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Shared Multi-Channel HARQ 

Zhuoqun Li, Walter Featherstone and Stavros Tzavidas
Motorola  Ltd
1. Introduction
In order to adapt to various link conditions and to efficiently utilize available bandwidth, in the present design of Multi-Channel (or N-process) HARQ operation, the MAC Service Data Unit (MSDU) as well as the PHY Service Data Unit (PSDU) are often divided into several fragments. With Multi-channel HARQ, the transmission and retransmission of the fragments are taken care of in multiple HARQ channels that run in parallel. Figure 1 demonstrates the conventional design of multi-channel HARQ process as defined in IEEE 802.16e [1].
[image: image2.png]sou

we
Fagrarsion weou
-- . .
o um
arions @ g P
waracRs
jrmetian . 3

mmmWQ
vanarsou | [ vamassou vanapso
[Fragmant1 5602 ersgrent 1 (s~ [ragment 1 0

. 4
e P
s ) ] T |



[image: image3.png]Throughput

02

01

Shared by 1 CH ana
Shared by 1 CH simu
Shared by 3 CH ana
Shared by 3 CH simu
Shared by 6 CH ana
Shared by B CH sirmu
Shared by 9 CH ana
Shared by 9 CH simu
Shared by 12 CH ana
Shared by 12 CH sirmu
-+ Multi-CH HARG-CC
— Upper bound

i+lvlelalol

01 02 03 04 05 06 07 08 09 1
Residual Frame Error Rate




A major flaw of this design of multi-channel HARQ is that each HARQ channel (or each subpacket) is dedicated to the recovery of a single data unit (e.g. MPDU).  Since it is fundamentally difficult to predict (be it HARQ-CC or HARQ-IR) the exact amount of data carried in a subpacket that would be just enough to recover a corrupted MPDU, some portions of a subpacket in a retransmission will not be utilized for error recovery at all, which results in a non-optimal bandwidth utilization, especially in high BER scenarios. This contribution proposes to support a shared multi-channel HARQ process using equally informative subpackets that are produced with Random Network Coding. With the shared multi-channel HARQ, a maximized utilization of a subpacket can be achieved for error recovery. As a result, throughput in the wireless access network is increased significantly in the face of frequent bit corruptions.
2. The Concept of Shared Multi-Channel HARQ 
In this section, we provide a detail description of the proposed process of shared multi-channel HARQ. As shown in Figure 2, a HARQ MPDU fragment can be further split into two or more blocks. By applying a linear combinations on a group of blocks from several MPDU segments with various coefficient vectors that are linearly independent with each other, we will be able to generate new blocks (e.g. Y1= C1,1*X1 + C1,2*X2 +C1,3*X3+ C1,4*X4) that contain the information of all of the raw MPDU blocks involved. These new blocks (e.g. Y1 and Y2) can be organized to form a subpacket for TX or ReTX. 
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If packet corruption occurs to the any of the HARQ channels (e.g. CH1 and CH2 in Figure 2), subpackets received from one channel can be used to recover corrupted MPDU fragments in other channels. Based on the concept of Randomized Network Coding, the process is similar to that of solving a linear equation systems with the raw blocks being the unknowns. Utilization of subpackets is maximized with this method since portions (i.e. blocks) of one subpacket that are redundant for one HARQ channel can be reused for error recovery in the other. Based on theoretical analysis and computer simulations, it is estimated that the shared multi-channel HARQ will improve throughput by up to 105% in comparison to the legacy multi-channel HARQ-CC or HARQ-IR (see Figure 3 and Figure 4).
In Figure 5, we illustrate a block diagram of the protocol functions incorporating the multi-channel HARQ process in a sender. As shown in Figure 3, the conventional “HARQ CRC attachment” function/stage is now revised to be the “Network Coding Transformation” function. This splits MPDU fragments into M (M>=2) blocks, then linearly combines them to form new blocks with the coefficient matrix and then attaches (a smaller number of) CRC bits to each block before organizing them to form new fragments. In order to produce 4 subpackets for (Re)Transmissions in each HARQ process from the original N MPDU fragments (one fragment per channel), a matrix of 4MN×MN coefficients is needed. The coefficient matrix can be hard-coded so that no communication of coefficients is needed between the transmitter and the receiver. A reverse process is carried out in the receiver, a diagram of which is omitted from this document. The process and protocol functions of the shared [image: image5.png]o
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Multi-channel HARQ will be similar between Down Link and Up Link.

[image: image1]
3. Text proposal
-----------------------------------------------------------Start of the Text---------------------------------------------------------
Modify the text in paragraph 15.2.14.1 “HARQ subpacket generation and transmission” in [IEEE 802.16m-09/0010r2] as follows:
15.2.14.1 HARQ subpacket generation and transmission
Generating the HARQ subpackets shall follow 15.3.x [channel coding section] if shared multi-channel HARQ operation is not enabled. The In this case, the received subpackets shall be combined by the FEC decoder as part of the decoding process. If shared multi-channel HARQ operation is enabled, generation of subpackets shall follow the rules outlined in 15.2.14.1.1.
Incremental redundancy (IR) is mandatory, with Chase combining as a special case of IR. For IR, each subpacket contains the part of codeword determined by a subpacket identifier (SPID).

The rule of subpacket transmission is as follows:
……
15.2.14.1.1 Subpacket generation within Shared Multi-Channel HARQ

Within the optional shared multi-channel HARQ scheme, which is another special case of Incremental Redundancy, generation of subpackets shall be carried out according to the following rules:

1. Each of the N raw fragments, to be transmitted in the N parallel HARQ channels, shall be split into M blocks (N×M in total). 

2. To linearly combine these blocks with a 4NM×NM matrix of coefficients (any two rows in the matrix are linearly independent) to generate a number of 4×N subpackets (M blocks per subpacket) that can be transmitted on any of the N channels. 

A small number of CRC bits can be attached to each block for the receiver to identify the corrupted blocks. Channel coding can be applied to each subpacket to provide extra redundancy.

Decoding for the N channels is successful if a total of N blocks out of the subpackets received from any of the N channels have been decoded. The receiver shall apply an inverted version of the coefficient matrix to these blocks to extract the original N fragments.

Insert the following subsection in section 15.3.12.2 “HARQ”:

15.3.12.2 HARQ
15.3.12.2.2 Shared-Multi-Channel HARQ

If shared multi-channel HARQ is enabled, the generation of sub-packets corresponds to the rules described in <<15.2.14.1 >>. 
------------------------------------------------------------End of the Text---------------------------------------------------------
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Figure 5 Block diagram of Protocol Functions of the Shared Multi-channel HARQ Process
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Figure 1 An illustration of the Multi-Channel HARQ as defined in IEEE 802.16e





Figure 2 Concept Description: Generation and (Re)Transmission of Subpackets in the shared multi-channel HARQ process
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Figure 3 Throughput Vs. Residual frame error rate, 6 blocks per fragment
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Figure 4 Throughput vs. Residual frame error rate, fixed 6 CH sharing












  


