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|. Introduction to 5G



= Wireless communication has experienced a rapid growth
and evolution since 1980s (1G, ...4G, or now 5G).
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Data rate enhancement:
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— In just 30 years, wireless data rate has been increased by
more than 100,000 times!



= What is 5G?

— 5G is the fifth generation technology, and it has many
advanced features potential enough to change our life
dramatically.

= Targets:
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* Features:
— High increased peak bit rate
— Larger data volume per unit area
— High capacity
— Lower battery consumption
— Better connectivity irrespective of the geographic region
— Larger number of supporting devices
— Lower cost of infrastructural development
— Higher reliability of the communications

= How to increase the capacity by 1000 times?



= Better spectral efficiency (4):
— Spectral efficiency: 30 bps/Hz =>7?
— Key enabling technology, MIMO, ...
= Larger spectrum (5):
— Carrier bandwidth Increase: 100MHz -500MHz/1GHz
— Spectrum availability?
e Higher band: millimeter wave (mmWave)
e Spectrum sharing
e Unlicensed bands

= More cells, network densification (50):

— Greatly reduce the coverage of a cell, i.e., dramatically
Increase the cell number.

— Key enabling technology: ultra-dense small cells



= Technology challenges:
— Authorized shared access

Unlicensed bands

mmWave

Massive MIMO

Phase antenna array
Beam-forming and beam-tracking
Small cell

Interference management

Full duplex radios

SDN and NFV
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e |ITU has defined three usage scenarios in 5G
— Enhanced mobile broadband
— Massive machine type communications
— Ultra-reliable and low latency communications

= Key features:

User Experienced
Peak Data Rate Dat: Rate

(Gbit/s) (Mbit/s)

Area Traffic
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Spectrum
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= Three scenarios:

Peak Data Rate

User Experienced
Data Rate

Enhanced Mobile
Broadband

Area Traffic

. Spectrum
Capacity

Efficiency

Network 3 Mobility
Energy efficiency
Ultra-reliable
and low latency
communications

Connection Density



1l. Introduction to WISE
1. Introduction

13



* The 3rd generation partnership project (3GPP) is an
umbrella term for a number of standards organizations
which develop protocols for mobile telecommunications.

— GSM and related 2G and 2.5G standards, including GPRS
and EDGE

— UMTS and related 3G standards, including HSPA and
HSPA+

— LTE and related 4G standards, including LTE Advanced
and LTE Advanced Pro

— 5G NR and related 5G standards

» 3GPP is a partnership project formed by the standards
bodies ETSI, ARIB, TTC, TTA, CCSA, and ATIS.

* The project was established in December 1998 with the
goal of developing a specification for a 3G mobile phone
system based on the 2G GSM system.
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* Project architecture:

@
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= |[MT development:

Development  Deployment(*)
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of the International Telecommunication Union (ITU)

IMT: International Mobile Telecommunications



= Key features of LTE:

— Multiple access scheme
« Downlink: orthogonal frequency division multiple access (OFDMA)
 Uplink: single carrier FDMA (SC-FDMA)
— Adaptive modulation and coding
« DL modulations: QPSK, 16QAM, and 64QAM
« UL modulations: QPSK and 16QAM

— Bandwidth scalability for efficient operation in differently
sized allocated spectrum bands

— Multiple antenna (MIMO) technology for enhanced data rate
and performance

— Support for both FDD and TDD

— Channel dependent scheduling & link adaptation for
enhanced performance
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= Frame structure:

S _ * T =1/15000=2048
Omne radio frame. I'f= 3072000 TS=1'D ms - \: ) sec

One slot. T, = 15360xT_= 0.5 ms

. One subframe :
i o #(en . [ e R T
. - : . eneric radio frame structure
ak.a TTI (Transmission Time Interval) ' -

— LTE frames are 10 ms in duration.

— They are divided into 10 subframes, each subframe being
1.0 ms long.

— Each subframe is further divided into two slots, each of 0.5
ms duration.

