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Contributions

Ad Hoc 5 met on the morning of 22 March and evening of 24 March to discuss the following channel coding issues:  (1) Turbo interleaver; (2) Puncturing; (3) Frame segmentation/combination; (4) Lower data rates; and (5) Other.  The contributions presented during these sessions were as follows:  

1. Turbo interleaver

    Morning (3/22/99)  Tdocs 239 198, 217, 189

    Evening (3/24/99)   (Motorola), 291, (Lucent#1)

2. Puncturing

    Morning (3/22/99)  Tdocs 189, 235

    Evening (3/24/99)    290, (Lucent #1)

3. Frame Combination/Segmentation

          Evening (3/24/99) 288

4. Data Rates

    Morning (3/22/99)  Tdoc 39, 235

    Evening (3/24/99)

5. Other Issues

    Morning (3/22/99)   Tdoc 201, 189, 197, 110, 38.

    Evening (3/24/99)    (Lucent #2)

Summary of Discussions

Turbo Interleaver

In the morning session, NTT DoCoMo presented a revision of their merged interleaver proposal.  Performance evaluation (simulation and analytic weight spectrum methods) indicated good performance and reasonable implementation complexity.  In the subsequent evening session, a joint contribution by NTT DoCoMo, Hughes and Nortel stated that, on the basis of the similarities of the merged proposals by DoCoMo and Hughes-Nortel and the preliminary performance results presented by the individual proponents for their respective proposals, the three companies believe that a common flexible interleaver design with good performance and reasonable complexity can be accomplished.  They stated their intention to cross-check the preliminary performance data and cooperatively investigate further refinements.  

Canon presented two contributions regarding their algebraic interleaver which they recommend for small block sizes. The presentations provided a set of optimized parameters and an analytic evaluation based on Hamming weight asymptote. They recommend that, for interleaver evaluations,  Ad Hoc 5 use simulation data in addition to analytic analyses.

Motorola presented a new interleaver design for possible consideration. Their contributions included some simulation results under ETSI ‘phase I’ evaluation conditions and information on implementation complexity relative to other candidate interleaver designs.  Concern was raised within Ad Hoc 5 that the proposal was submitted too late in the evaluation process. Motorola offered to perform a complete set of phase II evaluations and to make their interleaver available to the group as a C-language subroutine.

Lucent presented a work plan proposal for the evaluation of turbo interleaver proposals. After extensive discussion, a detailed plan for the fair comparison of the candidate interleaver proposals was developed with selection to occur at the WG1 meeting in April.  Refer to the Work Plan section for details.

Puncturing

Lucent presented preliminary results regarding sensitivity of 4-state SCCC and 8-state PCCC to severe puncturing (33%) for rate matching.  Lucent commented that, for the 4-state SCCC, the currently proposed algorithm from Ad Hoc 4 is acceptable and that they would provide further simulation results for the next WG1 meeting.  No consensus was reached on this point.  Their results show that on the AWGN channel, 8-state PCCC and 4-state SCCC exhibit similar sensitivity to random puncturing. For block size of 5120, Lucent shows that reducing the code rate from 1/3 to 1/2 by random puncturing 33% of the coded bits requires an additional 0.85 dB Ebi/No for PCCC and an 0.9 dB for SCCC at 10-6 BER.   For a block size of 80 bits, their results show an increase of 2 dB for PCCC and 1.7 dB for SCCC is required at 10-6  BER.  

Hughes presented simulation data under phase II simulation conditions demonstrating that alternatively puncturing parity bits from rate 1/3 turbo code produces a rate 1/2 turbo code with good performance without an evident error asymptote.  This recommended puncturing scheme is identical the one adopted by ARIB.  

For the purposes of rate matching (rather than selection of rate 1/2 versus 1/3 channel coding), it is believed to be impractical to use puncturing patterns optimized for the specific rates required.  Discussion in the Ad Hoc led to the formulation of the following guidelines for providing good (not necessarily optimal) puncturing patterns for PCCC turbo codes:  (1) Minimize puncturing of systematic bits, (2) Provide approximately equal puncturing of parity bits of the two encoders.  In order to maximize performance of the turbo code under rate matching, the Ad Hoc agreed to ask Ad Hoc 4 whether there are appropriate rate matching solutions that can incorporate such guidelines.  

Frame segmentation/combination

Fujitsu presented a proposal for frame segmentation/combination that specified turbo coding block sizes to a maximum of 5120 bits and offered to provide supporting evidence and references later. Lucent was of the opinion that a frame size lower than 5120 would be appropriate on the basis of performance versus complexity trade-offs.  Nokia noted that, for high data rate services, it is already necessary to buffer large amounts of data for channel interleaving so complexity saving is moot.  It was further pointed out that Nokia has had a long-standing proposal in ETSI regarding frame segmentation/combination in which the maximum turbo code size was set to 8192 and that that proposal had been at least the informal assumption of the ETSI channel coding ad hoc.  Finally, it was also pointed out that further work is required to specify an exact algorithm. The Ad Hoc decided to continue discussions on the reflector.  

