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Outline

1. Motivation: Fast ns-3 error models for increasingly complex Wi-Fi physical
layer scenarios

2. Approach: Take link-to-system mapping approach a step further
- EESM-log-AR based error model for ns-3

3. Results: A link-to-system mapping with constant run-time and modest
storage requirement
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* An error model represents packet error rate (PER) as a function of
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What Is an Error Model?

* An error model represents packet error rate (PER) as a function of

MCS MIMO
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What Is an Error Model?

* An error model represents packet error rate (PER) as a function of
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What Is an Error Model?

ayer MaclLow
SendPacket |
DHY — Success/falil
layer WitiPhy —_— PHY entity
y getReceptionStatus
getReoeptionStatusI | Success/fall
Interference helper
Configuration parametersl IPER

Error model

ns-3 WifiINetDevice example
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Why Need an Efficient Error Model?

* Full PHY model is the most accurate error model

IDFT j\
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Full PHY simulation block diagram
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Why Need an Efficient Error Model?

* Full PHY model is the most accurate error model

* However, full PHY simulation is prohibitively slow for a cross-layer simulator
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Why Need an Efficient Error Model?

* Full PHY model is the most accurate error model

* However, full PHY simulation is prohibitively slow for a cross-layer simulator

= j\ Runtime of single link 200,000-packet simulation (Table 1)

Bits— FEC Stream MII\flO IDFT j\ Fading channel N; X N, | Bandwidth | Full PHY

encoding parser g:)eding j/ 1X1 20MHz 171 min

MCS OF N T 1x1 40MHz 201 min

Nss streams chains 4 X 2 20MHz 362 min

-y 4 X 2 40MHz 544 min

| FEC Reverse.__| MIMO | [pFT Y 8 X 2 20MHz 755 min
Bits— : stream de- .

decoding| | o cer | coding — DFT LT 8 X 2 40MHz 1098 min

s

Full PHY simulation block diagram
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History of ns-3 Error Models
YANS model

* Original ns-3 Wi-Fi PHY is based on OFDM, SISO, frequency-flat additive
white Gaussian noise (AWGN) channel, and can be easily computed

[Flat

>

Received power (dBm)

[1] M. Lacage, et. al. Yet another network simulator. WNS2 2006.
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History of ns-3 Error Models
YANS model

* Original ns-3 Wi-Fi PHY is based on OFDM, SISO, frequency-flat additive
white Gaussian noise (AWGN) channel, and can be easily computed

* However, frequently-selective fading channels commonly occur in OFDM
system, and this greatly impacts system performance

/ Flat /Seectwe fading

[1] M. Lacage, et. al. Yet another network simulator. WNS2 2006.
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History of ns-3 Error Models
Link-to-system (L2S) mapping

* A traditional abstraction for OFDM MIMO based PHY over a frequency-
selective channel

* Block diagram suggested by IEEE TGax group: lEEE
802.11
 ——————— — Channel ——
‘| Channel matrix | matrix ; Packet length
-[__generation é equzcl)iigtion Effective
: i Post- | . Instantaneous PER
- [Precoding matrix Prﬁgiﬂ)l(ng equalization |: SNR matrix _ mla;S[?ing SNR Instantaneous
.| generation " SNR matrix |: £ inction WGN-SISO PER
. Decoding | calculation | SNR
| Decoding matrix | matrix___
| generation

Runtime-expensive matrix generations and computations

[2] R. Patidar, et. al. Link-to-System Mapping for ns-3 Wi-Fi OFDM Error Models. WNS3 2017.
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History of ns-3 Error Models
Link-to-system (L2S) mapping

* A traditional abstraction for OFDM MIMO based PHY over a frequency-
selective channel

* Block diagram suggested by IEEE TGax group:

Channel

| Channel matrix
‘| generation

mautrix

Precoding

Precoding matrix
.| generation

mautrix

Decoding

| Decoding matrix
| generation

mautrix

------------------------------------------------------------------------

Runtime-expensive matrix generations and computations

[2] R. Patidar, et. al. Link-to-System Mapping for ns-3 Wi-Fi OFDM Error Models. WNS3 2017.

