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Europiisches 
Patentamt 

European 
Patent Office 

Offic:e e1,1ropl!en 
des brevets 

European Patent Office 
80298 MUNICH 
GERMANY 

Questions about this communication ? 
Contact Customer Services at www.epo.org/contact 

1111111 111111111111111 IIIII IIIII IIIII IIIII IIIII IIII IIII 

Nederlandsch Octrooibureau 
P.O. Box 29720 
2502 LS The Hague 
NETHERLANDS 

Reference 

Applicant/Proprietor 

I Application No./Patent No. 

03796549.8 - 1903 / 1573923 

INTERDIGITAL TECHNOLOGY CORPORATION 

Your request dated 

Your request cannot be granted anymore, since 

08.08.2017 

l)t1 the patent application has been refused or withdrawn or is deemed to have been withdrawn. 

D 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. 

EPO Form 2576 05.14 (03/08/17) page 1 of 1 AG20934 
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Acknowledgement of receipt 

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

Submission number 

Application number 

Date of receipt 

Receiving Office 

Your reference 

Applicant 

Documents submitted 

Submitted by 

Method of submission 

Date and time 
receipt generated 

15478400 

I EP03796549.8 

125 July 2017 

European Patent Office, The Hague 

P6069593EP1 

I All applicants as on file 

package-data.xml 

epf1038.pdf (1 p.) 

I CN=Willem Niesing 45128 

I Online 

125 July 2017, 11:01 (GEST) 

ep-sfd-request.xml 

FREP-1.pdf\P6069593EP1_20170724 
-113415_Correspondence_to_Authorit 
y_.pdf (1 p.) 

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Errors in debit instructions filed by eOLF that are caused by the editing of Form 1038E entries or the continued use of outdated 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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Europaisches 
Patentamt 

European 
Patent Office Letter accompanying subsequently filed items 
Office europeen 
des brevets 

Representative: 

Nederlandsch Octrooibureau 
513 
P.O.Box 29720 
2502 LS The Hague 
Netherlands 

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

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

P.O. Box 5818 
2280 HV Rijswijk 
Netherlands 
Tel. +31(0)70 340-2040 I Fax -3016 

10958 Berlin 
Germany 
Tel. +49(0)30 25901-0 I 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 

Description of document 

1 Document concerning representation 

Payment 

1 Mode of payment 

Signatures 

Place: 

Date: 

Signed by: 

Association: 

Representative name: 

Capacity: 

P6069593EP1 

Original file name 

P6069593EP1_20170724-113415_Corr 

espondence_to_Authority_.pdf 

The Hague 

25 July 2017 

Willem Niesing 45128 

Nederlandsch Octrooibureau 

NIESING, Willem 

(Representative) 

Not specified 

03796549.8 

P6069593EP1 I 

Assigned file name 

FREP-1.pdf 
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EUROPEAN PATENT AND 
TRADEMARK ATTORNEYS 

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

www.nlo.eu 

Ede, 24 July 2017 
Our ref: P6069593EP1 

Re: 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: lnterDigital 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, 

=:-14f~~ 

Pa!on!s F +31 (0)70 352 75 281 E patents@nlo.eu Trademarks F +31 (0)70 352 75 891 E trademarks@nlo.eu 

N.V. Nederlandsch 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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Europaisches 
Patentamt 

European 
Patent Office 

Office europeen 
des brevets 

1111111 111111111111111 IIIII IIIII IIIII IIIII IIIII IIII IIII 
Johansson, Magnus 
Awapatent AB 
Jarnvagsgatan 1 O A 
Box 1066 
251 10 Helsingborg 
SUEDE 

Reference I 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 

European Patent Office 
Postbus 5818 
2280 HV RIJSWIJK 
NETHERLANDS 
Tel. +31 (0)70 340-2040 
Fax +31 (0)70 340-3016 

For any questions about 
this communication: 

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

03.01 .11 

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 

038 EUR 1.155,00 

Reason for refund: Closure of the application took legal effect on 22.06.10 

The Authorising Officer 
Rey 
(49)(89)23994297 

EPO Form 2907 12.07 

Voucher No 

00392260 

IPR2023-01272 Page 7



Europiisches 
Patentamt 

European 
Patent Office 

Office europeen 
des brevets 

Closure of the procedure in respect of application No. 03796549.8 - 1228 

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. 

04.11.10 

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. 

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

DFIL: 
NOAP: 
RDEC: 

03.12.03 
/Ill 
/Ill DEAD 

RFPR: II 
REES: Ill 

REFU 3/ADWI 3 and DEAD 1 coded. Date of legal effect 22.06.20lq 

3. Position regarding fees: 
FEFS01 002 00396439 17.06.05 EUR 
DEST03 005 00396439 17.06.05 EUR 
EXAM02 006 00396439 17.06.05 EUR 
CLMS(2) 015 00396439 17.06.05 EUR 
FFEE01 020 00396439 17.06.05 EUR 
RFEE 03 033 00722555 15.12.05 EUR 
RFEE 04 034 00770496 13.12.06 EUR 
RFEE 05 035 00786335 12.12.07 EUR 
RFEE 06 036 00421056 31.03.08 EUR 
RFEE 07 037 00842994 11.12.09 EUR 
ASOC03 055 00396439 17.06.05 EUR 

□ 3.1 Form 2058A submitted to 1st examiner (if applicable) 

□ 3.2 Refund(s) ordered: 

□ 75% Exam fee □ Other fees: 

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

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

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

D Submit it to 1st examiner if a request for feedback is present. 

D 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 

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 
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Europaisches 
Patentamt 

European 
Patent Office 

Office europeen 
des brevets 

1111111 111111111111111 IIIII IIIII IIIII IIIII IIIII IIII IIII 
Johansson, Magnus 
Awapatent AB 
Jarnvagsgatan 1 O A 
Box 1066 
251 10 Helsingborg 
SUEDE 

Reference 

Applicant/Proprietor 

03796549.8 - 1228 / 1573923 I Application No./Patent No. 

INTERDIGITAL TECHNOLOGY CORPORATION 

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

European Patent Office 
Postbus 5818 
2280 HV RIJSWIJK 
NETHERLANDS 
Tel. +31 (0)70 340-2040 
Fax +31 (0)70 340-3016 

For any questions about 
this communication: 

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

Flasshar, Claudia 4789 

26-07-2010 

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 if, 
within a (non-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). 

Flasshar, Claudia 

Registered letter 
EPO Form 2021A 12.07 (19/07/10) ADWl11 
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Europaisches 
Patentamt 

European 
Patent Office 

Office europeen 
des brevets 

1111111 111111111111111 IIIII IIIII IIIII IIIII IIIII IIII IIII 
Johansson, Magnus 
Awapatent AB 
Jarnvagsgatan 1 O A 
Box 1066 
251 10 Helsingborg 
SUEDE 

Reference 

Applicant/Proprietor 

03796549.8 - 1228 / 1573923 I Application No./Patent No. 

INTERDIGITAL TECHNOLOGY CORPORATION 

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

Examination procedure 

13.04.10 

European Patent Office 
Postbus 5818 
2280 HV RIJSWIJK 
NETHERLANDS 
Tel. +31 (0)70 340-2040 
Fax +31 (0)70 340-3016 

For any questions about 
this communication: 

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

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 a total of 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). 

Lahrech, Mohamed 

EPO Form 2944A 12.07 08.04.10 

IPR2023-01272 Page 10



E.tH·Qp~is<hes 
Pate~i:amt 

f.utc~t~~,.}n 
Pat~nt Omo, 

Offio~ e~;op~~n 
)'i:es br{i,i,et$ 

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 I All applicants as on file 

Documents submitted package-data.xml 

epf1038.pdf (1 p.) 

ep-sfd-request.xml 

EXRE92-1.pdf\20100406_21020363_ 
Request for extension of time limit.pdf 
(1 p.) 

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

Method of submission 
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Datum Anmelde-Nr.: 
Date O 9 . 1 2 . 2 0 0 9 

Blatt 
Sheet 
Feuille 

1 Application No.: 03 796 549.8 
Date 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 = ETSI TS 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 12.0?CSX 
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Datum Anmelde-Nr.: 
Date O 9 . 1 2 . 2 0 0 9 

Blatt 
Sheet 
Feuille 

2 Application No.: 03 796 549.8 
Date 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 12.0?CSX 
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Datum Anmelde-Nr.: 
Date O 9 . 1 2 . 2 0 0 9 

Blatt 
Sheet 
Feuille 

3 Application No.: 03 796 549.8 
Date Demande n°: 

available in the virtual IR buffer is N1R which is signaled from higher layers for each HARO 
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 12.0?CSX 
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European Patent Office 
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or call 
+31 (0)70 340 45 00 

Substantive Examiner 
Name: Van Staveren, Martin 
Tel: +31 70 340 - 4037 
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09.12.2009 

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). 

Van Staveren, Martin 
Primary Examiner 
For the Examining Division 

Enclosure(s): 3 page/s reasons (Form 2906) 
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CLAIMS 

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

wireless communications, the m(➔thod comprising: 

§!;parating 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 _ _f.irst 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 when--on 

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

interleaved first parity bit stream a~d 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 vvhen 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 at least onean 

output of the virtual buffer. 

2. The method of claim l 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, \VTRU, arranged to communicate 

via turbo coded transport channels, the WTRU comprising: 

a hit separation circuit configured to separate bits in a tr·ansport 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 v,rhen 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 

configured to __ buffer a portion of the interleaved systematic bits, the 

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

w-h-e:B.-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 

e-n-e-an 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. 

-53c-
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Magnus Johansson/JTN 

Our ref. 

PC-EP-21020363 

FILED VIA EPOLINE ONLINE FILING 

European Patent Application No 03796549.8 

EN 
EUROPEAN PA TENT OFFICE 
DE-80298 MlJNCHEN 

in the name of INTERDIGIT AL TECHNOLOGY CORPORA. TION 

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 "A method of rate matching for turbo coded 

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 ~peed Downlink Shared Channel (HSDSCH). 

Claim 1 has been fmther 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 fmther amended in that it now clearly discloses "interleaving {urbo. 

encoded systematic bits", "interleaving a first turbo encoded parity bit stream", and 

"interleaving a second turbo encoded parity bit stream". Suppo1t 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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AWAPATENT AB Page 2(4) 
Our ref.: PC-EP-21020363 

Claim 1 has been clarified in that the phrase " ... at 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 c01mected to the outputs of the virtual buffer. 

Claim 4 has been amended in con-espondence with claim 1. 

Claim 4 has been further amended to disclose: "a virtual buffer conjzgured to;_ buffer 

the interleaved systematic bits ... when on a condition that the number of bits ... is not larger 

than the virtual biiffer,· and etHlflgured to biiffer a portion of the interleaved systematic 

bits ... when on a condition that the number o._f 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 fowe 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 

In view of this, amended claim 1 now specifies the environment in which the rate 

matching occurs, i.e. in "turbo coded transport channels in a wireless communications" and 

also specifies that it is "turbo 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 plmcturing 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 I and 4, the bit 

streams may be infinitely long and that this introduces 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 under 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 [O 13 7] 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.e. 

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 "et-kas-t-0nean output 

of the virtual buffer", it is clear that the Q,bjection 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 A1iicle 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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Blatt 
Sheet 
Feuille 

1 Application No.: 03 796 549.8 
Date 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. In response to the letter of reply of 21.01.2009: 

2. As is 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 12.0?CSX 
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Datum Anmelde-Nr.: 
Date 2 2 . 0 6 . 2 0 0 9 

Blatt 
Sheet 
Feuille 

2 Application No.: 03 796 549.8 
Date 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. In view 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 12.0?CSX 
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\Vhat is daimed is: 

g 

stages for processing a plurality of individual parity bit streams derived t 

puncturing a selected number of bits, a method of avoiding proble Turbo 

code puncturing patterns1 the method comprising: 

(a) determining whether or not a desired code rate, us to process the 

parity bit streams, results in a problematic puncturing pa m; and 

{b) if a problematic puncturing pattern results · 

number of bits punctured in one of the parity b · streams and decreasing the 

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

2. The method of claim 1 erein degradations in the quality of 

{Pl) bits and a second group o arity 2 (P2) bits are identified, and step (b) 

fo.rther comprises: 

(bl) adding pun bits to the first group of Pl bits; and 

(b2) removing ctured bits from the second group of P2 bits, wherein the 

puncturi.11g rates the Pl and P2 bits are biased by adding a number of non~ 

punctured Pl to the first group and decreasing the number ofnon-pun.ctured 

second group by the number ofnon•punctured Pl bits added to the 
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(c) determining a number of bits N using 

11umbe:r of bits at the input to each branch of rate m.akhing and P is th 

number of the Pl and P2 hits at the output of rate matching; and 

r ( ll '1=,maxi . f _P, !__r¥1!. ,otherwiseset~=O. 

l7N-! ! 2 2 7N+1 
--1 --

2 J 2 ; 

4. The method of claim 3, wherein n-punctming patterns: with a 

period of 7,¥/2 cause degradation in perfo ance results and N is a whole 

number. 

5. The method. of.claim 4 wh ein. the periods will be empkiyed whenever 

the average non-puncturing perio of Pl or P2 bits is within :± 1 or±¼ of 7 N /2 fo:r 

even and ocld N respectively, 

6. cation.a system employing a plurality of rate matching 

stages fo.r processing a urality of indhddual parity bit streams derived through 

code puncturing 

(a) aclju.s 

number of bits, a method of avoiding problematic Turbo 

ttems, the method c,emprising: 

the number of bits punctured in each of the parit:y bit streams 

by increasin the n:wnber of bits punctured in one of the parity bit streams and 

decreas~e number of bits punctured in another one of the parity hit streams; 

and / f) adjustillg the puncturing rates of ea<!, oi the parity bit streams 
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while ..,.;.,1.,;,,;,,g a com!aat Otetalt -•e ..,.;,,g ,are h, !file 
puncturing rates. 

7. The method of claim 6 wherein degradations in the 

punctured error correction coded transmissions having a first gro 

(Pl) hits and a second. group of parity 2 (P2) bits are identified) 

!:Om prises: 

{al} adding punctured bits to the first group of Pl bi ; and 

(a2) removing punctured bits from the second grou of P2 bits; and step (b) 

further comprises: 

(bl) biasing the puncturing rates of the Pl an 2 bits by adding a number 

ofn-0n~punctured Pl hits to the first group and 

punctured P2 bits in the second group by the ber of non~punctured Pl bits 

added to the first group, 

8, The method of claim 7 fu er comprising: 

~ I 41 1 ! 
N=:-+-i 

l 7P 2J wherein I is the 

number of bits at the input ach branch of rate matcll.mg and P is the total 

~ at the output of rate matching; and. 
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period of 7iV/2 cause degradation in performance results and f.t m a 

number. 

10, The method of claim 9 wherein the periods will 

whenever the average non•J>uncturingperiod of Pl or P2 bits is 'thin ±1 o:r :t½ 

of 7 N /1 for even and odd N respectively, 

11. A method of identifying degradations in q 

correction coded transmissions, the method compris • g: 

(a) identifying a puncturing pattern which a rox.ima.tes a particular code 

rate; and 

{b) adjusting a value for anticipated d adation in accordance with the 

matching of the puncturing pattern and particular code rate by increasing 

and decreasing the number of bits pun . .,.ed in respective parity bit streams, 

and biasing the partieular code rate. 

12. 11 wherein degradations in the quality of 

punctured error correction co d transmissions having a first group of parity l 

(Pl) bits and a second gro of parity 2 (P2) hits are identified, and step {b} 

further comprises: 

(bl) adding p ed hits to the first group of Pl bits; 

(b2} :removin punctu.~ bits from. the second group of P2 bits; and 

the puncturing: rates of the Pl and P2 bits to avoid 

problematic p cturing patterns by: 

i} adding a number of non-punctured Pl bits to the first group; and 

(ii.) deereasi.ng the number -0f non-punctured P2 hits in the second 

r the number of non-punctured Pl bits added to the first group. 

13. The method of claim 12 further comprising: 
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number of the Pl and P2 bits at the output of rate matching; and 

(d) if _J_. - ?.NI<!-~+ lflJ, calculate the bias 
(P/2) 2 2 2 

14. The method of claim 11 further 

(c) using Turbo code to imple ent the error correction coded 

transm.issions. 

15. 

(d) identifying when a n -punctured bit pattern of the transmissions 

exhibits s periodic charact tic, with a period equal to a period of a 

semi-periodic impulse resp e of recursive encoding block.,,; of the Turbo code; 

and 

(e) using the id ti.fled non-punctured bit patterns which exhibit a 

to identify puncturing patterns with degraded 

performance. 

I 
16. / A method of identifying degradations in the quality of punctured 

error corr~ion coded tnm.sm.issions having a first group of parity l (Pl) bits and 

group of parity 2 {P2) bits, the method comprising: 

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

IPR2023-01272 Page 35



I-2-0526.lWO 

(c) biasfagthe puncturing rates of the Pl and. P2 hits to avoi 

punctu...~g patterns by: 

{D adding a number of non•punetured Pl bits to the first 

(ii) decreasing the number of non-punctured. P2 hits • 

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

17. The method of claim 16 further comprising: 

(d) using Turbo code to im.ple.ment the err correction coded 

transmissions, 

18. The method of claim 17 further com 
(e) identifying wh.en a non-punctured b · pattern of the transmissions 

exhibits a periodic cliaraeteristk~ with a riod equal to a period of a 

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

and 

(f) using the identified non-p 

periodic characteristic puncturing patterns with degraded 

perfonnanee. 

19. ucing degradations in quality of punctured error 

corrected code transmiss · ns, the method comprising: 

{a) identifying uncturingpattern which approximate.s a particular code 

rate; and 

mismatch in 

the parameters of the transmissions sufficiently t-0 cause a 

pwicturing pattern and the particular code rate by increasing 

and dee.re · a the number of bits punctured in respective parity bit streams, 

and bia;' the particular code rate . 

./2°· The method of claim 19 further comprising: 

-44-
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{WTRU)~ including b,rlfer sizes that a.re supported by the Vt'TRU; 

(d) using puncturing to remove sufficient bits to fit into the buffi 

{e) adjusting an overall code rate so as to provide sufficient 

correction capab.ility, thereby providing a first rate in a first stage 

and providing a second rate in a seeond stage ofpu.ncturing. 

21. The method of claim 20, further comprising: 

{f) increasing non-punctured bits in one of the fl.rs tage and second stage 

of puncturing, and decreasing non-punctured bits in ther of the first stage and 

second stage of puncturing, thereby adding additi puncturing to one stage 

and removing it from the other stage. 

22. The method of claim 20 furth compram.g: 

(f) increasing no1vpunctured in the firnt stage and decreasing 

.noxFpu.nctured bits in the sei:::ond sta 

23. 0 further com.prising: 

(f) decreasing non-p 

non-punctiu-ed bits in the s 

ured bits in the first stage and in.creasing 

24. The met a of claim 20 further comprising: 

parity bits before rate matching occurs; and 

tly de-interleaving the parity bits, theteby avoiding a need 

ple the parity bits when performing periodic sampling in rate 

reby mitigating the effect of the periodicity of the puncturing 

A communications system for a.voiding problematic Turbo code 

cturing patterns, the system comprising: 

45. 
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individual parity bit streams; 

(b) means for adjusting the number of bits punctured in each stag 

match.mg; and 

(d meana for adjusting the number •Of bits punctured in 

plurality of parity bit streams by increasing the number of bits p 

of the parity bit streams and decreasing the number of bits p 

one of the parity bit streams, and biasing the puncturing r: of a problematic 

pun.cturing pattern. 

26. The system of claim 25 wherein de dations in the quality of 

punctured error correction coded transmissions :ving a fust group of parity 1 

(Pl) bits and a second group of parity 2 (P2} ts are identified, the means for 

adjusting the number of bits punctured i 

streams further comprising: 

(cl} means for adding punctur its to the first group of Pl bits; 

{c,2) means for removing pun red bits from the second group of P-2 bits; 

and 

(c3) means for biasing t puncturing rates of the Pl and P2 bits to a.void 

problematic puncturing pat ms, the biasing means including: 

{i) means for dding a number of non~pum.:tured Pl bits ta the first 

group; and 

(ii} me s for decreasing the number of non~punctured P2 bits in the 

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

27. he system of claim 26 further comprising; 

~ ! 4I 1 j 
N=!-+-, f means for determining a number of bits N using L 7 P 2 J wherein 

I 
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total number of the Pl and P2 bits at the output of rate mat.cbing; 

(e) means for caJculating tha bias 4 J .. J ! . _ P J--
1 

i., 1N.-tj 2 2 ll-2 

28. The system of claim 27, wherein on-puncturing patterns v.ith a 

period of 7li/z cause degradation in perl1 ce results and ft is a whole 

nw.nber, 

29. 8 wherein the periods will be employed 

whenever the average non-punc · g period of Pl or P2 bits is within ±1 or±½ 

of 7 i'r /2 for even and odd it 

30, A conum.:m· tions system for a.voiding problematic Turbo code 

puncl;1,.uing patterns, · e system comprising: 

of rate ma~g stages for prooossing a plurality of 

for adjusting the numb-ex of punctured bits in e.aeh of the parity 

bit streams y increasing the number of bits punctured in one of the parity bit 

streams_ftd decreasing the number of bits punctured in another one of the parity 

hit s¥ms; and 

(c) means for biasing the puncturing rates of each of the individual parity 

h · streams while maintaining a constant overall effective 

-47-
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The system of claim 30 wherein degradations in the qu. 

punctured error correction coded transmissions having a first group o arity l 

(P 1) bits and a second group .of parity 2 (P2} bits are identified, 

means for adjusting the number of punctured bits comprises: 

{bl) means for adding punctured bits to the first group 1 bits; and 

group of P2 bits; {b2) means !or removing punctured bits from the s~ 

and the means for biasing the puncturing rates comprise 

(cl) means for biasing the puncturing rates of th l and P2 bits to av@id 

problematic puncturing patterns, the biasing means duding: 

(i) means for adding a number of non- unctured Pl bits to the first 

group;and 

(il) means for decreasing the n,umN>.T of non-punctured P2 bits in the 

second group by the .number of non-pun ed Pl bits added to the first group. 

32.. The system ofdaim 31 

.~ i 4I 1 j 
N""1-+-1 

nw:nberofbits lv'using L 7P 2.J wherein 

l is the number of bits at the · put to each branch of rate matching and Pis the 

total number of the Pl P2 bits at the Qutput of rate matching; 

r I 1
'1 

I 

I 
· · I PP I" cula:tmg the hrn.s 6 "" max ~ . __ , _ _ .. ~ ,, ! if l 7~ -l 1 2 2 r ,~ +l 

11 
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33. The system of claim. 32, wherein non-puncturing patte 

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

rrumh-er. 

34. The system of claim 33 wherein the period will be em.ployed 

whenever the average non-puncturing period of Pl or P2 ts is withln ±1 or±½ 

of 7N/2 fur even and odd ii respectively. 

35. A communications system for ident · g degradations in quality of 

punctured error corr-ection coded transmissio 1 the system comprising: 

(a) me.ans for identifying a p'IW · g pattern. which approximates a 

particular code rate; and 

(o) means for adjusting a value r anticipated degradation in accordance 

\",'l.th the matching of the pun.et pattern and the particular code rate by 

er of bits punctured in respective parity bit 

g rate of a problematic puncturing pattern. 

36. The system f daim 35 wherein degradations in the quality of 

on coded transmissions having a first group of parity 1 

group of parity 2 (P2) bits are identified, the means for 

adjusting a value r anticipated degradation further comprising: 

for adding punctured bits to the first group of Pl bits; 

ans for removing punct1J.red bits from the second group of P2 bits; 

and 
I r) means for biasing the puncturing rates of the Pl and P2 bits to avoid 

pro~~inatic puncturing patterns, the biasing means including: 
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group; and 

(H meaus fm achtt.ttg a ui.i.tttbei of:m:Jrt•pWlctwed Pl bits oo the it 
(ii) means fur decreasing the number of non-punctured P2 bi in the 

second g:roup by the number of non-punctured Pl bits added to the fi t group. 

37, The system of claim 36 further com.prising: 

« 4[ !j N -+-
{c) means for determining a. number of bits N using L 7 P 2 wherein 

l is the number of bit$ at the in.put to each branch. ofra matcl:ung and Pis the 

total number of the Pl and P2 bits at the output of te matching; 

{d) means for calculating the bias t:.,,. 

{e) means for setting bi A= 0 1f --- 21--+ - , . · 1 J ¥ii/ Fl ·l'itl 
( P 12) 2 , 2 1.. 2 J 

38. of claim 35 fu...---ther comprising: 

ing Turbo code to implement the error correction coded 

transmissions. 

39. e system of claim 38 further comprising: 

eans for identifying when a non-punctured bit pattern of the 

trans · ions exhibits a periodic characteristic, with a period equal to a period of 

-periodic impulse response of recursive encoding blocks <,lithe Turbo code; 

.. so-
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exhibit a periodic characteristic to identify puncturing patterns with de 

perlormance. 

40. A communications system for identifying degradatio 

of punctured error correction coded transmissions having a first 

{Pl) bits and a second group of parity 2 (P2} bits. the syste 

ed 

(a) means for adding punctured bits to the first gro of Pl bits; 

{h}m.eans forremovin.g punctured bits from the cond group of P2 bits; 

and 

{c} means for biasing the pum:turing rates o the Pl and P2 bits to avoid 

problematic puncturing patterns, the biasing m s W Including: 

(i) means for adding a number o on•punctured Pl bits to the first 

group;and 

umberofnon•punctured P'J bits in the 

second group by the number of non•p ctured Pl bits added to the first group. 

