissions exhibits a periodic characteristic, with a period equal to a period of
a semi-periodic impulse response of recursive encoding blocks of the Turbo code;

and
(f) means for using the identified non-punctured bit patterns which

exhibit a periodic characteristic to identify puncturing patterns with degraded

performance.
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43. A communications system for reducing degradations in quality of
punctured error corrected code transmissions, the system comprising:

(2) means for identifying a puncturing pattern which approximates a
particular code rate; and

(b) means for adjusting the parameters of the transmissions sufficiently to
cause a mismatch in the puncturing pattern and the particular code rate by
increasing and decreasing the number of bits punctured in respéctive parity bit
streams, and biasing the particular code rate.

44.  The system of claim 43 further comprising:

(c) means for determining a capacity of a wireless transmit and receive
unit (WI'RU), including buffer sizes that are supported by the WTRU;

(d) means for using puncturing to remove sufficient bits to fit into the

buffer; and

(e) means for adjusting an overall cade rate so as to provide sufficient
error correction capability, thereby providing a first rate in a first stage of
puncturing and providing a second rate in a second stage of puncturing.

45. The system of claim 44, further comprising:

(f) means for increasing non-punctured bits in one of the first stage and
second stage of puncturing, and decreasing non-punctured bits in another of the
first stage and second stage of puncturing, thereby adding additional puncturing
to one stage and removing it from the other stage.

46. The system of claim 44 further comprising:
() means for increasing non-punctured bits in the first stage and

decreasing non-punctured bits in the second stage.

47. The system of claim 44 further comprising:
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(D means for decreasing non-punctured bits in the first stage and
increasing non-punctured bits in the second stage.

48. The system of claim 44 further comprising:

{f) means for interleaving parity bits before rate matching occurs; and

(2) means for subsequently de-interleaving the parity bits, théreby
avoiding a need to perioﬂically sample the parity bits when performing periodie
sampling in rate matching, thereby mitigating the effect of the periodicity of the
puncturing pattern.
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auf einem Zusatzblatt angegeben.

Zustollanschrift
(sishe Merkbiatt /i, 1)

1. Applicant
Indications concerning the
applicant(s) are contained in the
intemational publication or recorded
by the Intarnational Bureau after the
international publication.

Changes which have not yet been
recorded by the international Bureau
are set put on an additional sheet.

Address for correspendence
(see Notes Il, 1)

1. Demandeur
Les indications concernant le(s) de-
mandeur(3) figurent dans la publication
internationale ou ont &té enregistrées
par la Bureau internatipnal aprés la
publicatlen intamatlonale.

Les changements qul n'ont pas encore
été enregistrés par le Bureau Inter-
national sont indiqués sur une feuille
additionnelle.

Adresse pour la correspondance
(voir natice i, 1) '

Einzelvelimacht ist baigafigt.

XL (O

Allgemeine Vollmacht ist registrizrn
unter Nummer:

Individual aulhorisation is attached.

General authorisation has baen
registered under No:

47408

2. Vertrator 2. Ropresentative 2. Wandataire . )
Name (Nur einen Verireter angeben, Namo (Name only ono Nom (Nindlquer qu* un seul -
der in das eurcpéische Patentregister representativa who will be lisled in mandataire, qui sera inserit au
aingetragen und an den zugestellt the Register of European Patents and Registre européen des bravels et
wird) to whom notification will be mads) auquel signification sera faita)
Linus Grénlung
Geschiftsanschrift Address of place of business Adresse professionnelle
AWAPATENT AB
Berga Alls 1 . : sehes
SE-254 54 Holsingborg _ ZUf Kﬂ%ﬁ?b
Swedon
Tolefon Telephone Té&lsphons 6 b( ‘LO‘} ~ (A \
+46 42 329300 - (
Telefax Telex Fax Telex Téléfax Télox
+46 42 329801
Weitere(r) Vertreter auf Zusatzhlatt Additional representative(s) on Autre(s) mandataire(s) sur une feuille
additional gsheet additionnelle
3. Veolimacht 3. Authorisation 3. Pouvoir

Un pouvoir spécial est joint,

Un pouvoir général a ¢1é enregistre
sous lan™

O

Allgemeine Volimachl ist eingereicht,
aber noch nicht registriert,

D Die beim EPA als PCT-Anmeldeamt
eingereichte Vollmacht schliefit aus-
drlicklich die europdische Phase ein,

A general authorisation haé been
filed. bul not yat repistered.

The autherisation filed with the EPO
as PCT receiving Office expressly
indudes the European phase.

Un pouvair général a €& dépose,
mais nest pas encore enregistnrg,

Le pouvoir général déposé a FOEB
agissant en qualité d'sffice récepteur
au litre du PCT s'applique expresss-
ment & la phase européenne.
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4, Prifungsantag 4. Request for examination 4. Requits sn examen .
Hiermit wird die Prifung der Anmel- Examination of the application under H est demands que soit examinée
dung gemaR Art. 94 EPU beantragt, _Art, 84 EPC is hereby requested. Ja demande de bravet conformément
Die Prafungsgebihr wird (wurde) The examination fae is being (has al'art, 34 CBE. ll est (2 418, sara)
enlrichtet, been, will be) paid, procédé gu paiement de Ja taxe

d'examen.

Prifungsantrag in einer zugelassenen Request for examination in an Requéte en examen dans une Jangue
Nichtamissprache admissibla non-EPQ language non officielle autorisée
(sieha Merkblatt lil, 5.2): (see Notes lll, 5.2): (vaoir notice 1lI, 5.2);

X] 5 Abschriften 5. Copies 5. Copies

_— Zusélzliche Abschrift{en) der im Additianal copy (copies) of the Prigre de foumir une ou plusieurs
erganzenden europdischen documents cited in the copies supplémentaires des
Recherchenbenicht angefihrten supplementary Eurapean search documenis cités dans le rapport
Scehrifistucke wird (werden) report is (are) requestad, complémentaire de racherche
beantragt. eyropéenne,
Anzahl der zusitzlichen Sitze von Number of additional sets of coplas Nombre de jewx supplémontaires
Abschriften de copies

1
6. Fir das Verfahren vor dam EPA 6. Documonts intended for pro- 6. Pigces destinées A Ja procédure
bestimmte Unterlagen csedings bafore the EPO devant I'OEB
6.1 Dem Verfahren vor dem EPA als 6.1 Praceedings before the EPO as 6.1 La pruoédure' devant |'OEB agissant

Bestimmungsamt (PCT I) sind fol- doslgnated Office (PCT I) are to be en qualile d'office désigné (PCT 1) doit
gende Unterlagen zugrunde zu legen: based on the following documents: se fonder sur les pigces sutvantes:

4 die vom Internationalen BGro ver- tha application documents pub- les pidces de |a domande publiée

B4

O

Gffentfichten Anmeldungsunter-
lagen (mit allon Ansprachen,
Beschreibung und Zeichrumgen),
gegebenenfalls mit den gednderten
Ansprichen nach Art. 19 PCT

seweit sia nlcht ersatzt werden
durch die beigefigten
Anderungen.

Falis nistig, sind Klarstellungen auf
elnem Zusatzbialt einzureichen !

6.2 Dem Varfahran vor dem EPA als

O

ausgowihitem Amt (PCT II) sind fol-
gende Unterlagen zugrunde zu legen:

die dem internationalen vorlsufigen
Prafungsbericht zugrunde golagten
Unterlagen, einschliefilich seiner
eventuellen Anlagen

(Solche Anlagen miissen immer
beigefigt werden)

sowalt sie nichl ersetzl werden
durch die beigefuglen Ande-
rungen.

Falls nétig, sind Kiarstellungen auf
sinem Zusatzblalt einzureichen!

Sind dem EPA als mit der internatio-
nalen vordiufigen Prifung besuf-
traglen Behorde Versuchsberichte
zugegangen, dirfen diese dem Ver-
fahren vor dem EPA zugrunde gelegl
werden.

lished by the Intemational Bureau
{(with all claims, description and
drawings), where applicable with
amended claims under Ast. 19 PCT

unless replaced by the amend-
ments enclosed.

Where necessary, darifications must
be submitted on a separate sheetl

6.2 Proceedings before the EPO as
elected Office (PCT Il) are to be
based on the following decuments:

the documents on which the intar-
national proliminary examination
report is based, including ils
possible annaxes

(Such annexes must aways bs filad)

uniess replaced by {he amsnd-
maents enclosed.

Where necessary, clarffications must
be submitted on a separate sheell

If the EPO as Intemational Prelimi=
nary Examining Autharity has
received test reports, thasa may be
used as the basis of praceedings
before the EPO.

par le Bureau international (avec
toutes les revendications, la descrip-
tion et les dessins), Sventusllement
avec les revendications modifices
conformément a l'anicle 19 du PCT

dans la mesure ol elles ne sont pas
remplacées par les modifications
jointes.

Le cas échésnt, des explicalions
doivent éfre jointes sur une feville
additionnelle!

6.2 La procédure devant 'OEB agissant

en qualité d'office 6lu (PCT 1) dait
se fonder sur les pidces suivantes :

les pidces sur lesqualles se fondoe [e
rapport d'examen préliminaire

- international, y compris ses

annexes éventuelles
(Do tellos anpexes sont loujours 3
Jjoindre)

dans ia mesure al.alles ne sont
pas remplacées par les
modifications jointes.

Le cas échéant, des explications
doivent tre jointes sur une feuille
sdditionnelle!

Si POEB. agissant en gualité
Jd’'adminigtration chergde ds I'axamen
préliminaire intermational, & regu des
rapports d'essais, ceux-¢i peuvent
conslituer la base de la procédure
devant TOEB,
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7. Ubsrsetzungen

Beigefugt sind die nachfolgend
angekreuzien Ubersetzungen in einer
der Amissprachen das EPA (Deulsch,
Engliseh, Franzbsiseh);

Im Verfshren vor dem EPA als
Bestmmungsamt odor
ausgawshltem Amt (PCT J+/)):

Ubersetzung der urspringlich
singareichten internationalen
Anmeldung (Beschreibung, An-
spriche, etwaigs Textbestandteile in
den Zeichnungen), der vertiffent-
lichten Zusammenfassung, und
etwalger Angaben Ober blologisches
Material nach Regel 13**3und
134 PCT

Ubersalzung der priorities-
begrindenden Anmeldung(en)

Es wird hiermit erkidn, dafi die
intemationale Anmeldung in ihrer
urspriinglich eingereichten
Fassung eine volistindige
Obersetzung der frilheren An-
meldung ist (Rege! 38(5) EPD)

Zusstzlich im Vierfahren vor dem
EPA als Bestmmungsamt (PCT ):

Ubersetzung der nach Art. 18 PCT
gednderten Anspriiche nebst
Erkidrung, falls diese dem
Verfahren var dem EPA zugrunde
gelegl werden sollen (siehe Feld B)

Zus§tzlich im Verfahren vor dem
EPA ais susgewdshitem Amt
(PCT l):

Ubersetzung der Anlagen zum
internationalen verldufigon

7. Translations
Translations in'one of the official
languages of the EPO (Engiish,
French, Geman) are enclosed as
cossed below;

In proceedings before the EPQ
8s deslgnated or efected Office
(PCT )+ 1)):

Translation of the international
application (dascription. daims,
any text in the drawings) as
originally filod, of the abstract as
published and of any indication
under Rule 1323 and 134 PCT
regarding binlogical material

Translatien of the priarity appli-
cation(s)

Itis hereby declared that the
international application as
eriginally filed is a complete
translation of the previous
application (Rule 38(5) EPC)

In addition, in proceedings before
the EPO as designated Office
(PCT )):

Translation of amanded ¢laims
and any statement under Art. 19
PCT, if the claims as amended are
to form the basls for the pracee-
dings before the EPO

(see Section 6)

In addition, in proceedings before
the EFPO as efected office (PCT Il):

Translation of ény annexes to the
intarnational praliminary exami-

Prifungskericht

nation report

7. Traductions

Vous trauverez. cijoint, les

raductions cochées cj-aprés dans

l'une des langues officielles de IOER

(allamand, anglals, frangais):

e Dans I3 procédure devant FOEB
agissant en qualité d'office
désigné ou &lu (PCT 1 + Ij):

Traduction de la demands intar-
nationals telle que déposée
initialemeont (description, revendica-
tions, textes figurant éventuelie-
ment dans les dessins), de I'abrégs
publig, et de toutas indications
visées aux régles 13°°3et 13*24

du PCT concarnant je matérie
biclogigue

Traduction de la (des) demandse(s)
ouvrant Is droit de priaritd

It est déclaré par la présents que
Ja demande internationala telle
que déposée iitialemeant est une
traduction intégrale da la demande
antérieure (régle 38(5) CBE)

» De plus, dans s procédure devant
I'OEB agissant en qualité d'office
désigné (PCT |):

Traductien des revendications
modifises et de la dédlaration faite
conformément & l'article 18 du PCT,
<i la procédure devam 'OEB doit
élire fondée sur les revendications
medifiées (vair la rubrique 6)

« Deplus, dans /s procédure devant
FOEB sgissant en qualité d'efiice
Elu (PCT H):

Traduetion das annexes du
rapport d'examen préliminaire
International

8.  Biologizches Matorlal
Die Erfindung bazieht sich auf bzw.
verwendet bialogisches Material, das
nach Regel 28 EPU hinterlegt worden
ist.

L_J Die Angaben nach Regel 28(1)c)
EPVY (falls noch nicht bekannt, dia
Hinterlegungstelle und das (die)
Bezugszeichen [Nummer, Symbole
usw.] des Hinterlegers) sind in der
internationalen Vertffentiichung odar in
der gemiB Feld 7 eingereichten Ober-
setzung enthalten auf:

Seite(n) / Zaile(n)

Biological material

The invention relates lo and/or uses
biological matarial deposiled under
Rule 28 EPC.

The particulars reforred to in

Rule 28{1)(c) EPC (if not yet known,
the depository institution and the
identification references(s) (number,
symbols, atc) of Ihe depositor) are
given in the international publication
or in the transiation submitted under
Section 7 on:

page(s) / line(s}

8. Matitre biologique
Linvention conceme atou utilise
de la mati2re blologique, déposée
conformémant 3 a régle 28 CBE.

Les indications viséos 3 la ragls
28(1)<) CBE (si non encore connues,
Fautorité de d&pdt el la (les)
référence(s) d'identification [rumeéro ou
symboles =te.) du dépasant) figurent
dans |a publication intemationale ou
dans une fraduction produite eon-
formément 3 ia rubrique 7 & [a / aux:

page(s) / ligne(s)

Dia Empfangsbescheinigung(en)
dar Hinterlegungsstelle

ist (sind) beigefugt
wird (werden) nachgereichi
Verzicht auf dia Verpfiichtung des

Antragswiellers nach Regel 28(3) EPU
auf gesondertem Schrifistick

oag

The receipt{s) of deposit issued by
the depositary Institution

is (are) enclosed
will be filed at a Iater date
Waiver of the right to an undenaking

frem the requester pursuant to Rule
28(3) EPC attached,

Le(s) récépissé(s) de dépdt delivra(s)
par l'autorité de aépat

est (sont) joint(s)
sera (seront) produit(s) ultérieuramant
Renanciation, sur decument distinct, &

Pengagement du requérant au fitre
de Ia régle 258(3) CBE.
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S.  Nucleoctid- und Aminosture- 9, Nucleotjde and amino acid 9. Séquonces de _nuv:léotides
sequenzen Sequences ot d'acides aminés
Die nach Regein 5.2 und 13" PCT The items necassary in accondance Les pidces requises selon les rogles
sowie Regel 111(3) EPQ erforderli- with Rules 5.2 and 13" PCT and 5.2 et 13™ PCT etla régle 111(3) CBE
chen Unterlagen fiegen dem EPA Rule 111(3) EPC have already been ont déja été déposées auprés de
bereits vor. furnished 10 the EPQ. I'OEB.

Das schrifiliche Sequenzprotokall The writlen sequenge fisling is La liste de saquences écrile est
wird anllegend nachgereichi, furnished herewith. produite ci-joint.

D Das Sequenzprotokalt gaht nicht The sequence listing does not La liste de séquences ne contient
tber den Inhalt der Anmeldung in indude matter which goes beyond pae g'élémenis s'étendant su-dela
der urspronglich eingereichten the content of the application as du eonteny de la demande tefle
Fassung hinaus, filed. qu'elle a é1¢ déposée,

Der vorgeschriebene Datentrager ist The prescribed data carmier is Le support de données prescnt
balgefagt. enclosed, est joint.

D Die auf dem Datentrager gespei- The information recorded on the L'information figurant sur le
cherte Infermation stimmt mit data carmier is identical ta the support de données ost identique
dem schriflichen Saquenzprotokall writlen sequence listing, a celle que contient la liste do

" Oberein, séquences écrile,

10. Benennungsgebidhren 10. Designation fees 10. Taxes de désignation

10,1 Es ist derzeit heabsichtig, den sis- 10.1 itis currently intendad to pay seven 10.1 1 est actuellement envisagé de payer
benfachen Betrag elner Benennungs- timas tha amount of the designation un montant correspondant 2 sept
gebihr zu enfrichten. Damit geften fee. The designation fees for a)l tha fols [a taxe de démgnsllun Les taxes
die Benennungsgebthren fur alle EPC contracting states’ dasngnatsd de désignation sont ainsi répulées
Vertragsstaaten des EP0)' als ent- in the international application® are payées pour tous les Etats
richtet {Art. 2 Nr. 3 GebO), soweit sie thereby deemed (o have been paid contractants de la CBE' désignds
in der intemationalan Anmsidung (Art. 2 No, 3 RFees). dans la demands internationala®
bestimmt sind®, {art. 2, point 3 du RRT).

10.2 Abweichend von der Erkidrung in Nr. 10,2 The declaration in No. 10.1 does not 10.2 Contranremem 2 ce qui est indiqué au
10.1 ist derzeit beabsichtigt, weniger apply. Instead, it is currently intended n® 10.1, it est actuellement envisagé
als sieben Benennungsagebiihran far (o pay fewer the seven designation de payer meins de sept taxes
folgende in der internationaien An- fees far the fallowing EPC de dézignation pour |ec Etats
mefdung bestimmts Vertrags- caontracting states” designated in contractants de la CBE” sulvanis
staaten des EPDF zu enfrichten; the international application: désignés dans la demande

internationale:

m I L ] 4) ] { I

@ I 1 l (5) I ] ]

©)] I 1 ®) | | )

Soweit untar Nr. 102 Veriragstaaten If cantracling states are indicated Si dee Etats contractants sont
aufgefohn sind, wird beantragt, for under No. 10.2, It Is requested that no mentionnés au n°® 10.2, prizra de ne
die dort nicht angefihrten Vertrags- communication under Rule 108(3) pas procéder A la significatlon d’'une
staaten van der Zustellung einer EPC be issued for contracting states natifications prévus par 1a régle 108(3)
Milteilungen nach Regel 108(3) EPO not thus indicated. CBE pour les Elals contractanie n'y
abzusehen. &tant pas mentionnés.

10.3 Wind ein automatischer 10.3 If an automatic debit order has 10.3 Siun ordre da préicvamant auto-
Abbuchungs: auﬁmg Ertem ﬂ;eeld 12), been issued (Sectlon 12) lhe EPO matique est donné Ergbrlque 12),
su \Ml’d das |s authorised, on ex% _;y the basic || est demandé  'OER do prélever,

nﬂfns ach Regal 107 eriod under Rule 107(1)(d) EPC, eznra!mn du délai normal visé
(1)dj EP dan slehenfachen Betra debil seven tmas the amount 6f gle 10722:1) CBE, un montant
einer Benennungsgebihr abzubu e, the designation fee. If states are correspondan sepl foia Ia taxa de
Ist eine Erkl&nung nach Nr, 10.2 indicated under No. 10.2, the EFPO désugnalvgn Si une déclaration a é1é
abgegeben worden, 50 sollen dis will debit desngnatlon fees only for faite'au n” 10.2, Ies laxes de désigna-
Banennungsgebahren nur fur die dort those states, unless cle: tion ne sant a prélever que pour les
angegebenen Vertragsstaalen otharwise before the basu: period Etats contractants qui y sont indi-
abgebuchl werden, sofern dam EPA expires, ques, sauf instuction contraire reFue
bis zum Ablauf der Grundfrist par 10 I'bEB avant Texpiration du 44|
em andersiautender Aufirap zugehlL
1 Stand bol Dru:lduaun% 27 Vattragesiaaten, und zwar, / Status when tis form wnspﬂr\tud: 27 conbracting =talas, parnsly / Sib 1a|m + 27 Etats
3 saveit: AT Celefreiz! lAuszﬁa/Amdle BE Balglan !Elslqlwnlsavylaua. BG Bulgarien / Bulgana / Bulgans, CH/LY Schwei und L:eehlanslam 1 Svnzenann ana Lwcmsnsxehl
Sulsse ot Liachtanstain, CY Zypem / 1 Chypm, &Z Techschischo Ra &c ch Ropubiic / Républiqus w ue DE Doulachiand / G
Denmark / Danemark, EE Estlang / E: lal E::unlc ES Spnn!on Spnh / E:: , Fl Finaland / Finiand / Finian R Frankreich / France/ France, GB Vumrr:gw Kenlsrd
Uniteq /- YRUIT J I DRG 4 Gran: gsml H-Jngswlﬂur\gne IE INana/ Imlanﬂllﬂanas T Rallon 7 rtaly / talle, mwm r
Luxembourg, MC NL I d</ Pay=-Ba3, PT Porlugal / Patugsl / Portugal. RO Rumanlen/ Romanta / hauman SE
Swadan/ Suéda. S| E!owanwn l SIavnnl: £ Slowvinie, 8K SIWM Rapublk/ uvak Repudlic / uBlique slovaque, TR Tarke! / Turkey / Turquia
2 FQr folganda Staaton nur mégitch, falle in dor Intsmatonalen Anmaxing =M odef npeh DIk, Buiganon, Teohochischo Ropubix ynd
Esliana: 1. Jul 2002, SInwsaram 1 Qazamper 2002, Ungam 1 Jsnuar 2003 una Rumnanier: 1 Man: ;goa 1 Far iha fellowing slalss this is poasRia cnly [f ey are dasignated
in the iMamaticnal application on or aftar e statod dato: Siovak Republe, Bulgasa, Crach Republic &nd Estonia: 1 July 2002, Sovenia: 1 Dmnar 2002, mng s 1 Janusry
2002 and Romanla: 1 March 2003 /En <o qul wm l2s Eglats sulvants ssulement a1 |a dssignaten a 6t sm:‘z:mée gans 1a gemands temallonalo 4 2 dat ou
synea: aaxzeo .sneneum Rép tehbque at Estons; 17 fullot 2508, Bipvenla: 19 dAcerbr2002, Hangre: 1+ [arrviat 2003 o Radmane:
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1.

Flr Siowarnien und Rumanien mur mogich, fals in dar intsmatonalon Anmekiung bis 30, Novarnber 2002 (Siowenlen) oder bis 28 Febnaar 2003 (Rumanien) bedtimt /
2002 G

Erstrockung des guropaischen
Patents

Bei Zahlung der Erstreckungs-
gebuhr(en) gilt diese Anmeldung auch
als wirksamer Erstreckungsantrag fir
die in der intemationalen Apmeldung
bestimmten »Erstreckungsstaatenc.
Es Ist beabsichtigt, diese Gebihr(en)
for folgende Staaten 2u entrichten:

Siowenien "

Lilauen

Lettiand

Albanlen

Ruménien ¥

Ehemalige jugosiawische
Republik Mazedenien

2)

M.

Extension of the European patont

On payment of the extension fee(s)
this applicatian is also deemed ta be
a request for extansion to all the
"extensien states” designaled in the
intemational application. [t is intended
to pay the fee(s) for the following
states:

Slovenia¥

Lithuania

Latvia

Albania

Romania ¥

Former Yugoslav Rapublic
of Macedonia

2

Far Siovenk and Romerda s is poasible enly if thay are desipneted in e itemslional applieation up to 30

En oo gul concems [a Siovenie et la Reumania, saujemart sl 13 adsignation A 416 efleevto dans (@

28 Gvrinr 2003 (Roymanie).

Pat

Spaca for Stalas with which "extansian agresmant” enter inio forca aftar ihis mmmnﬂmummmmuwmnhmmm uwn:nlmnl
dextenion» Ou présord dansla

for Stagten, mit denan £ }

nach Druckd

s P

11. Extension des sffets du brovaet
ourapéen
Lataxe (Les ms) d’extenslon
payée(s), la présente demande
est égalemant répulse éfre una
demande d'extension 3 tous les
aEtats auterisant 'exdension»
désignés dans la demande
intfernationale, 1l est envisagé de
payer |a taxa (les taxes) d’extension
pour les Elats suivants:

Slovénie ¥

Ex-Républigue yougeslave
de Macédoine

ale jusquau 30

Prinu pour dee Estale 4 lgard drouots des «accoms

,wZﬂFahuaryZﬂU:!(Remam) !
2002

ung die in der intamationsien Anmekiung besimmi waren. /

) oujsaiau

eniferert on viguour apeds [img

Anmelder(s) oder Vertretars

QOrt/ Datum
Fir Angestslite (Art. 133(3) EPO)
mit aligemsinar Volimacht:

Nr.

() ce (der) 1 bite In Pruck-
it Bel j pite

3uch dio Stopung des (dsf) Unlemelemum
innerhalb dor Gasenschaft Ip Qruckeehrit angodan,

12. Automatischer Abbuchungsauftrag  12. Automatic debit order 12. Ordre do proldvement automatiqus
(Nur maGglich fir Inhaber von beim (for EPQ depusit account holders (uniguement possible pour Jes
EPA gefihrten laufenden Konten) only) Gitulaires de comptes courants

ouvarts aupres de 'OEB)

D Das EPA wird beauftragt, nach MaR- The EPQ is hereby authorised, under Par la présente, il est demandé A
gabe der Varschriften Qber das auto- the Arrangements for the aulematie FOEB de prélever du compte courant
matische Abbuchungsverfahren fallige debiling procedure, 10 debit from the ci-dessous |25 taxes et frais venant 3
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Entry into the European phase before the European Patent Office

These notes describe the procedural steps required for entry into the European phase
before the European Patent Office (EPO). You are advised to read them carefully:
failure to take the necessary action in time can lead to your application being deemed
withdrawn.

1. The above-mentioned international patent application has been given European
application No. 03796549.8.

2. Applicants without a residence or their principal place of business in an EPC contracting state may
themselves initiate European processing of their international applications, provided they do so before
expiry of the 31st month from the priority date (see also point 6 below).

During the European phase before the EPO as designated or elected Office, however, such
applicants must be represented by a professional representative (Arts. 133(2) and 134(1), (7)
EPC).

Procedural acts performed after expiry of the 31st month by a professional representative who acted
during the international phase but is not authorised to act before the EPO have no legal effect and
therefore lead to loss of rights.

Please note that a professional representative authorised to act before the EPO and who acted
for the applicant during the international phase does not automatically become the
representative for the European phase. Applicants are therefore strongly advised to appoint in
good time any representative they wish to initiate the European phase for them; otherwise, the
EPO has to send all communications direct to the applicant.

3. Applicants with a residence or their principal place of business in an EPC contracting state are not
obliged to appoint, for the European phase before the EPO as designated or elected Office, a
professional representative authorised to act before the EPO.

However, in view of the complexity of the procedure it is recommended that they do so.

4. Applicants and professional representatives are also strongly advised to initiate the European phase
using EPO Form 1200 (available free of charge from the EPO). This however is hot compulsory.
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5. To enter the European phase before the EPO, the following acts must be performed.
(N.B.: Failure validly to do so will entail loss of rights or other adverse legal consequences.)

5.1

5.2

a)

b)

d)

e)

If the EPO is acting as designated or elected Office (Arts. 22(1)(3) and 39(1) PCT respectively),
applicants must, within 31 months from the date of filing or (where applicable) the earliest priority
date:

Supply a translation of the international application into an EPO official language, if the
International Bureau did not publish the application in such a language (Art. 22(1) PCT and Rule
107(1)(a) EPC).

If the translation is not filed in time, the international application is deemed withdrawn
before the EPO (Rule 108(1) EPC).

This loss of rights is deemed not to have occurred if the translation is then filed within a
two-month grace period as from notification of an EPO communication, provided a surcharge is
paid at the same time (Rule 108(3) EPC).

Pay the national basic fee (EUR  160,00) and, where a supplementary European search report
has to be drawn up, the search fee (EUR 690,00 ; Rule 107(1)(c) and (e) EPC).

If the time limit under Article 79(2) EPC expires before the 31-month time limit, pay the
designation fee (EUR  75,00) for each contracting state designhated (Rule 107(1)(d) EPC).

If the time limit under Article 94(2) EPC expires before the 31-month time limit, file the written
request for examination and pay the examination fee (EUR 1430,00 ; Rule 107(1)(f) EPC).

Pay the third-year renewal fee (EUR  380,00) if it falls due before expiry of the 31-month time
limit (Rule 107(1)(g) EPC).

If the fees under (b) to (d) above are not paid in time, or the written request for examination is not
filed in time, the international application is deemed withdrawn before the EPO, or the
contracting-state designation(s) in question is (are) deemed withdrawn (Rule 108(1) and (2) EPC).
However, the fees may still be validly paid within a two-month grace period as from notification of
an EPO communication, provided the necessary surcharges are paid at the same time (Rule
108(3) EPC). For the renewal fee under (e) above, the grace period is six months from the fee's
due date (Article 86(2) EPC).

If the application documents on which the European grant procedure is to be based comprise more
then ten claims, a claims fee is payable within the 31-month time limit under Rule 107(1) EPC for
the eleventh and each subsequent claim (Rule 110(1) EPC). The fee can however still be paid
within a one-month grace period as from notification of an EPO communication pointing out the
failure to pay (Rule 110(2) EPC).

6. If the applicant had a representative during the application's international phase, the present notes will
be sent to the representative, asking him to inform the applicant accordingly.