Lower data rates/Higher quality of service

Hughes provided simulation data for phase II channel conditions showing favorable performance for PCCC versus SCCC for a block size of 96 bits.  

In the morning session, Lucent presented a proposal to use SCCC for all data rates, block sizes, and QoS based on simulation results for AWGN channel down to 10-8 BER.  There was no agreement regarding this proposal.  In the evening session, Lucent presented simulation data for the independent Rayleigh channel and proposed that SCCC be accepted as the working assumption for data services requiring highest QoS (BER<10-6).  This proposal was also not agreed.  Issues raised during the discussion included the use of ideal channel models that do not include the effects of correlated fading and fast power control.  It was also noted the advantage of PCCC over SCCC in the 10-3 to 10-6 BER region.  

Work Plan

The following methodology was agreed upon by Ad Hoc 5 in order to make a working assumption regarding the turbo interleaver at the next WG1 meeting in April:

1. All interleaver proposals must be completely specified for all potential interleaver sizes from 320 to 8192 inclusive.  All candidate interleavers must have designs finalized and posted on the reflector by 6 pm Thursday, 8 April 1999 (Washington, DC time zone).  Descriptions must include a C-language subroutine capable of generating any interleaver from 320 to 8192 inclusive, with granularity equal to 1, and the final set of parameters in form suitable for use by the C program.  

2. NTT DoCoMo has agreed to use the interleaver generating programs and parameter sets provided on the reflector to perform Hamming weight analysis (HWA) for all block sizes from 320 to 8192 for all proposals.  Each proponent is requested to provide preliminary versions of the software (e.g. without all parameter optimizations) approximately one week earlier than the deadline so that integration and verification by NTT DoCoMo can go smoothly.  

3. On the morning of Friday, 9 April 1999, a set of 25 interleaver sizes will be selected at random and posted on the reflector by 9 am (Washington, DC time zone).  There will be six interleaver sizes chosen from the interval [320,1024), four from the interval [1024,2048), and 15 from the interval [2048,8192), where the square bracket denotes inclusion and the parenthesis indicates exclusion.  The random selection will be performed by Hughes using a program written in C-language implementing the following algorithm:  From the Friday morning edition of the Washington Post, the first lines of the top, leftmost article on the front page will be each converted into a numerical value using a base 26 interpretation (‘a’=0, ‘b’=1, etc) ignoring blanks and non-alphabetics.  Each numerical value x will be converted to an interleaver size N in the range [a,b) via the computation N = a + (x mod (ba)).  The first lines of the article will select the six interleaver sizes in the lower range, the next lines will select the four interleaver sizes in the middle range, and the next lines of that article will select the 15 interleaver sizes in the upper range.  (If a given line produces a duplicate interleaver size, the next line will be used in its place until a set of distinct interleaver sizes are produced.)  The C-language program will be provided on the reflector along with the relevant lines from the Washington Post.  

4. Proponents will evaluate the minimum free distance of the 8-state PCCC turbo code for each of 25 randomly selected interleaver sizes using a C-language program provided by Lucent.  Lucent will provide the program along with brief operating instructions via the reflector by the end of next week.  

5. To facilitate cross-checking by interested parties, each company will generate interleaver patterns for each of the randomly selected interleaver sizes and post them on the reflector.  The files should be in the same standard format as the reference random interleaver used in past studies:  one index per line, the i-th index providing the interleaved position for information bit b(i), indices numbered from 1 to N.  

6. Simulations will be performed for five of the randomly selected interleaver sizes using an AWGN channel and 8 decoder iterations.  These simulations should cover the range 10-3 to 10-6 BER.  The corresponding FER values should also be reported.  

7. Proponents of the new proposals (Motorola and revised merged proposal by NTT DoCoMo) should provide implementation complexity analysis relative to the turbo decoder.  

8. Proponents of the new proposals (Motorola and revised merged proposal by NTT DoCoMo) must provide phase II simulation results.  

9. The performance evaluations (simulation data and weight spectrum analysis) and complexity evaluations will be presented at the WG1 meeting in April.  Since it is agreed that all interleaver proposals under consideration have reasonable implementation complexity, the selection will be based on the following factors in order of priority:  (1) Simulation performance, (2) Weight spectrum analysis (free distance, HWA); and (3) Implementation complexity.  The design judged by the Ad Hoc 5 to be best according to these criteria will be selected as the recommended working assumption.  

Discussion of other channel coding issues will continue on the reflector.  

Interaction with Other Groups

In order to achieve the best possible PCCC turbo code performance, Ad Hoc 5 would like to ask 

Ad Hoc 4 whether there are appropriate rate matching solutions for which the following puncturing guidelines can be incorporated:  (1) Minimize puncturing of systematic coded bits, (2) Provide approximately equal puncturing of parity bits from the two encoders.  

