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B IEEE 802.11a Maximum transmission rate: 54[Mbps]
0 OFDM (Orthogonal Frequency Division Multiplexing)

B IEEE 802.11n Maximum transmission rate: 600[Mbps]

O MIMO (Multiple Input Multiple Output)

O Transmission method with multi-user ;ﬂ‘\ ATATATA
B CSMA/CA (Carrier Sense Multiple Access/Collision Avoidance) ;"I i f' ~\ f
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B IEEE 802.11ac Maximum transmission rate: more than 1[Gbps] AAA LYY

O Simultaneous communication with multiple users (MU-MIMO).
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15t Generation

¢ IEEE 802.11
¢ SISO -DSSS
¢ Data Rate: 2Mbps

1997 , 1998 1999 , 2000

2st Generation

¢ IEEE 802.11b
¢ SISO - DSSS

¢ Data Rate: 11 Mbps

3rd Generation

2001

IEEE 802.11g/a
SISO - OFDM
Data Rate: 54 Mbps

(O

(O

4th Generation

IEEE 802.11n
MIMO - OFDM
Data Rate: 600 Mbps

DSSS : Direct Sequence Spread Spectrum
OFDM : Orthogonal Frequency Division Multiplexing
SISO : Single Input Single Output
MIMO : Multi Input Multi Output
MU-MIMO: Multi-User MIMO

5th Generation

Izu;og , 2003 2004 2005 2006 m, 2008 2009 2010 2011 ﬁ
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"%’“‘“"',‘, MU-MIMO in LTE-LTE Advanced

LTE LTE Advanced
Release 8 Release 9 Release 10
Down SU-MIMO Up to 4 streams Up to 4 streams Up to 8 streams
Link MU- Up to 2 users Up to 4 users Under Development
MIMO  (unitary precoding) (non-unitary precoding)*
Up SU-MIMO 1 stream 1 stream Up to 4 streams
Link MU- Up to 8 streams Up to 8 streams Under Development
MIMO

*Release 8 unitary precoding for up to 2 users is still supported in Release 9 and 10.

Reference

Qinghua Li et al., “MIMO Techniques in WiMAX and LTE:
A Feature Overview” IEEE Communication Magazine, May 2010



DL

sSFBC, VE

Tx diversity
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Sponsor LAN/MAN Standards Committee of the IEEE Computer Society and
the IEEE Microwave Theory and Techniques Society, “Part16: Air Interface

for Broadband Wireless Access Systems”, 6th May 2011.




IEEE 802.11ac Specification
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Number of Antenna
MCS
Packet Mode

Number of subcarrier
Bandwidth

Other

Transmission Rate

1-2 (non AP/AP)
0-7

Legacy mode
(V)HT Mixed mode

52 /56/114/242
20/40/80 [MHZ]

6.0 — 292.5 [Mbps]
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8-9 (256-QAM)

Legacy mode
(V)HT Mixed mode

52 /56 /114/242/484
20/40/80/160/30+80 [MHz]

Short G.1.
TX Beamforming
MU-MIMO
LDPC, STBC

6.0 — 6933.3 [Mbps]
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IEEER02.11TGac International Standardization

ermam Lm”Y”ang, Richard van Nee, Thet Htun Khine, Leonardo Lanante,
Yuhel Nagao, Vinko Erceg, Eldad Perahia, Youhan Kim, Hongyuan Zhang, Sudhir
Srinivasa, “Phase Rotations for 80 MHz”, IEEE802.11-10/1083r0, Sep., 2010.

> In 80MHz transmission, the phase rotations to be used in each 20 MHz sub-band.
> Phase rotation pattern should achieve low PAPR and backward compatibility with 11a/n.

For 80 MHz PPDU transmissions.«

(1 . k<-64

Yoo =1 22-6)0
BT L kz—64 ( )‘Ji

20MHz 20MHz R 20MHz 20MHz

-64 0 64

Subcarriers #
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7inko Erceg, Sameer Vermani, Hongyuan Zhang, Eldad Perahia, Youhan
Klm, Ulkun Kwon, Yongho Seok, Brian Hart, Sean Coffey, Vish Ponnampalam, George
Vlantis, Thet Htun Khine, Leonardo Lanante, “Legacy CSD Table for 11ac”,
IEEE802.11-10/1301r0, Nov., 2010.

> CSD is a simple way to avoid unintentional beamforming that causes large variations in
receive power.