41. The system of cla · ;,t-O further comprising: 

o code to implement the error correction coded 

transmissions, 

42. The sys+ of claim 41 further comprising: 

(e) means for nentify.ing when a non~punctured bit pattern ofthe 

bits a periodic characteristic, w.ith. a period equal to a period of 

a semi-periodi i.mpulse response of recursiv~ encoding blocks of the Turbo code; 

and 

(f) foans for using the identified non-pun(..>ture-d hit patterns which 

exhlbi' periodic characterlstic to identify puncturing patterns with degraded 
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punctured error corrected code transmissions, the system comprising; 

(a) means for identifying a pun<:turing pattern which approxima 

particular code rate; and 

{b) means for adjusting the parameters of the transmi<.sions s ciently to 

cause a mismatch in the puncturing pattern and the partkul code rate by 

increasing and decreasing the number of bits pun.ctured. in re ective parity bit 

streams, a.'ld biasing the particular code rate, 

44. 'l'he system of claim 43 further comprisi 

{c) means for determining a capacity of a wfr ess transmit and receive 

unit CWTRU)3 inchJding buffer siz-es that are sup rted by the WT.RU; 

(d) means for using puncturing to remo 

buffer; and 

(e) means for adjusting an overall e rate so as to provide sufficient 

error correction capability. thereby p viding a first rate in a iU"St stage of 

punetunng and providing a second te in a second stage of puncturing. 

45. The .system of els· 44, further comprising: 

(f) means for increas· non-punctured bits in on.e of the first stage and 

second stage of puncturin • and decreasing non-punctured bits in another of the 

first stage and seconds ge of puncturing, thereby .adding additional pum:turing 

to one stage and re ing: it from the other stage. 

46. system of claim 44 further comprising: 

ns for increasing non.punctured bits in the first stage and 

decreas7on-pm1ctu:red bits in the second stage. 

I /4 7, The system of claim 4-4 further comprising: 
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48. 

(i) means for interleaving pari 

(g) means for subse~-~-Y de-interleaving the parity bits, thereby 

avoiding a need "''"' .... ..., ... odieally sample the parity bits when perfonni.ng periodic 

sampli · rate matchlng1 thereby mitigating the effect of the periodicity of the 
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.L...._ __ _A method of rate matching comprisinz.: 

interl~,aving svstematic bits; 

interleaving a first par:i,tv bit stream; 

interleaving a second p~:ritv bit stream; 

buiTering the infa.~rleaved ~.§.Um.1.f!.tic hits, the interleaved. first parity _hit 

stream and tl}§ interleaved ~econd paritv bit stream in a ·virtual buffei· i;1r,rh~thg 

number of bits of the interleaved svstematic bits, the intt~rleaved first paritv hit 

§tream and the interleaved second mnit:v bit st.1Leam is not larger than th.©. . .Yi:i::tuaj_ 

buffer; 

bu:ffering a p<.r1'tion of the interleaved svstematic bits. the interleaved first 

paritv bit strean1.ffti,d .. th.@jnt~xk.aved second parity bit st:rean:L:.whg.n .. thg,.Jlumber of 

bits of the interleaved svstemat:ic bits, the interleaved first parity bit stream and 

:th&itJ.tf.~rfoavE.~d seccmd pa1:i1v bit. strean1 is larger than the virtual buff~"'r; and 

ll.fil!ill a rate-matching unitto perfonn rate matching on at least one output of 

the virtual buffer. 

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

interleaved. svstenmtic bits. 

The method of claim l further comprising: 

i.~o!h.~c.:ting bits associafod with tlrn intfftleaved svstematie bits, tht~ intt~rlmlved 

firstparitv bit stream.and.the.intel"leavedJsecond parity bit stream. 

4. A ,vireless transmit/receive unit, \VTRU, comprising: 

a first interl1::~aver configured to interleave svstemat..ic bit,fu. 

a second interleaver i~g_r;i.l\gured to interleave a first paritv bit st.ream; 

{!_tbh·d interleaver cpnfi.gured to interleave a second parity bit stream; 
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a virtual buffer eonfo;ur(id. to buffor the inted<2av1;_~d svstematie bits, tbe 

inte:deav~~d .first naritv hit stream and the inte1:·leaved second paritv bit stream 

when the number of bits of the interleaved systematic bits, the .interleaved first 

naritv bit stream and the interleaved second naritv bit stream is not Iaxger than the 

-vi.1:'tual htrll'.QI and configured to buffer 1:1...ru:n:-t.ion. of the intQ.deaved svstematic bits. 

the interleaved first paritv bit stream and the interleaved second parity bit stri,}am 

when the number of hits of the interleaved systematic hits, the interleaved first 

parity bit stn~am and J;h~. intedli.,aw.~d seco11£LJ.?arity bit stream is largeLJlrn.IL thti 

virtual buffer; and 

a rate n:1atqp.ing unit configured to perform rate matching on. .ftt leas_t one 

output of the virtual_buffer. 

5. The WTBJJ of claim 4 v,,rherein the buffered :po1'tion includes all of the 

interleaved svstematie bits. 

6. The 'vVTRU of daim_ 4:Jtuthgr comprising_:. 

a bit: collectim:L unit configured to collect bits associated. with the interleaved 

systernat.ic hits, the interleaved. first pa.rit..Y . .hi.t3tre%m and the i.nterleav~_rl second 

paritv bit stream. 
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Signed by: SE, Awapatent AB, M. Johansson 6572 

Capacity: (Representative) 
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Acknowledgement of receipt 

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

Submission number 1484854 

Application number I EP03796549.8 

Date of receipt 125 November 2008 

Receiving Office European Patent Office, The Hague 

Your reference PC-EP-21020363 

Applicant I All applicants as on file 

Documents submitted package-data.xml 

epf1038.pdf (1 p.) 

ep-sfd-request.xml 

MEPA-1.pdf\20081125_21020363_Re 
ply 70_2_.pdf (1 p.) 

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

Method of submission 

Date and time 
receipt generated 

Online 

125 November 2008, 14:11 (GET) 

Message Digest D0:8E:84:78:86:4C:2B:38:45:3C:30:F9:B6:AA:8D:B1:D7:80:5B:8D 

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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Europaisches 
Patentamt 

European 
Patent Office Letter accompanying subsequently filed items 

Sender: 

Office europeen 
des brevets 

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 

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

P.O. Box 5818 
NL-2280 HV Rijswijk 
Netherlands 
Tel. +31(0)70 340-2040 I Fax -3016 

10958 Berlin 
Germany 
Tel. +49(0)30 25901-0 I 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 

Description of document 

Maintenance of the application 

Payment 

Mode of payment 

Annotations 

Awapatent' s reference(Maria Kusmark; 20.8-.1-25) 

1. Remark(Annotate) 

Original file name 

20081125 _21020363 _Reply 70 _2_. pdf 

Not specified 

Please note our reference in your registers: PC-EP-21020363. 

Statement 

03796549.8 

PC-EP-21020363I 

Assigned file name 

MEPA-1.pdf 

The undersigned hereby declares that the subsequently filed items do NOT contain or are NOT intended to contain any communication 
relating either an appeal, an opposition, a limitation, a revocation proceeding or any proceedings for review (Special edition No. 3 OJ EPO 
2007, A.4. Article 2(3) "Paragraph 1 shall not apply to documents in opposition proceedings, in European patent limitation or revocation 
proceedings, in appeal proceedings, or in proceedings for review by the Enlarged Board of Appeal of decisions of the boards of appeal."). 

Signatures 

Place: Helsingborg 

Date: 25 November 2008 

Signed by: SE, Awapatent AB, M. Johansson 6572 

Capacity: (Representative) 
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Helsingborg 

25 November 2008 

Handled by 

Maria Kusmark 

Our ref. 

PC-EP-21020363 

FILED VIA EPOLINE ONLINE FILING 

European Patent Application No. 03796549.8 

EUROPEAN PATENT OFFICE 
DE-80298 MUNCHEN 

in the name ofINTERDIGITAL TECHNOLOGY CORPORATION 

Dear Sirs, 

In reply to your Communication of 29.09.2008 pursuant to Rule 70 EPC, please proceed 

further with the European Patent Application. 

Yours faithfully, 

/Magnus Johansson/ 
Professional Representative 
AWAPATENT AB 

HELSINGBORG 

Jiirnvilgsgatan IO A, 3 tr 
Box 1066 
SE-251 10 HELSINGBORG 
SWEDEN 

Telephone +46 42 32 99 00 
Fax +46 42 32 99 01 
Email mail@awapatent.com 
Homepage www.awapatent.com 

VAT No. SE556082702301 

MALMO (Head office and registered office) 
STOCKHOLM COPENHAGEN SODERHAMN 
GOTEBORG V AXJO OSTERSUND 
LINK OPING JONKOPING 
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Europaisches 
Patentamt 

European 
Patent Office 

Office europeen 
des brevets 

1111111 111111111111111 IIIII IIIII IIIII IIIII IIIII IIII IIII 
Johansson, Magnus 
Awapatent AB 
Jarnvagsgatan 1 O A 
Box 1066 
251 10 Helsingborg 
SUEDE 

Reference 

European Patent Office 
Postbus 5818 
2280 HV RIJSWIJK 
NETHERLANDS 
Tel. +31 (0)70 340-2040 
Fax +31 (0)70 340-3016 

For any questions about 
this communication: 

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

29.09.08 

03796549.8 - 1247 / 1573923 PCT/US0338223 I 
Application No./Patent No. 

Applicant/Proprietor 

INTER DIGITAL TECHNOLOGY CORPORATION 

Proceeding further with the European patent application pursuant to Rule 70(2) EPC 

A supplementary European search report has been drawn up concerning the above European patent 
application (publication number 1573923). 

Since a request for examination has been filed (R. 70(1) EPC) and the examination fee has been paid 
(Art. 94(1) EPC) prior to the transmission of the supplementary European search report, you are hereby 
invited to indicate within 

two months 

of notification of this invitation whether you desire to proceed further with the European patent application. 

If you do not indicate in due time that you desire to proceed further with the European patent application, it 
will be deemed to be withdrawn (R. 70(3) EPC). 

If you wish you may comment on the supplementary European search report and amend, where appropriate, 
the description, claims and drawings (R. 70(2) EPC). 

Registered letter 
EPO Form 1224 12.07 DMEX 
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Europaisches 
Patentamt 

European 
Patent Office 

Office europeen 
des brevets 

1111111 111111111111111 IIIII IIIII IIIII IIIII IIIII IIII IIII 
Johansson, Magnus 
Awapatent AB 
Jarnvagsgatan 1 O A 
Box 1066 
251 10 Helsingborg 
SUEDE 

Reference 

European Patent Office 
Postbus 5818 
2280 HV RIJSWIJK 
NETHERLANDS 
Tel. +31 (0)70 340-2040 
Fax +31 (0)70 340-3016 

For any questions about 
this communication: 

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

10.09.08 

03796549.8 - 1247 / 1573923 PCT/US0338223 I 
Application No./Patent No. 

Applicant/Proprietor 

INTER DIGITAL TECHNOLOGY CORPORATION 

Communication 

The European Patent Office herewith transmits as an enclosure the supplementary European search report 
under Article 153(7) EPC for the above-mentioned European patent application. 

If applicable, copies of the documents cited in the European search report are attached. 

6a' Additional set(s) of copies of the documents cited in the European search report is (are) enclosed 
as well. 

Refund of the search fee 

If applicable under Article 9 Rules relating to fees, a separate communication from the Receiving Section 
on the refund of the search fee will be sent later. 

EPO Form 1507.4 12.07 
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SUPPLEMENTARY 
European Patent 

Office 

PARTIAL EUROPEAN SEARCH REPORT Application Number 

which under Rule 63 of the European Patent Convention EP 03 79 6549 
shall be considered, for the purposes of subsequent 
proceedings, as the European search report 

Category 

D,A 

DOCUMENTS CONSIDERED TO BE RELEVANT 
Citation of document with indication, where appropriate, 

of relevant passages 

3GPP: 11 3GPP TR 25.944 11 [Online] 
June 2001 (2001-06), pages 1-64, 
XP002492854 
Retrieved from the Internet: 
URL:http://www.3gpp.org/ftp/specs/archive/ 
25%5Fseries/25.944/> 
[retrieved on 2008-08-20] 
* the whole document* 

Relevant 
to claim 

1-48 

D,A 11 Universal Mobile Telecommunications 1-48 
System (UMTS); Multiplexing and channel 
coding (TDD) (3GPP TS 25.222 version 3.8.0 
Release 1999); ETSI TS 125 222 11 

ETSI STANDARDS, LIS, SOPHIA ANTIPOLIS 
CEDEX, FRANCE, 
vol . 3- Rl, no. V3. 8. 0, 
1 March 2002 (2002-03-01), XP014008471 
ISSN: 0000-0001 
* the whole document* 

The suP,plementary search report has been based on the last set of claims valid 
and available at the start of the search. 

INCOMPLETE SEARCH 
The Search Division considers that the present application, or some or all of its claims, does/do 
not comply with the EPC to such an extent that a meaningful search into the state of the art cannot 
be carried out, or can only be carried out partially, for the following claims: 

Claims searched completely : 

Claims searched incompletely : 

Claims not searched : 

Reason for the limitation of the search: 

see sheet C 

CLASSIFICATION OF THE 
APPLICATION (IPC) 

INV. 
H03M13/35 
H03M13/27 

TECHNICAL FIELDS 
SEARCHED (IPC) 

H03M 

11-------------~------------~------'-------------1 
Place of search Date of completion of the search Examiner 

! The Hague 21 August 2008 Van Staveren, Martin g e,_t--------------------------------....._----------------1 
i1l CATEGORY OF CITED DOCUMENTS T: theory or principle underlying the invention 
gj E : earlier patent document, but published on, or 

X: particularly relevant if taken alone after the filing date 
S Y: particularly relevant if combined with another D: document cited in the application 
~ document of the same category L : document cited for other reasons 
~ A: technological background 
~ 0 : non-written disclosure 
o P : intermediate document 
0.. 

& : member of the same patent family, corresponding 
document w....._ ________________________________________ ~ 
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European Patent 

Office 
INCOMPLETE SEARCH 

SHEETC 

Claim(s) searched incompletely: 
1-48 

Reason for the limitation of the search: 

Application Number 

EP 03 79 6549 

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, insofar as they are 
understood in the light of the description, relate to non-patentable 
subject-matter (Art. 52(2)(c) EPC). 
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Europaisches 
Patentamt 

European 
Patent Office 

Office europeen 
des brevets 

1111111 111111111111111 IIIII IIIII IIIII IIIII IIIII IIII IIII 
Johansson, Magnus 
Awapatent AB 
Jarnvagsgatan 1 O A 
Box 1066 
251 10 Helsingborg 
SUEDE 

Reference 

Applicant/Proprietor 

03796549.8 - 1247 I 
Application No./Patent No. 

INTER DIGITAL TECHNOLOGY CORPORATION 

I 
Date 

- 29.02.08 

European Patent Office 
Postbus 5818 
2280 HV RIJSWIJK 
NETHERLANDS 
Tel. +31 (0)70 340-2040 
Fax +31 (0)70 340-3016 

For any questions about 
this communication: 

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

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 1 O 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 
"es Patentc1 

-~,sC "7t 

(~) ~~ ~ v0 ,:,vi. 
0(/. 'o 
- 0Jna a~\n(.) • 

EPO Form 2548 12.07 26.02.08 EB21171 
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MAWAPATENT 
Helsingborg 

1 February 2008 
EUROPEAN PATENT OFFICE 
DE-80298 MUNCHEN 

Handled by 

Mikael Andersson 

Our ref. 

Change ofrepresentative, LGD 

EPO-Munich 
23 

2 5. Feb. 2008 

Change of Professional Representative 

Dear Sirs, 

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

Application No. 

06110604 
05112794 
05112519 
05112140 '-, 

05111247 
05008246 
06110903 
06115338 
06100433 
05017355 
05012005 
05712317 

04815476 

04815069 

04801721 
04819104 

04817901 

04811133 

04800968 

04800340 
04795404 

04795147 

04775563 
04782601 

04783975 

04783413 

04782818 

04775521 

HELSfNGBORG 

Jlimvilgsgatan IO A, 3 tr 
Box 1066 

Applicant Former New 
representative representative 

FOSS Analvtical AB GRONLUND, Tim Linus Wilhelm AKESSON, Jan-Ake 
Axis AB GRONLUND, Tim Linus Wilhelm ANDERSSON, Mikael 
Emotron AB GRONLUND, Tim Linus Wilhelm ANDERSSON, Mikael 
SudnifS. A. GRONLUND, Tim Linus Wilhelm ANDERSSON, Mikael 
SudnifS. A. GRONLUND, Tim Linus Wilhelm ANDERSSON, Mikael 
REGATHAB GRONLUND, Tim Linus Wilhelm AKESSON, Jan-Ake 
HemocueAB GRONLUND, Tim Linus Wilhelm ANDERSSON, Mikael 
HemocueAB GRONLUND, Tim Linus Wilhelm ANDERSSON, Mikael 
PMantomAB GRONLUND, Tim Linus Wilhelm GIVER, Soren 
MOVING AB GRONLUND, Tim Linus Wilhelm ANDERSSON, Mikael 
HMS Industrial Networks AB GRONLUND, Tim Linus Wilhelm JOHANSSON, Magnus 
Interdigital Technology GRONLUND, Tim Linus Wilhelm JOHANSSON, Magnus 
Comoration 
Interdigital Technology GRONLUND, Tim Linus Wilhelm JOHANSSON, Magnus. 
Comoration 
Interdigital Technology GRONLUND, Tim Linus Wilhelm JOHANSSON, Magnus 
Comoration 
FOSS Analvtical AB GRONLUND, Tim Linus Wilhelm AKESSON, Jan-Ake 
lnterdigital Technology GRONLUND, Tim Linus Wilhelm JOHANSSON, Magnus 
Comoration 
lnterdigital Technology GRONLUND, Tim Linus Wilhelm JOHANSSON, Magnus 
Comoration 
lnterdigital Technology GRONLUND, Tim Linus Wilhelm JOHANSSON, Magnus 
Corporation 
Interdigital Technology GRONLUND, Tim Linus Wilhelm JOHANSSON, Magnus 
Comoration 
ScaladoAB GRONLUND, Tim Linus Wilhelm ANDERSSON, Mikael 
Interdigital Technology GRONLUND, Tim Linus Wilhelm JOHANSSON, Magnus 
Comoration 
lnterdigital Technology GRONLUND, Tim Linus Wilhelm JOHANSSON, Magnus 
Comoration 
HOGANASAB GRONLUND, Tim Linus Wilhelm ANDERSSON, Mikael 
lnterdigital Technology GRONLUND, Tim Linus Wilhelm JOHANSSON, Magnus 
Comoration 
lnterdigital Technology GRONLUND, Tim Linus Wilhelm JOHANSSON, Magnus 
Corporation 
lnterdigital Technology GRONLUND, Tim Linus Wilhelm JOHANSSON, Magnus 
Como ration 
lnterdigital Technology GRONLUND, Tim Linus Wilhelm JOHANSSON, Magnus 
Corooration 
Ronning, Lennart GRONLUND, Tim Linus Wilhelm ANDERSSON, Mikael 

VAT No. SE55608270230I 

Telephone +46 42 32 99 00 MALMO (Head office and registered office) 
Fax +46 42 32 99 01 STOCKHOLM COPENHAGEN 

SE-251 10 HELSfNGBORG 
SWEDEN 

Email mail@awapatent.com 
Homepage www.awapatent.com 

GOTEBORG V AXJO 
LINKO PING JONK0PfNG 

!:.,.1 ·,: (' i_111c111,~>' .:: :-,1";1( f~,,;r,:;::.'\·!·,'•\": •''..·:·;, L,1J°_I'< r·d).drw 

Registration No. 
ofnew 
representative 
9204560 
9203670 
9203670 
9203670 
9203670 
9204560 
9203670 
9203670 
0079100 
9203670 
9208840 
9208840 

9209290 

9208840 

9204560 
9208840 

9208840 

9208840 

9208840 

9203670 
9208840 

9208840 

9203670 
9208840 

9208840 

9208840 

9208840 

9203670 

SODERHAMN 
OSTERSUND 
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AWAPATENT AB 

04757134 
04786564 

04778880 

04778172 

04778184 

04777397 

04785744 

04751468 

04751325 

04749044 
04753976 
04748998 
04776082 

04754269 
04734397 

04760811 

04759634 

04727470 
04723886 
04722495 
04721416 
04721412 
04720334 

04718470 
04715103 

04711833 

04711082 
04711075 
04711072 
04710298 

04710293 

04709926 

04708948 

04706906 
04702546 

03796549 

03799895 

03790222 

03789818 

03783365 

03797784 
03738869 
03733810 
03733734 
03723561 
02773099 
00989155 
00989154 
00989153 
97935247 

IPR Licensing, Inc. 
Interdigital Technology 
Corooration · 
Interdigital Technology 
Corporation 
Interdigital Technology 
Corooration 
Interdigital Technology 
Corooration 
Interdigital Technology 
Corporation 
Interdigital Technology 
Corooration 
Interdigital Technology 
Corooration 
Interdigital Technology 
Corporation 
FOSS Analvtical AB 
IPR Licensing, Inc. 
Secumanagement B.V. 
Interdigital Technology 
Corooration 
Kim, Tae Joon 
SANTEN 

EP'O-Munlch 
23 

?51 =-P-h ,nnR 
GRONLUND, Tim Linus Wilhelm 
GRONLUND, Tim Linus Wilhelm 

GRONLUND, Tim Linus Wilhelm 

GRONLUND, Tim Linus Wilhelm 

GRONLUND, Tim Linus Wilhelm 

GRONLUND, Tim Linus Wilhelm 

GRONLUND, Tim Linus Wilhelm 

GRONLUND, Tim Linus Wilhelm 

GRONLUND, Tim Linus Wilhelm 

GRONLUND, Tim Linus Wilhelm 
GRONLUND, Tim Linus Wilhelm 
GRONLUND, Tim Linus Wilhelm 
GRONLUND, Tim Linus Wilhelm 

GRONLUND, Tim Linus Wilhelm 
GRONLUND, Tim Linus Wilhelm 

PHARMACEUTICAL CO., 
LTD. 
Interdigital Technology GRONLUND, Tim Linus Wilhelm 
Corooration 
Interdigital Technology GRONLUND, Tim Linus Wilhelm 
Corooration 
HOGANASAB GRONLUND, Tim Linus Wilhelm 
HOGANASAB GRONLUND, Tim Linus Wilhelm 
HOGANASAB GRONLUND, Tim Linus Wilhelm 
HOGANASAB GRONLUND, Tim Linus Wilhelm 
Mitrionics AB GRONLUND, Tim Linus Wilhelm 
Jnterdigital Technology GRONLUND, Tim Linus Wilhelm 
Corporation 
HOGANASAB GRONLUND, Tim Linus Wilhelm 
Interdigital Technology GRONLUND, Tim Linus Wilhelm 
Corporation 
Interdigital Technology GRONLUND, Tim Linus Wilhelm 
Corporation 
BJORKEBO GARD AB GRONLUND, Tim Linus Wilhelm 
BJORKEBO GARD AB GRONLUND, Tim Linus Wi-lhelm 
Axis AB GRONLUND, Tim Linus Wilhelm 
Interdigital Technology GRONLUND, Tim Linus Wilhelm 
Corporation 
Interdigital Technology GRONLUND, Tim Linus Wilhelm 
Corporation 
Interdigital Technology GRONLUND, Tim Linus Wilhelm 
Corporation 
KONSULTFIRMA BERTIL GRONLUND, Tim Linus Wilhelm 
PETTERSSON 
Axis AB GRONLUND, Tim Linus Wilhelm 
Interdigital Technology GRONLUND, Tim Linus Wilhelm 
Corporation 
Interdigital Technology GRONLUND, Tim Linus Wilhelm 
Corporation 
Interdigital Technology GRONLUND, Tim Linus Wilhelm 
Corporation 
Interdigital Technology GRONLUND, Tim Linus Wilhelm 
Corporation 
Interdigital Technology GRONLUND, Tim Linus Wilhelm 
Corporation 
Interdigital Technology GRONLUND, Tim Linus Wilhelm 
Corporation 
FOSS Analytical AB GRONLUND, Tim Linus Wilhelm 
Zi DecumaAB GRONLUND, Tim Linus Wilhelm 
FOSS Analytical AB GRONLUND, Tim Linus Wilhelm 
FOSS Analytical AB GRONLUND, Tim Linus Wilhelm 
Secumanagement B.V. GRONLUND, Tim Linus Wilhelm 
Secumanagement B.V. GRONLUND, Tim Linus Wilhelm 
Secumanagement B. V. GRONLUND, Tim Linus Wilhelm 
Secumanagement B.V. GRONLUND, Tim Linus Wilhelm 
Secumanagement B. V. · GRONLUND, Tim Linus Wilhelm 
HOGANASAB GRONLUND, Tim Linus Wilhelm 

Page 2(3) 
Our ref.: Change of representative, LGD 

JOHANSSON, Magnus 9208840 
JOHANSSON, Magnus 9208840 

JOHANSSON, Magnus 9208840 

JOHANSSON, Magnus 9208840 

JOHANSSON, Magnus 9208840 

JOHANSSON, Magnus 9208840 

JOHANSSON, Magnus 9208840 

JOHANSSON, Magnus 9208840 

JOHANSSON, Magnus 9208840 

AKESSON, Jan-Ake 9204560 
JOHANSSON, Magnus 9208840 
MILANOV, Nina 0143670 
JOHANSSON, Magnus 9208840 

AKl::SSON, Jan-Ake 9204560 
MATTSSON, Niklas 0135220 

JOHANSSON, Magnus 9208840 

JOHANSSON, Magnus 9208840 

ANDERSSON, Mikael 9203670 
ANDERSSON, Mikael 9203670 
ANDERSSON, Mikael 9203670 
ANDERSSON, Mikael 9203670 
JOHANSSON, Magnus 9208840 
JOHANSSON, Magnus 9208840 

ANDERSSON, Mikael 9203670 
JOHANSSON, Magnus 9208840 

JOHANSSON, Magnus 9208840 

ANDERSSON, Mikael· 9203670 
ANDERSSON, Mikael 9203670 
ANDERSSON, Mikael 9203670 
JOHANSSON, Magnus 9208840 

JOHANSSON, Magnus 9208840 

JOHANSSON, Magnus 9208840 

JOHANSSON, Magnus 9208840 

ANDERSSON, Mikael 9203670 
JOHANSSON, Magnus 9208840 

JOHANSSON, Magnus 9208840 

JOHANSSON, Magnus 9208840 

JOHANSSON, Magnus 9208840 

JOHANSSON, Magnus 9208840 

JOHANSSON, Magnus 9208840 

AKESSON, Jan-Ake 9204560 
MILANOV, Nina 0143670 
AKESSON, Jan-Ake 9204560 
AKESSON, Jan-Ake 9204560 
MILANOV, Nina 0143670 
MILANOV, Nina 0143670 
MILANOV, Nina 0143670 
MILANOV, Nina 0143670 
MILANOV, Nina 0143670 
ANDERSSON, Mikael 9203670 
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AWAPATENT AB Page 3(3) 
Our ref.: Change of representative, LGD 

Yours faithfully, 

GRONLUND, Linus 

c{/:tc« ·.tl~~-=:J-·--
ANDERSSON, Mikael 

1 

~~ 
MATTSSON, Niklas 
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~AWAPATENT 
Helsingborg 

2007-01-30 

Handled by 
Stefan Hjelmqwist · 

Our reference 

New address of our Helsingborg office 

Dear Sirs, 

EUROPEAN PA TENT OFFICE 
DE-80298 MUNCHEN 

EPO~ Munich 
28 

O.Z.Feb. 2007 

Please, be informed that our office in Helsingborg on February 5 is moving into new 
premises with the following address. 

