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5G / NR Explained -
From 3GPP 5G Standard Fundamentals To 5G-Enabled Verticals

Introduction 5G drivers, KPI, key components of 5G 10min

Standard Fundamentals 5G architecture, 5G system, Rel.15 New Radio (NR) primerincl. 20min
flexible numerology and frame structure, Beamforming, BWP,
non-slot scheduling, and higher-layer protocol stack.

5G-Enabled Verticals Rel.16 overview and Rel.17 outlook; Rel.16 URLLC low latency 60min
and reliability features
Rel.16 verticals comprising of:
* Industrial IOT and TSN over 5G
* Role of 5G in Immersive Media, Augmented/Mixed Reality,
and Gaming
* Rel.16 NR-V2X and role of 5G in autonomous driving

Summary Wrap-up 5min
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3GPP Timeline for Rel-16 and beyond

oy | e T aw
I N N A I

Rel-15NSA | Rel-15 NSA Rel-17
(opt-3) (opt-3) package
s a0 Rel-15 Late drop: New target completion approval
SA
(opt-2) - Rel-17 RAN1 start
freeze Rl
late # Rel-17 Other WGs start

drop
freeze

Rel-16: New completion timeline

( )
Rel-16 RAN1
freeze Rel-16
freeze Rel-16
- ASN.1
freeze Rel-16
Rel-16 SI/WI started RAN4
Perf.
completion
. J
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5G Drivers — Support of Verticals

Enhanced
Mobile Broadband

Device peak data rate: 10s of Gbps
Sustained data rate: 100 Mbps
Capacity: 10 Tbps per sgkm
Mobility: 500 km/h
C-plane latency: /10 vs. LTE

Massive
Machine-Type

Communication

Battery life: 10+ years
Connections: 1M per sqkm
Coverage: +10dB vs. NB-10T

Low power wake-up: <10s Utility ‘ N Y Ultra-Reliable

Metering N — Low Latency
by : Reliability: >99.999%
D”V'ng Latency: <1ms end-to-end

Sensor Networks Industry 4.0

Smart Factory

Cost & power savings

2019
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5G enhanced Mobile Broadband (eMBB)
UE Key Performance Requirements (TR 38.913)

20Gbps downlink (DL) and 10Gbps uplink (UL) peak data rate

Downlink: 4ms user plane and 10ms control plane latency?
20Gbps, 30 bps/Hz .

U-plane: successful | TOOMbps DL sustained data rate
Uplink: L2/L3 ingress to

10Gbps, 15 bps/Hz L2/L3 egress 5% user spectrum Up to 500km/h
delivery of DL or UL efficiency x
packet bandwidth Maximum UE speed
C-plane: battery DL: T00Mbps for which defined
efficient IDLE to UL: 50Mbps QoS is achieved
data in ACTIVE

1: Selected UE KPI, please refer to 3GPP TR 38.913 for more KPI and more details.

2: For eMBB, the evaluation needs to consider all typical delays associated with the transfer of the data packets in an efficient way (e.g. applicable procedural delay when resources are not pre-allocated, averaged HARQ ReTx delay,
impacts of network architecture). 2 O] 9
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5G Ultra-Reliable Low Latency Comms (URLLC)
UE Key Performance Requirements (TR 38.913)

0.5ms user plane latency?

Successful delivery of DL or UL packet 99.999% reliability34
from L2/L3 ingress to L2/L3 egress point

General:
32 Byte packet @1ms U-plane latency

5G V2X:

300 Byte packet @3ms ...10ms U-plane
latency

1: Selected UE KPI, please refer to 3GPP TR 38.913 for more KPI and more details.
2: For URLLC (= Ultra-Reliable Low Latency Communications) use cases

3: Percentage of #packets successfully delivered out of #packets sent and within a service-specific time constraint; U-plane: user plane, DRX: discontinuous reception, SDU: Service Data Unit 2 O] 9
4: For URLLC and eV2X (enhanced Vehicle-to-Everything) use cases; other reliability requirements may be added, [... e.g. ...] more detailed requirements for eV2X should refer to the SA1 requirements in 3GPP TS 22.886 DESIGN AND VERIFICATION

DVCON

CONFERENGE AND EXHISITION
acce,/era ©Accellera Systems Initiative 5G / NR Explained: From 3GPP 5G Standard Fundamentals To 5G-Enabled Verticals
E

SYSTEMS INITIATIVI



3GPP Timeline for NR Standardization

RANHE3/84 ITU-R IMT 2020

3GPP RANH#T3 3GPP RAN#TS RANRTE RANHTS  RANH30/21 Rel. 15 late drop  gybmission
MR requirements, MR study completed,  Rel. 15 early drop Rel. 15 2" drop MR-assisted N5SA — Rel. 17
TR38.913 completed MR work iterm approved L1/L2 for NSA NSA asn. 1 SA finalized MR-MR DC Rel. 16) RANKE6/8T /88 (estimate)

lME‘I asn. 1 |

Lmzl um.1|1m2| asn,jl II,.HUI a-sn,II 1| 12 I asn.I]

|

Rel. 14, first 5G Study Items

LTE Advanced Pro will continue to evolve

. RAN#78 RAN#80 RAN#83
Deployment Scenarios NSA (EN-DC) SA NSA (NE-DC)
» standalone {SA} deplcyment 3G core | option 3/3a/3x 5 core option4/4a [ 5@ core
. ntion 1: LTE ected to 4G CN (legacy network netwaork
S ciju < ey

- optlon 2: NR connected to 5G CN
- optlon 5: LTE connected to 5G CN

ntion 6 NR cx ( ! 0 4G CN [N«

EC SR

i o

" non- standalcne{NSA} deployments option 7/7a/7x | 56 core
— option 3: EN-DC (E-UTRA NR Dual Connectivity) C,, L
— option 4: NE-DC (NR E-UTRA Dual Connectivity) ¢ on < aNB >
- optlon 7: EN-DC connected to 5G CN C Cplane fcontrol trafiic)
R . . ~ b ok s o U l}-pl.ﬂ.m—*[lwt—jrciala] 20]9
ption 8: NE-DC connected to 4G CN \MNOL e levant options according to 3GPP RP-161266 ID VERIEIGATION™
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5G / NR Explained -
From 3GPP 5G Standard Fundamentals To 5G-Enabled Verticals

Introduction 5G drivers, KPI, key components of 5G 10min

Standard Fundamentals 5G architecture, 5G system, Rel.15 New Radio (NR) primerincl. 20min
flexible numerology and frame structure, Beamforming, BWP,
non-slot scheduling, and higher-layer protocol stack.