Post-

equalization
SNR matrix |:
calculation |:
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History of ns-3 Error Models

Link-to-system (L2S) mapping

* A traditional abstraction for OFDM MIMO based PHY over a frequency-
selective channel

* Block diagram suggested by IEEE TGax group:

Channel

| Channel matrix
| generation

mautrix

Precoding

Precoding matrix
.| generation

mautrix

Decoding

| Decoding matrix
| generation

mautrix

Post-
equalization

SNR matrix |:
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. Post-
- equalization
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------------------------------------------------------------------------

Runtime-expensive matrix generations and computations

[2] R. Patidar, et. al. Link-to-System Mapping for ns-3 Wi-Fi OFDM Error Models. WNS3 2017.
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History of ns-3 Error Models
Link-to-system (L2S) mapping

* A traditional abstraction for OFDM MIMO based PHY over a frequency-
selective channel

* Block diagram suggested by IEEE TGax group:

Channel

| Channel matrix
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[2] R. Patidar, et. al. Link-to-System Mapping for ns-3 Wi-Fi OFDM Error Models. WNS3 2017.
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History of ns-3 Error Models
Link-to-system (L2S) mapping

* A traditional abstraction for OFDM MIMO based PHY over a frequency-
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History of ns-3 Error Models
Link-to-system (L2S) mapping

* A traditional abstraction for OFDM MIMO based PHY over a frequency-
selective channel

* Block diagram suggested by IEEE TGax group: IEEE
802.11
T — Channel —
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[2] R. Patidar, et. al. Link-to-System Mapping for ns-3 Wi-Fi OFDM Error Models. WNS3 2017.
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Runtime Scaling Issue

IDFT j\

Runtime of single link 200,000-packet simulation (Table 1) . [FEG stream|IMIMO |_MpEr Y\ | Fading channe
| % % -Full PHY: ™ lencoding™parser | [P e
N; X Ny | Bandwidth | Full PHY L.2S Mapping MCS IDFT J;tx -
1X1 20MHz 171 min 97 min Nss streams chains
1X1 40MHz 201 min 126 min -
4% 2 20MHz 362 min 234 min e Reversel | MIMO | per | Y
: : Bits— decoding stream de- Y
4 X 2 40MHz 544 min 320 min parser coding DFT A
8 X 2 20MHz 755 min 428 min chains
8 X 2 40MHz 1098 min 573 min LZS ‘32222?;32,%‘”* """ C Qiﬁ?f'": """""""""""" e B Packet length
: " " Precoding matrix Pﬁ%?ﬁixng equz(l)iigtion eSql\llJI&?1 Iriegtlﬁ)ig m;ZSin ESeNcgve; Ingtantaneous PER | |nstantaneous
mappl ng . | generation — | SNR maix qoPpra WCN-SISO [~ PER
E In r ?nca?ri?g |
| g et mane_,

Runtime-expensive matrix generations and computations
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Key Observation

L2S mapping suggested by IEEE TGax group:

855'11 | Channel matrix Crggﬂ?xel - Packet length
generation equa(I)iggtion Effective
Precoding matrix Prr%(;?ﬂ)'(ng equicl)i;;tion . SNR matrix mlézsin SNR | 'nstantaneous PER 1/, ntaneous
Decoding | calculation |: SNR
. | Decoding matrix| matrix__
‘| generation

Runtime-expensive matrix generations and computations

Observation: upper layer only needs instantaneous PER (random process)
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Key Observation

L2S mapping suggested by IEEE TGax group:

855"11 | Channel matrix Crﬂgﬂ?xe' - Packet length
generation equacl)isgtion Effective
Precoding matrix Pﬁ%?ﬁ;”g equiﬁigtion . SNR matrix mlézsin SNR | 'nstantaneous PER 1/, ntaneous
generation " SNR magtrix funF():Ft)ior? mWGN-SISO PER
Decoding | calculation |: SNR
. | Decoding matrix| matrix__ '
.| generation

Runtime-expensive matrix generations and computations

Observation: upper layer only needs instantaneous PER (random process)