All subsequent communications will be sent to the applicant, or - if the EPO is informed of his
appointment in time - to the applicant's European representative.
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7. For more details about time limits and procedural acts before the EPO as desighated and elected Office,
see the EPO brochure

How to get a European patent
Guide for applicants - Part 2
PCT procedure before the EPO - "Euro-PCT"

This brochure, the list of professional representatives before the EPO, Form 1200 and details of the
latest fees are now all available on the Internet under

http://www.european-patent-office.org
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Additionally, methods are described hereinafter for modifying the puncturing
patterns such that performance of degraded Turbo code is restored.

[0046] In accordance with the present invention, the methods disclosed
herein may be implemented in a wireless transmit/receive unit (WTRU) and/or a
base station. Hereinafter, a WTRU includes but is not limited to a UE, mobile
station, fixed or mobile subscriber unit, pager, or any other type of device capable
of operating in a wireless environment. When referred to hereafter, a base
station includes but is not limited to a base station, Node-B, site controller,
access point or other interfacing deice in a wireless environment.

[0047] Figure 8 graphically depicts the SNR required to successfully decode
a data block (critical SNR) with high probability versus Code Rate when biasing
of parity bits P1/P2 is applied. As shown in Figure 7, it has been found that

e L
s
ATy
o

particular codes created by puncturing the rate 1/3 3GPP Turbo code exhibit
poorer than expected performance, as can be seen from the peaks in the figure.
[0048] Figure 9 is a plot of the problematic regions with respect to an
ordered pair (r1,r2) which are the rates of puncturing the parity streams in the
first and second stages of rate matching, respectively. As can be seen, there are
particular regions where the rates of puncturing of the parity streams are such
that some combinations of rates are particularly problematic.

[0049] In one embodiment, puncture biasing for parity bits P1 and P2 is
implemented for one stage rate matching. Figure 10 is a schematic block
diagram showing circuitry 600 for 3GPP rate matching for HSDPA, using a
Turbo coded HS-DSCH. The circuitry 600 implements a 3GPP rate-matching
scheme for HSDPA. The circuitry 600 includes a bit separation circuit 605, a

first rate matching stage 610, a virtual incremental redundancy (IR) buffer 615, a
second rate matching stage 620 and a bit collection circuit 625. The first rate
matching stage 610 includes a Parity 1 (P1) bit rate matching circuit 630 and
Parity 2 (P2) bit rate matching circuit 635. The second rate matching stage 620
includes a systematic bit rate matching circuit 640, a Parity 1 (P1) bit rate
matching circuit 645 for the second rate matching and a Parity 2 (P2) bit rate

matching circuit 650 for the second rate matching. In operation, the systematic
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bits, Parity 1 (P1) and Parity 2 (P2) bits are processed through the first rate
matching stage 610, virtual IR buffer 615, second rate matching stage 620 and
bit collection circuit 625. Note that the Parity 1 (P1) and Parity 2 (P2) bits are
treated separately. The systematic bits, Parity 1 (P1) and Parity 2 (P2) bits are
combined at the bit collection circuit 625 to provide a single data output Ngata.

Also note that if the number of coded bits is less than or equal to the size of the

- virtual IR buffer 615, the first rate matching stage 630 is transparent. The

transparent first stage case and Rel-4 rate matching are considered.

{0050] In its actual implementation, it is anticipated that the different
circuit functions will be executed by a common circuit or circuits, such as
microprocessor circuitry, and in accordance with program instructions. The
specific circuit functions used to implement the invention would therefore be a
matter of choice of those configuring the circuitry within the rate matching
circuitry 600.

[0051] The rate matching algorithm performs puncturing if the overall code
rate is greater than 1/3 and repetition if the code rate is less than 1/3. Currently
code rates greater than 1/3 are accomplished by applying the same puncturing
rate to both P1 and P2 bits (to within one bit) but with different puncturing
pattern phases. In order to avoid non-puncturing periodicities that have been
shown to degrade the Turbo code performance, the puncturing rates for P1 and
P2 be independently biased. For example, if the number of P1 bits is decreased
by A and the number of P2 bits is increased by A, the overall code rate is
unchanged but the problematic non-puncturing periods can be avoided. Given
this approach to avoiding the problematic code rates, an analytical expression for
the requisite bias, has been derived.

[0052] A simple and efficient method of modifying the puncture patterns is
biasing the number of punctured bits in P1 and P2 by adding additional
puncturing to one and removing it from the other. The amount of the bias should
be no more than is needed to avoid certain periodicities. In biasing the

puncturing rates of P1 and P2 bits, two constraints must be met.

-10-
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What is claimed is:

1. In a communications system employing a plurality of rate matching
stages for processing a plurality of individual parity bit streams derived through
puncturing a selected number of bits, a method of avoiding problematic Turbo
code puncturing patterns, the method comprising:

(a) determining whether or not a desired code rate, used to process the
parity bit streams, results in a problematic puncturing pattern; and

(b) if a problematic puncturing pattern results in step (a), adjusting the
number of bits punctured in each of the parity bit streams by increasing the
number of bits punctured in one of the parity bit streams and decreasing the

number of bits punctured in another one of the parity bit streams.

2. The method of claim 1 wherein degradations in the quality of
punctured error correction coded transmissions having a first group of parity 1
(P1) bits and a second group of parity 2 (P2) bits are identified, and step.(b)
further comprises:

(b1) adding punctured bits to the first group of P1 bits; and

(b2) removing punctured bits from the second group of P2 bits, wherein the
puncturing rates of the P1 and P2 bits are biased by adding a number of non-
punctured P1 bits to the first group and decreasing the number of non-punctured
P2 bits in the second group by the number of non-punctured P1 bits added to the
first group. |

3. The method of claim 2 further comprising:
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(c) determining a number of bits N using |~7P 21 wherein I is the

number of bits at the input to each branch of rate matching and P is the total

number of the P1 and P2 bits at the output of rate matching; and

(d)i L TN < 1—£+ N , calculate the bias
(P2 2 2|2 :
A=|maxd—ai— P P___ T , otherwise set A=0.
IN-1} 2 2 [TN+1
2 2
D
- 4. The method of claim 3, wherein non-puncturing patterns with a
period of 7N/ 2 cause degradation in performance results and N is a whole
number.

5. The method of claim 4 wherein the periods will be employed whenever
the average non-puncturing period of P1 or P2 bits is within +1 or +%% of 7N, / 2 for
even and odd N respectively.

i 6. In a communications system employing a plurality of rate matching
=y stages for processing a plurality of individual parity bit streams derived through

puncturing a selected number of bits, a method of avoiding problematic Turbo
code puncturing patterns, the method comprising:

(a) adjusting the number of bits punctured in each of the parity bit streams
by increasing the number of bits punctured in one of the parity bit streams and
decreasing the number of bits punctured in another one of the parity bit streams;
and

(b) adjusting the puncturing rates of each of the parity bit streams
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while maintaining a constant overall effective coding rate by biasing the

puncturing rates.

7. The method of claim 6 wherein degradations in the quality of
punctured error correction coded transmissions having a first group of parity 1
(P1) bits and a second group of parity 2 (P2) bits are identified, step (a) further
comprises:

(al) adding punctured bits to the first group of P1 bits; and

(a2) removing punctured bits from the second group of P2 bits; and step (b)
further comprises:

(b1) biasing the puncturing rates of the P1 and P2 bits by adding a number
of non-punctured P1 bits to the first group and decreasing the number of non-

punctured P2 bits in the second group by the number of non-punctured P1 bits
added to the first group.

8. The method of claim 7 further comprising:

o
(c) determining a number of bits N using 7P 2] wherein I is the

number of bits at the input to each branch of rate matching and P is the total

number of the P1 and P2 bits at the output of rate matching; and

<1- N + [—JZKJ , calculate the bias

, otherwise setA=0.
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9. The method of claim 8, wherein non-puncturing patterns with a
period of 7]\7/ 2 cause degradation in performance results and N is a whole

number.

10. The method of claim 9 wherein the periods will be employed

whenever the average non-puncturing period of P1 or P2 bits is within +1 or +%

of 7N/2 for even and odd N respectively.

11. A method of identifying degradations in quality of punctured error
correction coded transmissions, the method comprising:
(a) identifying a puncturing pattern which approximates a particular code
’?} rate; and
(b) adjusting a value for anticipated degradation in accordance with the
matching of the puncturing pattern and the particular code rate by increasing
and decreasing the number of bits punctured in respective parity bit streams,

and biasing the particular code rate.

12. The method of claim 11 wherein degradations in the quality of
punctured error correction coded transmissions having a first group of parity 1
(P1) bits and a second group of parity 2 (P2) bits are identified, and step (b)
further comprises:

(b1) adding punctured bits to the first group of P1 bits;

b2) renioving punctured bits from the second group of P2 bits; and

(b3) biasing the puncturing rates of the P1 and P2 bits to avoid
problematic puncturing patterns by:
(1) adding a number of non-punctured P1 bits to the first group; and
(ii) decreasing the number of non-punctured P2 bits in the second

group by the number of non-punctured P1 bits added to the first group.

13. The method of claim 12 further comprising:
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(b) removing punctured bits from the second group of P2 bits; and
(c) biasing the puncturing rates of the P1 and P2 bits to avoid problematic
puncturing patterns by:
(i) adding a number of non-punctured P1 bits to the first group; and
(ii) decreasing the number of non-punctured P2 bits in the second

group by the number of non-punctured P1 bits added to the first group.

17. The method of claim 16 further comprising:
(d) using Turbo code to implement the error correction coded

transmissions.

18. The method of claim 17 further comprising:

(e) identifying when a non-punctured bit pattern of the transmissions
exhibits a periodic characteristic, with a period equal to a period of a
semi-periodic impulse response of recursive encoding blocks of the Turbo code;
and

(f) using the identified non-punctured bit patterns which exhibit a
periodic characteristic to identify puncturing patterns with degraded

performance.

19. A method for reducing degradations in quality of punctured error
corrected code transmissions, the method comprising:

(a) identifying a puncturing pattern which approximates a particular code
rate; and

(b) adjusting the parameters of the transmissions sufficiently to cause a
mismatch in the puncturing pattern and the particular code rate by increasing
and decreasing the number of bits punctured in respective parity bit streams,

and biasing the particular code rate.

20. The method of claim 19 further comprising:
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(a) a plurality of rate matching stages for processing a plurality of
individual parity bit streams;

(b) means for adjusting the number of bits punctured in each stage of rate
matching; and

(c) means for adjusting the number of bits punctured in each of the
plurality of parity bit streams by increasing the number of bits punctured in one
of the parity bit streams and decreasing the number of bits punctured in another
one of the parity bit streams, and biasing the puncturing rate of a problematic

puncturing pattern.

26. The system of claim 25 wherein degradations in the quality of
punctured error correction coded transmissions having a first group of parity 1
(P1) bits and a second group of parity 2 (P2) bits are identified, the means for
adjusting the number of bits punctured in each of the plurality of parity bit
streams further comprising:

(c1) means for adding punctured bits to the first group of P1 bits;

(c2) means for removing punctured bits from the second group of P2 bits;
and

(c3) means for biasing the puncturing rates of the P1 and P2 bits to avoid
problematic puncturing patterns, the biasing means including:

(i) means for adding a number of non-punctured P1 bits to the first
group; and
(ii) means for decreasing the number of non-punctured P2 bits in the

second group by the number of non-punctured P1 bits added to the first group.
27.  The system of claim 26 further comprising:

~ | ar 1 J
(d) means for determining a number of bits N using L7P 2] wherein
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I is the number of bits at the input to each branch of rate matching and P is the

total number of the P1 and P2 bits at the output of rate matching;

(e) means for calculating the bias A _|paxl L P
2

I N

(P/2) 2

<1—£+[ﬂ‘l; and
2 2

(f) means for setting biasA =0 if ! N

(P/2) 2

>1- X XY
2 |2

28. The system of claim 27, wherein non-puncturing patterns with a

period of 7]\7/2 cause degradation in performance results and N is a whole

number.

29. The system of claim 28 wherein the periods will be employed

whenever the average non-puncturing period of P1 or P2 bits is within +1 or £%%

of 7N, / 2 for even and odd N respectively.

30. A communications system for avoiding problematic Turbo code

puncturing patterns, the system comprising:

(a) a plurality of rate matching stages for processing a plurality of
individual parity bit streams;

(b) means for adjusting the number of punctured bits in each of the parity
bit streams by increasing the number of bits punctured in one of the parity bit
streams and decreasing the number of bits punctured in another one of the parity
bit streams; and

(c) means for biasing the puncturing rates of each of the individual parity

bit streams while maintaining a constant overall effective
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coding rate.

31. The system of claim 30 wherein degradations in the quality of
punctured error correction coded transmissions having a first group of parity 1
(P1) bits and a second group of parity 2 (P2) bits are identified, wherein the
means for adjustiﬁg the number of punctured bits comprises:

(b1) means for adding punctured bits to the first group of P1 bits; and

(b2) means for removing punctured bits from the second group of P2 bits;
and the means for biasing the puncturing rates comprises:

(c1) means for biasing the puncturing rates of the P1 and P2 bits to avoid
problematic puncturing patterns, the biasing means including:

(i) means for adding a number of non-punctured P1 bits to the first
) group; and
(ii) means for decreasing the number of non-punctured P2 bits in the

second group by the number of non-punctured P1 bits added to the first group.

32. The system of claim 31 further comprising:
47 1

(d) means for determining a number of bits N using [71) ZJ wherein
I is the number of bits at the input to each branch of rate matching and P is the

total number of the P1 and P2 bits at the output of rate matching;

(e) means for calculating the bias A -|max)— L p P 1 if
22
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(f) means for setting biasA =0 if

33. The system of claim 32, wherein non-puncturing patterns with a
period of 7N/2 cause degradation in performance results and N is a whole

number.

34. The system of claim 33 wherein the periods will be employed

whenever the average non-puncturing period of P1 or P2 bits is within *1 or %4

of 7N /2 for even and odd N respectively.

35. A communications system for identifying degradations in quality of
L punctured error correction coded transmissions, the system comprising:
(a) means for identifying a puncturing pattern which approximates a
particular code rate; and
(b) means for adjusting a value for anticipated degradation in accordance
with the matching of the puncturing pattern and the particular code rate by
increasing and decreasing the number of bits punctured in respective parity bit

streams, and biasing the puncturing rate of a problematic puncturing pattern.

36. The system of claim 35 wherein degradations in the quality of

punctured error correction coded transmissions having a first group of parity 1

(P1) bits and a second group of parity 2 (P2) bits are identified, the means for
adjusting a value for anticipated degradation further comprising:

(b1) means for adding punctured bits to the first group of P1 bits;

(b2) means for removing punctured bits from the second group of P2 bits;
and

(b3) means for biasing the puncturing rates of the P1 and P2 bits to avoid

problematic puncturing patterns, the biasing means including:
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(e) means for using the identified non-punctured bit patterns which
exhibit a periodic characteristic to identify puncturing patterns with degraded

performance.

40. A communications system for identifying degradations in the quality
of punctured error correction coded transmissions having a first group of parity 1
(P1) bits and a second group of parity 2 (P2) bits, the system comprising:
(a) means for adding punctured bits to the first group of P1 bits;
(b) means for removing punctured bits from the second group of P2 bits;
and
(c) means for biasing the puncturing rates of the P1 and P2 bits to avoid
problematic puncturing patterns, the biasing means () including:
(1) means for adding a number of non-punctured P1 bits to the first
group; and
(ii) means for decreasing the number of non-punctured P2 bits in the

second group by the number of non-punctured P1 bits added to the first group.

41. The system of claim 40 further comprising:
(d) means for using Turbo code to implement the error correction coded

transmissions.

42. The system of claim 41 further comprising:

(e) means for identifying when a non-punctured bit pattern of the
transmissions exhibits a periodic characteristic, with a period equal to a period of
a semi-periodic impulse response of recursive encoding blocks of the Turbo code;
and

(f) means for using the identified non-punctured bit patterns which
exhibit a periodic characteristic to identify puncturing patterns with degraded

performance.
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43. A communications system for reducing degradations in quality of
punctured error corrected code transmissions, the system comprising:

(a) means for identifying a puncturing pattern which approximates a
particular code rate; and

(b) means for adjusting the parameters of the transmissions sufficiently to
cause a mismatch in the puncturing pattern and the particular code rate by
increasing and decreasing the number of bits punctured in respective parity bit

streams, and biasing the particular code rate.

44. The system of claim 43 further comprising:

(c) means for determining a capacity of a wireless transmit and receive
unit (WTRU), including buffer sizes that are supported by the WTRU;

(d) means for using puncturing to remove sufficient bits to fit into the
buffer; and

(e) means for adjusting an overall code rate so as to provide sufficient
error correction capability, thereby providing a first rate in a first stage of

puncturing and providing a second rate in a second stage of puncturing.

45. The system of claim 44, further comprising:

(f) means for increasing non-punctured bits in one of the first stage and
second stage of puncturing, and decreasing non-punctured bits in another of the
first stage and second stage of puncturing, thereby adding additional puncturing

to one stage and removing it from the other stage.
46. The system of claim 44 further comprising:
() means for increasing non-punctured bits in the first stage and

decreasing non-punctured bits in the second stage.

47. The system of claim 44 further comprising:
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Express Mail Label No. EV 318163197 US

METHOD FOR DETECTING AND ADDRESSING
PERFORMANCE-DEGRADATION IN PUNCTURED TURBO CODES

[0001] FIELD OF THE INVENTION
{0002} This invention generally relates to the use of Turbo codes in general, and,
more particularly to a method for detecting and correcting performance degradation in

punctured Turbo codes using a Turbo encoder.

{0003] BACKGROUND

[0004] Wireless communication systems are well known in the art. Generally, such
systems comprise communication stations which transmit and receive wireless
communication signals between each other. Typically, base stations are provided
which are capable of conducting wireless concurrent communications with a plurality
of subscriber stations. In CDMA systems specified by the Third Generation
Partnership Project (3GPP), base stations are called Node Bs, subscriber stations are
called User Equipments (UEs) and the wireless interface between the Node Bs and
UEs is known as the Uu interface. Figure 1 illustrates a typical 3GPP CDMA system.
[0005] The Uu radio interface of a 3GPP system uses Transport Channels (TrCHs)
for transfer of user data and signaling between UEs and Node Bs. In 3GPP Time
Division Duplex (TDD) communications, TrCH data is conveyed by one or more
physical channels defined by mutually exclusive physical resources. TrCH data is
transferred in sequential groups of Transport Blocks (TBs) defined as Transport Block
Sets (TBSs). Each TBS is transmitted in a given Transmission Time Interval (TTI)
which may span a plurality of consecutive system time frames. A typical system time
frame is 10 milliseconds and TTIs are currently specified as spanning 1, 2, 4 or 8 of

such time frames.
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[0006] Figure 2a illustrates the processing of TrCHs in TTD mode into a Coded
Composite TrCH (CCTrCH) and then into one or more physical channel data streams
in accordance with 3GPP TS 25.222 v3.8.0. Starting with the Transport Block (TB) of
data, Cyclic Redundancy Check (CRC) bits are attached and Transport Block
concatenation and Code Block segmentation is performed. Convolutional coding or
turbo coding is then performed, but in some instances no coding is specified. The steps
after coding, include radio frame equalization, a first interleaving, radio frame
segmentation and rate matching. The radio frame segmentation divides the data over
the number of frames in the specified TTI. The rate matching function operates by
means of bit repetition or puncturing and defines the number of bits for each processed
TrCH which are thereafter multiplexed to form a CCTrCH data stream.

{0007]  The processing of the CCTrCH data stream includes bit scrambling, physical
channel segmentation, a second interleaving and mapping onto one or more physical
channels. The number of physical channels corresponds to the physical channel
segmentation. For uplink transmissions, UE to Node B, the maximum number of
physical channels for transmission of a CCTrCH is currently specified as two. For
downlink transmissions, Node B to UEs, the maximum number of physical channels
for transmission of a CCTrCH is currently specified as sixteen. Each physical channel
data stream is then spread with a channelization code and modulated for over air
transmission on an assigned frequency.

{0008] In the reception/decoding of the TrCH data, the processing is essentially
reversed by the receiving station. Accordingly, UE and Node B physical reception of
TrCHs require knowledge of TrCH processing parameters to reconstruct the TB set
(TBS) data. For each TrCH, a Transport Format Set (TFS) is specified containing a
predetermined number of Transport Formats (TFs). Each TF specifies a variety of
dynamic parameters, including TB and TBS sizes, and a variety of semi static
parameters, including TTI, coding type, coding rate, rate matching parameter and CRC
length. The predefined collection of TFSs for the TrCHs of a CCTxCH for a particular

frame is denoted as a Transport Format Combination (TFC).

2-
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[0009] Receiving station processing is facilitated by the transmission of a Transport
Format Combination Indicator (TFCI) for a CCTrCH. 3GPP optionally provides for
"blind transport format detection” by the receiving station, in which case the receiving
station considers the potential valid TFCIs. Where there is only one valid TFCI, that
TFCI is used in either case.

[0010] InTDD 3GPP, time slot transmissions are made in predefined bursts where
the transmitted physical channel data is divided into a beginning time slot portion and
an ending time slot portion. A selected midamble is included between the two physical
channel data portions. The TFCI is currently specified as transmitted in two parts on
either side of the midamble and also between the two physical channel data portions.
Two examples from 3GPP TR 25.944 V3.5.0 are illustrated in Figures 2b and 2c
respectively where the block labeled MA represents the midamble and the block
labeled T represents the parts of the TFCI. In second example, Figure 2¢, the CCTrCH
is mapped to two physical, but only one physical channel includes the TFCI.

[0011] The various encoding steps implemented in communication systems play a
key role in both performance and capacity of a wireless telecommunications systems.
In particular, the turbo coding of the data being processed for wireless transmission
plays a significant role for both TDD and FDD communications in a 3GPP system.
[0012] Turbo coding pi'inciples have found widespread applications in
information theory and, in part, have entered into mainstream telecommunication
theory and practice. These principles are used in error control, detection, interference
suppression, equalization, and other communications-related areas. Turbo codes are a
form of parallel, recursive systematic convolution codes, which can be used for channel
coding and decoding in order to detect and correct errors that may occur in the
transmission of digital data through different channels. Turbo codes are particularly
useful for data transfers in which, under certain conditions, the data transfer rate can
approach the theoretical limits of Shannon's Law. These favorable conditions generally
include large block size transfers, which are particularly useful in mobile

communications.

-3-
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[0013] Figure 3 shows how particular codes created by puncturing exhibit poorer
than expected performance. As much as a 4dB loss can be measured in the critical
Signal-to-Noise (SNR) value, the SNR required to properly decode the data in the TB.
[0014] Typically, high-rate Turbo codes are created by puncturing (i.e.,
eliminating) parity bits of a lower-rate code until the desired code rate is attained.
Particular codes created by puncturing exhibit poorer than expected performance due
to certain punctured bit patterns. Because the recursive encoding blocks in a Turbo
encoder have an infinite impulse response, information about each systematic bit is
distributed across many of the parity bits.

[0015] In any error control coding scheme that employs puncturing, the location
of the punctured bits will have an impact on performance. This is because puncturing
strings of successive bits can be viewed as burst errors by the decoder. All error control
mechanisms can only correct burst errors that are less than some threshold length.
Therefore, it is important when designing the puncturing scheme that the burst error
correcting abilities of the code be considered. In the absence of specific knowledge of
the error control coding scheme, a good rule is to minimize the maximum string of
punctured bits. For high coding rates this corresponds to distributing the
non-punctured bits uniformly across the transmitted block. Puncturing schemes that
uniformly distribute the noﬂ-punctured bits can deleteriously interact with certain
error control codes, causing a degradation of decoder performance. Note that
interleaving used in 3GPP does not help disperse burst errors due to puncturing since
the puncturing occurs before interleaving. /

[0016] Because the recursive encoding blocks in the Turbo encoder have infinite
impulse response, information about each systematic bit is distributed across many of
the parity bits. The impact of certain periodic non-puncture patterns in the parity bits
can be qualitatively illustrated by considering how much information remains in the
surviving parity bits.

[0017] For a 3GPP Turbo encoder, the constituent recursive encoders have an

impulse response that is periodic with a period of 7 symbols for positive time

4-
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(semi-periodic). This can readily be seen by interpretation of the encoder as an
M-sequence generator, i.e., if the shift register starts in the zero state and a one is
applied only at t = 0, then the encoder is exactly a Linear Feedback Shift Register
(LFSR) with an associated 3rd order primitive polynomial and initial state {1 0 0}, thus
a period 23-1 = 7 M-sequence is generated for positive time.

{0018] The encoder is a Linear Time Invariant (LTI) system on a binary field.
Therefore, the output of the encoder is a sum of shifted versions of the impulse
response of the encoder, each shifted impulse response corresponding to the locations of
the 1's in the TB. If we consider an input that is all 0's for t > T, then the output of the
constituent recursive encoding block will also be semi-periodic for t > T.

[0019] Certain non-puncturing periods may result in a loss of distributed
information about a small group of bits across the set of parity bits. For example, let
the TB consist of 7 bits followed by many zeros. Now consider the problem of trying to
determine the seven bits by observation of the output of one encoder after heavy
puncturing. Each observation is made at the output is a sum of a subset of the 7 bits,
the subset being determined by the non-puncture period and the impulse response of
the recursive encoding block. For most non-puncture patterns (those that have a
period relatively prime with the period of the semi-periodic impulse response), sums
over 7 different subsets can eventually be observed. Therefore, a system of 7 equations
with 7 unknowns can be formed. Assuming they are linearly independent, the values
of the 7 bits may be determined. However, consider the case where the non-puncture
period is simple (one surviving parity bit per period) and the same as the period of the
recursive encoding block, 7. Then every observation for t > 6 is the sum of the same
subset of the 7 bits and so no new information is obtained, i.e., a rank-1 system of
equations is formed and a unique solution does not exist. This is due to the periodic
nature of the signal. When the non-puncture period is relatively prime with the period
of the recursive encoding block, a series of observations of the parity bits will
eventually form a rank-7 system of equations. For our 7-bit group, this is sufficient to

uniquely determine the bhits, i.e., information sufficient to determine the bits is

5
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distributed across the surviving parity bits. When the periods are not relatively prime,
the rank of the system becomes L/K where L is the period of the recursive encoding
block and K is the Greatest Common Divider (GCD) of L and N where N is the period of
the non-puncture pattern.

{[0020] It is also possible that some distributed information is lost even for
non-simple periods, e.g., consider the case where the non-puncture pattern alternates
between a simple period of three and four. This results in a period 7 non-puncture
pattern but with two surviving parity bits per period. The same argument above leads
to a rank-2 system of seven equations which is still insufficient to uniquely determine
the group of bits, but does reduce the dimension of the space they may span. Clearly,
some information about the small group of bits is lost for some non-punctured patterns.
{0021} In order to obtain adequate performance, it is necessary to ensure proper
detecting, avoiding and/or correcting the problematic puncturing patterns in the parity
bit streams without having to avoid code rates. Typically, problematic interactions
occur between the Turbo coder output and puncturing in the rate matching stages.
[0022] It would be desirable to have a method for creating high-rate Turbo codes

that avoids problematic interactions by modifying the puncturing patterns.

[0023] SUMMARY OF THE INVENTION

[0024] According to the present invention, degradations in quality of punctured
error corrected code transmissions are identified and the code transmissions are
modified accordingly. A puncturing pattern which approximates a particular code rate
is identified, and a value for anticipated degradation is adjusted in accordance with a
matching of the puncturing pattern and the particular code rate.

[0025] According to a first embodiment of the present invention, P1/P2
puncturing biasing for a single stage of rate matching is implemented using the
punctured error correction coded transmissions.

[0026] According to a second embodiment, two or more stages may be employed

at each stage of rate matching for detecting and correcting performance in punctured
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Turbo codes on High Speed Downlink Shared Channel (HS-DSCH) in R5 High Speed
Downlink Packet Access (HSDPA).

[0027] : BRIEF DESCRIPTION OF THE DRAWINGS

{0028] A more detailed understanding of the invention may be had from the
following description of a preferred embodiment, to be understood in conjunction
with the accompanying drawing wherein:

[0029] Figure 1 is a schematic diagram of a typical CDMA system in
accordance with current 3GPP specifications;

[0030] Figure 2a is a processing diagram of TrCH data for a CCTrCH in
accordance with 3GPP TDD specifications;

[0031] Figures 2b and 2c are diagrams of channel coding and multiplexing
examples in accordance with 3GPP TDD specifications;

[0032] Figure 3 shows typical results of particular codes being created by
puncturing, where as much as 4 dB loss can be measured in critical SNR value;
[0033] Figure 4 graphically depicts the SNR required to successfully decode a
data block (critical SNR) with high probability vs. Code Rate when P1/P2 biasing is
applied;

[0034] Figure 5 is a plot of the problematic regions with respect to an ordered
pair (r1,r2) which are the rates of puncturing the parity streams in the first and second
stages of rate matching, respectively;

{0035] Figure 6 is a schematic block diagram showing a circuit for Third
Generation Partnership Project (3GPP) rate matching for High Speed Downlink Packet
Access (HSDPA), using a Turbo coded HS-DSCH; and

[0036] Figure 7 graphically depicts initial Block Error Rate (ELER) for High
Speed Downlink Shared Channel (HS-DSCH) transport blocks with certain effective

coding rates.
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[0037] DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT(S)
[0038] In accordance with the present invention, several methods and
embodiments are disclosed for detecting, avoiding and/or correcting the problematic
puncturing patterns in the parity bit streams without having to avoid code rates.
[0039] The present invention is potentially applicable to layers 1 and 2 in a
Frequency Division Duplex (FDD), Code Division Multiple Access (CDMA) 2000 and
Time Division Duplex (TDD) Universal Mobile Telecommunications System (UMTS)
modes of transmission as well as other modes of transmission. Additionally, methods
are described hereinafter for modifying the puncturing patterns such that performance
of degraded Turbo code is restored.

[0040] Figure 4 graphically depicts the SNR required to successfully decode a
data block (critical SNR) with high probability versus Code Rate when biasing the
number of parity bits in parity stream 1 and 2 (P1/P2) is applied. As shown in Figure
3, it has been found that particular codes created by puncturing the rate 1/3 3GPP
Turbo code exhibit poorer than expected performance, as can be seen from the peaksin
the figure. |
[0041] Figure 5 is a plot of the problematic regions with respect to an ordered
pair (r1,r2) which are the rates of puncturing the parity streams in the first and second
stages of rate matching, respectively. As can be seen, there are particular regions
where the rates of puncturing of the parity streams are such that some combinations of
rates are particularly problematic.