Postal address: 

Visiting address: 

Box 1066, 25110 Helsingborg 

Jiirnvligsgatan 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, 

Stefan Hjelmqwist 
Vice President, Helsingborg 

E-mail: stefan.hjelmqwist<@awapatent.com 
Telephone: +46 42 32 99 05 

- Mobile: +46 708 86 87 97 

HELSINGBORG , 
Jlimvligsgatan IOA 
Box 1066 
251 10 HELSINGB0RG 
SVERIGE 

Telefon 042-32 99 00 
Fax 042-32 99 01 
Epost mail@awapatent.com 
Hemsida www.awapatent.com 

s 

0rg.nr. 556082-7023 

MALMO (Huvudkontor och styrelsens sate) 
STOCKHOLM K0PENHAMN S0D ERHAMN 
G0TEB0RG V AxJ0 OSTERSUND 
LINK0PING J0NK0PING 
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P.B.5818- Patentlaan 2 
2280 HV Rijswijk (ZH) 
':!: (070) 3 40 20 40 
FAX (070) 3 403016 

Europaisches 
Patentamt 

Generaldirektion 1 

European 
Patent Office 

Directorate General 1 

Office europeen 
des brevets 

Direction generale 1 

Gronlund, Tim Linus Wilhelm 
AWAPATENT AB 

1111111111111111111111111111111111111111111111111111111 

Berga Alie 1 
254 52 Helsingborg 
SUEDE 

Reference 

EPO Customer Services 

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

I Date 
21.11.06 

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

Applicant/Proprietor 

INTER DIGITAL TECHNOLOGY CORPORATION 

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

The communication issued pursuant to Rule 17(3) EPC, sent to the inventor designated below, has been 
returned by the postal services. 
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What is claimed is: 

1. In a communications system employing a plurality ofrate 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 

(Pl) bits and a second group of parity 2 (P2) bits are identified, and step (b) 

further comprises: 

(bl) adding punctured bits to the first group of Pl bits; and 

(b2) removing punctured bits from the second group of P2 bits, wherein the 

puncturing rates of the Pl and P2 bits are biased by adding a number of non­

punctured Pl bits to the first group and decreasing the number of non-punctured 

P2 bits in the second group by the number of non-punctured Pl bits added to the 

first group. 

3. The method of claim 2 further comprising: 
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N =l4/ +.!.J 
( c) determining a number of bits N using 7 P 2 wherein /is the 

number of bits at the inp.ut to each branch of rate matching and P is the total 

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

(d} if LL -7NI d-N +lf.,J, calculate the bias f<P/2) 2 2 2 · 

4. The method of claim 3, wherein non-puncturing patterns with a 

period of 7 f.l/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 Pl or P2 bits is within ±1 or±½ of 7 f.l/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 

-40-
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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 

(Pl) 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 Pl bits; and 

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

further comprises: 

(bl) biasing the puncturing rates of the Pl and P2 bits by adding a number 

of non-punctured Pl bits to the first group and decreasing the number of non­

punctured P2 bits in the second group by the number of non-punctured Pl bits 

added to the first group. 

8. The method of claim 7 further comprising: 

N= -+-A l4J lj 
(c) determining a number of bits N using 7 P 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 Pl and P2 bits at the output of rate matching; and. 

(d) if~-
7/irl <I- JV +lNJ, calculate the bias f{P72) 2 2 2 

6 = maxi~/_ P , P _ fi¥11 I • otherwise set /l = 0. 
1N-l 2 2 1N+l -- --

2 2 
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9. The method of claim 8, wherein non-puncturing patterns with a 

period of 7 N /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 Pl or P2 bits is within ±1 or±½ 

of 7 N /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 

(Pl) bits and a second group of parity 2 (P2) bits are identified, and step (b) 

further comprises: 

(bl) adding punctured bits to the first group of Pl bits; 

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

(b3) biasing the puncturing rates of the Pl and P2 bits to avoid 

problematic puncturing patterns by: 

(i) adding a number of non-punctured Pl 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 Pl bits added to the first group. 

13. The method of claim 12 further comprising: 
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A l4/ ·J 
(c) determining a number of bits N using N = 1 P + 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 Pl and P2 bits at the output of rate matching; and 

(d) if _I __ ?NI<,_ N +lNJ, calculate the bias 
(P/2) 2 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 (Pl) bits and 

a second group of parity 2 (P2) bits, the method comprising: 

(a) adding punctured bits to the first group of Pl bits; 
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(b) removing punctured bits from the second group of P2 bits; and 

(c) biasing the puncturing rates of the Pl and P2 bits to avoid problematic 

puncturing patterns by: 

(i) adding a number of non-punctured Pl 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 Pl 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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(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: 

-45-
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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 

(Pl) 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: 

(cl) means for adding punctured bits to the first group of Pl bits; 

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

and 

(c3) means for biasing the puncturing rates of the Pl and P2 bits to avoid 

problematic puncturing patterns, the biasing means including: 

(i) means for adding a number of non-punctured Pl 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 Pl bits added to the first group. 

27. The system of claim 26 further comprising: 

A l 4/ lj 
(d) means for determining a number of bits N using N = 7 P + 2 wherein 
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I is the number of bits at the input to each branch of rate matching and Pis the 

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

(el means for calculating the bias A = ,..J~_ P P _ 1 ) if k¥J 2. 2 r 7~+11 

- <1--+ - · and 
~
N N lNJ 2 2 2 I 

(f) means for setting bias /J. = 0 if I ~~ - 7 /VI ;, I - JV + l NJ . j(P72} 2 2 2 

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

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

number. 

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

whenever the average non-puncturing period of Pl or P2 bits is within ±1 or±½ 

of ?N/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 mat_ching 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 

(Pl) bits and a second group of parity 2 (P2) bits are identified, wherein the 

means for adjusting the number of punctured bits comprises: 

(bl) means for adding punctured bits to the first group of Pl bits; and 

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

and the means for biasing the puncturing rates comprises: 

(cl) means for biasing the puncturing rates of the Pl and P2 bits to avoid 

problematic puncturing patterns, the biasing means including: 

(i) means for adding a number of non-punctured Pl 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 Pl bits added to the first group. 

32. The system of claim 31 further comprising: 

~ l 4/ JJ 
(d) means for determining a number of bits N using N = 1 P + 2 wherein 

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

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

(e) means for calculating the bias 6 = maxi 1 - P P -~) if l7~-lj 2, 2 ,2¥1 
- <1--+ - · and 

~
ft N l.NJ 
2 2 2 ' 
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(f) means for setting bias/!. = 0 if LI__ 7 NI ~ I - N +l NJ . j(P/2) 2 2 2 

33. The system of claim 32, wherein non-puncturing patterns with a 

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

number. 

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

whenever the average non-puncturing period of Pl or P2 bits is within ±1 or±½ 

of ?N/2 for even and odd fl 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 

(Pl) bits and a second group of parity 2 (P2) bits are identified, the means for 

adjusting a value for anticipated degradation further comprising: 

(bl) means for adding punctured bits to the first group of Pl bits; 

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

and 

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

problematic puncturing patterns, the biasing means including: 
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(i) means for adding a number of non-punctuxed Pl 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 Pl bits added to the first group. 

37. The system of claim 36 further comprising: 

N= -+-A l4/ lj 
(c) means for determining a number of bits N using 7 P 2 wherein 

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

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

(d) means forealculating the bias A. ma+ i-r ~ , ~ r * ii if 

- <1--+ - · and ¥1N N lNJ 
2 2 2 ' 

(e) means for setting bias/l =0 if _I __ 
7N/~1- JV +[NJ· 

(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 Tuxbo 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 

(Pl) bits and a second group of parity 2 (P2) bits, the system comprising: 

(a) means for adding punctured bits to the first group of Pl bits; 

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

and 

(c) means for biasing the puncturing rates of the Pl and P2 bits to avoid 

problematic puncturing patterns, the biasing means W including: 

(i) means for adding a number of non-punctured Pl 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 Pl 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 

(0 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), incl~ding 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. 
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Additionally, methods are described hereinafter for modifying the puncturing 

patterns such that perlorm.ance of degraded Turbo code is restored. 

(0046] In accordance with the present invention, the methods disclosed 

herein may be implemented in a wireless trans~t/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 interlacing deice in a wireless environment. 

(004 7] 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 Pl/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 perlorm.ance, 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 ofrate 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 Pl and P2 is 

implemented for one stage rate matching. Figure 10 is a schematic block 

diagram showing circuitry 600 for 3GPP rate matching for HSDP A, using a 

Turbo coded HS-DSCH. The circuitry 600 implements a 3GPP rate-matching 

scheme for HSDP A. 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 (Pl) 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 (Pl) 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 (Pl) 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 (Pl) and Parity 2 (P2) bits are 

treated separately. The systematic bits, Parity 1 (Pl) and Parity 2 (P2) bits are 

combined at the bit collection circuit 625 to provide a single data output Ndata, 

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 Pl 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 Pl and 

P2 be independently biased. For example, if the number of Pl 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 Pl 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 Pl and P2 bits, two constraints must be met. 
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____J)___ An das Europ•;sche Patentamt 

Eintritt in die 
europaische Phase 
(EPA als Bestimmungsamt 
oder ausgewahltes Amt) 

Europi!ische Anmeldenummer oder, falls 
nicht bekannt, PCT-Aktenzeichen oder 
PCT-Veroffentlichungsnummer 

Zeichen des Anmelders oder Vertreters 
(max. 15 Positionen) 

[XI 1. Anmelder 
Die Angaben Ober den (die) 
Anmelder sind in der internationalen 
VeroffenUichung enthalten oder vom 
lnternationalen B0ro nach der 
internationalen Veroffentlichung 
vermerkt warden. 

□ 

□ 

□ 
[XI 

□ 

□ 

Anderungen, die das Internationale 
B0ro noch nicht vermerkt hat, sind 
auf einem Zusatzblatt angegeben. 

Zustellanschrift 
( siehe Merkblatt II, 1) 

2. Vertreter 

Name (Nur einen Vertreter angeben, 
der in das europi!ische Patentregister 
eingetragen und an den zugestellt 
wird) 

Geschaftsanschrift 

Telefon 

Telefax Telex 

Weitere(r) Vertreter auf Zusatzblatt 

3. Vollmacht 

Einzelvollmacht isl beigefOgt. 

Allgemeine Vollmacht isl registriert 
unter Nummer: 

Allgemeine Vollmacht ist eingereicht, 
aber noch nicht registriert. 

Die beim EPA als PCT-Anmeldeamt 
eingereichte Vollmacht schlieBt aus­
drOcklich die europi!ische Phase ein. 

EPA/EPO/OEB Form 1200.112.03 

To the European Patent Office 

Entry into the 
European phase 
(EPO as designated or 
elected Office) 

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

03796549.8 

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

PC-EP-21020363 

1. Applicant 
Indications concerning 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 additional sheet. 

Address for correspondence 
(see Notes II, 1) 

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 Granlund 

Address of place of business 
AWAPATENT AB 
Berga Alie 1 
SE-254 54 Helsingborg 
Sweden 
Telephone 

+46 42 329900 

Fax Telex 

+46 42 329901 

Additional representative(s) on 
additional sheet 

3. Authorisation 

Individual authorisation is attached. 

General authorisation has been 
registered under No: 

47108 

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

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

I 

EPO - N1unlch 
77 

2 o. Juni 2005 
1 

A l'office europeen des brevets 

Entree dans la 
phase europeenne 
(l'OEB agissant en qualite 
d'office designe ou elu) 

Numero de depot de la demande de 
brevet europeen ou, a defaut, numero 
de depot PCT OU de publication PCT 

Reference du demandeur ou du mandataire 
(15 caracteres ou espaces au maximum) 

1. Demandeur 
Les indications concemant le(s) de­
mandeur(s) figurent dans la publication 
internationale ou ont ete enregistrees 
par le Bureau international apres la 
publication internationale. 

Les changements qui n'ont pas encore 
ete enregistres par le Bureau inter­
national sent indiques sur une feuille 
additionnelle. 

Adresse pour la correspondance 
(voir notice II, 1) 

'-''! _/ 
2. rvrandataire 

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

Adresse professionnelle 

Telephone 

Telefax Telex 

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

3. Pouvoir 

Un pouvoir special est joint. 

Un pouvoir general a ete enregistre 
sous le n°: 

Un pouvoir general a ete depose, 
mais n'est pas encore enregistre. 

Le pouvoir general depose a l'OEB 
agissant en qualite d'office recepteur 
au titre du PCT s'applique expresse­
ment a la phase europeenne. 
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~ 4. PrOfungsantrag 4. Request for examination 4. Requete en examen 
Hiennit wird die PrOfung der Anmel- Examination of the application under II est demande que soit examinee 
dung gemaB Art. 94 EPO beantragt. Art. 94 EPC is hereby requested. la demande de brevet confonnement 
Die PrOfungsgeb0hr wird (wurde) The examination fee is being (has a l'art. 94 CBE. II est (a ete, sera) 
entrichtet. been, will be) paid. procede au paiement de la taxe 

d'examen. 

PrOfungsantrag in einer zugelassenen Request for examination in an Requl!te en examen dans une langue 
Nichtamtssprache admissible non-EPO language non officielle autorisee 
(siehe Merkblatt Ill, 5.2): (see Notes Ill, 5.2): (voir notice Ill, 5.2): 

~ 5. Abschriften 5. Copies 5. Copies 
Zusatzliche Abschrift(en) der im Additional copy (copies) of the Priere de foumir une ou plusieurs 
erganzenden europaischen documents cited in the copies supplementaires des 
Recherchenbericht angefOhrten supplementary European search documents cites dans le rapport 
Schriftst0cke wird (werden) report is (are) requested. complementaire de recherche 
beantragt. europeenne. 

Anzahl der zuslitzlichen Satze von Number of additional sets of copies Nombre de jeux supplementaires 
Abschriften de copies 

1 

6. Fur das Verfahren vor dem EPA 6. Documents intended for pro- 6. Pieces destinees a la procedure 
bestimmte Unterlagen ceedings before the EPO devantl'OEB 

6.1 Dem Verfahren vor dem EPA als 6.1 Proceedings before the EPO as 6.1 La procedure devant l'OEB agissant 
Bestimmungsamt (PCT I) sind fol- designated Office (PCT I) are to be en qualite d'office designs (PCT I) doit 
gende Unterlagen zugrunde zu legen: based on the following documents: se fonder sur les pieces suivantes: 

~ die vom lntemationalen B0ro ver- the application documents pub- les pieces de la demande publiee 
offentlichten Anmeldungsunter- lished by the International Bureau par le Bureau international (avec 
lagen (mit allen Anspr0chen, (with all claims, description and toutes les revendications, la descrip-
Beschreibung und Zeichnungen), drawings), where applicable with lion et les dessins), eventuellement 
gegebenenfalls mil den gelinderten amended claims under Art. 19 PCT avec les revendications modifiees 
Anspr0chen nach Art. 19 PCT confonnement a !'article 19 du PCT 

□ soweit sie nicht ersetzt werden unless replaced by the amend- dans la mesure ou elles ne sont pas 

qurch die beigefOgten 
ments enclosed. remplacees par les modifications 

Anderungen. jointes. 

Falls notig, sind K/arstellungen auf Where necessary, clarifications must Le cas echeant, des explications 
einem Zusatzblatt einzureichen ! be submitted on a separate sheet! doivent etre jointes sur une feuille 

additionnelle! 

6.2 Dem Verfahren vor dem EPA als 6.2 Proceedings before the EPO as 6.2 La procedure devant l'OEB agissant 
ausgewlihltem Amt (PCT II) sind fol- elected Office (PCT II) are to be en qualite d'office elu (PCT II) doit 
gende Unterlagen zugrunde zu legen: based on the following documents: se fonder sur les pieces suivantes : 

~ die dem internationalen vorlliufigen the documents on which the inter- les pieces sur lesquelles se fonde le 
Pr0fungsbericht zugrunde gelegten national preliminary examination rapport d'examen preliminaire 
Unterlagen, einschlieBlich seiner report is based, including its international, y compris ses 
eventuellen Anlagen possible annexes annexes eventuelles 
(Solche Anlagen mOssen immer (Such annexes must always be filed) (De tel/es annexes sont toujours a 
beigefOgt werden) joindre) 

□ soweit sie nicht ersetzt werden unless replaced by the amend- dans la mesure ou elles ne sont 

durch die beigefOgten Ande- ments enclosed. pas remplacees par les 

rungen. modifications jointes. 

Falls notig, sind Klarstellungen auf Where necessary, clarifications must Le cas echeant, des explications 
einem Zusatzblatt einzureichen! be submitted on a separate sheet! doivent etre jointes sur une feuille 

additionnelle! 

~ Sind dem EPA als milder intematio- If the EPO as International Prelimi- Si l'OEB, agissant en qualite 
nalen vor1liufigen PrOfung beauf- nary Examining Authority has d'administration chargee de l'examen 
tragten Beh0rde Versuchsberichte received test reports, these may be preliminaire international, a reyU des 
zugegangen, d0rfen diese dem Ver- used as the basis of proceedings rapports d'essais, ceux-ci peuvent 
fahren vor dem EPA zugrunde gelegt before the EPO. constituer la base de la procedure 
werden. devant l'OEB. 
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7. Obersetzungen 7. Translations 7. Traductions 
BeigefOgt sind die nachfolgend Translations in one of the official Vous trouverez, ci-joint, les 
angekreuzten 0bersetzungen in einer languages of the EPO (English, traductions cochees ci-apres dans 
der Amtssprachen des EPA (Deutsch, French, German) are enclosed as rune des langues officielles de l'OEB 
Englisch, Franzosisch): crossed below: (allemand, anglais, fram;ais): 

• Im Verfahren vor dem EPA als • In proceedings before the EPO . Dans la procedure devant l'OEB 
Bestlmmungsamt oder as designated or elected Office agissant en qualite d'office 
ausgewahltem Amt (PCT /+II): (PCT I+ II): designe ou elu (PCT I+ II): 

□ 0bersetzung der ursprOnglich Translation of the international Traduction de la demande inter-
eingereichten internationalen application (description, claims, nationale telle que deposee 
Anmeldung (Beschreibung, An- any text in the drawings) as initialement (description, revendica-
sprOche, etwaige Textbestandteile in originally filed, of the abstract as lions, textes figurant eventuelle-
den Zeichnungen), der veroffent- published and of any indication ment dans les dessins), de l'abrege 
lichten Zusammenfassung, und under Rule 13b•_3 and 13b•_4 PCT publie, et de toutes indications 
etwaiger Angaben Ober biologisches regarding biological material visees aux regles 13b•_3et 13b•_4 
Material nach Regel 13bis.3 und du PCT concernant le materiel 
13bis_4 PCT biologique 

□ 
0bersetzung der prioritats- Translation of the priority appli- Traduction de la (des) demande(s) 
begrundenden Anmeldung(en) cation(s) ouvrant le droit de priorite 

□ Es wird hiermit erkli!rt, daB die It is hereby declared that the II est declare par la presente que 
internationale Anmeldung in ihrer international application as la demande internationale telle 
ursprOnglich eingereichten originally filed is a complete que deposee initialement est une 
Fassung eine vollsti!ndige translation of the previous traduction integrale de la demande 
0bersetzung der frOheren An- application (Rule 38(5) EPC) anterieure (regle 38(5) CBE) 
meldung isl (Regel 38(5) EP0) 

. Zusatzlich im Verfahren vor dem • In addition, in proceedings before • De plus, dans la procedure devant 
EPA a/s Bestimmungsamt (PCT I): the EPO as designated Office /'OEB agissant en qualite d'office 

(PCT/): designe (PCT/): 

□ 0bersetzung dernach Art. 19 PCT Translation of amended claims Traduction des revendications 
gei!nderten AnsprOche nebst and any statement under Art. 19 modifiees et de la declaration faite 
Erkli!rung, falls diese dem PCT, if the claims as amended are conformement a !'article 19 du PCT, 
Verfahren vor dem EPA zugrunde to form the basis for the procee- si la procedure devant l'OEB doit 
gelegt werden sollen (siehe Feld 6) dings before the EPO ~Ire fondee sur les revendications 

(see Section 6) modifiees (voir la rubrique 6) 

• Zusatzlich im Verfahren vor dem • In addition, in proceedings before . De plus, dans la procedure devant 
EPA als ausgewahltem Amt the EPO as elected office (PCT If): l'OEB agissant en qualite d'office 
(PCT II): elu (PCT If): 

□ 
0bersetzung der Anlagen zum Translation of any annexes to the Traduction des annexes du 
internationalen vorli!ufigen international preliminary exami- rapport d'examen preliminaire 
PrOfungsbericht nation report international 

8. Biologisches Material 8. Biological material 8. Matiere biologique 

□ Die Erfindung bezieht sich auf bzw. The invention relates to and/or uses L'invention conceme eVou utilise 
verwendet biologisches Material, das biological material deposited under de la matiere biologique, deposee 
nach Regel 28 EP0 hinter1egt worden Rule 28 EPC. conformement a la regle 28 CBE. 
isl. 

□ 
Die Angaben nach Regel 28(1)c) The particulars referred to in Les indications visees a la regle 
EPO (falls noch nicht bekannt, die Rule 28(1)(c) EPC (if not yet known, 28(1)c) CBE (si non encore connues, 
Hinter1egungstelle und das (die) the depository institution and the l'autorite de depot et la (les) 
Bezugszeichen [Nummer, Symbole identification references(s) [number, reference(s) d'identification [numero ou 
usw.) des Hinterlegers) sind in der symbols, etc.) of the depositor) are symboles etc.) du deposant) figurent 
intemationalen Veroffentlichung oder in given in the international publication dans la publication internationale ou 
der gemi!B Feld 7 eingereichten Ober- or in the translation submitted under dans une traduction produite con-
setzung enthalten auf: Section 7 on: formement a la rubrique 7 a la / aux: 

Seite(n) I Zeile(n) page(s) / line(s) page(s) / ligne(s) 

Die Empfangsbescheinigung(en) The receipt(s) of deposit issued by Le(s) recepisse(s) de depOt delivre(s) 
der Hinter1egungsstelle the depositary institution par l'autorite de depot 

□ isl (sind) beigefOgt is (are) enclosed est (son!) joint(s) 

□ wird (werden) nachgereicht will be filed at a later date sera (seront) produit(s) ulterieurement 

□ Verzicht auf die Verpflichtung des Waiver of the right to an undertaking Renonciation, sur document distinct, a 
Antragstellers nach Regel 28(3) EP0 from the requester pursuant to Rule !'engagement du requerant au titre 
auf gesondertem SchriftslOck 28(3) EPC attached. de la regle 28(3) CBE. 
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□ 

□ 

□ 

[8] 

□ 

□ 

9. Nucleotid- und Aminosliure- 9. Nucleotide and amino acid 9. Sequences de nucleotides 
sequenzen sequences et d'acides amines 

Die nach Regeln 5.2 und 13.., PCT The items necessary in accordance Les pieces requises selon les regles 
sowie Regel 111 (3) EPO erforderli- with Rules 5.2 and 13'"' PCT and 5.2 et 13"'' PCT et la reg le 111 (3) CBE 
chen Unterlagen liegen dem EPA Rule 111 (3) EPC have already been ont deja ete deposees aupres de 
be re its vor. furnished to the EPO. l'OEB. 

Das schriftliche Sequenzprotokoll The written sequence listing is La liste de sequences ecrite est 
wird anliegend nachgereicht. furnished herewith. produite ci-joint. 

□ Das Sequenzprotokoll geht nicht The sequence listing does not La lisle de sequences ne contient 
Ober den lnhalt der Anmeldung in include matter which goes beyond pas d'elements s'etendant au-dela 
der ursprOnglich eingereichten the content of the application as du contenu de la demande telle 
Fassung hinaus. filed. qu'elle a ete deposee. 

Der vorgeschriebene Datentrager isl The prescribed data carrier is Le support de donnees prescrit 
beigefOgt. enclosed. est joint. 

□ Die auf dem Datentrager gespei- The information recorded on the L'information figurant sur le 
cherte Information stimmt mit data carrier is identical to the support de donnees est identique 
dem schriftlichen Sequenzprotokoll written sequence listing. a celle que contient la lisle de 
Oberein. sequences ecrite. 