Q1: Can we bypass runtime-expensive matrix calculation and
directly store average PER (mean of instantaneous PER)?
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Key Observation

L2S mapping suggested by IEEE TGax group:

EEE,'}H | Channel matrix Cnh,gﬂ?xel . Packet length
generation equa(I)iigtion Effective
Precoding matrix Prﬁf;?ﬁ;”g equzcl)iigtion SNR matrix mgzsm SNR : ngtantaneous PER nstantaneous
| generation {SNR matrix [ indion [Mawansisor PeR
Decoding | calculation |: SNR
. | Decoding matrix| matrix__ '
.| generation

Runtime-expensive matrix generations and computations

Observation: upper layer only needs instantaneous PER (random process)

Q1: Can we bypass runtime-expensive matrix calculation and
directly store average PER (mean of instantaneous PER)?

**  No variance, skewness, kurtosis, time correlation information
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Key Observation

L2S mapping suggested by IEEE TGax group:
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Runtime-expensive matrix generations and computations

Observation: upper layer only needs instantaneous PER (random process)

Q2: Can we bypass runtime-expensive matrix calculation and
directly model instantaneous PER?
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Key Observation

L2S mapping suggested by IEEE TGax group:

EEE,'H | Channel matrix Crﬂg?r?xe' . Packet length
generation equacl)iigtion Effective
Precoding matrix Prr%c;czg)l(ng equiﬁigtion . SNR matrix mlézsin SNR | 'nstantaneous PER 1/, ntaneous
Decoding | calculation |: SNR
. | Decoding matrix| matrix__ '
‘| generation

Runtime-expensive matrix generations and computations

Observation: upper layer only needs instantaneous PER (random process)

Q2: Can we bypass runtime-expensive matrix calculation and
directly model instantaneous PER?

, o Cannot provide models of instantaneous PERs for different packet
— lengths
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Key Observation

L2S mapping suggested by IEEE TGax group:

EEE,'}H | Channel matrix Cnh,gﬂ?xel . Packet length
generation equa(I)iigtion Effective
Precoding matrix Prﬁf;?ﬁ;”g equzcl)iigtion . SNR matrix mlézsin ( SNR ) Ingtantaneous PER _Irlstantaneous
| generation " SNR matrix |: ' fun?:?io:? bz mWGN-SISO PER
: Decoding | calculation |: SNR
. | Decoding matrix| matrix__ '
.| generation

Runtime-expensive matrix generations and computations

Observation: upper layer only needs instantaneous PER (random process)

Q3: Can we bypass runtime-expensive matrix calculation and
directly model effective SNR?
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Key Observation

L2S mapping suggested by IEEE TGax group:

855'11 | Channel matrix Crggﬂ?xel - Packet length
generation equa(I)iggtion Effective
Precoding matrix Prr%(;?ﬁ)'(ng equIZl(I)i;;tion SNR matrix mlézsin ( SNR ) MIIaRaNeOUs FEk _Irlstantaneous
: generation *| SNR ma_trix funF():Ft)ioﬁ —— WGN-SISO PER
: Decoding | calculation |: SNR
. | Decoding matrix| matrix__ '
.| generation

Runtime-expensive matrix generations and computations

Observation: upper layer only needs instantaneous PER (random process)

Q3: Can we bypass runtime-expensive matrix calculation and
directly model effective SNR?

@ Effective SNR is insensitive to packet length and is easy to be mapped
= into instantaneous PER

30



ELECTRICAL
& COMPUTER

ENGINEERING

New Method: EESM-log-SGN

Previous State-of-the-art

Assume |ID channel for different packets

Packet
ID Channel ~ ~ackel -

l - Packet
Time
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New Method: EESM-log-SGN

Previous State-of-the-art

Assume |ID channel for different packets, then
effective SNR for different packets are also |ID

Packet
Effective SNR ~ Facket -

- Packet

Time
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New Method: EESM-log-SGN

Previous State-of-the-art

- | Channel matrix Cnﬁg?r?xel ; Packet length
| 2S5 : . | generation > . Post- /\
mapplng . 5 Srecodin Post- : equalization 75 ( Effective Instantaneous PER