[0042] In one embodiment, puncture biasing for parity bits P1 and P2 is
implemented for one stage rate matching. Figure 6 is a schematic block diagram
showing circuitry 600 for 3GPP rate matching for HSDPA, using a Turbo coded
HS-DSCH. The circuitry 600 implements a 3GPP rate-matching scheme for HSDPA.
The circuitry 600 includes a bit separation circuit 605, a first rate matching stage 610,
a virtual incremental redundancy (IR) buffer 615, a second rate matching stage 620
and a bit collection circuit 625. The first rate matching stage 605 includes a Parity 1
(P1) bit rate matching circuit 630 and Parity 2 (P2) bit rate matching circuit 635. The

-8-
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second rate matching stage 620 includes a systematic bits rate matching circuit 640, a
Parity 1 (P1) bit matching circuit 645 for the second rate matching and a Parity 2 (P2)
bit matching circuit 650 for the second rate matching. In operation, the systematic
bits, Parity 1 (P1) and Parity 2 (P2) bits are processed through the first rate matching
stage 610, virtual IR buffer 615, second rate matching stage 620 and bit collection
circuit 625. Note that the Parity 1 (P1) and Parity 2 (P2) bits are treated separately.
The systematic bits, Parity 1 (P1) and Parity 2 (P2) bits are combined at the bit
collection circuit 625 to provide a single data output Naata. Also note that if the number
of coded bits is less than or equal to the size of the virtual IR buffer 615, the first stage
of rate matching 630 is transparent. The transparent first stage case and Rel-4 rate
matching are considered first.

[0043] In its actual implementation, it is anticipated that the different circuit
functions will be executed by a common circuit or circuits, such as microprocessor
circuitry, and in accordance with program instructions. The specific circuit functions
used to implement the invention would therefore be a matter of choice of those
configuring the circuitry within the rate matching circuitry 600.

[0044] The rate matching algorithm performs puncturing if the overall code rate
is greater than 1/3 and repetition if the code rate is less than 1/3. Currently code rates
greater than 1/3 are accomplished by applying the same puncturing rate to both P1
and P2 bits (to within one bit) but with different puncturing pattern phases. In order
to avoid non-puncturing periodicities that have been shown to degrade the Turbo code
performance, it is proposed that the puncturing rates for P1 and P2 be independently
biased. For example, if the number of P1 bits is decreased by and the number of P2
bits is increased by, the overall code rate is unchanged but the problematic
non-puncturing periods can be avoided. Given this approach to avoiding the
problematic code rates, an analytical expression for the requisite bias, has been
derived.

[0045] A simple and efficient method of modifying the puncture patterns is
biasing the number of punctured bits in P1 and P2 by adding additional puncturing to

9.
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one and removing it from the other. The amount of the bias should be no more than is
needed to avoid certain periodicities for better overall performance, however, over
biasing by modest amounts has shown little degeadation and can be tolerated in
practice. In biasing the puncturing rates of P1 and P2 bits, two constraints must be

met.
[0046] When non-puncturing patterns with period 78/2 (N =1,2,3...) are used,
degradation in performance results. These periods will be employed whenever the

average non-puncturing period of P1 or P2 bits is within 1 or % of 7N/2 for even and

odd N respectively. The averaging may be defined over the entire TB or any subset of
the TB.

[0047] The average non-puncturing rate of the P1 and P2 rate matching blocks is

I/(P/2) where I is the number of bits at the input to each branch of rate matching and P |
is the total number of parity bits (P1 and P2) at the output of rate matching.

Therefore, the desired code rate will lead to a problematic puncturing pattern if,

1 N

P12y 2 2 12

< l—y—+l£v—J , Equation (1)

for N >0 where,
el
7P 2] Equation (2)

[0048] In biasing the puncturing rates of the parity bit streams 1 and 2, P1 and
P2, two constraints must be met.

[0049] First, the number of surviving bits in parity bit stream 1 must be
increased sufficiently by an amount A to avoid the problematic puncturing patterns.
Second, the number of surviving bits in parity bit stream 2 must be decreased by an

equal amount A that is also sufficient to avoid problematic puncturing patterns.
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[0050] These two constraints can be combined in to the following expression for
A, where:
{0051} A=|maxiotl P2 P___ I _ Equation (3)
IN=-1{ 2 2 [7N+1
2 2
{0052] Alternatively, non-punctured bits may be increased in P2 and decreased

in P1. The procedure to determine and apply the necessary P1/P2 bias is as follows:

Step 1) Compute N using Equation (2).

Step 2) Determine if the desired code rate results in a problematic
puncturing pattern using Equation(1). If it does, continue to Step 3,
otherwise setA=0.

Step 3) Compute the bias A using Equation (3).

[0053] In order to avoid puncturing patterns that degrade Turbo code
performance, the amount of puncturing applied to parity bit streams 1 and 2
respectively could be slightly different, while keeping the overall number of punctured
bits constant.

[0054] If the number of punctured bits in parity bit stream 1 is decreased by A
and accordingly, the number punctured bits in parity bit stream 2 bits is increased by
A, the overall code rate is unchanged, but the problematic puncturing patterns can be
avoided. Note that bit collection and bit de-collection stages need to be adjusted
correspondingly for this case. Since individual regions of degraded performance tend to
be small, it may be advantageous to simply avoid the use of code rates with degraded
performance. Since code rates with degraded performance can now be identified using
the above equation, it is a simple matter to avoid them.

[0055] For Hybrid Automatic Repeat reQuest (HARQ) as deployed in 3GPP, it

may be necessary to employ two stages of rate matching. This occurs whenever
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incremental redundancy (IR) is employed and the number of bits input to the
rate-matching algorithm is larger than the virtual IR buffer. Note that when Chase
- combining HARQ is used, there is no need for a special IR buffer; a received bit buffer
would be sufficient. (If constellation rearrangement were not used, a buffer of received
symbols would be sufficient.) If it is determined that IR provides only a small
improvement over Chase combining, then removal of IR from the standards may be
advisable.

[0056] In order to obtain higher data rates, the 3rd Generation Partnership
Project (3GPP) has introduced the high-speed downlink packet access (HSDPA) option
wherein link adaptation is performed. One component of the link adaptation is
adaptive modulation and coding (AMC). With AMC, a channel quality estimate is used
to select the modulation type and code rate that attains the largest throughput. When
the channel quality is high, QAM modulation and a high code rate are selected. High
code rates are obtained by puncturing a rate 1/3 Turbo code. During the design of the
channel quality indication (CQI) table, it was observed that certain transport block set
sizes (TBSSs) exhibited poorer than expected performance. The CQI table is used to
map a channel quality estimate into a recommended modulation and TBSS. This
problem of poorer than expected performance is currently addressed by simply "hand
tweaking" the CQI table to avoid the TBSSs that cause problems. In AMC, this leads
to less than optimal throughput since optimal code rates will inevitably be avoided.
{00571 The poorer than expected performance at some data rates is also a
problem with a fixed modulation and coding scheme. If a user is assigned a code rate
that exhibits the problem, the poor performance of the code will be compensated for by
power control thus reducing cell capacity.

[0058] A typical method for creating high-rate Turbo codes is to puncture the
parity bits of a lower-rate code until the desired code rate is attained. In a 3GPP-
coding scheme selected for data services, in order to achieve an optimum performance
with the scheme, puncturing may be needed to ensure rate matching. By combining

Turbo codes and puncturing, high data rates are possible. A typical method for
-12-

Copy provided by USPTO from the PACR Imaae Natahasa nn no/naimnnn

IPR2023-01272 Page 150




1-2-0449.10S

creating high-rate Turbo codes is to puncture the parity bits of a lower-rate code until
the desired code rate is attained.

[0059] It is therefore possible to lose the distribution of information about a
group of bits when certain non-puncture patterns are employed. In the illustration, a
long sequence of zeros after the small group of bits was supposed for clarity sake.
However, allowing additional groups of bits to follow the first group does not add to the
distributed information about earlier groups. This can be seen from the causality of
the system.

[0060] In another embodiment, adjustments to the parity stream puncturing
allows the MAC-hs to simply select any desired transport block size as an outcome of
the scheduler decision. It would be required to slightly change the generation of the
puncturing patterns in the rate-matching stages in TS825.212/222. For example, one
implementing modification to the current FDD standard as set for in TS 25.212 is
appended hereto along with a brief discussion of why the modification is desirable.
[0061] For both the case of 1% rate-matching stage being transparent and the
case of both 15t and 274 rate-matching stage being employed, a number of acceptable
solutions exist to avoid the problematic interactions by means of adjustments to the
parity bit puncturing.

[0062] One of these solutions, e.g. a simple biasing method, is outlined below in
the interest of providing a conceptual example for the case of the 1st rate-matching
stage being transparent.

[0063) Currently, coding rates >1/3 are accomplished by applying the same
amount of puncturing to both parity bit streams 1 and 2 at the output W of the Turbo-
coder (Figure 6), although the puncturing pattern “phases” can be adjusted.

[0064] When a particular code rate is desired and it is determined that its use
will result in degraded performance, a slightly lower code rate may be selected to avoid
the degradation. Good choice for the substituted code rate would be the largest
allowable code rate less than the desired code rate that has been determined to have an

acceptable degradation.
-13-
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[0065] If it is desirable for a system to be allowed to make unrestricted use of
available code rates, then performance may be restored by modification of the puncture
pattern.

[0066] The key to restoring performance to the punctured Turbo code is to avoid
the case where the surviving parity bits are overly redundant with respect to the
systematic bits, i.e., modify the puncturing pattern to improve performance. One way
to accomplish this is to sample the parity bits such that all the points corresponding to
one complete period of the semi-periodic impulse response are sampled with as few
samples as possible while maintaining the same code rate and not overly distorting the
uniformity of the puncturing over the data block or creating overly large imbalances in
the number of surviving parity bits in P1 and P2. The following mitigation techniques
apply when only a single stage of rate matching is-employed (or the first stage of rate
matching is transparent.)

[0067] Likewise, the number of P2 bits must be decreased by an equal amount
that is also sufficient to avoid problematic puncturing patterns. These two constraints

can be combined in to the following expression for A, where:

[0068] A={maxtot B P__ T _ Equation (3)
IN~1] 2 2 {7841
2 2
[0069] Alternatively, non-punctured bits may be increased in P2 and decreased

in P1. The procedure to determine and apply the necessary P1/P2 bias is as follows:
Step 1) Compute ' using Equation (3).

Step 2) Determine if the desired code rate results in a problematic
puncturing pattern using Equation(2). If it does, continue to Step 3),

otherwise setA =0.
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Step 3) Compute the bias A using Equation (3).
Step 4) Compute rate matching parameters by modifying Table

in TS25.212/222.

[0070] It should also be noted that this method of mitigation could also be
applied to systems with more than 2 parity streams. For example, the 3GPP2 Turbo
code (CDMAZ2000) includes four parity streams. If a problematic puncturing pattern
occurs it can be alleviated by adjusting the puncturing rates of each of the individual
parity streams while maintaining a constant overall effective coding rate.

[0071] When two (or more) stages of rate matching are employed, problematic
puncturing patterns can be generated by any stage, or by the interaction between the
stages of rate matching.

[0072] A closed form expression(s) has been developed for the Release 5 3GPP
Turbo coder / Rate Matching that predicts the performance degradation. The
expression takes as input either the triplet {Bits Before 1t stage of rate Matching, Max
Bits after 1st Rate Matching, Bits after 20d Rate matching} or the pair {Rate of 1st stage
Rate Matching with respect to parity bits, Rate of 27d stage Rate Matching with respect
to parity bits}. The output, as depicted in Equation (4) below, is a rational number that
may be compared to a threshold to accept/reject the configuration as providing/not
providing acceptable performance. The parameters r1 and r2 represent the rates
associated with the 1st and 2vd stages of rate matching with respect to the parity bit
streams. Although complicated, the Equation (4) is a piecewise linear and continuous

function in rl, r2 and is therefore trivial to evaluate.
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Equation(4)

[0073] A threshold comparison could then be based on this equation to test
whether or not the Code Rate pair will perform adequately. Equivalently, the triple:
{Data Block Size, Size After 1st Stage Rate-Matching, Size After 2»d Stage Rate-
Matching} can be used since this triple maps directly into the Code Rate pair.

[0074] The effect of the periodicity of the puncturing pattern can also be
mitigated by interleaving the parity bits before rate-matching occurs. In this way,
after de-interleaving, periodic sampling of the parity bits is avoided even when periodic
sampling is done in rate-matching.

[0075] The functionality of the channel interleaver can be incorporated into the
rate-matching block interleaver. This can be accomplished by adding additional
constraints to the rate-matching block Interleaver (those defined by the channel
interleaver) when the interleaver is designed. This however will require an additional
interleaver for the systematic bits.

[0076] Note that the rearrangement of the non-punctured bits only needs to occur
on a range equal to the period of the semi-periodic impulse response of the recursive
encoding blocks of the Turbo encoder. Therefore, small time-varying interleavers can
be added to the parity bit steams to prevent problematic puncturing patterns. This has
the advantage of requiring less memory and helps to minimize the distortion of the

uniformity of the puncturing.
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{00771 Certain parameters may be made to vary as a function of time (or bit
index, or other parameter(s)) to generate puncturing patterns that will mitigate
performance degradations. One such example for 3GPP includes modification of the
rate matching parameters such as the X, e_ini, e_minus and e_plus parameters
throughout the execution of the rate-matching algorithm. In this way, the parameters
affecting the puncturing pattern may change at one or more locations within the block
of bits being punctured. By allowing the parameters to change, the instantaneous
coderates may be different from the desired overall coderate (thereby évoiding the
puncturing interaction) while still maintaining the same overall coderate. For example
1) e_plus and e_minus may change frequently throughout the puncturing algorithm
thus breaking up any possible long runs of deleterious puncturing. 2) Parameters may
be changed so that the code rate is changed so that it is higher in some portions of the
code block and lower in others.

{0078} The above methods are examples of modifications to the puncturing
pattern used to generate specific code rates. All such methods may be considered
~ special cases and specific implementations of the more general concept of a
permutation of the puncturing pattern. Any method of changing the puncturing
pattern, i.e., generating some permutation of the original puncturing pattern, has the
potential of changing the overall performance of a code. Any permutation (and
methods of generating such permutations) of the puncturing pattern is claimed by the
invention.

[0079] One can achieve the desired overall code rate while avoiding problematic
puncturing patterns by adjusting the amount of puncturing performed in each stage.
This method, when placed in the context of the 3GPP HSDPA Turbo Code / Rate
Matching algorithm leads to artificially reducing the size of the virtual Incremental
Redundancy (IR) buffer. In general the approach implies a modification to the
individual puncturing rates of each of the stages such that a desirable overall

puncturing pattern results.
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{0080] Stage Rate Biasing is easily accomplished by changing the operating point
(the r1, r2 pair) to some point on a curve of constant code rate (i.e., where the product
r1*r2 is unchanged) where performance degradation is tolerable.

{0081} The combination of adjusting the stage puncturing rates as well as the
relative rates of puncturing in the two parity streams can also mitigate the problematic
interaction between the puncturing pattern and the Turbo Code performance.

[0082] This can be envisioned as splitting the operating point in to two points.
One of the points corresponds to the rates of 15t and 20d stage rate matching for the first
parity bit stream and the second point for the second parity bit stream. The two points
should be selected so that the overall code rate is unchanged, both points lie in regions
of acceptable performance, and the total number of surviving bits after the first stage
of rate matching does not exceed imposed limits such as an IR buffer.

[0083] The present invention provides several simple and efficient techniques of
detecting, avoiding and/or correcting problematic puncturing patterns in the parity bit
streams without having to avoid desired code rates. According to the present
invention, degradations in punctured error correction coded transmissions are reduced
by identifying a puncturing pattern which approximates a particular code rate, and
adjusting a value for anticipated degradation in accordance with the matching of the
puncturing pattern and the particular code rate.

[0084] When creating codes via puncturing, it is generally desirable to distribute,
as uniformly as possible, the bits that are punctured. Using this guideline, it is
inevitable that certain code rates will require the resulting non-punctured bit pattern
to be less effective. One such example occurs when the non-punctured bit pattern is
periodic, with a period equal to the period of the semi-periodic impulse response of the
recursive encoding blocks of the Turbo encoder. An algorithm may be used to identify
all puncturing patterns with degraded performance.

[0085) In a particular embodiment of the invention, the capacity of a wireless
transmit and receive unit (WIT'RU) is determined, including buffer sizes that supported
by the WIRU. The puncturing is used to reduce sufficient bits to fit into the buffer,
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and the overall code rate is adjusted so as to provide sufficient error correction
capability. This provides a first rate in a first stage of puncturing and a second rate in
a second stage of puncturing.

[0086] According to the present invention, detecting, avoiding and/or correcting
problematic puncture patterns in parity bit streams and punctured Turbo codes is
achieved without having to avoid desirable code rates. This is applicable without
limitation, to FDD, TDD and other modes of transmission, and enables
identification/avoidance of regions of relatively poor Turbo code performance, which
might result from the prior art bit-puncturing scheme. The invention provides for
forward error correction comprising Turbo coding and puncturing that achieve a
smooth functional relationship between any measure of performance and the effective
coding rate resulting from combining the lower rate code generated by the Turbo
encoder with puncturing of the parity bits. Examples of measures of performance
would be block error rate (BLER), bit error rate (BER), required signal-to-interference
ratio (SIR), or required signal-to-noise ratio (SNR).

{0087} The patterns of the puncturing are created by creating an encoded
transmission at a particular data rate and excluding some of the encoded bits. At the
receiver end, zeros or other "filler" bits are put in place of the punctured bits, and the
decoding operation is based on the received signal with the missing bits. According to
the present invention, the puncturing pattern is modified in order to eliminate
degradation which would occur under particular puncturing patterns. In particular, if
the puncturing pattern is regular or has a periodic nature, it is more likely to result in
signal degradation. By eliminating the degradation, it is possible to achieve the
desired code rate.

[0088] The present invention is particularly useful for 3GPP-coding, and can be
used for low chip rate TDD, high chip rate TDD and FDD.

[0089] One such example of a periodicity occurs when the non-punctured bit
pattern is periodic with period equal to the period of the semi-periodic impulse

response of the recursive encoding blocks of the Turbo encoder. An algorithm is
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provided to identify all puncturing patterns with degraded performance. Additionally,
modification of the puncturing patterns is performed such that performance of the
Turbo code is restored. Regions where performance of the punctured Turbo code is
degraded can be determined by measuring how close the puncturing pattern is to being
periodic with period related to the period of the semi-periodic impulse response of the
recursive encoding blocks of the Turbo encoder.

[0090] Codes with degraded performance are detected, and regions where
performance of the punctured Turbo code is degraded can be determined by measuring
how close the puncturing pattern is to being periodic with a period related to the period
of the semi-periodic impulse response of the recursive encoding blocks of the Turbo
encoder.

[0091] Modifications to puncturing are used to restore Turbo performance. Ifitis
desirable for a system to be allowed to make unrestricted use of available code rates,
then performance may be restored by modification of the puncture pattern. Therefore
if it is deemed desirable for a system to be allowed to make unrestricted use of
available code rates, then performance may be restored by modification of the puncture
pattern.

[0092] In aécordance with the present invention, improved restoration of
performance to the punctured Turbo code is achieved by avoiding the case where the
surviving parity bits are overly redundant with respect to the systematic bits, i.e.,
modify the puncturing pattern to improve performance. One way to accomplish thisis
to sample the parity bits such that all the points corresponding to one complete period
of the semi-periodic impulse response are sampled with as few samples as possible
while maintaining the same code rate and not overly distorting the uniformity of the
puncturing over the data block or creating overly large imbalances in the number of
surviving parity bits in P1 and P2.

[0093] One case is exemplified by changing puncture rates in P1 and P2. A
simple and efficient method of modifying the puncture patterns consists in biasing the

number of punctured bits in P1 and P2 by adding additional puncturing to one and
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removing it from the other. The amount of the bias should be no more than is needed
to avoid certain periodicities. Alternatively, non-punctured bits may be increased in P2
and decreased in P1.

[0094] Regarding block interleaving before rate matching, interleaving the parity
bits before rate matching occurs can also mitigate the effect of the periodicity of the
puncturing pattern. In this way, after de-interleaving, periodic sampling of the parity
bits is avoided even when periodic sampling is done in rate matching. Rearrangement
of the non-punctured bits only needs to occur on a range equal to the period of the
semi-periodic impulse response of the recursive encoding blocks of the Turbo encoder,
small time-varying interleavers can be used. This has the advantage of requiring less
memory and helps to minimize the distortion of the uniformity of the puncturing.
[0095] When a particular code rate is desired and it is determined that its use
will results in degraded performance, a slightly smaller code rate may be selected to
avoid the degradation. A goo& choice for the substituted code rate would be the largest
allowable code rate less than the desired code rate that has been determined to have an
acceptable degradation.

{0096] The above methods are examples of modifications to the puncturing
pattern used to generate specific code rates. All such methods may be considered
special cases and specific implementations of the more general concept of a
permutation of the puncturing pattern. Any method of changing the puncturing
pattern, i.e., generating some permutation of the original puncturing pattern, has the
potential of changing the overall performance of a code. Any permutation (and
methods of generating such permutations) of the puncturing pattern is claimed by the
invention.

[0097] When two (or more) stages of rate matching are employed, problematic
puncturing patterns can be generated by any stage, or by the interaction between the
stages of rate matching.

[0098]One can achieve the desired overall code rate while avoiding problematic

puncturing patterns by adjusting the amount of puncturing performed in each stage.
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This method, when placed in the context of the 3GPP HSDPA Turbo code rate
matching algorithm leads to artificially reducing the size of the virtual incremental
redundancy (IR) buffer. In general the épproach implies a modification to the
individual puncturing rates of each of the stages such that a desirable overall
puncturing pattern results.

[0099] Stage rate biasing is easily accomplished by changing the operating point
(the rl, r2 pair) to some point on a curve of constant code rate (i.e., where the product
r1*r2 is unchanged) where performance degradation is tolerable.

{0100} The combination of adjusting the stage puncturing rates as well as the
relative rates of puncturing in the two parity streams can also mitigate the problematic
interaction between the puncturing pattern and the Turbo code performance.

[(0101] This can be envisioned as splitting the operating point in to two points.
One of the points corresponds to the rates of 1st and 2nd stage rate matching for the
first parity bit stream and the second point for the second parity bit stream. The two
points should be selected so that the overall code rate is unchanged, both points lie in
regions of acceptable performance, and the total number of surviving bits after the first
stage of rate matching does not exceed imposed limits such as an IR buffer.

[0102] The real system for both FDD and TDD include two stages of rate
matching, two puncturing operations, and this is done because of a certain technique
called, incremental redundancy, which allows for the user equipment to receive
multiple transmissions from the base station. If the transmission fails the first time,
the signal is retransmitted with more data in an attempt to obtain a successful
communication the second time. In order to do that, two different stages of puncturing
are used because the WTRU has certain capabilities, certain buffer sizes that it can
support, and the in order to be able to fit the retransmissions that are combined into
the buffer, there are two stages of puncturing. The first stage of rate matching
punctures enough bits such that the surviving bits fit into a buffer, and the second
stage of puncturing (or repatition) is to achieve the desired overall code rate. When

the two stages of rate matching are combined, a similar plot of problematic regions of

22-

Copy provided by USPTO from the PACR Imana Natohaca ~e Aninnnn=r

IPR2023-01272 Page 160




1-2-0449.1US

coding rate turns into a multidimensional plot. Thus, there are two rates now
involved, which are a rate in a first stage of puncturing and a rate in a second stage of
puncturing.

{0103] Adaptive coding means that on the fly, information is obtained from the
user equipment that indicates whether channel is providing good data. Based on that,
the transmitter adjusts its code rate. In instances of poor reception, a substantial
amount of redundancy is added, which results in a very low code rate, but which allows
only a small transfer of data through with the required block error probability.
[0104] Channel quality will not take into account the errors or the problems due
to the puncturing pattern. The channel quality is based on signal power and noise
power, but it doesn't take into account the fact that the encoder may have been
punctured in a problematic way. The channel doesn't directly include information
about that. So in that sense, the adaptive modulation and coding isn't going to
naturally determine that the signal is bad or that it should be switched off. Instead,
the purpose of the adaptive modulation and coding is to provide information which will
allow the primary signal to vary. Since there are multiple primaries inherent in
modulation and coding, it is possible to change the primaries in accordance with
channel quality. With good channel quality, very little coding is needed and it is
possible to use a higher order modulation. Ifthe channel quality is poor, the code rate
is reduced. Therefore a reduced data rate is used to provide the desired error
performance. The channel quality indicator is used to monitor the channel quality and
in turn provides input to this data rate control.

{0105] Capacity is measured by determining a combined data rate to all users
supported. If one or more users in a cell are tuned to a problematic code rate, then
those users are presumed to see more errors. In many cases the problematic coding
rates are known and therefore it is possible to avoid these rates.

[0106] The present invention provides an ability to identify problem rates in
advance through some analytical means, and responding to this information by

avoiding these rates either dynamically or statically. This can be achieved by detecting
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error patterns or by using a table of rates to avoid. If a transmission calls for one of the
problem rates, the actual transmission is provided at a rate which is slightly different.
The result is, the problem rate is avoided.

(0107} These are representative examples of modifications to the puncturing
pattern used to generate specific code rates, as applicable to layer 1 and layer 2 in the
TDD and FDD mode of transmission in accordance with the present invention.
Variations to the examples described are conceivable. All such variations may be
considered special cases and specific implementations of the more general concept of a
permutation of the puncturing pattern. Any method of changing the puncturing
pattern, i.e., generating some permutation of the original puncturing pattern, has the
potential of changing the overall performance of a code, and it is the intent to include
permutations and methods of generating such permutations of the puncturing pattern
envisaged in the present invention. All modifications and improvements to the basic
concept of the invention as set forth hereinabove are envisaged to be within the ambit
of the present invention.

{0108} Support for link adaptation by means of Adaptive Modulation and Coding
(AMQ) is an integral feature of RS HSDPA. With AMC, modulation type and code rate
on HS-DSCH can be varied according to channel conditions. Variable coding rates on
HS-DSCH are achieved by means of rate matching (repetition or puncturing) output of
the R99 Turbo-coder in a pre-determined manner, i.e. as a function of Transport Block
Set Size (TBSS) and available number of Physical Channel bits. Both R99/R4 and R5
use the same code rate 1/3 Turbo-coder. While the principle of rate-matching is the
same for both R4 and R5, the likely and more frequent use of higher effective code
rates (>1/2), the use of multiple stages of rate matching, and the standard allowing for
the possibility of Incremental Redundancy (IR) differentiate R99/R4 and R5.

{0109] High-speed downlink packet access (HSDPA) performance requirements
in WG4 have indicated unusually high and rather unpredictable SNR performance
degradations for Turbo-coded and punctured transport blocks on HS-DSCH up to

several dB for a range of effective coding rates above 1/2.
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[0110] The Turbo-coding performance on HS-DSCH is heavily impacted by
unfavorable puncturing patterns of the parity bit streams output by the baseline rate
1/3 Turbo-coder. Although the original WG4 simulation results were provided in a
TDD-context, exactly the same degradations also occur in FDD, the reason being that
Turbo-coding and rate-matching (TS25.212 and TS25.222) on HS-DSCH transport
blocks (where the problematic interactions originate) are done exactly the same way for
both modes.

[0111] Figure 7 shows the BLER performance of 3 different HS-DSCH transport
blocks of increasing size 4554, 4705 and 4858 bits respectively. All of them are rate 1/3
Turbo-coded, and then punctured down to 6072 bits mapped to the HS-PDSCHs. This
results in an effective coding rate of 0.75 (labeled 7/9-), 0.77 (labeled 7/9) and 0.80
(labeled 7/9+) for the 3 increasing transport blocks sizes.

[0112] When increasing the effective coding rate (or equivalently increasing the
puncturing rate) of a Turbo-coded transport block on HS-DSCH, one should expect that
BLER performance degrades in a proportioned manner, i.e. gets increasingly worse for
increasingly higher effective coding rates. This unfortunately does not always happen,
and it can be seen in this example that the rate 0.77 (7/9) coded transport block needs
some 3dB more SNR than a rate 0.80 coded transport block to achieve the same BLER
of approximately 10%.

[0113] The reason for the observed degradations is that the periodicity (period =
7) in the output of the two Turbo-coder parity bit streams, as given by the impulse
responses of the constituent recursive convolutional encoders, deleteriously interacts
with the periodicity of the puncturing patterns applied by the second and/or the first
rate matching stages in many cases. This effect is increasingly more frequent for
increasingly higher puncturing rates.

[0114] In the analyses that follow, a single R99 rate-matching block is assumed.
However, the concepts apply more generally to R4 and R5 with and without

incremental redundancy. The main conclusion for both cases is that the critical
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puncturing rates leading to SNR degradation are predictable in principle, but would
require a rather complex set of parameters to be taken into account.

{0115} The setting of critical puncturing rates is avoided in the MAC-hs in the
Node B, which has the particular advantage that it would not require a change in
current standards and could leave details open to vendor-specific implementation.
While this approach is preferable, the look-up tables used are complex and restrictions
on possible MAC-hs scheduler decisions are imposed. \
f0116] Alternatively, slight modifications are made to the puncturing patterns as
generated by the current rate-matching stages for HS-DSCH in TS25.212/222, These
modifications constitute only a small change in the way the rate matching parameters
are generated in TS25.212/222, e.g. a modification to the parameters in Table 10
"Parameters for hybrid automatic repeat request (H{ARQ) second rate matching”, and
more importantly do not require any additional signaling.

[0117] Due to the apparent simplicity of the second option (slight modification of
the generation of the puncturing pattern on Turbo-coded parity bit streams) and its
transparency for the MAC-hs scheduler (simply selects whatever transport block size is
desired as outcome of the scheduler decision), a corresponding change is made in
TS25.212/222 to remedy this problem.

[0118] The constituent recursive convolutional encoders in the Turbo-coder as by
TS25.212/222 have infinite impulse responses that are periodic with period 7 for
positive time. The impact of certain patterns of surviving (i.e. non-punctured) bits in
the parity bit stream can be qualitatively illustrated by considering how much
information remains in these surviving parity bits.