10. Benennungsgebuhren 10. Designation fees 10. Taxes de designation 

10.1 Es ist derzeit beabsichtigt, den sie- 10.1 It is currently intended to pay seven 10.1 II est actuellement envisage de payer 
benfachen Betrag einer Benennungs- times the amount of the designation un montant correspondant a sept 
gebOhr zu entrichten. Damit gelten fee. The designation fees for all the fois la taxe de designation. Les taxes 
die BenennungsgebOhren_fOr alle EPC contracting states1 designated de designation sont ainsi reputees 
Vertragsstaaten des EPU1 als ent- in the international application2 are payees pour tous les Etats 
richtet (Art. 2 Nr. 3 GebO), soweit sie thereby deemed to have been paid contractants de la CBE1 designes 
in der internationalen Anmeldung (Art. 2 No. 3 RFees). dans la demande internationale2 

bestimmt sind2
• (art. 2, point 3 du RRT). 

10.2 Abweichend von der Erklarung in Nr. 10.2 The declaration in No. 10.1 does not 10.2 Contrairement ace qui est indique au 
10.1 isl derzeit beabsichligt, weniger apply. Instead, it is currently intended n° 10.1, ii est actuellement envisage 
als sieben BenennungsgebOhren fOr to pay fewer the seven designation de payer moins de sept taxes 
folgende in der internationalen An- fees for the followin~ EPC de designation pour les Etats 
meldung bestin:imte Vertrags- contracting states designated in contractants de la CBE2 suivants 
staaten des EPU2 zu entrichten: the international application: designes dans la demande 

internationale: 

(1) I I (4> I I 
(2) I I (5) I I 
(3) Ci7 (6) u7 

Soweit unter Nr. 10.2 Vertragstaaten If contracting states are indicated Si des Etats contractants sont 
aufgefOhrt sind, wird beantragt, fOr under No. 10.2, it is requested that no mentionnes au n° 10.2, priere de ne 
die dort nicht angefOhrten Vertrags- communication under Rule 108(3) pas proceder a la signification d'une 
staaten von der Zustellung einer EPC be issued for contracting states notifications prevue par la regle 108(3) 
Mitteilungen nach Regel 108(3) EPO not thus indicated. CBE pour les Etats contractants n'y 
abzusehen. etant pas mentionnes. 

10.3 Wird ein automatischer 10.3 If an automatic debit order has 10.3 Si un ordre de prelevement auto-
Abbuchun~auftrag erteilt ield 12), been issued (Section 12), the EPO matique est donne krubrique 12), 
so wird das PA beauflragt, ei Ab- is authorised, on expi-7< of the basic ii est demande a l'O B de prelever, 
lauf der Grundfrist nach Regel 107 rceriod under Rule 10 (1)(d) EPC, a l'ex~iration du delai normal vise 
(1)d) EPU den siebenfachen Betr~ o debit seven limes the amount of a la r gle 107rnd) CBE, un montant 
einer BenennungsgebOhr abzubu en. the desi8nation fee. If states are correspondan sept fo1s la taxe de 
1st eine Erklaru~ nach Nr. 10.2 indicate under No. 10.2, the EPO designation. Si une declaration a ete 
abgegeben wor en, so sollen die will debit designation fees on~ for faite au n° 10.2, les taxes de designa-
BenennungsgebOhren nur fOr die dort those states, unless instructe tion ne sont a prelever que pour les 
angegebenen Vertragsstaaten oth~rwise before the basic period Etats contractants qui y sont indi-
a~e ucht werden, sofem dem EPA expires. ques, sauf instruction contraire refi:te 
ni t bis zum Ablauf der Grundfrist par l'OEB avant !'expiration du de ai 
ein anderslautender Auftrag zugeht. normal. 

1 Stand bei Orucklegung: 27 Vertragsstaaten. und zwar. / Status when this form was printed: 27 contracting states. namely/ Sttuation a ta date d"impression : 27 Etats contractants. 
a savoir: AT Osterreich / Ausllia / Autriche. BE Belgian / Belgium/ Belgique. BG Bulgarian/ Bulgaria / Bulgaria. CH/LI Schweiz und Liechtenstein/ Switzertand and Liechtenstein I 
Suisse et Liechtenstein. CY Zypem /Cyprus/ Chypre, CZ Tschechisc:he Republik / Czech Republic/ R6pubHque tch6Que, DE Deutschland /Germany/ Allema11ne, DK oanemarl< / 
Denmark/ 0anemark. EE Estland / Estonia I Estonia, ES Spanien I Spain/ Espagne, Fl Finnland /Finland/ Finlande, FR Frankreich / France I France, GB Vereinigtes Konigreich / 
United Kingdom/ Royaume-Uni, GR Griechenland / Greece I Grllce. HU Ungam I Hungary/ Hongrie, IE lrand / Ireland / lrande, IT Italian/ Italy/ ltaHe, LU Luxemburg/ Luxembourg/ 
Luxembourg, MC Monaco / Monaco/ Monaco, NL Niederande / Nethertands / Pays-Bas, PT Portugal/ Portugal/ Portugal, RO Rumanian/ Romania/ Roumanie, SE Schweden / 
Sweden/ Su6de, SI Slowenien / Slovenia I Slov6nie, SK Slowakische Republik / Slovak Republic /R6publique slovaque, TR TOrl<ei / Tw1<ey / Turquie 

2 For folgende Staaten nur moglich, fals in der intemationalen Anmeldung am oder nach f!)lgendem Tag beslimmt Slowaki_sche Repub!«, Bulgarian, Tschechische Rel)ublll< und 
Estland: 1. JuN 2002, Slowenien: 1 Dezember 2002, Ungam: 1 Januar 2003 und Ruman10n: 1 Mar2 2003. I For the folow,ng states this IS possible only if they are designated 
in the international application on or after the stated date: Slovak Republic, Bulgaria. Czech Republic and Estonia: 1 July 2002. Slovenia: 1 December 2002, Hungary: 1 January 
2003 and Romania: 1 March 2003. /Ence qui conceme les Estats suivants seulement sl la d6signation a 616 effectu6e dans la demande Internationale a la date suivante ou 
a une date uMrieure: Republique slovaque, Bulgaria, R6publique tcMque et Estonia: 1• juilet 2002, Slov6nie: 1• d6cembre2002, Hongrie: 1• janvier 2003 et Roumanie: 
,• mars 2003 
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~ 11. Erstreckung des europilischen 11. Extension of the European patent 11. Extension des effets du brevet 
Patents europeen 
Bei Zahlung der Erstreckungs- On payment of the extension fee(s) La taxe (Les taxes) d'extension 
geb0hr(en) gilt diese Anmeldung auch this application is also deemed to be payee(s), la presente demande 
als wirksamer Erstreckungsantrag fOr a request for extension to all the est egalement reputee etre une 
die in der intemationalen Anmeldung "extension states· designated in the demande d'extension a tous les 
bestimmten »Erstreckungsstaaten«. international application. It is intended «Etats autorisant !'extension» 
Es isl beabsichtigt, diese Geb0hr(en) to pay the fee(s) for the following designes dans la demande 

fOr folgende Staaten zu entrichten: states: intemationale. II est envisage de 
payer la taxe (les taxes) d'extension 
pour les Etats suivants: 

□ SI Slowenien 1
> Slovenia'' Slovenie '' 

□ LT Litauen Lithuania Lituanie 

□ LV Lettland Latvia Lettonie 

□ AL Albanien Albania Albanie 

□ RO Rumllnien '1 Romania'' Roumanie ' 1 

□ MK Ehemalige jugoslawische Former Yugoslav Republic Ex-Republique yougoslave 
Republik Mazedonien of Macedonia de Macedoine 

□ 2) 2) 2) 

-
1) ~ Slowerien und Ri.marien ru moglch, fals in der intemationalen Antneku1g bis 30. November 2002 (Slowerien) oder bis 28. Februar 2003 (Rumanen) bestinmt. / 

Fa-Slovenia and Romaria lhis is possible a"ty lthey are designated in the inlemationaJ app1iCation l4) to 30 Novrneber2002 (Slovenia) a-28 Februaly 2003 (RanMia~ I 
Ence qui oon:eme la Slovenie et la Roumanie. samment si la desig,ation a ete efleduee dens la demande intemationale iJsqu'au 30 novembre 2002 (Sbvenie) ou ;,squ'au 
28 fevrier2003 (Rru-narie). 

2) Pla!z ICl"Staaten. mtdenen •E,strecku1gsabkcmm nach Drucl<legung dieses Formblatts in Krafltreten Lnd die in derintemationalen Anmel:llllg besti"nmlwaren. / 
Space for States with wtich "extension ageemenlS" en1er into fort:a afler tis form has been printed and which were desglaled in the intema1ional appication. I 
Prevu pc..- des Estats ~ ll!gard desquels des caccords d'ex!ension• entreront en viguelr apres ""1Jl8SSiOn du presert fimuaire et qi.i ant 11111 desig1es dans la demaJ"l:te intama1ionale. 

12. Automatischer Abbuchungsauftrag 12. Automatic debit order 12. Ordre de prelevement automatique 
(Nur moglich fur tnhaber von beim (for EPO deposit account holders (uniquement possible pour /es 
EPA gefiJhrten taufenden Konten) only) titu/aires de comptes courants 

ouverts aupres de l'OEB) 

□ Das EPA wird beauftragt, nach MaB- The EPO is hereby authorised, under Par la presente, ii est demande a 
gabe der Vorschriften Ober das auto- the Arrangements for the automatic l'OEB de prelever du compte courant 
matische Abbuchungsverfahren fllllige debiting procedure, to debit from the ci-dessous les taxes et frais venant a 
Geb0hren und Auslagen vom deposit account below any fees and echeance, conformement a la regle-
untenstehenden laufenden Konto costs falling due. For designation mentation relative au prelevement 
abzubuchen. Im Bezug auf die Benen- fees, see Section 10.3. The EPO is automatique. Pour les taxes de 
nungsgebOhren wird auf Feld 10.3 also authorised, on expiry of the basic designation, se reporter a la rubrique 
verwiesen. Das EPA wird ferner be- period for paying the extension fees, 10.3. II est en outre demande a l'OEB 
auftragt, die ErstreckungsgebOhren to debit those fees for each of the de prelever, a l'expiration du delai 
fOr jeden in Feld 11 angekreuzten "extension states" marked with normal prevu pour leur paiement, les 
»Erstreckungsstaat« bei Ablauf der a cross in Section 11, unless taxes d'extension pour chaque « Etat 
Grundfrist zu ihrer Zahlung abzu- instructed otherwise before the said autorisant l'extension» coche a la 
buchen, sofern ihm nicht bis dahin ein period expires. rubrique 11, sauf instruction contraire 
anderslautender Auftrag zugeht. rec;ue avant l'expiralion de ce delai. 

Nummer und Kontoinhaber Number and account holder Numero et titulaire du compte 

~ 
13. Eventuelle ROckzahlungen auf das 13. Any reimbursement to EPO deposit 13. Remboursements eventuels a 

beim EPA gefOhrte laufende Konto account effectuer sur le compte courant 
ouvert aupres de l'OEB 

Nummer und Kontoinhaber Number and account holder Numero et titulaire du compte 

2810 0022 AWAPATENT AB 

14. Unterschrift(en) des (der) 14. Signature(s) of applicant(s) or 14. Signature(s) du (des) demandeur(s) 
Anmelder(s) oder Vertreters representative ou du mandataire 

~~ 
Ort/ Datum Place/ Date Helsingborg 2005-06-17 Lieu/ Date 
FOr Angestellte (Art. 133(3) EP0) For employees (Art. 133(3) EPC) Pour les employes (art. 133(3) CBE) 
mit allgemeiner Vollmacht: having a general authorisation: disposant d'un pouvoir general: 

Nr. No. No 

Name(n) des (der) Unterzeichneten bitte in Clnlek- Please pmt name(s) under signatura(s). In the Le au las noms das signataires doivent Gire indiques 
schrift wiederholen. Bei juristischen Personen bitte case of legal persons, the position of the en caractllres d'imprimerie. S'il s'agil d'une persOMB 
such die Stellung des (der) Unterzeichneten signatory within the company should also be morale, la position occup(le au sein de celle-ci par le ou 
innarhalb der Gaselschaft in Orucksclvill angeben. printed. les signataires doit egalement Gire indiquee en 

caracteres d'in1primerie. 
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Additionally, methods are de.scribed hereinafter for modifying the puncturing 

patterns such that pezforman.ce of degraded Turbo code is restored. 

[0046] In accordance with the present m\"ention., the methods disclosed 

herein may be implemented in a wireless trans~t/recei'Ve ullit (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 limit;ed t.o a base station, Node-B, site controller, 

access point or other interfacing deice in a wireless environment. 

[0047] Figure 8 graphically depict:s the SNR required to successfully decode 

a data block (critical SNR) with high probability versus Code Rate when biasing 

of parity bit.s Pl/P2 is applied. .A1s shown in Figure 7, it has been found that 

particular codes created by puncturing the rate 113 3GPP Turbo code exhibit 

poorer than expected perfonnance, as can be seen from the peaks in the figure. 

[0048] Figure 9 is a plot of the problematic regiom 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 fo:r parity bits Pl 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 circuitzy 600 ililplemeD.ts a 3GPP rate-matching 

scheme for HSDP A. 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 (Pl) bit rate matching circuit 630 and 

Parity 2 (P2) bit rate matcliing circuit 635. The second rate matching stage 620 

includes a systematic bit rate matching circuit 640, a Parity 1 (PI) 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 (Pl) and Parity 2 (P2) bits are processed through the first rate 

matching st.age 610, virtual IR buffer 615, second rate matching stage 620 and 

bit collection circuit 625. Note that the Parity 1 (Pl) a.ud Parity 2 (P2) bits are 

treated separately. The systematic bit.s, Parity 1 (Pl) and Parity 2 (P2) bits are 

combined at the bit collection circuit 625 to provide a single data output Ndat:a, 

Also note that if the number of coded bits is less th.au or equal to the size of the. 

virtual IR buffer 615, the first rate matching stage 680 is transparent. The 

transparent first stage case and Rel-4 rate matching are considered. 

{0050] In it.s 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 prQgram instructions. The 

specific circuit functions used to implement the invention would therefore be a 

matter of choice of those configu.ri.og the circuitry within the rate matcb.i:o.g 

circuit:ry 600. 

[0051] The rate matching algorithm perform.s p:uncturing if the overall code 

rate is greater than l/3 and repetition if the code rate is less than 1/3. CUI"rently 

code rates greater than 1/3 are accomplished by applying the same puncturing 

rate to both Pl 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 Pl and 

P2 be independently biased. For example. if the number of Pl bits is decreased 

by A and the number of P2 bits is increased by~ the overall code rate is 

WlChanged but the problematic non-puncturing periods can he 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 

bia.sing the :number of pu.uctured bits in Pl and P2 by 5:dding 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 Pl 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 matclwig 

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 strea.m.£; by increasing the 

number of bits punctured in one of the parity bit streams and deci:easing 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 

CPI) bits and a second group of parity 2 (P2) bits are identified, and step {b) 

further comprises: 

(bl) adding puuctu:red bits to the first group of Pl bits; and 

(b2) removing punc~ed bit.s from the seCOJld group af P2 bits, wherein the 

punct;uring rates of the Pl and P2 bits are biased by adding a number of non­

punctured Pl bits to the first group and decreasing the number of non-punctured 

P2 bits in the second group by the number of non-punctured Pl bits added to the 

first group. 

3. The method of claim 2 further comprising: 

-39-
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(c;;) determining a numbet ofbits &using 7P 2 wherein/is the 

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

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

(d) if LL -7 NI< 1-N + l NJ, calculate the bias 
~ 2 2 2 · 

~;rmax{f¥JI _P, P _[¥11 II· otherwiseset8=0. 
7N-1 2 2 7N+l -- --

2 2 

4. The method of claim 3, wherein non-puncturing patterns with a 

period of 7N/2 cause degradation in perfonnance results and ft is a. whole 

number. 

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

the average non-puncturing period of Pl or P2 bit.s is within ::tl or :1:½ of 7 N/2 for 

even and odd N re:spectively. 

6. In a commwucations 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 c;if tb.e parity bit streams and 

decreaswg the number ofbits punctured in aU0ther one of the parity bit streams; 

and 

(b) adjusting the pUDcturin.g rates of each of the parity bit streams 

-40-
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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 

pUDctured error correction coded transmissions having a first group of parity 1 

(Pl) bits and a second group of parity 2 (P2) bits are identified, step (a.) further 

comprises: 

(al) adding p11nctured bits to the first group of Pl bits; and 

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

further comprises: 

(bl) biasing the puncturing rates of the P 1 and P2 bits by adding a number 

of non-punc:tured Pl bits to the first group ac.d decreasing the number of non­

punc:tured P2 bits in the second group by the number of non-punctured Pl bits 

added to the first group. 

8. The method of claim 7 further comprising: 

N-== -+-~ l4/ lj 
(c) determining a number of bits Musing 7P 2 wherein I is the 

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

nwnber of the Pl and P2 bits at the output of rate matching; and. 

(d) if 1-1--
7Nl<l-N +lNJ calculate the bi.as (P/2) 2 2 2 , 
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9. The method of claim 8, wherein. non•pUllcturing pattems with a 

period of 1il/z cause degradation in performance results and ii is a whole 

number. 

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

whenever the average non►puncturing period of Pl or P2 bits is within ::tl or±½ 

of 7 fl /2 for even and odd ii respectively. 

11. A method of identifying degradations in quality of p'llllctured eJTOr 

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 trans~sions having a first group of parity 1 

(Pl) bits and a second group of parity 2 (P2) bits are identified, and step (b) 

further comprises: 

(bl) adding punctured bits to the first group of Pl bits; 

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

(b3) biasing the puncturing rates of the Pl and P2 bits to avoid 

problematic puncturiiig patterns by: 

(i} adding a number of:no:a.-punctured Pl 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 Pl bits added to the first group. 

13. The method of claim 12 further comprising: 
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(c) determining a numbe:r of bits Nusing ?P 2 wherein I is the 

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

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

(d) if 1-1--?;iil<l-;ii +lflJ, calculate the bias 
. (P/2) 2 2 Z 

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 pattem of the traDSfl~$ions 

exhibits a. periodic characteristic, with a period equal to a period of a 

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

and 

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

periodic characteristic to identify pUDcturing pa.ttems with degraded 

perform8.llC8, 

16. A method of identifying degradations in the quality <1f pUllctured 

error correction coded transmissions having a first group of parity 1 (Pl) bits and 

a second group of parity 2 (P2) bits, the method comprising: 

(a) adding punctured bits to the first group of Pl bits; 
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(b) removing punctured bits from the second group of P2 bits; and 

(c) biasi.Dg the puncturing rates of the Pl and P2 bits to avoid problematic 

puncturing patterns by: 

Ci) adding a number of non-punctured Pl 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 Pl bits a.d.ded to the first group. 

17. The method of claim 16 further comprising: 

(d) using Turbo code to implement the error conection 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 emibit a 

periodic characteristic to identify p'llllcturing patterns with degraded 

performance. 

19. A method for reducmg degradations in quality of punctured. error 

corrected code transmissions, the method comprising: 

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

rate; and 

(b) adj"u.sti.ug 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 ptm.ctured .in respective parity bit streams, 

and biasing the particular code rate. 

20. The method of claim 19 further compris.i.ug: 
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(c) determining a capacity of a wireless transmit and receive umt 
(WTRU), including buff'er sizes that are supported by the WTRU; 

(d) using p'llllcturing to remove sufficient bits to fit into the bufferj 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 

ofpuncturing,_an.d decreasing non-punctured bits in another oftbe first stage and 

second stage of puncturing, thereby adding additional punctllr.ing to one stage 

and removing it from the other stage. 

22. The method af 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: 

(0 decreasing non-punctured bits in the fir.st stage and increasmg 

non-punctured bit.s in the second stage. 

24. The method of claim 20 further comprising: 

(0 interleaving parity bits before rate matching occurs; and 

(g) subsequently de-interlea:ving 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 ofbits pUJlctured in each stage of rate 

matching; and 

(c) means for aqjust.ing the number of bits punctured in each of the 

plurality of parity bit streanis by increasing the number of bits punctured in one 

of the parity bit streams and decreasing the number of bits punctm-ed in another 

one of the parity bit .streams, and biasing the puncturing rate of a problematic 

puncturing pattern. 

26. The system cf claim 25 wherein degradations in the quality of 

punctured error correction coded transmissions ha"\1'ing a first group of parity 1 

(Pl) 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: 

(cl) means for adding pWlctured bits to the first group of Pl bits; 

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

and 

(c3) means for biasing the puncturing rates of the Pl and P2 bits to avoid 

problematic puncturing patterns, the biasing means including: 

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

group; and 

(ii) means for decreasing the number of non-punctured P2 bits ill the 

second group by the number of non-punctured Pl bits added to the &st group. 

27. The system of claim 26 further comprising: 

- l4/ lj N= -+-
(d) means for deteTIIJiuing a number of bits .Nusing 7P 2 wherein 
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I is the number of bit$ at the input to each branch of rate matching aJJd Pis the 

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

(e) means for calculating the bias 6 .., rm•J I _ P P 

ll'~-lj 2 ' 2 

- <1--+ - · and 
~
N N lNJ 
2 2 2 ' 

(f) means for setting bias 6. = 0 if LL_ 7 NI~ 1-N + l NJ. 
~ 2 2 2 

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

period of 7N/2 cause degradation in perfor.mance results 8lld N is a whole 

number. 

29. The system of claim 28 wherein thE! periods will be em.ployed 

whenever the average non-pUDcturin.g period of Pl or P2 bits is within :t:1 or±½ 

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

30. A communicaticllS system for avoiding problematic Turbo code 

puncturing patterns, the system comprising: 

(a) a plW'ality of rat.a mat_ching stages for processing a plurality of 

individual parity bit stream:s; 

{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 pUllcturing rates of each of the individual parity 

bit streams while maintainiug a constant overall effective 
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coding rate. 

31. The system of claim 80 wherein degradations in the quality of 

punctured error correction coded tra.w;missions having a first group of parity 1 

(Pl) bits and a second group of parity 2 (P2) bits are identified, wherein. the 

means for adjusting the number of punctured bits comprises: 

(bl) means for adding punctured bits to the first group of Pl bits; and 

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

and the means for biasing the pUtJ.cturing rates comprises: 

(cl) means for biasing the puncturing rates of the Pl and P2 bits to avoid 

problematic puncturing patterns, the biasing means including: 

(i) means for adding a number of non-punctured Pl 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 Pl bits added to the firnt group. 

32. The system of claim 31 further comprising: 

. N=l4/ +..!.J 
(d)meansfordet.ermining anumberofbits &using ?P 2 wherein 

I is the number of bits at the input to each branch ofrate matching and Pis the 

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

(e) means for calculating the bias 6 ::;rma,x1~- p • p -~ll if 

l~j 2 2 

1¥1 
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(f) means for setting bias A= O if ,_I _ -7fel;:, 1-N) NJ. 
(P/2) 2 2 l 2 

83. The system of claim 32, wherein non-punctuxing patterns with a 

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

number. 

34. The system of claim 83 wherein the periods will be e111ployed 

whenever the average non-puncturing period of Pl or ~ bits is within :t:l or ±¼ 

of 7N/2 fo:r even and odd N re~pectively. 

35. A communications system for identifying degradations in quality of 

punctured error correction coded tra.u.smissions, the system comprising: 

(a) means for identifying a pw;icturing pattem which approximates a 

particular code rate; and 

(b) meami for adjusting a value for anticipated degradation in accordance 

with the rnatching 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 pattem. 

36. The system of claim 35 wherein degradations in the quality of 

punctured error correction coded transmissions having a first group of parity 1 

(Pl) bits and a second group of parity 2 (P2) bits are identified, the means for 

adjusting a value for anticipated degradation further comprising: 

(bl) means for adding punctured bits to the first group of Pl bits; 

(b2) means for removing punctured bits from the second gi-oup of P2 bits; 

and 

(b3) means for biasing the puncturing rates of the Pl and P2 bits to a void 

problematic puncturing patterns, the biasing means including: 
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(i) means [Qr addmg a number of non-punctured Pl 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 Pl bits added to the first group. 

37. The systelll of claim 36 further comprising: 

N= -+-~ l4/ lj 
(c)mearu,;fordetE'fflJi»inganumberofbits Musing 7P 2 wherein 

I is the number of bits at the input to each branch ofrate matching and Pis the 

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

(e) means for setting bias~= 0 if ,_I __ ?NI c: 1- N +lNJ. 
(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 

transroissiom. 

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 ofrecursive encoding blocks of the Turbo code; 

and 
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{e) means for using the identified non-ptlllctured bit pattems which 

exhibit a periodic characteristic t:o identify puncturing patterns with degraded 

performance. 

40. A communications system for identifying degradations in the quality 

of punctu:red error correction coded transmissions having a fmrt group of parity 1 

(Pl) bits and a second group of parity 2 (P2) bits, the system comprising: 

(a) means for adding punctured bits to the first group of Pl bits; 

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

and 

(c) means for biasing the puncturing rates of the Pl and P2 bits to avoid 

problematic puncturing patterns, the biasing means ~ including: 

(i) rneaus for adding a number ofnon•pnnctured Pl 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 Pl 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 pattem 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-pUJlctured 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 ezror corrected code transmissions, the system comprising: 

(a) means for identifying a pWlcturing pattern which approximates a 

particular code rate; and 

(b) meaD..S for adjusting the parameters ofthe trans:arissions su:ffi.cientlyto 

cause a lllismatch 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), incl~ding buffer sizes that are supported by the WTRU; 

(d) :means for using puncturing' to remove sufficient bits to fit into the 

bllfferi 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 md providing a second rate in a eecond stage ofpuncturin.g. 

45. The system of claim 44, further comprising: 

(f) means for in.creasing 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 fro.al 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. 

4 7. The system of claim 44 further comprising: 
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(f) means for decreasmg non-pUDctured bits in the first stage and 

increasing non-pllil.ctured bits in the second stage. 