 [Precoding matrix|  matrix ~ |equalization|; SNR matrix mapning \S\NE_Z  Instantaneous

EEE .| generation *| SNR matrix |: function WGN-SISO PER

802 1 ,J § Decoding | c@lculation |: SNR

. | Decoding matrix|  matrix §

| generation i

Runtime-expensive matrix generations and computations

Assume |ID channel, model effective SNR
distribution, and directly outputs |ID effective SNRs

Packet
Effective SNR ~ Facket -

- Packet

Time
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New Method: EESM-log-SGN

Previous State-of-the-art

- | Channel matrix Cnilg?r?xd ; Packet length
| 2S t ~~+« | generation q . Post- /\
mapplng " Precodin Post-  |i équalization 125 | Effective T\ ctantaneous PER

 [Precoding matrix|  maiy - |€qualization |: SNR matrix mapning \EM  Instantaneous

EEE ‘| generation " SNR matrix [* fination WGN-SISO PER

802 .,J AJ § Decoding calculation SNR

. | Decoding matrix|  matrix §

‘|  generation i '

------------------------------------------------------------------------

Runtime-expensive matrix generations and computations

Under |ID channel & EESM L2S mapping function,
effective SNR distribution follows:

Log-skew generalized normal (log-SGN) distribution

3] S. Jin, et. al. Efficient Abstractions for Implementing TGn Channel and OFDM-MIMO Links in ns-3. WNS3 2020.
4] S. Jin, et. al. Efficient PHY Layer Abstraction for Fast Simulations in Complex System Environments. IEEE TCOM, 2021.
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New Method: EESM-log-SGN

Previous State-of-the-art

- | Channel matrix Cnilg?r?xd ; Packet length
| 2S t ~~+« | generation q . Post- /\
mapplng " Precodin Post-  |i équalization 125 | Effective T\ ctantaneous PER

 [Precoding matrix|  maiy - |€qualization |: SNR matrix mapning \EM  Instantaneous

EEE ‘| generation " SNR matrix [* fination WGN-SISO PER

802 .,J AJ § Decoding calculation SNR

. | Decoding matrix|  matrix §

‘|  generation i '

------------------------------------------------------------------------

Runtime-expensive matrix generations and computations

Under |ID channel & EESM L2S mapping function,
effective SNR distribution follows:

Log-skew generalized normal (log-SGN) distribution

X £ ln( Z}T}fk) fX(x5ﬂ7(A775\1,5\2) PDF of X

~ SGN(ﬂ,&,jq,j\z) :gw (x—ﬂ) U 5\1(%_’&) r € R
o o \/ )2 7 ’

A

52 + Ao(z — i
3] S. Jin, et. al. Efficient Abstractions for Implementing TGn Channel and OFDM-MIMO Links in ns-3. WNS3 2020.
4] S. Jin, et. al. Efficient PHY Layer Abstraction for Fast Simulations in Complex System Environments. IEEE TCOM, 2021.
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New Method: EESM-log-SGN

Previous State-of-the-art

5 Channel

-| Channel matrix | matrix ; Packet length
: . | generation y . Post- .
LZS mapplng. § - — Precoding Post- ;esql\llellzatthn |25 (E/ﬁe® Instantaneous PER S
. |Precoding matrix| matrix _ |€dualization |: marx | mapping N Sl neous
FEE .| generation "| SNR matrix |: fnction mWGN-SISO PER
802 » WJ § Decoding calculation |: SNR
N | | Decoding matrix| _matrix
: generation o7 [ Traditional, No Interferer, RX SNR = 10dB
------------------------------------------------------------------------ " Tracitional No ntoriorer X SR = 1408
Runtime-expensive matrix generations and computations 08 oy S, N0 Nt S —1dte
. . = EESM-Iog-SGN, 1 Interferer, RX SNR = 10dB
Under IID channel & EESM L2S mapping function, T I T
effective SNR distribution follows:
Log-skew generalized normal (log-SGN) distribution  ~
X 2 In(rsinr,) fx (x5 0,6, A1, A) PDF of X )
) SGN(,EL, a-, >\17 )\2) :gw (CE j M> qj )\1(:6 : IU) ’ L E R’ . 8 o 10 11 12 13 14 1 16
o) o) \/5_2 _|_ 3\2 (CE . ﬂ)z Effective SNR and Effective SINR (dB)