5G-Enabled Verticals Rel.16 overview and Rel.17 outlook; Rel.16 URLLC low latency 60min
and reliability features
Rel.16 verticals comprising of:
* Industrial IOT and TSN over 5G
* Role of 5G in Immersive Media, Augmented/Mixed Reality,
and Gaming
* Rel.16 NR-V2X and role of 5G in autonomous driving

Summary Wrap-up 5min
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5G Deployments
5G Core Net 5G Core Net
Net (EPC)

) 1 i (@)
‘D é ) Jé ,
Li%:hs‘ /NRgNB / ’%@ ;&A N;%B
(]

LTE eNB NR gNB LTEe

Option 3: Non-standalone, LTE-aSS|sted, EPC-connected; EN-DC D
Option 2: Standalone NR, 5GCN-connected Option 5: Standalone LTE, 5GCN-connected

(5GCN) (5GCN)

i ) ] > ()
%E\ % évﬁ\ ;-

LTE eNB NR gNB LTEe NR gNB
Option 4: Non-standalone, NR-assisted, 5GCN-connected Option 7: Non-standalone, LTE-assisted, 5GCN-connected DESIGN AND vspzurg,]:.?ow
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MEC, Edge Computing, 5G and Verticals

Multi-Access Edge Computing

* Edge computing is recognized as an important technology for 5G

* Cloud computation is pulled into the edge to reduce latency for V2X use cases

* 3GPP is adopting the Edge Computing concept

« ETSI MEC (Multi-access Edge Computing) is actively standardizing Edge Computing
« ETSI MEC is covering major industrial and automotive use cases

ETSI7ZZ S\ Edge Computing standardization ETSI MEC
ﬁ&\\%/// ETSI MEC Collecting inputs from 5GAA (and other and Industry Grou_p§
' Fora on automotive) in alignment with * VRARA (VR/AR association)
ETSIITS * OFC(Open Fog

Consortium)
* AREA (Augmented Reality

5GAA~

Automotive Association

5G Radio & Network

N AND VERIFICATION™

VI OIN

CONFERENGE AND EXHISITION
acce//era ©Accellera Systems Initiative 5G / NR Explained: From 3GPP 5G Standard Fundamentals To 5G-Enabled Verticals

SYSTEMS INITIATIVE

A : . - for Enterprise Alliance)
Standardization . 5GAA
5GAA 3GPP « SCF (Small Cell Forum)
(*) ETSI MEC is establishing collaborations + GSMA 2019

with different industry organizations



Network Slicing

Slicing is end-to-end, covering all 5GS components: 5GC and NG-RAN
Network Slice Selection Assistance Information (NSSAI) is comprised of:
« Slice/Service type (SST)

» Slice Differentiator (SD) - optional

A network may support multiple slices identified by NSSAI, each one with
different features and optimizations

Standardized SST values: eMBB (1), URLLC (2), MloT (3), V2X (4)

* Operator specific values are also possible

A UE may be connected to multiple slices simultaneously

Resource isolation in NG-RAN for slicing is not standardized R4

NNNNNNNNNNNNNNNNNNNNN
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5G New Radio - Like LTE based on OFDM

» Single narrow carrier (“subcarrier”):

Rectangular pulse shape with sinc-function
sin(x)

as spectrum:

* Spectrum zeros of a subcarrier are at other
sub-carriers’ peaks

* Orthogonal (“O"FDM)

» All subcarriers (simultaneously) modulate
one data symbol each

* Subcarrier frequency of subcarrier k: k - Af '
e Signal of subcarrier k:A(k)e—f'Zﬂ'k'Aﬁt A AHLHEHA
* Symbol duration (without CP): Ai
DVLCOIN
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Flexible Subcarrier Spacing (5CS) and ,,Mini-Slot"

3.75kHz
- Long CP OFDM symbol
75kHz [] Short CP OFDM symbol
15kHz
30kHZ
60kHz
120kHz -
; : > 15kHz: 1ms slot (former LTE 1ms subframej
120kH3 1250 slot 30kHz: 0.5ms slot
OFDM symbol 5G (120kHz subcarrier spacing) vs. LTE: 1/8
)08 mim_ﬁ« 2 OFDM symbol mini-slot vs. 14 OFDM symbol slot; 1/7
DESIGN AND VEI:?FQA‘I'I?ONW.
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Sample 5G / NR Configurations

Parameters NR URLLC or NR eMBB (n=1) NR eMBB (n=3)
(sub-6GHz) (mmWave)

Bandwidth (typical) 100MHz (sub-6GHz) 400MHz (mmWave)

Subcarrier spacing: 2"x15kHz 30kHz 120kHz

Symbol length: 2"x66.67 s 33.33us 8.33us

Scaled Cyclic Prefix: 2"xCP Normal CP: 2.35 | 2.6ps 0.5875 us | 0.65 us

Slot duration: 2"x1.0ms 0.50ms 0.125ms

OFDM symbols per slot 14 14

Waveform CP-OFDM and DFT-S-OFDM (alternative, LTE like uplink configurat)

acce,/era ©Accellera Systems Initiative
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Peak DL data rates in select NR eMBB configurations
Based on 3GPP TS 38.214

4 * 400 MHz
mmWave

2 *400 MHz
mmWave

400 MHz
mmWave

100 MHz
sub-6GHz

5G NR eMBB Configurations

40 MHz
sub-6GHz

—

acce//era ©Accellera Systems Initiative
SYSTEMS INITIATIVE

13,000

6,500

850

10 100 1,000 10,000 100,000

DL Peak Throughput [Mbps]

mmWave: 64QAM, 2x2 MIMO,
DL-dominant slot structure

sub-6GHz: 256QAM, 4x4 MIMO,
DL-dominant slot structure

Enhanced spectral efficiency as
well as enhanced peak data rates
compared to LTE.

mmWave spectrum and Carrier
Aggregation allow for DL peak data
rates beyond 10Gbps as well as for
sustained data rates of 1T00Mbps.

