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3GPP 91 LS >

2018 2019 2020 2021 2022 2023 2024

| 01| | 01| | 01 | | Q1| o1
56 H ] o

1st Launch May'18 Verizon SKT UK: EE, 3, China Mobile NTT Docomo
y AT&T KT 02, Vodafone China Telecom Softbank
Qatar: Oredoo LGUplus Germany: China Unicom KDDI
DT, Vodafone Rakuten

R15 Commercialization

® ®
NR NSA NRNSA NRSA NR SA R15 Late Drop R15 Late Drop
Freeze ASN.1 Freeze ASN.1 Freeze ASN.1
R15 Key Focus
* 5GNRNSA&SA | R16G Commercialization
< eMMB in FR1, FR2
® Ris Key Focus Areas o o ®
Package | a\MBB RAN 1 R16 R16 R16 RAN4
Approval | . power saving, mobility, MIMO ... Freeze Freeze ASN.1  Completion

New Verticals

* URLLC . R17

«  1loT / Private Networks Commercialization

« C-V2X ® ®
® | R17 Key Focus Areas ® ® ® ®
Package | gmBB R17 R17 R17 R17
Approval | « RedCap RAN1 Stage-3 ASN.1 RAN4
. eMMB evolution Freeze Freeze Freeze Completion

* More power savings
New verticals

« 1loT & URLLC enhancements //@: R18

* NR positioning enhancements

« NR for non-terrestrial networks ADVANGED o : : .
* Integrated access & backhaul
. U tgo 71 GHz Package R18 R18 R18
P Approval RAN1 Stage-3  ASN.1
Freeze Freeze Freeze

KEYSIGHT Source: 3GPP
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3GPPDXFHEIT D7V —S3>

Vertical

Release 18

. 5G New Radio Power savin . DSS » Powersaving * MSIM + SON * NR MIMO evolution » RedCap evolution
« 5G Core Network MIMO enh 9 « NRU * MIMO * MR DC/CA » Small data Tx * Further UL coverage enh  * QoE enh
o b DSS * FR1 1024QAM from INACTIVE < Evolution of Duplex * CAenh
* NSA/SA mode Mobility enh * Positioning L NR UD E Positioni ut DSS
- FR2 (mmWave) DC/CA « RRMenh * UL Coverage - U C * Qo * Positioning evo.utlon . 3
» 71GHz * RAN slicing * RedCap * NW energy saving * Mobility enh

URLLC
Positioning
Private Networks
TSN over 5G

Higher accuracy positioning

Private network enhancements
Enhanced loT and TSN/ URLLC support
RedCap

Enhanced NR-V2X services

NTN evolution - loT
RedCap evolution
Positioning evolution

NR sidelink evolution

NR sidelink NR sidelink enhancements o
o + Sidelink relay enhancements
NR sidelink relay
RAN IAB More IAB » Smart repeaters

NTN

Public Safety

KEYSIGHT

TECHNOLOGIES

eNB architecture evolution

NRNTN
NB-loT/eMTCNTN

NR multi-cast / broadcast services
Proximity based services

VR profiles for streaming
Immersive CODEC and teleconferencing

Core specs: Mar 22 ASN.1: Jun 22 Perf specs: Sep 22

AI/ML for Air Interface

NTN evolution - NR

Sidelink enhancements

Enhancements for XR

Uncrewed Aerial Vehicle (UAV)

Core specs: Dec 23 ASN.1: Mar 24 Perf specs: Jun 24
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EFEERImROREBERICETHRE

BEHSIMAEDEFEBIFEIRAR T, REBHET —RERASIMMLHEIEINS, LT, BRBHRONE
[FEHRDOY EYFFIZSIMDIDIERMNEES T T BERNUIMISNIZUTEH4E . REFEEMN DEMNLAN
F—ZMNFEELTLNS,
REFEFEEIRKRATY I I 7ORIEZEETOICEICIYRESDFEENRKONTNNSD., §1&
DEMSIMA EDIEFTEREIMARDELAITRZREZA . REAMOEEEGEERICA T =14 AH
KHLNDB,