[0119]} The Turbo-coder produces 3 bit streams, systematic bits corresponding to
the input sequence, parity bit stream 1 (output of 1%t constituent encoder) and parity
bit stream 2 (output of 27d constituent encoder).

[0120] Note that the constituent recursive convolutional encoder is a Linear

Time Invariant (LTI) system on GFs. Therefore, the output of the encoder is a sum of
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shifted versions of the impulse response of the encoder. Each shifted version of the

i

impulse response corresponds to the locations of the 1’s in the Transport Block (TB).
[0121] Certain puncturing patterns may result in a loss of distributed
information about a small group of bits across the set of bits in one of the parity bit
streams. For example, let the TB consist of 7 bits followed by many zeros. Now
consider the problem of trying to determine the seven bits by observation of the output
of one encoder after heavy puncturing. Each observation made at the output is a sum
of a subset of the 7 bits. The subset for each particular observation is determined by
the surviving bit period and the impulse response of the recursive encoding block.
{0122] For most puncture patterns, sums over 7 different subsets of the 7 bits can
eventually be observed. Therefore, a system of 7 equations with 7 unknowns can be
formed. Assuming that they are linearly independent, the values of the 7 bits may be
determined.

[0123] However, when the periodicity of surviving bits is simple (one surviving
parity bit per period) and the same as the period of the recursive encoding block, 7,
then, due to the periodicity of the signal, every observation for ¢ > 6 is the sum of the
same subset of the 7 bits and so no new information is obtained by subsequent
observations. Thus, a rank-1 system of equations is formed and a unique solution does
not exist.

[0124] When the periodicity of surviving bits is not a multiple of 7, making
observations of the parity bits will eventually form a rank-7 system of equations after
several observations. For our 7-bit group, this is sufficient to uniquely determine the
bits, i.e. information sufficient to determine the bits is distributed across the surviving
parity bits.

[0125] It is also possible that some distributed information is lost even for non-
simple periods, e.g., consider the case where the non-puncture pattern alternates
between a simple period of three and four (two surviving parity bits per period with

period = 7).
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[0126] This results in a period seven non-puncture pattern but with two
surviving parity bits per period. The same argument above leads to a rank-2 system of
seven equations. This is still insufficient to uniquely determine the group of bits, but
does reduce the dimension of the space they may span. Clearly, some information
about the TB may also be lost for non-simple surviving bit patterns.

[0127] In the case of single stage of rate matching, as used in R99/R4 and in
many R5 configurations, the problematic interactions between the Turbo-coded output
and the punctured transmitted sequence occurs in regions where the puncturing
patterns are nearly periodic with surviving bit period equal to a multiple of 7, and
when an average 1 out of every 3.5 parity bits survive.

f0128] These degradations correspond to rank-1 and rank-2 scenario respectively.
This case corresponds to the rank-1 scenario. Rank-2 scenarios have less impact on the
SNR degradation than rank-1 scenarios. Since higher rank scenarios (>2) do not
significantly contribute to performance degradation, ranks other than rank-1 and

rank-2 scenarios are not considered here.

{0129] The code rates at the center of these regions are determined by:
1 35N .
CR = = N=12,.. Equation (5
.2 35N+2 quation (5)
3.5N
[0130] The critical code rate, CR, corresponds to a rank-1 scenario when N is

even and rank-2 when N is odd. For rank-1, we have critical code rates CR = 7/9, 7/8,
21/28, and for rank-2, we have CR = 7/11, 21/25.

[0131] The ratio of the number of systematic bits and the number of parity bits in
either parity bit stream 1 or 2 can be considered as “parity puncturing rate”. When
surviving bit patterns with parity puncturing rate close or equal to 7N¥/2 (N =1,2,3...)
are used, degradation in performance results. Some amount of Turbo-coding and

puncturing interaction will also occur whenever the average periodicity of surviving
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bits of the parity bit streams 1 or 2 is within +1 or =34 of 7N/2 for even and odd N

respectively.

[0132] A closed form expression based upon similar considerations as above is
possible. This expression takes as input either the triplet {Bits Before 15t stage of rate
Matching, Bits after 15t Rate Matching, Bits after 20d Rate matching} or the pair {1st
stage parity puncturing rate, 2d stage parity puncturing rate}.

[0133] At least two alternative approaches exist to avoid the problematic
interactions between Turbo-coder output and puncturing in the rate-matching stages.
[0134] The avoidance of problematic puncturing patterns is an approach that
requires the MAC-hs to avoid using puncturing patterns that lead to SNR degradation
and does not use certain combinations for mapping incoming transport blocks sizes to
HS-PDSCHs.

[0135] Avoidance would either require building lookup tables that identify the
problematical configurations or evaluating the predicted degradation expression
described previously in the MAC-hs scheduler.

[0136] An advantage of the look-up table approach is that no change in current
standards would be required and that any particular implementation could be left
vendor-specific.

[0187] A disadvantage of the avoidance approach is that it is complicated by the
fact that there are several dimensions to the problem that will all play a role in
determining if a particular configuration will give rise to degradation. Parameters the
MAC-hs scheduler would need to take into account in addition include:

(1) transport block set size of HS-DSCH transmission;
(2) number of soft information bits to be stored at the UE for H-ARQ; and

(3) number of physical channel bits allocated for the HS-PDSCHs.
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[0138] For FDD, these parameters are implied by the combination indicator for
number of channelization codes and modulation format i (1 <i < 29), and the transport
block size ki, (0 < k; < 62) in TS25.321.

[0139] The impact of certain periodic non-puncture patterns in the parity bits can be
qualitatively illustrated by considering how much information remains in the surviving
parity bits, '

{0140} Since every surviving parity bit can be written as a function of all
preceding systematic bits, the constraints that can be placed on the systematic bits are
determined by observing the surviving parity bits with certain non-puncture patterns.
For example, the constituent recursive encoders of a 3GPP Turbo encoder have an
impulse response that is periodic with period 7 for positive time (semi-periodic). The
encoder is interpreted as a M-sequence generator, i.e., if the shift register starts in the
zero state and a one is applied only at ¢ = 0, then the encoder is equivalent to a Linear
Feedback Shift Register (LFSR) with an associated third order primitive polynomial
and initial state {1 0 0}. Thus, a period 23-1 = 7 M-sequence is generated for positive
time.

[0141] The encoder is a Linear Time Invariant (L'TT) system on the binary field.
Therefore, the output of the encoder is a sum of shifted versions of the impulse
response of the encoder. Each shifted impulse response corresponding to the locations
of the 1’s in the Transport Block (TB). If we consider an input that is all O’s for ¢ > T,
then the output of the constituent recursive encoding block will also be semi-periodic
for¢ > T.

[0142] Certain non-puncturing periods may result in a loss of distributed information
about a small group of bits across the set of parity bits. For example, let the TB consist
of 7 bits followed by many zeros. Now consider the problem of trying to determine the
seven bits by observation of the output of one encoder after heavy puncturing. Each
observation made at the output is a sum of a subset of the 7 bits, the subset being

determined by the non-puncture period and the impulse response of the recursive
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encoding block. For most non-puncture patterés, (those that have period relatively
prime with the period of the semi-periodic impulse response) sums over 7 different
subsets can eventually be observed. Therefore, a system of 7 equations with 7
unknowns can be formed. Assuming they are linearly independent, the values of the 7
bits may be determined.

[0143] However, for the case where the non-puncture period is simple (one
surviving parity bit per period) and the same as the period of the recursive encoding
block, 7. Then, due to the periodicity of the signal, every observation for ¢ > 6 is the
sum of the same subset of the 7 bits and so no new information is obtained, i.e., a rank-
1 system of equations is formed and a unique solution does not exist. When the non-
puncture period is relatively prime with the period of the recursive encoding block,
making observations of the parity bits will eventually form a rank-7 system of
equations. For our 7-bit group, this is sufficient to uniquely determine the bits, i.e.,
information sufficient to determine the bits is distributed across the surviving parity
bits. When the periods are not relatively prime, the rank of the system becomes L/K
where L is the period of the recursive encoding block and K is the Greatest Common
Divider (GCD) of L and N where N is the period of the non-puncture pattern.

[0144] It is also possible that some distributed information is lost even for non-
simple periods, e.g., consider the case where the non-puncture pattern alternates
between a simple period of three and four. This results in a period seven non-puncture
pattern but with two surviving parity bits per period. The same argument above leads
to a rank-2 system of seven equations. Still insufficient to uniquely determine the
group of bits, but does reduce the dimension of the space they may span. Clearly, some
information about the small group of bits is lost for some non-punctured patterns.
[0145] The foregoing is a description of a preferred embodiment and alternative
solutions to providing detecting, avoiding/correcting problematic Turbo code
puncturing patterns. While this invention has been particularly shown and described

with reference to preferred embodiments, it will be understood by those skilled in the
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art that various changes in form and details may be made therein without departing

from the scope of the invention as described hereinabove.

* * 3
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CLAIMS
What is claimed is:
1 A method of calculating a bias used to modify problematic Turbo code
puncturing patterns in parity bit streams without having to avoid code rates, the

method comprising:

= —_——

F= 41 1
P 2

(a) determining N using J wherein [ is the number of
bits at the input to each branch of rate matching and P is the total

number of parity bits (P1 and P2) at the output of rate matching; and

(b) L __7N < 1-——AL+ N , calculate the bias
(P12 2 2 2
rp P 1 , otherwise setA=0.

1
A=|max ~ —_—
TN~1{ 2 2 |7N+1
2 2

1a. A method of avoiding problematic Turbo code puncturing patterns in systems
employing a plurality of rate matching stages, the method comprising:
(a) adjusting the number of bits punctured in each stage of
rate matching; and/or,
(b) adjusting the number of bits punctured in each of the
plurality of parity streams such that the problematic

puncturing patters are avoided.

2. A method for identifying degradations in quality of punctured error
correction coded transmissions, comprising:

identifying a puncturing pattern which approximates a particular code

-33.
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rate; and
adjusting a value for anticipated degradation in accordance with the

matching of the puncturing pattern and the particular code rate.

3. The method of claim 2 further comprising using Turbo code to implement

the error correction coded transmissions.

4. The method of claim 3 further comprising:

identifying when a non-punctured bit pattern of the transmissions
exhibits a periodic characteristic (e.g., periodic on short time scale), with a
period equal to a period of a semi-periodic impulse response of recursive
encoding blocks of the Turbo code; and

using the identified non-punctured bit patterns which exhibit a periodic

characteristic to identify puncturing patterns with degraded performance.

5. A method for reducing degradations in quality of punctured error
corrected code transmissions, the method comprising:
identifying a puncturing pattern which approximates a particular code
rate; and
adjusting the parameters of the transmissions sufficiently to cause a

mismatch in the puncturing pattern and the particular code rate.

6. The method of claim 5 further comprising:

determining a capacity of a wireless transmit and receive unit (WTRU),
including buffer sizes that are supported by the WIRU;

using puncturing to remove sufficient bits to fit into the buffer; and

adjusting an overall code rate so as to provide sufficient error correction
capability, thereby providing a first rate in a first stage of puncturing and

providing a second rate in a second stage of puncturing.
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7. The method of claim 6, further comprising increasing non-punctured bits
in one of the first stage and second stage of puncturing, and decreasing non-punctured
bits in another of the first stage and second stage of puncturing, thereby adding

additional puncturing to one stage and removing it from the other stage.

8. The method of claim 7 further comprising increasing non-punctured bits

in the first stage and decreasing non-punctured bits in the second stage.

9. The method of claim 7 further comprising decreasing non-punctured bits

in the first stage and increasing non-punctured bits in the second stage.

10.  The method of claim 6 further comprising:
interleaving parity bits before rate matching occurs; and
subsequently de-interleaving the parity bits, thereby avoiding a need to periodically
sample the parity bits when performing periodic sampling in rate matching, thereby

mitigating the effect of the periodicity of the puncturing pattern.
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ABSTRACT

Detecting, avoiding and/or correcting problematic puncturing patterns in parity
bit streams used when implementing punctured Turbo codes is achieved without
having to avoid desirable code rates. This enables identification/avoidance of regions of
relatively poor Turbo code performance. Forward error correction comprising Turbo
coding and puncturing achieves a smooth functional relationship between any measure
of performance and the effective coding rate resulting from combining the lower rate
code generated by the Turbe encoder with puncturing of the parity bits. In one
embodiment, methods to correct/avoid degradations due to Turbo coding — puncturing

interactions when two or more stages of rate matching are employed, are presented.
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APPENDIX

4.5.4 Hybrid ARQ for HS-DSCH

The hybrid ARQ functionality matches the number of bits at the output of the channel coder to
the total number of bits of the HS-PDSCH set to which the HS-DSCH is mapped. The hybrid

ARQ functionality is controlled by the redundancy version (RV) parameters. The exact set of bits
at the output of the hybrid ARQ functionality depends on the number of input bits, the number of
output bits, and the RV parameters.

The hybrid ARQ functionality consists of two rate-matching stages and a virtual buffer as shown

in the figure below.
The first rate matching stage matches the number of input bits to the virtual IR buffer,

information about which is provided by higher layers. Note that, if the number of input bits does

not exceed the virtual IR buffering capability, the first rate-matching stage is transparent.

The second rate matching stage matches the number of bits after first rate matching stage to the

number of physical channel bits available in the HS-PDSCH set in the TTL

First Rate Matching Virtual IR Butter Second Rate Matching
Systematic
| __bits Mo > AM_S theg
Parity 1
CINTL it bits | o Nt New | bt {Meaf W
separation RM_P1_1 RM_P1.2 collection o
Parity2 N N
|_bis | ol pupag 2 »  RM_P22 25,
Figure 17: HS-DSCH hybrid ARQ functionality
Notation used in sub clause 4.5.4 and sub clauses:
N™. Number of bits in a transmission time interval before rate matching.
AN,;: An intermediate calculation variable.
AN, ,7';" : If positive - number of bits to be repeated in each transmission time interval on TrCH i with
transport format .

If negative - number of bits to be punctured in each transmission time interval on TrCH ¢ with transport
format [.
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AN ppprry © Number of bits to adjust the length of parity streams by, in HARQ 1% stage rate-matching.

N Total number of bits that are available for the HS-DSCH in a TTL

Cini Initial value of variable e in the rate matching pattern determination algorithm of
subclause 4.2.7.5.

Cplus Increment of variable e in the rate matching pattern determination algorithm of subclause4.2.7.5.

Cminus Decrement of variable e in the rate matching pattern determination algorithm of subclause 4.2.7.5.

b: Indicates systematic and parity bits

b=1: Systematic bit. x; in subclause 4.2.3.2.1.
b=2: 1* parity bit (from the upper Turbo constituent encoder). z in subcaluse 4.2.3.2.1.

b=3: 2* parity bit (from the lower Turbo constituent encoder). z in subclause 4.2.3.2.1.

4.54.1 HARQ bit separation

The HARQ bit separation function shall be performed in the same way as bit separation for turbo
encoded TrCHs in 4.2.7.4 above.

4542 HARQ First Rate Matching Stage

HARQ first stage rate matching for the HS-DSCH transport channel shall be done with the
method described in 4.5.4.2.1 below with the following specific parameters.

The maximum number of soft bits available in the virtual IR buffer is N which is signalled from
higher layers for each HARQ process. The number of coded bits in a TTT before rate matching is
N this is deduced from information signalled from higher layers and parameters signalled on
the HS-SCCH for each TTI. Note that HARQ processing and physical layer storage occurs
independently for each HARQ process currently active.

If N is greater than or equal to N™ (i.e. all coded bits of the corresponding TTI can be stored)
the first rate matching stage shall be transparent. This can, for example, be achieved by setting
eminus = 0. Note that no reFetition is performed.

If Nig is smaller than N™! the parity bit streams are punctured as in 4.5.4.2.1 below by setting the
rate matching parameter AN;" = N, — N™ where the subscripts i and 1 refer to transport

channel and transport format in the referenced sub-clause. Note the negative value is expected
when the rate matching implements puncturing. Bits selected for puncturing which appear as 8 in
the algorithm in 4.2.7 above shall be discarded and not counted in the totals for the streams
through the virtual IR buffer.

4.5.4.2.1 HARQ First Rate Matching Parameters
If first stage puncturing is to be performed, the procedure below shall be applied. Index b is used

to indicate systematic (b=1), 1% parity (b=2), and 2" parity bit (5=3). The parameter AN p,ury :iS
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the change in length to the parity streams to circumvent problematic puncturing rates.
The first stage rate matching delta is calculated as follows:

if puncturing is fo be performed

Xi=LNT"/3J; pR=L"M; AN popry =0, Opp =49; a=1

X;

H

while (0 < 4)

[7-0:-PR+1J
2

7-

round =

A = PR—-round

lf(w N _J {PR . —~)m{PR < -) then

a=a+1
8pp =98
else if (/'l > 0) then

AN oy = I“_—- AN /2_[— X, -(round -—-;—-H

PR

=5

else

AN gy = LAN;T'/2J~ round+-—-l-—J
8PR

a=35
end if

end while

-30.

‘ Copy Erovided by USPTO from the PACR Imaae Database on 12/h9/9nna
IPR2023-01272 Page 177



1-2-0449.1US

AN, =

1

|- ANT 12 | AN ey b =2
[~ AN 12 1+ AN ppory 6 = 3

a =2 when b=2

a= 1 when b=3

If AN, is calculated as O for b=2 or b=3, then the following procedure and the rate matching
algorithm of subclause 4.2.7.5 shall not be performed for the corresponding parity bit stream.
For each radio frame, the rate-matching pattern shall be calculated using the algorithm in

subclause 4.2.7.5, where:
X; is as above,

eni=X;
Eplus = axX;

Eminus = aXIAN il

4.5.4.3 HARQ Second Rate Matching Stage

HARQ second stage rate matching for the HS-DSCH transport channel shall be done using one
of two possible methods.

If second stage puncturing is to be performed, and the Composite Puncturing Rate of one of the
parity streams, calculated using the formula below falls in any of the intervals [91/128,92/128],
[217/256, 222/256}, [231/256, 232/256], [237/256, 238/256] or [487/512, 488/512], then
puncturing of that parity stream shall be done using the method described in 4.5.4.3.1. Note,
puncturing using the method in 4.5.4.3.1 maybe carried out on one, both, or neither of the two
parity streams, but never on the systematic parity stream.

N 13N, ,

b7 b=2
Composite Puncturing Ratio, CPR = N°" 13
|vi3l-n, , -
N3

Otherwise, second stage rate matching for the HS-DSCH transport channel shall be done with the
general method described in 4.2.7.5 above with the following specific parameters. Bits selected
for puncturing which appear as & in the algorithm in 4.2.7.5 above shall be discarded and are not
counted in the streams towards the bit collection.

The parameters of the second rate matching stage depend on the value of the RV parameters s
and r. The parameter s can take the value 0 or 1 to distinguish between transmissions that
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prioritise systematic bits (s = 1) and non systematic bits (s = 0). The parameter r (range 0 to 74,
1) changes the initial error variable e;,; in the case of puncturing. In case of repetition both
parameters r and s change the initial error variable e;,;. The parameters X, €pnus and €minys are
calculated as per table 10 below.

Denote the number of bits before second rate matching as Ny, for the systematic bits, N, for the
parity 1 bits, and N,; for the parity 2 bits, respectively. Denote the number of physical channels
vsed for the HS-DSCH by P. N, is the number of bits available to the HS-DSCH in one TTI
and defined as N, =PX3XNa121, Where Ny, is defined in [2]. The rate matching parameters are
determined as follows.

For N, <N, +N, + N ,,, puncturing is performed in the second rate matching stage. The

sy
N, }fora
transmission that prioritises systematic bits and N, = max{N data = (N atN, )0} fora

=mimN

sys?

number of transmitted systematic bits in a transmission is N, .

transmission that prioritises non systematic bits.
For Ny, > N, + N, + N, repetition is performed in the second rate matching stage. A similar

repetition rate in all bit streams is achieved by setting the number of transmitted systematic bits

to N, =|N,, - dus__|
' N, +2N,,

Sys
ey s e - Ndara.'Nt.sy: _
The number of parity bits in a transmission is: N, , =m — AN pperry 01 and

Nip2 =Ny = (N rsys TN, pl) for the parity 1 and parity 2 bits, respectively.
Table 10 below summarizes the resulting parameter choice for the second rate matching stage.

Table 10: Parameters for HARQ second rate matching

X €prus Eminus
Syséi:amsatic N:ys Nm ‘ Nm _ N”ml
;t\irli:’%jz Now | 2N, | 2 'lN n~N m’ll
HFl:irli’%fz Npz | Np IN 2N wﬂl

The rate matching parameter e;,; is calculated for each bit stream according to the RV parameters
r and s using
eu(r)= {(X ;- [_r € s | Vinax _l— l) mode,, }+1 in the case of puncturing ,

SNy + N, +N,y,and

sys

e =X, ~[(s+2-7) e, 2 1p) |~1)mode,, }+1 for repetition, i.e.,
Ny >N, + N, +N,,. Where re {0,1,--,r,, ~1}and r,,, is the total number of redundancy

versions allowed by varying r as defined in 4.6.2. Note that 1y varies depending on the
modulation mode, i.e. for 16QAM r,,,, = 2 and for QPSK 7,,,x = 4.
Note: For the modulo operation the following clarification is used: the value of (x mod y) is

i.e, Ny,
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strictly in the range of 0 to y-1 (i.e. -1 mod 10 =9). -

4.54.3.1 HARQ Second Rate Matching Stage for problematic puncturing
rates

HARQ second stage rate matching for the HS-DSCH transport channel shall be done with the
method described below, which separates each stream into segments and then applies the general
method described in 4.2.7.5 above to each of the segments with specific parameters calculated
below. Bits selected for puncturing which appear as d in the algorithm in 4.2.7.5 above shall be
discarded and are not counted in the streams towards the bit collection.

4.543.1.1  Parity stream segmentation

The parity stream will be segmented into 3 segments, the first segment will be made up of the
first Xseq1 bits of the parity stream, the second segment will be made up of the next X bits, and
the last segment will be made up of the remaining X3 bits.

. X:ysXinggeesX:
The first segment is denoted by "%t 7h2 i Xseg
The second segment by X Xsegla1 9 %i, Xseg142 ""xi.XsegZ;

Aﬂd the ﬁnal Segment by xi.XsegHXsegZ-)-l ? xi.X,\'egl+X:cg2+2 ""xi,X;
Where Xen =42+1%,198]

X,,,=56-|X,/98] X, =X, mod98

seg2 seg3
Note: If X; is less than 98 only the third segment exists, and if X; is a multiple of 98 then the third
segment will be empty. For the case where a particular segment is empty, then of course no
puncturing is performed on that non-existent segment.

454312  Additional parameters for HARQ Second Rate Matching Stage for problematic
puncturing rates

Parameters P, Nuata, Nsys, Np1, Np2, Npu, and Ny are calculated as in 4.5.4.3 above, additional
parameters are defined below.

Denote the number of parity 1 bits before second rate matching after segmentation as Ny seg1,
Np1,sez2s Npt,segs for the parity 1 bits in the 1%, 2™ and 3™ segment respectively. Denote the number
of parity 2 bits before second rate matching after segmentation as Ny segt, Np2,sex2» Np2,seg3 fOr the
parity 1 bits in the 1%, 2™ and 3™ segment respectively. The rate matching parameters are
determined as follows,

For N, £ N, +N, +N ,, puncturing is performed in the second rate matching stage.

The number of parity bits after segmentation is

Nppops = 42N, 198 ]

pb,segl

42-
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N g2 = 56|V, 198 | .
N =N, mod98

ph.seg3

The number of parity bits in each segment for parity 1 bits(b=2), and parity 2bits (b=3) is:
49-N, . -IN,, /98
N t,pbisegl = [ L '. 2 J+ iJ 5

N, 2
49-N, .|, 198] 1
tobseg2 N +5 >
Pb

Nf-pb.sex3 = Nf,pb - (N 1,pb,segl +N, t,pb,segz)

The parameters Xj, €pius and €minys are calculated as per table 10a below.
Table 10a: Parameters for dithered HARQ second rate matching

Stream Segment Xi Epius Eminus
Syg&msatrc N, N, ' N, ~N,
st N plisesl 2N pl,segl 2. ‘N plsegl — N l,pl,stgll
:ﬁ@;} 2nd N2 | 2 Npigegn | 2 lN ez N, I.pl,seng
3rd N 2lseg3 2‘N plsegd 2 'lN plsegd N, I.pl,seg3'
st N p2segl N psegl IN p2.segl N, p2,5en
Parity 2 2nd N p2,5eg2 N p2s5eg2 IN p2.seg2 N t,p2,seg2]
RMP2_2
3rd N pseg3 N p2seg3 lN p2seg3 N I.pZ.xeg3|

The rate matching parameter e;; is calculated for each segment of bit stream according to the RV
parameters r and s using
e (r)= {(X i Lr € s | Voo _]- 1) mode,,,, }+1 in the case of puncturing. Where

re{0,1,:++,7,, —~1}and ., is the total number of redundancy versions allowed by varying r as

defined in 4.6.2. Note that rmax varies depending on the modulation mode, i.e. for 16QAM 7y, =
2 and for QPSK 7,y = 4.

Note: For the modulo operation the following clarification is used: the value of (x mod y) is
strictly in the range of 0 to y-1 (i.e. -1 mod 10 = 9). The rate matching algorithm in 4.2.7.5 is
called for each segment of the parity stream in turn.

4.54.3.1.3  Parity stream segment concatenation
For both parity streams, after the rate matching algorithm in 4.2.7.5 has been called for each of

-43-

Copy provided by USPTO from the PACR Imara Natahaca ~n Aninainana
IPR2023-01272 Page 181



1-2-0449.1US

the three segments, the three punctured segments should be concatenated together in their

original order.
The re-concatenated bit stream is denoted by:
Xo,segl1? Xo,seg1,2 2 X 0,5e81L.N 2 Xo,5092,1 Xouses2,2 Ko seg2 N 3% 0,568313%0,3083,2 X 0,083, N rolesd

2,pl.sepl 1.pl,3e32

4544 HARQ bit collection
The HARQ bit collection is achieved using a rectangular interleaver of size N,,, XN, .

The number of rows and columns are determined from:
N,,, =4 for 16QAM and N, =2 for QPSK

row

) Ncol =Ndata/wa
where Ny, is used as defined in 4.5.4.3.

Data is written into the interleaver column by column, and read out of the interleaver column by
column starting from the first column.

N, s is the number of transmitted systematic bits. Intermediate values N, and N, are calculated
using:

- N r’ N col *

2SS
col

Nt.sy.r
N,. = T and IVc =N,

If N=0 and N> 0, the systematic bits are written into rows 1...N}.

Otherwise systematic bits are written into rows 1...N,+1 in the first N; columns and, if N> 0,
also into rows 1...N, in the remaining N,,;-N, columns.

The remaining space is filled with parity bits. The parity bits are written column wise into the
remaining rows of the respective columns. Parity 1 and 2 bits are written in alternating order,
starting with a parity 2 bit in the first available column with the lowest index number. If the two
parity streams are of unequal length, Parity 1 and 2 bits shall be written alternately, again starting
with a parity 2 bit, until the end of the shorter parity stream, then the remaining parity bits from
the longer stream shall be written.

In the case of 16QAM for each column the bits are read out of the interleaver in the order row 1,
row 2, row 3, row 4. In the case of QPSK for each column the bits are read out of the interleaver
in the order rowl, row2.
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APPENDIX
3GPP TSG-RAN Working Group 1 #33 Tdoc R1-030xxx
New York, U.S.A,
Aug 25-29", 2003
Source:
Title: Proposed modified HS-DSCH rate matching algorithm
Agenda ltem: 5.3
Document for: Discussion

1. introduction

In RAN WGL #32, two contributions were presented {1},[2] indicating a performance reduction in
the HS-DSCH associated with certain coding rates. In a separate TDOC (x.x), a CR is to be
presented to WG1 #33 proposing a modification to the HS-DSCH rate matching algorithm which
overcomes the performance degradation. Some simulation results indicating the need to introduce
this change will also be presented in a separate TDOC (x.x). The purpose of this document is to
elaborate on the contents of the CR and the mechanism by which the performance degradation is
avoided.

2. Proposed HS-DSCH Rate matching algorithm

In [1], analysis of the rate matching issue was restricted to the situation in which the first stage HS-
DSCH rate matching is transparent. In this case, it was shown that the performance degradation
arises from an interaction between the periodicity of the rate matching pattern and the inherent
periodicity of the turbo encoder. In particular, it was shown that at the problematic code rates, the
positions (in the unpunctured bit stream) of survivor (i.e. non punctured) bits lie in the same position
or positions within a modulo 7 period for long segments of the unpunctured stream. In [2] it was
demonstrated that performance degradations arise via exactly the same mechanism when the first
stage is not transparent.

In the following description, a “puncturing pattern” is defined to be the pattern of positions of bits
that are punctured from an original stream. “Puncturing Rate” is defined to be the reciprocal of the
number of bits between punctured bit positions (inclusive of the punctured positions) in the original
bitstream.

In the case of two-stage rate matching, puncturing that leads to degradation may occur in two ways:

s A pattern arising from bits punctured in the first stage only

45-
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» A pattern arising from bits punctured after the second stage; this pattern is dependent upon
both the first and second rate matching stages.

In order to avoid either of these puncturing mechanisms that cause a performance degradation, the
following methodology has been adopted:

o In the first stage, test whether the puncturing will cause a problematic puncturing pattern.
This is achieved by evaluating an “implicit duration” function, which predicts the length of
periodicity in the puncturing pattern. The first stage rate matching is only adjusted if the
calculated implicit duration indicates a necessity. In this case, the amount of bits punctured in
the first parity stream is increased slightly, whilst in the second stream the number is
correspondingly decreased slightly. This has the effect of shifting the puncturing rates in both
streams to break up modulo 7 periodicity, whilst keeping the total amount of punctured bits
the same. The adjustment in the puncturing rate in each of the streams is kept sufficiently
small to leave the coding performance in each stream unaffected.

o In the second stage, a composite puncturing rate for each stream, taking into account
adjustments to the puncturing rate carried out at the first stage is calculated. The composite
puncturing rate in each stream is compared with a look up table, which predicts rates at
which modulo-7 periodic patterns, and hence coding degradations will arise. If the composite
rate of a stream falls within a range of problematic rates, the “dithering” algorithm described
in the section 2.2 is applied.