DESIGN AND VERIFICATION ™
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TDD “Inside” — Slot Format Indicator (SFI) Table

- : 0
* Zero switching point: 1 wlufufuJulufufufuJu]ululuJu]

* 14 DL symbols, or 14 unknown symbols, or 2 X X IX X X [ X IX X [ X [X X |IXx[|Ix|x
14 UL symbols 3 X
4 X | X
* One DL/UL switching point of all combinations:
+ Start w/ >= 0 DL symbols, end w/ >=0 UL symbols, 28
and w/ unknown symbols in-between, with 29
30

>=1 unknown symbols, either DL symbols or

UL symbols or both >0. 3
+ Two DL/UL switching points within a slot: 34 X
* First 7 symbols: starts w/ >= 0 DL symbols, ends gg
w/ >=1 UL symbol at Symbol #6 and 37 X
w/ >= 0 unknowns in between.
« Second 7 symbols: starts w/ >= 1 DL symbols, ends 45 [0 ]
w/ >=0 UL symbols w/ >= 0 unknown symbols in
the middle. o
Note 1: This single-slot slot-format table with n=256 rows, only few of them used in Rel.15.
Note 2: There will also be a Multi-Slot table for specifying sequences of aggregated slots. 61 | \ X [ x [x [x - \ X [ x [x [x
Note 3: More flexible configuration, dynamic configuration than LTE ... 255 2019
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Channel

Physical Broadcast Channel (PBCH)

DL Control Information
(DCI)

12 or more bits

UL Control 1 bit
Information
(uci 2 bit
3 to 11 bits

Physical DL Shared Channel
(PDSCH)

Physical UL Shared Channel
(PUSCH)

5G New Radio — New Channel Coding

Coding Algorithm

Polar Code

Polar Code

Polar Code

Repetition Code

Simplex Code

Reed-Muller Code

Low Density Parity Check
(LDPC) Code

Low Density Parity Check
(LDPC) Code

5G / NR Explained: From 3GPP 5G Standard Fundamentals To 5G-Enabled Verticals

3GPP Reference

TS38.212 -7.1.4

TS38.212 - 7.33

TS 38.212 -
6.3.1.3,6.3.2.3

TS38.212 - 7.2.4

TS 38.212 - 6.2.4

2019
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5G New Radio — Beamforming (1/2)

L1/L2 procedures to establish and maintain a set
of network-device beam pair links (TRP < UE)

Initial Beam Establishment
Based on per DL beam sequenced TX of sync signal block

Beam Adjustment
Compensation of translation and rotation of device and also
of gradual changes in environment
Assuming analog beamforming, both DL TX (or DL RX) beam
sweeping performed to adjust the TX (or RX) beam

Beam Recovery
Similar to radio link failure (RLF), but expected to occur more
often than RLF
Recovery initiated by device

UE

2019
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5G New Radio — Beamforming (2/2)

SSB and Beam Management

Synchronization Signal/PBCH Block (SSB)

Beam management: to optimize initial access,

) PBCH x\m ' - ' multiple beam-formed SB may be sentin a
3 - 3 & 7 time-multiplexed way (beam sweeping)
Bl s 3 ‘ as . B . Location of a specific SB within a frame is
3 3 indicated in PBCH (frame synchronization)
7 S o C.} ol y
E E ‘b 4 ‘9‘ Up to 64 SB per SSB supported
v ' UE detects best SB and responds on a specific
fsymbc?ls random access resource to establish beam pair

2019

)
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5G New Radio — Protocol Stack

RRC

NR RRC
Connected

FS / connectiQ
inactivation

NR RRC
Inactive

connection
establishment / release

<€

NR RRC Idle

acce//era ©Accellera Systems Initiative
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mapping of QoS flow to DRB packet delivery according to
marking of QoS flow ID Qos flow ID

sequence numbering

header compression (RoHC)

header decompression (RoHC)

integrity protection

reordering, duplicate removal

ciphering

integrity verification

duplication

deciphering

sequence numbering

(re -)segmentation

ARQ retransmissions

scheduling, priority handling

multiplexing

demultiplexing

reassembly
ARQ requests

HARQ retransmissions

HARQ combining

PHY I

P Internet Protocol SDAP Service Data Adaptation Protocol

DRB  Data Radio Bearer PDCP Packet Data Convergence Protocol
PDP  Packet Data Protocol RLC  Radio Link Control
QoS  Quality of Service MAC  Medium Access Control

RRC Radio Resource Control ~ PHY  Physical Layer

New sublayer SDAP for QoS flow handling:
mapping between QoS flow and Default
Radio Bearer and corresponding marking
of QoS flow.

Reordering moved from RLC to PDCP to
enable out-of-order deciphering.

PDCP can duplicate packets in case of
multi-connectivity or carrier aggregation
to optimize reliability/latency by avoiding
RLC ARQ.

Simpler Hardware friendly low latency
RLC/MAC: Concatenation moved from RLC
to MAC, MAC sub-headers placed directly
in front of the MAC SDUs.

Code-block-group specific HARQ
optimizes retransmissions for large
transport blocks.

RRC Inactive: new UE power-efficient RRC
state, fast transition between Inactive and
Connected with far less signaling.

2019
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5G New Radio — Bandwidth Part (BWP)

nrmegensasas

100 MHz BW

.

(a single CC)

ammn

BW part #2
(15 kHz)

BW
part
#1

(15
kHz)

BW part #3
(60 kHz)

acce,/era ©Accellera Systems Initiative
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One or multiple BWPs can be configured for each CC;
semi-statically via dedicated RRC signaling.

A BWP consists of a group of contiguous PRBs.

Bandwidth (BW) of BWP equals to or is smaller than
device's max BW capability.

BW of BWP at least as large as sync signal block’s BW,
while BWP may or may not contain sync signal block.

For UE, a configured DL (or UL) BWP may overlap in
frequency domain with another configured DL (or UL)
BWP in serving cell.

Configuration of BWP includes: numerology, frequency
location, BW.

Note: BWP is for RRC-connected mode. Initially active
BWP to be valid for UE until UE is explicitly
(re)configured with BWP(s) during or after RRC-
connection established.

2019
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World-wide available UMTS/LTE/NR spectrum: 80 bands
and 5500 Carrier Aggregation combinations (2019-02)

200 400 600 800 1000 1200

LTE CA Intra-band

LTE CA 2 bands DL only

LTE CA 2 bands DL with xUL CC

LTE CA 3 bands DL only

LTE CA 3 bands DL with xUL CC

LTE CA 4 bands DL only

LTE CA 4 bands DL with xUL CC

LTE CA 5 bands DL only

LTE CA 5 bands DL with xUL CC

LTE CA 5+ bands DL only

LTE CA 5+ bands DL with xUL CC

Interband Concurrent V2X

SASULCA

NSA SUL CA

NR CA Intraband (xDL/1UL include non-contiguous)
NR CA 2DL bands with (1-2) UL bands

EN-DC intra-band

EN-DC (LTE 1 Band + NR 1 Band Combination)
EN-DC (LTE 2 Bands + NR 1 Band Combination)
EN-DC (LTE 3 Bands + NR 1 Band Combination)
EN-DC (LTE 4 Bands + NR 1 Band Combination)
EN-DC (LTE 5 Bands + NR 1 Band Combination)
EN-DC (LTE 1 Band + NR 2 Bands)

EN-DC (LTE 2 Bands + NR 2 Bands)

EN-DC (LTE 3 Bands + NR 2 Bands)

EN-DC (LTE 4 Bands + NR 2 Bands)

EN-DC (LTE 1 Band + NR FR1 1 Band + NR FR2 1 Band)

Sep. 2019: 6837
CA combinations

I‘ Ill -I‘l ‘ ‘o

going back to 2011:
in total 33 bands and
16 CA combinations

2019
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5G / NR Explained -
From 3GPP 5G Standard Fundamentals To 5G-Enabled Verticals

Introduction 5G drivers, KPI, key components of 5G 10min

Standard Fundamentals 5G architecture, 5G system, Rel.15 New Radio (NR) primerincl. 20min
flexible numerology and frame structure, Beamforming, BWP,
non-slot scheduling, and higher-layer protocol stack.