— Slots consist of either 6 or 7 OFDM symbols, depending on

whether the normal or extended cyclic prefix is employed.
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= Frame structure:
Available Downlink Bandwidth is Divided into Physical Resource Blocks (RBS)

1 1
4 Tonm W
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= DL frame structure:
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= UL frame structure:

Nt OFDM symbols (=7 OFDM symbols @ Normal CP)  1siot = 15380
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PDCP: packet data
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RLC: radio link control
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= LTE protocol architecture (DL): From upper layer: service data unit (SDU)

To lower layer: protocol data unit (PDU)
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WISE SLS architecture:

Traffic Traffic

3GPP

specification

parameters

Scheduler .
PHY abstraction
RI/PMI/CQI estimation - | EESM I
and CS| feedback SINR calculation
Receiver design I
Topology
Layer mapping, precoding, and antenna mapping | Shadow fading |
Matrix
Calculation engine Channel
| TU/ETU |
t
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WISE functional blocks:

= RLC layer
—_— Trafflc mOdeI BS Station Mobile Terminal Downlink
RLC layer —

_ FTP mOdeI Traffic model Traffic model Uplink
— Full buffer model

!

Resource allocation

Precoder
- VOI P mOdel determination
Link Adaptation
MCS selection
[ | MAC | y B RI/PMI estimation
ayer MAC layer 1 o i
estimation m
— Resource allocation
Scheduler
l i Network topology
- HARQ p rO CeSS ) Transmissipn / Retransmission e

HARQ process

u P HY Ia.yer 1 l } SCM char:'nel model

DL/UL SINR cdlculator

) | uma | | inH |
— SINR calculator Cwrc] [wwse | [wwseiRe] | = W
. PHY layer 1 l
— PHY abstraction | B 2
RBIR BLER calculator
(. J] [L J

IRC: interference rejection combing
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= System level simulator (SLS) is designed to simulate the
communication performance between a large number of
BSs and UEs (cellular systems).

» Traffic models, scheduling algorithms, CSI feedbacks and
Interference managements etc. are all considered in SLS.
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Performance metrics:

= System throughput

— Average data rate

— Cell average packet throughput

— UE average packet throughput
= Spectrum efficiency

— Cell spectrum efficiency

— Cell edge user spectrum efficiency
» Avg. packet retransmission number
= Packet drop rate
= Packet transmission latency
= Fairness metric

26



Those metrics can be used to
— evaluate system performance,
— conduct calibrations, and

— check if systems satisfy specification requirements.
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WISE program flow:

i Subframe number

Network topology generator

Y

Y

for (i=0;i<uFrameNum)

+ Slot number

Generate UE Channel
Large Scale Parameters

L\

UE Cell attachment

l

Interference cell/UE setting

Y

for (USFldx=0; uSFldx<10)

GeneratePacket

l

Schedule

UL Power Control

l RI/PMI/CQI

HandleCRIRIPMI

|

SetPrecoder

|

HandleCQl

|

SetMCS

|

EvaluateSINR

Y

CalculateBLER

|

Transmit
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WISE program flow:

Run time simulation

Initialization

|

Y

HandleCRIRIPMI

Y

Network topology generator for (i=0;i<uFrameNum)

|

b4

1 SetPrecoder
» for (USFldx=0; uSFldx<10)
Generate UE Channel l
Large Scale Parameters HandleCQl
1 GeneratePacket ‘|’
SetMCS
UE Cell attachment l l
l Sl EvaluateSINR
y v
Interference cell/UE setting UL Power Control Salell gt oo
Transmit




Network topology generator InH: indoor hotspot

UMa: urban macro

= 3GPP Setting: UMi: urban micro
— InH: 12 gNB
— UMa: 19 gNB, ISD:200m or 500m
— RMa: 19 gNB, ISD:1732m or 6000m

= User setting:
— Users can flexibly adjust the position of gNB

15 m

3

M(O))n(—m—mb -f-:o:](ﬂﬂcllllﬂﬂitlﬂﬂ)({ol‘_:n(ﬂb[:o:-} ¥

!

50 m 20m

10 20m 20 m 20 m 20m 20 m 10
(—ge:.J}(—b{-!l,'-}“——i{tD}}{——b(io]){——b([o}){——){i-)}H

3

15 m

L.
L

A

120m () BS mounted onthe ceiling
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= A common cellar topology:

Three sectors for the area
a BS covers (site)
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* WISE program flow:

Run time simulation

Initialization

|

Y

HandleCRIRIPMI

Y

Network topology generator for (i=0;i<uFrameNum)

|

v
l SetPrecoder
» for (USFldx=0; uSFldx<10)
Generate UE Channel l
Large Scale Parameters HandleCQl
1 GeneratePacket ‘|’
SetMCS
UE Cell attachment l l
l SR EvaluateSINR
y v
Interference cell/UE setting UL Power Control Salell gt oo
Transmit




