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Modification/Clarification of burst CRC and FEC block CRC used for HARQ/Coding Scheme in IEEE 802.16m/D3 (16.3.11.1.1)
Ji-Yun Seol, Yu-Chang Eun
Samsung Electronics 
1. Introduction
This contribution proposes a change/clarification with respect to the 16-bit CRCs (burst CRC and FEC block CRC) used for HARQ/coding scheme in the current 802.16m draft standard [1]. The issues observed regarding the HARQ/coding scheme adopted in the current standard are as follows:
· Burst CRC vs. FEC block CRC

· Fundamentally, burst CRC is appended for error detection of the received packet, whereas the FEC block CRC might be used to determine successful decoding of the FEC block and stop the decoding iteration accordingly. 
· However, as FEC block CRC is appended only when the number of partitioned FEC blocks are more than one(1), in case the burst has single FEC block the receiving entity has to check the burst CRC to determine successful decoding. Thus, there will be increased complexity at the receiver side due to the difference in the appended CRC according to the number of partitioned FEC blocks (that is, additional derandomization process needed if burst CRC is used in case of single FEC block).

· Moreover, error detection based on either burst CRC or FEC block CRC will not have that big difference especially in case of single FEC block burst.
· In this context, it is suggested to change the type of appended CRC (from burst CRC to FEC block CRC) in case the burst partitioned into single FEC block so that the receiver can apply the same logic for the FEC decoding.
· To make it clear, the used CRC encoding procedure should be stated for both burst CRC and FEC block CRC (e.g., initial CRC register value, whether to apply post-inversion, etc.)
2. References
[1] IEEE P802.16m/D3, December 2009
3. Proposed Text Changes
Blue/Underline: Text Added
Red/Strikeout: Text Deleted
[Change 1: Modify the text in section 16.3.11.1.1, line 49~65, page 578 and line 1~4, page 579 as follows] 
- - - - - - - - - - - - - - - - - - - - - - - - - - - Begin Proposed Text  - - - - - - - - - - - - - - - - - - - - - - - -
16.3.11.1.1 Burst CRC encoding

Cyclic Redundancy Code (CRC) bits are used to detect errors in the received packets. A 16-bit burst CRC, for which CRC16-CCITT as defined in ITU-T recommendation X.25 is used, isshall be appended to the data burst using the cyclic generator polynomial in Equation (274) if the number of FEC block partitions KFB is larger than 1: 
gDB-CRC(D) = D16 + D12 + D5 + 1                                        (274) 

Denote the bits of the input data burst by d1, d2, d3, …, dNPL where d1 is the MSB and NPL is the size of the input data burst. Denote the parity bits produced by the burst CRC generator by p1, p2, …, p16. The burst CRC encoding is performed in a systematic form, which means that in GF(2), the polynomial in Equation (275): 
d1DNPL+15 + d2DNPL+14 + … + dnD16 + p1D15 + p2D14 + … + p15D1 + p16                    (275) 

yields a remainder equal to 0 when divided by gDB-CRC(D).
As an example, if the input data of 4 bytes in hexadecimal is 0x1234ABCD, the burst CRC encoding above yields 16-bit burst CRC of 0x5DF0. Note that this is just for the purpose of giving an example for the burst CRC encoding itself and the burst CRC shall be appended only when the data burst is partitioned into multiple FEC blocks (or, KFB > 1).
The data burst, including the CRC if appended when KFB > 1, is further processed by the burst partition as described in 16.3.11.1.2.

- - - - - - - - - - - - - - - - - - - - - - - - - - - End Proposed Text - - - - - - - - - - - - - - - - - - - - - - - - -
[Change 2: Modify the text in section 16.3.11.1.2, line 6~13, page 579 and line 1~29, page 581 as follows] 

- - - - - - - - - - - - - - - - - - - - - - - - - - - Begin Proposed Text  - - - - - - - - - - - - - - - - - - - - - - - -
16.3.11.1.2 Burst partition
Only the burst sizes NDB listed in Table 923 are supported in the PHY layer. These sizes include the addition of CRC (per burst and per FEC block) when applicable. Other sizes require padding to the next burst size. When the burst size including 16 burst CRC bits for a data burst and/or FEC blocks exceeds the maximum FEC block size, NFB_MAX, the burst is partitioned into KFB FEC blocks. 

… (omitted)
If a burst is partitioned into more than one FEC block, each partitioned FEC block has same size. The size of the FEC encoder input is denoted by NFB. The set of supported FEC encoder input sizes including FEC block CRC when applicable is the subset of the burst size table, i.e., NDB of idx from 1 to 39 in Table 923.

The burst size NDB including burst CRC and FEC block CRC is defined by Equation (276): 
NDB = KFB × NFB                                                    (276) 

The payload size excluding burst CRC and FEC block CRC is defined by Equation (277): 
NPL = NDB – NDB-CRC – IMFB ( KFB ( NFB-CRC         NPL = NDB – KFBNFB-CRC – IMFB ( NDB-CRC                 (277) 

where:

IMFB equals 0 when KFB = 1, 1 when KFB > 1

NFB-CRC equals 16, which is the size of the FEC block CRC

NDB-CRC equals 16, which is the size of the burst CRC.

The burst partition block generates KFB FEC blocks, with each FEC block processed by the randomization block as described in 16.3.11.1.3.

- - - - - - - - - - - - - - - - - - - - - - - - - - - End Proposed Text - - - - - - - - - - - - - - - - - - - - - - - - -
[Change 3: Modify the text in section 16.3.11.1.4, line 1~20, page 582 as follows] 

- - - - - - - - - - - - - - - - - - - - - - - - - - - Begin Proposed Text  - - - - - - - - - - - - - - - - - - - - - - - -
16.3.11.1.4 FEC block CRC encoding

The burst partition procedure generates KFB FEC blocks for each burst. If KFB > 1, theThe FEC block CRC gen​erator appends a 16-bit FEC block CRC for each FEC block. For the 16-bit FEC block CRC, CRC16-ANSI is used with the CRC register preset to all-zeros but without post-inversion of the CRC encoding result. The cyclic generator for FEC block CRC encoding is shown in Equation (278): 
gFB-CRC(D) = D16 + D15 + D2 + 1                                         (278)

Denote the bits of FEC encoder input by d1, d2, ..., dNFB with d1 being the MSB and NFB being the size of the FEC encoder input, including the 16-bit FEC block CRC. Denote the parity bits produced by the FEC block CRC generator by p1, p2, ..., p16. The FEC block CRC encoding is performed in a systematic form, which means that in GF(2), the polynomial in Equation (279): 
d1DNFB-1 + d2DNFB-2 + … + dNFB-16D16 + p1D15 + p2D14 + … + p15D1 + p16                      (279)

yields a remainder equal to 0 when divided by gFB-CRC(D).
As an example, if the input data of 4 bytes in hexadecimal is 0x1234ABCD, the FEC block CRC encoding above yields 16-bit CRC of 0x9332.
- - - - - - - - - - - - - - - - - - - - - - - - - - - End Proposed Text - - - - - - - - - - - - - - - - - - - - - - - - -
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