5G-Enabled Verticals Rel.16 overview and Rel.17 outlook; Rel.16 URLLC low latency 60min
and reliability features
Rel.16 verticals comprising of:
* Industrial IOT and TSN over 5G
* Role of 5G in Immersive Media, Augmented/Mixed Reality,
and Gaming
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Release 16 in a Nutshell

- Enhancements

eURLLC & General extensions
Industrial to NR capabilities
10T Enabling vertical

segments

CA/DC,
MIMO,
Mobility
RACH, |_| Study Item
SON/MDT

Vertical segments

Positioning

5G VaX Release 16

NR
Unlicensed

Non- mmWave Integrated
Terrestrial above Access
Network 52.6GHz Backhaul
(NTN) sl Sl (IAB)
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Release 17 Outlook

. 1024
QAM

Release 17

- Further enhancements

General extensions
to NR capabilities

NR-Lite/

Verticals, new spectrum,
New use cases

NR-based
10T

Study Item

IAB
eURLLC/ lloT
MIMO/ BF
Mobility
NR Data Interrupt
NR UAV
NR-U
Positioning

NR-based SN
MBMS

5G / NR Explained: From 3GPP 5G Standard Fundamentals To 5G-Enabled Verticals
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The Low E2E Latency Challenge

User plane latency!

Network

. . Multiple- and
Sensor/ Application Base Station )
Actuator Processing _m Modem Acces the Cloit:

Computing Application
Processing
User plane latency

E2E latency (RTT?)

1) User plane latency is the time it takes to successfully deliver an application layer packet or message from the radio protocol Layer 2/3 service data unit (SDU) ingress point to the radio protocol Layer 2/3
SDU egress point (TR 38.913). Modem processing times, (radio) transmission time interval (TTI), alignment delays, and additional delays due to Hybrid Automatic Repeat Request (HARQ)
retransmissions contribute to the user plane latency.

2)RTT is the Round Trip Time including user plane latency contributions, application processing times, and transport network delays. 2 O-I 9
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The Low E2E Latency Challenge -
5G Employs Multi-Access Edge Computing (MEC)

N

User plane latency

Multi-
. . Access Edge Network
Sensor/ Application Base Station _ gl
Actuator Processing _m Modem Competls g

Application the Cloud
Processing
User plane latency

| E2E latency (RTT)
......... MEC can eliminate network delays of ~100ms from E2E latency’ ......... ¢ !

1) For example: comparing fiber optics contributions to round trip times (assuming zero processing delay in transport and core network nodes) for Mobile Edge application server at 1km from/to base
station: ~0.01ms. And for distant Cloud application server at 10.000km from/to base station: ~100ms

2019
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The Low E2E Latency Challenge —

5G Significantly Reduces User Plane Latency

4

Multi-
Access Edge Network
Computing: and
Application the Cloud
Processing

Sensor/ Application Device
Actuator Processing Modem

E2E latency (RTT)
5G user plane latency <<1ms'

1) For example: 5G parameters of 120kHz subcarrier spacing and 2-OFDM-symbols transmission time interval (TTI) allow for user plane latency of significantly less than 1ms.

2019
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Basic Ingredients for Low Latency

3.75kHz
o Long CP OFDM symbol
75kHz [] Short CP OFDM symbol
15kHz
30kHz
60kHz
120kHz
; : : 15kHz: 1ms slot (former LTE 1ms subframej
120kH3: 125ps slot J0kHz: 0.5ms siol
OFDM symbol 5G (120kHz subcarrier spacing) vs. LTE: 1/8
)08 mim_ﬁ« 2 OFDM symbol mini-slot vs. 14 OFDM symbol slot: 1/7
DESIGN AND VEI:?FQA‘I'I?ONW.
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Basic Transmission Types For High Reliability

1 Slot

* Requires very robust data and control encodingto &1 |

achieve lowest error rates :
* Low code rate and high radio resource demand £ !
Repetitions A Rel.16 based on, mini-slot"- —.
sized transport block =}N .
* N repeated transmissions in frequency or in time —

rep requency ) I E— —

« Higher code rate and less efficient, i.e. fixed radio ;

resource demand |
* Retransmissions on demand f Mini-slots
* Higher code rate and dynamic adaptation of |

resource demand : —

2019

Source: /Peira, Ericsson, Oct 2017/ modified DESIGN AND VERIEICATION™
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Rel.16 eURLLC & Industrial IOT (lIOT)

Use cases 3GPP RAN topics
Enhancements to Rel.15-enabled Control (PDCCH, UCI) and UL shared
use cases such as AR/VR channels (PUSCH, CG PUSCH)
_ enhancements
New Rel.16 use cases with enhanced DL Semi-Persistent Scheduling (SPS), and

requirements:
Factory automation
Transport industry, w/ remote driving
Electrical power distribution

Scheduling & HARQ enhancements
Enhancements for Inter-UE and intra-UE
multiplexing

3GPP SA topics
Session continuity upon UL CL relocation
Anchor change for Ethernet PDU Session

Support of TSN (Time Sensitive
Networking) for Industrial IOT

References for technical requirements Redundancy in User plane paths, i.e.:
based on 3GPP SA & RAN: e.8. TS 22.804, Dual Connectivity end-to-end
1522.186, TR 38.824, TR 38.825 Redundant TX on N3/N9 interfaces
Using multiple UEs per device
QoS monithing DES.GNANDVE;.Q.FQJT%W
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(e)URLLC Features in a Nutshell (1/2)

Low latency features

Fast HARQ Pre-emption

Newtransmission __Repair

transmission

Uplink Uplink
slotn slotn+3

v/

Downlink Ongoing
slot2 transmission Pre-emption indication

Slot-crossing Grant-free UL

NR slot NR slot

Mini-slot
Short transmissions Numerology

NR slot

Frequency

Mini-slot

High reliability features

Duplication Antenna techniques

— (t I|I ) =
= @

=

Automatic repetitions Scheduling & link
adaptation

(cIfi

(1(D)
= "