[=HIA] RREHRET—ISIMMOSFHFF [EHIB] SIMOIDIERDFAES(ZKHEELIE

s BRABHREITOEIDEEXR2BEHREITISIMEXAIDSIMIZ
FYT-TWGE . HEFHRDPCYIRYDRIZRyRT—548]
[ZRIDSIMDIDIERAESNTLEL., Ry T—YRITHEIER

in KB TIXEE
T—HSIMET —HE
HSIMORXRIMNTE
BNz, A—H5—

REBHET 4
H BEAAOYMNIETE
L7=SIMMH & FE I

BEEMT—42
SIM

g;‘fgg'ﬁiﬁﬁgﬁw SIM #% | ERTICELE SIM #2 o
L :EXE d: \ 2 \'&\L
LERESE ;&7&§07u~7§§ ERANF—FiBIE SIM2 3. FIETFEHRD LYY DRI

< R ‘* BB ST BEATIZEIELI=SIMDIDIESR

B7ELY, ErybI—UElICiE M
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S AT LiEhY

Dual USIM Dual Standby> AT L

Simulator/#lfHIPCEIZMNOR YT —H%{EEE

orolia
-

GNSS Simulator

Primary PCAT System

192.168.180.1

Corporate LAN

|
MNO#1

KEYSIGHT
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Secondary PCAT System

192.168.180.

MNO#2

Operator A :NR network(VoNRIEHR—F) —
i >EPS Fallback o6
Operator A : LTE network VOITECRAMRE —
Operator A :NR network(Data only)
REFFR{ERejected 56
USIMEN &
Operator B :LTE network
VOITETRAFESR(E
Operator A :LTE network (Dataonly)
Operator A :UMTS network
- Rejected CS fallback
UsIMEIE
Operator B : UMTS network




FEouBHER - SBS—T X (1)

55 <-M3
55 --=M3
55 -—=M3
55 <-M3
55 <-M3
S35+ M3
55 -+ M3
55 <-MS

PDU Session Establishment Request
PDU Session Establishment Accept

RRC Reconfiguration

RRC Reconfiguration Complete

PDU Session Establishment Request
PDU Session Establishment Accept

RRC Reconfiguration

RRC Reconfiguration Complete

IMS Command [message expect REGISTER 1207
IMS Command [message expect register |
IMS Command [check registered |

Internet X7 S5 EIMSAR TS D

=& F &SIP Registration |

NR-Cell A Activate NR 5G Cell [Cell A, DL NR-Cell A

E-CellA NONE Activate LTE Cell [E-Cell A NR-Cell A
User Prompt [Click 'OK' then swi NE-Cell A

NR-Cell & 55 <—- M3 RRC Setup Reguest NR-Cell A

MR-CellA 55 ->MS  RRC Setup NR-Cell A

NR-Cell & 55 <—- M3 RRC Setup Complete NR-Cell A

NR-Cell&A 55 <—-MS  Registration Request NR-Cell A
F Condition ({ 1d_type |="eNR&J NE-Cell A

NR-Cell& 35 - M3 |dentity Reguest

NR-Cell&A S5 <-—-MS |dentity Response
ENDIF Condition

ME-Cell & S5 -— M3 Authentication Request

NE-Cell & S5 <—-MS Authentication Response

NR-Cell& 35 - M3 NAS Secunty Mode Command

NR-Cell&A S5 <-—-MS NAS Security Mode Complete

NR-Cell & 35 - M3 RRC Security Mode Command

MNE-Cell & S5 <—-MS3 RRC Security Mode Complete

NR-Cell&A S5 -->MS  UE Capability Enguiry

MNR-Cell & 55 <—- M3 UE Capability Information

NR-Cell&A S5 -->MS  UE Capability Enguiry

NR-Cell & 55 <—- M3 UE Capability Information

ME-Cell & S5 -— M3 Reqistration Accept

NR-CellA SS<-MS Registration Complete NR RegistrationZF g |

KEYSIGHT
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FEuBHEER - SBS—T > X (2)

