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. Dense networks to cover more

users 5G Technolo Drivers
= 500Mbps+ for mobile phones gy —

*  2.5Gbps bandwidth for home /

office CPE 3
GIGABITS IN A SECOND v New frequencies & .
2 spectrum (new transceivers
P 3D VIDEO, UHD SCREENS
and front-end modules)

, WORK AND PLAY IN THE CLOUD v New 3GPP waveforms
(new physical layer and

SMART HOME/BUILDING

LS

(non standalone - stand

A » MISSION CRITICAL APPLICATION alone, O-Ran SplitS)
SMART CITY et ,»" E.G.E-HEALTH

New latency requirements
SELF DRIVING CAR .
’ (architectures tuned to

applications, Access Edge
processing)
COMMUNICATIONS LATENCY COMMUNICATIONS

2 A ' o baseband processing)
VOICE G\
' T New deployment models
‘\‘ J "l

»  loT with large number of connected end points =  Drive Edge Copute cross verticals
. Enabler of smart logistics & efficient management . Real time systems for smart society
. Sensors, products, machines, humans connected . Medicine, Robotics, Automotive, Industrial
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As the rollout for 5G infrastructures expands, mobile network operators are modifying the existing infrastructure,

adding what’s needed to support the higher throughputs, greater device density and lower latency we’ll need to
run advanced 5G use cases, now and in future.

* New Spectrum

600 MHz 6 GHz 24-30 GHz 37-47 GHz
* New Antenna Configurations
° More Code 20-200 MHz Bandwidth >1 GHz Bandwidth
600 MHz 2.7 GHz
800 MHz 2.1 GHz

800 MHz 1.8 GHz

5G adds new frequency spectrum
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Phone Base Station Metro Network EPC Core Network Cloud Server
. (¢) ?EE T

4G T A = 3 = = 3 o =

>100 ms Round Trip Delay

Device gNodeB/AP/RU DU/Edge Compute
. f ( _____ Reduced latency & packet loss
. () ((« ) T
LN ? l_{é}J Improved efficiency through locality

o
>G m_ Data privacy

<1-10ms Round Trip Delay
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Preparing the infrastructure for 5G operation involves adding different layers of coverage, each providing the
capacity / coverage trade-off needed for a given area or use case. Unlike 4G that consisted of high-power macro
cells complemented here and there by small cells, the 5G deployments consist of high-power macro cells, mMIMO
cells, small cells, with mmWave bridging the gap between them.

* High-power Macro radios

e 25km

e 2T2R to 8T8R, sub 6 GHz
* Massive MIMO radios

e 1km

* 32T32R to 64T64R, sub 6 GHz
*  mmWave radios

e 100m

* e.g.256T256R, 24 GHz

* serve as a backhaul

for small cells and WiFi6/6E hotspots

* Small Cells

* backpack-sized, low-power base stations
that provide targeted capacity in network

“hotspots”
* largely driven by the need for
5G operation.

/ Small Cells m
Small Cells /«,"

[ mmWave
o Dense Urban,
/ fixed wireless access
/
(//
/ Massive MIMO
/ Urban
Macro RAN -

/

/' High-Power Macro

/ Suburban, rural

L
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Core Network

NXQ

5G Integrated
Small Cell

NXP WIFI
Broadban NXP
Gateway Radio

FWA = Fixed Wireless Access

Dense Residential and Enterprise

O-RAN
Small Cell
CU/DU/RU
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Integrated
Small Cell
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LS10xx

[FZRESSIERERZE
iM% (Level 1 to Level 2+)
SEFmmWave F sub-6GHz 534

Gl CTETIE ]

LS10xx

LS10xx

5G Access
Edge
LX2160 /

Fixed

Wireless

Access

LA1200
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/ 4T4R~16T16R \

10,25 _ Radio Unit (RU)

GbE
— LS104x

—

PCle
S T
LA12xx
/ Distributed Unit (DU) \

LA120x Scalable
lookaside Modular
accelerator System
Implementation
for multi-CC
PCle performance

10/25 10/25GbE

SR \_ PCle

4 100MHz 4R4T SA
Customer Premises Equipment (CPE)

1/2.5/

“]GE[ LS1xxx ]—[ LA12xx
g PCle
4 2x400MHz 2R2T SA Customer Premises Equipment N

1/2.5/ B

“’G‘E[ LS1xxx ]—[ LA12xx g
\ PCle D/
4 I

2x400MHz 2R2T Integrated Small Cell

1/2.5/

“’GE[ LS1xxx ]—[ LA12xx

100MHz 4R4T Integrated Small Cell
1/2.5/
mGtE[ LS1xxx ]—[ LA12xx
PCle
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\ System main components Solution Features
- 16-Core ARM64b SoC (A72 @2.2GHz) Multicore