Robust Low rate
control . S channel
s coding

2019

DESIGN AND VERIFICATION ™

DVLCOIN

CONFERENCE AND EXHISITION

acce//era ©Accellera Systems Initiative 5G / NR Explained: From 3GPP 5G Standard Fundamentals To 5G-Enabled Verticals

SYSTEMS INITIATIVE



(e)URLLC Features in a Nutshell (2/2)

Feature 3GPP Release Release 16 Add-Ons

Fast HARQ R15 & R16 ¢ R15 introduced fast HARQ basic capability from UE processing time perspective.
¢ R16 enhances its applicability by allowing for multiple PUCCH transmissions w/ HARQ-ACK
feedback within a slot.
“Slot crossing” R16 e This feature is related to “automatic repetitions” (see below).
Short transmissions (“mini-slot”-based) R15
Pre-emption for DL & UL (pictured: DL) R15 & R16 e R15 introduced DL Pre-emption Indication (DL PI) to inform UEs if certain scheduled PDSCH was

interrupted (due to other higher priority traffic).
e R16 introduces support of UL Cancelation Indication (UL ClI) for lower priority UL transmissions to
cancel Tx (to give way to other higher priority transmissions).
Grant-free UL R15 & R16 e R16 enhances support of Configured Grant (CG) PUSCH with support of multiple active CG
PUSCH configurations in a serving cell.

Flexible numerology R15
Duplication R15
“Automatic repetitions” R15 & R16 e R15 introduced repetitions based on RRC configuration at slot-level
e For UL, R16 develops support of repetitions (w/ dynamic indication of # of repetitions) allowing
for “autonomously” splitting of PUSCH TB into two repetitions straddling either slot boundaries or
DL symbols that may fall in between. These repetitions are at “mini-slot” level and the feature
relates to the “slot crossing” feature (see above).
¢ Similar “mini-slot”-based repetition schemes for DL are also considered as part of R16 multi-TRP
enhancements.
Robust control R15 & R16 e R16 introduces new DCI formats that can be configured to much smaller sizes than R15
counterparts.
MIMO techniques R15 & R16 e R16 optimizes support of high reliability targets using multi- TRP TX/RX schemes.
Scheduling & link adaptation R15 & R16 e R16 aims to provide further enhancements to scheduling flexibility for gNB as well as intra-UE
prioritization/multiplexing across multiple traffic flows
2019
Low rate channel coding R15 e F o e rTen
W

L 1N
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5G / NR Explained -
From 3GPP 5G Standard Fundamentals To 5G-Enabled Verticals

Introduction 5G drivers, KPI, key components of 5G 10min

Standard Fundamentals 5G architecture, 5G system, Rel.15 New Radio (NR) primerincl. 20min
flexible numerology and frame structure, Beamforming, BWP,
non-slot scheduling, and higher-layer protocol stack.

5G-Enabled Verticals Rel.16 overview and Rel.17 outlook; Rel.16 URLLC low latency 60min
and reliability features
Rel.16 verticals comprising of:
* Industrial IOT and TSN over 5G
* Role of 5G in Immersive Media, Augmented/Mixed Reality,
and Gaming
* Rel.16 NR-V2X and role of 5G in autonomous driving

Summary Wrap-up 5min
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Cellular Communications for Industrial Control
A Vision for Evolution

5G

ZigBee,
WIA-\l;v?::‘,XVLAN' WirelessHART,
\ -
WSAN-FA, BT WIA‘ZQI,\\&V_I.IQ’:?,B V_I\_IISA,
26,36 2G, 3G, 4G

Modbus, PROFIBUS, FIP, CAN Modbus, PROFIBUS, FIP, CAN
(2019
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Release 16 Architecture for 5G Industrial IOT

Non-Public Network (NPN) for * TSN synchronization: 802.1AS
5G Industrial IOT in 3GPP Rel.16: « TSN deterministic low latency traffic: 802.1Qbv
« Standalone NPN (SNPN) * TSN management procedures: 802.1Qcc & .1AB

* Non-standalone NPN:

P -_———
- il I
-~
~

-
Integrated under _.--
-,
bl' PLM N L7 802.1AB: LLDP for topology discover y
pU IC 7’ 802.1Qcc: CUC management, stream configuration
,’ 802.1Qbv: Traffic scheduling, path configuration

~

AMF |- SMF fuA P s 2| T
FIT
N2 N4
AT, r )
— N T
gNB[—no—UPF <
T H 1
— Controller
o DESIGN AND VEF%QA‘I'I?ON"'
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TSN over 5G Deployment in Industrial IOT

Factory Floor

L

TSN
Endpoint

accellera .
~ ©Accellera Systems Initiative
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D Ethernet
- Router
N

TSN ﬁ

eMBB
Network

D TSN-supporting AP

TSN [

5G NR

L= «K»

TSN Router

5G NR
TSN-supporting Al eMBB
Network

— W o

5G / NR Explained: From 3GPP 5G Standard Fundamentals To 5G-Enabled Verticals

M —-@,,((ﬁ»— 2238

= sy

(Low Late
Ethernet Router
eMBB
Network

(Low Latency)
Ethernet Router

Factory
Control Center

O

TSN GM

Controller Ethernet {8

; Router
y On Premises
Edge Cloud
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TSN over 5G: Synchronization (Option 28A)

5GS behaves as a TSN-transparent block
TSN termination (TT) at UE and UPF to support 802.1AS synchronization procedures and signaling
5GS synchronization to distribute 5G clock timestamp to UE and UPF
New SIB/RRC IEs to provide UE with 5G clock information with <0.25us granularity
Synchronization error between UPF and UE <1us

TSN Clock System
@ y

e

5G Clock System

TSN Clock System ®

TSN GM

80

81

82

83

Follow-ub 80

84

85

86

TSN End Station TT UE gNB UPF
SIB/RRC
5G clock timestamp
1 1 80
2 2 ; 81
Residence g Gyne ATSI
delay due to 3 oR® caf"‘est\“g - < 82
5GS bridging | TSe 4 Sign? 4 83
5 5 84
. 6 85
< 7 o C\oc\dg:\\ow_ . 86
8 o) caﬂ’fei'?’ a“dTSN ‘_\0“21\ ° 87
9 | e ™2 g0, 88
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T_Sync

TTin UPFand TT in UE to
update the Follow-up's
“correction”

UPF to detect Sync and
determine TSi

UPF to signal TSiin the DRB
carrying SYNC or Follow-up
message (to be concluded
how TSi is signaled)

UE to detect Sync message
and determine TSe of its
transmission of Sync to
downstream TSN nodes

UE to detect Follow-up
message and update the
correction field using the
offset calculated via 5G
timestamp, TSiand TSe

UE acquires TSN clock timing
once received both Sync and

Follow-up 5070
1
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5G / NR Explained -
From 3GPP 5G Standard Fundamentals To 5G-Enabled Verticals

Introduction 5G drivers, KPI, key components of 5G 10min

Standard Fundamentals 5G architecture, 5G system, Rel.15 New Radio (NR) primerincl. 20min
flexible numerology and frame structure, Beamforming, BWP,
non-slot scheduling, and higher-layer protocol stack.