48. The system of claim 44 further comprising: 

{f) means for interlea'\7ing 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 perfonnmg periodic 

::1am.pling in rate matching, thereby mitigating the effect of the periodicity of the 

puncturing pattern. 
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_A_ An das Europalsohe P.-t 

Eintritt in die 
europaische Phase 

~ 

□ 

□ 

□ 
~ 

□ 

□ 

(EPA als Bestimmungsamt 
oder ausgewahltes Amt) 

Europ~ische Anmeldenummer oder, falls 
nieh! bekannt, PCT-Aktenzaichen oder 
PCT-Ver6ffenUiet,ungsnummer 

Zeichen des Anmelders oder Vertreters 
(max. 15 Positionen) 

1. Anmelder 
Die Angaben Ober den (die) 
Anmelder slnd In der internationalen 
Ver6ffentliehung enthalten oder vom 
lntemationalen Buro nac:h der 
intemationalen Ver6ffantlichung 
vermerl<.t WQl"Qen, 

Anderungen, die das Internationale 
Suro noch nieht vermerkl hat, sind 
auf einem Zusatzblatt angegeb~n. 

Zustellanschrift 
(sj9h$ M~rkblatt II, 1) 

2. Vgrtr11ter 

Name (Nur ein11n Vertreter angeben, 
der in das euri;,p~isc:he Patentregie-ter 
eingetragen und an den ~gestellt 
win:!) 

Gesc:hiiftsansi.hrift 

Telefon 

Telefax Telex 

Weil.ere(r) venreter auf Zusatzblau 

3. Vollmac:ht 

Einzelvollmacht isl beigefiigt. 

Altgemeine Vollmacht ist reglstrlli:l'l 
unter Nummer. 

Allgemeine Vollmacht ist eingereichl, 
aber noch nic11t regis.triert. 

Die beim EPA als PCT-Anmeldeamt 
ein9ereic:hte Vollmac:ht schlieBt aus-
drOcklich die europaische Phase ein. 

EPAfEPO/OEB Form 1200.1 12.03 
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AWAPATENT AB 

To the European Patent'Offiee 

Entry into the 
European phase 
(EPO as designated or 
elected Office) 

European application number, or, ifnot 
known, PCT application or publication 
numblff' 

03796549.8 

Applicant's or representative's referc;:nce 
(max. 15 spaces) 

PC•EP-21020363 

1. Applicant 
Indications concerning the 
applic:ant(s) are contained in U,e 
international publication or recorded 
by the International Bureau after lhe 
international publication. 

Changes which have not yet been 
recorded by the lnll!:malional Bureau 
are set out on an additional sheet. 

Address fer correspgndent:e 
(seB Notes II, 1} 

2. Representative 

Nam0 (Name only one 
representative who will be !isled in 
the Register of European Patents and 
to whom notification will be mad1;1) 
Linus C.:r6nlund 

Address of place of b1.1$inesi. 
AWAPATENT AB 
SergaAll41 
SE-Z54 54 Hglslngborg 
SW9dgn 
Telephona 

+46 42 329900 

Fait Tele:,; 

+46 42 32991;J1 

Additional representative(s) on 
additional sheet 

3. Authorisation 

Individual aulhoris.ation is attached. 

General authorisation has been 
registered under No: 

47108 

A g1meral authorisation hai;; been 
filed. but Ml yet regi~tared. 

The authorisation filed with the EPO 
as PCT receiving Office e:,,:pressly 
indudes the European phase. 

SIDA 03/24 

A !'office europeen de$ brevets 

Entree dans la 
phase europeenne 
(l'OEB agissant en qua.lite 
d'offic:e designe OU elu) 

Numero de depot de la demande de 
brevet europeeo ou, a defaut, numero 
de d~pllt PCT cu de publication PCT 

1 

R~rence du demande:ur ou du mandataire 
(15 caracteres ou e5paces au maximum) 

1. Demandeur 
Les indications eoncemanl le(s) de-
mandeur(s) figurent dans la publlcaticn 
intemationale ou ont etl! enregistrees 
par le Bureau inlernaticinal apres la 
publieatlcin in1e1matlonal1;1. 

Les changements qui n'ont pas encore 
ete enreglstn!:s par le Bureau Inter• 
national sont indiques sur une feuiUe 
additionnelle. 

Adresse pgur la c:orrespondance 
(voir notice II, 1) · 

z. Mandataire 

Nom (N'indlquer qu' un seul 
mandataire, qui sera inscrit au 
Ftegistre europeen des brevel.S et 
auquel signification sera talte) 

Adresse professionnelle 

.zur·Kas~ 
Tliliphone e 41,0Jr/ 

Tetefaii. T91ox 

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

3. Pouvolr 

Un pguvoir spec.ial est joint. 

Un powoir general a !!!le enre9istre 
sous le n•: 

Un pouvgif general a ete depose, 
maia. n'est pas encore enregistre. 

Le pouvoir general depose a l'OE6 
agissant en qualite d'i;Jfti~ rei:iepteur 
au litre du PCT s'ai:,pliqr.1e expres::ie-
ment a la phase europeenne. 

1 
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[8J 4. PrQfung:u>1ntrag 4. Requi:ast for u:ii;amination 4, Requite can examen 
Hiermlt wird die Prilfung der Anmel- E:xamlnallon of lhe application under II est demande qoo soit sxaminee 
dung gemaa Art. 94 EPO beantragt, Art 94 EPC is hereby requested, la demande de bre11et 00nformement 
Dig PJ'llfungsgebDhrwird (wurde} The examina,Ion fee is being (has a l'art. 94 CBE. II es1 (a ~1'!. sera) 
enlriohtet. been, will be) paid, proc:ede au paiement de la taice 

d'examen. 

Pri.ifun9i;an1ra9 in einer zugelassenen Request for examination in an Requete en examen dans une lan9ue 
NichTamlSsprache admissible non-EPO language non oflicielle aulorisee 
(siehe Merkbla!t Ill. 5.2): (see NDtea Ill, /;i.2): (voir notice Ill, 5.2): 

lZl 5. Absehrlften 5. Copies 5. Copies 
Zusatzliche Abschrift(en) der im Additional copy (copies) of the Priere de foumir une cu plusieurs 
erganzenden europ~lischen documenlS cited in 1he copies supplementaires des 
Rectw:rchenbenchtangefilhrten supplementary EufQpean search documenlS cites clans le rapport 
Schriflstucke wird (werden) report is (are) requested. complamentail'8 da rschsrd'le 
beantragt. eur0peenne. 

Anzahl der zus!itz:llchgn Slltze von Number of additional ~et!. of copies Nombre de jl!ux supplomgntaircs 
Abschriften de copies 

, 

6. FOr das Verfahron var dam EPA 6. Documgnts intended for pro- 6, Pieces destinees a ta procedure 
bestimmte Unterlagen ct1edings bgforri th11 EPO duvantl'OEB 

6,1 Oem verfahren vor dem EPA als G.1 Proceedings before the EPO as 6.1 La procedure devant l'OEEI agi:;sant 
Bi,,i;timmungsamt (PCT I) slnd fol- doslgnatud Ol'flcu (PCT I) are to be en qualile d'office design€, (PCT I) doit 
gende Unterla9en z:u9runde zu legen: b3sed on !he following documents: se fonder sur tes pi~s suivantes: 

[8] dia vom lntemationalen Buro ver- 1118 application doeum11nts pub• les pilkgs dg la dgmande publioe 
ol'fantlicht11n Anmt1ldungsunter- llshgd by the International Bureau par le Bureau international (avec 
lagen (mil all~n Ansprochen, (with all daims, description and toutos les revendicalions, la descrip-
Besctireibung und Zeichnungen), drawin9s), where applicable wkh lion et tes dessins), .:iventusllemi;mt 
gegettenenfalls mit den geillnderten amended claims under Art. 19 PCT avec les revendications modiliees 
Anspruche11 nacn M. 19 PCT confonnement a l'anicte 19 du PCT 

□ soweit sis nlcht erseizt werden unless replacetl by !he amend- dans la mesul'Til ou elles ne sent pas 

durc:h die beigefOgten 
ments enclosed. remplacees par les modifications 

Andorunggn_ jointes. 

Palls ni5tjg, =.ind Klamellungen auf W'here nece:r:;ary, clarffica6ons must l.e cas echeBnt. rJes expfir;ations 
elnem Zu~tzblatt einzureichen ! be submitted on a sepan,te sheet/ doivent etTe jDintes sur um, fe1Jilfe 

additionne/fe/ 

62 Dem Verfahren vor dem EPA als 6.2 Proceedings before the EPO as 6.2 Ls proo€!dure devanl l'OEB agissant 
ausgewlihlhlm Amt (PCT II) sind fol- eluct9d Offi11;e ( PCT II) are to be an qualite d'office elu (PCT II) doit 
gende Untertagen :tugrunde zu legen: based on the f0ll0wln9 documents: se fonder sur leG p~c:E!S suivantes : 

[2.l die dern intsrnationalen 11orlaofigen the doc:umt1nt!: on which th11 lntar• les ploces sur lgsqut11l1M; sg fondg lg 
Prufungsbtlricht %1.lgrundl'I gelegtan national pr31iminary examination rapport d'examt1n pr61lminalrg 
Unterlagen, ein~hlielllich seiner mport ~ !,aged, ineluding il.S international, y CQfflpri& ses 
eventuener, Anla51en possil)le annexes annexes eventuelles 
(Soleho Anlagon mu::::M immer (Such am,s,,:g:; m(J!;t a/war-: b9 fifed) (Os tnlfes annexes sMt lovjciurs ~ 
bl!J/gt!lfiigt wgrrJen) )l,indra) 

□ sowelt sie nlchl e~ werden unless replaced by the am;;nd- ::la~ la rr,e:;u!'e ou elles ne sont 

durch die bei9etu91en Ande- mants endosed. pas remplacees par les 

run9en. 
modifications jointes. 

FaJJs ni5tig, :;ind K/arste/lur1gen suf Wnefl!' ner;e=ry, i;Jsrfricafi1;ms m1Jst l.e = echear1t des eJrplic;ations 
sinem Zusa~bfatt e/n-;;ureichenf be :submitted on a sepan,te sheet/ doivent etTe jointes sur une fe1J11fe 

EKkiitirmnelfe! 

~ Sind dem EPA als milder intematio- If the EPO as International Prelimi• Si l'OEB. agissant en quallte 
nali::tn vcr1.liufigen Pr0fun9 beauf- nary E><amining Al.llhority has d'adminis!J"ation t:hargee da !'examen 
tragten Behorde Versuehsberithto received test raporta, these may be preliminaire international, a rei;:u des 
z:ugegangen, durfen dies@ dem Ver- used as the basis of proceedings rapports d'assais, ceux-ci peuvent 
fahriin vor elem EPA zugrunde gelegt before the EF'O. c:Qnslituer la base de la proi;edure 
wertlen. devanl l'OEB. 

EPAIEPO/OEB Form 1200.2 12.03 2 
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7. Ubgrs11tnmgen 7. Translations 7. T,aducUom; 

BeigefCigt sine! ~ie nachfolgend TranslaUons in•one of the offic:ial Vous trauverez. ci-joint, les 
angekreuz:.len UberselZl.lngen in einer languages of the EPO (English, 1.raductions cor::hees c:i--apres darn; 
der Amts&prachen dss EPA (Deutsch, French, German) !11'9 enelcised as l'une des langues Offieietles de l'OEB 
Englii:cli, FranzOslseh); crossed below; (allemand, anglals, fran?is): . Im Verfahnm vor cJem EF'A al:; . In proceeoing:; before the E!PO - CJsns la proc~cfure r;rev.v,t l'OEB 

Sestlmmu,,g:.amt arl9r a:. designated or e/ec£ud Oflir;e 11Jgi:sant en quiil/itfJ d'offlt:ll 
ausgr,wiihlt.em Amt (PCT /+fl): (PCT/+ II): r;te-:.;g,ii ou ~II (PCT I + II): 

□ Obersetzung der ursprQnglich Translation of the international Tradut:lion de la demande int11r-
9lngareichten intemationalen applicatlan (description. daims, natianale tel111 que depc;iseg 
Anmeldung (Beschreibung, An- any text in the drawings) a:. initial0m1:1nt (desaiption. rev~nr:lioa-
sprue.he, etwaige Textbestandteile in originally fil9d, of the abstract as lions, le.des ligurant ~ventuelle-
den Zeichnungen). der verOffent- published and of any indication ment dans les dessins), de l'abrege 
lichten Zusammenfassung, und under Rule 1 JN" .3 and 13"".4 PCT pubfie, et de toul.9$ indicalions 
etwalger Angaben Ober blologisc:he, regarding biological material villees aux regles 13.,_,_3 et 13""'.4 
Material nach Regel 131o1o,3 und du PCT conaimant le materiel 
13"".4 PCT biologique 

□ Obersgt.zun9 der priorl~ts- Translation of the priority appli- Traduetion de la (des) d1:1mando(zl 
b!lgrOnd1:1nden An111eldung(1:1n) cation(s) ouvrant le droit de prlorll:ii 

□ Es wird hiermit erll:11:lrt, da~ die 11 is hereby declared that th~ II est dl!clar6 par la presenle que 
intemationale Anmeldung in ihrer international application as la demande intemationale telle 
ursprOnglich ein9ereict1ten originally filed is a complete que d~posee initialement est une 
Fassung eine vollstllndige translation of the previous traduction integrale de la demande 
Oberset%ung der frOheren An- application (Ruk! 38(~) EPC) anterieure (regl~ 3B(5) CBE) 
meldung ist (Regel 38(:i) EPO) 

. Zusilrzllch im Verfahren vor dem . In adrl!tiori, in proceedings befom .. De plus, r1an:s f:} proerklure devant 
EPA als Bestimmrm9samt (PCT/): die /!!PO a:. designated Office /'OE:EI 9gissant en qua/ltf, d'c,llice 

(PCT/): dbig,ie (PCT Q: 

□ Obr;:rsetzun9 der nac:h Art. 19 PCT Translation of amgndod claims Traductlon des revendii;:ations 
g~~ndarten Aospruc:he nebst and any statement under Art. 19 modifiees et de la dedaralion raite 
Erldlirung, falls diese dem PCT, if the claims as amended are conformemen, :i !'article 19 du PCT, 
Verfahren 11or elem EPA .::ugrunde to form lhe basis for the proc:ee- si la proc~urg devar,t roes doit 
gele9I werden sollen (sietie Feld 6) dings before the EPO t!IJ1r0 f0ndee sur les revemtication.s 

(see Section 6) m0diliees (voir la rubrique 6) . ZIIS!ltzlich im Verf.lhren vor dgm . In adclltiori, in prcceerJings before .. De pfu:., cfami Is prr;r.edure devimt 
EPA als ausgawShlt11m Amt the EPO s:. elected office (PCT II): l'OEB :agi:1~ant en q11a~ cJ'gffir:e 
(PCT/I): elu (PCTI/J; 

□ Obe~et.::ung der Anlagon z:um Translation of any annexes tD tho Tradudion d4as annexes du 
intemationalen vorlliufigon lnt1:1rnational preliminary exami• rapport d'1:1xam11n preliminairs 
Prufun9sl:leri1;:ht nation n,pQl't International 

8. Biologisches Matgrlal 8. Elh;,logic:al material 8. Matiere biologique 

□ Die Erlindung bezieht sich auf b.:w, The invention relates 10 and/or uses L 'invention conceme atfou utilise 
verwendet bi0l09iSC:hes Material, das biological material de~ositeo i.mder de la mall~re blolo9ique. deposee 
nach Regel 28 EPO tiinter1egt worden Rule28 EPC. conformement a la re91e 28 cse:. 
i:sl. 

□ Oie Angabon nach Reg11I 28(1)e) The particulars naferrgd to In Les indic:ations vis.:lgs a la rilglg 
EPO (falls noch nir:til bekannt, die Rule Z8(1)(c:) EPC (if not yet known, 28(1)c;:) CEIE (si non encore connues, 
Hinterlegungslella und aas (die) the depository lnslitution and lhe l'autorite de dlf!pOt et la (Jes) 
Bezugsteichen [Nummer, Symbole identlfic:ation reretEnces(s) (number, reference(s} d'identification [numero ou 
usw.) des Hintertegers) sind in der symbols, etc..) of lhe depositor) ara symboles ete.J du deposant) figurent 
intemationalen Verflffentlichung oder in given in the inlemational publication dan:i la pub6ca1ion intematlonale ou 
der geml:lll Feld 7 eingereiehten Ober- or in lhe translation submi!led under dans une traducti0n prcduite c0n-
setzung enthallen aur: Section 7 on: formement a la rubtique 7 a la / awi.; 

Seite(n) / Zeik!(n) page(s) I iine(s) ~age{:,) f ligne{s) 

Die E,npfangsbesr;hglnlgung(lln) Tue nN;:eipt(s) of deposit issued by Le(s) raeepl=e(s) da depat delivre(s) 
dar Hinter1e9un9sstelle ttie depositary lnslltulion par l'autorlte de depOt 

□ ist (slncl) bei9efugt is (are) enclosed est (sent) joint(s) 

D wire! (wen:len) nachgerei.chl will be filed at a later dat.-e sera (seront) produit(s) ulterkliumment 

□ ve,zictu auf die Verpftidltung des Waiver of lhe rig tit to an undertaking Renoncia!lan, sur document distinc:t, a 
Antragstellers nach Regel Z8(3) EPO ti"om the requester pu~uant to Rule !'engagement du n;:qulmant ai,i titre 
auf gesondertem SchriRstuc:k 28(3) EPC attar;J,ed. de la regle 28(3) CBI:. 

EPAIEPO/OE:6 Form 1200.3 12.03 3 
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□ 

□ 

□ 

181 

□ 

□ 

4 

9. r.lueleotid- und Aminosiure- 9, Nui.lectide and amino acid 9. S6qugncos: de nuclll!otides 
sequr.nznn seq11ence$ et. d'acldGS amines 

Die nai;:h Regeln 5.2 und 13.., PCT The items ne~ssary in accordance Les pi~ces requises selon lea rogles 
sowie Regel 11 1 (3) EPO erforderli- wi,h Rules 5,2 and 13'"' PCT and s.z et 1318' PCT et la regle 111(3) CSE 
c:hen Unlertagen 1ie9en dem EPA Rule 111 (3) EPC have already been ont deja ete .depos4es aupres de 
bereits vor. furnished \o the EPO. l"OEB. 

Oas schritlliche Sequenzprotolloll The written :.eq1.1en,:e !isling is La liste cle sequences eaite est 
wird anllegend nachgereichl. furnished herewitti. produite ~-joint. 

D Das Sequen~rotokoll geht nicht The sequence 1istin9 does not La liste de s~quences ne contient 

uber den lnhalt der Anmeldung in include matter which goes beyond pas rJ'elements s'etendant au-dela 

der urspr□nglich eingereichten the ce1nten1 of lhe application as du Q:lnl:8nu de la demande telle 

Fassung hinaus. filed. qu'elle a ett deposee. 

Der vorgeschriebene Daten1tager Is! The prescribed data carrier is Le support cle dcnnees prescrit 
belgef□gt. enclosed. est joint. 

□ Die auf dem Oatentra9er gespei• The information recorded on the L'information figuranl sur le 

loherte lnforma!lon stimmt mit data carrier is identical ta the support de donne!.!$ es\ lden?lque 
dem sc:hri!Uichen Sequenzprotokoll Wlitl.11:n sequence listing. i!l c:elle que c:ontient le liste d8 
Qberein. si!quences ecrile. 

10. BenennungsggbOhren 10. Din;lgnation fees 10. T.ues de de=iignation 

10.1 Es ist de~it beabsichtigt, den slo• 10.1 It is currently intended to pay sevun 10.1 II est actuellernent envise~ cle payer 
benfachen Betrag elner Benennungs- tinlGfl \he amount of the designation un monlant correspondarrt a sept 
gebilhr zu entrichten. Dam it gelten ~lil. The designation fees for all tha fols la taxe de designaUon. Les taxes 
die Benennimgsgebuhren fur alle EPC contra<::ting states 1 cliu:ignated de designation sent ainsi reputees 
Vertragsstaat.en des EP01 als ent- in the, international applleation2 are payees pour lOLI$ les Etats 
ric:hlet (Art. Z Nr. 3 GebO), SQWel! sie thereby deemed lo have been paid c;:antral;t,ant:. de la CBE1 d6$igngs 
in der intematii;inalan Anmeldung (Art. 2 No. 'J RFees). dans la demamle intemationalir 
bestimmt sind~. (art. 2. point 'J du RRn, 

10.2 Abweiehend von der EJ'klarung in Nr. 10.2 The declaration in No. 10.1 does not 10.2 Contrairement ~ ce qui est indique au 
10. 1 isl detzeit beabsi<::htigt, v.,gniger apply. Instead, it is currently intended n° 10.1, ii est actuellement envisage 
ab sieben Benennungsgebul"lmn fllr to pay fewerth'l! :.evon designation de payer moins de sept ta:r:ea 
fQlgende in der intemationalon An- fees for lhe folll)W!n~ EPC de designationLour !es Etats 
meldune bestimmm Vertrags- 1X1ntra<::ting statlls doslgnated in r;ontra~nts la CBE2 sulvants 
staatan dos EPOZ zu entrichten; th-:, intarnational appliGation: d(u,.ignes clans la demando 

internallonale: 

(1) I I (4) I I 
(2) I I cs) I I 
{J) I I <e) I I 

Soweil umer Nr. 102 Vertragstaaten If contracting states are indicated Si des etats contraetants aont 
aufgefOhn. slnd, wird beantragt, fOr under No. 10.2, It Is requested that no mentionnes au n" 10.2, prtaim de ne 
die dol1 nlc:hl angefOhrten Vertrags- communication under Rule 108('3) pas pro(:€!der i\ la signiflc:atlon d'une 
staaten von der Zustellung emer EPC bll! issued for contracting states notifications prevue par la regle 108{3) 
Mitteilungen nach Regel 108(:a) EPO nol thus indicated. CBE i,c,ur les 8alS contractants n'y 
abzusehen. 4itant pas mentionnes. 

10.3 Wird ein automatisi.her 10,3 If an automatic debit order has 10.3 Si un ordre do prelevemant auto.. 
Abbui;hun~auftrag erteilt <g:ld 12), been issued (Ser::llon 12), lhe EPO mati\ue est donna ~qu1:1 12), 
so wird das PA bea~t. i .Ab- Is authorised, on exi,iff of lhe basic ii esl emande ~ l'O cle pMlever, 
lauf irer ~rundfrist nach Regel 107 ceriod under Rule 10 (1)(d) E;PC, a r~iration du d~lai normal vise 
(1)d) EP den slebenfachen Bel~ o debil seven times lhe arnount of a la gle 107rnd} CBE:;1 un montant 
einer Benennungsgebllhr ab.:ubu en. the de~nallon fee. If states are correspondan sept fo,a la taxe de 
1st eine Erkl!lru~ nach Nr. 10.2 incllcal under No. 10.2, the EPO designal~n. SI une d~aratlon a ete 
abgegeben vvor en, so sollen dia will debit designation fees on~ l'or faite au n 10.2, l~s ~ de designa-
BenennungsgebOhren nur fUr die dort those states, unless instn.Jcte tion ne sont a prelever que pour les 
ange~ebenen Vertra511sstaalen oth~rwlse before the basic: period E;tats c:ontra-=tants qui y sont indl-
a~ uchl werden, sofem dem EPA exprres. ques sauf lnslJUctlon c:ontraire ~e 
ni bis zum Ablauf der Grundfrist par l'OEB avant re~iration du dli ai 
ein anderslautender Auftrag z:ugehL normal 

1 Sbrul bol DN~l<lag,.,ng: 'Z7 Vel!J'Sglll!\88!!11\ IJl\d = I Slatu• wn•n fl\15 form WI!.& prtncoad; 27 o:anlr=linQ ::t.,Ja;, n::irtlbly / Sib.18~M :118 date Cl'imprel!Silln '. 27 EIBIB ccn1ladar11s, 
~ •=ir: AT O~lorrei::h I All&lfia / AUlriel'le. SE S11Jgl11n I BBlQIIUll / ElelglQU&, £IG eutg,ariQO / BuJggria,/ Bul!J'INI, CHIU Sct,wei:. unll Liaolll8n!llslll / SWitzenlilla 1111a Ll9d'ltlanst•Jn / 
$wl.s,,• ..t l.i<lchtenateln, CY ZW,em / Cyprus I °'YP.19. c;:z: TBC1'eclllselle Raj1.mll>; I ~ch Republic: I FU,f".Jblique ~que, DE 09UISCl111!11<1 / Gemumy / A!larnBIIJ19, DK Dl!TIQmAI\< f 
Denmslll / Danemarx EE Esl!Qna I E:ii<inla I E•tcnl• ES Spanlon / Spain I ~agne, Pl FIMlSntl I FinlllnO I Ftnlan!IEI. FR Frl!nl<rale/1 / France I Franc&, 1.13 V•ralnl'li•• Kcr,lsrd=h I 
unnsa JQnQCam / RcyBUme-Unl, GR !lln,i:n&nland /Gr,,oca I~ HU Uni;:lffl I HoJngsiv I Hongne, IE 1n11na / l11>1Sn<II 1nant1e, IT llllllan I 1tS1Y I ltalkl ... 1.U L.u>i,imbll!ll I LU>t!ffl!IIOIJltl I 
LUlCBmDOU!ll, MC MDIIBCO / Mcnai:o / M011aco. NL Ni,idllltanclo / NDI/Ul!t.lnm I Pay--Sas, Pf PCIIU!JBI I f'QltlJQBI I Pgl1LlgBL R0 F!uma,,len /~mania/ t<0Ull1eJ1hl:SE SClllwmlen / 
SMICen I Su(lck>, SI 51-oni.o~ I Slavcnlai 151,:,.,;nie, .sK Slew:sl<isct,e RapuDUI< I Slov:ak l'!SpuDllc I ~puDUQU<I •l•vaque. TR T011<el / Turk~y / Tu~ula . 