3] S. Jin, et. al. Efficient Abstractions for Implementing TGn Channel and OFDM-MIMO Links in ns-3. WNS3 2020.
4] S. Jin, et. al. Efficient PHY Layer Abstraction for Fast Simulations in Complex System Environments. IEEE TCOM, 2021.
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New Method: EESM-log-SGN

Previous State-of-the-art

- | Channel matrix Cnrlg?r?xd ; Packet length
| 2S t ~~+« | generation q . Post- /\
mapplng " Precodin Post-  |i équalization 12s | Effective T\ ctantaneous PER

 [Precoding matrix|  maiy - |€qualization |: SNR matrix mapning \S\NB_Z  Instantaneous

EEE ‘| generation " SNR matrix fination WGN-SISO PER

802 .,J ,J § Decoding calculation SNR

. | Decoding matrix|  matrix §

‘|  generation i

Runtime-expensive matrix generations and computations

Assume |ID channel for different packets

Packet
Effective SNR ~ Facket -

- Packet

Time
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Sub-6GHz Wi-Fi Time-varying Channel
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Channel
: . Channel matrix | matrix Packet length
L2S mapping: qeneration - Post- TN
: Srecodin Post- : equalization |25 ( Effective Instantaneous PER
EEE . |Precoding matrix| matrix J equalization |: SNR matrix nannio SNR Instantaneous
A A .| generation SNR matrix |: ” fun[():?iong WGN-SISO™— PER
802., .H , Decoding calculation |: SNR

| Decoding matrix|  matrix

| generation

Runtime-expensive matrix generations and computations

14 -
Sub-6GHz Wi-Fi channel is time-varying s
=121 \a SN A A
: o0 . A / |
\ASa r ¢ . A/ N, P I\ . enp
Have Correlatlon§ Burst error VA [ B i N N oy
Vary slowly overtime 2
302) 1 Sample Path of Traditional EESM L2S mapping
Ww 8+ — +«— 1 Sample Path of EESM-log-AR with ML parameters
| | e 1 Sample Path of EESM-log-AR with LI parameters
0 2 4 6 8 10 12 14 16 18 20
Time (sec)
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Real Wi-Fi Time-varying Channel
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. Channel
. .| Channel matrix | matrix Packet length
LZS mapplng. [__generation ’ Eequ[zjicl)ii;;;tion Effective
: i Post- | . Instantaneous PER
EE - [Precoding matrix Prl%%c:g)l(ng equalization || SNR matrix _ mggsm ( SNR Instantaneous
| generation " SNR matrix |: functiong WGN-SISO PER
802,11 Decoding | calculation |: SNR
| Decoding matrix| matrix__
| generation
Runtime-expensive matrix generations and computations
14 -
Real Wi-FiI channel: time-varying channel g /
124 RN A \
: o ; A / . ¢ ie M
Have correlations z |\AA [ O TR, N OB A A AV
) X |/ 7S AR NVARRRZAATAV LM
_ Burst error  § | VX WA SN 70
Vary slowly overtime Z R
:30:) 1 Sample Path of Traditional EESM L2S mapping
Ww 8 — +«— 1 Sample Path of EESM-log-AR with ML parameters
| | . 1 Sample Path of EESM-log-AR with LI parameters
0 2 4 6 8 10 12 14 16 18 20
Time (sec)
. . R »
Extend EESM-log-SGN method to time-varying channel (=
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EESM-log-AR: Main Idea
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Channel
: . Channel matrix i Packet length
L2S mapping: generation . Post- N
: Srecodin Post- : equalization |25 ( Effective Instantaneous PER
EEE - [Precoding matrix|  rmauiy - |equalization|: SNR matrix s N SNR Instantaneous
P | generation SNR matrix |: . funﬂﬁor? WGN-SISO [ PER
802., 1 , Decoding | calculation |: SNR
| Decoding matrix|  matrix
| generation
. . Runtime-expensive matrix generations and computations
Assume time-varyiny criarinielr, riouel elecLve SINM
process, and directly outputs effective SNR
process P
) r ;
=12 % NS 03
o 1 / ' ‘
C% 4 \/\ | s ’)\ [A &= o \ .1.’ ) \\_-'_' ,7-'.,_..\'/f : -
{ I\ AR ARV
02) 10 - | L : Y Ry
é 1 Sample Path of Traditional EESM L2S mapping
W 8+ — +«— 1 Sample Path of EESM-log-AR with ML parameters
| 1 Ce 1 Sample Path of EESM-log-AR with LI parameters
0 2 4 6 8 10 12 14 16 18 20
Time (sec)
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EESM-log-AR: Main Idea
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Channel
T Channel matrix | matrix Packet length
LZS mapplng. generation : PO.St-- /\
, . Post- : equalization Effective
: , — Precoding > |1 SNR matri L2S ( Instantaneous PER Instant
EEE ' |Precoding matrix| matrix ~ |€qualization (: matrix mapping SNR _Instantaneous
W | generation SNR matrix [: fnetion WGN-SISO PER
802., .H _ Decoding calculation |: SNR
| Decoding matrix|  matrix
| generation
Runtime-expensive matrix generations and computations
Under time-varying channel & EESM L2S mapping
function, effective SNR process follows:
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EESM-log-AR: Main Idea