5G-Enabled Verticals Rel.16 overview and Rel.17 outlook; Rel.16 URLLC low latency 60min
and reliability features
Rel.16 verticals comprising of:
* Industrial IOT and TSN over 5G
* Role of 5G in Immersive Media, Augmented/Mixed Reality,
and Gaming
* Rel.16 NR-V2X and role of 5G in autonomous driving

Summary Wrap-up 5min
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6DoF Video Streaming based on 5G / NR Bl cC-bosed Rendering
MEC-based vs. Split vs. Device-based Rendering

NR URLLC/ eMBB
Low Latency /

(5G NR, 11.ay)

Multi-Access Edge
Compute (MEC)

. . 4

NR eMBB
High BW

(5G NR, 11.ay)

Advanced
Display

2019
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6DoF Video Streaming based on 5G / NR Bl cC-bosed rendering

MEC-based vs. Split vs. Device-based Rendering [ Example of split rendering

Tracking Data

NR URLLC/ eMBB
Low Latency /

Multi-Access Edge
Compute (MEC)

NR eMBB
High BW

(5G NR, 11.ay)

Render Data for View

der View-Dependent Data 3DoF+/6DoF Stream (Down-selected)

Advanced
Display ‘

2019
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6DoF Video Streaming based on 5G / NR Bl cC-bosed rendering

MEC-based vs. Split vs. Device-based Rendering [ Example of split rendering

. Device-based rendering

Tracking Data

NR URLLC/ eMBB
Low Latency /

Multi-Access Edge
Compute (MEC)

NR eMBB
High BW

Display ‘ der View-Dependent Data 3DoF+/6DoF Stream (Down-selected)

’ Advanced

2019
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Motion-to-Photon latency: delay from user head's actual 6DoF pose to
correctly rendered display of virtual object

Motion-to-Photon Latency <<20ms (Warping)

“«—»
IMU L JIJllIHlI]Illlllllll|llllllllllllllllllllll[lll-.. [1] RGB and IMU samplesto 6DOF tracker
SAMPLES . [2] 6DOF pose and new IMU sample to
E : renderer
CAMERA | H | C :' | 5> [3]1Rendering with 6DOF pose [2]
SAMPLES A [4] Rendering with 6DOF pose prediction
camera ! !
image 1] 2] | | Al ivel
] T T ternatively:
TRACKER ! ! > [5] Warping with new IMU sample
pose IMU 1 !
estimate samp|¢ |
RENDERER ‘ L] L W —r— N
(41 W, |
WARPER 1[5 E >
DISPLAY ; >
Source: Blog by DAQRI CTO 2019
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Augmented/ Mixed Reality

'

100 GBps ~360 MBps ~5-10 Gbps
) om
G]
&
Video Source >
and Capture PCC Pre-
process
PCC (50 RGB Input: PLY
and PLY) e
o
=
=
£
a
o

accellerd) .,

SYSTEMS INITIATIVE

Media Core
Encoder (1)
Texture

Media Core
Encoder (2)
Geometry

Metadata
(e.g., Patch info,
Occupancy
Map...)

Ethernet

Compressed
Bitstream

Ethernet

Compressed
Bitstream

Ethernet

4 streams,
720p, 60 fps:
~0.5Gbps

Media Core
Decoder (1)
Texture

Media Core
Decoder (2)
Geometry

Metadata
(e.g., Patch info,
Occupancy
Map...)

5G
Link

<

Objective: <<20 ms motion to photon latency

v

«

Reconstructed ~ 6DoF-based  720p, 60fps 720p, 60fps
model: stereo encoding decoding
<0.25 Mpoints projection 0.25 GbpsA ~250 Mbps
<10Mbps

3 ( - Point o Medi &
-4 o oin . Link edia .

y| V-PCC Cloud Media Decoder DISpEY

Point Encoder
Renderer
Cloud
(Use of
o Re- 6DOF
5 construct ~ User 6DOF Pose
b Pose) I 5G
Link
£
o]
S 2019
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MEC/ Cloud Gaming Architecture

* Cloud Gaming or Gaming as a
MEC/ Cloud Gaming Platform Service (GaaS)
NR URLLC/ eMBB * Cloud Gaming runs on powerful

User ) > Client Game MEC/ Cloud gaming servers
Interaction [6DoF, Command> Interaction Logic enabling smartphones or wireless

AR/VR glasses as “thin” clients.

|
GPU/ * Gamers can play the game
Rendering anywhere and anytime while

game developers can optimize

|
NR URLLC/ eMBB . .
Video < > Video M Video for s!oecmc.: Gaming platform
Decoder Video Stream Streaming Encoder configuration(s).
* Cloud Gaming must meet
challenging real-time constraints,

incl. Motion-to-Photon and
Content-to-Photon latency. 2019
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Latency in Gaming

< 30ms Excellent experience for all type of games https://blog.100tb.com/how-latency-affects-
. the-fps-experience-and-how-to-solve-it

30ms - 60ms Small amount of lag but still playable httos-//www.techadvisor.co.uk/how-

60ms — 150ms Not suitable for FPS or racing type of games to/game/lower-ping-3609346/

>150ms Not playable

Transport >~35ms oms

Gaming Pipeline/ Rendering 3 frames @ 60fps A 51ms 3 frames @ 60fps A 51ms

Capture/ Encoding 1 frame @60fps A 17ms 1 frame @60fps A 17ms

Decoding & Display 2 to 5 frames A 34ms to 85ms 2 to 5 frames A 33msto 75ms

Total 137ms to 188ms 108ms to 158ms
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https://blog.100tb.com/how-latency-affects-the-fps-experience-and-how-to-solve-it
https://www.techadvisor.co.uk/how-to/game/lower-ping-3609346/

5G / NR Explained -
From 3GPP 5G Standard Fundamentals To 5G-Enabled Verticals

Introduction 5G drivers, KPI, key components of 5G 10min

Standard Fundamentals 5G architecture, 5G system, Rel.15 New Radio (NR) primerincl. 20min
flexible numerology and frame structure, Beamforming, BWP,
non-slot scheduling, and higher-layer protocol stack.