EPA/EPOIOEB Fonn 1200.4 12.03 4 
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lZI 11. Ers:tn:ickung des guropaisr;hen 
Patllnts 
Bei Zahlung der Erslrec:kungs-
gebOhr(en) gilt diese Anmeldung auch 
als wirksamer Erstrec:kungsantrag fOr 
die in der intemationalen Anmeldung 
besllmmten •Erstreckung:.i:.taaten«. 
Es 1st beabsichligl, diese GebOhr(en) 
far folgende Staa1en zu enbichten: 

□ SI Slowenien tJ 

□ LT Lilauen 

□ LV Lettland 

□ AL AJbanlen 

□ RO Rumanien 1J 

D MK Ehemafige jugoslawische 
Republik Mii!Zedonien 

D 2) -

,,. Extension of the European patent 

On payment of the e,ctension fee(s) 
this applica!lc:in is also deemed ta be 
a request for extension to all !he 
•extension states" designaled in lhe 
international application. 11 is intended 
to pay !he fee(s) for the following 
states: 

Slovenia1> 

Lithuania 

Latvia 

Albania 

Romania 11 

Former Yugoslav Republic 
ofMac:edonia 

11. ExtDnsicin dos uffats du brevet 
guropeen 
La liue (Les i:axes) d'extenslon 
payee(s), la prl$ente demande 
est egalemenl repulee '1/tre une 
demande d'extension a •ous lee 
«Etats autorisant l'eldension .. 
designes dans la demande 
intemalionale. II est envisag6 de 
payer la !axe (les laites) d'e:ll.'lension 
pour les Etats .suivants: 

Slovenie 1,1 

Lituanie 

Lenonie 

Albanie 

Raurnanie ,, 

Ex-Republique youg11sla"e 
deMac.edoine 

1) ~SlcWfllllen \ffld ~mllll"ITl"9JCl\.llll9 in~er1r1IIm31l:,nalanAnm•l<l\.Jl\ll rl&:!ll. NIM!tll1'!r2002 (Sic,wanlen) COl!rlli828. F-2tll:o(RumllrlenJ Delllimml/ 
ForSlovt!llb anll Rwn..-18 lf1)s Is p!ll!Silllecnly ftt,,,y 1111ulG!ll\lll90 In ll\91nlemali01181~n llPIOJll l\bvrTl;C>er2002(Sb-Jeni:I) ,;,r%BF<llruQ1Y20CIJ (RetnMiS). / 
Ena,Ef,1""""""91E15ic>lltllieella~o,....,J;rm911!SIIEIGGIJ~all0natilfl~d,znsladomanaa1n1•ma!i0nal&jusq,illY~O-ZOCZ(Sl0\lllnle)cuµoq,.t.,u 
2Bfilvliar 200'3 (R0\IJll!lnie). 

2) l"iat;IIJ"Slaslllll, mil~--~~ 11ac:11 Drucl<legui,gdie.::"" F'"arnblalls In MIIUrelan 16111 r:llefrlderin~ Amll!l:IUng Dalllimml-/ 

□ 

6J)IIC81ar51ala8 WilhwhiM "e>t1an:,i,n ~nG"enf8r111101bfce Bllllrlhis faiffit= 1'ol:ln l'linbla ana wnrcn win ~l!Slgnallld intm i11<:ma11ona1 i;pp11ca110n.1 
PltNup,tJTde!IE!!1aW~l,lga,<lcla;quals~•li<X011lB~~"",.ll""W•pi6,;11mp1B11Slon11tin,,ertletffl~o1qulQl'C~~aenal80etnMde~. 

12. Automatis~her Abbuc:hungsauftrag 
(Nur m69,ir;:h fiir lnhaber von balm 
EPA 9efiihrten laufenden Knnten) 

Das EPA wird beauftragt, nach MaB• 
gabe der Vor.schriflen Ober das au,0-
malische Abbuehung$Verfahren ffillige 
GebOhren und Auslagen vom 
untans\ehenden laufenden Konto 
abzubuchen. Im Be;:;ug auf die B11nun• 
nungs9abuhrvn wird auf Feld 10.3 
verwlesen. Oas EPA win:I femer be­
auflragt, die En:treckungs9eb(itiren 
fDr )eden in Feld t 1 angekreuzten 
»Erstreckung&&taat« bei Ablauf der 
Gl"l.lndfrist .::u ihrer Zahlung abzu­
buc:hen, sofern ihm nicht bis dahin ein 
anderslautender Auftra9 :wgeht 

Nummer und Kontoinhaber 

13. Eventuelle RGckzahlungan auf das 
beim EPA gefilhM laufende Kanta 

Nummer und Kontoinhaber 

14. Untersc:hrift(Dn) des (der) 
Anmelder(s) ocier Vertreters 

Ort/ Datum 
FUr Angestellt1J (Art. 133(3) EP0) 
mit allggmelMr Vollmac:ht: 

Nr. ___________ _ 

1 Z. Automatic debit 0rd0r 
(~r EPO deposft account holders 
cmly} 

The EPO is hereby authorised, under 
the Arrangements for the automatic 
debiting proc:13dure, ta debit from the 
deposit account below any fees and 
costs falling due. For desi9md:ion 
l'Gcis, see Section 1 D.3. Tne EPO is 
alSo authorised, 1:m expiry of the basic 
period for paying !he axuinsion fees, 
to debit !hose fees for each of lhe 
"extension stales" markecl with 
a cross ln Section 1 1, unless 
instructed otnerwise before the said 
period expires. 

Number and aCCQunt h0lder 

13. Any relmbun;oment to EPO deposit 
account 

Number and account holder 

2810 0D2.2 AWAPATENT AB 

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

represent!i~e ~~ 

~r.#; G~~4-

Place I Dato Helsingborg 2D05-06-17 
For employ11es (Al1. 133(3) EPC) 
having a gwm1ral authorisatiQn: 

No. __________ _ 

1i. On:11"12! de prtil~vemantautomatiqui, 
(unfqurm,ent possible pour /es 
titu/alres de_compte:; cowanfs 
ouva,is aupres de rOEB) 

Par la presente, ii est demande i 
roEB de prelever du 1;0mpte ccurant 
ci-desscus les ta;,r;e:; et frai3 venant .a 
~ch~ance, c:onf,mneme11t a la regle­
mentaticn relative au prl!levement 
automatlque. F'our le& ta;11;e:. di! 
dOslgnation, se reporter a la n.ibrique 
10.3. II est en ou1re demande a fOEB 
de p""lever; .'I l'e;,r;piraiion du delai 
normal p~vu pour leur paiement, les 
taxas d'9xt0nsion pour chaque a: Eta! 
autorisant !'extension» coi:he a la 
rubrique 11, sauf instrui:Uon cantraire 
re~e avant rexpirallon de 0e d~ai. 

Numt.ira et Utulaire du cornple 

13. Rom boun:ement:. evenluels a 
effeet1,1er i.ur le compte cou°rant 
ouvert aupres de l'OEB 
Numero et titulaire du c:omple 

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

Lieu/ Date 
Pour los employe3 (art. 1:U(3) CBE) 
dlsposant d'un pouvoir g0n6ral: 

N" __________ _ 

La au lea r,omg de:, slgru,talrga ao!VRn! Alt& 111151~~& ,.._,me!n) .,,., (041f) ·unte=rctu,,,,,m bill~ In Dl\lcl<· 
,._hrlftwlo041m~I•n. Bel jlJl'iSU8dl,m Pcr..o,nan ~11\9 
"ud, dli, SlolUrlg O•• (~81) Unlei::el=ta,e1m1 
inn8rh~lb dill" t!l~n•c:nan In CNcl<!e/1rll'I iu,gt1Mn, 

PIUso prinl n""1•(s) unoer &19na11Jnl(& ). In 11,i, 
eslMl or 18;illl ~an,;, a,,, pcalllDn or \lltl 
aiQnBlory ><i!llln th,:, ci,mp"'1Y snouia also be 
pnnlll(!. 

"" ~IIIB l!'lfflpritnerl<I, 5"11 a·agil d"llns pl!lllome 
mora111, Ia posllion oOCtJpeP ~u ;alndaCllll9'd parreeu I•• argnalalraa dell f,§alem""I ~,.., lnalq1.1b 011 
canict!Ues 13'1mpMll!tkt, 

EPA/EPO/OE9 Form 1:200.5 12.0~ 5 
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EPO Customer Services 

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

I Date 
30.05.05 

I 
Application No./Patent No. 

03796549.8 - 2223 PCT/US0338223 

Applicant/Proprietor 

INTERDIGITAL TECHNOLOGY CORPORATION 

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 not compulsory. 

EPO Form 1201 10.02 
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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 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: 

a) 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). 

b) Pay the national basic fee (EUR 160,00) and, where a supplementary European search report 
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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 Pl/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 Pl and P2 is 

implemented for one stage rate matching. Figure 10 is a schematic block 

·::J~ 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 HSDP A. 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 (Pl) 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 (Pl) 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 (Pl) 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 coll~ction circuit 625. Note that the Parity 1 (Pl) and Parity 2 (P2) bits are 

treated separately. The systematic bits, Parity 1 (Pl) and Parity 2 (P2) bits are 

combined at the bit collection circuit 625 to provide a single data output Ndata. 

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 Pl 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 Pl and 

P2 be independently biased. For example, if the number of Pl 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 Pl 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 Pl 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 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 

(Pl) bits and a second group of parity 2 (P2) bits are identified, and step._(b) 

further comprises: 

(bl) adding punctured bits to the first group of Pl bits; and 

(b2) removing punctured bits from the second group of P2 bits, wherein the 

puncturing rates of the Pl and P2 bits are biased by adding a number of non­

punctured Pl bits to the first group and decreasing the number of non-punctured 

P2 bits in the second group by the number of non-punctured Pl bits added to the 

first group. 

3. The method of claim 2 further comprising: 
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N=l4I +.!.J 
( c) determining a number of bits N using 7 P 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 Pl and P2 bits at the output of rate matching; and 

---- < 1--+ - , calculate the bias (d) if I 7 N · N lNJ . 
(Pl~ 2 2 2 · 

I P P I 
A= max .,-----,.-- - -~--l 7 ~-1 J 2 , 2 I 7 ~ + 1 l , otherwise set A = 0 . 

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 Pl or P2 bits is within ±1 or±½ of 7 N /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 

(Pl) 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 Pl bits; and 

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

further comprises: 

(bl) biasing the puncturing rates of the Pl and P2 bits by adding a number 

of non-punctured Pl bits to the first group and decreasing the number of non­

punctured P2 bits in the second group by the number of non-punctured Pl bits 

added to the first group. 

8. The method of claim 7 further comprising: 

A l 4/ 1 J 
(c) determining a number of bits N using N = 7 P + 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 Pl and P2 bits at the output of rate matching; and 

(d)if-I __ ?N <1-N +lNJ,calculatethebias 
(P/2) 2 2 2 

I 

max l A J 7~-1 

, otherwise set~ = 0 . 
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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 Pl or P2 bits is within ±1 or ±1/2 

of ?N/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 

(Pl) bits and a second group of parity 2 (P2) bits are identified, and step (b) 

further comprises: 

(bl) adding punctured bits to the first group of Pl bits; 

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

(b3) biasing the puncturing rates of the Pl and P2 bits to avoid 

problematic puncturing patterns by: 

(i) adding a number of non-punctured Pl 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 Pl 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 Pl and P2 bits to avoid problematic 

puncturing patterns by: 

(i) adding a number of non-punctured Pl 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 Pl 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 

(Pl) 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: 

(cl) means for adding punctured bits to the first group of Pl bits; 

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

and 

(c3) means for biasing the puncturing rates of the Pl and P2 bits to avoid 

problematic puncturing patterns, the biasing means including: 

(i) means for adding a number of non-punctured Pl 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 Pl bits added to the first group. 

27. The system of claim 26 further comprising: 

~ l 4/ 1 j 
(d) means for determining a number of bits N using N = 7 P + 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 Pl and P2 bits at the output of rate matching; 

(e) means for calculating the bias A= I p p 
max .,.....---,--- -l7~-lj 2' 2 

I if 

_I __ 7N <1- N +lNJ· and 
(P/2) 2 2 2 ' 

(f) means for setting bias ti = 0 if 
1 

-
7 N ~ 1- N + l Nj . (P/2) 2 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 Pl or P2 bits is within ±1 or±½ 

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 

(Pl) bits and a second group of parity 2 (P2) bits are identified, wherein the 

means for adjusting the number of punctured bits comprises: 

(bl) means for adding punctured bits to the first group of Pl bits; and 

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

and the means for biasing the puncturing rates comprises: 

(cl) means for biasing the puncturing rates of the Pl and P2 bits to avoid 

problematic puncturing patterns, the biasing means including: 

(i) means for adding a number of non-punctured Pl 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 Pl bits added to the first group. 

32. The system of claim 31 further comprising: 

~ l 4/ 1 J 
(d) means for determining a number of bits N using N = 7 P + 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 Pl and P2 bits at the output of rate matching; 

(e) means for calculating the bias I},,_= I P P I 
max .,-------,. - - - - =----= 

l7~-lj 2' 2 17~+11 
if 

_I __ 7N <1-N +lNJ· and 
(P/2) 2 2 2 ' 
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(f) means for setting bias t:,,,. = 0 if I 
7 N ~ l- N + lNJ. 

(P /2) 2 2 2 

33. The system of claim 32, wherein non-puncturing patterns with a 

period of 7 N /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 Pl or P2 bits is within ±1 or±½ 

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

35. A communications system for identifying degradations in qualit~ 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 

(Pl) bits and a second group of parity 2 (P2) bits are identified, the means for 

adjusting a value for anticipated degradation further comprising: 

(bl) means for adding punctured bits to the first group of Pl bits; 

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

and 

(b3) means for biasing the puncturing rates of the Pl 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 

(Pl) bits and a second group of parity 2 (P2) bits, the system comprising: 

(a) means for adding punctured bits to the first group of Pl bits; 

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

and 

(c) means for biasing the puncturing rates of the Pl and P2 bits to avoid 

problematic puncturing patterns, the biasing means W including: 

(i) means for adding a number of non-punctured Pl 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 Pl 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 m the first stage and 

decreasing non-punctured bits in the second stage. 

4 7. 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. 

-1-
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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 CCTrCH for a particular 

frame is denoted as a Transport Format Combination (TFC). 
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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 transporfformat 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] In TDD 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 2c, the CCTrCH 

is mapped to two physical, but only one physical channel includes the TFCI. 

[00111 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 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 

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 non-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 apout 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 
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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 O}, thus 

a period 23-1 = 7 M-sequence is generated for positive time. 

[0018] The encoder is a Linear Time Invariant (LTD 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 'sin the TB. Ifwe consider an input that is all O's fort> T, then the output of the 

constituent recursive encoding block will also be semi-periodic fort> 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 of7 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 bits, i.e., information sufficient to determine the bits is 
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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) ofL 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. 

(00231 

[0024] 

SUMMARY OF THE INVENTION 

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, Pl/P2 

puncturing biasing for a single stage of rate matching is implemented using the 

punctured error correction coded transmissions. 

(00261 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 Chflnnel (HS-DSCH) in R5 High Speed 

Downlink. Packet Access (HSDPA). 

[0027] 

[0028] 

BRIEF DESCRIPTION OF THE DRAWINGS 

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 successfuily decode a 

data block (critical SNR) with high probability vs. Code Rate when Pl/P2 biasing is 

applied; 

[0034] Figure 5 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; 

[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 Ertor Rate (BLER) 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 Cod~ Rate when biasing the 

number of parity bits in parity stream 1 and 2 (Pl/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 peaks in 

the figure. 

[0041] Figure 5 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 pa~ty streams are such that some combinations of 

rates are particularly problematic. 

[0042] In one embodiment, puncture biasing for parity bits Pl 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 

(Pl) bit rate matching circuit 630 and Parity 2 (P2) bit rate matching circuit 635. The 

_________ c_o,i.;PY..:,P_ro_v_id_ed_b..._y_U_SP~TO from the PACR lmaqe Database on n?tnll/?11M 

IPR2023-01272 Page 146



• I-2-0449.lUS 

second rate matching stage 620 includes a systematic bits rate matching circuit 640, a 

Parity 1 (Pl) 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 (Pl) 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 (Pl) and Parity 2 (P2) bits are treated separately. 

The systematic bits, Parity 1 (Pl) and Parity 2 (P2) bits are combined at the bit 

collection circuit 625 to provide a single data output Ndata, 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. 

[00431 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 Pl 
I 

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 Pl and P2 be independently 

biased. For example, if the number of Pl 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 Pl and P2 by adding additional puncturing to 
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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 Pl and P2 bits, two constraints must be 

met. 

[0046] When non-puncturing patterns with period 7 iv /2 ( iv = 1, 2, 3 ... ) are used, 

degradation in performance results. These periods will be employed whenever the 

average non-puncturing period of Pl or P2 bits is within ±1 or ±1/2 of 7 N /2 for even and 

odd N respectively. The averaging may be defined over the entire TB or any subset of 

the TB. 

[004 7] The average non-puncturing rate of the Pl and P2 rate matching blocks is 

J/(P/2) where I is the number of bits at the input to each branch of rate matching andP 

is the total number of parity bits (Pl and P2) at the output of rate matching. 

Therefore, the desired code rate will lead to a problematic puncturing pattern if, 

_I __ 7N <I-iv +lNJ Equation(l) 
(P/2) 2 2 2 ' 

for N > 0 where, 

Equation (2) 

[0048] In biasing the puncturing rates of the parity bit streams 1 and 2, Pl 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. 

-10-

Coov orovided bv USPTO frnm thA D4r,i:i ,..,.,,..,. ., ..... .., .. .,"' "" n?1no.1?nn,11 

IPR2023-01272 Page 148



• I-2-0449.lUS 

[0050] These two constraints can be combined in to the following expression for 

L\, where: 

[0051] I p p 
.:l= max.---,.-- -l7~-lj 2 ' 2 

I Equation (3) 

[0052] Alternatively, non-punctured bits may be increased in P2 and decreased 

in Pl. The procedure to determine and apply the necessary Pl/P2 bias is as follows: 

[0053] 

Step 1) Compute N using Equation (2). 

Step 2) Determine if the desired code rate results in a problematic 

puncturing pattern using Equation(l). If it does, continue to Step 3, 

otherwise set L\ = 0 . 

Step 3) Compute the bias L\ using Equation (3). 

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 L\ 

and accordingly, the number punctured bits in parity bit stream 2 bits is increased by 

L\, 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. 

[0057] 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 
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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 TS25.212/222. 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. 

[00611 For both the case of 1st rate-matching stage being transparent and the 

case of both 1st and 2nd 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. 
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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 Pl 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 t,., where: 

[0068] Equation (3) 

[0069] Alternatively, non-punctured bits may be increased in P2 and decreased 

in Pl. The procedure to determine and apply the necessary Pl/P2 bias is as follows: 

Step 1) Compute N 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 set/). = 0 . 
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Step 3) Compute the bias 6. 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 (CDMA2000) 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 1st stage of rate Matching, Max 

Bits after 1st Rate Matching, Bits after 2nd Rate matching} or the pair {Rate of 1st stage 

Rate Matching with respect to parity bits, Rate of 2nd 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 r 1 and r2 represent the rates 

associated with the 1st and 2nd 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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* r2)= ~[( 1 -r 1r ,if n,211-l1 r ,if mif1IDnr2-L ,2 .OC,if nt2 l-l_rif nt2 U+ 

[0073] 

( 1-r ~ [rif n,2 lJ-l~ [rif n,2 lJ IDnr2-L ~,2 JX-rif nr2 l-[rif nr2 lJ+ !)+ 

( 1 -r 1rrl[_nr211-l~ r rl[_n,2 Jl ID-nr2+1_,u2 j+ 1Xr1[_ m2 J-[_rl[_n,2 J.D+ 

( 1-r 1 Lrl[_ n,2 JJ-l~ [rl[_ n,21J ]}-n,2 +L n,2 j+ 1X-,l[_n,2 j+ [rl[_ n,2 Jj+ 1)] 

F.quation(4) 

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 2nd 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. 

-16-

IPR2023-01272 Page 154



• I-2-0449.lUS 

[0077] 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 Xi, 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 bl~ck 

of bits being punctured. By allowing the parameters to change, the instantaneous 

coderates may be different from the desired overall coderate (thereby avoiding 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 rl, r2 pair) to some point on a curve of constant code rate (i.e., where the product 

rl*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 ~he 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 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. 

[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 (WTRU) is determined, including buffer sizes that supported 

by the WTRU. 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). 

[00871 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. 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. 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. 

[00921 In accordance 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 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 Pl and P2. 

[0093] One case is exemplified by changing puncture rates in Pl and P2. A 

simple and efficient method of modifying the puncture patterns consists in biasing the 

number of punctured bits in Pl 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 Pl. 

(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 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. 

[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 approach 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 

rl *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 probl~matic 

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 
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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 beep. 

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. If the 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. 

(01071 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, bas 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 

(AMC) is an integral feature ofR5 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. 

[01111 Figure 7 shows the BLER performance of 3 different HS-DSCH transport 

blocks ofincreasing size 4554, 4 705 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%. 

[01131 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. 

[0 116] 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 (HARQ) 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 1st constituent encoder) and parity 

bit stream 2 (output of 2nd constituent encoder). 

[0120] Note that the constituent recursive convolutional encoder is a Linear 

Time Invariant (LTI) system on GF2. 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 

impulse response corresponds to the locations of the l'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 fort > 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. 

[0128] Thes~ 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: 

CR= l 
2 

3,SN N = 1,2,... Equation (5) 
l+-- 3.5N+2 

3.5N 

[0130] The critical code rate, CR, corresponds to a rank-1 scenario when N is 

even and rank-2 whenNis odd. Forrank-1, we have critical code rates CR= 7/9, 7/8, 

21/23, and for rank-2, we have CR = 7/11, 21/25. 

[0 131] 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 1N /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 ±½ of 7 N /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 1st stage of rate 

Matching, Bits after 1st Rate Matching, Bits after 2nd Rate matching} or the pair {1st 

stage parity puncturing rate, 2nd 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. 

[01341, 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. 

[0137] 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 < ki < 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 t = 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 O}. Thus, a period 23-1 = 7 M-sequence is generated for positive 

time. 

[0141] 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 l's in the Transport Block (TB). Ifwe consider an input that is all O's fort> T, 

then the output of the constituent recursive encoding block will also be semi-periodic 

fort> 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 

-30-

Copy provided bv USPTO from the PACR lmaae Database nl' (l?/(lQ/?MII 

IPR2023-01272 Page 168



• I-2-0449.lUS 

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. 

[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 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 LIK 

where L is the period of the recursive encoding block and K is the Greatest Common 

Divider (GCD) of Land 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. 

* * * 
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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: 

N= -+-~ l41 1 J 
(a) determining N using 7 P 2 wherein I is the number of 

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

number of parity bits (Pl and P2) at the output of rate matching; and 

(b) if _I __ ?N <1- N +lNJ calculate the bias 
(P/2) 2 2 2 ' 

1::,,. I P P I , otherwise set.6. = 0. 

~ = l7~-1p:. 2-r7~+ll 

la. 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 
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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 furth~r 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 WTRU; 

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 Turbo 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 TII. 

Firat Rate Matching Virtual IR Buffer Second Rate Matching 

! 
i Systematic 

bits N")'I - AM_S ~~OX!' 

C N~ 
Parity 1 

Npl ~,,pt Nd~r,, bit bits - RM....PU - RM_P1_2 bit - separation - - collection 

Paril)'2 
NP2 ~IJ)2. bits ::: RM_P2_1 ::: AM_P2_2 I -

I 

i 
! 

' 

Figure 17: HS-DSCH hybrid ARQ functionality 

Notation used in sub clause 4.5.4 and sub clauses: 
Nm: Number of bits in a transmission time interval before rate matching. 

t!.N;: An intermediate calculation variable. 

flN'[[I: If positive - number of bits to be repeated in each transmission time interval on TrCH i with 

transport format l. 

If negative - number of bits to be punctured in each transmission time interval on TrCH i with transport 
format l. 
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AN PARrrr : Number of bits to adjust the length of parity streams by, in HARQ I st stage rate-matching. 

N data: Total number of bits that are available for the HS-DSCH in a TTI. 

e;ni Initial value of variable e in the rate matching pattern determination algorithm of 
subclause 4.2.7.5. 

ep1us 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 

4.5.4.1 

b=l: Systematic bit. xk in subclause 4.2.3.2.1. 

h=2: 1st parity bit (from the upper Turbo constituent encoder). Zk in subcaluse 4.2.3.2.1. 

h=3: 200 parity bit (from the lower Turbo constituent encoder). z'k in subclause 4.2.3.2.1. 

HARQ bit separation 
The HARQ bit separation function shall be perfonned in the same way as bit separation for turbo 
encoded TrCHs in 4.2.7.4 above. 

4.5.4.2 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 Nm which is signalled from 
higher layers for each HARQ process. The number of coded bits in a TTI before rate matching is 
NITI 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 Nm is greater than or equal to Nm (i.e. all coded bits of the corresponding TI1 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. 
If NIR is smaller than NIT1 the parity bit streams are punctured as in 4.5.4.2.1 below by setting the 
rate matching parameter !iN'{71 = NlR - Nm 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 5 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 perfonned, the procedure below shall be applied. Index b is used 
to indicate systematic (b=l), 1st parity (b=2), and 2nd parity bit (b=3). The parameter Ml PARm ; 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 to be performed 

PR= L-AN;?"l 12J. 
x. ' 

while(a ~4) 

l1·a•PR+ ~j 
round==-----.......:::. 

7-a 

.il=PR-round 

a=a+l 

OPR =98 

else if (,1, > 0) then 

I 

MPARrrY =0. ~ 49 
' UpR = ; 

AN,_,, =lL-AN? 12J-x,-( round-L)J 

else 

end if 

encl while 

a=5 

a=5 
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a=2 whenb=2 

a= I whenb=3 

If AN1 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, 

Bminus = ax!M;I 

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. 