P

PPR.1
- 282GFLOP (32b) or 563 GOP (16b) —— ———
- Multiple datapath accelerators BBU Platform NXP BonnyRigg LX2160 +
4x10/25GbE - highspeed PCle and Ethernet LA12xx DU reference design
. e Etheme.t oL i = Fronthaul Option 7-2x: eCPRI over
/ - 114Gbps Ethernet bandwidth and L2 switching interface 10GE or 25GE
- Including QoS, IEEE 1588, eCPRI classification
Look-aside FECA accelerator Frequency band <6 GHz
- 5G DCI/UCI (Polar) encoder and decoder System Up to 100 MHz, multiple CCs
- 5G Shared Channel (LDPC) encoder and decoder bandwidth
Enclosure Dimensions in inches(15.394 x 10.236 x 1.75) inches 2
1U Dimensions requirement (in): 16.92in x 11.81in x 1.75in Duplexing TDD and FDD
Subcarrier 15kHz, 30kHz, 60kHz,
spacing 120KHz
MIMO 4x4 spatial multiplexing
\Lctzp:;sp AT2 “anz | Az | Az | An2 AT2 AT2 System Multi-Gbps
IRAM, DRAM iy ok
LDPC. 8M Platform Cache MOdUlation Up to ZSGQAM
Polar FEC Ko R i L Multi-L
B nyers A-Layors
SRAM : Sync GPS, IEEE1588, SyncE

PUBLIC 10
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Programmable

» Faster updates R15 > R16 features vs. FPGA or ASICs

» Value added features: example: digital front end
» Custom modulation

Flexible

« mmWave or Sub 6GHz configurations

* CPE, RU, DU, Integrated Small Cell use cases
* Modem or offload accelerator

Scalable
« 2T2R > 16T16R
Indoor femto to O-RAN infrastructure
Core complex
2-4x e200@ <640MHz (equivalent to ARM M7)
Real time management/control
4-8x VSPA3-16@ up to 640MHz (=1.3TFLOP)

Connectivity and 1/0

» Zero IF Radio interface

» PCle gen3

» 2T2R High Speed ADC/DAC complex
* 4T4R Low Speed ADC/DAC complex

Acceleration

» Forward Error Correction: LDPC & Polar en/decode

Control Processors

8 GHz
SERDES

High Performance
VSPA Vector
Engine

Interconnect (non-coherent)

Integrated GSP/s
Analog to Digital
Converter System

ADC  ==—oec DAC
Zero |/F ~ ZerollF
analogIn =~ analog Out

High Performance
VSPA Vector
Engine

Integrated sub 6 GHz
Analog to Digital
Converter System

ADC . DAC
Zero IlF - Zero l/F
analogin =~ analog Out

mmWave and Sub-6 GHz Baseband Processor

Ideal, software defined, open baseband processor for:
<6GHz or mmWave 5G Small Cell
<6GHz or mmWave 5G FWA CPE / Mesh
<6GHz or mmWave 5G RU
O-RAN CU/DU L1 / Error Correction offload co-processor
General compute, aerospace/defense, civilian safety SDR

11
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Applications

Enablement

i

A
N

PureSoffware
[Radisys
adlLTRAanN

@ ERRERBEARLF
'. SYNDESIGNTEK

(/b CommAgility
ArrayComm.,

/-\STRI?O/I&

4

Front haul
Interface

O-CU and O-DU may be
Integrated in one box

PUBLIC 12



ISC (INTEGRATED SMALL CELL) R FH

- NXP has a strong ODM,
ecosystem with several L2/3 Vendor
high-quality options

Altran,
- 31 party vendors to Radisys

supply L1 upper PHY
and integration with ASTRI, ArrayComm

upper stacks CommaAgility

Synergy
- NXP delivers lower

PHY, BSP and libraries ~ [\J{0

- ODM and 3 party
software conduct IOT
and performance
testing

PUBLIC 13 Iw
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Open RAN Alliance
Interoperable 3 party solutions

Open RF Interfaces
3rd party solutions choice

Trusted ODM & Integrators
Broad system-level solutions

14
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Layerscape Processors

Ecosystem Partners

AdlLTRan
. Reference Design:
S .- PRadisys  tatzzaros S
ASTRI® S Development wywts: Orderable today as part of
. S ArrayComm feones Piopram
1 CommaAgility
Reference Design: “ m
# movandi Deretopesan |
L4 NP Sysien Proof of Concept and 10DT test
Hardware System
Reference Design: Orderable Q1 2020 as part of
+ 2-16 Arm v8 CPUs LA93XX RU Dev
Layerscape « 2.5-100 GbE /O e || e
Communication SoCs: « 1-16 PCle lanes
* 4-30W
+ LX2160 — CU/DU
+ eCPRI offload L ‘A
* LS10XX - Integrated Small [\t oo curity - Multiple ODM and Reference Design:
Cell, RU, CPE & Virtaiization Systems | LX2160
OEM partners PCle iNIC CU Reference
: system
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Example: Automated Guided Vehicle (AGV)

 Today Layerscape has adoption in AGV solutions for path Outdoor / Indoor Case Indoor Case
planning & motion control — e.g. LS1043, LS1046

* Next generation: Smart & Adaptive AGV B
*  Smart AGV acquires real-time environment information via computer é - y s

vision technology Sa 4 g

Sew
™
.