5G-Enabled Verticals Rel.16 overview and Rel.17 outlook; Rel.16 URLLC low latency 60min
and reliability features
Rel.16 verticals comprising of:
* Industrial IOT and TSN over 5G
* Role of 5G in Immersive Media, Augmented/Mixed Reality,
and Gaming
* Rel.16 NR-V2X and role of 5G in autonomous driving

Summary Wrap-up 5min
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Transformation of Automotive Industry

Transformation of Automotive Industry in Upcoming Decades

+ Advances in micro-electronics and computing opened new transportation
opportunities

+ Automotive sector transforms to deliver safe, green and intelligent transportation with
ultimate goal to enable self-driving cars which are becoming reality

Evolution of Human Transportation

. Reality Outlook or Fantasy
History Ongoing Transformation -

2019
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Cellular-V2X Requirements

Potential Target Requirements
(Bounds — 3GPP TR 22.886)

Data Rate
Up to 50Mbps)f"leps
@)

Latent.:y J Communication
Reduction Up to 10-30Mbps

., Range
® >
3-5ms '\ /‘ Up to 1000m

20{100ms ﬁo-szOm

90% 15m

99.99% s
~280km/h
99.999% @

Reliability Positioning
Accuracy

' ~0.1-0.5m

@ 550km/h
j’

Mobility

Relative speed -’ B “ EON

acce//era ©Accellera Systems Initiative
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Cellular V2X Communication
* Mission critical communication

* Reliability / latency are key attributes
LTE V2X (LTE R14)

* Day one V2X applications with focus on the road
safety (driver awareness, partial automation)

5G V2X (NRand LTE R15+)

» Safety is still priority

* Shift towards automated driving applications
+ Stringent requirements to radio-interface

A Higher rates, higher reliability, lower latency, longer range,
higher relative speed, accurate positioning 2019
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NR V2X POTENTIAL TARGET REQUIREMENTS

Cellular V2X Communication Potential Target Requirements

A Mission critical communication (Upper Bounds - 3GPP TR 22.886)

A Reliability / latency are key attributes Data Rate
Up to 50Mbpst 1Gbps
LTE V2X (LTE R14/R15) tency 1J.30Mb I
A Day one V2X applications with focus on the :es“'“&g‘ N , Range
road safety (driver awareness, partial ™~ -~ Upto1000m
automation) 201100rs | _~To0:320m
5G V2X (NR) 29,505 i/ 15m
« . . .. oy ~280km/h .1
A Safety is still priority 99-999/: ﬁl. @ ~0.1-0.5m
. Reliability Positioning
A Shift to automated driving applications Ny
A Stringent requirements to radio-interface Mogmty

L
Relative speed M o ‘ '

higher relative speed, accurate positioning D ESION AND Ve e
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A Higher rates, higher reliability, lower latency, longer range,
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NR V2X Use Cases

3GPP SA1 WG identified 25 use cases for eV2X services (TR 22.886/TS 22.186)

» Use cases were categorized in 4 major groups
Use case group Description Illustration

* Vehicles dynamically form a platoon travelling
together. Vehicles in the platoon obtain @1
information from the leading vehicle to manage
this platoon

Platooning

Self-driving car

* Vehicle/RSU shares its own perception data (p)
obtained from its local sensors with vehicles in
proximity and that allows vehicles to coordinate
their trajectories 1) (S

Human
controlled car

Advanced Driving

* Exchange of data gathered through local sensors
Sensor Sharing or live video images among vehicles, RSUs,
pedestrian and V2X server

* Enables aremote driver or a V2X application to

Remote Drivin . e
emote g operate a remote vehicle Qm Rl SR szgpmzm
DVLCLCIN
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NR V2X potential Target Requirements

Cellular V2X Communication Potential Target Requirements
* Mission critical communication (Upper Bounds - 3GPP TR 22.886)
* Reliability / latency are key attributes
Dat;_\ Rate
LTE V2X (LTE R14/R15) Upto 50Mbp%16bps
« Day one V2X applications with focus on the road Rzztf;fzn Up to 1J_3OMbps C°"";‘a“:‘za“°“
safety (driver awareness, partial automation) 35ms @ O oo
5G V2X (NR) 20/100ms ﬁo-azom
+ Safety is still priority 90% 15m
. . . 99.99% " ~280km/h 1.
* Shift to automated driving applications 99.999% @ @ "0:1-0.5m
. . L. Reliability Positioning
+ Stringent requirements to radio-interface Accuracy
@ 550km/h
A Higher rates, higher reliability, lower latency, longer Mo'zi“ty

e
range, higher relative speed, accurate positioning Relative speed 8 D\

2019
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NR V2X Use Cases

3GPP SA1 WG identified 25 use cases for eV2X services (TR 22.886/TS 22.186)

Use cases were categorized in 4 major groups
Use case group Description Illustration

* Vehicles dynamically form a platoon travelling
Platooning together. Vehicles in the platoon obtain information
from the leading vehicle to manage this platoon

* Vehicle/RSU shares its own perception data Human
obtained from its local sensors with vehicles in

proximity and that allows vehicles to coordinate [

Advanced Driving

their trajectories ‘j} =)
* Exchange of data gathered through local sensors or @
Sensor Sharing live video images among vehicles, RSUs, pedestrian

and V2X server

((« >)) ((< >)>
Remote Driving * Enables a remote driver or a V2X application to

operate a remote vehicle

V2Xx Server
(Cloud)

2019
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MEC Support for V2X Use Cases

Ongoing study: “MEC support for V2X" Mobile Edge
_, Computing

* Focuses on identifying the necessary MEC
support for V2X applications

Macro Base \_
Station ,

Objectives
* Collect/analyze V2X use cases

* Evaluate gaps from the defined MEC features
and functions

* Identify new requirements including new
features and functions

V2V over PC5 V2V over PC5 2019
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Global Ecosystem

Partner Organizations

5GAA - association promoting the use of C-V2X
based on 3GPP LTE and NR radio access
technologies, influences standards and
regulatory bodies

C2C-CC (Car to Car - Communication Consortia),
is a consortia which promotes the use of
802.11p technology

CMC (Connected Motorcycle Consortia)
promotes the use of direct communication
between motorbikes and other vehicles, and
has a focus on the technical implementation
feasibilities for bikes.

The list is not exhaustive, and many other organizations e.g.
NGMN or 5G PPP have also established work groups looking into
V2X technology aspects.

