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Proposed Text Related to HARQ Section for the IEEE 802.16m Amendment
Hyungho Park, Sukwoo Lee
LG Electronics
1. Introduction
This contribution includes the proposed text for the HARQ sections in the IEEE 802.16m Amendment. The technical text and ToC are inherited from the IEEE 802.16m SRD [1] and the IEEE 802.16m SDD [2], and the IEEE P802.16 Rev2/D8 [3]. This contribution follows the style and format guidelines contained in the Style Guide for 802.16m Amendment Contributions [4].
2. Overall Structure

· The proposed amendment text in this contribution consists of 6 subsections under “Subsection 15.3.2 HARQ” as follows

· 15.3.2. HARQ
- 15.3.2.1 HARQ Type
- 15.3.2.2 Constellation Rearrangement (CoRe) 
- 15.3.2.3 Adaptive HARQ
- 15.3.2.4 Exploitation of frequency diversity

- 15.3.2.5 MIMO-HARQ
- 15.3.2.6 HARQ feedback
3. Modifications from the SDD and key descriptions
· We proposed SPID transmission order for AAIF UL HARQ [5].
· We proposed Constellation Rearrangement as AAIF HARQ scheme. The constellation rearrangement is supported for AAIF IR HARQ. When Chase HARQ is supported as a special case of IR HARQ, CoRe is also applied. 
· We proposed the method of applying Constellation Rearrangement with IR HARQ operation for AAIF. 
· We proposed CoRe Version indication methods with consideration of AAIF UL HARQ and AAIF DL HARQ operation, respectively [6].
· We proposed the mapping rules of Constellation Rearrangement for 16QAM and 64QAM. In addition to rank of 1 case, we also proposed the mapping rules of Constellation Rearrangement with consideration of multiple spatial data streams in order to support AAIF MIMO-HARQ [7]. 
4. Rationale/Motivation of new proposals
1. SPID transmission order for UL HARQ [5]
· Since AAIF UL HARQ is defined as synchronous HARQ operation in [2], SPID transmission order should be predetermined without an additional signaling of SPID.
2. Constellation Rearrangement 
· Constellation Rearrangement is considered as HARQ scheme thanks to high performance gain with low complexity. Therefore, Constellation Rearrangement should be consistent with HARQ operation and HARQ structure specified by the current SDD [2] 
· The method to apply Constellation Rearrangement to AAIF IR HARQ is required. Since AAIF IR HARQ is performed by bit selection on circular buffer at every transmission, Constellation Rearrangement should be applied to the bits that are wrapped-around at the end of circular buffer.
3. Constellation Rearrangement Version indication method [6]
· In current SDD [2], DL HARQ and UL HARQ operation for AAIF are defined as asynchronous HARQ and synchronous HARQ operation, respectively. With incorporation of Constellation Rearrangement into those AAIF HARQ operations, the indication method of Constellation Rearrangement version should be considered.
4. The mapping rule of Constellation Rearrangement [7]
· Constellation Rearrangement Versions should be provided for modulation mapping with high order such as 16QAM and 64QAM at every transmission.
· In the current SDD text, it was defined that Constellation Rearrangement depends on spatial data stream from MIMO encoder. Therefore, Constellation Rearrangement Versions are provided to support MIMO-HARQ.

5. References
[1] IEEE 802.16m-07/002r7, “802.16m System Requirement Document” 
[2] IEEE 802.16m-08/003r6, “The Draft IEEE 802.16m System Description Document”
[3] IEEE P802.16 Rev2/D8, “Draft IEEE Standard for Local and Metropolitan Area Networks: Air Interface 
for Broadband Wireless Access,” Dec. 2008.
[4] IEEE 802.16m-08/43, “Style guide for writing the IEEE 802.16m amendment”
[5] IEEE C802.16m-09/0341, “SPID transmission order for IEEE 802.16m UL HARQ”
[6] IEEE C802.16m-09/0343, “Constellation Rearrangement Version indication method”
[7] IEEE C802.16m-09/0345, “Mapping rule for Constellation Rearrangement”
6. Text proposal for the 802.16m amendment
============================== Start of Proposed Text =================================

[Adopt the following modifications:]

15.13.2 HARQ
15.13.2.1 HARQ type 
Incremental Redundancy Hybrid-ARQ (IR HARQ) shall be used in AAIF system. At every transmission, the starting position of the bit selection for IR HARQ is determined by subpacket ID (SPID). The rule for determining the starting position is specified in 15.13.1.5.1.5.4. For AAIF DL HARQ, the SPID for each subpacket is signaled by user specific control channel. In case of AAIF UL HARQ, the transmission order shall be predetermined by AMS and ABS as shown in Table 15.13.1.
Table 15.13.1: Transmission order of subpacket in AAIF UL HARQ
	SPID index for ith transmission
	SPID index for (i+1)th transmission