Channel

: . | Channel matri - § Packet length
L2S mapping: || “generation o — - Post N
; . Post- : equalization Effective
: : — Precoding S L2S ( Instantaneous PER
EEE |Precoding matrix|  matriy -~ |€qualization |: SNR matrix { mapping SNR _Irlstantaneous
A A .| generation *| SNR matrix | : WGN-SISO PER
802v JJ § Decoding calculation |: unction SNR
| Decoding matrix| _matrix '
| generation
Runtime-expensive matrix generations and computations
Under time-varying channel & EESM L2S mapping
function, effective SNR process follows:
14
Log-AutoRegressive (log-AR) process g | . ‘
. CZE /A\ 7\ P2 r"\ 7 1‘4 '.‘./ ‘,.\ N, et W7 /
X[1] = ln(l"eff[l]) Take log of effective SNR 210l VA M ZACERLNA SO VA Y
E 1 Sample Path of Traditional EESM L2S mapping
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=CF Z ¢mX [l —-m] +€|l] AR model | | e 1 s:mgle path of EESM-Iog-AR with LI pg?arietel:esrs
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Normal variable Time (sec)
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EESM-log-AR: Main Idea

Packet length

e BIIRCIVE [ o naneous PER

[ correlated effective SNR . SNR _Irlstantaneous
[random process generator AWGN-SISO PER

1 WON
| Log-AR parameters storage g

Log-AutoRegressi¥e (log-AR) process
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EESM-log-AR: Main Idea

g

s 12 +

pd
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210r |
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302) 1 Sample Path of Traditional EESM L2S mapping

w 8+ — = 1 Sample Path of EESM-log-AR with ML parameters
-~ 1 Sample Path of EESM-log-AR with LI parameters

0 > 4 6 8 10 12 14 16 18 20 Packet Iength

l
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[random process generator = AWGN-SISO PER
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| Log-AR parameters storage g
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EESM-log-AR: Main Idea

-
N
[

——— 1 Sample Path of Traditional EESM L2S mapping
— = 1 Sample Path of EESM-log-AR with ML parameters
-~ 1 Sample Path of EESM-log-AR with LI parameters

0 . 4 6 8 10 12 14 16 18 20 Packet length

l

Instantaneous PER

Effective SNR (dB)
o

(0 0]
T

Time (sec)

Correlated effective SNR | ﬂstantaneous
[random process generator = AWGN-SISO PER

1 WON
| Log-AR parameters storage g

log-AR parameters depend on:
MIMO setup, bandwidth, MCS,
and channel types
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EESM-log-AR: Runtime