- Table 22-7--Cvclic shift values for L-STF, L-LTF, L-5IG and VHT-SIG-A portions of the packet«

d’? values for L-STF, L-LTF, L-5IG and VHT-5IG-A portions of the packet- y

Total Cyclic shift for transmit antenna ity (in units of ns)~ 4

number of 4

transmi 1o 20 3 4. Se 6+ Te 8+

antennas
(N1x) ¢

1 D - - - - - - - +

2a (| -200¢ - - - - -0 -0 +

3e 0e -100+ -200+ - - - -0 -0 +

4e 0e -50¢ -100¢ -150¢ - - -0 -0 +

Se 0 -175¢ -25¢ -50¢ =756 - - - +

6e De =200+ -25¢ -150¢ -175¢ -125¢ -a - 4

Te Qe -200¢ -150¢ -25¢ -175¢ =75 -50¢ -0 4

8¢ 0e -175¢ -150¢ -150¢ -25¢ -100¢ -50¢ =200 |

201 2/2/ZZ Lopyngnis Zu £ OCni LAp., KUrosakl LA, MIyAZakKl LAD., KUTOKI LAD. All KIgNTS Reservea. ] 2



MU-MIMO Key Technology
Pre-Coding



Background

s e =

A
Spatial Division Multiplexing Access (SDMA) AP AR
M Advantage % Ueora
O AP can transmits data simultaneously to multiple users in '
the same frequency band. e Y
. User 3
BDisadvantage )
O An Inter User Interference (IUI) occurs. % User 4

™ Precoding techniques cancel IUL

(Inter User Interference)

B[ inear precoding - Low complexity, Low data rate (capacity)
O Channel Inversion
O Block Diagonalization]
BNon-linear precoding - High complexity, High data rate (capacity)
O Tomlinson Harashima Precoding
O Vector Perturbation

Research Theme

Improving transmission performance by using new precoding algorithm



Linear Precoding



Precoding Normalize

w1 D] 1y | x

Y =1 User 1
H Y
Y =1 User2

Transmitter
Transmit symbol

Precoded symbol

Transmit signal
(Normalized
precoded symbol)

Normalization Gain

Receiver

Receive signal

1
y=HxH{nk——HH 'u+n

AWGN noise 1/ 7/CI

1
u-+n
Vel

Decoding Process Noise Enhancement Gain

yzv70y2u+ Ve
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l(ylllecn Multi User MIMO model

B Why should we normalize transmit power?
O Transmit signal power is limited by Wireless LAN standards

2 Unni::-n‘nalized Signal Power 2 Nm‘mallzed Slgnal Puwer
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u: Transmitted Signal
y : Received Signal

user I Without MU-MIMO Precoding,
each user will receive interference

from all other users
user 2
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% n.Block Diagonalization

~

s

i Y11
_ P e Y12 . _
Powwrer ||| Y W, : Precoding Matrix
| NoreaTzgd i
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IEEE 802.11ac System

Received symbol
y IUI can be removed by precoding matrix

y=Hx= (HWt )ll IUI is removed

B 0 0w
vi] |y 0 0 |l u1o Precoding Matrix Generation Method
NG - 11 o ol 0 | o 1. Obtainin.g Channel Information
2. Calculating Precoding Matrix
yo | L0 0| A4z hag || uxn .
-k AT  Channel Inversion
Copyrights 2012 Ochi Laboratory ® Block Diagonalization 19
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Nonlinear Precoding



B QR Decomposition (QRD)

HH :QR {DH ) 0
o) " {:

A decomposition of the matrix into an unitary matrix and an upper triangular matrix.

O, - Ok R1,1 Rvi
5’ } R= :

QK,l QK,K 0 RK,K

0
B Modulo Operation i
The modulo operation lets I-ch and - -
Zz+7/2 Q-ch of signals go into the range of ‘ .
s (Z) =Z _L . JT original symbol mapping. [- T /2, T /2) _|=F F Tl !
( T is a symbol mapping width) -- ";*""“""'i“ -
0 i i i T
Tomlinson Harashima Precoding Symbel mapping (QPSK)
AP Restrain transmission power j Y Modulo
u H! QRD Modulo Normalize
I t Modulo

Copyrights 2011 Ochi Laboratory . All Rights Reserved. 21



llS @YG ctor Perturbation

Vector Perturbed symbol © = u + 71
\

H 1 ~ Choose I such that

Precoded symbol s = Uu _
the norm of s 1s
Thus, vector perturbation technique minimized
minimizes the signal power and
hence has higher capacity
1
Transmit symbol L = —=S8
~
1 -
= —H 'a
~



1 = argnlljny/

2

= arg ml’inHH_1 (u+d)

B Example
OO Number of transmit antenna : 4
CINumber of Constellation set : 9

Needed 1teration for
finding optimal
perturbation vector

9*= 6561

"""""""""""
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SNR [dB]

2| MU-MIMO i 2 7 4 BER-SNR $1% (w. FEC, % 5-{k= .

Nm/Nc are the tradeoff
parameters of the
proposed algorithm and
QRDME respectively

The proposed algorithm has
roughly the same performance
compared to QRDME

The complexity
comparisons are seen on the
next slide



11ac System RTL Design
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fw-?f 1 DE‘blgll Spemﬁcatmn

Parameters Implemented Mandatory
TX/RX antennas | 4 x {2,2} 1 x1
No. of Users 2 1
Max Throughput | 650Mbps 325Mbps
per user
Max Throughput | 1300Mbps 325Mbps
total
FEC BCC BCC
MU-MIMO Pre- | Block Diagonal- | NA
coding ization
Channel Feedback | Compressed V Feeq-NA

back
Guard Interval Long/Short GI Long

Bandwidth

20,/40/80 MHz

20/40/80 MHz

Compatibility

802.11a/n/ac

802.11a/n/ac

Operation Frequen

-240MHz

26
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MU-MIMO Capable Transmitter Block Diagram

