2009 6 MBS =ZX M 46 HSDE M6 = 39

=& 2009-46SD-6-6

A FAH 18-S Yk MAC 97 AA 9 3
( Design and Implementation of MAC Engine for Next-Generation
WLAN)

ol o &, A & A”

( Yeong-Gon Lee and Yong—Jin Jeong)

2 o

g Wox HIBIEES F=golE MASGER, T2EF AEE 23 MLME, MSDUX#
= gk AAE MAC 932 40Mbpsd HNA4EES 2A, SIFS 77, ACK =#H4 A5A4
4 =2 oge] AA YEYINA A 2L BASA i3 80211nd HLETE £ gAY oI &
3 F HA MAC d3S MSDUMZEE Z2EZ AEE 225 ¥33 2 A4 #HE EEES =9
4
5|

N AL 80211 FANA 73Mbpsd Hu A4EEE z2tm 80211n $A0AM Z Y Aggregation
20Mbpsé] HU ASEEE zheth B =RdA AAR MAC I3 AU RAad) A +249& ¢ F

)
=
rx
e
O
2

Abstract

This paper presents implementation of two types of the 802.11 MAC engine for the next generation WLAN, 802.11n.
The first version of MAC engine consists of hardwired logic and embedded firmware. Hardwired logic includes Tx block,
Rx block, Backoff block, and CharmelManage block. Embedded firmware contains Protocol Control block, MLME block, and
MSDU processing block. The first version has a time-critical fault during the atomic transmission caused by software
overhead, so it can not be applied to 802.11n MAC. For that reason, the second version has additional blocks with
hardwired logic modules to reduce software overhead of the first version. This enhanced version has 73Mbps throughput
and it is expected to be further improved up to 129 Mbps with frame aggregation which is one of the key additional
features of 802.11n. As a result, the second version of MAC engine can be applied to 802.1in MAC.
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Fig. 1. Block diagram for 802.11 MAC.
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Fig. 2. Block diagram for MAC engine v.1.
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ASIC FPGA
Library Magna chip, 0.35 Xilinx, Virtexb
Size 129 Aole 4356 LUT
Frequency 33MHz 148MHz
Memory Size 78Kbits 262Kbits
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862.11 MAE v.1 Performance test Program
By RTA Lab ...

e HENY

. Exit Program

. Test 2,304 bytes DATA-RCK without DHA
. Test 2,304 bytes DATA-RCK with DHA

- Test 2Mbytes BATA-ACK with DA

we o

Choose the number ..2

Tx Goerdinater ..deing @ MAGY
DRTA Send @ MLt

Rx Cossrdinator ..doing @ HMAGZ
SIFS Delay @ HMac2

ACK Send @ MRC2

DIFS and Backoff @ HACA

- PerfOrmance ARALYSIS =wmwmwmomom oo
Tx Cosrdinator Time = 35

Data Transfer Time = 189

Rx Cosrdinator Time= 86

SIFS Time = 52

ack Transfer Time = 36

DIFS and Backoff Time = 134

TOTAL TIME = 1852

TOTAL_BITS = 18332

Thruuthut = 48_7FR7S1

862.11 MAC v.1 Performance test Program

By RTA Lab ....

~~ MENUY
. Exit Program

. Test 2,304 bytes DATA-ACK without DHA
. Yest 2,384 bytes DRTA-ACK with DMA

. Test 2Hbytes DATA-ACK with biA

wNaD

Choose the nunmber . @&

a7 7. 80211 MAC A& vi stEHA Y S& HE
Fig. 7. Emulation result of MAC engine v.1 hardware.
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Fig. 9. Block diagram for MAC engine v.2 hardware.
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Number of Slice Registers 97 207360 4%
Number of Slice LUTs 16733 207360 8%
Number of fully used LUT-FF 5592 20858 26%

pairs

Number of bonded 10Bs
Number of Block RAM/FIFQ
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Fig. 10. Synthesis result of MAC engine v.2 hardware.
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4. Test 2,394 Bytes RTS-CTS with Fragmentation

Choose the aumber ..2
Input LLC length ( Maximum 4896 bytes )} : 2384
LLC frame Generated
LLC Frame Copied with DHA
LLE Request @ MRCA
LLG Request Confirm @ MACH
Send Address = @x5544332211
Destination Address = Bx5848302810
116 Datalndicate @ MAG2
rxStatus = o.k.
rxlength = 2304
rxDatafddr = 0830066
Send aAddress = 8xbLA4332211
pestination Address = 8x5048382010
———————————————————————————————— Performance Analysis -----———-——-
LLC Write start Time = 68838483195
LLE Write end Time = §8838403442
LLE Write Time = 246
LLE Reqguest Time = 6883841399¢
LLGC Confirm Time = 68838414168
Transmission Time = 169
TaTAL TIME = M5 ‘
TOTAL_BITS = 18432
Throughput = 44 413458 Mbps

882.11 MAC v.2 Performance test Program
By RIA Lab |

HENY |
. Exit Progran

. Test DATA-ACK without DHA

. Test DPATA-ACK with DHA

. Test 2 Mbytes DATA-ACK with DiA

. Test 2,304 Bytes RYS-CTS with Fragmentation

RN as

Choose the nunber ..J§

3% 11. 802.11 MAC v.2 3t=90f 3= &1}
Fig. 11. Emulation result of MAC engine v.2 hardware.
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Table 3. Comparison MAC engine v.1 with MAC engine
v.2 hardware performance.

MAC v.1 MAC v.2
DATA A% 230 us 138 us
SIFS 52 us 15 us
ACK A% 36 us 1 us
DIFS 33 us
134 us
Ay Wox 63 us
HWAEE 40 Mbps 737 Mbps
Octets: variable Warighle varialhie
[ A-mMPDU Subtrame 1 | a-mepU subtrame 2 | .. | AMPOU Subframe n |
2l 12, A-MPDUS| =zgl =oH
Fig. 12. A-MPDU format.
Octets: 4 Variable  0-3

Bts; B0 B3 B4  B15 B B23 B4 BY
| Reservea | MPOU engih | CRC [ Delimiter Signature | MPDU [ Pad |

- -
3 o

MPDU Delimiter

a8 13 A-MPDUS| ME =ag] Zod
Fig. 13. A-MPDU subframe format.
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