BX & @3- & 5% (EPSFallbacki®) |

- REMEHAIMSA 7S (sos)DHEL
- SIPZORI)LIZ KBS IE

NONE
NONE
NONE
NONE

NONE
NONE
NONE
NONE
NONE
NONE
NONE
NONE
NONE
NONE
NONE
NONE
NONE
NONE
NONE
NONE
NONE

Tap8 Test Step [SCPIRegexStep]
Tap8 Test Step [SCPIRegexStep]
Tap8 Test Step [SCPIRegexStep]
Tap8 Test Step [SCPIRegexStep]
KPM Agent Control

Tap8 Test Step [SCPIRegexStep]
Tap8 Test Step [SCPIRegexStep]
Tap8 Test Step [SCPIRegexStep]
Tap8 Test Step [SCPIRegexStep]
Tap8 Test Step [SCPIRegexStep]
Tap8 Test Step [SCPIRegexStep]
Tap8 Test Step [SCPIRegexStep]
Tap8 Test Step [SCPIRegexStep]
Tap8 Test Step [SCPIRegexStep]
Tap8 Test Step [SCPIRegexStep]
Tap8 Test Step [SCPIRegexStep]
Tap8 Test Step [SCPIRegexStep]
Tap8 Test Step [SCPIRegexStep]
Tap8 Test Step [SCPIRegexStep]
Tap8 Test Step [SCPIRegexStep]
Tap8 Test Step [SCPIRegexStep]
Tap8 Test Step [SCPIRegexStep]

KEYSIGHT
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COMmon:PREset
LPP:FEAtures:GNSS 1
LPP:TRAnsport:RESpack 1
LPP:TRAnsport: 30OCket EPC

‘COMmon:CONFig: TESTecase TC103_246
COMmon:CONFig:SUBTest ST103_246
‘COMmon:CONFig:SCENario SC103_246
:GNSS:CONTrollerADDRess "201.20.2.3"
‘GMNSS:CONTroller TARGet GSG_821
:GNSS:CONTroller:ATTEMuator 50
‘COMmon: CONFig APPLY
‘GN3S:CONTroller.CONSTel:GPS:ENABled 1
‘GNSS5:CONTrollerCONSTel:GAL-ENABIed 1
"GNSS5:CONTroller:USIGnal L1CAT
‘GNSS5:CONTrollerUsIGnal G1.0
‘GNSS5:CONTrollerUSIGnal E1.1
‘GNS5:CONTrollerUsIGnal B1.0
‘GN3S:CONTroller:CONSTel:GLO:EMNABIled 0
‘GNSS5:CONTrollerCONSTel:BDS:EMABled O
‘GNS5:CONTrollerINITialise
‘GNS5:CONTroller START

GNSS SimulatorM % E E#2 8)

NONE

NOMNE

55 <-- M3
55--=M3
55 = M3
55 <-- M3
55 «—-MS

NONE

55 = M5
55 = M3
55 <-- M3
55 «—-MS

User Prompt [Click "OK' then initiate MO emergency call to 112]
Comment [[fEmergency Bearer Context establishment]
Log Marker
PDN Connectivity Request
Activate Default EPS Bearer Context Request
RRC Connection Reconfiguration
RRC Connection Reconfiguration Complete
Activate Default EPS Bearer Context Accept
Comment [[[Werfy Device requests the "sos" APN]
F Condition | :
Verdict: (PASS)
ELSE Condition
Verdict: (FAIL)
ENDIF Condition
IMS Command [message expect REGISTER 120
IMS Command [message expect INVITE 120 ]
IMS Command [send message 183 true |
Comment [[/Dedicated Bearer Establishment for Emergency call]
Activate Dedicated EPS Bearer Context Request
RRC Connection Reconfiguration
RRC Connection Reconfiguration Complete
Activate Dedicated EPS Bearer Context Accept
IMS Command [message expect 180 10 downlink |
IMS Command [call answer |
IMS Command [message expect ACK 3017
IMS Command [start rtp monitor |
IMS Command [verify rtp received |

[ PDN_Request_Type == "eRequest_type_emergency’

11



RSUEIWEER - S5 —T A (AR EHR)