Runtime of single link 200,000-packet simulation (Table 4)
N; X N, | Bandwidth L.2S Mapping EESM-log-AR

1 X1 20MHz 97 min 0.4 sec
1 X1 40MHz 126 min 0.4 sec
4 X 2 20MHz 234 min 0.4 sec

4 X 2 40MHz 320 min 0.4 sec
8 X 2 20MHz 428 min 0.4 sec
8 X 2 40MHz 573 min 0.4 sec

Runtime of the proposed method is significantly smaller
and insensitive to system dimension change
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EESM-log-AR: Accuracy

1st order performance: Average PER VS. RX SNR
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EESM-log-AR: Accuracy

2nd order performance: AutoCorrelation Function

1st order performance: Average PER VS. RX SNR (ACF) and Partial ACF (PACF)
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EESM-log-AR: Accuracy

Average PER
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1st order performance: Average PER VS. RX SNR
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PACF of Error State
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| —e Full PHY
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T EESM-log-AR with LI parameters
047 N
02+ ]
0 | | |2 %P8 00dy 0004500080000 00000000000000s
_02 | | l | | |
0 10 15 20 25 30 35 40
Lag
P T T | l l T
' —e Full PHY
0.8 |- — = Traditional EESM L2S mapping |
06 - EESM-log-AR with ML parameters | |
T EESM-log-AR with LI parameters
047 .
0.2+ 2
OHT o2 T S ee®to 29260209 s0®leonensedssstne o
_02 | | | | | |
0 10 15 20 25 30 35 40
Lag

2nd order performance: AutoCorrelation Function
(ACF) and Partial ACF (PACF)
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Average PER
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2nd order performance: AutoCorrelation Function
(ACF) and Partial ACF (PACF)

We also validated EESM-log-AR using
modified LMC test & residual diagnoses
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Contributions

* Under time-varying channel, EESM-log-AR directly outputs effective SNR
process rather than generating channels and calculating effective SNR on a
per-packet basis

52



ELECTRICAL
& COMPUTER

ENGINEERING

Contributions

* Under time-varying channel, EESM-log-AR directly outputs effective SNR
process rather than generating channels and calculating effective SNR on a
per-packet basis

* Payoff: good accuracy with substantial run-time improvements

* Cost: require store log-AR parameters at different PHY configurations
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Contributions and Future Work

* Under time-varying channel, EESM-log-AR directly outputs
rather than generating channels and calculating effective SNR on a
per-packet basis

* Payoff:
* Cost: require to store log-AR parameters at different PHY configurations
* Future work:

o Model the impact of interference

- Extension to OFDMA and MU-MIMO cases
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Full-PHY Block Diagram
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Multi-path Propagation

Reflector
Cluster
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Single
Reflector
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._ == == Pathloss
— Shadow fading
----------- Small-scale fading

P, (dB)

‘I
el v %
a &

Received signal power VS. distance
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Frequency-selective Channel
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‘ | i Frequency flat

frequency
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Frequency selective
multi-path NLOS
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Time-varying Channel

Rayleigh Fading with doppler effect for Fm=20Hz
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TGax Channel Models

Channel Model B
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Jakes’ Model

DOPPLER
SPECTRUM

—By By FREQ.

AO = 27/N

Uniform scattering environment Doppler spectrum
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PHY Layer Simulation Setup

Communication system

IEEE 802.11ax

MATLAB WLAN &
Link simulator Communication
Toolboxes R2020b
# of packets per simulation 200000

Channel type

TGax channel model-D [22]

Doppler spectrum

Jakes’ model [1]

Maximum moving speed

0.089km/h [29]

Coherence time

T. = 0.978s [32]

Sample period Ts = 0.250s
Channel coding LDPC
Payload length 1000
MCS 4
RX SNR 15dB
Bandwidth 20 MHz
Channel estimation Noise-free
Phase tracking & Synchronization Perfect
MIMO precoding/decoding SVD/MMSE
MIMO dimension ngXny=4X2
MIMO streams Ngs = 2

CPU

Intel Core i5 CPU at 2.0GHz
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Properties of log-AR process