= WISE channel model: InH: indoor hotspot
UMa: urban macro

— InH Model A, Model B UMi- urban micro
— UMa Model A , Model B
— UMi Model A , Model B 0.5GHz<f<6GHz

Model A
— RMa Model A , MoelB 6GHz<f<100GHz

= Channel model selection:
— TR 38.802 Table A.2.1-11

Model B 0.5GHz<f<100GHz

Parameter Dense Urban Urban Macro Indoor Hotspot

Below 6GHz:

- Macro-to-UE: 3D UMa

- Micro-to-UE: 3D UMi

- Macro-to-Macro: 3D UMa (h_UE=25m)

- Macro-to-Micro: 3D UMa (h_UE=10m) Below 6GHz:
- Micro-to-Micro: 3D UMi (h_UE=10m) - TRP-to-UE: ITU InH
- UE-to-UE: A.2.1.21in TR36.843(™"), penetration loss between UEs | TRP-to-TRP: ITU InH (h_UE=3m)
h | t follows Table A.2.1-13 - UE-to-UE: A.2.1.2in TR36.843

channel parameters Above 6GHz: Above 6GHz:
- Macro-to-UE: 5GCM UMa - TRP-to-UE: 5GCM Indoor-office
- Micro-to-UE: UMi-Street canyon - TRP-to-TRP: 5GCM Indoor-office (h_UE=3m)
- Macro-to-Macro: 5GCM UMa (h_UE=25m) - UE-to-UE: 5GCM Indoor-office (h_BS=1.5m)

- Macro-to-Micro: 5GCM UMa (h_UE=10m)

- Micro-to-Micro: UMi-Street canyon (h_UE=10m)

- UE-to-UE: UMi-Street canyon (h_BS=1.5m ~ 22.5m), penetration
loss between UEs follows Table A.2.1-12

33



Channel generation

TR 38.901 Figure 7.5-1 Channel coefficient generation procedure

General parameters:

Set scenario, Assign propagation Generate correlated
network layout and —= condition (NLOS/ | Calculate pathloss | large scale
antenna parameters LOS) parameters (DS,
AS, SF, K)
Large scale parameter
Small scale parameters: Y
- Perform random Generate arrival & Generate cluster -
Generate XPRs |- i et |—| departure angles |a— e l4— Generate delays

Small scale|parameter

Coefficient generation:

| 4
Draw random initial Generate channel Apply pathloss and
phases coefficient shadowing

XPR: cross polarization

Coefficient generation



Packet generation

Network topology generator

Y

Generate UE Channel
Large Scale Parameters

L\

UE Cell attachment

l

Interference cell/UE setting

Y

|

Y

for (i=0;i<uFrameNum)

HandleCRIRIPMI

b4

|

Y

for (USFldx=0; uSFldx<10)

SetPrecoder

|

GeneratePacket

I
¥

Schedule

HandleCQl

|

SetMCS

|

EvaluateSINR

UL Power Control

Y

CalculateBLER

|

Transmit
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» Traffic model (packet generation):

UE2
Serving UE — OROO)

~ UE10RRR)  rEw>

UE30000]
UE4 D0

Per cell traffic

we generate uniform distributed variable u which falls in [0, 1]
and transform it according to:

1
P cx:—xln(l—'u}

- thenc is a random variable follows exponential distribution

user4 \: Poission proc

» Time

useri

user2 user3 user4

N Time

L

€SS
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Scheduling

Network topology generator

Y

|

Y

Generate UE Channel
Large Scale Parameters

Y

for (i=0;i<uFrameNum)

HandleCRIRIPMI

b4

|

L\

UE Cell attachment

l

Interference cell/UE setting

Y

for (USFldx=0; uSFldx<10)

SetPrecoder

|

GeneratePacket

I
¥

Schedule

HandleCQl

|

SetMCS

|

EvaluateSINR

UL Power Control

Y

CalculateBLER

|

Transmit
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= Scheduler:

Round-Robin

UE 4
UE 3
UE2
UE 1

Proportional Fairness

for(size_t b=8;
b<uSubbandNum;
b++)

Find the serving UE with maximum priority

1.Calculate capacity by using
SeenBySchedulerCQI and
SeenBySchedulerRI

2.Apply PF Formula

TTI Time

UE Index

Sub-band l

W W ==

¥
Set subband indication
TotalLength and
AllocatedRENum

TC.!:

For each scheduled UE
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CSI feedback

Initialization

Run time simulation

Network topology generator

Y

]

Y

Generate UE Channel
Large Scale Parameters

Y

for (i=0;i<uFrameNum)

HandleCRIRIPMI

b4

|

L\

UE Cell attachment

l

Interference cell/UE setting

Y

for (USFldx=0; uSFldx<10)

SetPrecoder

|

GeneratePacket

HandleCQl

|

l

SetMCS

Schedule

k4

EvaluateSINR

UL Power Control

Y

CalculateBLER

|

Transmit
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CSl feedback in FDD and TDD:

Codebook-based Transmission

Non-codebook-based Transmission

1. Derive channel rank Rl
2. Derive codebook PMI
3. Based RI, PMI derive CQl

(FDD)

UE BS

Non-precoded

CSI feedback

PDSCH

¥

1. Calculate BLER

2. Determine if transmission Succeeds

[ransmits PDSCH based on
RI, PMI, and CQl

1. Derive channel rank Rl
2. Based RI, derive CQl

(No PMI)

(TDD)

UE BS
Non-precoded

ﬂ*

Precoded

.y

CSl feedback

y

1. Calculate BLER

2. Determine if transmission succeeds

(Sounding RS)

1. Get DL channel matrix H:UEVH

2. Derive precoding matrix V

(Use channel reciprog

Transmits PDSCH based on Rl, V, and CQl

SRS: sounding reference signal
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SINR evaluation

Network topology generator

Y

Generate UE Channel
Large Scale Parameters

L\

UE Cell attachment

l

Interference cell/UE setting

Y

|

Y

for (i=0;i<uFrameNum)

HandleCRIRIPMI

b4

|

Y

for (USFldx=0; uSFldx<10)

SetPrecoder

|

GeneratePacket

HandleCQl

|

l

SetMCS

Schedule

k4

EvaluateSINR

UL Power Control

Y

CalculateBLER

|

Transmit
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Interference:

Cell to UE UE to Cell

Cell,

i

Cell to Cell UE to UE

Cell;

UE, i UE,

Cell,

({&D

.8

UE i

Cell;

X« ()
\ }
"

s UE;

Cell,

)\

Cell;

i

UE, i

UE,
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BLER calculation

Network topology generator

Y

Generate UE Channel
Large Scale Parameters

L\

UE Cell attachment

l

Interference cell/UE setting

Y

|

Y

for (i=0;i<uFrameNum)

HandleCRIRIPMI

b4

|

Y

for (USFldx=0; uSFldx<10)

SetPrecoder

|

GeneratePacket

l

Schedule

HandleCQl

|

SetMCS

|

EvaluateSINR

UL Power Control

Y

CalculateBLER

v

Transmit
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= PHY layer abstraction:

System Level Simulation

*Generate frequency selective
channel

*Determine the received SINR
of each sub-carrier

@

SINR of each sub-
channel

l

Mapping Function
E.g. MIESM, EESM

Link adaptation, Scheduling, etc.

BLER

@

SINR_eff
—

Link Level Simulation

<

"
~_~

Throughput, Packet error rate, etc.

(?) Exponential Effective SINR Mapping (EESM)

PHY Abstraction Mapping
BLER

(?) Mutual Information Effective SINR Mapping (MIESM)
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ll. Introduction to WISE
2. 5G SCM channel model
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= Channel: ground radio waves generally propagate
according to three mechanisms:

— Reflection
— Diffraction
— Scattering
* The transmitted radio signal is not only susceptible to

noise and interference (in additive manner), but also
distorted by the propagation channel.

» “Fading” is used to describe the variations in received
power with time caused by changes of the propagation
channel.

— Large-scale fading
— Small-scale fading

46



T (transmitter)

Eror=Eps+E,

R (receiver)

= Reflection: _T—

= Diffraction: - ]

Transmitter @ -sosssvuscsssnana 22
o

= Scattering:

@ Receiver

@ Receiver
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» [arge-scale fading:
— The variation in received signal power over relatively large
distances due to path loss and shadowing

« “Path loss” 1s the reduction in power (attenuation) of an
electromagnetic wave as it propagates through space.

» “Shadowing” is the attenuation of an electromagnetic radio signal by
obstacles.