2.1, Application of different puncturing rates in the two parity streams

Differing puncturing rates are applied in the two parity streams if the puncturing pattern in the first
stage will lead to a performance degradation, or is likely to contribute to an unwanted pattern after
second stage rate matching. In this case, the number of bits punctured in the first parity stream is
reduced by an amount ANparrry, Whilst the number of bits punctured in the second stream is
increased by the same amount. The decision as to whether such a change should take place is based
upon a calculated parameter A, which estimates the inverse of the length of runs of survivor bits
which hold the same modulo 7 position in the unpunctured stream [1]. If this length becomes greater
than 49 bits (i.e. 7 modulo 7 periods), then the adjustment to the lengths of the streams is applied.

The procedure for deciding to apply the split rates, and calculating ANpagryry is captured in section
4.54.2.1in TDOC x.x. In the CR, a search is made for periods modulo 7, 14, 21 and 28 (controlled
by the o parameter). The calculated value of ANpariTy depends on the side of the implicit duration
peak at which the coding rate lies; this is indicated by the sign of A.
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2.2, Dithered puncturing alg rithm

The dithered puncturing algorithm may be applied to either or both of the two parity streams in the
second stage. When processing a parity stream, the algorithm employs two puncturing rates, one
higher than the original, and one lower, it then switches between these two puncturing rates whilst
applying puncturing to the parity bit stream. The total number of bits punctured is kept the same as it
would have been with the original algorithm. Generically it is possible to have one or many
switching points between the two puncturing rates within a parity stream. The number of points is
not critical to the performance, since the fraction of the bit stream punctured at each rate is
independent of the number of switching points.

In the proposed CR, the number of switching points is set to one (or two), meaning that the
punctured stream consists of two (or three) segments in which the first segment uses a lower
puncturing rate than the original, the second uses a higher puncturing rate. If the two segments do not
account for the whole of the parity stream, a third segment is allowed at the end that is punctured at
the original rate. The third segment is kept short, and allows for puncturing exactly the comrect
amount of bits to maintain the overall puncturing rate. By breaking the parity stream into a low
number of segments in this way, the original rate matching algorithm, as is currently defined in
section 4.2.7.5 of TS25.212 can easily be used with some minor parameter changes.

The difference between the higher puncturing rate in the first segment and the original rate, and also
between the lower puncturing rate in the second segment and the original has been set to 1/49. This
selection allows for problematic rates to be avoided in all cases whilst not representing a significant
change in coding rate.

The procedure for applying the dithering in the second stage is captured in section 4.5.4.3 of TDOC
XX

3. Conclusion

A CR for 25.212, maditying the rate matching algorithm for HS-DSCH to avoid degradations in
performance will be presented alongside this contribution.

In the majority of cases, the modified rate matching algorithm operates in exactly the same manner
as previously defined. In the minority of cases in which either the first or second stage rate matching
would Jead to a performance degradation, unequal length streams and/or dithering are applied. Both
of these modifications do not change the body of the rate matching procedure in any way, but rather
the rate matching parameters that are applied. Furthermore, in an implementation, the modifications
can be achieved with a modification to the Rate Matching DSP software without affecting any other
paxt of the system.

47-

Copy provided by USPTO from tha PANR beaoea Motpbi-n. 0 wminers e

[PR2023-01272 Page 185




1-2-0449.1US

Locetion (mod7)
01234586
g o LR
i
&8 6
iy @ il
Rl
G@
40 @
n@e
BE @

W@ @
e @

=

=&
&
=
-

& &
D
Y

a
v & fle @
v allid o6
11 By

NEREa
R EELEE)

o200
il 66

6D @00k

L RONCRoE 1 B

SR 1 Bl

50 6l & @

geffoeae

01 ERololelc

o @ @ @@
(b}

Figure 1: Sample puncturing patterns before and after application of the physical layer modification.
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METHOD FOR DETECTING AND ADDRESSING PERFORMANCE-

DEGRADATION IN PUNCTURED TURBO CODES

FIELD OF THE INVENTION
This invention generally relates to the use of turbo codes in general, and,
more particularly to a method for detecting and correcting performance

degradation in punctured turbo codes.

BACKGROUND OF THE INVENTION

This application includes the following acronyms:

3GPP third generation partnership project

BER bit error rate

BLER block error rate

FDD frequency-division duplex

SNR signal to noise ratio

TDD time-division duplex

UMTS universal mobile telecorhmunication system

Turbo coding principles have found widespread applications in information

theory and, in part, have entered into mainstream telecommunication theory and
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practice. These principles are used in error control, detection, interference
suppression, equalization, and other communications-related areas. Turbo codes
can be viewed as parallel, recursive systematic convolution codes, which can be
used for channel coding and decoding in order to detect‘and correct errors that
might occur in the transmission of digital data through different channels. In a
3GPP-coding scheme selected for data serviceé, in order‘to achieve an optimum
performance with the scheme, puncturing may be needed to ensure rate ,
maiching A typical method for creating high-rate turbo codes is to puncture the
parity bits of a lower-rate code until the desired code rate is attained. It has been
discovered that particular codes created by puncturing exhibit poorer than
expected performance. The poorer performance can be attributed to certain

punctured bit patterns.

It is desirable to provide an improved method for creating high rate turbo

codes without the disadvantages of prior art.

SUMMARY OF THE INVENTION
This invention provides several simple and efficient methods of detecting,
avoiding and/or correcting problematic puncturing patterns in the parity bit

streams without having to avoid desired code rates.
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When creating codes via puncturing, it is generally desirable to distribute,
as uniformly as possible, the bits that are punctured. Using this guideline, it is
inevitable that certain code rates will require the resulting non-punctured bit
pattern to be less effective. One such example occurs when the non-punctured
bit pattern is periodic, with a period equal to the period of the éemi-periodic
impulse response of the recursive encoding blocks of the turbo encoder. Also
covered by the invention is an algorithm to identify all puncturing patterns with
degraded performance. The invention is applicable without limitation to layers 1
and 2 in the FDD and TDD UMTS modes of transmission as well as other
modes of transmission. Additionally, methods are described hereinafter for
modification to the puncturing patterns such that performahce of the turbo code is

restored.

BRIEF DESCRIPTION OF THE DRAWING
A more detailed understanding of the invention may be had from the
following description of preferred embodiments, given by way of example and to
be understood in conjunction with the accompanying drawing wherein:
Figure 1 is an illustration of the SNR required to successfully decode a

data block with high probability vs. code rate for the 3GPP turbo encoding

vmethod.
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DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
Figure 1 shows how particular codes created by puncturing exhibit poorer
than expected performance. As shown in figure 1, as much as a 4dB loss can be

measured in the critical SNR value.

The following passage relates to detecting codes with degraded
performance. Regions wheré performance of the punctured turbo code is
degraded can be determined by measuring how close the ﬁuncturing pattern is to
being periodic with period related to the period of the semi-periodic impulse

response of the recursive encoding biocks of the Turbo encoder.

One such exemplary method for detecting such patterns is described below for

the 3GPP turbo code:

When non-puncturing patterns with period 78/2 (N =1,2,3...) are used,
certain degradation in performance results. These periods will be employed
whenever the average non-puncturing period of P1 or P2 bits is within =1 or +12
of 7N/2 for even and odd N respectively.

The average non-puncturing rate of the P1 and P2 rate matching blocks is
I(P/2), where Iis the number of bits at the input to each branch of rate maiching
and P is the total number of parity bits (P1 and P2) at the output of rate matching.

Therefore, the desired code rate will lead to a problematic puncturing pattern if,
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for N >0 where,
o

In order to avoid code rates with degraded performance, since individual
regions of degraded performance tendto be srﬁall, it may be advantageous to
simply avoid the use of code rates with degraded performance. Since code rates
with degraded performance can now be identified using the above equation, it is

10  a simple matter to avoid them.

This paragraph concerns modifications to “puncturing”, to restore turbo
performance. If itis desirable for a system to be allowed to make unrestricted
use of available code rates, then performance may be restored by madification of

15 the puncture pattern.

The key to restoring performance to the punctured turbo code is to avoid
the case where the surviving parity bits are overly redundant with respect to the
systematic bits, i.e., modify the puncturing pattern to improve performance. One
way to accomplish this is to sample the parity bits such. that all the points

20 corresponding to one complete period of the semi-periodic impulse response are

IPR2023-01272 Page 205



sy

S AT I N

i I e R M

sampled with as few samples as possible while maintaining the same code rate
and not overly distorting the uniformity of the puncturing over the data block or
creating overly large imbalances in the number of surviving parity bits in P1 and

P2.

This paragraph relates to changing puncture rates in P1 and P2. A simple
and efficient method of modifying the puncture patterns consists in biasing the
number of punctured bits in P1 and P2 by adding additional puncturing to one
and removing it from the othér. The amount of the bias should be no more than

10 is needed to avoid certain periodicities. In biasing the puncturing rates of P1 and
P2 bits, two constraints must be met. First, the number of non-punctured P1 bits
must be inéreased sufficiently to avoid the problematic puncturing patterns.

Likewise, the number of P2 bits must be decreased by an equal amount that is

also sufficient to avoid problematic puncturing patterns. These two constraints

15 can be combined into the following expression for A,

LN S | (3)
22

Alternatively, non-punctured bits may be increased in P2 and decreased in P1.
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Regarding block interleaving before rate matching, interleaving the parity
bits before rate matching occurs can also mitigate the effect of the periodicity of
the puncturing pattern. In this way, after de-interleaving, periodic sampling of the

parity bits is avoided even when periodic sampling is done in rate matching.

As regards time varying interleaving, noting that rearrangement of the
non-punctured bits only needs to occur on a range equal o the period of the
semi-periodic impulse response of the recursive encoding blocks of the turbo
encoder, small time-varying interleavers can be used. This has the advantage of
requiring less memory and helps to minimize the distortion of the uniformity of the

puncturing.

The above methods are examples of modifications to the puncturing
pattern used to generate specific code rates, as applicable to layer 1 and layer 2
in the TDD and FDD mode of transmission. Variations to the examples
described above are conceivable. All such variations may be considered special
cases and specific implementations of the more general concept of a permutation
of the puncturing pattern. Any method of changing the puncturing pattern, i.e.,
generating some permutation of the original puncturing pattern, has the potential
of changing the overall performance of a code. Any permutation (and methods of
generating such permutations) of the puncturing pattern envisaged as novel in

the present invention. All modifications and improvements to the basic concept
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of the invention as set forth hereinabove are envisaged to be within the ambit of

the present invention.
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ABSTRACT

A method of detecting, avoiding and/or correcting problematic puncture
patterns in parity bit streams and punctured turbo codes without having to avoid
desirable code rates. The inventive method is applicable without limitation, to
FDD, TDD and other modes of transmission, and enables
identification/avoidance of regions of relatively poor turbo code performance,
which might result from the prior art bit-puncturing scheme. The inventive method
herein provides for forward error correction comprjsing turbo coding and
puncturing that achieve a smooth functional relationship between any measure of
performance (e.g., BLER, BER, or required SNR) and the effective coding rate
resulting from combining the lower rate code generated by the turbo encoder with

puncturing of the parity bits.
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METHOD AND SYSTEM FOR DETECTING, AVOIDING, AND/OR
CORRECTING PERFORMANCE DEGRADATION IN PUNCTURED TURBO
CODES

!

FIELD OF THE INVENTION
This invention generally relates to the use of turbo codes in general, and,
more particularly to a method for detecting and correcting performance

degradation in punctured turbo codes.

BACKGROUND OF THE INVENTION

A typical method for creating high-rate Turbo codes is to puncture the
parity bits of a lower-rate code until the desired code rate is attained. It was
recently discovered that particular codes created by puncturing exhibit poorer
than expected performance. The poorer performance can be attributed to certain -

punctured bit patterns.

Because the recursive encoding blocks in the Turbo encoder have infinite
impulse response, information about each systematic bit is distributed across
many of the parity bits. The impact of certain periodic non-puncture patterns in
the parity bits can be qualitatively illustrated by considering how much

information remains in the surviving parity bits.
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Since every surviving parity bit can be written as a function of all .
preceding systematic bits, we will examine the constraints that can be placed on
the systematic bits by observation of the surviving parity bits with certain non-
puncture patterns, i.e., how much can be learned from the surviving parity bits.

We illustrate this with an example based on the 3GPP Turbo coder.

For the 3GPP Turbo encoder, the constituent recursive encoders have an
impulse response that is periodic with period 7 for positive time (semi-periodic).
This can readily be seen by interpretation of the encoder as a M-sequence
generator, i.e., if the shift register starts in the zero state and a one is applied
only at t= 0, then the encoder is exactly an LFSR with an associated 3 order
primitive polynomial and initial state {1 0 0}, thus a period 2°-1 = 7 M-sequence is

generated for positive time.

The encoder is a Linear Time Invariant (LTI) system on the binary field.
Therefore, the output of the encoder is a sum of shifted versions of the impulse
response of the encoder. Each shifted impulse response corresponding to the
locations of the ‘1's in the Transport Block (TB). If we consider an input that is all
‘O’s for t > T, then the output of the constituent recursive encoding block will also
be semi-beriodic for t> T. Now consider the following simplistic example to
illustrate how certain non-puncturing periods may result in a loss of distributed

information about a small group of bits across the set of parity bits:
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Let the TB consist of 7 bits followed by many zeros. Now consider the
problem of trying to determine the seven bits by observation of the output of one
encoder after heavy puncturing. Each observation made at the output is a sum
of a subset of the 7 bits, the subset being determined by the non-puncture period
and the impulse response of the recursive encoding block: For most non-
puncture patterns, (those that have period relatively prime with the period of the
semi-periodic impulse response) sums over 7 different subsets can eventually be
observed. Therefore, a system of 7 equations with 7 unknowns can be formed.
Assuming they are linearly independent, the values of the 7 bits may be
determined. However, consider the case where the non-puncture period is
simple (one surviving parity bit per period) and the same as the period of the
recursive encoding block, 7. Then (due to the periodicity of the signal) every
observation for t > 6 is the sum of the same subset of the 7 bits and so no new
information is obtained, i.e., a rank-1 system of equations is formed and a unique
solution does not exist. When the non-puncture period is relatively prime with the
period of the recursive encoding block, making observations of the parity bits will
eventually form a rank-7 system of equations. For our 7-bit group, this is
sufficient to uniquely determine the bits, i.e., information sufficient to determine
the bits is distributed across the surviving parity bits. When the periods are not
relatively prime, the rank of the system becomes L/K where L is the period of the
recursive encoding block and K'is the Greatest Common Divider (GCD) of L and

Nwhere N is the period of the non-puncture pattern.
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It is also possible that some distributed information is lost even for non-
simple periods, e.g., consider the case where the non-puncture patiern aiternates
between a simple period of three and four. This results in a period seven non-
puncture pattern but with two surviving parity bits per period. The same
argument above leads to a rank-2 system of seven equations. Still insufficient to
uniquely determine the group of bits, but does reduce the dimension of the space
they may span. Clearly, some information about the small group of bits is lost for

some non-punctured patterns.

This shows how the distribution of information about a group of bits is lost
when certain non-puncture patterns are employed. In the illustration, a long
sequence of zeros after the small group of bits was supposed for clarity sake,
however, allowing additional groups of bits to follow the first does not add to the
distributed information about earlier groups. This can be seen from the causality

of the system.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 graphically depicts the SNR required to successfully decode a
data block (critical SNR) with high probability vs. Code Rate when P1/P2 biasing

is applied.

IPR2023-01272 Page 219



10

15

20

Pl At B S

DETAILED DESCRIPTION OF THE INVENTION
According to the present invention there is provided several method
embodiments for detecting, avoiding and/or correcting the problematic puncturing

patterns in the parity bit streams without having to avoid code rates.

When creating codes via pu‘ncturing, it is generally wise to distribute, as
uniformly as possible, the bits that are punctured. Using this rule, it is inevitable
that certain code rates will require the resulting non-punctured bit pattern to be
less effective. One such example occurs when the non-punctured bit pattern is
periodic with period equal to the period of the semi-periodic impulse response of

the recursive encoding blocks of the Turbo encoder. An algorithm is provided to

‘identify all puncturing patterns with degraded performance. Additionally,

methods are described for modification to the puncturing patterns such that

performance of the Turbo code is restored.

Regions where performance of the punctured Turbo code is degraded can
be determined by measuring how close the puncturing pattern is to being
periodic with period related to the period of the semi-periodic impulse response

of the recursive encoding blocks of the Turbo encoder.

One such method to detecting .such patterns is described below for the

Release 99 and Release 4 3GPP Turbo code:
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When non-puncturing patterns with period 710/2 (1\7 =1,2,3...) are used,
degradation in performance results. These periods will be employed whenever
the average non-puncturing period of P1 or P2 bits is within 1 or +2 of 71\7/2 for

even and odd N respectively.

The average non-puncturing rate of the P1 and P2 rate matching blocks is
I/(PI2) where I is the number of bits at the input to each branch of rate matching
and P is the total number of parity bits (P1 and P2) at the output of rate matching.
Therefore, the desired code rate will lead to a problematic puncturing pattern if,

! -ﬂd_LH, M
2 2

P12y 2

10

for N >0 where,

>

A= 23] |
7P 2| @)

15 Since individual regions of degraded performance tend to be small, it may
be advantageous to simply avoid the use of code rates with degraded
performance. Since code rates with degraded performance can now be

identified using the above equation, it is a simple matter to avoid them.
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When a pariicular code rate is desired and it is determined that its use will
results in degraded performance, a slightly smaller code rate may be selected to
avoid the degradation. Good choice for the substituted code rate would be the
largest allowable code rate less than the desired code rate that has been

determined to have an acceptable degradation.

If it is desirable for a system to be allowed to make unrestricted use of
available code rates, then performance may be restored by modification of the

puncture pattern.

The key to réstoring performance to the punctured Turbo code is to avoid
the case where the surviving parity bits are overly redundant with respect to the
systematic bits, i.e., modify the puncturing pattern to improve performance. One
way to accomplish this is to sample the parity bits such that all the points
corresponding to one complete period of the seémi-periodic impulse response are
sampled with as few samples as possible while maintaining the same code rate
and not overly distorting the uniformity of the puncturing over the data block or
creating overly large imbalances in the number of surviving parity bits in P1 and
P2. The following mitigation techniques apply when only a single stage of rate

matching is employed (or the first stage of rate matching is transparent.)
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A simple and efficient method of modifying the puncture patterns is biasing
the number of punctured bits in P1 and P2 by adding additional puncturing to one
and removing it from the other. The amount of the bias should be no more than
is needed to avoid certain periodicities. In biasing the puncturing rates of P1 and
P2 bits, two constraints must be met. First, number of non-punctured P1 bits
must be increased sufficiently to avoid the problematic puncturing patterns.
Likewise, the number of P2 bits must be decreased by an equal amount that is
also sufficient to avoid problematic puncturing patterns. These two constraints

can be combined in to the following expression for O,

A =) max —————-—AI P , P AI @)
IN-1| 2 2 TN+l
2 2

Alternatively, non-punctured bits may be increased in Pé and decreased in
P1. Figure 1 shows the required SNR for successful decoding of the Turbo

coded block when P1/P2 biasing is applied.

It should also be noted that this method of mitigation could also be applied
to systems with more than 2 parity streams. For example, the 3GPP2 Turbo
Code (CDMA2000) includes four parity streams. If a problematic puncturing

pattern occurs it can be alleviated by adjusting the puncturing rates of each of the
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individual parity streams while maintaining a constant overall effective coding

rate.

The effect of the periodicity of the puncturing pattern can also be mitigated
by interleaving the parity bits before rate-matching occurs. In this way, after de-
interleaving, periodic sampling of the parity bits is avoided even when periodic

sampling is done in rate-matching.

The functionality of the channel interleaver can be incorporated into the
Rate-Matching block interleaver. This can be accomplished by adding additional
constraints to the Rate-Matching Block Interleaver (those defined by the Channel
Interleaver) when the interleaver is designed. This however will require an

additional interleaver for the systematic bits.

Note that the rearrangement of the non-punctured bits only needs to occur
on a range equal to the period of the semi-periodic impulse response of the
recursive encoding blocks of the Turbo encoder. Therefore, small time-varying ‘
interleavers can be addéd to the parity bit steams to prevent problematic
puncturing patterns. This has the advantage of requiring less memory and helps

to minimize the distortion of the uniformity of the puncturing.
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Certain parameters may be made to vary as a function of time (or bit index)
to generate puncturing patterns that will mitigate performance degradations. One
such example for 3GPP includes modification of the e_minus and e_plus

parameters throughout the execution of the rate-matching algorithm.

The above methods are examples of modifications to the puncturing
pattern used to generate specific code rates. All such methods may be
considered special cases and specific implementations of the more general
concept of a permutation of the buncturing pattern. Any method of changing the
puncturing pattern, i.e., generating some permutation of the original puncturing
pattern, has the potential of changing the overall performance of a code. Any
permutation (and methods of generating such permutations) of the puncturing

pattern is claimed by the invention.

When two (or more) stages of rate matching are employed, problematic
puncturing patterns can be generated by any stage, or by the interaction between

the stages of rate matching.

A closed form expression(s) has been developed for the Release 5 3GPP
Turbo coder / Rate Matching that predicts the performance degradation. The
expression takes as input either the triplet {Bits Before 1 stage of rate Matching,
Max Bits after 1* Rate Matching, Bits after 2™ Rate matching} or the pair {Rate of

1% stage Rate Matching with respect to parity bits, Rate of 2™ stage Rate

10
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Matching with respect to parity bits}. The output is a rational number that may be
compared to a threshold to accept/reject the configuration as providing/not
providing acceptable performance. The equation is provided below in (4). The
parameters r1 and r2 represent the rates associated with the 1% and 2™ stages
of rate matching with respect to the parity bit streams. Although complicated, the
equation (4) is a piecewise linear and continuous function in r1, r2 and is

therefore trivial to evaluate.

—d

A, rz)=§an[(1_H[rl(mzﬂ_[lwmﬂ_ ](an—l_rZ [ nr2] | 2] +

e (1 L
(
(

- -% [_r]]— anU - %l_rl[ anU (nr2— l_an_])(— rlf nrQ_I - Lrl!- nr2]_| +1)+
_ - - (4)
- % I-rll_nr2_ﬂ - __ll-, frll_an _ﬂ— (— nr2+ l_anJ + 1)(r1Ln rZJ - l_rll_nr2 _|_|) +

o

%Lrl[mz _I_I—-%Lrll_nrz L[| 2+l J+1)= 2|+ 2 JJ+1)]

A threshold comparison could then be based on this equation to test
whether or not the Code Rate pair will perform adequately. Equivalently, the
triple:{Data Block Size, Size After 1! Stage Rate-Matching, Size After 2" Stage
Rate-Matching} can be used since this triple maps directly into the Code Rate

pair.

11
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Methods of addressing and/or mitigating performance issues with multiple
stages of rate matching include those discussed herein and methods described

in the following sections.

5 One can achieve the desired overall code rate while avoiding problematic
puncturing patterns by adjusting the amounit of puncturing performed in each
stage. This method, when placed in the context of the 3GPP HSDPA Turbo
Code / Rate Matching algorithm leads to artificially reducing the size of the virtual
Incremental Redundancy (IR) buffer. In general the approach implies a

10  modification to the individual puncturing rates of each of the stages such that a

desirable overall puncturing pattern results.

Stage Rate Biasing is easily accomplished by changing the operating
point (the r1, r2 pair) to some point on a curve of constant code rate (i.e., where

15 the product r1*r2 is unchanged) where performance degradation is tolerable.

The combination of adjusting the stage puncturing rates as well as the
relative rates of puncturing in the two parity streams can also mitigate the
problematic interaction between the puncturing pattern and the Turbo Code

20 performance.

12
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This can be envisioned as splitting the operating point in to two points.
One of the points corresponds to the rates of 1% and 2™ stage rate matching for
the first parity bit stream and the second point for the second parity bit stream.
The two points should be selected so that the overall code rate is unchanged,
both points lie in regions of acceptable performance, and the total number of
surviving bits after the first stage of rate matching does not exceed imposed

limits such as an IR buffer.

13
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ABSTRACT

According to the present invention there is provided several method
embodiments for detecting, avoiding and/or correcting the problematic puncturing
patterns in the parity bit streams without having to avoid code rates. When
creating codes via puncturing, it is generally wise to distribute, as uniformly as
possible, the bits that are punctured. Using this rule, it is inevitable that certain
code rates will require the resulting non-punctured bit pattern to be less effective.
An algorithm is provided to identify all puncturing patterns with degraded
performaﬁce. Additionally, methods are described for modification to the

puncturing patterns such that performance of the Turbo code is restored.

14
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TURBO-CODING AND PUNCTURING INTERACTIONS ON HIGH-SPEED
DOWNLINK SHARED CHANNEL (HS-DSCH)

FIELD OF THE INVENTION
5 This invention generally relates to the use of turbo codes, and more
particularly to a method for detecting and correcting performance in punctured

turbo codes, wherein two or more stages of rate matching are employed.

BACKGROUND OF THE INVENTION
10 In order to obtain efficient performance, It is necessary to ensure proper
detecting, avoiding and /or correctihg the problematic puncturing patterns in the
parity bit streams without having to avoid code rates. Problematic interactions
are known to occur between turbo coder output and puncturing in the rate
matching stages. It is desirable to provide a method and an approach to avoid
15 problematic interactions Eetween turbo coder output and puncturing in the rate

matching stages, wherein two or more stages are employed.

SUMMARY OF THE INVENTION
The invention provides a method for detecting and correcting performance
20 in punctured turbo codes, where two or more stages are employed, particularly

for turbo coding and puncturing interactions on HS-DSCH in R5 HSDPA.
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BRIEF DESCRIPTION OF THE DRAWING

A more detailed understanding of the invention may be had from the
following description of a preferred embodiment, given by way of example and to
be understood in conjunction with the accompanying drawing wherein:

Figure 1 shows initial BLER for HS-DSCH transport blocks with certain
effective coding rates;

Figure 2 shows SNR required to decode a transport block on HS-DSCH
as function of effective coding rate;

Figure 3illustrates the structure of rate1/3 turbo coder;

Figure 4 shows simple periodicity of 7 for surviving (i.e., non-punctured)
parity bits;

Figure 5 shows an alternating pattern of surviving (i.e., non-punctured)
parity bits:

Figure 6 shows problematic puncturing regions as a function of puncturing
rates in turbo-coded parity bit streams; and,

Figure 7 illustrates a look up table as a function of the combination

indicator i and transport block size ki.

DETAILED DESCRIPTION OF PREFERRED EMBODIMEDNT
Support for link adaptation by means of Adaptive Modulation and Coding
(AMC) is an integral feature of R5 HSDPA. With AMC, modulation type and code

rate on HS-DSCH can be varied according to channel conditions. Variable
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coding rates on HS-DSCH are achieved by means of rate matching (repetition or
puncturing) output of the R99 Turbo-coder in a pre-determined manner, i.e. as a
function of Transport Block Set Size (TBSS) and available number of Physical
Channel bits. Both R99/R4 and R5 use the same code rate 1/3 Turbo-coder.
While the principle of rate-matching is the same for both R4 and R5, the likely
and more frequent use of higher effective code rates (>1/2), the use of multiple
stages of rate matching, and the standard allowing for the possibility of
Incremental Redundancy (IR) differentiate R99/R4 and R5.

Discussions on high-speed downlink packet access (HSDPA)
performance requirements in WG4 have indicated unusually high and rather
unpredictable SNR performance degradations for Turbo-coded and punctured
transport blocks on HS-DSCH up to several dB for a range of effective coding
rates above 1/2.

The description that follows indicates that the Turbo-coding performance
on HS-DSCH is heavily impacted by unfavourable puncturing patterns of the
parity bit streams output by the baseline rate 1/3 Turbo-coder. Although the
original WG4 simulation results were provided in a TDD-context, exactly the
same degradations also occur in FDD, the reason being that Turbo-coding and
rate-matching (TS25.212 and 25.222) on HS-DSCH transport blocks (where the
problematic interactions originate) are done exactly the same way for both
modes.

As a short illustration, figure 1 shows the BLER performance of 3 different
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HS-DSCH transport blocks of increasing size 4554, 4705 and 4858 bits
respectively. All of them are rate 1/3 Turbo-coded, and then punctured dowﬁ to
6072 bits mapped to the HS-PDSCHs. This results in an effective coding rate of
0.75 (labeled 7/9-), 0.77 (labeled 7/9) and 0.80 (labeled 7/9+) for the 3 increasing
transport blocks sizes.

When increasing the effective coding rate (or equivalently increasing the
puncturing rate) of a Turbo-coded transport block on HS-DSCH, one should
expecf that BLER performance degrades in a proportioned manner, ie. gets

increasingly worse for increasingly higher effective coding rates. This

~ unfortunately does not always happen, and it can be seen in this example that

the rate 0.77 (7/9) coded transport block needs some 3dB more SNR than a rate
0.80 coded transport block to achieve the same BLER of approximately 10%.

Generalizing the above example and looking on what happens over the
range of possible effective coding rates, figure 2 shows the SNR necessary to
decode a transport block on HS-DSCH'.

The reason for the observed degradations is that the periodicity (period =
7) in the output of the two Turbo-coder parity bit streams, as given by the impulse
responses of the constituent recursive convolutional encoders, deleteriously
interacts with the periodicity of the puncturing patterns applied by the second
and/or the first rate matching stages in many cases. This effect is increasingly
more frequent for increasingly higher puncturing rates.

In the analyses that follow, a single R99 rate-matching block is assumed,
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however, the concepts apply more generally to R4 (section 4) and R5 with and
without Incremental Redundancy (section 5). The main conclusion for both
cases is that the critical puncturing rates leading to SNR degradation are
predictable in brinciple, but would require a rather complex set of pafameters to
be taken into account.

Section 6 looks at the implications of the findings in section 4 and 5 into
more detail.

In particular, we discuss a first approach to simply avoid the setting of
critical puncturing rates in the MAC-hs in the Node B, which has the particular
advantage that it would not require a change in current standards and could
leave details open to vendor-specific implementation.

