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 Clarification of the Issues Regarding HARQ/Coding Scheme in IEEE 802.16m/D2 (15.3.11.1.1)
Ji-Yun Seol
Samsung Electronics 
1. Introduction
This contribution proposes a change/clarification with respect to the issues/ambiguities on 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 (Change 1)
· 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.)
· Circular shift in bit selection (Change 2)
· Editorial error correction
· Implicit SPID cycle for UL synchronous HARQ (Change 3)
· It is suggested to clearly state that the SPIDs for UL HARQ retransmission are used in cyclic order starting from 0.

· CoRe version switching (Change 3 and 4)
· Clarification of the text on Constellation Re-arrangement needed (some editorial changes)
· A few editorial error corrections and/or clarifications (Change 1~4)

2. References
[1] IEEE P802.16m/D2, October 2009
3. Proposed Text Changes
Blue/Underline: Text Added
Red/Strikeout: Text Deleted
[Change 1: Modify the text in ‘section 15.3.11.1.1, line 1~23, page 530’, ‘section 15.3.11.1.2, line 24~31, page 530 and line 21~50, page 532’, and ‘section 15.3.11.1.4, line 22~42, page 533’ as follows] 
- - - - - - - - - - - - - - - - - - - - - - - - - - - Begin Proposed Text  - - - - - - - - - - - - - - - - - - - - - - - -
15.3.11.1.1 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 (277) if the number of FEC block partitions KFB is larger than 1: 
gDB-CRC(D) = D16 + D12 + D5 + 1                                        (277) 

Denote the bits of the input data burst by 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 (278): 
d1DNPL+15 + d2DNPL+14 + … + dnD16 + p1D15 + p2D14 + … + p15D1 + p16                    (278) 

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 partitionaspartitions described in section 15.3.11.1.2.

15.3.11.1.2 Burst partition
Only the burst sizes NDB listed in Table 908 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 908.

The burst size NDB including burst CRC and FEC block CRC is defined by Equation (279): 
NDB = KFB × NFB                                                    (279) 

The payload size excluding burst CRC and FEC block CRC is defined by Equation (280): 
NPL = NDB – NDB-CRC – IMFB ( KFB ( NFB-CRC         NPL = NDB – KFBNFB-CRC – IMFB ( NDB-CRC                 (280) 

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 15.3.11.1.3.

15.3.11.1.4 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 (281): 
gFB-CRC(D) = D16 + D15 + D2 + 1                                         (281)

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 (282): 
d1DNFB-1 + d2DNFB-2 + … + dNFB-16D16 + p1D15 + p2D14 + … + p15D1 + p16                      (282)

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 - - - - - - - - - - - - - - - - - - - - - - - - -
[Change 2: Modify the text in section 15.3.11.1.6, line 42 / page 537 ~ line 4 / page 538 as follows] 

- - - - - - - - - - - - - - - - - - - - - - - - - - - Begin Proposed Text  - - - - - - - - - - - - - - - - - - - - - - - -
15.3.11.1.6 Bit selection and repetition

Bit selection and repetition are performed to generate the subpacket.

Let NCTC,k be the number of coded bits that shall be transmitted for the kth FEC block. The value of NCTC,k is calculated by Equation (284): 
             NCTC,k = NRE,k ( NSM ( Nmod                                   (284) 

where NSM is equal to the product of MIMO rank that are allocated for the burst and the number of sub​frames when long TTI is used for the burst.

The index in the HARQ buffer for the jth bit transmitted for the kth FEC block uk,j,i shall be:
Nshift,i = i ( Nmod   ;

indexk,j,i = (NCTC,k – Nshift, i + j) mod (NCTC,k)

uk,j,i = (Pi,k + indexk,j,i) mod NFB_Buffer,k   ;
for k = 0, …, KFB – 1, and j = 0,1,…,NCTC,k-1 ,where i is the subpacket ID of the subpacket (SPID = i), Pi,k is the starting position for subpacket i of the kth FEC block as specified in 15.2.17.2.1, and NFB_Buffer,k = 3/VFB,k 3NFB,k is the buffer size for the kth FEC block.