» Small-scale fading:

— The variation in received signal power occurs over very
short distances (on the order of the signal wavelength)

* e.g., f.=1GHz, A= 3x108 (m/s) / 10°= 0.3m
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= Channel model:

P
10log —t
B (d)

Path Loss Alone
Shadowing and Path Loss
Multipath, Shadowing, and Path Loss

0

* Free space model:
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= 3D channel model:

— Spatial channel model for multiple-input-multiple-output

— Cluster based

SCM

TR 25.996 Spatial channel model
for Multiple Input Multiple Output simulation

Cluster n
Subpath m
BS array

t

il
lu --u-»n.-- .

-
Pros.a0a

pawnrets®

...E-M"‘""“ \

pnae s [¢ |
#'n,m A0D "UE array broadside

UE array

Pros.40D UE direction
BS array broadside of travel

Ex_.s_.a (911_.”).2019 > cDn_..u-r..—ﬂ.oi) )

Tx antenna pattern

Frx_..s.@ (Qn.m Z0D* CDJE\

|

Frx_.u.é‘ (gn_.m.ZOA » goﬁi.m..{()d)
F;x,u=e(612=frr:zt).4 2@, s04)

Rx antenna pattern

|
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5G channel model:

ITU-R M.2412 Table A1-1
The mapping of channel models to the test environments

Test Indoor Dense urban — Rural - Urban Urban
environment Hotspot — eMBB eMEB macro - macro -
eMBB mMTC URLLC
Channel model | InH A, Macro layer: RMa A, UMa A, UMa A,
InH B UMa A, RMz B UMa B UMa B
UMa B
Micro layer:
UMi_A,
UM B

InH: indoor hotspot
UMa: urban macro
UMi: urban micro



= 3D channel generation procedure:

Large scale parameter

Small scale parameter

Coefficient generation

Step 1 Step 2 cenemirBtegy 3 Step 4
Set scenario, Assign propagation Generale correlated
network layout and —= condition (NLOS/ [ Calculate pathloss e TIPEEE
antenna parameters LOS) parameters (DS,
AS, 5F, K)
Step 9 Step 8  smaiscBt@pedrs Step 6 Step 5
Generate XPRs || Perform random - Generate amival & | Generate cluster | o | sanarate del ays

coupling of rays

departure angles

powers

Step 10

Goem ﬁnﬁmn:

Step 12

Draw random initial
phases

Generate channel

coefficient

Y

Apply pathloss and
shadowing
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= Scenario/network layout:

Urban Macro

3 sectors per site

Indoor Hotspot

(=) BS mounted on the ceiling

50m

A

120 m

A J
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11 ,
C=H

* Different panels can be put — TS

= Antenna parameters: indifferent locations, facmg | o =
different directions. xx X

(wm  an (LN-1)

=  M: the number of rows per polarization per panel XX %
N: the number of columns per polarization per panel
= Mgy (M) : the number of TXRU per column per polarization per panel

* Nxgu (Np) : the number of TXRU per row per polarization per panel

= Polarization flag: 0: V-polarization, 1: X-polarization *V/ (vertical)

= K: the number of virtualization weight per columns for each TXRU  polarization

- L: the number of virtualization weight per rows for each TXRU : no polarization
= dy: horizontal antenna element spacing

= d,: vertical antenna element spacing
= Mg, Ng: number of panels in row and column

XploFlag=1 XploFlag=1
M=4, N=2, Mg=1, Ng=1 M=4, N=2, Mg=1, Ng=1
Mrxru=2, Nrxru=2 Mxru=2, Nrxru=1
K=2, L=1 K=2, L=2
Z Nixru=2

>y
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Channel parameters:
— Large-scale parameters

DS - rms Delay Spread >4

« ASD — rms Azimuth Spread of Departure Ik \  Up - ElevationAngle

. . . - A 6z =Zenith Angle
ASA — rms Azimuth Spread of Arrival 2 6 9A=§Zi r::tﬁAg':gle

= /SD —rms Zenith Spread of Departure /

« ZSA —rms Zenith Spread of Arrival qf

« SF - shadow fading N

- K- Ricean K-factor \ ~——% X North

— Small-scale parameters
= Delay, power, AOA, AOD, ZOA, ZOD

cluster

ra )
Y :
- j
‘.;:':E.' : . °
By 9
i.‘.‘ ;;;; ray N % 1
R S AL ()
SRrllneee, "‘.‘_\
el ,“m\ (CtocrriIrrrIiiziiaes
ray @ -zpzzzoizi p @
d
TRP 1 N e
cluster U E
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Il. Introduction to WISE
3. Scheduler and HARQ

56



= 5G NR frame, subframe, and slot:

OFDM symbol

Supported transmission

numerologies

)- He Af =2% - 15[kHz] - Cyclic prefix-
- 0 15+ Normal-
- 10 30+ Normale
- 20 B0 Normal, Extended-
- 3¢ 120~ Normale
- 40 240: Normal.

