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NR 3GPP timeline
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Stage 3 completion Stage 3 completion
for Non-Standalone 5G-NR for Standalone 5G-NR
eMBB including low latency
v v
NSA Option 3 family ASN.1 Rel-15 ASN.1 for SA & NSA

NSA = Non StandAlone = EPC core (“Option 3”) & LTE anchor

SA = StandAlone freeze

oComplete Stag@ specifications oeMBBincluding support of low latency for E
UTRANR DC via EPC wherethe E w! A& (0KS YI a0 SNJ dzy

—
19.4.2018 Florian Kaltenberger 2 E U R E C O M



5G NRws LTE : System Overview

A Interworking with LTE: Standalone (SA)
or Non Standalone (NSA)

NextGean Core

MextGen Core

1y Data flow aggregat s
TE =MB & dNRglEI EF'I:

1) MR gMB connected o 21 Data flow agaregation across
MextGen Core ME ghB and eLTE aMNB wa
MexlGen Care

3) Data ! -::-w:l;g alic
MNRE ghBs -ll':-ctl:El'r' Carg

A L2/L3:
U New RRC INACTIVE state
U New L2QoSlayer: SDAP
U Reordering in PDCPinstead of RLC, no RLC SDUconcatenation
u
u

21 Data flow aggregation across
eLTE eMBE and NR gME via
NextGen Core

I MAGscheduling taking into account numerology
I Asynchronous HARQ in UL and DL
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5G NRws LTE : Physical Layer

A Up to 640 Mhzsystem bandwidth (100MHz below 6GHz)
A Scalable numerology allows from 15 kHz to 480 kHz subcarrier spacing

0 numerol ogy symb0 symbl symb2 symb3 symbd symb5 symbb
f1 numerology[™ Symb0 symbl symbl | symb3 | smbd | smbS | symbe | symb7 | symb8 | symbS mm symbll | symbll | symbl3
2 numercogy| symbO | symb. | symb2 | symb. soms] o ] s o] ot sty st s st sy vy v syt st vt st

OFDM Symb duration [us] 71.3 35.7 17.8 8.9 4.5 2.2

Flexible TTI (1 -14 OFDM symbols)
Channel coding : LDPC and Polar codes
Beam Management

Bandwidth Parts

Flexible TDD

v > > > D
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5Gready OAlI Demonstration: at MWC18

A Collaboration between TCL, Eurecom, Syrtem
A Based on OAI 4G protocol stack for eNB and UE
A 80MHz bandwidth (4x overclocked LTE)

U Similar to 60kHz subcarrier spacing in NR

U Based on custom build SDR from Syrtem (Xilinx Zyng +

) ADRV937
A Use LDPC J|'n downlink

(instead of Turbo)

I Very efficient software
Implementation of both
encoder and decoder (up to
150Mbps)

I Offload of LDPC decoder to
FPGA for max throughput
(300Mbps)
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Notes on higherlayerconfig

A First specifications &
deployments are for non -
standalone operation (NSA)

A A all 5G control plane (RRC)
traffic transported over LTE,
e.g., initial configuration

A In our initial implementation
this structure will be made
available through a file at
both gNBand UE

1) Data flow aggregs Boross
TE =hE a INEglE‘- EF'L,

=

56
gNE
Initial Setup

RRC Connection Reconfiguration

RRC Connection Reconfiguration
eeeeeeee

< Established Connection >
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Notes on LL1/L2 Interface

A OpenAirinterface eNB uses FAPI for L1/L2
interface
U Specified in SCF082.09.05 ( Small Cell Forum , 2017 -

05 18) up to Rel 13 o D
F P57 the PHY mode control interface
F P77 the main data path interface ﬁ
U Available in open -source from CISCO S

>

(https:// _github.com/cisco/open -nFAP \

A We are updating this spec to Rell5 for gNB

A We are also specifying a similar interface
for NR-UE
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https://github.com/cisco/open-nFAPI

5G NR IHardware requirements

A 5G configurations supported by OAI

U 30khz subcarrier spacing:

F 40 MHz (106PRB, 1272 subcarriers, 38.15MHz eff.
bandwidth)
O FFT size 2048 A 61.44MHz sampling rate

F 80MHz (217 PRB, 2604 subcarriers, 78.12MHz eff.
bandwidth)
O FFT size 4096 A sampling rate 122.88MHz, or
O FFT size 3072 A sampling rate 92.16MHz (3/4 sampling)

U 60khz subcarrier spacing:

F 100MHz (132 PRB = 1584 subcarriers, 95.04MHz eff.
bandwidth)
O FFT size 2048 A sampling rate 122.88MHz,

© no 3/4 sampling possible
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Data acquisition

MIMO
RF chip

Sampling rates

Frequency range

Price
Duplexing
Output power
Noise figure
Open source

5G Compatibility

Gbit EtherNet,
PClexpress

2x2 MIMO,
n/a**

200 MHz, 184.32
MHz

DC6GHz (depends

on daughterbrd)
~ 5,000

FDD*or TDD*
n/a**

n/a**
FPGA/driver
40MHz, 80MHz

(with n
sampling)

Hardware for 5G-NR

Ghit Ethernet

4x4 MIMO
AD9371 (x2)

122.88MHz,
125MHz, 153.6MHz

10 MHZ™ 6GHz

~ 10,000
FDD* or TDD*
12-18dBm
5.5-7.5dB
FPGA/Driver

40, 80, 100MHz

*needs external RF elements
** depends on daughterboard

PClexpress

2x2 MIMO
AD9371

122.88MHz

10 MHZ™ 6GHz

2972
FDD* or TDD*
?227?

2972

Limited

40, 80, 100MHz

PClexpress Gbit
Ethernet, USB3

2x2 MIMO
AD9371

122.88MHz

10 MHZ™ 6GHz

?2?7?

FDD*or TDD*
10dBm

?2?7?

?2?7?

40, 80, 100MHz

6/25/2018
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Current development status

A One common branch for gNBand UE: develop- nr

U Created new directory structures for eNB, LTE UE,
gNBand NR- UE specific code

U Created new executables lte -softmodem nr-
softmodem Ite -uesoftmodem nr-uesoftmodem

U introduced new structures for gNBand NR frame
parameters

A Development process
U Develop nr synchronized regularly with develop

U Features branch of from and merge back to develop -
nr
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