	SPID 0
	SPID 1

	SPID 1
	SPID 2

	SPID 2
	SPID 3

	SPID 3
	SPID 0


Chase HARQ shall be supported and treated as a special case of IR HARQ.
15.13.2.2 Constellation Rearrangement (CoRe)  
 For 16QAM and 64QAM, Constellation Rearrangement (CoRe) scheme shall be applied in each modulation symbol.
Two bitwise operations consisting of swapping and inversion operation shall be used for CoRe. Swapping operation shall be adopted to exchange bit location between MSB (Most Significant Bit), LSB (Least Significant Bit) and SB (Significant Bit) within signal constellation. Inversion operation is adopted to change the bit value to its opposite value. 
CoRe consists of combination of swapping and inversion operation. Table 15.13.1 defines CoRe versions (CRVs) for 16QAM and 64QAM with rank of 1, where 
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 denote kth component bit corresponding to In-phase and Quadrature-phase part, respectively.
Table 15.13.2: CoRe versions for 16QAM and 64QAM with rank of 1
	CRV
	Mapping rule
	Operation

	0
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	Initial transmission

	1
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	Swapping MSB with LSB

	2
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	Inversion of LSB
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	Inversion of MSB
Swapping MSB with LSB


a) 16QAM 
	CRV
	Mapping rule
	Operation

	0
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	Initial transmission

	1
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	Swapping MSB with LSB, Inversion of SB
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	Inversion of LSB

1 bit left circular shifting for In-phase/ Quadrature-phase, respectively
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	Inversion of SB


b)  64QAM
In AAIF DL HARQ operation, CRV is signaled for each subpacket to an AMS as a starting value for CRV. CRV shall be changed to the next version of CoRe whenever the transmitted bits wraparound at the end of circular buffer as shown in figure 15.13.2.
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Figure 15.13.2 Illustrative example of CoRe Version indication for AAIF DL HARQ (Code Rate: 2/5)
In AAIF UL HARQ operation, the information on CRVs is implicitly known at AMS and ABS. For each transmitted symbol, CRV shall be predetermined by the transmission number of this symbol. Figures 15.13.3 illustrates CRV indication to each modulation symbol in UL HARQ.
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Figure 15.13.3 Illustrative example of CoRe Version indication in AAIF UL HARQ (Code Rate: 2/5)

15.13.2.3 Adaptive HARQ  

The resource allocation and transmission formats in each retransmission in AAIF downlink can be adaptive according to control signal. The resource allocation in each retransmission in AAIF uplink can be fixed or adaptive according to control signaling. The support of adaptive HARQ and the specific mechanism for adaptive HARQ are FFS, while the reduction of signaling overhead should be considered as an important criterion for those studies.

15.13.2.4 Exploitation of frequency diversity

In HARQ re-transmissions, the bits or symbols can be transmitted in a different order to exploit the frequency diversity of the channel. The mechanism is FFS.
15.13.2.5 MIMO-HARQ

For AAIF MIMO-HARQ, the component bits within the signal constellation with high modulation order such as 16QAM and 64QAM are exchanged between spatial data streams at every retransmission in addition to the swapping and inversion operation as in the rank of 1 case.
In AAIF CL MIMO, the data streams being rearranged by CoRe are fed to the Beamformer/Precoder block.

Figure 15.13.4 defines CRV for AAIF MIMO system with rate 2, where 
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 denote bth component bit corresponding to In-phase part at ath spatial data stream and bth component bit corresponding to Quadrature-phase part at ath spatial data stream, respectively.
	CRV


	Mapping rule
	Operation 

	0
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	Initial transmission
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	1
	
[image: image17.wmf]1,22,11,22,1

iiqq


	Exchanging MSB of data stream 1 with MSB of data streams 2

Swapping MSB with LSB
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	Inversion of LSB
Exchanging LSB of data stream 1 with LSB of data streams 2
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	Inversion of MSB
Exchanging MSB of data stream 1 with MSB of data stream 2

Swapping MSB with LSB
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a) 16 QAM
	CRV


	Mapping rule
	Operation

	0
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	Initial transmission
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	Swapping MSB with LSB, Inversion of SB
Exchanging In-phase of data stream 1 with In-phase of data streams 2
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	Inversion of LSB

Exchanging data streams except MSB of Quadrature-phase

1 bit left circular shifting for In-phase/Quadrature-phase, respectively
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	Inversion of SB
Exchanging In-phase of data stream 1 with In-phase of data streams 2
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b) 64 QAM
Figure 15.13.4 CoRe version for 16QAM and 64QAM in AAIF MIMO with rate 2
The method of CRV indication is applied in each AAIF DL/UL HARQ operation as described in 15.13.2.2.
15.13.2.6 HARQ feedback

A basic ACK/NAK channel to transmit 1-bit feedback is supported.

An enhanced ACK/NAK control channel with some additional information is FFS.

============================== End of Proposed Text =================================
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