Number of OFDM symbols per slot, slots per frame,

and slots per subframe for normal cyclic prefix.

+ JZ; . Ni?;_b ) stlrc?:ne_ﬁ ) N:il;l;ﬁ'mnaﬁ .
P 0« 14+ 10. 1o
L 14+ 200 2
= 2. 14+ 40 4.
P 31' 1 41" BDU 8 1
= 4 14 160 16+

S7



= Example:

Example for and 1 Frame = 10ms

nd; =0 nd, =1 nd, =2 eoeoe n),=8 nd;=9
{
1ms
slot

0.5'ms 0.5Ims

U\J%E [ ]  Subframe 15 kHz slot 30 KHz slot

* Subcarrier spacing is higher, bandwidth is higher and sampling rate is higher.
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= Occupied bandwidth:

38.211 Table 4.2-1

K Af =2%-15[kHz] Cyclic prefix
1 15 Normal
1 0 Normal
pJ 50 lormal, Exfende
T 120 Normal

- 7 740 ormal

4——Radio frame = 10 ms—————p
<«4—)» Subframe = TTI

o |#m||s] ... m #19
[ ]
. <€ Slot=05ms
/N

TN

Bandwidth

Resource Block (RB)

N rB X N »f,B< N AB) Resource Element

SO

o

12 sub carrier = (15 x 12) =180 kHz
12 sub carrier = (60 x 12) = 720 kHz

12 sub carrier = (120 x 12) = 1440 kHz
° ® !
\'.
12 sub carrier = (240 x 12) = 2880 kHz
/ \ oo _
Subcarrier (Frequency)
]
r Al
1 |
-z B e

12 sub carrier = (30 x 12) = 360 kHz

AAAMARMA

EEECE

N
OFDM symbol (Time)
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= |In WISE:
— Scheduling unit: subband

Time Domain oo e
> }
sllot
!Subband 0| Subband0 | +++ | Subband 0
Subband 1 | Subband 1 | eee | Subband 1
-
'E Subband 2 | Subband2 | *** | Subband 2
8 Subband 3 | Subband3 | e+ | Subband 3
? Subband 4 | Subband4 | *** | Subband 4
() cee PRB: physical RB
q% Subband 5 | Subband 5 Subband 5 CRE: coherent RE
o Subband 6 | Subband 6 | *** | Subband 6 (6 subcarriers)
B Subband 7 | Subband 7 Subband 7 _-TPRB O
rSE | Subband 8 | Subband 8 | e+ | Subband 8 o PRB 1

* Subband partition is different for different .

Example for u = 0 (15kHz) ; Bandwidth = 10MHz 50



= UE power control:

Subband 0

Subband 1
Subband 2

Subband 3

Subband 4

| Subbandn |

o (distance)

P =min-

-

‘.

P

CMAX~>

P, +10log,, (2" - M) +a - PL

[dBm]

>,

N _

F,
k,

. target received power

taax - UE configured maximum output power

M, -number of resource blocks for UL transmission

« : pathloss compensation factor

PL : pathloss between the UE and its serving base station

61



* Round robin (RR) scheduling:

— RR scheduling uses equal bandwidth for all UEs without

— In WISE, each UE obtains a whole OFDM symbol for

Frequency Domain

accounting priority and channel condition.
— RR scheduling is simple, easy to implement, and starvation

free.

transmission periodically.

Time Domain

slot
J 1

UE 1 UE 2 UE 3 UE 4 UE 1 UE 2
UE 1 UE 2 UE 3 UE 4 UE 1 UE 2
UE 1 UE 2 UE 3 UE 4 UE 1 UE 2
UE 1 UE 2 UE 3 UE 4 UE 1 UE 2
UE 1 UE 2 UE 3 | UE 4 | UE1 | UE2
UE 1 UE 2 UE 3 UE4 | UE1 UE 2
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* Proportional fairness (PF) scheduling:
— PF tries to balance QoS and total throughput for each UE.