While this being our preferred approach in the beginning, the complexity
(look-up tables) and imposed restrictions on possible MAC-hs scheduler
decisions lead us to also consider a second alternative, which is to investigate
slight modifications to the puncturing patierns as generated by the current rate-
matching stages for HS-DSCH in 25.212/222. This change would constitute only
a small change in the way the rate matching parameters are generated in
TS25.212/222, e.g. a modification to the parameters in Table 10 "Parameters for
hybrid automatic repeat request (HARQ) second rate matching”, and more
importantly would not require any additional signaling.

Due to the apparent simplicity of the second option (slight modification of

the generation of the puncturing pattern on Turbo-coded parity bit streams) and
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its transparency for the MAC-hs scheduler (simply selects whatever transport
block size is desired as outcome of the scheduler decision), we recommend a
corresponding change in 25.212/222 to remedy this problem.

Tﬁrbo-coding and puncturing periodicities:

The constituent recursive convolutional encoders in the Turbo-coder as by
25.212/222 have infinite impulse responses that are periodic with period 7 for
positive time. The impact of certainv patterns of surviving (i.e. non-punctured) bits
in the parity bit stream can be qualitatively illustrated by considering how much
information remains in these surviving parity bits. Since every surviving parity bit
can be written as a function of all preceding systematic bits, we will look at how
much can be learned about the systematic bits from the surviving parity bits.

The Turbo-coder produces 3 bit streams, systematic bits corresponding to
the input sequence, parity bit stream 1 (output of 1% constituent encoder) and
parity bit stream 2 (output of 2" constituent encoder).

Note that the constituent recursive coﬁvolutional encoder is a Linear Time
Invariant (LTI) system on GF,. Therefore, the output of the éncoder is a sum of
shifted versions of the impulse response of the encoder. Each shifted version of
the impulse response corresponds to the locations of the ‘1’s in the Transport
Block (TB). |

Now consider the following simplistic example to illustrate how certain
puncturing patterns may result in a loss of d;stributed information about a small

group of bits across the set of bits in one of the parity bit streams:

IPR2023-01272 Page 242




e L A T a8 o g g g gy
‘ g TR T ol T R Y B

2-526US

Let the TB consist of 7 bits followed by many zeros. Now consider the
problem of trying to determine the seven bits by observation of the output of one
encoder after heavy puncturing. Each observation made at the output is'a sum
of a subset of the 7 bits. The subset for each particular observation is

5 determined by the surviving bit period and the impulse response of the recursive
encoding block.

For most puncture patterns, sums over 7 different subsets of the 7 bits can
eventually be observed. Therefore, a system of 7 equations with 7 unknowns
can be formed. Assuming they are linearly independent, the values of the 7 bits

10 may be determined.

However, consider the case where the periodicity of surviving bits is
simple (one surviving parity bit per period) and the same as the period of the
recursive encoding block, 7. Then (due to the periodicity of the signal) every
observation for { > 6 is the sum of the same subset of the 7 bits and so no new

15 information is obtained by subsequent observations. Thus, a rank-1 system of
equations is formed and a unique solution does not exist.

When the periodiéity of surviving bits is not a multiple of 7, making
observations of the parity bits will eventually form a rank-7 system of equations
after several observations. For our 7-bit group, this is sufficient to uniquely

20 determine the bits, i.e. information sufficient to determine the bits is distributed
across the surviving parity bits.

It is also possible that some distributed information is lost even for non-
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simple periods, e.g., consider the case where the non-puncture pattern alternates
between a simple period of three and four (2 surviving parity bits per period with
period = 7), such as shown in figure 3.

This results in a period seven non-puncture pattern but with two surviving
parity bits per period. The same argument above leads to a rank-2 system of
seven equations. This is still insufficient to uniquely determine the group of bits,
but does reduce the dimension of the space they may span. Clearly, some
information about the TB may also be lost for non-simple surviving bit patterns.

Single Stage Rate Matching:

In the case of single stage of rate matching, as used in R99/R4 and in
many R5 configurations, the problematic interactions between the Turbo-coded
output and the punctured transmitted sequence occurs in regions where the
puncturing pafterns are nearly periodic with surviving bit period equal to a
multiple of 7, and when an average 1 out of every 3.5 parity bits survive.

These degradations correspond to rank-1 and rank-2 scenario
respectively as described in section 3. This case corresponds to the rank-1
scenario in section 3. Rank-2 scenarios have less impact on the SNR
degradation than rank-1 scenarios as can be seen in figure 2. Since higher rank
scenarios (>2) do not significantly contribute to performance degradation, other
than rank-1 and rank-2 scenarios are not considered here.

The code rates at the center of these regions are determined by:
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1 35N
1+ 2 35N +2
3.5N

CR = =12,... (1)

The critical code rate, CR, corresponds to a rank-1 scenario when N is
even and rank-2 when N is odd. For rank-1, we have critical code rates CR =
7/9, 7/8, 21/23, and for rank-2, we have CR = 7/11, 21/25.

The ratio of the number of systematic bits and the number of parity bits in
either parity bit stream 1 or 2 can be considered as “parity puncturing rate”.

When surviving bit patterns with parity puncturing rate close or equal to 7N/2

(N =1,2,3...) are used, degradation in performance results. Some amount of
Turbo-coding and puncturing interaction will also occur whenever the average
periodicity of surviving bits of the parity bit streams 1 or 2 is within £1 or £z of

7N/2 for even and odd N respectively.

The average puncturing rate of the P1 and P2 rate matching blocks is
II(PI2) where | is the n.umber of bits at the input to each branch of rate matching
(transport block size) and P is the total number of surviving parity bits (sum of
Turbo-coded parity surviving bits from parity bit streams 1 and 2) at the output of
rate matching.

Therefore, the desired code rate will lead to a problematic puncturing

pattern if,
TN & R @)
r/2)y 2 2 |2

for N >0 where,
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N=[%+%J. @)
Two Stages of Rate Matching:

When two stages of rate matching are employed, problematic puncturing

patterns can be generated by any stage, or by the interaction between the stages
5 of rate matching.

A closed form expression based upon similar considerations as above is
possible. This expression takes as input either the triplet {Bits Before 1*! stage of
rate Matching, Bits after 1 Rate Matching, Bits after 2" Rate matching} or the
pair {1st stage parity puncturing rate, 2" stage parity puncturing rate}.

10 ‘The output is a rational number that may be compared to a threshold to
accept/reject the configuration as being critical or not critical. The parameters r1
and r2 represent the 1% and 2" stage parity puncturing rates. Although

complicated, equation (4) is a piecewise linear and continuous function in r1, r2.

Ar, r2)=Zanli(l—[%l-r][nﬂﬂ—[%frl[nﬂ J—D(nr?.—l_rZJ)(rll-an-l-l_rll-nrﬂ_])+
[ - -i—Lrlfan_”— L—i—‘_rll—an.U -](an——I_nr2_D(— rl[an]—Lrl[nr2u+l)+

} . (4)
( R R || SR e R R B

( Yo {2k JJ_T

—nr2+ |_le_| + 1)(— rll_anJ + t_r]th_l_I + l)]

J
15 Figure 6 shows a contour plot of equation (4) with contours placed at 1/3

and 2/3 for « = {2/3, 1/3}. The a's are selected so that rank-1 effects have twice

10
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the weight of rank-2 effects. A threshold comparison could then be based on this
equation to test whether or not the Code Rate pair will perform adequately.
Alternative solutions
At least 2 approaches exist to avoid the' problematic interactions between
Turbo-coder output and puncturing in the rate-matching stages. These 2
approaches are further described in the following subsections.
Avoidance of problematic puncturing patterns:
This approach requires that the MAC-hs simply avoids using puncturing
patierns that lead to SNR degradation and simply does not use certain
combinations for mapping incoming transport blocks sizes to HS-PDSCHs.

Avoidance would either require building lookup tables that identify the .

problematical configurations or evaluating the predicted degradation expression

described in the previous 2 sections in the MAC-hs écheduler.

An advantage of the look-up table approach is that no change in current
standards would be required and that any particular implementation could be left
vendor-specific.

A disadvantage of the avoidance approach is that it is complicated by the
fact that there are several dimensions to the problem that will all play a role in
determining if a particular configuration will give rise to degradation. Parameters
the MAC-hs scheduler would need to take into account in addition include,

— transport block set size of HS-DSCH transmission,

— number of soft information bits to be stored at the UE for H-ARQ,

1"
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~ number of physical channel bits allocated for the HS-PDSCHs,

For FDD, these parameters are implied by the combination indicator for
number of channelization codes and modulation format i (1 < i < 29), and the
transport block size k;, (0 < k; < 62) in TS25.321.

A graphical representation of 2 such look-up tables for 9600 soft bits (left)
and 160000 soft bits (right) is shown in figure 7. Green regions indicate no
significant degradation would be eipected, yellow regions correspond to a small
degradation (<~1/2 dB), and red regions exhibit degradations as large as ~4dB.
The gray regions indicate configurations that would exceed the capabilities of the
highest UE category.

Adjustments to the parity stream puncturing scheme:

This approach would allow the MAC-hs to simply select any desired
transport block size as an outcome of the scheduler decision. It would be
required to slightly change the generation of the puncturing patterns in the rate-
matching stages in TS25.212/222.

For both the case of 1% rate-matching stage being transparent and the
case of both 1% and 2™ rate-matching stage being employed, a number of
acceptable solutions exist to avbid the problematic interactions by means of
adjustments to the p_arity bit puncturing.

One of these solutions, e.g. a simple biasing method, is outlined below in
the interest of pi'oviding a conceptual example for the case of the 1 rate-

matching stage being transparent.

12
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Currently, coding rates >1/3 are accomplished by applying the same
amount of puncturing to both parity bit streams 1 and 2 at the output of the
Turbo-coder (figure 1), although the puncturing pattern “phases” can be adjusted.

In order to avoid puncturing patterns that degrade Turbo code
performance, the amount of puncturing applied to parity bit streams 1 and 2
respectively could be slightly different, while keeping the overall number of
punctured bits constant.

If the number of punctured bits in parity bit stream 1 is decreased by O
and accordingly, the number punctured bits in parity bit stream 2 bits is increased
by 0O, the ovefall code rate is unchanged, but the problematic puncturing patterns
can be avoided.

Note that bit collection and bit de-collection stages need to be adjusted
correspondingly for this case.

As shown in the previous sections, the desired code rate will lead to a

problematic puncturing pattern if,

; 17N _ N W
ENE{LZ’"'}SL(?/_Z_)-—_Z_ <1—E+[EJ, (5)

The set of code rates that give rise to problematic puncture patterns is a

~ set of unconnected intervals of the real line, one interval per N . Therefore, only

one such N needs to be considered, the one that minimizes the left hand side of

equation (1):

13
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v t% %J - (6)

In biasing the puncturing rates of the parity bit streams 1 and 2, P1 and
P2, two constraints-must be met.

First, the number of surviving bits in parity bit étream 1 must be increased

5 sufficiently by an amount [0 to avoid the problématic puncturing patterns.

Likewise, the number of surviving bits in parity bit stream 2 must be decreased
by an equal amount [lthat is also sufficient to avoid problematic puncturing
patterns.

These two constraints can be combined in to the following expression for

10 0,
A =| max —_A'!-——-_-...Pi_ , _P_._.—!____ (7)
IN-1| 2 2 |7N+1
2 o2
The procedure to determine and apply the necessary P1/P2 bias is as
follows:
Step 1) Compute IV using (6).
15 Step 2) Determine if the desired code rate results in a problematic

puncturing pattern using (5). If it does, continue to Step 3, otherwise set A=0.
Step 3) Compute the bias A using (7).
Step 4) Compute rate matching parameters by modifying Table 10 in
TS25.212/222.

14
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The foregoing is a description of a preferred embodiment and alternative
solutions to providing detecting, avoiding/correcting problematic turbo code
puncturing patterns especially on HS-DSCH in R5 HSDPA. While this invention
has been particularly shown and described with reference to preferred
embodiments, it will be understood by those skilled in the art that various
changes in form and details may be made therein without departing from the

scope of the invention as described hereinabove.

15
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ABSTRACT
A method for detecting and correcting performance in punctured turbo
codes, where two or more stages are employed, particularly for turbo coding and

puncturing interactions on HS-DSCH in R5 HSDPA.

16
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& (57) Abstract: Detecting, avoiding and/or correcting problematic puncturing patterns in parity bit streams used when implementing
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[0001] DETECTION, AVOIDANCE AND/OR CORRECTION OF
PROBLEMATIC PUNCTURING PATTERNS
IN PARITY BIT STREAMS
USED WHEN IMPLEMENTING TURBO CODES

[0002] FIELD OF THE INVENTION
[0003]. This invention generally relates to the use of Turbo codes in general,
and, more particularly to a method for detecting and correcting performance

degradation in punctured Turbo codes using a Turbo encoder.

[0004] BACKGROUND

[0005] Wireless communication systems are well known in the art.
Generally, such systems comprise communication stations‘ that transmit and
receive wireless communication signals between each other. Typically, base
stations are provided which are capable of conducting wireless concurrent
communications with a plurality of subscriber stations. In Code Division
Multiple Access (CDMA) systems specified by the Third Generation Partnership
Project (3GPP), base stations are called Node Bs, subscriber stations are called
User Equipments (UE) and the wireless interface between the Node Bs and UEs
is known as the Uu interface. Figure 1 illustrates a typical SGPP CDMA system.
[0006] The Uu radio interface of a 3GPP communications system uses
Transport Channels (TrCH) for transfer of user data and signaling between UEs
and Node Bs. In 3GPP Time Division Duplex (TDD) communications, TrCH data
is conveyed by one or more physical channels defined by mutually exclusive
physical resources. TrCH data is transferred in sequentié.l groups of Transport
Blocks (TB) defined as Transport Block Sets (TBS). Each TBS is transmitted in a
given Transmission Time Interval (TTI) which may span a plurality of
consecutive system time frames. A typical system time frame is 10 milliseconds
and TTIs are currently specified as spanning 1, 2, 4 or 8 of such time frames.
[0007] Figure 2 illustrates the processing of TrCHs in TTD mode into a
Coded Composite TrCH (CCTrCH) and then into one or more physical channel
data streams in accordance with 3GPP TS 25.222 v3.8.0. Starting with the TB of
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data, Cyclic Redundancy Check (CRC) bits are attached and TB concatenation
and code block segmentation is performed. Convolution coding or turbo coding is
then performed, but in some instances no coding is specified. The steps after
coding, include radio frame equalization, a first interleaving, radio frame
segmentation and rate matching. The radio frame segmentation divides the data
over the number of frames in the specified TTI. The rate matching function
operates by means of bit repetition or puncturing and defines the number of bits
for each processed TrCH which are thereafter multiplexed to form a CCTrCH
data stream.

[0008] The processing of the CCTrCH data stream includes bit scrambling,
physical channel segmentation, a second interleaving and mapping onto one or
more physical channels. The number of physical channels corresponds to the
physical channel segmentation. For uplink transmissions, UE to Node B, the
maximum number of physical channels for transmission of a CCTrCH is
currently specified as two. For downlink transmissions, Node B to UEs, the
maximum number of physical channels for transmission of a CCTrCH is
currently specified as sixteen. Each physical channel data stream is then spread
with a channelization code and modulated for over air transmission on an
assigned frequency.

[0009] In the reception/decoding of the TrCH data, the processing is
essentially reversed by the receiving station. Accordingly, UE and Node B
physical reception of TrCHs require knowledge of TrCH processing parameters to
reconstruct the TBS data. For each TrCH, a Transport Format Set (TFS) is
specified containing a predetermined number of Transport Formats (TF). Each
TF specifies a variety of dynamic parameters, including TB and TBS sizes, and a
variety of semi static parameters, including TTI, coding type, coding rate, rate
matching parameter and CRC length. The predefined collection of TFSs for the
TrCHs of a CCTrCH for a particular frame is denoted as a Transport Format
Combination (TFC).

[0010] Receiving station processing is facilitated by the transmission of a
Transport Format Combination Indicator (TF'CI) for a CCTrCH. 3GPP optionally

2.
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provides for "blind transport format detection" by the receiving station, in which
case the receiving station considers the potential valid TFCIs. Where there is
only one valid TFCI, that TFCI is used in either case.

[0011] In 3GPP, time slot transmissions are made in predefined bursts
where the transmitted physical channel data is divided into a beginning time slot
portion and an ending time slot portion. A selected midamble is included
between the two physical channel data portions. The TFCI is currently specified
as transmitted in two parts on either side of the midamble and also between the
two physical channel data portions. Two examples from 3GPP TR 25.944 V3.5.0
are illustrated in Figures 3 and 4 respectively where the block labeled MA
represents the midamble and the block labeled T represents the parts of the
TFCI. In Figure 4, the CCTrCH is mapped to two physical channels, but only one
physical channel includes the TFCI.

[0012] Figures 5A, 5B and 6 are diagrams of channel coding and
multiplexing examples in accordance with 3GPP Frequency Division Duplex
(FDD) specifications.

- [0013] The various encoding steps implemented in communication systems
play a key role in both performance and capacity of a wireless
telecommunications systems. In particular, the turbo coding of the data being
processed for wireless transmission plays a significant role for both TDD and
FDD communications in a 3GPP system.

[0014] Turbo coding principles have found widespread applications in
information theory and, in part, have entered into mainstream
telecommunication theory and practice. These principles are used in error
control, detection, interference suppression, equalization, and other
communications-related areas. Turbo codes are a form of parallel, recursive
systematic convolution codes, which can be used for channel coding and decoding
in order to detect and correct errors that may occur in the transmission of digital
data through different channels. Turbo codes are particularly useful for data
transfers in which, under certain conditions, the data transfer rate can approach

the theoretical limits of Shannon’s Law. These favorable conditions generally
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include large block size transfers, which are particularly useful in mobile
communications.

[0015] Figure 7 shows how particular codes created by puncturing exhibit
poorer than expected performance. As much as a 4dB loss can be measured in
the critical Signal-to-Noise Ratio (SNR) value.

[0016] Typically, high-rate Turbo codes are created by puncturing (i.e.,
eliminating) parity bits of a lower-rate code until the desired code rate is
attained. Particular codes created by puncturing exhibit poorer than expected
performance due to certain punctured bit patterns. Because the recursive
encoding blocks in a Turbo encoder have an infinite impulse response,
information about each systematic bit is distributed across many of the parity
bits. |

[0017] In any error control coding scheme that employs puncturing, the
location of the punctured bits will have an impact on performance. This is
because puncturing strings of successive bits can be viewed as burst errors by the
decoder. All error control mechanisms can only correct burst errors that are less
than some threshold. Therefore, it is important when designing the puncturing
scheme that the burst error correcting abilities of the code be considered. In the
absence of specific knowledge of the error control coding scheme, a good rule is to
minimize the maximum string of punctured bits. For high coding rates this
corresponds to distributing the non-punctured bits uniformly across the
transmitted block. Puncturing schemes that uniformly distribute the
non-punctured bits can deleteriously interact with certain error control codes,
causing a degradation of decoder performance.

[0018] Because the recursive encoding blocks in the Turbo encoder have
infinite impulse response, information about each systematic bit is distributed
across many of the parity bits. The impact of certain periodic non-puncture
patterns in the parity bits can be qualitatively illustrated by considering how
much information remains in the surviving parity bits.

[0019] Regions where performance of the punctured Turbo code is degraded

can be determined by measuring how close the puncturing pattern is to being
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periodic with period related to the period of the semi-periodic impulse response of
the recursive encoding blocks of the Turbo encoder.

[0020] For a 3GPP Turbo encoder, the constituent recursive encoders have
an impulse response that is periodic with a period of 7 symbols for positive time
(semi-periodic). This can readily be seen by interpretation of the encoder as an
M-sequence generator, i.e., if the shift register starts in the zero state and a one
is applied only at t = 0, then the encoder is exactly a Linear Feedback Shift
Register (LFSR) with an associated 3rd order primitive polynomial and initial
state {1 0 0}, thus a period 23-1 = 7 M-sequence is generated for positive time.
[0021] The encoder is a Linear Time Invariant (LTI) system on a binary
field. Therefore, the output of the encoder is a sum of shifted versions of the
impulse response of the encoder, each shifted impulse response corresponding to
the locations of the 1’s in the TB. If we consider an input that is all 0’s for t > T,
then the output of the constituent recursive encoding block will also be
semi-periodic for t > T.

[0022] Certain non-puncturing periods may result in a loss of distributed
information about a small group of bits across the set of parity bits. For example,
let the TB consist of 7 bits followed by many zeros. Now consider the problem of
trying to determine the seven bits by observation of the output of one encoder
after heavy puncturing. Each observation is made at the output is a sum of a
subset of the 7 bits, the subset being determined by the non-puncture period and
the impulse response of the recursive encoding block. For most non-puncture
patterns (those that have a period relatively prime with the period of the
semi-periodic impulse response), sums over 7 different subsets can eventually be
observed. Therefore, a system of 7 equations with 7 unknowns can be formed.
Assuming they are linearly independent, the values of the 7 bits may be
determined. However, consider the case where the non-puncture period is simple
(one surviving parity bit per period) and the same as the period of the recursive
encoding block, 7. Then every observation for t > 6 is the sum of the same subset
of the 7 bits and so no new information is obtained, i.e., a rank-1 system of

equations is formed and a unique solution does not exist. This is due to the
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periodic nature of the signal. When the non-puncture period is relatively prime
with the period of the recursive encoding block, a series of observations of the
parity bits will eventually form a rank-7 system of equations. For our 7-bit
group, this is sufficient to uniquely determine the bits, i.e., information sufficient
to determine the bits is distributed across the surviving parity bits. When the
periods are not relatively prime, the rank of the system becomes L/K where L is
the period of the recursive encoding block and K is the Greatest Common Divider
(GCD) of L and N where N is the period of the non-puncture pattern.

[0023] In the above illustration, a long sequence of zeros after the small
group of bits was supposed for clarity sake. However, allowing additional groups
of bits to follow the first group does not add to the distributed information about
earlier groups. This can be seen from the causality of the system.

[0024] It is also possible that some distributed information is lost even for
non-simple periods, e.g., ‘consider the case where the non-puncture pattern
alternates between a simple period of three and four. This results in a period 7
non-puncture pattern but with two surviving parity bits per period. The same
argument above leads to a rank-2 system of seven equations which is still
insufficient to uniquely determine the group of bits, but does reduce the
dimension of the space they may span. Clearly, some information about the
small group of bits is lost for some non-punctured patterns.

[0025] In order to obtain adequate performance, it is necessary to detect,
avoid and/or correct the problematic puncturing patterns in the parity bit
streams without having to avoid code rates. Typically, problematic interactions
occur between the Turbo coder output and puncturing in the rate matching
stages.

[0026] It would be desirable to have a method for creating high-rate Turbo

codes that avoids problematic interactions by modifying the puncturing patterns.

[0027] SUMMARY OF THE INVENTION
[0028] According to the present invention, degradations in quality of

punctured error correction coded transmissions are identified and the code
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transmissions are modified accordingly. A puncturing pattern which
approximates a particular code rate is identified, and a value for anticipated
degradation is adjusted in accordance with a matching of the puncturing pattern
and the particular code rate.

[0029] For both FDD and TDD, two stages of rate matching and two
puncturing operations are included, and this is done because of a certain
technique called, incremental redundancy, which allows for a wireless
transmit/receive unit (WTRU) to receive and soft combine multiple transmissions
of the same TB from the base station. Ifthe transmission fails the first time, the
signal is retransmitted with more data in an attempt to obtain a successful
communication the second time. In order to do that, two different stages of
puncturing are used because the WTRU has certain capabilities, certain buffer
sizes that it can support, and in order to be able to fit the retransmissions that
are combined into the buffer, there are two stages of puncturing. The first stage
of rate matching punctures enough bits such that the surviving bits fit into a
buffer, and the second stage of puncturing (or repetition) is to achieve the desired
overall code rate. When the two stages of rate matching are combined, a plot of
problematic regions of coding rate is a multidimensional plot. Thus, there are
two rates now involved, which are a rate 1n a first stage of puncturing and a rate
in a second stage of puncturing.

[0030] According to a first embodiment of the present invention, P1/P2
puncturing biasing for a single stage of rate matching is implemented using the
punctured error correction coded transmissions.

[0031] According to a second embodiment, two or more stages may be
employed at each stage of rate matching for detecting and correcting performance
in punctured Turbo codes on a High Speed Downlink Shared Channel (HS-
DSCH) in R5 High Speed Downlink Packet Access (HSDPA).

[0032] BRIEF DESCRIPTION OF THE DRAWINGS
[0033] A more detailed understanding of the invention may be had from the

following description of a preferred embodiment, to be understood in conjunction
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with the accompanying drawing wherein:

[0034] Figure 1 is a schematic diagram of a typical CDMA system in
accordance with current 3GPP specifications;

[0035] Figure 2 is a processing diagram of TrCH data for a CCTrCH in
accordance with 3GPP TDD specifications;

[0036] Figures 3 and 4 are diagrams of channel coding and multiplexing
examples in accordance with 3GPP TDD specifications;

[0037] Figures 5A, 5B and 6 are diagrams of channel coding and
multiplexing examples in accordance with 3GPP FDD specifications;

[0038] Figure 7 shows typical results of particular codes being created by
puncturing, where as much as 4 dB loss can be measured in critical SNR value;
[0039] Figure 8 graphically depicts the SNR required to successfully decode
a data block (critical SNR) with high probability vs. Code Rate when P1/P2
biasing is applied;

[0040] Figure 9 is a plot of the problematic regions with respect to an
ordered pair (r1,r2) which are the rates of puncturing the parity streams in the

first and second stages of rate matching, respectively;

[0041] Figure 10 is a schematic block diagram showing a circuit for SGPP
rate matching for HSDPA, using a Turbo coded HS-DSCH; and
[0042] Figure 11 graphically depicts initial Block Error Rate (BLER) for

HS-DSCH transport blocks with certain effective coding rates.

[0043] DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTY(S)
[0044] In accordance with the present invention, several methods and
embodiments are disclosed for detecting, avoiding and/or correcting the
problematic puncturing patterns in the parity bit streams without having to
avoid code rates.

[0045] The present invention is potentially applicable tolayers 1and 2ina
FDD, CDMA 2000 and TDD Universal Mobile Telecommunications System

(UMTS) modes of transmission as well as other modes of transmission.
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Additionally, methods are described hereinafter for modifying the puncturing
patterns such that performance of degraded Turbo code is restored.

[0046] In accordance with the present invention, the methods disclosed
herein may be implemented in a wireless transmit/receive unit (WTRU) and/or a
base station. Hereinafter, a WIRU includes but is not limited to a UE, mobile
station, fixed or mobile subscriber unit, pager, or any other type of device capable
of operating in a wireless environment. When referred to hereafter, a base
station includes but is not limited to a base station, Node-B, site controller,
access point or other interfacing deice in a wireless environment.

[0047] Figure 8 graphically depicts the SNR required to successfully decode
a data block (critical SNR) with high probability versus Code Rate when biasing
of parity bits P1/P2 is applied. As shown in Figure 7, it has been found that
particular codes created by puncturing the rate 1/3 3GPP Turbo code exhibit
poorer than expected performance, as can be seen from the peaks in the figure.
[0048] Figure 9 is a plot of the problematic regions with respect to an
ordered pair (rl,r2) which are the rates of puncturing the parity streams in the
first and second stages of rate matching, respectively. As can be seen, there are
particular regions where the rates of puncturing of the parity streams are such
that some combinations of rates are particularly problematic.

[0049] In one embodiment, puncture biasing for parity bits P1 and P2 is
implemented for one stage rate matching. Figure 10 is a schematic block
diagram showing circuitry 600 for 3GPP rate matching for HSDPA, using a ,
Turbo coded HS-DSCH. The circuitry 600 implements a 3GPP rate-matching
scheme for HSDPA. The circuitry 600 includes a bit separation circuit 605, a
first rate matching stage 610, a virtual incremental redundancy (IR) buffer 615, a
second rate matching stage 620 and a bit collection circuit 625. The first rate
matching stage 605 includes a Parity 1 (P1) bit rate matching circuit 630 and
Parity 2 (P2) bit rate matching circuit 635. The second rate matching stage 620
includes a systematic bits rate matching circuit 640, a Parity 1 (P1) bit matching
circuit 645 for the second rate matching and a Parity 2 (P2) bit matching circuit
650 for the second rate matching. In operation, the systematic bits, Parity 1 (P1)
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‘and Parity 2 (P2) bits are processed through the first rate matching stage 610,
virtual IR buffer 615, second rate matching stage 620 and bit collection circuit
625. Note that the Parity 1 (P1) and Parity 2 (P2) bits are treated separately.
The systematic bits, Parity 1 (P1) and Parity 2 (P2) bits are combined at the bit
collection circuit 625 to provide a single data output Naata. Also note that if the
number of coded bits is less than or equal to the size of the virtual IR buffer 615,
the first stage of rate matching 630 is transparent. The transparent first stage
case and Rel-4 rate matching are considered.

[0050] In its actual implementation, it is anticipated that the different
circuit functions will be executed by a common circuit or circuits, such as
microprocessor circuitry, and in accordance with program instructions. The
specific circuit functions used to implement the invention would therefore be a
matter of choice of those configuring the cifcuitry within the rate matching
circuitry 600.

[0051] The rate matching algorithm performs puncturing if the overall code
rate is greater than 1/3 and repetition if the code rate is less than 1/3. Currently
code rates greater than 1/3 are accomplished by applying the same puncturing
rate to both P1 and P2 bits (to within one bit) but with different puncturing
pattern phases. In order to avoid non-puncturing periodicities that have been
shown to degrade the Turbo code performance, the puncturing rates for P1 and
P2 be independently biased. For example, if the number of P1 bits is decreased
by and the number of P2 bits is increased by, the overall code rate is unchanged
but the problematic non-puncturing periods can be avoided. Given this approach
to avoiding the problematic code rates, an analytical expression for the requisite
bias, has been derived.