E-Cell A
E-Cell A

E-Cell A

E-Cell A
E-Cell A
E-Cell A
E-Cell A
E-Cell A
E-Cell A

E-Cell A

E-Cell A

E-Cell A

NOMNE
MONE
55 -—=MS
53 <-M3
NONE
NONE
53 <-M3

MONE

55> MS
S5 < M5
55 -—=MS

55 --=M3
55 <-MS
S5--=MS3

55 <-MS
NOMNE
NONE
55 <-MS

S5 --—=MS

Comment [[{Case C-Plane LPP]
F Condition {{ C_Plane_LPP =="True"} )
Downlink Generic NAS Transport
Uplink Generic NAS Transport
Adjust Variable - UL_NAS_Transport_Msg = UL_LPP_ACK
F Condition ({{ UL_NAS_Transport_Msg =="2C00" ) || { UL_NAS
Uplink Generic NAS Transport
ENDIF Condition
F Condition ([ GPS_GLOMNASS_Device == "False" ) )
Downlink Generic NAS Transport
Uplink Generic MAS Transport
Downlink Generic NAS Transport
ELSE Condition
Downlink Generic NAS Transport
Uplink Generic MAS Transport
Downlink Generic NAS Transport
ENDIF Condition
Uplink Generic NAS Transport
Adjust Variable - UL_NAS_Transport_Msg = UL_LPP_ACK
F Condition (({ UL_MNAS_Transport_Msg =="2C00"} || { UL_NAS
Uplink Generic MAS Transport
ENDIF Condition
Downlink Generic NAS Transport
EMDIF Condition

LPPFIIE
- TIORMNT—R2MIR M
- AL RS R D EAS

KEYSIGHT
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pHE EiEf(CRD AT S RER

« Difficult to determine what Protocol
messages were sent/received, relative to

((R))
eNB/gNB/O-RU/AP what/when PHY events occurred

« Diagnosing the root causes of problems
41 DL between layers often takes hours, days or
Finger pointing ( even weeks
between vendors
“\ ) « How to capture signals without interfering
D /l‘l\ communications
e
UEs/Clients O =
> JPTSN

AVARKEYSIGHT



E)\AIIRY bDO—DD1EaETi

 Measures and monitors wireless mobile networks
(including WiFi) performance and coverage from 2G to 5G
SA

« Suitable for performing measurements especially in
indoor offices and venues

lost ran|
M single antenna (P5)
[ puaklayer (P7, P8)

A
65.003952,25.428428— 20km |
Rotation: 0.0° 5 ?

Zoom: 12 Hietasaari

gingNeon Tracke

» Rich variety of real-time displays, full RF and signaling
data is stored to a measurement file from the diagnostics
interfaces oA

SC2N.A. N.A.
SC3 N.A. N.A.

 Works on latest Android-based flagship terminals

DC N.A. N.A.

» Flexible scripting and test sequencing for different test
needs

* Remote control and monitoring

AVARKEYSIGHT



imk — BiSETOERERED SIS 1—b

« Situation: With a new optimized software
algorithm implemented on gNB to achieve
higher DL throughput, UE detected ~80%
PDSCH BLER compared with legacy

. algorithm.

