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Lowpower MiMo Metric

% <O MIMO 7V 3 XLDEE
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L, = (X =Y +(X-Y)) (EQ1)

a; Euclidean Distance

b; Manhattan Distance 7 7/{ t:\\\/ I\O) MlMo )( I\ I) W 76* :

c; Chebyshev Distance
L 1 - - L 1 L
2( + ) (EQ 2)
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QRM-MLD with MCD
10 T T T T

® BER T4#&EILIZIZRZHF —o—SED .
—6— MCD ||
® Eb/Noix7dBILT 7
Uncoded
Parameter Description '
1021
Modulation 16 QAM
OFDM 1024-point FFT & 3
768 Subcarriers B
MIMO 4x4
10
MIMO Detection QRM-MLD
Symbol Time (Ts) 9.259 usec .
Guard-Interval = 1.674 107+
Channel Model 6-Path exponential Decay
[0,-2,-4,-6,-8,-10] dB 10° ‘ ‘ ‘ ‘ ‘ ‘ )
[0,3,6,9,12,14]*Ts 4 5 6 7 8 9 10 1 12
Eb/No (dB)
Channel Estimation Perfect
Channel Coding Turbo Rate 1/3
Channel Decoder Max-log-MAP 8 iteration
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{thdd MiMo & MCD
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B-Chase MiMo with MCD

10 T T T I ]
° B-Chase MiMo E—
—6&— MCD ]
®  BERM8EIXIIIZAFHF
Parameter Description o
10 .
Modulation 16 QAM
OFDM 1024-point FFT o ~_
768 Subcarriers & b ncoded
MIMO 4x4
10%+
MIMO Detection B-Chase
Symbol Time (Ts) 9.259 usec
Guard-Interval = 1.674
Channel Model 6-Path exponential Decay
[0,-2,-4,-6,-8,-10] dB 10 ‘ ‘ ‘ ‘ ‘ ‘ ‘
[0,3,6,9,12,14]*Ts 4 5 6 7 8 9 10 1 12
Eb/No (dB)
Channel Estimation Perfect
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The MCD Advantage

MCD ;BB EFIld. SED 55 90%:k

MCD D[EIE&E T 1) 77I& SED [TEENT 75% D7z

Metric Adder/Subtractor Multiplier Comparator | Multiplexer
SED Two 8-bit sub Two 8-bit mpy
One 16-bit add
MCD Two 8-bit sub with abs One 8-bit One 2-to-1
Two 8-bit add
Adder/Subtractor Multiplier Comparator Multiplexer
8-bit 16-bit 8-bit 8-bit 8-bit
Power 1.79 uW 4.47 p\W 28.2 uW 1.54 uW 0.643 uW
Area 1.44 um? 3.024 pm? 12.951 um? 0.837 um? 0.792 um?

90 nm 6ML TSMC Proceed; Synthesis Estimates

Metric Power Area
SED Circuit 64.45 pW 31.806 pm?
MCD Circuit 6.343 pW 7.389 pm?
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QRM-MLD Computations
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Phybit 3GPP LTE B-Chase MiMo Detector

Phase 1 Phase 2 Phase 3
— Simulator > FPGA > ASIC —
Fixed-Point Prototype Commercial
Power/Area (Est.) Cycle-Accurate Lowpower
Cost (Est.) Bit-Exact Small
Throughput Netlist 1 Gbps

Receive
Antenna

I'Q

Simulator

,|’Q7
,|’Q7
,|’Q7
,|’Q7

vovovy

Test Vector
Generator
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Interference B
. Cancelation Log-Likelihood
Signal Py Ratio u
FFT —>  Detection ff
Ordering EEEE (LLR). e
Stage Computations ;
Detection
. N
First Stgge N N
Detection

T Subcarrier

Channel LLRs

Estimation
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FE=EaY AMC (SAMC)
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SAMC and CQI
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1. BEP BMUERRAZBAIHGEe; EVal—aryEéEa—FT4270L— MEEIEZDGEWD
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HSPA "C®D VOIP Dfzlc SAMC Z=fES

=g

ME: KVEBWQOS T/ —Z VS0 v IREIE 2BICES

Bits —» Channel »  Channel Channel —» Bits
Encoder Decoder
A ‘ LLR; From MAC Layer
Trit  —» <«— L2PDB
f(.) h(.)
Te —>» <— L2PLR
l BEP; PERmax
A
CQl QoS Target = Packet
SOC T ERmax 90 < size,N
PERmax = Max PER
SAMC PERmax = 1-(1-BERmax)"

S0V XLlE. LAY —2QoS /INT A —%fEH

° L2 /Ny b7—%/\T v b (L2PDB)
° L2 /N bOXL— bk (L2PLR)
®  Trtt=Round-trip time from packet arrival at PDCP to P-GW, Te = Elapsed time while packet waits to be sent
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®  MiMo BT DMERZERT 5 1 DDAE

° ZFOMUIFrRIVOA—TarTIcLkB; AMC

A& L — FRFSLIE@E TIEED

o AUR—1)—TJI3EH
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oJZ L — b LDPC (& LU
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Simple Rate %2
Convolutional Encoder
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1. LDPC 7Ov 7+ (LDPC-BC)

2. LDPC &dtAHFFS (LDPC-CQ)

LDPC-CC MgEIS A EUITEL B

® 128 DATEHA RHBHE

e (CCDT7H5EINDLE

LDPC-BC MREIS 7O 74 XIT LB

®  2,000h5 70,000 £ FDL I

LDPC-CC |FEBR IR 175 CC

* ZNS5IFLDPC-BCITEWT VI XLTTI—RTES

® HHLDRBHAEWN

LDPC-CCHLTE 77 RNV RITHBAETNA L AEHFLELET

PHYBIT

December 2008

21 of 25



LTE-Advanced Seminar

LDPC-CC D1HE
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Phybit’s Proposed LDPC-CC with SAMC ASIC
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Program 'U—{ Input LLR Buffer ‘ LDPC-CC
Memory 5t C __» withsamc ——» 1
¥ LLR, LLRy Gsps Decoder Gbps
Implementation
Proposal
SAMC Min-Sum Phase 1 ¢
RISC Processor 1 cal
Processor
Simulator
Matrix Indices ‘ ‘ Input LLRs ‘
] Min-Sum
Address Processor 2 W ohase 2
Generator 9
2 abs ‘ sgn
O .
o min FPGA
< |
> sum }
Phase 3
Data check-node update A \ 4
Memory ‘ Updated LLRs ‘
Min-Sum -
L Processor | bit-node update ASIC
sign
DMA ‘ ‘ 2 ‘ ‘ Commercial
Controller Lowpower
4{ Output Bits Buffer }— —» Output Bit-Rate = N x Clock = 1 Gbps Small
c 1 Gbps
Gsps N =8 Clock =125 MHz
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