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ARQ block generation method in IEEE 802.16m
Doo-hyun Sung
LG Electronics
1. Introduction
In IEEE 802.16e legacy system, ARQ blocks are generated by partitioning a MAC SDU with fixed block size (ARQ_BLOCK_SIZE). And a block sequence number (BSN) is allocated to each partitioned ARQ block. This ARQ block management method is not efficient to construct MAC PDUs and to manage ARQ sliding window. In this contribution, we propose a new method for ARQ block generation and related BSN allocation.
2. ARQ block generation in IEEE 802.16e

The requisite parameters of 16e system for generating & managing ARQ block are defined as follows.

· ARQ_BSN_MODULUS

· Equal to the number of unique BSN values, i.e. 211. 
· ARQ_WINDOW_SIZE

· Maximum number of ARQ blocks with consecutive BSN in the sliding window of ARQ blocks.

· Less than or equal to half of the ARQ_BSN_MODULUS, i.e.
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· ARQ_BLOCK_SIZE

· Length used for partitioning an SDU into a sequence of ARQ blocks prior to transmission.

· Range: 2, 4, 8, 16, 32, 64, 128 bytes

According to ARQ_BLOCK_SIZE, a MAC SDU may be fragmented into one or several ARQ blocks with the length of ARQ_BLOCK_SIZE.
 The BSN is allocated to each partitioned ARQ block. Figure 1 illustrates an example of a MAC PDU with packing.
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Figure 1. MAC PDU generation with packing in the legacy system
Although the legacy method of ARQ block generation allows a simple & easy way to manage ARQ blocks, it has drawbacks in efficient ARQ block managements. Due to the fixed value of ARQ_BLOCK_SIZE, the transmitting MAC entity has to append an unnecessary padding sequence to a MAC PDU in case the length of remained space on a MAC PDU is less than that of ARQ_BLOCK_SIZE. As the negotiated value of ARQ_BLOCK_SIZE gets larger, the probability to be padded becomes also higher. 
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Figure 2. Appending an unnecessary padding sequence on a MAC PDU
To minimize the waste of padded resources, ARQ_BLOCK_SIZE should be set to be a very small value, e.g. 2 bytes. Supposing 2 bytes of ARQ_BLOCK_SIZE, it could be expected that approximately 250 BSNs have to be consumed to transmit 500 bytes (4000 bits) of a MAC PDU. Considering that the maximum size of ARQ_WINDOW_SIZE is 1024 (=211), consumption of 250 BSNs for 1 transmission would cause a huge signaling overhead, since ARQ feedback messages have to be frequently transmitted to the transmitting ARQ entity for refreshing ARQ sliding window.
3. Proposing ARQ operation in IEEE 802.16m

To mitigate above drawbacks, we propose to partition a MAC SDU into several ARQ blocks with a variable ARQ block size in 16m system, unlike a fixed ARQ block size in 16e. This would enable the transmitting MAC entity to fit a MAC SDU (or SDU fragment) into the available MAC PDU payload. Also, the amount of BSN consumption would be considerably reduced. Figure 3 shows an example of ARQ block with variable sizes.
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Figure 3. Proposing method for the ARQ block generation (up: w/ packing, down: w/o packing)
Proposal 1: One MAC SDU or one of its fragments is defined as one ARQ block. One MAC SDU is fragmented when the available length of a MAC PDU payload is not enough to accommodate the MAC SDU.
Based on proposal 1, there could be two options on how BSNs would be allocated to ARQ blocks as below.

Option 2a: ARQ blocks derived from one MAC SDU are allocated one BSN
Option 2b: ARQ blocks derived from one MAC SDU are allocated consecutive BSNs
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Figure 4. Option 2a - ARQ blocks derived from one MAC SDU are allocated one BSN
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Figure 5. Option 2b - ARQ blocks derived from one MAC SDU are allocated consecutive BSNs
Both two options, in common, are superior to legacy ARQ BSN allocation method for reducing BSN consumption significantly. Actually, option 2a is slightly more efficient than option 2b in the aspect of BSN mapping, because there needs two BSNs in option 2b if a MAC SDU is fragmented into 2 MAC PDUs, as illustrated in Figure 4, 5.
 However, since the usage of BSNs is closely connected to ARQ feedback & retransmissions, the BSN mapping rule should be considered under these aspects as well. In case of option 2a, the receiving entity would needs to send additional information, such as offset & length fields, within the ARQ feedback message so that the transmitting ARQ entity could retransmit the exact part of MAC SDU which is unsuccessfully received. In addition, an additional field indicating the order of MAC SDU fragments would be also necessary; otherwise it would be impossible for the receiving ARQ entity to correctly re-construct a fragmented MAC SDU using only MAC SDU common BSN. On the contrary, option 2b seems to be free from above problems. Due to independent BSN mapping to MAC SDU fragments, the receiving ARQ entity could discriminate each MAC SDU fragment using BSNs in the ARQ feedback message. Moreover, the sequential BSN mapping is helpful for the receiving ARQ entity to re-construct a fragmented MAC SDU. Therefore, we propose to support option 2b as a sequence numbering method in 16m.
Proposal 2: ARQ blocks derived from one MAC SDU are allocated consecutive BSNs.
4. Conclusions

In this contribution, we propose the following proposals and text proposal for 16m SDD.
Proposal 1: One MAC SDU or one of its fragments is defined as one ARQ block. One MAC SDU is fragmented when the available length of a MAC PDU payload is not enough to accommodate the MAC SDU.
Proposal 2: ARQ blocks derived from one MAC SDU are allocated consecutive BSNs
Text Proposal for the 802.16m SDD

============================== Start of Proposed Text ================================
10. Medium Access Control Sub-Layer
10.x. Data Plane Function

10.x.y. ARQ Mechanism
10.x.y.z. ARQ Block Usage

One MAC SDU or one of its fragments is defined as one ARQ block. One MAC SDU is fragmented to fit when the available length of a MAC PDU payload is not enough to accommodate the MAC SDU. ARQ block sequence numbers (BSNs) are allocated to each ARQ block. ARQ blocks derived from one MAC SDU are allocated consecutive BSNs. Detailed formats of related GMH & subheader (packing and/or fragmentation) are FFS.

[image: image7.emf]S

H

G

M

H

MAC SDU

S

H

G

M

H

MAC PDUMAC PDU

Fragmentation

BSN: j

BSN: j+1

GMH: Generic MAC Header

SH: Packing or Fragmentation SubHeader


============================== End of Proposed Text =================================
� The length of the last fragment of a MAC SDU may be less than ARQ_BLOCK_SIZE.
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