[0052] A simple and efficient method of modifying the puncture patterns is
biasing the number of punctured bits in P1 and P2 by adding additional
puncturing to one and removing it from the other. The amount of the bias should
be no more than is needed to avoid certain periodicities. In biasing the

puncturing rates of P1 and P2 bits, two constraints must be met.
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[0053] When non-puncturing patterns with period 78/2 (F =1,2, 3...) are
used, degradation in performance results. These periods will be employed
whenever the average non-puncturing period of P1 or P2 bits is within +1 or +4
of 7N /2 for even and odd N respectively.

[0054] The average non-puncturing rate of the P1 and P2 rate matching
blocks is I/(P/2) where I is the number of bits at the input to each branch of rate
matching and P is the total number of parity bits (P1 and P2) at the output of
rate matching. Therefore, the desired code rate will lead to a problematic

puncturing pattern if,

Equation 1

for N >0 where,
P 2]

[0055] In biasing the puncturing rates of the parity bit streams 1 and 2, P1

Equation 2

and P2, two constraints must be met.

[0056] First, the number of surviving bits in parity bit stream 1 must be
increased sufficiently by an amount A to avoid the problematic puncturing
patterns. Second, the number of surviving bits in parity bit stream 2 must be
decreased by an equal amount A that is also sufficient to avoid problematic
puncturing patterns.

[0057] These two constraints can be combined in to the following

expression for A, where:
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[0058] A =| max I _P , P AI
IN-1| 2 2 |[7N+1
2 2
Equation 3
[0059] Alternatively, non-punctured bits may be increased in P2 and

decreased in P1. The procedure to determine and apply the necessary P1/P2 bias

is as follows:

Step 1) Compute N using Equation 2.
Step 2) Determine if the desired code rate results in a

problematic puncturing pattern using Equation 1. If it does,

21—iv—+ N ).
2 |2

Step 3) Compute the bias A using Equation 3.

continue to Step 3, otherwise set A =0 (if
(P/2) 2

Step 4) Compute rate matching parameters by modifying

Table
in TS25.212/222.
[0060] In order to avoid puncturing patterns that degrade Turbo code

performance, the amount of puncturing applied to parity bit streams 1 and 2
respectively could be slightly different, while keeping the overall number of
punctured bits constant.

[0061] If the number of punctured bits in parity bit stream 1 is decreased
by A and accordingly, the number punctured bits in parity bit stream 2 bits is
increased by A, the overall code rate is unchanged, but the problematic
puncturing patterns can be avoided. Note that bit collection and bit de-collection
stages need to be adjusted correspondingly for this case. Since individual regions
of degraded performance tend to be small, it may be advantageous to simply

avoid the use of code rates with degraded performance. Since code rates with
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degraded performance can now be identified using the above equation, it is a
simple matter to avoid them.

[0062] For Hybrid Automatic Repeat reQuest (HARQ) as deployedin 3GPP,
it may be necessary to employ two stages of rate matching. This occurs whenever
incremental redundancy (IR) is employed and the number of bits input to the
rate-matching algorithm is larger than the virtual IR buffer. Note that when
Chase combining HARQ is used, there is no need for a special IR buffer; a
received bit buffer would be sufficient. (If constellation rearrangement were not
used, a buffer of received symbols would be sufficient.) Ifit is determined that IR
provides only a small improvement over Chase combining, then removal of IR
from the standards may be advisable.

[0063] In order to obtain higher data rates, the 3GPP has introduced the
HSDPA option wherein link adaptation is performed. One component of the link
adaptation is Adaptive Modulation and Coding (AMC). With AMC, a channel
quality estimate is used to select the modulation type and code rate that attains
the largest throughput. When the channel quality is high, QAM modulation and
a high code rate are selected. High code rates are obtained by puncturing a rate
1/3 Turbo code. During the design of the channel quality indication (CQI) table,
it was observed that certain Transport Block Set Sizes (TBSS) exhibited poorer
than expected performance. The CQI table is used to map a channel quality
estimate into a recommended modulation and TBSS. This problem of poorer
than expected performance is currently addressed by simply "hand tweaking" the
CQI table to avoid the TBSSs that cause problems. In AMC, this leads to less
than optimal throughput since optimal code rates will inevitably be avoided.
[0064] Support for link adaptation by means of AMC is an integral feature
of R5 HSDPA. With AMC, modulation type and code rate on HS-DSCH can be
varied according to channel conditions. Variable coding rates on HS-DSCH are
achieved by means of rate matching (repetition or puncturing) output of the R99
Turbo-coder in a pre-determined manner, i.e. as a function of TBSS and available
number of Physical Channel bits. Both R99/R4 and R5 use the same code rate
1/8 Turbo-coder. While the principle of rate-matching is the same for both R4
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and R5, the likely and more frequent use of higher effective code rates (>1/2), the
use of multiple stages of rate matching, and the standard allowing for the
possibility of Incremental Redundancy (IR) differentiate R99/R4 and R5.

[0065] HSDPA performance requirements in WG4 have indicated
unusually high and rather unpredictable SNR performance degradations for
Turbo-coded and punctured transport blocks on HS-DSCH up to several dB for a
range of effective coding rates above 1/2.

[0066] The Turbo-coding performance on HS-DSCH is heavily impacted by
unfavorable puncturing patterns of the parity bit streams output by the baseline
rate 1/3 Turbo-coder. Although the original WG4 simulation results were
provided in a TDD-context, exactly the same degradations also occur in FDD, the
reason being that Turbo-coding and rate-matching (T'S25.212 and TS25.222) on
HS-DSCH transport blocks (where the problematic interactions originate) are
done exactly the same way for both modes.

[0067] The poorer than expected performance at some data rates is also a
problem with a fixed modulation and coding scheme. If a user is assigned a code
rate that exhibits the problem, the poor performance of the code will be
compensated for by power control thus reducing cell capacity.

[0068] In another embodiment, adjustments to the parity stream
puncturing allows the Medium Access Control — High Speed (MAC-hs) to simply
select any desired transport block size as an outcome of the scheduler decision. It
would be required to slightly change the generation of the puncturing patterns in
the rate-matching stages in TS25.212/222. For example, one implementing
modification tb the current FDD standard as set for in TS 25.212 is appended
hereto along with a brief discussion of why the modification is desirable.

[0069] For both the case of 1st rate-matching stage being transparent and
the case of both 1st and 204 rate-matching stage being employed, a number of
acceptable solutions exist to avoid the problematic interactions by means of

adjustments to the parity bit puncturing.
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[0070] One of these solutions, e.g. a simple biasing method, is outlined
below in the interest of providing a conceptual example for the case of the 1st
rate-matching stage being transparent.
[0071] Currently, coding rates >1/3 are accomplished by applying the same
amount of puncturing to both parity bit streams 1 and 2 at the output W of the
Turbo-coder (Figure 10), although the puncturing pattern “phases” can be
adjusted.
[0072]  Whena particular code rate is desired and it is determined that its
use will result in degraded performance, a slightly lower code rate may be
selected to avoid the degradation. Good choice for the substituted code rate
would be the largest allowable code rate less than the desired code rate that has
been determined to have an acceptable degradation. |
[0073] Ifit is desirable for a system to be allowed to make unrestricted use
of available code rates, then performance may be restored by modification of the
puncture pattern. The key to restoring performance to the punctured Turbo code
is to avoid the case where the surviving parity bits are overly redundant with
respect to the systematic bits, i.e., modify the puncturing pattern to improve
performance. One way to accomplish this is to sample the parity bits such that
all the points corresponding to one complete period of the semi—periddic impulse
response are sampled with as few samples as possible while maintaining the
same code rate and not overly distorting the uniformity of the puncturing over
the data block or creating overly large imbalances in the number of surviving
parity bits in P1 and P2.
[0074] It should also be noted that this method of mitigation could also be
. applied to systems with more than 2 parity streams. For example, the 3GPP
Turbo code (CDMA 2000) includes four parity streams. If a problematic
puncturing pattern occurs it can be alleviated by adjusting the puncturing rates
of each of the individual parity streams while maintaining a constant overall
effective coding rate.
[0075] In the case of single stage of rate matching, as used in R99/R4 and

in many R5 configurations, the problematic interactions between the Turbo-coded
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output and the punctured transmitted sequence occurs in regions where the
puncturing patterns are nearly periodic with surviving bit period equal to a
multiple of 7, and when an average 1 out of every 3.5 parity bits survive.

[0076] These degradations correspond to rank-1 and rank-2 scemnario
respectively. This case corresponds to the rank-1 scenario. Rank-2 scenarios
have less impact on the SNR degradation than rank-1 scenarios. Since higher
rank scenarios (>2) do not significantly contribute to performance degradation,

ranks other than rank-1 and rank-2 scenarios are not considered here.

[0077] The code rates at the center of these regions are determined by:
[0078] CR=— 2 = 3N N
{42 33N+2
3.5N
Equation 4
[0079] The critical code rate, CR, corresponds to a rank-1 scenario when N

is even and rank-2 when N is odd. For rank-1, we have critical code rates CR =
7/9, 7/8, 21/23,... and for rank-2, we have CR = 7/11, 21/25,....

[0080] The ratio of the number of systematic bits and the number of parity
bits in either parity bit stream 1 or 2 can be considered as “parity puncturing
rate”. When surviving bit patterns with parity puncturing rate close or equal to
7N/2 (N =1,2,3...) are used, degradation in performance results. Some amount of
Turbo-coding and puncturing interaction will also occur whenever the average
periodicity of surviving bits of the parity bit streams 1 or 2 is within +1 or +%4 of
7N/2 for even and odd N respectively.

[0081] When two (or more) stages of rate matching are employed,
problematic puncturing patterns can be generated by any stage, or by the
interaction between the stages of rate matching.

[0082] A closed form expression(s) has been developed for the Release 5
3GPP Turbo coder / Rate Matching that predicts the performance degradation.
The expression takes as input either the triplet {Bits Before 1st stage of rate
Matching, Max Bits after 1st Rate Matching, Bits after 20d Rate matching} or the
pair {Rate of 15t stage Rate Matching with respect to parity bits, Rate of 2nd stage
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Rate Matching with respect to parity bits}. The output, as depicted in Equation 5
below, is a rational number that may be compared to a threshold to accept/reject
the configuration as providing/not providing acceptable performance. The
parameters r1 and r2 represent the rates associated with the 1st and 2rd stages of
rate matching with respect to the parity bit streams. Although complicated, the
Equation 5 is a piecewise linear and continuous function in rl, r2 and is therefore
trivial to evaluate.
& 1 1
Mrl,r2)= 205,1 [[l - [Z [An2]]- [_I—, [r[n2 ﬂ](an - I_rZJXrlI-nrﬂ— REAS

n=1

1- F% l_r]l-nr?._u - -—% I_rlfnrfU_ (12— I_n r2_D(— r1|_n r2—|— [_rlfanU+ 1)+
1- _% |-rll_n rZﬂ - —% I-r1|_n r2_|_|_ (~nr2+ Ln r2_| + 1Xr1|_n ;-2_!— |_r]l_nr2_|_D +

1- —% |_r1|_n r2_|_l - -—1_1: I_ran r2_|_]_ (— nr2+ [_nr2_| + IX—- ranr2J+ I_rll_an_H + 1)}

Equation 5

[0083] A threshold comparison could then be based on this equation to test
whether or not the Code Rate pair will perform adequately. Equivalently, the
triple: {Data Block Size, Size After 15t Stage Rate-Matching, Size After 2rd Stage
Rate-Matching} can be used since this triple maps directly into the Code Rate
pair.

[0084] The effect of the periodicity of the puncturing pattern can also be
mitigated by interleaving the parity bits before rate-matching occurs. In this
way, after de-interleaving, periodic sampling of the parity bits is avoided even
when periodic sampling is done in rate-matching.

[0085] The functionality of the channel interleaver can be incorporated into
the rate-matching block interleaver. This can be accomplished by adding
additional constraints to the rate-matching block Interleaver (those defined by
the channel interleaver) when the interleaver is designed. This however will

require an additional interleaver for the systematic bits.
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[0086] Note that the rearrangement of the non-punctured bits only needs to
occur on a range equal to the period of the semi-periodic impulse response of the
recursive encoding blocks of the Turbo encoder. Therefore, small time-varying
interleavers can be added to the parity bit steams to prevent problematic
puncturing patterns. This has the advantage of requiring less memory and helps
to minimize the distortion of the uniformity of the puncturing.

[0087] Certain parameters may be made to vary as a function of time (or
bit index) to generate puncturing patterns that will mitigate performance
degradations. One such example for 3GPP includes modification of the rate-
matching parameters Xi, e_ini, e_minus and e_plus parameters throughout the
execution of the rate-matching. In this way, the parameters affecting the
puncturing pattern may change at one or more locations within the block of bits
being punctured. By allowing the parameters to change, the instantaneous code
rates may be different from the desired overall code rate (thereby avoiding the
puncturing interaction) while still maintaining the same overall code rate. For
example: 1) e_plus and e_minus may change frequently throughout the
puncturing algorithm thus breaking up any possible long runs of deleterious
puncturing. 2) Parameters may be changed so that the code rate is changed so
that it is higher in some portions of the code block and lower in others.

[0088] The above methods are examples of modifications to the puncturing
pattern used to generate specific code rates. All such methods may be considered
special cases and specific implementations of the more general concept of a
permutation of the puncturing pattern. Any method of changing the puncturing
pattern, i.e., generating some permutation of the original puncturing pattern, has
the potential of changing the overall performance of a code.

[0089] One can achieve the desired overall code rate while avoiding
problematic puncturing patterns by adjusting the amount of puncturing
performed in each stage. This method, when placed in the context of the 3GPP
HSDPA Turbo Code / Rate Matching algorithm leads to artificially reducing the

size of the virtual Incremental Redundancy (IR) buffer. In general the approach
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implies a modification to the individual puncturing rates of each of the stages
| such that a desirable overall puncturing pattern results.
[0090] Stage Rate Biasing is easily accomplished by changing the operating
point (the r1, r2 pair) to some point on a curve of constant code rate (i.e., where
the product r7*r2 is unchanged) where performance dégradation 1s tolerable.
{0091] The combination of adjusting the stage puncturing rates as well as
the relative rates of puncturing in the two parity streams can also mitigate the
problematic interaction between the puncturing pattern and the Turbo Code
performance.
[0092] This can be envisioned as splitting the operating point in to two
points. One of the points corresponds to the rates of 1st and 2nd stage rate
matching for the first parity bit stream and the second point for the second parify
bit stream. The two points should be selected so that the overall code rate is
unchanged, both points lie in regions of acceptable performance, and the total
number of surviving bits after the first stage of rate matching does not exceed
imposed limits such as an IR buffer.
[0093j The present invention provides several simple and efficient
techniques of detecting, avoiding and/or correcting problematic puncturing
patterns in the parity bit streams without having to avoid desired code rates.
According to the present invention, degradations in punctured error correction
coded transmissions are reduced by identifying a puncturing pattern which
approximates a particular code rate, and adjusting a value for anticipated
degradation in accordance with the matching of the puncturing pattern and the
particular code rate.
[0094] When creating high rate codes via puncturing, it is generally
desirable to distribute, as uniformly as possible, the bits that are punctured.
Using this guideline, it is inevitable that certain code rates will require the
resulting non-punctured bit pattern to be less effective. One such example occurs
when the non-punctured bit pattern is periodic, with a period equal to the period

of the semi-periodic impulse response of the recursive encoding blocks of the
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Turbo encoder. An algorithm may used to identify all puncturing patterns with
degraded performance.
[0095] In a particular embodiment of the invention, the capacity of a
WTRU is determined, including buffer sizes that are supported by the WTRU.
The puncturing is used to reduce the number of bits to fit into the buffer, and the
overall code rate is adjusted so as to provide sufficient error correction capability.
This provides a first rate in a first stage of puncturing and a second rate in a
- second stage of puncturing.
[0096] According to the present invention, detecting, avoiding and/or
correcting problematic puncture patterns in parity bit streams and punctured
Turbo codes is achieved without having to avoid desirable code rates. This is
applicable without limitation, to FDD, TDD and other modes of transmission,
and enables identification/avoidance of regions of relatively poor Turbo code
performance, which might result from the prior art bit-puncturing scheme. The
invention provides for forward error correction comprising Turbo coding and
puncturing that achieve a smooth functional relationship between any measure
of performance and the effective coding rate resulting from combining the lower
rate code generated by the Turbo encoder with puncturing of the parity bits.
Examples of measures of performance would be BLER, bit error rate (BER),
required signal-to-interference ratio (SIR), or required SNR.
[0097] The patterns of the puncturing are created by creating an encoded
transmission at a particular data rate and excluding some of the encoded bits. At
the receiver end, zeros or other "filler" bits are put in place of the punctured bits,
and the decoding operation is based on the received signal with the missing bits.
According to the present invention, the puncturing pattern is modified in order to
eliminate degradation which would occur under particular puncturing patterns.
In particular, if the puncturing pattern is regular or has a periodic nature, it is
more likely to result in signal degradation. By eliminating the degradation, itis
possible to achieve the desired code rate.
[0098] The present invention is particularly useful for 3GPP-coding, and
can be used for low chip rate TDD, high chip rate TDD and FDD.
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[0099] One such example of a periodicity occurs when the non-punctured
bit pattern is periodic with period equal to the period of the semi-periodic impulse
response of the recursive encoding blocks of the Turbo encoder. An algorithm is
provided to identify all puncturing patterns with degraded performance.
Additionally, modification of the puncturing patterns is performed such that
performance of the Turbo code is restored.

[0100] Modifications to puncturing are used to restore Turbo performance.
If it is desirable for a system to be allowed to make unrestricted use of available
code rates, then performance may be restored by modification of the puncture
pattern. Therefore if it is deemed desirable for a system to be allowed to make
unrestricted use of available code rates, then performance may be restored by
modification of the puncture pattern.

[0101] Adaptive coding means that on the fly, information is obtained from
the WTRU that indicates the channel quality. Based on that, the transmitter
adjusts its code rate amongst other parameters. In instances of poor reception, a
substantial amount of redundancy is added, which results in a very low code rate,
but which allows transfer of data through with the required block error
probability.

[0102] The channel quality estimation procedure does not inherently take
into account the possibility that problematic puncturing may have been used, nor
should it. The channel quality is typically based on signal power and noise
power, but it does not take into account the fact that the encoder may have been
punctured in a problematic way, therefore AMC will not serve to avoid
problematic code rates. With good channel quality, very little coding is needed
and it is possible to use a higher order modulation. If the channel quality is poor,
the code rate is reduced. Therefore, a reduced data rate is used to providé the
desired error performance. The channel quality indicator is used to monitor the
channel quality and in turn provides input to the data rate controller.

[0103] Capacity is measured by determining a combined data rate to all
users supported. If one or more users in a cell are tuned to a problematic code

rate, then those users are presumed to require more power and thereby reduce
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capacity. In many cases the problematic coding rates are known or can be
determined via this invention and therefore it is possible to avoid these rates.
[0104] The present invention provides an ability to identify problem rates
in advance through some analytical means, and responding to this information
by avoiding these rates either dynamically or statically. This can be achieved by
detecting problematic patterns or by using a formula or table of rates to avoid. If
a transmission calls for one of the problem rates, the actual transmission is
provided at a rate which is slightly different. The result is, the problem rate is
avoided.

[0105] These are representative examples of modifications to the
puncturing pattern used to generate specific code rates, as applicable to layer 1
and layer 2 in the TDD and FDD mode of transmission in accordance with the
present invention. Variations to the examples described are conceivable. All
such variations may be considered special cases and specific implementations of
the more general concept of a permutation of the puncturing pattern. Any
method of changing the puncturing pattern, i.e., generating some permutation of
the original puncturing pattern, has the potential of changing the overall
performance of a code, and it is the intent to include permutations and methods
of generating such permutations of the puncturing pattern envisaged in the
present invention. All modifications and improvements to the basic concept of
the invention as set forth hereinabove are envisaged to be within the ambit of the
present invention.

[0106] Figure 11 shows the BLER performance of 3 different HS-DSCH
transport blocks of increasing size 4554, 4705 and 4858 bits respectively. All of
them are rate 1/3 Turbo-coded, and then punctured down to 6072 bits mapped to
the High Speed Physical Downlink Shared Channels (HS-PDSCH). This results
in an effective coding rate of 0.75 (labeled 7/9-), 0.77 (labeled 7/9) and 0.80
(labeled 7/9+) for the 3 increasing transport blocks sizes.

[0107] When increasing the effective coding rate (or equivalently increasing
the puncturing rate) of a Turbo-coded transport block on HS-DSCH, one should

expect that BLER performance degrades in a proportioned manner, i.e. gets
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increasingly worse for increasingly higher effective coding rates. This
unfortunately does not always happen, and it can be seen in this example that
the rate 0.77 (7/9) coded transport block needs some 3dB more SNR than a rate
0.80 coded transport block to achieve the same BLER of approximately 10%.
[0108] The reason for the observed degradations is that the periodicity
(period = 7) in the output of the two Turbo-coder parity bit streams, as given by
the impulse responses of the constituent recursive convolutional encoders,
deleteriously interacts with the periodicity of the puncturing patterns applied by
the second and/or the first rate matching stages in many cases. This effect is
increasingly more frequent for increasingly higher puncturing rates.

[0109] In the analyses that follow, a single R99 rate-matching block is
assumed. However, the concepts apply more generally to R4 and R5 With and
without incremental redundancy. The main conclusion for both cases is that the
critical puncturing rates leading to SNR degradation are predictable in principle,
but would require a rather complex set of parameters to be taken into account.
[0110] The setting of critical puncturing rates is avoided in the MAC-hs in
the Node B, which has the particular advantage that it would not require a
change in current standards and could leave details open to vendor-specific
implementation. While this approach is preferable, the look-up tables used are
complex and restrictions on possible MAC-hs scheduler decisions are imposed.
[0111] Alternatively, slight modifications are made to the puncturing
patterns as generated by the current rate-matching stages for HS-DSCH in
TS25.212/222. These modifications constitute only a small change in the way the
rate matching parameters are generated in TS25.212/222, e.g., parameters for
HARQ second rate matching, and more importantly do not require any additional
signaling.

[0112] Due to the apparent simplicity of the second option (slight
modification of the generation of the puncturing pattern on Turbo-coded parity
bit streams) and its transparency for the MAC-hs scheduler (simply selects
whatever transport block size is desired as outcome of the scheduler decision), a

corresponding change is made in T'S25.212/222 to remedy this problem.
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[0113] The constituent recursive convolutional encoders in the Turbo-coder
as by TS25.212/222 have infinite impulse responses that are periodic with period
7 for positive time. The impact of certain patterns of surviving (i.e. non-
punctured) bits in the parity bit stream can be qualitatively illustrated by
considering how much information remains in these surviving parity bits.
[0114] The Turbo-coder produces 3 bit streams, systematic bits
corresponding to the input sequence, parity bit )stream 1 (output of 1st constituent
encoder) and parity bit stream 2 (output of 274 constituent encoder).

[0115] Note that the constituent recursive convolutional encoder is an LTI
system on GF2. Therefore, the output of the encoder is a sum of shifted versions
of the impulse response of the encoder. Each shifted version of the impulse
response corresponds to the locations of the 1’s in the TB.

[0116] Certain puncturing patterns may result in a loss of distributed
information about a small group of bits across the set of bits in one of the parity
bit streams. For example, let the TB consist of 7 bits followed by many zeros.
Now consider the problem of trying to determine the seven bits by observation of
the output of one encoder after heavy puncturing. Each observation made at the
output is a sum of a subset of the 7 bits. The subset for each particular
observation is determined by the surviving bit period and the impulse response of
the recursive encoding block.

[0117] For most puncture patterns, sums over 7 different subsets of the 7
bits can eventually be observed. Therefore, a system of 7 equations with 7
unknowns can be formed. Assuming that they are linearly independent, the
values of the 7 bits may be determined.

[0118] However, when the periodicity of surviving bits is simple (one
surviving parity bit per period) and the same as the period pf the recursive
encoding block, 7, then, due to the periodicity of the signal, every observation for
¢t > 6 is the sum of the same subset of the 7 bits and so no new information is
obtained by subsequent observations. Thus, a rank-1 system of equations is

formed and a unique solution does not exist.
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[0119] When the periodicity of surviving bits is not a multiple of 7, making
observations of the parity bits will eventually form a rank-7 system of equations
after several observations. For our 7-bit group, this is sufficient to uniquely
determine the bits, i.e. information sufficient to determine the bits is distributed
across the surviving parity bits.

[0120] It is also possible that some distributed information is lost even for
non-simple periods, e.g., consider the case where the non-puncture pattern
alternates between a simple period of three and four (two surviving parity bits
per period with period = 7).

[0121] This results in a period 7 non-puncture pattern but with two
surviving parity bits per period. The same argument above leads to a rank-2
system of seven equations. This is still insufficient to uniquely determine the
group of bits, but does reduce the dimension of the space they may span. Clearly,
some information about the TB may also be lost for non-simple surviving bit
patterns.

[0122] At least two alternative approaches exist to avoid the problematic
interactions between Turbo-coder output and puncturing in the rate-matching
stages.

[0123] The avoidance of problematic puncturing patterns is an approach
that requires the MAC-hs to avoid using puncturing patterns that lead to SNR
degradation and does not use certain combinations for mapping incoming
transport blocks sizes to HS-PDSCHs.

[0124] Avoidance would either require building lookup tables that identify
the problematical configurations or evaluating the predicted degradation
expression described previously in the MAC-hs scheduler.

[0125] An advantage of the look-up table approach is that no change in
current standards would be required and that any particular implementation
could be left vendor-specific.

[0126] A disadvantage of the avoidance approach is that it is complicated
by the fact that there are several dimensions to the problem that will all play a

role in determining if a particular configuration will give rise to degradation.
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Parameters the MAC-hs scheduler would need to take into account in addition

include:

(1) transport block set size of HS-DSCH transmission;

(2) number of soft information bits to be stored at the WTRU for
HARQ; and

(3) number of physical channel bits allocated for the HS-PDSCHs.

[0127] For FDD, these parameters are implied by the combination
indicator for number of channelization codes and modulation format i (1 <i< 29),
and the transport block size %;, (0 < ki < 62) in TS25.321.

[0128] Described below is one embodiment of the present invention that
includes a combination of previously described techniques.

[0129] The hybrid ARQ functionality matches the number of bits at the
output of the channel coder to the total number of bits of the HS-PDSCH set to
which the HS-DSCH is mapped. The hybrid ARQ functionality is controlled by
the redundancy version (RV) parameters. The exact set of bits at the output of
the hybrid ARQ functionality depends on the number of input bits, the number of
output bits, and the RV parameters.

[0130] The hybrid ARQ functionality consists of two rate-matching stages
and a virtual buffer.

[0131] The first rate matching stage matches the number of input bits to
the virtual IR buffer, information about which is provided by higher layers. Note
that, if the number of input bits does not exceed the virtual IR buffering
capability, the first rate-matching stage is transparent.

[0132] The second rate matching stage matches the number of bits after
first rate matching stage to the number of physical channel bits available in the
HS-PDSCH set in the TTIL.

[0133] Definitions of notations used:
N™: Number of bits in a transmission time interval before rate
matching.
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AN.: An intermediate calculation variable.

AN : If positive - number of bits to be repeated in each transmission time
interval on TrCH ¢ with transport format 7.

If negative - number of bits to be punctured in each transmission time
interval on TrCH i with transport format 7.

AN ey ¢ Number of bits to adjust the length of parity streams by, in HARQ
1st stage rate-matching.

N Total number of bits that are available for the HS-DSCH in a TTI.

data*®

€ini Initial value of variable e in the rate matching pattern
determination algorithm.

Eplus Increment of variable e in the rate matching pattern determination
algorithm.
eminus Decrement of variable e in the rate matching pattern

determination algorithm.
b: Indicates systematic and parity bits
b=1: Systematic bit, xz .
b=2: 1st parity bit (from the upper Turbo constituent encoder), zz.
b=3: 2nd parity bit (from the lower Turbo constituent encoder), z’z.
[0134] The HARQ bit separation function shall be performed in the same
way as bit separation for turbo encoded TrCHs.
[0135] HARQ first stage rate matching for the HS-DSCH transport channel
shall be performed using the method described below with the following specific
parameters.
[0136] The maximum number of soft bits available in the virtual IR buffer
is N1g which is signaled from higher layers for each HARQ process. The number
of coded bits in a TTI before rate matching is NTT this is deduced from
information signaled from highér layers and parameters signaled on the High
Speed Synchronization Control Channel (HS-SCCH) for each TTI. Note that
HARQ processing and physical layer storage occurs independently for each

HARQ process currently active.
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[0137] If Nir is greater than or equal to NT™ (i.e. all coded bits of the
corresponding TTI can be stored) the first rate matching stage shall be
transparent. This can, for example, be achieved by setting eminus = 0. Note that no
repetition is performed.

[0138] If N1r is smaller than NT™ the parity bit streams are punctured by

setting the rate matching parameter AN, = N,, — N™ where the subscriptsiand

1 refer to transport channel and transport format in the referenced sub-clause.
Note the negative value is expected when the rate matching implements
puncturing. Bits selected for puncturing which appear as 3 shall be discarded and
not counted in the totals for the streams through the virtual IR buffer.

{0139] If first stage puncturing is to be performed, the procedure below
shall be applied. Index b is used to indicate systematic (b=1), 1t parity (b=2), and
2nd parity bit (b=3). The parameter AN ., :is the change in length to the parity
streams to circumvent problematic puncturing rates.

The first stage rate matching delta is calculated as follows:

if puncturing is to be performed

TTI
X, =[N /3]; pr= AN /2. /ZJ; ANpswrry =0, 5, =49;  a=1
X.
while (o < 4)
[7-0&-PR+1J
2
round ==—————=
T-a
A= PR —round
1 |)L|>-—1— or| PR>-4—8 or] PR<—1— then
S 49 49
a=a+1
8 g =98

else if (A > 0) then
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AN oy = [L—M?I /2_|_ X, ‘[l’ound —%‘-)J
PR
a=5
else
AN gy = [L—Mfl /2_1_ X; '(mund +—5_1—M
PR
a=5
end if
end while
AN, = L_AN’?I /ZJ_ANPARITY,b =2
| I__AN;TI/2—|+ANPAeryab=3
a =2 when b=2
a =1 when 6=3
[0140] If AN, is calculated as 0 for b=2 or b=3, then the following procedure

and the rate matching algorithm shall not be performed for the corresponding

parity bit stream.
[0141] For each radio frame, the rate-matching pattern shall be calculated,

where:
Xi is as above,
eini = Xi
eplus = axX;

Eminus = ax I AN; l

[0142] HARQ second stage rate matching for the HS-DSCH transport
channel shall be done using one of two possible methods.