Standard Development Organization

3GPP global standardization of C-V2X system
for LTE and NR radio-access technologies.
Specification defines Uu and PC5 radio
interfaces for V2X services

ETSI is doing standardization on EU level. ETSI
ITS is taking care about the ITS-G5 layer, and the
ETSI MEC group (mobile edge computing)

IEEE developed 802.11p (lower layers for short
range communication) and the IEEE 1609
(higher layer adaptation for the WAVE),
802.11bd (lower layer evolution) under
development

SAE is the society of automotive engineers,
defines messages and message structures for

ITS applications 2019
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5G / NR Explained -
From 3GPP 5G Standard Fundamentals To 5G-Enabled Verticals

Introduction 5G drivers, KPI, key components of 5G 10min

Standard Fundamentals 5G architecture, 5G system, Rel.15 New Radio (NR) primerincl. 20min
flexible numerology and frame structure, Beamforming, BWP,
non-slot scheduling, and higher-layer protocol stack.

5G-Enabled Verticals Rel.16 overview and Rel.17 outlook; Rel.16 URLLC low latency 60min
and reliability features
Rel.16 verticals comprising of:
* Industrial IOT and TSN over 5G
* Role of 5G in Immersive Media, Augmented/Mixed Reality,
and Gaming
* Rel.16 NR-V2X and role of 5G in autonomous driving

Summary Wrap-up 5min
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Summary

Compared to previous generations there is a stronger focus on vertical markets
in 5G

Current and future evolution of 5G will improve the support of vertical use-
cases

In order to get the technology for a specific vertical segment standardized
active participation in 3GPP or market representation is required
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Thank You!

michael.faerber@intel.com

kilian.roth@intel.com
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The New Mobile Communications Standard —
Key Elements of 5G / New Radio

Beamforming

Network Slicing 2019
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Cellular-V2X Deployment Scenarios

Deployment Scenarios

* Whenever you are driving

Cellular V2X

* Power of 2 radio interfaces: Uu & PC5

. Uu Airinterface ,-( )s)
PCS Alrinterface ((( )) Downlink (DL) — broadcast
Sidelink (SL) - ¥ ) (MBSFN/SC-PTM) T T
broadcast =" M TS —
roiffi»/ Uuwy Ui U\E)\llnk {uL) - Lfi'llcast - | N
; //" ) - (DL) A ‘ \ (iot] , H‘:L N ‘
I (o3} > (el \\ R e 1____‘2\; S )i P Y__‘_}\
\\ ‘(:g— S @ PC5(SL) = ,__Q\ . /,/ \E@w Y 7)) /,// @ _ @D @ @D
\ \ ‘ ---- - S~ . I Partial Out of

coverage coverage coverage

Network Operation Scenarios - Flexibility of Deployment

((t( ))) }EUTRAN % EUTRAN

Scenario 1 Scenario 2 Scenario 3

"~ \_EUTRAN

/( EUTRAN DL SL”"
e ( ‘§\w @‘ o NG

. RSU(E) RSU(S)
N Ry SL fig’h . s 1 |
e ik ) i
St—__ -' 3 M | vL l | L M ﬁ RSU(s)
Sidelink (PC5) l RSUs V2L<7/\?§;732I ﬁ RSU(s) Combination of PC5 and ﬁ RSU(s) Uu based Pedestrian(s) 2 O] 9
based V2V/V2P/V2I
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5G V2X - Foreseen Design Enhancements for NR-V2X

Multi-Band Sidelink Communication
* Communication in low & high bands
A Low band (~6 GHz)

V Lower channel attenuation / blockage effects
A High band (~60 GHz)
V Wide signal bandwidth

V Directional antennas / antenna arrays

Frequency

60 kiiz RB 60 kHz RB

30 kHz RB 30 kHz RB

15 kHz
RB

15 kHz
RB

15 kHz symbol
]

30 kHz symbol |
60 kHz [ [ I
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Time

Enhanced (Flexible) Numerology

» Higher SCS (shorter symbol duration)
A Robustness to high relative speeds (Doppler)
A Reduced half-duplex problem (finer time

granularity)
A Resource selection latency reduction
40-80 MHz 1 GHz
~6GHz S 63GHz
Low band
~6 GHz

High band ( ) ) High band
e.g. 63 GHz Y e.g. 63 GHz

I
Coexistence with LTE V2X
* Sharing spectrum with LTE-V2X

2019

DESIGN AND VERIFICATION ™

DVLCOIN

CONFERENCE AND EXHISITION

5G / NR Explained: From 3GPP 5G Standard Fundamentals To 5G-Enabled Verticals



5G V2X - Foreseen DESIGN Enhancements for NR-V2X

Sidelink Ranging (V2X Positioning)
* Cellular + GNSS convergence
* Accurate distance measurements (<1m)

A Relative positioning w/ respect to cars and
RSUs

A Absolute positioning (assisted by GNSS, IMUs)

A Cooperative positioning protocols

ELAYING

<(i>> il Fo R
Vehicle Relaying
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Sidelink Relaying
Radio relaying for low latency traffic
A Communication range extension
A Reliability (macro diversity)
A Spectrum efficiency
Resource allocation
Intelligent sensing, radio layer feedback

A Reliability and efficiency enhancements

Road Side Unit GNSS Pdsitioning <
KA o pE
(x,@\ s% Synchrl)nlzatlon P

((9)) (UEorgNB
Type)
Ul Vep, /
oy~
— e
v /
\ /
\ .

P O\
[P N =
N e

o e messiraneris
asie e RANGING
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5G V2X - Foreseen DESIGN Enhancements for NR-V2X

Sidelink Advanced Receivers Sidelink MIMO Technologies
* Receiver with interference suppression / * In low band (~ 6 GHz)
cancellation or multi-user detection A Transmit diversity (higher robustness /
A Reliability reliability)
V Robustness to co-channel interference / reduction A Spatial multiplexing (higher data rates)
f hidd d bl
) orhidden node probiem * High band (above 6 GHz)
A Spectrum efficiency ] ,
A Beam-forming (longer range)

V Decoding of multiple transmitters sharing the same

resource (DMRS structure optimization) A Spatial multiplexing (higher data rates)

Distributed Antenna System(s) Co-located Antenna System(s) w/
w/ Distributed or Centralized Distributed or Centralized Hidden node problem (UEs selected the same resource for TX)
Processing Processing T R
Target TX#‘M_)i
Communication [ N AR
Range e ﬁ e
- Basic Receiver: RX from TX1 and TX2 Fails -~~~ Target
« ISIC Receiver: RX from TX1 and TX2is©K  Communication
Range
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5G New Radio — Polar Code

Performance Aspects

Coverage for LTE PSCCH

Analysis comparing performance of 1
LTE control channel (PSCCH) with tbcc
and polar code shows that the polar
code offers about 1dB better coverage.

Emmm— nolar code
I thcc

BLER

10-1 -

10-2 I I I I I 1
-144 142 -140 -138 -136 -134 -132 -130 -128

MCL dB
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