L Nm /3 J- N,,p1 b = 2 
NTTI /3 ' 

Composite Puncturing Ratio, CPR = L J 
Nm /3 -N, p2 ----'-b=3 

Nm /3 ' 
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 8 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 O 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 Oto rmax-
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;ni• The parameters Xi, ep1us and eminus are 
calculated as per table 10 below. 
Denote the number of bits before second rate matching as Nsys for the systematic bits, Np1 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. Nc1ara is the number of bits available to the HS-DSCH in one TII 
and defined as Nt1a,a=Px3xNc1ara1, where Ndatal is defined in [2]. The rate matching parameters are 
determined as follows. 
For N data S Nsys + N pl + N P 2 , puncturing is performed in the second rate matching stage. The 

number of transmitted systematic bits in a transmission is N1,sys = min{Nsys, N data} for a 

transmission that prioritises systematic bits and N,,sys = max{N data - (N pl + N P2 }o} for a 
transmission that prioritises non systematic bits. 
For N data > N sys + N pl + N pZ 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,,sys = lN sys • N data J . 
Nsys +2Npl 

The number of parity bits in a transmission is: N,,,, = m1l N.,,,, ; N,"" j-Ml PARnY ,0) and 

Nt,p2 = N data -(N,,sys + N,,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, e111us em1nus 
Systematic 

Nsys Nsys IN sys - N,,sys I RMS 
Parity 1 Npl 2·Npl 2·1Npl -N,,pil RMP1_2 
Parity2 Np2 Np2 IN p2 - N,,p2I RM P2__2 

The rate matching parameter e;ni is calculated for each bit stream according to the RV parameters 
rands using 
e/nl(r) = {(x, -Lr ·ep/us I rmax J-1)modep/us }+ 1 in the case of puncturing, 

i.e., Nda/Q S Nsys + N pl+ N p2, and 

einl(r) = {(x, -Les+ 2· r) ·ep/us /(2· r111a,i>J-1)modeplus }+1 for repetition, i.e., 

Ndata > Nsys + N pl+ NP2 • Where re {0,1,··,rmax -l}and rmax is the total number ofredundancy 

versions allowed by varying r as defined in 4.6.2. Note that rmax varies depending on the 
modulation mode, i.e. for 16QAM rmax = 2 and for QPSK rmax = 4. 
Note: For the modulo operation the following clarification is used: the value of (x mod y) is 
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strictly in the range of O to y-1 (i.e. -1 mod 10 = 9). 

4.5.4.3.1 
rates 

HARQ Second Rate Matching Stage for problematic puncturing 

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 8 in the algorithm in 4.2.7.5 above shall be 
discarded and are not counted in the streams towards the bit collection. 

4.5.4.3.1.1 Parity stream segmentation 
The parity stream will be segmented into 3 segments, the first segment will be made up of the 
first Xsegl bits of the parity stream, the second segment will be made up of the next Xseg2 bits, and 
the last segment will be made up of the remaining Xseg3 bits. 

The first segment is denoted by Xr,1 • x,,2 , ••• xi,Xseg1 

The second segment by X;,Xsegl+1'Xi,Xseg1+2 , ••• xi,Xseg2; 

And the final segment by X1,Xsegl+Xseg2+l•xi,Xsegl+Xseg2+2•··•X;,xi 

Where xsegl =42·LXJ98j 

xseg2 =56·LXJ98J xseg3 = X;mod98 
' 

Note: If Xi is less than 98 only the third segment exists, and if Xi 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. 

4.5.4.3.1.2 Additional parameters for HARQ Second Rate Matching Stage for problematic 
puncturing rates 

Parameters P, Ndata, Nsys, Npi, Np2, Np,u, and Np,t2 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 Np1,seg1, 
Np1,seg2, Npt,seg3 for the parity 1 bits in the 15

\ 2nd and 3rd segment respectively. Denote the number 
of parity 2 bits before second rate matching after segmentation as Np2,seg1, Np2,seg2, Np2,seg3 for the 
parity 1 bits in the 1st, 2nd and 3rd segment respectively. The rate matching parameters are 
determined as follows. 
For N data ~ N sys + N , 1 + N , 2 , puncturing is performed in the second rate matching stage. 

The number of parity bits after segmentation is 
Npb,segl =42·LNP,,/98j 
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Npb,seg2 = 56•LN pb /98 J 
N pb,seg3 = N pb mod98 

The number of parity bits in each segment for parity 1 bits(b=2), and parity 2bits (b=3) is: 

N =l49·N,,pb -LN pb /9Sj+.!.J-
t,pb,segl N 2 • 

pb 

N =l49•N,,pb ·LNpb /98j+.!.J-
t,pb,seg2 N 2 • 

pb 

N =N -(N +N ) t,pb,seg3 t,pb t,pb,segl l,pb,seg2 

The parameters Xi, ep1us and enunus are calculated as per table 10a below. 
Table 10a: Parameters for dithered HARQ second rate matching 

Stream Segment x, ea/us em,nus 
Systematic 

Nsys Nsys IN sys - N,,sys I RMS 

1st Npl,segl 2 • N pl,segl 2 · IN pl,segl - N,,pl,segl I 
Parity 1 2nd Npl,seg2 . 2 · N pl,seg2 2 • IN pl,seg2 - N,,p1,seg21 RM P1_2 

3rd Npl,seg3 2• N p1,seg3 2 · IN pl,seg3 - Nl,pl,seg3 I 
1st Np2,segl N p2,seg1 IN p2,segl - Nt,p2,segl I 

Parity 2 2nd N p2,seg2 Np2,seg2 IN p2,seg2 - N,,p2,seg21 
RMP2_2 

3rd Npz,sec3 N p2,seg3 IN p2,seg3 - Nl,p2,seg3 I 

The rate matching parameter eini is calculated for each segment of bit stream according to the RV 
parameters r and s using 
e;ni (r) = {(x; -l_r · e plus Ir max J-1) mode plus}+ 1 in the case of puncturing. Where 

r E {O, 1, .. , rmax -l}and rmax 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 rmax =: 

2 and for QPSK rmax = 4. 
Note: For the modulo operation the following clarification is used: the value of (x mod y) is 
strictly in the range of O 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 tum. 

4.5.4.3.1.3 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 bni>,.P n .. ,.,,i,,.,,.,.., -- ,..,,,.r,,,,,nn~ 

IPR2023-01272 Page 181



• I-2-0449.lUS 

the three segments, the three punctured segments should be concatenated together in their ' 
original order. 
The re-concatenated bit stream is denoted by: 

4.S.4.4 HARQ bit collection 
The HARQ bit collection is achieved using a rectangular interleaver of size N row x Ncol • 

The number of rows and columns are determined from: 
N,ow =4 for16QAMand Nrow =2 forQPSK 

Ncol = N data/ N,ow 

where Nt1aca 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,,sys is the number of transmitted systematic bits. Intermediate values N, and Ne are calculated 
using: 

If Nc=0 and Nr> 0, the systematic bits are written into rows 1 .. . N,. 
Otherwise systematic bits are written into rows 1.,.Nr+l in the first Ne columns and, if Nr> 0, 
also into rows 1 .. ,Nr in the remaining Nc01-Ne 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 row 1, row2. 
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APPENDIX 
3GPP TSG-RAN Working Group 1 #33 
New York, U.S.A. 
Aug 25-291

\ 2003 

Source: 

Title: 

Agenda Item: 

Document for: 

Proposed modified HS-DSCH rate matching algorithm 

5.3 

Discussion 

1. Introduction 

Tdoc R1-030xxx 

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 WGl #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: 

• A pattern arising from bits punctured in the first stage only 
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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: 

• 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 petformance in each stream unaffected. 

• 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 petformance 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 LiNPARITY, 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 11,, which estimates the inverse of the length of runs of survivor bits 
which hold the same modulo 7 position in the unpunctured stream [l]. 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 LiNPARITY is captured in section 
4.5.4.2.l in TDOC x.x. In the CR, a search is made for periods modulo 7, 14, 21 and 28 (controlled 
by the a parameter). The calculated value of ~NPARITY depends on the side of the implicit duration 
peak at which the coding rate lies; this is indicated by the sign ofA .. 
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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. H 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, 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 
x.x 

3. Conclusion 

A CR for 25.212, modifying 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 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. Furthennore, 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. 
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Location (mod7) Location (mod7) 
0123456 

(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 

5 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 

10 This application includes the following acronyms: 

15 

20 

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 mqbile telecommunication system 

Turbo coding principles have found widespread applications in information 

theory and, in part, have entered into mainstream telecommunication theory and 

1 
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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 v\ewed as parallel, recursive systematic convolution codes, which can be 

used for channel coding and decoding in order to detect and correct errors that 

5 might occur in the transmission of digital data through different channels. 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 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 

10. 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 

15 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 

20 streams without having to avoid desired code rates. 

2 
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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 

5 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. 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 FOO and TDD UMTS modes of transmission as well. as other 

10 modes of transmission. Additionally, methods are described hereinafter for 

modification to the puncturing patterns such that performance of the turbo code is· 

restored. 

BRIEF DESCRIPTION OF THE DRAWING 

15 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 

20 method. 

3 
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5 

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 where performance of the punctured tu.rbo 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 

10 response of the recursive encoding blocks 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 1&/2 (N =1,2,3 ... ) are used, 

15 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±½ 

of ·1&/2 for even and odd N respectively. 

The average non-puncturing rate of the P1 and P2 rate matching blocks is 

//(P/2), where I is the number of bits at the input to each branch of rate matching 

20 and Pis 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, 

4 
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5 

_I __ 1N <1- N +lNJ 
(P/2) 2 2 2 ' 

(1) 

for N > o where, 

(2) 

In order to avoid code rates with degraded performance, sii:1ce 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 

10 a simple matter to avoid them. 

This paragraph concerns modifications to "puncturing", 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 

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 

5 
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5 

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 suNiving 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 other. 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 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 

15 can be combined into the following expression for fl , 

(3) 

Alternatively, non-punctured bits may be increased in P2 and decreased in P1. 

6 
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5 

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 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 

10 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 

15 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 

20 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 

7 
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of the invention as set forth hereinabove are envisaged to be within the ambit of 

the present invention. 

8 
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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 

5 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 comprising turbo coding and 

puncturing that achieve a smooth functional relationship between any measure of 

10 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. 

9 

IPR2023-01272 Page 209



• 

0.3 

Critial SNR. vs. Code Rate 

0.4 0.5 0.6 0.7 
Code Rate 

FIGURE 1 

0.8 0.9 1 

IPR2023-01272 Page 210



• 
Pl 1126824 

UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 

RECEIVED 

0 1 MAR 2004 

PCT 

February 25, 2004 

THIS IS TO CERTIFY THAT ANNEXED HERETO IS A TRUE COPY FROM 
THE RECORDS OF THE UNITED STATES PATENT AND TRADEMARK 
OFFICE OF THOSE PAPERS OF THE BELOW IDENTIFIED PATENT 
APPLICATION THAT MET THE REQUIREMENTS TO BE GRANTED A 
FILING DATE. 

APPLICATION NUMBER: 60/444,068 
FILING DATE: January 30, 2003 
RELATED PCT APPLICATION NUMBER: PCT/US03/38223 

I 

I 

: PRIORITY DOCUMENT 
. SUBMITTED OR TRANSMITTED IN 
; COMPLIANCE WITH 
' RULE 17.l(a) OR (b) 

IPR2023-01272 Page 211



•• !--> 
c::>-:::J 
.......,. C7\ -- [\) (.,v 
c::>-c: -- . c::> Cl} 
i .~­w 

"C· 
~ 
0 

Please type a plus ~ign (+) il'ls:>Je this box-.. l±J PTO/SB/16 (8-00) 
Approved for use through10/31/2002. 0MB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid 0MB control number. 

PROVISIONAL APPL/CATION FOR PA TENT COVER SHEET 
This is a request for filing a PROVISIONAL APPLICATION FOR PATENT under37 CFR 1.53(c). 

INVENTOR(S) 
Residence 

Given Name (first and middle [if any)) Family Name or Surname (Citv and either State or Foreign Countrv) 

199 N. Oak Street Philip J. Pietraski 
N. Massapequa, NY 11758 

I!! Additional inventors are being named on the ...1.. separately numbered sheets attached hereto 

TITLE OF THE INVENTION (280 characters max\ 

METHOD AND SYSTEM FOR DETECTING, AVOIDING, AND/OR CORRECTING PERFORMANCE 
DEGRADATION IN PUNCTURED TURBO CODES 

Direct all correspondence to: CORRESPONDENCE ADDRESS 

0 Customer Number I 24374 I ► 
Place Customer Number 
Bar Code Label here 

OR Type Customer Number here 

~ Firm or Volpe and Koenig, P .C. DEPT ICC ' 
Individual Name 

Address 

Address 

City I State I I ZIP I 
Country heleohone I I Fax I 

ENCLOSED APPLICATION PARTS (check all that ann/v) 

l!::I Specification Number of Pages I 14 I D CD(s), Number I I .. 
[Kl Drawing(s) NumberofSheets I 1 I 0 Other (specify) I Fee Transmittal I □ Application Data Sheet. See 37 CFR 1.76 

METHOD OF PAYMENT OF FILING FEES FOR THIS PROVISIONAL APPLICATION FOR PATENT 

□ Applicant claims small entity status. See 37 CFR 1.27. FILING FEE 

□ A check or money order is enclosed to cover the filing fees AMOUNT I'!:\ 

0 The Commissioner is hereby authorized to charge filing I 09-0435 I 160.00 fees or credit any overpayment to Deposit Account Number: 

□ Payment by credit card. Form PT0-2038 is attached. 

The invention was made by an agency of the United States Government or under a contract with an agency of the 
United States Government. 
0CJ No. 

D Yes, the name of the U.S. Government agency and the Government contract number are: 

-
Respectfully subm~~ ?~ I I I II I/_ / Date 101 / 30 / 03j 
SIGNATURE " ,I_ l/4 UfJf llJI-IUI fJ- I ~ .,~v - rt REGISTRATION NO. 45,012 

(if appropriate) =~ K"mbe ly ' . Chotkowski, Esquire 
lYPED or PRINTE .DJAME 

TELEPHONE 215-568-1 Mdo Docket Number. I 2-461US 

USE ONLY FOR FILING A PROVISIONAL APPL/CATION FOR PA TENT 
This collection of information is required by 37 CFR 1.51. The information is used by the public to file (and by the PTO to process) a 
provisional application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 8 hours to 
complete, including gathering, prepanng, and submitting the complete provisional application to the PTO. Time will vary depending upon 
the individual case. Any comments on the amount of lime you require to complete lhts form and/or suggestions for reducing this burden, 
should be sent lo the Chief infonnation Officer, U.S. Patent and Trademark Office, U.S. Department of Commerce, Washington, D.C. 
20231. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Box Provisional Application, Assistant 
Commissioner for Patents, Washington, D.C. 20231. 

m . 
::, 
(1\ 
r--
(0 

~ 

I 
I 

IPR2023-01272 Page 212



• 
PROVISIONAL APPL/CAT/ON COVER SHEET 

Additional Page 

PTO/SB/16 (8-00) 
Approved for use through 10/31/2002. OM B 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to resoond to a collection of information unless it dlsolavs a valid 0MB control number. 

Given Name (first and middle [if any]) 

Gregory S. 

I I I Type a plus sign (+) I 
Docket Number 2-461 US inside this box ➔ + 

INVENTOR(S)/APPUCANT(S) 

Family or Surname 

Sternberg 

Number 1 of _1_ 

Residence 
(Citv and either Stale or Foreian Countrvl 

50 Brampton Rd., Apt. 28 
Great Neck, NY 11021 

WARNING: Information on this form may become public. Credit card information should not 
be included on this form. Provide credit card information and authorization on PTO-2038. 

IPR2023-01272 Page 213



• Express Mail Label No. EU349455632US 
Voloe and Koenia Revision of PTO/SB/17 (10-01) 

Approved for use llirough 10/31/2002. 0MB 0651-0032 
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 

Under the Paaerwork Reduction Act bf 1995 no aersons are reauired to resnond to a collection of information unless it disolavs a valid 0MB control number. 

r 
FEE TRANSMITTAL 

for FY 2002 
Patent fees are subject to annual revision. 

\.. TOTAL AMOUNT OF PAYMENT 160.00 

METHOD OF PAYMENT 

Complete if Known 

Application Number Not Yet Known 
Filing Date Januarv 30, 2003 
First Named Inventor PIETRASKI et al. 
Examiner Name Not Yet Known 
Group Art Unit Not Yet Known 
Attorney Docket No. 2-461US 

FEE CALCULATION (continued) 

r;c, The Commissioner is hereby authorized to charge 1 · ~ indicated fees and credit any overpayments to: 
3. ADDITIONAL FEES 

Large Small 
Entity Entity Deposit I I 

Account 09-0435 
Number :::::::::::::::::::::::::::::::::::· 

Fee Fee Fee Fee Fee Description Fee Paid 

Deposit I I 
Account lnterDigital Comm. Corp. 
Name 

lv1 Charge any Deficiencies or Credit any Overpayment 
l!?J in the Total Fees Associated With This Communication 

□ 
2. □ 
□ 

Applicant claims small enlity status. 
See 37 CFR 1.27 

Payment Enclosed: 

Check O Credit card O Money 
Order 

FEE CALCULATION 

1. BASIC FILING FEE 
Large Entity Small Entity 
Fee Fee Fee Fee Fee Description 
Code ($) Code ($) 

101 740 201 370 Utility filing fee 

106 330 206 165 Design filing fee 

107 510 207 255 Plant filing fee 

108 740 208 370 Reissue filing fee 

114 160 214 80 Provisional filing fee 

SUBTOTAL (1) I($) 

2. EXTRA CLAIM FEES 

D other 

Fee Paid 

1so.oo I 

Total Claims CJ -
Independent 1---i _ 

Fee from 
Ext~s ~ Fee Paid 
•• =L_J X L__J ~ -0- I 

Claims L__J 
Multiple Dependent 

Large Entity Small Entity 
Foe Fee Fee Fee 
Code ($) Code ($) 

103 18 203 9 

102 84 202 42 

104 280 204 140 

109 84 209 42 

110 18 210 9 

··=c:J xc=J~ I 
c=J~ -o- I 

Fee Description 

Claims in excess of 20 

Independent claims in excess of 3 

Multiple dependent claim, if not paid 

•• Reissue independent claims 
over original patent 

•• Reissue claims in excess of 20 
and over original patent 

Code ($) Code ($) 

105 130 205 65 Surcharge - late filing fee or oath 

127 50 227 25 Surcharge - late provisional filing fee or 
coversheet 

139 130 139 130 Non-English specification 

147 2,520 147 2,520 For filing a request for ex parte reexamination 

112 920* 112 920* Requesting publication of SIR prior to 
Examiner action 

113 1,840* 113 1,840* Requesting publication of SIR after 
Examiner action 

115 110 215 55 Extension for reply within first month 

116 400 216 200 Extension for reply within second month 

117 920 217 460 Extension for reply within third month 

118 1,440 218 720 Extension for reply within fourth month 

128 1,960 

119 320 

120 320 

121 280 

138 1,510 

140 110 

141 1.280 

142 1,280 

143 460 

144 620 

122 130 

123 50 

126 180 

581 40 

146 740 

149 740 

228 980 

219 160 

220 160 

221 140 

1381,510 

240 55 

241 640 

242 640 

243 230 

244 310 

122 130 

123 50 

126 180 

581 40 

246 370 

249 370 

Extension for reply within fifth month 

Notice of Appeal 

Filing a brief in support of an appeal 

Request for oral hearing 

Petition to institute a public use proceeding 

Petition to revive - unavoidable 

Petition to revive - unintentional 

Utility issue fee (or reissue) 

Design issue fee 

Plant issue fee 

Petitions to the Commissioner 

Processing fee under 37 CFR 1.17(q) 

Submission of lnformallon Disclosure Stmt 

Recording each patent assignment per 
property (times number of properties) 

Filing a submission after final rejection 
(37 CFR § 1.129(a)) 

For each additional invention to be 
examined (37 CFR § 1.129(b)) 

179 740 279 370 Request for Continued Examination (RCE) 

169 900 169 900 Request for expedited examination 

-0-

~ 

SUBTOTAL (2) 

of a design application 

... 1($_) __ -o_-_ _.l Other fee (specify) ___________ -i;=:.-..-======: 
*Reduced by Basic Filing Fee Paid SUBTOTAL (3) !{$) -0- I .. or number previously paid, if greater; For Reissues, see above 

SUBMITTED BY 

Name /Prinrffypo) 

Signature 

Complete /If applicable) 

45,012 Telephone 215-568-6400 

Date 

matton on this form may become public. Credit card information should not 
this form. Provide credit card information and authorization on PTO-2038. 

1/30/2003 

Burden Hour Statement: This form is imated to take 0.2 hours to complete. Time will vary depending upon the needs of the individual case. Any comments on 
the amount of time you are required to complete this form should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, Washington, DC 
20231. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Assistant Commissioner for Patents, Washington, DC 20231. 

IPR2023-01272 Page 214



•• 
Practitioner's Docket No. 2-461 US 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re application of: PIETRASKI, Philip J.; STERNBERG, Gregory S. 

Application No.: 

Filed: 

Not Yet Known 

Not Yet Known 

Group No.: Not Yet Known 

Examiner: Not Yet Known 

PATENT 

For: METHOD AND SYSTEM FOR DETECTING, AVOIDING, AND/OR CORRECTING 
PERFORMANCE DEGRADATION IN PUNCTURED TURBO CODES 

Box Provisional Applications 
Assistant Commissioner for Patents 
Arlington, VA 22202 

EXPRESS MAIL CERTIFICATE 

"Express Mail" Label number EU349455632US 
Date of Deposit 1/30/2003 

I hereby state that the following attached paper or fee 

Provisional Application for Patent and Filing Fee 

are being deposited with the United States Postal Service "Express Mail Post Office to Addressee" 
service under 37 C.F.R. section 1.10, on the date indicated above and is addressed to the Assistant 
Commissioner for Patents, Arlington, VA 22202. 

Date: January 30, 2003 

lnterDigital Communications Corporation 
781 Third Avenue 
King of Prussia, PA 19406 
(61 O} 878-5633 

Lucy Ann Mahjoubian 

(Express Mail Certificate--page 1 of 1) 

IPR2023-01272 Page 215



• 

5 

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 

15 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 

20 the parity bits can be qualitatively illustrated by considering how much 

information remains in the surviving parity bits. 

1 
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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. 

5 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 

10 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 3rd order 

primitive polynomial and initial state {1 O O}, thus a period 23-1 = 7 M-sequence is 

generated for positive time. 

15 The encoder is a Linear Time Invariant (L Tl) 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 

20 be semi-periodic 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: 

2 
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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 

5 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 

10 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 f > 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 

15 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 

20 relatively prime, the rank of. the system becomes UK where Lis 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. 

3 
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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 pattern alternates 

between a simple period of three and four. This results in a period seven non­

puncture pattern but with two surviving pari~y bits per period. The same 

s 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. 

10 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 

15 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 

20 is applied. 

4 
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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 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. One such example occurs when the non-punctured bit pattern is 

10 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. 

15 

20 

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: 

5 
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5 

10 

When non-puncturing patterns with period 7 N /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±½ of 7 N /2 for 

even and odd N respectively. 

The average non-puncturing rate of the P1 and P2 rate matching blocks is 

//(P/2) where I is the number of bits at the input to each branch of rate matching 

and Pis 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) 

for N > o where, 

N=l4l+..!..J 
7P 2 (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. 

6 
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When a particular code rate is desired and it is determined that its use will 

results in degraded periormance, 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 

5 determined to have an acceptable degradation. 

10 

If it is desirable for a system to be allowed to make unrestricted use of 

available code rates, then periormance may be restored by modification of the 

puncture pattern. 

The key to restoring periormance 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 

15 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 

20 matching is employed (or the first stage of rate matching is transparent.) 

7 
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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 

5 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 D, 

10 

15 

I P P I 
max ..----,. -- -l7~-1J 2. 2 17N/ll 

(3) 

Alternatively, non-punctured bits may be increased in P2 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 

8 
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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 

5 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 

10 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. 

15 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 

20 to minimize the distortion of the uniformity of the puncturing. 

9 
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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 puncturing pattern. Any method of changing the 

10 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 

15 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 

20 expression takes as input either the triplet {Bits Before 1st stage of rate Matching, 

Max Bits after 1st Rate Matching, Bits after 2nd Rate matching} or the pair {Rate of 

1st stage Rate Matching with respect to parity bits, Rate of 2nd 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 pertormance. The_ equation is provided below in (4). The 

parameters r1 and r2 represent the rates associated with the 1st and 2nd stages 

.5 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. 

,i{rV2)-ta.[ ( 1 -r ~ r rif n,211-l~ r rif nr2 ll Jl)n,2-L,2 J(rif nr2 l-Lrlf n,2 l.D + 

~ -r ~ Lrif n,2 lJ-l ~ L,1r nr2 lJ Jl)nr2-L n,2 J(-rif nr2 l +if nr2 lJ + !)+ 

(1-f ~r rl)_ nr2 Jl-l~r rl)_ n,2 Jl Jl)-nr2+Lnr2 J+ 1H nr2 J-Lrl[nr21D+ 

(1-f ~ Lrl)_nr2 JJ-l~ Lr!)_nr2 JJJl)-nr2+L nr2J+ t)(-r!)_ n,2 J+Lrl)_nr2 Jj+ 1)] 

A threshold comparison could then be based on this equation to test 

whether or not the Code Rate pair will pertorm adequately. Equivalently, the 

(4) 

15 triple:{Data Block Size, Size After 1st Stage Rate-Matching, Size After 2nd 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 issl!es 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 
I 

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 I 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 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, 

5 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 

5 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 

10 performance. Additionally, methods are described for modification to the 

puncturing patterns such that performance of the Turbo code is restored. 

14 
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Critcial SNR vs. Code Rate 
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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 correcting 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 between 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. 

1 
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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: 

5 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; 

10 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 

15 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 

20 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 

2 
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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. 