[0143] If second stage puncturing is to be performed, and the Composite
Puncturing Rate of one of the parity streams, calculated using the formula below
falls in any of the intervals [91/128,92/128], [217/256, 222/256], [231/256,
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232/256], [237/256, 238/256] or [487/512, 488/512], then puncturing of that parity
stream shall be performed. Note, puncturing maybe carried out on one, both, or

neither of the two parity streams, but never on the systematic parity stream.

v 3w, , -
TTI (A
[0144] Composite Puncturing Ratio, CPR = W}N /3
N7 3w, s
N3
[0145] Otherwise, second stage rate matching for the HS-DSCH transport

channel shall be done with the following specific parameters. Bits selected for
puncturing which appear as 6 shall be discarded and are not counted in the
streams towards the bit collection.

[0146] The parameters of the second rate matching stage depend on the
value of the RV parameters s and r. The parameter s can take the value 0 or 1 to
distinguish between transmissions that prioritize systematic bits (s = 1) and non A
systematic bits (s = 0). The parameter r (range 0 to rmax-1) changes the initial
error variable ein; in the case of puncturing. In case of repetition both parameters
r and s change the initial error variable eini. The parameters Xi, eplus and eminus are
calculated as per table 1 below.

[0147] Denote the number of bits before second rate matching as Ngs for
the systematic bits, Np: for the parity 1 bits, and Npz for the parity 2 bits,
respectively. Denote the number of physical channels used for the HS-DSCH by
P. Ndata is the number of bits available to the HS-DSCH in one TTI and defined

as Ndata=PXx3XNdata1. The rate matching parameters are determined as follows.

[0148] For N

data

<N, +N, +N,, puncturing is performed in the second

rate matching stage. The number of transmitted systematic bits in a

transmission is N =min{N N ,,m} for a transmission that prioritizes

t,5y8 3p8?

systematic bits and N =max{N —(N o1 TN )O} for a transmission that

1,.8p8 data

prioritizes non systematic bits.
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[0149] For Ny, > Ny, + N, + N, repetition is performed in the second rate

data

matching stage. A similar repetition rate in all bit streams is achieved by setting

N

the number of transmitted systematic bits to N, , = [N s YV——-II-ILZ‘IN—J
sys pl

[0150] The number of parity bits in a transmission is:

N e = Niys
N, = maxﬂ—’—TLJ — AN pauiry ,o} and N, ,, =N, -, +N,,) for the

parity 1 and parity 2 bits, respectively.

Xi | eplus €minus
gﬁtgmatic Ny | N, Ny, —N,,,
A ]
S 7 (P

Table 1: Parameters for HARQ second rate matching
[0151] Table 1 above summarizes the resulting parameter choice for the
second rate matching stage. The rate matching parameter eini is calculated for
each bit stream according to the RV parameters r and s using
e, (r) = {(X i —I_r “ s | T _|— l)mod € plus }+1 in the case of puncturing ,

ieyNyy <Ny +N, +N,,,and

e, (r)= {(X ;~ l_(s +F207) € M2 Ty )_l— l)mod € s }+1 for repetition, ie.,
Ny >Ny + N, +N,,. Where re {0,LL ,r,, —1}and r,, is the total number of
redundancy versions allowed by varying r. Note that rmax varies depending on
the modulation mode, i.e. for 16QAM rmex = 2 and for QPSK rmex = 4.

[0152] Note: For the modulo operation the following clarification is used:
the value of (x mod y) is strictly in the range of 0 to y-1 (i.e. -1 mod 10 = 9).
[0153] HARQ second stage rate matching for the HS-DSCH transport
channel shall be done with the method described below, which separates each

stream into segments with specific parameters calculated below. Bits selected for
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puncturing which appear as ¢ shall be discarded and are not counted in the
streams towards the bit collection.

[0154] The parity stream will be segmented into 3 segments, the first
segment will be made up of the first Xseg1 bits of the parity stream, the second
segment will be made up of the next Xsegz bits, and the last segment will be made
up of the remaining Xsegs bits.’

xi,Xsegl

[0155] The first segment is denoted by *it* %2>
The second segment by xi.Xsegl-H’xi,Xsegl+2""xi,Xxeg2;

And the final segment by Xi, Xseg 1+ Xseg 2417 X, Xseg 14+ Xseg 242 "X X;

X =421 X, /98] X, =56-| X, /98] X, = X, m0d98

seg2 seg3

Where
[0156] Note: If X; is less than 98 only the third segment exists, and if Xjis a
multiple of 98 then the third segment will be empty. For the case where a
particular segment is empty, then of course no puncturing is f)erformed on that
non-existent segment.
[0157] Additional parameters for HARQ Second Rate Matching Stage for

problematic puncturing rates

[0158] Parameters P, Naata, Nsys, Np1, Np2, Npt1, and Npye are calculated,
additional parameters are defined below.
[0159] Denote the number of parity 1 bits before second rate matching after
segmentation as Npiseg1, Np1,seg2, Np1,segs for the parity 1 bits in the 1st, 2nd and 3+d
segment respectively. Denote the number of parity 2 bits before second rate
matching after segmentation as N2 seg1, Np2 seg2, Np2,segs for the parity 1 bits in the
Ist, 2nd and 3rd segment respectively. The rate matching parameters are
determined as follows.

[0160] For N, <Ny +N, +N,, puncturing is performed in the second

data

rate matching stage.

[0161] The number of parity bits after segmentation is
N ot =42-| N, 198 |
N pysegs = 56| N, 198 |
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[0162]

N

and parity 2bits (b=3) is:

Nt,pb,segl = l

Nt,pb,segZ = [

pb,seg3

=N, mod938

N

pb

N

b

49-N, [N, /98_|+ 1 J

PCT/US2003/038223

The number of parity bits in each segment for parity 1 bits (b=2),

49N, [N, /98J+ 1 J .
2 2

2

2

Nt,pb,seg3 = N[,pb - (Nt,pb,segl + Nt.pb,segz)

[0163] The parameters Xi, epns and eminus are calculated as per table 2
below.
Stream | Segmen | X; eplus @minus
t
1i}crstema N, N, Ny, —N, g
RM S
1st Npl,segl 2 Npl,segl 2. INpl,segl - Nt,pl,segll
Parity 1
RM 2nd N plseg2 2-N pliseg2 2 ‘N plseg2 N t,pl,xeng
P12
3rd Npl,xeg3 2. Npl,seg3 2. INpl,seg3 - Nt,pl,segS
1st NpZ,segl sz,segl leZ.segl - Nr,pz,segl
Parity 2
RM 2nd N p2.5eg2 N p25eg2 ‘N plseg? N t,p2,5eg2
P2_2
3rd p2,seg3 NpZ.segB INpZ.seg3 —Nt,pz.xeg:-s
Table 2: Parameters for dithered HARQ second rate matching
[0164] The rate matching parameter ein: is calculated for each segment of
bit stream according to the RV parameters r and s wusing

e, (r)= {(X i —|_r “€ s | T _I— l)mod € plus 1 in the case of puncturing. Where

re{0,LL .

max
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varying r. Note that rmax varies depending on the modulation mode, i.e. for
16QAM rmax = 2 and for QPSK rmex = 4.

[0165] Note: For the modulo operation the following clarification is used:
the value of (x mod y) is strictly in the range of 0 to y-1 (i.e. -1 mod 10 = 9). The
rate matching algorithm is called for each segment of the parity stream in turn.
[0166]

[0167] For both parity streams, after the rate matching algorithm has been
called for each of the three segments, the three punctured segments should be
concatenated together in their original order.

[0168] The re-concatenated bit stream is denoted by:

X

0,5egl,1? xa,xegl,z ""xa,xegl,N "xl),segZ,l ’xo,xegZ.Z ""xo,segZ,N ’xa,segS,l’xa,segB,Z ""‘xo,.x'egS,N

t,plscgl t.pl,seg2 hpliseg3

[0169] The HARQ bit collection is achieved using a rectangular interleaver

of size N,,,xN_,. The number of rows and columns are determined from:

N, =4 for 16QAM and N,,, =2 for QPSK
le = Ndata /Nrow

where Ndate is used.
[0170] Data is written into the interleaver column by column, and read out

of the interleaver column by column starting from the first column.
[0171] Nisys is the number of transmitted systematic bits. Intermediate

values Nr and N. are calculated using:

1,898 r col *

Nt.\'ys
N,=|—2|and N,=N, -N, N

col
[0172] If N.=0 and N-> 0, the systematic bits are written into rows 1...N..
[0173] Otherwise systematic bits are written into rows 1...N+1 in the first
N columns and, if N»> 0, also into rows 1...Nrin the remaining Neo-N. columns.
[0174] The remaining space is filled with parity bits. The parity bits are
written column wise into the remaining rows of the respective columns. Parity 1
and 2 bits are written in alternating order, starting with a parity 2 bit in the first
available column with the lowest index number. If the two parity streams are of

unequal length, Parity 1 and 2 bits shall be written alternately, again starting

34

IPR2023-01272 Page 296



WO 2004/062113 PCT/US2003/038223

with a parity 2 bit, until the end of the shorter parity stream, then the remaining
parity bits from the longer stream shall be written.
[0175] In the case of 16QAM for each column the bits are read out of the
interleaver in the order row 1, row 2, row 3, row 4. In the case of QPSK for each
column the bits are read out of the interleaver in the order row1, row2.
[0176] when the analysis of the rate matching issue was restricted to the
situation in which the first stage HS-DSCH rate matching is transparent it was
shown that the performance degradation arises from an interaction between the
periodicity of the rate matching pattern and the inherent periodicity of the turbo
encoder. In particular, it was shown that at the problematic code rates, the
positions (in the unpunctured bit stream) of survivor (i.e. non punctured) bits lie
in the same position or positions within a modulo 7 period for long segments of
the unpunctured stream. It has been demonstrated that performance
degradations arise via exactly the same mechanism when the first stage is not
transparent.
[0177] In the following description, a “puncturing pattern” is deﬁned tobe
the pattern of positions of bits that are punctured from an original stream.
“Puncturing Rate” is defined to be the reciprocal of the number of bits between
punctured bit positions (inclusive of the punctured positions) in the original bit
stream.
[0178] In the case of two-stage rate matching, puncturing that leads to
degradation may occur in two ways:

1) A pattern arising from bits punctured in the first stage only

2) A pattern arising from bits punctured after the second stage; this

pattern is dependent upon both the first and second rate matching stages.
[0179] In order to avoid either of these puncturing mechanisms that cause
a performance degradation, the following methodology has been adopted:
[0180] In the first stage, test whether the puncturing will cause a
problematic puncturing pattern. This is achieved by evaluating an “implicit
duration” function, which predicts the length of periodicity in the puncturing

pattern. The first stage rate matching is only adjusted if the calculated implicit
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duration indicates a necessity. In this case, the amount of bits punctured in the
first parity stream is increased slightly, whilst in the second stream the number
is correspondingly decreased slightly. This has the effect of shifting the
puncturing rates in both streams to break up modulo 7 periodicity, whilst
keeping the total amount of punctured bits the same. The adjustment in the
puncturing rate in each of the streams is kept sufficiently small to leave the
coding performance in each stream unaffected.

[0181] In the second stage, a composite puncturing rate for each stream,
taking into account adjustments to the puncturing rate carried out at the first
stage is calculated. The composite puncturing rate in each stream is compared
with a look up table, which predicts rates at which modulo-7 periodic patterns,
and hence coding degradations will arise. If the composite rate of a stream falls
within a range of problematic rates, a “dithering” algorithm is applied.

[0182] Differing puncturing rates are applied in the two parity streams if
the puncturing pattern in the first stage will lead to a performance degradation,
or is likely to contribute to an unwanted pattern after second stage rate
matching. In this case, the number of bits punctured in the first parity stream is
reduced by an amount ANpariry, whilst the number of bits punctured in the
second stream is increased by the same amount. The decision as to whether such
a change should take place is based upon a calculated parametef, which
estimates the inverse of the length of runs of survivor bits which hold the same
modulo 7 position in the unpunctured stream. This length becomes greater than
49 bits (i.e. 7 modulo 7 periods), then the adjustment to the lengths of the
streams is applied.

[0183] The dithered puncturing algorithm may be applied to either or both
of the two parity streams in the second stage. When processing a parity stream,
the algorithm employs two puncturing rates, one higher than the original, and
one lower, it then switches between these two puncturing rates whilst applying
puncturing to the parity bit stream. The total number of bits punctured is kept
the same as it would have been with the original algorithm. Generically it is

possible to have one or many switching points between the two puncturing rates

-36-

IPR2023-01272 Page 298



WO 2004/062113 PCT/US2003/038223

within a parity stream. The number of points is not critical to the performance,
since the fraction of the bit stream punctured at each rate is independent of the
number of switching points.

[0184] The number of switching points is set to one (or two), meaning that
the punctured stream consists of two (or three) segments in which the first
segment uses a lower puncturing rate than the original, the second uses a higher
puncturing rate. If the two segments do not account for the whole of the parity
stream, a third segment is allowed at the end that is punctured at the original
rate. The third segment is kept short, and allows for puncturing exactly the
correct amount of bits to maintain the overall puncturing rate. By breaking the
parity stream into a low number of segments in this way, the original rate
matching algorithm can easily be used with some minor parameter changes.
[0185] The difference between the higher puncturing rate in the first
segment and the original rate, and also between the lower puncturing rate in the
second segment and the original has been set to 1/49. This selection allows for
problematic rates to be avoided in all cases whilst not representing a significant
change in coding rate. |

[0186] In the majority of cases, the modified rate matching algorithm
operates in exactly the same manner as previously defined. In the minority of
cases in which either the first or second stage rate matching would lead to a
performance degradation, unequal length streams and/or dithering are applied.
Both of these modifications do not change the body of the rate matching
procedure in any way, but rather the rate matching parameters that are applied.
Furthermore, in an implementation, the modifications can be achieved with a
modification to the Rate Matching DSP software without affecting any other part
of the system.

[0187] The foregoing is a description of a preferred embodiment and
alternative solutions to providing detecting, avoiding/correcting problematic
Turbo code puncturing patterns. While this invention has been particularly
shown and described with reference to preferred embodiments, it will be

understood by those skilled in the art that various changes in form and details
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may be made therein without departing from the scope of the invention as

described hereinabove.
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CLAIMS
What is claimed is:

1. In a communications system employing a plurality of rate matching
stages, a method of avoiding problematic Turbo code puncturing patterns, the
method comprising:

(a) adjusting the number of bits punctured in each stage of rate matching;
and

(b) adjusting the number of bits punctured in each of the plurality of parity

streams, wherein the problematic puncturing patterns are avoided.

2. The method of claim 1 wherein degradations in the quality of
punctured error correction coded transmissions having a first group of parity 1
(P1) bits and a second group of parity 2 (P2) bits are identified, and step (b)
further comprises:

(b1) adding punctured bits to the first group of P1 bits;

(b2) removing punctured bits from the second group of P2 bits; and

(b3) biasing the punctured rates of the P1 and P2 bits to avoid
problematic puncturing patterns by:

(i) adding a number of non-punctured P1 bits to the first group; and

(ii) decreasing the number of‘ non-punctured P2 bits in the second

group
by the number of non-punctured P1 bits added to the first group.

3. The method of claim 2 further comprising:

o lar 1 J
=| — —
(¢) determining a number of bits N using LP 2] wherein I'is

the
number of bits at the input to each branch of rate matching and P is the total

number of the P1 and P2 bits at the output of rate matching; and
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(d) if LN < ——Z-V—+ N , calculate the bias
(PI2) 2 2 |2
A=|maxi—L P E__AZ_ , otherwise setA=0.
TIN-1{ 2 2 [7N+1
2 2
4. The method of claim 3, wherein non-puncturing patterns with a

period of 7N /2 cause degradation in performance results and N is a whole

number.

5. The method of claim 4 wherein the periods will be employed whenever

the average non-puncturing period of P1 or P2 bits is within +1 or +% of 7N / 2 for

even and odd N respectively.

6. In a communications system employing a plurality of rate matching
stages, a method of avoiding problematic Turbo code puncturing patterns, the
method comprising:

(a) adjusting the number of bits punctured in each stage of rate matching;
and

(b) adjusting the puncturing rates of each of the individual parity streams

while maintaining a constant overall effective coding rate.

7. The method of claim 6 wherein degradations in the quality of
punctured error correction coded transmissions having a first group of parity 1
(P1) bits and a second group of parity 2 (P2) bits are identified, and step (b)
further comprises:

(b1) adding punctured bits to the first group of P1 bits;
(b2) removing punctured bits from the second group of P2 bits; and
(b3) biasing the punctured rates of the P1 and P2 bits to avoid

problematic puncturing patterns by:
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(i) adding a number of non-punctured P1 bits to the first group; and

(i1) decreasing the number of non-punctured P2 bits in the second

group
by the number of non-punctured P1 bits added to the first group.

8. The method of claim 7 further comprising:

ol

(c) determining a number of bits N using 7P 21 whereinIis
the

number of bits at the input to each branch of rate matching and P is the total

number of the P1 and P2 bits at the output of rate matching; and

(d) if LN < 1—£V—+ N , calculate the bias
P12y 2 2 2
A =| max{— _P P I ||, otherwisesetA=0.
-1/ 2 2 |7N+1
2 2
9. The method of claim 8, wherein non-puncturing patterns with a

period of 7]\7’/2 cause degradation in performance results and N is a whole

number.

10. The method of claim 9 wherein the periods will be employed

whenever the average non-puncturing period of P1 or P2 bits is within +1 or +%4

of 7N /2 for even and odd N respectively.

11. A method of identifying degradations in quality of punctured error
correction coded transmissions, the method comprising:

(a) identifying a puncturing pattern which approximates a
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particular code
rate; and
(b) adjusting a value for anticipated degradation in accordance with
the

matching of the puncturing pattern and the particular code rate.

12.  The method of claim 11 wherein degradations in the quality of
punctured error correction coded transmissions having a first group of parity 1
(P1) bits and a second group of parity 2 (P2) bits are identified, and step (b)
further comprises:
(b1) adding punctured bits to the first group of P1 bits;
(b2) removing punctured bits from the second group of P2 bits; and
(b3) biasing the punctured rates of the P1 and P2 bits to avoid
problematic puncturing patterns by:
(1) adding a number of non-punctured P1 bits to the first group; and
(ii) decreasing the number of non-punctured P2 bits in the second

group
by the number of non-punctured P1 bits added to the first group.

13. The method of claim 12 further comprising:

~ | a1 1J
(¢) determining a number of bits N using LP 2] wherein I'is
the
number of bits at the input to each branch of rate matching and P is the total

number of the P1 and P2 bits at the output of rate matching; and

N

! N <l-—+ [%J , calculate the bias

(it (P12 2

2
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A=|maxi—L P f____f___ , otherwise setA=0.
IN-1| 2 2 |7N+1
2 2

14. The method of claim 11 further comprising:
(c) using Turbo code to implement the error correction coded

transmissions.

15.  The method of claim 14 further comprising:
(d) identifying when a mnon-punctured bit pattern of the
transmissions
exhibits a periodic characteristic, with a period equal to a period of a
semi-periodic impulse response of recursive encoding blocks of the Turbo code;
and
(e) using the identified non-punctured bit patterns which exhibit a
periodic characteristic to identify puncturing patterns with degraded

performance.

16. A method of identifying degradations in the quality of punctured
error correction coded transmissions having a first group of parity 1 (P1) bits and
a second group of parity 2 (P2) bits, the method comprising:

(a) adding punctured bits to the first group of P1 bits;
(b) removing punctured bits from the second group of P2 bits; and
(c) biasing the punctured rates of the P1 and P2 bits to avoid
problematic
puncturing patterns by:
(i) adding a number of non-punctured P1 bits to the first group; and

(ii) decreasing the number of non-punctured P2 bits in the second

group
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by the number of non-punctured P1 bits added to the first group.

17. The method of claim 16 further comprising:
(d) using Turbo code to implement the error correction coded

transmissions.

18.  The method of claim 17 further comprising:
(e) identifying when a non-punctured bit pattern of the
transmissions
exhibits a periodic characteristic, with a period equal to a period of a
semi-periodic impulse response of recursive encoding blocks of the Turbo code;
and .
(f) using the identified non-punctured bit patterns which exhibit a
periodic characteristic to identify puncturing patterns with degraded

performance.

19. A method for reducing degradations in quality of punctured error
corrected code transmissions, the method comprising:
(a) identifying a puncturing pattern which approximates a
particular code
rate; and
(b) adjusting the parameters of the transmissions sufficiently to
cause a

mismatch in the puncturing pattern and the particular code rate.

20. The method of claim 19 further comprising:
(c) determining a capacity of a wireless transmit and receive unit
(WTRU), including buffer sizes that are supported by the WTRU;
(d) using puncturing to remove sufficient bits to fit into the buffer;
and

(e) adjusting an overall code rate so as to provide sufficient error
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correction capability, thereby providing a first rate in a first stage of puncturing

and providing a second rate in a second stage of puncturing.

21.  The method of claim 20, further comprising:
(f) increasing non-punctured bits in one of the first stage and second
stage of puncturing, and decreasing non-punctured bits in another of the first
stage and second stage of puncturing, thereby adding additional puncturing to

one stage and removing it from the other stage.

22.  The method of claim 20 further comprising:
(f) increasing non-punctured bits in the first stage and decreasing

non-punctured bits in the second stage.

23.  The method of claim 20 further comprising:
(f) decreasing non-punctured bits in the first stage and increasing

non-punctured bits in the second stage.

24.  The method of claim 20 further comprising:
(f) interleaving parity bits before rate matching occurs; and
(g) subsequently de-interleaving the parity bits, thereby avoiding a
need
to periodically sample the parity bits when performing periodic sampling in rate
matching, thereby mitigating the effect of the periodicity of the puncturing

pattern.

25. A communications system for avoiding problematic Turbo code
puncturing patterns, the system comprising:

(a) a plurality of rate matching stages;

(b) means for adjusting the number of bits punctured in each stage of rate
matching; and

(c) means for adjusting the number of bits punctured in each of the
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plurality of parity streams, wherein the problematic puncturing patterns are

avoided.

26. The system of claim 25 wherein degradations in the quality of
punctured error correction coded transmissions having a first group of parity 1
(P1) bits and a second group of parity 2 (P2) bits are identified, the means (c) for
adjusting the number of bits punctured in each of the plurality of parity streams
further comprising:

(c1) means for adding punctured bits to the first group of P1 bits;
(c2) means for removing punctured bits from the second group of P2
bits;
and
(¢3) means for biasing the punctured rates of the P1 and P2 bits to
avoid
problematic puncturing patterns, the biasing means including:
(1) means for adding a number of non-punctured P1 bits to the first
group;
and
(ii) means for decreasing the number of non-punctured P2 bits in the
second group by the number of non-punctured P1 bits added to the first group.
27.  The system of claim 26 further comprising:

o |41 1 J
(d) means for determining a number of bits N using LP 2

wherein
I is the number of bits at the input to each branch of rate matching and P is the

total number of the P1 and P2 bits at the output of rate matching; and
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(e) means for calculating
A =] max AI _P , P_ AI if
IN-1] 272 [78+1
2 2
1 7N N |N
—————|<1-—+|—|; and
P12y 2 2 2
(e) means for setting biasA =0 if L__IN
(P12 2

PCT/US2003/038223

the bias

>1_E+[EJ.
2 2

28. The system of claim 27, wherein non-puncturing patterns with a

period of 7N/2 cause degradation in performance results and N is a whole

number.

29, The system of claim 28 wherein the periods will be employed

whenever the average non-puncturing period of P1 or P2 bits is within *1 or %2

of 7N/2 for even and odd N respectively.

30. A communications system for avoiding problematic Turbo code

puncturing patterns, the system comprising:

(a) a plurality of rate matching stages;

(b) means for adjusting the number of bits punctured in each stage of rate

matching; and

(c) means for adjusting the puncturing rates of each of the individual

parity streams while maintaining a constant overall effective coding rate.

31. The system of claim 30 wherein degradations in the quality of

punctured error correction coded transmissions having a first group of parity 1

(P1) bits and a second group of parity 2 (P2) bits are identified, the means (c) for

adjusting the puncturing rates of each of the individual parity streams further
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comprising:
(c1) means for adding punctured bits to the first group of P1 bits;
(c2) means for removing punctured bits from the second group of P2
bits;
and
(c3) means for biasing the punctured rates of the P1 and P2 bits to
avoid
problematic puncturing patterns, the biasing means (¢3) including:
(i) means for adding a number of non-punctured P1 bits to the first
group;
and
(ii) means for decreasing the number of non-punctured P2 bits in the

second group by the number of non-punctured P1 bits added to the first group.

32.  The system of claim 31 further comprising:

fi= [ﬂ + lJ
(d) means for determining a number of bits & using 7’2

wherein
I is the number of bits at the input to each branch of rate matching and P is the
total number of the P1 and P2 bits at the output of rate matching;

(e) means for calculating the bias

A =| max
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zl_ﬂ{ﬂj.
2 2

33. The system of claim 32, wherein non-puncturing patterns with a

I 7N

(e) means for setting biasA =0 if
(P12) 2

period of 7]\7/2 cause degradation in performance results and N is a whole

number.

34. The system of claim 33 wherein the periods will be employed

whenever the average non-puncturing period of P1 or P2 bits is within +1 or x4

of 7N / 2 for even and odd N respectively.

35. A communications system for identifying degradations in quality of
punctured error correction coded transmissions, the system comprising:

(a) means for identifying a puncturing pattern which approximates

a
particular code rate; and

(b) means for adjusting a value for anticipated degradation in
accordance
with the matching of the puncturing pattern and the particular code rate.

36. The system of claim 35 wherein degradations in the quality of
punctured error correction coded transmissions having a first group of parity 1
(P1) bits and a second group of parity 2 (P2) bits are identified, the means (b) for
adjusting a value for anticipated degradation further comprising: 7

(b1) means for adding punctured bits to the first group of P1 bits;
(b2) means for removing punctured bits from the second group of P2
bits;
and
(b3) means for biasing the punctured rates of the P1 and P2 bits to
avoid

problematic puncturing patterns, the biasing means (b3) including:
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(i) means for adding a number of non-punctured P1 bits to the first

group;
and

(ii) means for decreasing the number of non-punctured P2 bits in the

second group by the number of non-punctured P1 bits added to the first group.

37. The system of claim 36 further comprising:

>

41 1J
= — + —_—
(c) means for determining a number of bits N using LP 2

wherein
I is the number of bits at the input to each branch of rate matching and P is the

total number of the P1 and P2 bits at the output of rate matching;

(d) means for calculating the bias
A =| max AI _r , P_ ,\I if
IN-1] 2 2 |7N+1
2 2
1 N N |N
—— ——<1-—+|—|; and
(PI12) 2 2

LW
(P/2) 2

(e) means for setting biasA =0 if 21 —% + [%J .

38. The system of claim 35 further comprising:
(c) means for using Turbo code to implement the error correction

coded transmissions.

39. The system of claim 38 further comprising:

(d) means for identifying when a non-punctured bit pattern of the
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- transmissions exhibits a periodic characteristic, with a period equal to a period of
a semi-periodic impulse response of recursive encoding blocks of the Turbo code;
and

(e) means for using the identified non-punctured bit patterns which
exhibit a periodic characteristic to identify punctu/ring patterns with degraded

performance.

40. A communications system for identifying degradations in the quality
of punctured error correction coded transmissions having a first group of parity 1
(P1) bits and a second group of parity 2 (P2) bits, the system comprising:
(a) means for adding punctured bits to the first group of P1 bits;
(b) means for removing punctured bits from the second group of P2
bits;
and
(c¢) means for biasing the punctured rates of the P1 and P2 bits to
avoid
problematic puncturing patterns, the biasing means (¢) including:
;i (1) means for adding a number of non-punctured P1 bits to the first
group;
and
(ii) means for decreasing the number of non-punctured P2 bits in the

second group by the number of non-punctured P1 bits added to the first group.

41. The system of claim 40 further comprising:
(d) means for using Turbo code to implement the error correction

coded transmissions.

42.  The system of claim 41 further comprising:
(e) means for identifying when a non-punctured bit pattern of the
transmissions exhibits a periodic characteristic, with a period equal to a period of

a semi-periodic impulse response of recursive encoding blocks of the Turbo code;
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and
(f) means for using the identified non-punctured bit patterns which
exhibit a periodic characteristic to identify puncturing patterns with degraded

performance.

43. A communications system for reducing degradations in quality of
punctured error corrected code transmissions, the system comprising:
(a) means for identifying a puncturing pattern which approximates
a
particular code rate; and
(b) means for adjusting the parameters of the transmissions
sufficiently to

cause a mismatch in the puncturing pattern and the particular code rate.

44.  The system of claim 43 further comprising:
(c) means for determining a capacity of a wireless transmit and
receive
unit (WTRU), including buffer sizes that are supported by the WTRU;
(d) means for using puncturing to remove sufficient bits to fit into
the
buffer; and
(e) means for adjusting an overall code rate so as to provide
sufficient
error correction capability, thereby providing a first rate in a first stage of

puncturing and providing a second rate in a second stage of puncturing.

45.  The system of claim 44, further comprising:
(f) means for increasing non-punctured bits in one of the first stage
and second stage of puncturing, and decreasing non-punctured bits in another of
the first stage and second stage of puncturing, thereby adding additional

puncturing to one stage and removing it from the other stage.
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46. The system of claim 44 further comprising:
(f) means for increasing non-punctured bits in the first stage and

decreasing non-punctured bits in the second stage.

47.  The system of claim 44 further comprising:
(f) means for decreasing non-punctured bits in the first stage and

increasing non-punctured bits in the second stage.

48. The system of claim 44 further comprising:
(f) means for interleaving parity bits before rate matching occurs;
and
(g) means for subsequently de-interleaving the parity bits, thereby
avoiding a need to periodically sample the parity bits when performing periodic
sampling in rate matching, thereby mitigating the effect of the periodicity of the

puncturing pattern.
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