— Schedule the channel for the UE having the highest priority

function, P.
TO:
P=—
RA

T denotes the data rate potentially achievable for the station in the
present time slot.

* R s the historical average data rate of this station.
* a and B tune the "fairness" of the scheduler.

Time Domain

Frequency Domain
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s

= Subband based:

for Number of subband

v
for Number of Serving UE

4

HARQ
Subband?

Find the serving UE with maximum priority
1.Calculaye Capacity by using
SeenBySchedulerCQl and
SeenBySchedulerRI

2.Apply PF Formula

7} subband

Frequency Domain



» First-in-first-out (FIFO) scheduling:

ue.

Serving UET

£().GetlastArrivalTime();

UE1 @_@@@) Enqueue

Back Front

UE2 @@®E@)

UE3 {4

IIIII IﬁDequeue

UE4 (B2(@@0)

Time Domain

[ UEz § UE3 J LE4 J UE1 N LEZ J§ UE3 |
[ uE2 § LE3 N LE4 B UE1 N LEDZ B UEG

[ LUE2 § U3 § LE4 § UE1 N LE2 J UE:3 |

Frequency Domain
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* ARQ (automatic repeat request) / hybrid ARQ (HARQ) :

— The ARQ functionality provides error correction by
retransmissions in acknowledged mode at Layer 2.

— The HARQ functionality ensures delivery between peer
entities at Layer 1.

From PDCP
~ - )
-+ Radio bearers ------- 4-41—‘7 ----- %?--:--%""
RLC RLC RLC RLC
-+ Logical channels ----- = ----- —g=>------- ----
Control elements ----14
| | L r i
MAC \ MUX /
. ______ e p In case of carrier
HARQ | | HARQ !! <« aggregation only
-+ Transport channels ------- e =
L. ‘:IJ

To physical layer



HARQ with soft combining provides robustness against
transmission errors

HARQ protocol is part of the MAC layer, while the actual
soft combining is handled by the physical layer

Normal HARQ in LTE
RN e "“‘"--\|§Iack Again | //"""' """'““\

\ Nack /
v Retransmission

| \ /
. . . . . . o
. A A

Data 4 . /

,/ \ Ack
Y

Two types of HARQ combining:

— Chase combining (CC)
» Combine information of multiple codewords

— Incremental redundancy (IR):
« Combing information of multiple partial codewords
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* Types of HARQ:

Stop-and-wait Go-back-N
- =R EBER A N e
T T | &35
EY fg.}-\% H"'---»-.w__,____:
wait Time out ?‘ T Bl
' R e [EI[E T
+ EEEe—TTT |
T {EIE .. wal
lt | R .........u.._____* Eﬂﬁ( l_ ‘Ll 1 2 . D D
" e o 7 L EE ACKO ACKD (AK2) ACK2 ACK3 ACK4
. e B %qgi% v
Selective-repeat

0 1

' & 7

ACED  ACEKO( NAEZ2 ACK2Z ACE3 ACE4

U
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Il. Introduction to WISE
4. Codebook and CSI feedback
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= Channel state information (CSlI):
— An indicator shows how good or bad the channel is at a
specific time.
= Precoding:

— For MIMO systems, transmitting signal vectors can be
multiplied by a matrix to optimize the performance.

Y =HmanXnsatV = y=HWX+v

= CSls: /

— Rank indicator (RI) Precoder
— Precoding matrix index (PMlI) * If H is full rank, min(M,N)
— Channel quality indicator (CQ|) layers signals can be transmitted

Downlink Codebook-based Transmission

Downlink Channel

(@®

gNB ﬂa |' = ll > (Q UE
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NR supports three types of CSI reporting:
— Aperiodic CSI reporting

« Delivered when explicitly requested by the network by means of the
channel-state request flag included in uplink scheduling grants.

— Periodic CSI reporting

« [t can be configured by higher layer. higher-layer configuration
Includes at least reporting periodicity and timing offset.