Properties of log-AR process:

1) fully characterized by p+2 N
parameters; X[1] = ln(reff[l])

| P
2) easy to generate; X[I] =c+ Z dmX [l — m] + €[]
m=1

3) but cannot capture skewness and
kurtosis of marginal distribution well.
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Traditional L2S Mapping

* Over an OFDM/OFDMA MIMO/MU-MIMO system, abstracting the post-MIMO
processing SINRs over all subcarriers and spatial streams into a a single

scalar metric - L2S mapping function

sinr __ —1 1 ey /szj
ef f o = P Z Z ¢

n n
sc,k ssszch =1

* The single effective SINR is a convenient metric to describe the packet-level
performance for a network simulator

* 2 popular L2S mapping functions: EESM and RBIR
* For EESM, ®(z) =exp(—z) and a = T, =B (nkn Z ( PW))
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EESM-log-SGN

Directly characterize effective SNR Packet length
random Process o ctive l
— E Instantaneous PER
| Correlated effective SNR . SNR 1 Instantaneous

random process generator] _—__ N\WGN-SISO —  PER

i WON
| Log-AR parameters storage g
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PACF of Effective SNR Processes
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ML Estimation of Log-AR Parameters

RXSNRy | é(y) | ¢1(y) | ¢5(y) | do(y) | 67,(1)
12dB | 0.5764 | 1.3454 | 0.3685 | 0.0607 | 0.0076
13dB | 0.6525 | 1.2702 | 0.3068 | 0.0474 | 0.0085
14dB | 0.7297 | 1.2047 | 0.2561 | 0.0370 | 0.0096
15dB | 0.8093 | 1.1443 | 0.2128 | 0.0294 | 0.0112
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Storage-complexity aspect
Handling wide range of RX SNRs: challenge & principle

* Fact: effective SNR depends on RX SNR
* Challenge: cannot store effective SNR process under any RX SNR

* Solution: estimate effective SNR process for any RX SNR using a small # of
stored effective SNR processes - Linear Interpolated (LI) log-AR parameter
estimation

¢(y) =\(1—e)ély1) + ec(yz),

= (1-Om) + edme) m=12,...,p, €= LD
6'p(}’) = (1- 6)6'1)(}’1) T G&p(}/z)
Estimated parameters
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Sample Paths of Effective SNR Processe:
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Residual Definition

* AR model

p [ | [ |
X[l] =c+ Z X[l -m] +e[l] Z€ro-mean white Gaussian process
m=1

with a constant variance
* Residual

P
e[l £ X[ - e(y) = ), m(y)X[1—m]
m=1

/1
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Residual Whiteness Test
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Modified Leybourne- McCabe (LMC) Test

* Null hypothesis: X [[] is a stationary AR(p) process

* Our simulation: the modified LMC test fails to reject the null hypothesis with a
large p-Value (> 0.05)

* Thus, X [l ] is stationary and can be modeled as an AR(p) process
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Residual Distribution
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ACF and PACF of Squared Residual
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Comparison

* EESM-log-SGN VS EESM-log-AR:
* EESM-log-SGN model is more accurate for |1ID channel

* EESM-log-AR has wider applicability as it is modeled for the general time-
varying channel
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Extension to 5G

* Inherent assumption for WiFi;
* Slow fading (channel gain does not change in a packet duration)
* No inter-carrier interference or ICl (extreme low Doppler)
* Extension to 5G
* Fast fading
* |Cl introduced by Doppler
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Extension to 5G

* Fast fading
Channel gain

A\
Time
* Consider ICI A packet
""""""""""""" — Channel ———:
Channel matrix | matrix " bost
eneration T~ -
' 2 o di Post- : equalization Effective Instantaneous PER
: ; ; recoding lizati : SNR matrix LZS, SNR Instantaneous
. |Precoding matrix equalization |:
: mairix . + Mmapping N —  PER
generation * SNR matrix |: function WGN-SISO
: Decoding | calculation SNR
. | Decoding matrix | _matrix__| '
generation

Runtime-expensive matrix generations and computations
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Interference Scenario
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