HHELOR-R- R - @

| Froness vone AR TrOCRIS Wsvee oy — s 4 200 ms Time Markers : Left=0267400, Right=9372680, Span=105280 samples = . B - . .
g e = ~——==78 e« Pain Point: New gNB algorithm is workin
;g v B st 3 A‘ Name Start Time | Frame Number | Siot Index | Cell ID EW |P. D RNTI | Error Chec -
3 v Assigrment Lt Coun |[PUCF Usta tor SHES WHZE 50 3 T £ T K 02 |
& - o PDCC ||OCI Format 1.0 002528 630 3 4 <3862 1 D &7 - - . .
8 BWPsst 3 POCCH 002928 6%0 7 4 824 1D 1A O o8 i i
sw e ZE 1 f HiuEE W on a differen chipset and cannot fin
- CCElengh 1 || VECapbilityEncuiry 02928 60 7 4 %1% 10 138 O S
8 T8 Sze 39 |PDCP Data for SREs 002928 60 7 4 %616 1 D 1329 OK . - . .
3 ikl S717 151 Format 1.0 02828 6% 7 4 3824 10 133 OK °
6 Mo £ S0 @E L L ompE s L significant issues. From UE side, need to
g Search Space Comn 5 > » 3 .
3 CORESET e Zero||POSCH 004028 691 8 4 825 1D MM OK 24 w )
€ Smbol St 0 {|0C1 Format 1.0 004028 ()] 8 4 -3302 10 7373 |
38 Smbalengh 2 [|PSS 004328 62 1 4 423 1D o8 B 100 150 H H H H
' e | s 1 2 31t — conduct labor Intensive troubleshooting Into
o o -
~t CORESETorec same ||PECH 004328 6%2 1 s 01 1D [Freaoency 20 Power- RX10LA =
K] CORESET-rte 2 (|PoccH 004528 622 3 4 4170 1 D 6553  OK 05 ) 05 . .
4 CORESETshit 4 POSCH 004528 692 3 4 <3995 1 D 65535 oK = 05 Ul/dv Rel Ampitude Ul | - - -
cmtillmee  mI o 1 @ omocew o (N the code as high BLER is typically a
5 CORESET4eq 000 ||PSS 06328 63¢ 1 s @9 10 ComerFroaBr 0013 kHz = 0017
-m POSC  ||sss we3ze 694 1 . 4140 1D gom
@ CodeWords  Coun ||PECH 08328 §3¢ 1 . 820 10 Sempig fa B0 itk s e
® TB;;:&;M@I ||PoccH 3 3 <3951 1 D 6717 oK
; complex problem
3 VRBto PRB It Disat wﬁf‘ﬁm‘,ﬂ ; ;? 1 3 §” oK SSB Measrement Per Actrve Beam .
g Rof 3 Ot 1 Dlnet S} proeyy 8 4005 1D 128  OK (5788 FreaEr 00N i
3 DERCRL9 PDSCH 8 %% 1D W OK
3| TR 3 : :
BWPSat O DCI Format 1.0 8 »43:@ 1 D 138 . .
= BWP Length O {|pss 45 10 PS .
S DMRS<configh 1 {|Sss 1 4348 1D
L . 1 9 -
H OMRSsos - 3 flIPECH 1 81 10 | — -
b3 DMRS addpos 2 ‘PDCCN 3 4063 1 D 65535 O EVM Per Symbol- RX 1 Selection ]9”
5 PRE Bunding ¢ 2 POSCH 3 957 1 D 65 OK 5 '
: B b s o mams (L JIEEEES analyze the IQ data and a bug related to
Symbol St 2 ||POCCH 8 4 -3¥12 10 M OK J 26 1 %
SmboiSop 13 | |[PDSCH 8 287 10 7R OK 25 | 24 | % 7 i
RATO Btmap {|oct Format 1.0 8 W12 1D MM OK 71122 ' 3 I .
RATOP o ‘PSS 1 4343 1D 2 s . 2 ?
RAT1RB Leng 1 sss 1 " 4374 1D 1e i |
AtenaPotC3 lppcy 1 4 w2 10 Ok 18 : e i = $
M;?’W*‘ isss 012328 7 1 4 2% 10 . o 1| b . T I . g . . . .
= S v | e ex] identified easily just in a short time
DMBSoID et ¥ 1l€ > 02ma/dv Time ms. 2sbcamer/dv  Frequency subcamer .
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5GE/\1ILARY NO—DDAERY U 1—>3>

rZ

Nemo Handy & Cloud Wireless Analyzer
= RICTest T
- e
LoadCore
; -
/ 5G RAN - gNB Near-RTRIC \ EPCI
: — —
: 5G Core
E2 /. E2
....................... L <«
@ rrssssEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE HEIIII » (( )) E Bockhaul
R B il R sununens) (N | (3
.................................................................................................................................................................................. o
> -« —> T — < 1 SGING N
O-RU 0-DU o-cU /
1, : |
UeSIMUE Channel RF/mmW  Network _ RU Open RAN Open RAN DU Core L4-7 Traffic S
Simulation Emulation  Test Emulation Simulator  Analysis DU Emulation  Simulator Simulator -/ tratc server
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