— Semi-persistent CSI reporting
« Configuration of CSI reporting can be activated or de-activated.
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= Periodic and aperiodic:

Periodic
UE BS
Higher Layer(RRC)
configuration
-
No
Low Layer Trigger
CSI Related
’ Reference Signal
CSI Report
CSI Related
Reference Signal
Periodic <
CSI| Report
P
v v

RRC: radio
resource
control

Periodic

UE

Aperiodic

Higher Layer(RRC)
configuration

Low Layer Trigger
(MAC Cl or DCI)

CSI Related
Reference Signal

CSl Report

BS DcI: downlink

control
information

CE: control
element

X slots

Y slots
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* The period for CSlI reporting (5G NR) is 5ms.

— CSI feedback delay is 6ms, meaning that the estimation is
used after 6ms.

= Difference in TDD and FDD:

— In TDD, UL and DL frames are not ideally allocated such
that longer CSI delay will be resulted.

— No problem with FDD.

Uplink- Downlink-to-Uplink Subframe number
downlink Switch-pointperiodicity [ 0 |1 | 2|3 | 4| 5| 6| 7| 8] 9
configuration
0 5 ms DIS|JUJUJU]|D]S]JUJUJU
1 5 ms D|SJUjUID|D]S]U]juUu]D
2 5 ms D|S|U|]D]ID|D]S]U]D]D
3 10 ms DIS|UJUJU|D|D|D|D]D
- 10 ms D|S|U|JU|D|D|D]|]D]|]D]D
5 10 ms DI|SIUIBID|'D]|D]|D|DB|D
6 5 ms DIS|UJUJU|ID]S]JU]JU]|D

S: special subframe for DL and UL switch

DwPTS: DL pilot time slot
GP: guard period DWPTS | GP | UpPTS

UpPTS: UL pilot time slot




* WISE periodic feedback:
— CSl feedback delay = 6
— CSI periodicity =5

o .— Queue rear
o) oooooog
@00 00000000
Om‘?O 5ms ‘l\
| LR N Ll

" Queue front

—
e
O

Enqueue: TTI 0, 5,10, 15......
Dequeue: TTI 0, 11, 16, 21, 26....

Non Precode CSI-RS
PDSH

POSCH
Precode CSHRS
POSCH
e -
Non Precode CS1-RS
- e .

Non Pre e
+__

UE

Transmits PDSCH Transmits PDSCH l
Derive channel rank Rl Transmits PDSCH Transmits PDSCH

Derive codebook PMI
Based RI, PMI derive CC

Derive channel rank Rl Deriva channel rank RI Derive channel rank RI
Derive codebook PV Derive codebook PMI Derive codebook PM . 3z .
Based RI, PMI derive CO Based RI, PMI derive CQJ Based R, PMI derive CQI TTI: Transmission Time Interval

TRP: transmission receiption point
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RI, providing a recommendation on the number of layers
that should preferably be used for downlink transmission
to the terminal.

RI only needs to be reported when configured to be in one
of the spatial-multiplexing transmission modes.
RI estimation

— Using the different number of the transmission rank (layer)
cause the different capacities

— The higher number of the transmission rank (layer) is, the
larger inter-layer interference is.

The capacity of a MIMO channel can be written as
C =log, {det[ln +S|NR(HH“)]}

WISE SLS estimates the capacity of different Rl and
chooses the best capacity’s Rl for transmission.
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* How many signal streams can be sent for a MIMO
channel?

max(RI)=min(N,N,)

= EX
_.I-I {]:': Downlink Channel
A Link] > (Q
LSS N
Case1: Tx=3 Rx=3 Maximum Rank = 3
Case2: Tx=4 Rx=2 Maximum Rank = 2
Case3: Tx=4 Rx=8 Maximum Rank = 4

* |f RI< min(N,N,), it means that at least two antennas are fully
correlated.
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= Capacity for the ith stream:
* Conduct MMSE equalization first
* Treat each layer independently
* Equal power allocation

1
[(IT’ + SINRTHEHr)_l]i,E

C"MF = log,

_ . .
Rl estimation: H, = UV

nNxm Nnxm mxm
H ->SVD—->V

. = Hber SIr= 1,...,maX rank b : subband index
H, : Average channel in subband b
1 H,,, ; :equivalent channel of channel H, with precoder V,,
Cr:b — 1082 ) B 1 SINR, : Wideband SINR in Rank r
|:( Ir + SINR,HMOMHGW_,,) ) :IH_ C, , : subband MMSE capacity of equivalent channel H,,, ,,
C, : wideband MMSE capacity
=>C S
5 b R : decision of RI

C
[ A} =argmax C

r
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