5 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) 

10 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 

15 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 

20 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 

3 
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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 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 

5 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 

expect that BLER performance degrades in a proportioned manner, i.e. gets 

increasingly worse for increasingly higher effective coding rates. This 

10 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 3d8 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 

15 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 

20 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, 

4 
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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 principle, but would require a rather complex set of parameters to 

5 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 

10 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 

15 slight modifications to the puncturing patterns 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 

20 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 

5 
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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. 

Turbo-coding and puncturing periodicities: 

5 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 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. Since every surviving parity bit 

10 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 1st constituent encoder) and 

parity bit stream 2 (output of 2nd constituent encoder). 

15 Note that the constituent recursive convolutional encoder is a Linear Time 

Invariant (L Tl) 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 Transport 

Block (TB}. 

20 Now consider the following simplistic example to illustrate how 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: 

6 
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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 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 t > 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 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 

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-

7 
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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 

5 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: 

10 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. 

15 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 

20 than rank-1 and rank-2 scenarios are not considered here. 

The code rates at the center of these regions are determined by: 

8 
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CR= 1 = 3.5N 
l+-2- 3.5N +2 

3.5N 

N = 1,2, ... (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. 

5 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 

10 periodicity of surviving bits of the parity bit streams 1 or 2 is within ±1 or±½ of 

7N/2 for even and odd N respectively. 

The average puncturing rate of the P1 and P2 rate matching blocks is 

//(P/2) where/ is the number of bits at the input to each branch of rate matching 

(transport block size) and Pis the total number of surviving parity bits (sum of 

15 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, 

_I __ 7N <1-N +lf!J 
(P/2) 2 2 2 ' 

(2) 

20 for fl > o where, 

9 
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(3) 

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 1st stage of 

rate Matching, Bits after 1st Rate Matching, Bits after 2nd Rate matching} or the 

pair {1st stage parity puncturing rate, 2nd 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 1st and 2nd stage parity puncturing rates. Although 

complicated, equation (4) is a piecewise linear and continuous function in r1, r2. 

,i{M)= t,a,[ H ~r rif nt.i[1-l~ f rif m:i[1 ID•r2-L r2 JXrif n,2 Hrif nr2 l.D+ 

( 1-r ~ Lr1r nr2 ll-l~ Lrlf nr2 l] ID•r2-L n,2 lX-rif nr2 l-Lrif n12 l]+ !)+ 

H ~ r ril nr211-l~ r rlj_ n,2 Jl ID-n,2 +L nr2 J+ 1Xr1'. n,2 J-lriL nr2 lD+ 

H ~ l,-Jj_ n,2 .l]-l~ lrlj_ nr2 .llJl •12 +l n,2 J+ lX-rlj_ n,2 J +L,-l[_n,2 .I]+ 1}] 

(4) 

15 Figure 6 shows a contour plot of equation (4) with contours placed at 1/3 

and 2/3 for a= {2/3, 1/3}. Thea'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 

5 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 

patterns that lead to SNR degradation and simply · does not use certain 

10 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 scheduler. 

An advantage of the look-up table approach is that no change in current 

15 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 

20 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, 

11 
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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. 

5 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 expected, 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 

IO 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-

15 matching stages in TS25.212/222. 

For both the case of 1st rate-matching stage being transparent and the 

case ~f both 1st and 2nd 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. 

20 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. 

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 

5 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 □ 

and accordingly, the number punctured bits in parity bit stream 2 bits is increased 

10 by □, 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. 

As shown in the previous sections, the desired code rate will lead to a 

15 problematic puncturing pattern if, 

3Ne{1,2, ... }s.t.---- <1--+ - , " I 7N N lNJ 
(P/2) 2 2 2 

(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 

20 equation (1 ): 

13 
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N=l4/ +.!.J 
7P 2 (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 stream 1 must be increased 

5 sufficiently by an amount □. to avoid the problematic puncturing patterns. 

Likewise, the number of surviving bits in parity bit stream 2 must be decreased 

by an equal amount C]that is also sufficient to avoid problematic puncturing 

patterns. 

These two constraints can be combined in to the following expression for 

10 □, 

I P P I 
11 == max .,...-----:-- - - ---~ 

l7~-1J 2. 2 r7~+1l 
(7) 

The procedure to determine and apply the necessary P1/P2 bias is as 

follows: 

Step 1) Compute N 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 t:.. = O. 

Step 3) Compute the bias t:.. 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 

5 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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[0001] 

[0002] 

[00031 

DETECTION, AVOIDANCE AND/OR CORRECTION OF 
PROBLEMATIC PUNCTURING PATTERNS 

IN PARITY BIT STREAMS 
USED WHEN IMPLEMENTING 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 using a Turbo encoder. 

[0004] 

[0005] 

BACKGROUND 

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 3GPP 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 sequential 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 

-1-
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data, Cyclic Redundancy Check (ORO) 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 TTL 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 ofTrCH 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 ORO 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 (TFCI) 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, m 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 know ledge 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 O}, 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 l's in the TB. Ifwe consider an input that is all O's fort> T, 

then the output of the constituent recursive encoding block will also be 

semi-periodic fort> 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 fort > 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 Lis 

the period of the recursive encoding block and Kis the Greatest Common Divider 

(GCD) of Land 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 ofthe 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. 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 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 

buff er, 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 in a first stage of puncturing and a rate 

in a second stage of puncturing. 

[0030] According to a first embodiment of the present invention, Pl/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] 

[0033] 

BRIEF DESCRIPTION OF THE DRAWINGS 

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 Pl/P2 

biasing is applied; 

[0040] 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; 

[0041] Figure 10 is a schematic block diagram showing a circuit for 3GPP 

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 EMBODIMENT(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 to layers 1 and 2 in a 

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 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. 

[004 7] 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 Pl/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 Pl 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 HSDP A. 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 (Pl) 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 (Pl) 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 (Pl) 
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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 (Pl) and Parity 2 (P2) bits are treated separately. 

The systematic bits, Parity 1 (Pl) and Parity 2 (P2) bits are combined at the bit 

collection circuit 625 to provide a single data output Ndata. 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 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 Pl 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 Pl and 

P2 be independently biased. For example, if the number of Pl 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 Pl 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 Pl and P2 bits, two constraints must be met. 
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[0053] When non-puncturing patterns with period 7 N /2 ( N = 1, 2, 3 ... ) are 

used, degradation in performance results. These periods will be employed 

whenever the average non-puncturing period of Pl or P2 bits is within ±1 or ±1/2 -

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

[0054] The average non-puncturing rate of the Pl and P2 rate matching 

blocks is J/(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 (Pl and P2) at the output of 

rate matching. Therefore, the desired code rate will lead to a problematic 

puncturing pattern if, 

_I __ 7N <1- N +lNJ 
(P/2) 2 2 2 ' 

Equation 1 

for N > 0 where, 

[0055] 

N=l~+.!.j 
7P 2 

Equation2 

In biasing the puncturing rates of the parity bit streams 1 and 2, Pl 

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 Li to avoid the problematic puncturing 

patterns. Second, the number of surviving bits in parity bit stream 2 must be 

decreased by an equal amount Li that is also sufficient to avoid problematic 

puncturing patterns. 

[0057] These two constraints can be combined in to the following 

expression for Li, where: 
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[0058] 

[0059] 

!)..= max l ! j 7N-I 

2 

p p 

2'2 
I 

Equation3 

Alternatively, non-punctured bits may be increased in P2 and 

decreased in Pl. The procedure to determine and apply the necessary Pl/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 set!)..= 0 (if _I_ -
7 N 2 l - N + lN J ). 

(P /2) 2 2 2 

Step 3) Compute the bias /1 using Equation 3. 

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 !).. and accordingly, the number punctured bits in parity bit stream 2 bits is 

increased by !).. , 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 deployed in 3GPP, 

it may be necessary to employ two stages ofrate 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 ofreceived 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. 

[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 

ofR5 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 ofTBSS 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 
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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 (TS25.212 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 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. 

[0069] For both the case of 1st rate-matching stage being transparent and 

the case of both 1st and 2nd 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. 

-14-

IPR2023-01272 Page 276



WO 2004/062113 PCT/0S2003/038223 

[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] 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. 

[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-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 Pl 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 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. 

[0077] The code rates at the center of these regions are determined by: 

[0078] CR = l = J.SN N = 1,2, ... 
l+-2- 3.5N+2 

3.5N 

Equation 4 

[0079] The critical code rate, CR, corresponds to a rank-1 scenario whenN 

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 

7 N /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±½ 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 2nd Rate matching} or the 

pair {Rate of 1st 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 r 1 and r2 represent the rates associated with the 1st and 2nd 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. 

l(,1, r2)= ~a"[( 1-f ½lrif nr2 7l-l~r,ir nr2 7l]Jn,2-[,-2 jr!J nr2 7-l_rJf nr2 U+ 

[0083] 

( 1-r ~ [,-If nr2 lJ-~[,-If nri1J~]"r2-l_nr2 j(-r!Jn,2 l-Lr!J nr2 lJ+ 1)+ 

( 1 -r ½ I ,1[_ nr2 Jl-l ½ I rl[_nr2 ~l}-nr2 + Lnr2 J+ 1Xrl[_ nr2 J-[,-1l_n,2 ]+ 

( 1-r ½ [,-1[_ nr2 Jl-l ½ [rl[_nr2 ~l}-nr2 + Lnr2 J+ 1X-rllnr2 J+ [rl[_nr2 Jj+ 1)] 

Equation 5 

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 2nd 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 rl, r2 pair) to some point on a curve of constant code rate (i.e., where 

the product rl*r2 is unchanged) where performance degradation is 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 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. 

[0093] 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, it is 

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. 

[O 100] 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 ofredundancy 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 provide 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. 

[0 107] 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 incr~asingly 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 andR5 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 TS25.212/222 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 
I 

corresponding to the input sequence, parity bit stream 1 (output of 1st constituent 

encoder) and parity bit stream 2 (output of 2nd 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 l'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 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 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 ki, (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 ofinput 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 TTL 

[0133] Definitions of notations used: 

Nm: Number of bits in a transmission time interval before rate 

matching. 
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MY;: An intermediate calculation variable. 

t~.N}J1: If positive - number of bits to be repeated in each transmission time 

interval on TrCH i with transport format l. 

If negative - number of bits to be punctured in each transmission time 
interval on TrCH i with transport format l. 

MY PARITY: Number of bits to adjust the length of parity streams by, in HARQ 
1st stage rate-matching. 

Ndara: Total number of bits that are available for the HS-DSCH in a TTL 

eini 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: 

[0134] 

Indicates systematic and parity bits 

b=l: Systematic bit, Xk. 

b=2: 1st parity bit (from the upper Turbo constituent encoder), Zk. 

b=3: 2nd parity bit (from the lower Turbo constituent encoder), z'k. 

The HARQ bit separation function shall be performed in the same 

way as bit separation for turbo encoded TrCHs. 

[O 135] 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 Nm which is signaled from higher layers for each HARQ process. The number 

of coded bits in a TTI before rate matching is NTT1 this is deduced from 

information signaled from higher layers and parameters signaled on the High 

Speed Synchronization Control Channel (HS-SCOH) for each TTL Note that 

HARQ processing and physical layer storage occurs independently for each 

HARQ process currently active. 
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[0137] If Nm is greater than or equal to NTTI (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 Nm is smaller than NTTI the parity bit streams are punctured by 

setting the rate matching parameter t:..Nt;n = NIR - Nm 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 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 bis used to indicate systematic (b=l), l st parity(b=2), and 

2nd parity bit (b=3). The parameter t:..N PARITY : 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 

while(a~4) 

l7•a•PR+½J 
round=~---~ 

?•a 

A= PR-round 

t:,N PARITY = Q' -' 49 ' 
' UpR = ' 

iJl;i,I >-
1 

Jor(PR > 
48

)or(PR < _!_)then ~l 8PR 49 49 

a =a+l 

()PR= 98 

else if(;J, > 0) then 
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a =5 

else 

a =5 

end if 

end while 

a= 2 when b=2 

a= 1 when b=3 

PCT /0S2003/038223 

[0140] If Mi 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] 

where: 

For each radio frame, the rate-matching patte1n shall be calculated, 

Xi is as above, 

eplus = axXi 

eminus = ax I mi I 

[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], thenpuncturingofthatparity 

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. 

LNm /3 J-N1,p1 b = 2 
NTTI /3 ' 

LNm /3} N1,p2 b = 3 
NTTI /3 ' 

[0144] Composite Puncturing Ratio, CPR = 

[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 8 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 sand r. The parameters can take the value 0 or 1 to 

distinguish between transmissions that prioritize systematic bits (s = 1) and non 

systematic bits (s = 0). The parameter r (range Oto rmax-1) changes the initial 

error variable eini in the case of puncturing. In case ofrepetition both parameters 

r ands 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 Nsys for 

the systematic bits, Np1 for the parity 1 bits, and Np2 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=Px3xlvdata1. The rate matching parameters are determined as follows. 

[0148] For Ndara ::; N,ys + N pl + N pZ, puncturing is performed in the second 

rate matching stage. The number of transmitted systematic bits in a 

transmission is N 1,,ys = min{N,ys,Ndaral for a transmission that prioritizes 

systematic bits and Nr,sy.,· = max {Ntfara - (N pl + N pz JO} for a transmission that 

prioritizes non systematic bits. 
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[O 149] For Ntlara > N ,ys + N pl + N pZ 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 1,,ys = lN ,ys • N tiara J . 
N,ys +2NP1 

[0150] The number of parity bits m a transmission 1s: 

(l Ndata - Nt,,ys j ] 
Nr,p1 = max 2 - 11N PARITY ,0 and Nt,p2 = N data - (Nr,.,ys + Nt,pl) for the 

parity 1 and parity 2 bits, respectively. 

Xi eplus eminus 

Systematic N,ys N,ys IN,ys - Nt,,ys I 
RMS 

Parity 1 Npl 2·NP1 2·1Np1 -Nt,pll 
RMPl 2 
Parity 2 Npz Np2 jNpz -Nr,p2I 
RMP2_2 

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 

eini (r) = {(x; -l.! · e plus I 'max J-1) mode plus}+ 1 in the case of puncturing , 

i.e., Ndata ~ N,ys + N pl + N p2' and 

eini (r) = {(xi -Les+ 2. r). e plus 1(2 · 1;,,ax) J-1)modep/11s }+ 1 for repetition, 1.e., 

Ndata > N,ys +Npl +Np2' Where rE {0,1,L ,rmax -l}and ,;,,.x is the total number of 

redundancy versions allowed by varying r . Note that rmax varies depending on 

the modulation mode, i.e. for 16QAM rmax = 2 and for QPSK rmax = 4. 

[0152] Note: For the modulo operation the following clarification is used: 

the value of (x mod y) is strictly in the range of Oto 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 r5 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 Xsegl bits of the parity stream, the second 

segment will be made up of the next Xseg2 bits, and the last segment will be made 

up of the remaining Xseg3 bits.r 

[0155] The first segment is denoted by xi,Pxi,z, ... xi,xseg1 

The second segment by xi,Xsegl+l 'xi,Xsegl+2 , ... xi,Xseg2; 

And the final segment by xi,Xsegl+Xseg2+1' xi,Xsegl+Xseg2+2 , ... xi,X; 

Where xsegl = 42. Lx1 /98j xseg2 = 56. L Xi /98j xseg3 = xi mod98 
' ' 

[0156] Note: IfXi is less than 98 only the third segment exists, andifXiiS 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. 

[0157] Additional parameters for HARQ Second Rate Matching Stage for 

problematic puncturing rates 

[0158] Parameters P, Ndata, Nsys, Np1, Np2, Np,tl, and Np,t2 are calculated, 

additional parameters are defined below. 

[0159] Denote the number of parity 1 bits before second rate matching after 

segmentation as Np1,seg1, Npl,seg2, Np1,seg3 for the parity 1 bits in the 1st, 2nd and 3rd 

segment respectively. Denote the number of parity 2 bits before second rate 

matching after segmentation as Np2,seg1, Np2,seg2, Np2,seg3 for the parity 1 bits in the 

1st, 2nd and 3rd segment respectively. The rate matching parameters are 

determined as follows. 

[0160] For Ndara ~ N,ys + N pi + N pz, puncturing is performed in the second 

rate matching stage. 

[0161] The number of parity bits after segmentation is 

Npb,segl =42·LNpb/98j 

Npb,segZ = 56 · L Npb /98 J 
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N pb,seg3 = N pb mod98 

[0162] The number of parity bits in each segment for parity 1 bits (b=2), 

and parity 2bits (b=3) is: 

[0163] 

below. 

[0164] 

N =l49·N1,pb ·LNpb/98j+.!.j-
l,pb,segl N 2 , 

pb 

N =l49·N1,pb ·LNpb /98j+.!.j-
l,pb,seg2 N 2 , 

pb 

Nt,pb,seg3 = Nt,pb - (Nt,pb,segl + Nt,pb,seg2) 

The parameters Xi, ep1us and erninus are calculated as per table 2 

Stream Segmen Xi eplus eminus 
t 

Systema N•)'S N,ys IN,ys -Nt,sysl 
tic 
RMS 

1st N pl,segl 2 · N pl,segl 2 · IN pl,segl - Nt,pl,segl I 
Parity 1 

N pl,seg2 2 • N pl,seg2 2·1Npl,seg2 -Nt,pl,seg21 RM 2nd 
Pl_2 

3rd N pl,seg3 2· N pl,seg3 2 · IN pl,seg3 - Nt,pl,seg3 I 

1st N p2,segl N p2,segl IN -N I p2,segl t ,p2,segl 

Parity 2 
N p2,seg2 N p2,seg2 IN p2,seg2 -Nt,p2,seg21 RM 2nd 

P2_2 

3rd N p2,seg3 N p2,seg3 IN p2,seg3 - Nt,p2,seg31 

Table 2: Parameters for dithered HARQ second rate matching 

The rate matching parameter eini is calculated for each segment of 

bit stream according to the RV parameters r and s using 

e;,,;(r)={(X; -l_r•eµ1uslrmaJ-1)modep1uJ+1 in the case of puncturing. Where 

rE {0,1,L ,,~ax -l}and rmax is the totalnumberofredundancyversions allowed by 
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varying r . Note that rmax varies depending on the modulation mode, i.e. for 

16QAM rmax = 2 and for QPSK rmax = 4. 

[0165] Note: For the modulo operation the following clarification is used: 

the value of (x mod y) is strictly in the range of Oto 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 denoted by: 

Xo se"l I' Xo segl 2 , ••• Xo segl N 'Xo,seg2 I' Xo seg2 2 , ... Xo se"2 N 'Xo seg3 l' Xo seg3 2 , ... Xo seg3 N 
' 

0 
' 

1 
' 

1 
' t,pl,scgl ' ' ' ' 0 

' t,pl,scg2 ' ' ' ' 1 
' l,pl,scg3 

[0169] The HARQ bit collection is achieved using a rectangular interleaver 

of size Nrow x Ncol • The number of rows and columns are determined from: 

N row = 4 for 16QAM and Nrow = 2 for QPSK 

Neal = Ndata / Nrow 

where Ndata is used. 
[0 170] Data is written into the interleaver column by column, and read out 

of the interleaver column by column starting from the first column. 

[0171] Nt,sys is the number of transmitted systematic bits. Intermediate 

values Nr and Ne are calculated using: 

[0172] 

[0173] 

If Ne=0 and Nr > 0, the systematic bits are written into rows 1. .. Nr. 

Otherwise systematic bits are written into rows 1 .. . Nr+ 1 in the first 

Ne columns and, if Nr > 0, also into rows 1. .. Nr in the remaining Neat-Ne 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 
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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 o:r;der 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. 

[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 p~rticular, 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 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 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 ~NPARITY, 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, 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. 

[0 183] 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 
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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 

(Pl) bits and a second group of parity 2 (P2) bits are identified, and step (b) 

further comprises: 

(bl) adding punctured bits to the first group of Pl bits; 

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

(b3) biasing the punctured rates of the Pl and P2 bits to avoid 

problematic puncturing patterns by: 

(i) adding a number of non-punctured Pl 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 Pl bits added to the first group. 

3. The method of claim 2 further comprising: 

N= -+-A l 41 1 j 
(c) determining a number of bits N using 7 P 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 Pl and P2 bits at the output of rate matching; and 
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(d) if -
1
-- ?N < 1- N +l&J, calculate the bias 

(P/2) 2 2 2 

I P P I 
/j,, = max ,------,--- ---:=----= 

l7~-lj 2' 2 17N2+11 
, otherwise set~ = 0 . 

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 Pl or P2 bits is within ±1 or±½ of 7 N /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 

(Pl) bits and a second group of parity 2 (P2) bits are identified, and step (b) 

further comprises: 

(bl) adding punctured bits to the first group of Pl bits; 

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

(b3) biasing the punctured rates of the Pl and P2 bits to avoid 

problematic puncturing patterns by: 
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(i) adding a number of non-punctured Pl 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 Pl bits added to the first group. 

8. The method of claim 7 further comprising: 

N= -+-A l 4/ 1 j 
(c) determining a number of bits N using 7 P 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 Pl and P2 bits at the output of rate matching; and 

(d) if _I __ ?N <1- N +lNJ, calculate the bias 
(P/2) 2 2 2 

, otherwise set/),_ = 0 . 

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 Pl or P2 bits is within ±1 or ±1/2 

of 7 N /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 

(Pl) bits and a second group of parity 2 (P2) bits are identified, and step (b) 

further comprises: 

(bl) adding punctured bits to the first group of Pl bits; 

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

(b3) biasing the punctured rates of the Pl and P2 bits to avoid 

problematic puncturing patterns by: 

(i) adding a number of non-punctured Pl 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 Pl bits added to the first group. 

13. The method of claim 12 further comprising: 

~ l 4/ I j 
(c) determining a number of bits N using N = 7 P +2 wherein/ is 

the 

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

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

(d) if _I __ ?N < I- N +l.NJ, calculate the bias 
(P/2) 2 2 2 
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I 
/::,.=max~--

l7~-lj 
, otherwise set 11 = 0 . 

14. The method of claim 11 further comprising: 

PCT /0S2003/038223 

(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 (Pl) bits and 

a second group of parity 2 (P2) bits, the method comprising: 

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

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

(c) biasing the punctured rates of the Pl and P2 bits to avoid 

problematic 

puncturing patterns by: 

group 

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

(ii) decreasing the number of non-punctured P2 bits in the second 

-43-

IPR2023-01272 Page 305



WO 2004/062113 PCT /0S2003/038223 

by the number of non-punctured Pl 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 

(Pl) 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: 

and 

(cl) means for adding punctured bits to the first group of Pl bits; 

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

bits; 

(c3) means for biasing the punctured rates of the Pl and P2 bits to 

avoid 

problematic puncturing patterns, the biasing means including: 

and 

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

group; 

(ii) means for decreasing the number of non-punctured P2 bits in the 

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

27. The system of claim 26 further comprising: 

A l 41 1 j 
(d) means for determining a number of bits N using N = 7 P + 2 

wherein 

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

total number of the Pl and P2 bits at the output of rate matching; and 
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(e) means for calculating the bias 

I A= max~-~ 

l7~-lj 
if 

_I __ 7N <l-N +lNJ· and 
(P/2) 2 2 2 ' 

(e) meansforsettingbiasb.==O if _I __ ?N ~l-N +[NJ· 
(P/2) 2 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 Pl or P2 bits is within ±1 or±½ 

of 7 N /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 

(Pl) 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: 

bits; 

and 

avoid 

(cl) means for adding punctured bits to the first group of Pl bits; 

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

(c3) means for biasing the punctured rates of the Pl and P2 bits to 
I 

problematic puncturing patterns, the biasing means (c3) including: 

and 

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

group; 

(ii) means for decreasing the number of non-punctured P2 bits in the 

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

32. The system of claim 31 further comprising: 

N= -+-A l4/ 1 j 
(d) means for determining a number of bits N using 7 P 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 Pl and P2 bits at the output of rate matching; 

(e) means for calculating the bias 

I 6. = max -,----~ l7~-lj 
if 

_I __ 7N <1- N +lNJ· and 
(P/2) 2 2 2 ' 
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(e) meansforsettingbiasLi=O if-
1
--?N ~l-N +lNJ· 

(P /2) 2 2 2 

33. The system of claim 32, wherein non-puncturing patterns with a 

period of 7 N /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 Pl or P2 bits is within ±1 or±½ 

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

35. A communications system for identifying degradq.tions 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 

(Pl) bits and a second group of parity 2 (P2) bits are identified, the means (b) for 

adjusting a value for anticipated degradation further comprising: 

and 

(bl) means for adding punctured bits to the first group of Pl bits; 

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

bits; 

(b3) means for biasing the punctured rates of the Pl and P2 bits to 

avoid 

problematic puncturing patterns, the biasing means (b3) including: 
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and 

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

group; 

(ii) means for decreasing the number of non-punctured P2 bits in the 

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

37. The system of claim 36 further comprising: 

N= -+-A l 41 1 j 
(c) means for determining a number of bits JV using 7 p 2 

wherein 

J is the number of bits at the input to each branch of rate matching and Pis the 

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

(d) means for calculating the bias 

Ll= 
I 

maxl A j 7N-l 

2 

if 

_I_ - 7 N < l - N + lN J. and 
(P/2) 2 2 2 j' 

(e) means for setting bias Ll = 0 if -
1
- -

7 JV ~ 1 - JV + lJV 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 
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transmissions exhibits a periodic characteristic, with a period equal to a period of 

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

and 

(e) means for using the identified non-punctured bit patterns which 

exhibit a periodic characteristic to identify puncturing patterns with degraded 
J 

performance. 

40. A communications system for identifying degradations in the quality 

of punctured error correction coded transmissions having a first group of parity 1 

(Pl) bits and a second group of parity 2 (P2) bits, the system comprising: 

and 

(a) means for adding punctured bits to the first group of Pl bits; 

(b) means for removing punctured bits from the second group of P2 

bits; 

(c) means for biasing the punctured rates of the Pl and P2 bits to 

avoid 

problematic puncturing patterns, the biasing means (c) including: 

and 

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

group; 

(ii) means for decreasing the number of non-punctured P2 bits in the 

second group by the number of non-punctured Pl 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. 

4 7. 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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