- "_/-

1
N\
"

5G small cell on site - link to the cloud, training via environment data
* Inference on the intelligent AGV to achieves autonomous obstacle End-to-End latency required at ~5ms
avoidance increased efficiency & more adaptive AGV solutions

The Generalized 5G Access Edge & Edge Compute Case

Device NodeB/AP DU/Edge Computer —> Reduced latency & packet loss
=

'ﬁ' -\ ? tF (®) =2 Tt —> Improved efficiency through locality

s

<> Overall 1-10ms Round Trip Delay
1-5ms

—> Data privacy

4
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TSN Network
and Controller

LS1028A

5G Nodes as TSN Bridge

Actuator

i.MX RT1170 LS104x, i.MX; LS104x, LX2xxX; LS104x; i.MX RT1170
LA12xx, LA9310 LA12xx LA12xx

« Combining 5G and TSN for deterministic connectivity end-to-end between end points (e.g. Actuator above)
and controller residing in an edge cloud

« NXP enables the necessary hardware and software platforms for the 5G-TSN integration

« Thus providing the key technology components for combined deployment in private networks

18 X
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5G DEPLOYMENT DRIVERS 5G Private Networks > efficient edge compute

1. Flexibility and integration options: flexible /
scalable system implementations

100s of thousands of companies to deploy
private 5G networks this decade:
manufacturing facilities, warehouses,
seaports, and mining operations to hospitals,

and utilities. 2. Performance and Reliability: the growing

number of devices requires high
performance networks; Industry 4.0
requires reliable connectivity

100s of millions of connected devices and
sensors with massive machine-type
communication

Low latency and wide coverage for automated

guided vehicles e Cloudbased 3. Dense Netwo_rks, Coverage, an_d Control_:
isions f . . support growing number of dgwces and in
3GPP provisions for Wi-Fi to 5G, indoor to S ! parallel control data processing and storage

OutdOOI’ hand'Oﬁ Devices Autonomous Driving

Coverage

2019+

Enhanced mobile broadband 2021+

> and low latency communications

Massive machine type communications

Sources: Jefferies, NXP 19 M
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B2 38k i
=8 Edge Compute Considerations
- Energy/bit

- Connectivity including WiFi and 5G

SENSORS

| - Edge to Cloud Infrastructure

DATA AGGREGATION LOCAL PROCESSING CLOUD PROCESSING ANALYTICS

- Security and Lifecycle Management

a ¥ o .
{:ﬂ ‘o— =—]-o @ I'Ill - Intelligence: ML and Al at the edge
= ll Tc SpO rlpower T

Q'Tb o

st, lat
o .~

\ 5G Macrocell / Massive MIMO

((& N

N\

N\
_ Y
Power, Processing Cost} Latency Sotem e o e ol
\ S
\
N\
N\
\
N Rural & 5G O-RAN
N\ Agricultural 5G (CU/DU/RU)
\ Enterprise / Industrial 5G
N\
\\ W" 'L o o o W & m
\ . B
N\
N\
\ 5G Access Edge
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5G RedCap F £ (Reduced Capability, in 3GPP R17)

Low Latency .
10 I.MX LA9310
—eMMB 8 General- " LPDDR
A Purpose Conttl.
; iahili CPU Core
——URLLC Battery Life Reliability Py gl AmM4  VSPA2-16
 ax Clocking
—— LTE-M I I I (VCXO, PLL)
(eMTC)
Interconnect Interconnect
NB-loT
Peak Date
Low Cost
Rate
= RedCap Acceleration Networking PCle PCle DCS
2+1GhE TSN B
s RFIC - op iun
2R 1T [ e
A

RedCap is a balanced solution for edge

Application/host processor = NXP i.MX processor. Responsible both for the Industrial/loT processing as well as implementing the
upper-Phy and L2+ stack components of the 5G RedCap modem

Low-Phy modem = LA9310; Responsible for the low-Phy processing of the RedCap UE, including ADC/DAC data conversion to analog
baseband I1Q

RFIC (39 party) converts analog baseband 1Q to RF signals that are fed to/from discrete PA, LNA and antenna pieces of the system

21 A
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