- - - - - - - - - - - - - - - - - - - - - - - - - - - End Proposed Text - - - - - - - - - - - - - - - - - - - - - - - - -
[Change 3: Modify the text in section 15.3.11.4.1 and 15.3.11.4.2, line 58 / page 541 ~ line 22 / page543 as follows] 

- - - - - - - - - - - - - - - - - - - - - - - - - - - Begin Proposed Text  - - - - - - - - - - - - - - - - - - - - - - - -
15.3.11.4 HARQ

15.3.11.4.1 IR HARQ

HARQ IR (Incremental Redundancy) is performed by changing the starting position, Pi,k, of the bit selection for HARQ retransmis​sions. 
For downlink HARQ, the starting point for the bit selection algorithm as described in <<15.3.12.1.5.1>> is determined as a function of SPID using Table 915.
For uplink HARQ, the starting position for the bit selection algorithm as described in section <<15.3.12.1.5.1>> is determined as a function of SPID for Equation (288). 
Pi,k = (i ( NCTC,k) mod NFB_Buffer,k          Pi,k = (SPID ( NCTC,k) mod NFB_Buffer,k                         (288)

For uplink HARQ, subpackets shall be transmitted in sequentialcyclic order of SPIDs starting from 0 (or, 0 ( 1 ( 2 ( 3 ( 0 (…). In other words, for the tth transmis​sion, the subpacket ID shall be set to SPID = t mod 4.

15.3.11.4.2 Constellation rearrangement

Two constellation re-arrangement (CoRe) versions shall be supported. CostellationThe constellation rearrangement only applies to 16QAM and 64QAM. In case of QPSK, it is transparent.
Table 916 and Table 917 describes the operations that produce two different CoRe versions for 16QAM and 64QAM according to the number of MIMO streams, respectively, so that the four bits in a 16QAM symbol (the six bits in a 64 QAM) are of the same resilience. In other words, the two bits of higher quality at CoRe-version 0 are of lower quality at CoRe-ver​sion 1 while the two bits of lower quality at CoRe-version 0 are of higher quality at CoRe-version 1.
In DL HARQ operation, CRV (Constellation Rearrangement Version) is signaled for each subpacket to an AMS as a starting value for CRV. In UL HARQ operation, the information on CRVs is implicitly known at AMS and ABS and the CRV of the first HARQ subpacket shall be 0. The CRV shall be changed to the other version of CoRe in DL and UL HARQ operation whenever the transmitted bits wraparound at the end of circular buffer per SPID.

- - - - - - - - - - - - - - - - - - - - - - - - - - - End Proposed Text - - - - - - - - - - - - - - - - - - - - - - - - -
[Change 4: Modify Table 916 and 917 in section 15.3.11.4.2, page 542~543 as follows] 

- - - - - - - - - - - - - - - - - - - - - - - - - - - Begin Proposed Text  - - - - - - - - - - - - - - - - - - - - - - - -
Table 916—Constellation rearrangement version (rankMIMO stream = 1)

	Constellation
	Ncbps
	CRV
	Mapping rule

	16 QAM
	4
	0
	b0
	b1
	b2
	b3
	-
	-

	16 QAM
	4
	1
	b3
	b2
	b1
	b0
	-
	-

	64 QAM
	6
	0
	b0
	b1
	b2
	b3
	b4
	b5

	64 QAM
	6
	1
	b5
	b4
	b3
	b2
	b1
	b0


Table 917—Constellation rearrangement version (rankMIMO stream > 1)
	Constellation
	Ncbps
	CRV
	Mapping rule

	
	
	
	FirstEven symbol
	SecondOdd symbol

	16 QAM
	4
	0
	b0
	b1
	b2
	b3
	-
	-
	b4
	b5
	b6
	b7
	-
	-

	16 QAM
	4
	1
	b1
	b4
	b3
	b6
	-
	-
	b5
	b0
	b7
	b2
	-
	-

	64 QAM
	6
	0
	b0
	b1
	b2
	b3
	b4
	b5
	b6
	b7
	b8
	b9
	b10
	b11

	64 QAM
	6
	1
	b2
	b7
	b0
	b5
	b10
	b3
	b8
	b1
	b6
	b11
	b4
	b9


- - - - - - - - - - - - - - - - - - - - - - - - - - - End Proposed Text - - - - - - - - - - - - - - - - - - - - - - - - -[image: image1.png]
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