Fig. 1.
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Fig. 2. MU-MIMO Capable Receiver Block Diagram
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Synthesm Target

OFPGA " Mff |
HmVirtex 5 ’ "'_I_""""
BXC5VSX240T [ T
149760 LUTSs and

registers B

[E[{& : http://www.inrevium.jp/data/board/TD-BD-SPP3000-090402.pdf

Copyrights 2012 Ochi Laboratory . All Rights Reserved. 29



ARA!
R
{

Kyutech SoC Architecture for 11n
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AHB Clock: 50 MHz | IEEE802.11n WLAN SoC =
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_

PSDU 0
Scrambler 32 32 0
Encoder Parser 12 30 0
Convolutional Encoder 58 70 0
Spatial Stream Parser 688 5506 0
Interleaver 2690 3532 32M=312
Constellation Mapper 152 868 0

Pilot Inserter 64 278 0
Spatial Mapper 1225 26448 1

IFFT (4 parallel) 10710 34795 36B=17
GI Inserter 50 402 36B=10
Windowing 3262 11665 0

Total 19192 84258

Copyrights 2012 Ochi Laboratory . All Rights Reserved. 32



Synthesm Result

Receiver Register LUTSs _

GI Remover

FFT (2 parallel)
Channel Estimator
MU-MIMO Decoder
Demapper

Delnterleaver

Spatial Stream Deparser
Encoder Deparser
Scrambler

Total

111

5362
687
2169
92
1150

237
15
28
9761

17420
27783
32131
1518
2290

463
15

19
56907

Copyrights 2012 Ochi Laboratory . All Rights Reserved.

32X1D=16,
16B=1

36B=9
36B=8
0
0

32M=156,
36B=2

0
0
0

33



Max Frequency

2641 28552 81.7 MHz
V Compression 1035 8591 74.3 MHz
Block Diagonalization 931 18904 109 MHz

Final goal of this project 1s the ASIC implementation running at
240 MHz. SVD and V compression might need further
modification to meet this timing.

Copyrights 2012 Ochi Laboratory . All Rights Reserved. 3 4
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B Satisfy IEEE802.11n Spectrum Mask
M fc=5.24GHz, BW=20MHz

10dB/div  Ref 0.0 dBm IEEES802.11n transmit spectral mask

Log :
- 1 [_] [-J — —-— — —-— — —-— — —-— — —

i
| w i

- ||| w .

-40.0
-50.0

-60.0 Mo )
|I'|v.lu e

Ly -*« 5.]'1" °
Center freq; 5.2400GHz TR # 4

10MHz/div

H
-70.0f—

Center 5.2400 GHz Span 100 MHz
Res BW 1 MHz VBW 1 MHz Sweep Time: 220.11 ms (1000 pts)
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B Conclusion

O We have presented our hardware design of a 1.3Gbps
802.11ac MU-MIMO system its synthesis result on FPGA.

[0 Some blocks such as the viterbi decoder, and MU-MIMO
related blocks are still work 1n progress either to reduce
complexity or meet timing.

B Future work
OFPGA prototype
OMU-MIMO Experimental validation
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1an. MU Beamtorming Process

B AP announce MU transmission, then send training frames

B STAs calculate their Compressed V Feedbac and send back to AP. The compressed
V Feedback is computed as follows

O Compute V component of channel matrix using SVD
O V matrix compression using series of Givens rotation

B AP compute beamforming weight by using received CSI from each STAs.

O Decompress Received CV matrix NDPA : Null Data Packet Announcement
O Compute Block Diagonalization NDP  : Null Data Packet
Weight matrix SP : Sounding POI%/IIU-MIMO ble
AP NDPA | | NDP SP Beamforming |
STAI CVF
ompressed V feedbac >
STA2 CVF
>
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IEEE 802.16e IEEE802.16m

7R BiZ
ERE 2.3GHz,2.5GHz,3.3-3.8GHz (1GHz,) 2.3GHz, 2.5GHz, 3.3-3.8GHz
HIEE 3.5,5,7,8.75, 10MHz 5, 10, 20, 40MHz
AR OFDM(256), OFDM(2048), QPSK, 16QAM, 64QAM
BAimid 64Mbps (2 X 2, Fr R LAY 10MHz | 160MbpsEL £ (2 X2, F4 | 300MbpsLA L (4 x 4, Fr2
(DL) D) LTI AS20MHZzD B ) JLE I AS20MHz D B )
BAEEEE | 28Mbps(2 X2, MIMOfERFF, FvrJL | 56Mbps(1 X2, F¥RJL | 112Mbps(2 X 4, Fr L
(UL) i A 1OMHZzD B ) 18 AN20MHZz D B ) 1 H20MHz D )
MIMOS(DL) 2 X2 MIMO 2 X2 MIMO 2X4,4X2,4X4 8X8
MIMO
MIMOSE(UL) 1 X2 MIMO 1 X2 MIMO 1 X4,2X2 2%Xx4 MIMO

[1]
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