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Nemo Wireless Solutions for Live Network Testing
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Nemo Test & Measurement Products

WIRELESS NETWORK LIFECYCLE SOLUTIONS
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Nemo Handy WalkerAir Nemo Outdoor Nemo NIDI Nemo Nemo Customer Nemo
\ J WalkerAir Invex Il Experience Monitor Autonomous Probe
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Network Network Network

Network Rollout Optimization Benchmarking Monitoring

Nemo Cloud

Control & monitoring

Nemo Xynergy Nemo WindCatcher Nemo Analyze

Post processing and
Network analytics

Distributed Antenna Network Drive Geospatial
(DAS) / Small Cell Management Test Intelligence




5G Field Measurement Evolution

5G Testing Now 5G Testing 2020
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Supported 5G Test Devices

Qualcomm X50 based devices

* All devices listed here are supported in Nemo | s
Outdoor and have been used on the field by LG V50 ThinQ ABCHTMINE S 55 HTC 5G Hub
Keysight customers Lo

* Devices in both mmWave and sub6GHz are
supported

* Nemo Handy supports both QC X50 and
Samsung Exynos 5100 chipsets OnePlus 5G

ZTE n 10 Pro 5G Oppo Reno 5G

Samsung S10 5G Huawei Mate 20X 5G
(Both Qualcomm X50 based, (HiSi Chipset based,

beta, demo and trial capability)

Netgear Nighthawk

Q WNC 5G hotspot
= /
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5G Coverage
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Beam Based Network Coverage

» Paradigm shift from cell
coverage to beam
coverage

* Many kinds of beams,
static and dynamic,
mobile, and network side
* DL reference beams
* UL beams (UE/CPE-

specific)
* DL/UL traffic beams
* Vendor-specific

é\ Beam sweeping: PSS, SSS, PBCH

B

Beam sweeping: minimum system information
over PBCH

RACH request

UE-specific PDSCH beam: RACH response &
system information, RRC connection setup

gNB requests beam/CSlI reporting

Data transmission on beamformed PDSCH
(with DMRS)

UE responds with beam/CSI report

&
<

PSS/SSS/PBCH beam switch (handover)
@® <« »

Measure with Mobile

e;}o -

PSS = Primary Synchronization Signal

SSS = Secondary Synchronization Signal

PBCH = Primary Broadcast Channel

PBCH DMRS = PBCH Demodulation Reference
Signal

CSI-RS (DL) = Channel State Information Reference
Signal

TRS = Tracking Reference Signal

SRS (UL) = Sounding Reference Signal

PDSCH = Physical Downlink Shared Channel




5G NR - Beam-based Network Coverage

Legacy technologles cell coverage footprlnt |

& WTools
¥ Layers

- Shift from cell-based network coverage to (A W B Sy o ke
beam-based network coverage e o

< -80and >=-90 1999
< S0 and >=-100 1443
< -100 and > = -105 280

< -105 28

» Major challenge for operators and NEMs to
verify and understand the network coverage
in the field

&k Events

5G NR — cell coverage is split into multiple beams with non-continuous coverage footprints
Ph S|cal Cell Id 7 beam index 2 A Physical Cell Id 7 beamlndex 3 Ph S|cal Cell Id 7, beam index 4

& A Layers

A Layers A Layers
5G NR scanned X 5G MR scanner v 55 KR scanner %
SS-RSRP setected CH| 55 RSRP elected Cﬁ S5-RSRP selected CH
I L H Carrier number: 1. Canier number 1
BCET PCET
Beam index; 3 Beam index: 4

55 dema opera X

CalorLegends

A Color Legends
RSRP (dBm) {Distance/m]
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NR Cell Coverage - PCI
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5G NR Scanner Analytics

WINDCATCHER 5G SCANNER TROUBLESHOOTING

ﬂ Troubleshooting
ﬂ Poor Coverage
ﬂ Possible Interference
ﬂ Mumbers of Servers
,,3 Numbers of Beams
(£} Mumbers of Beams for PCI
ﬂ MNumber of Servers Within Threshold
ﬁ Number of Beams Within Threshold
ﬂ Mumber of Beams for PCI Within Threshold

N

Number of Beams Number of Strong Beams

Device - 2 Scanner

" (73%)
W 2 (19%)
= 3i4%)
® 4 (%)
W 502%)
B g%

‘FTampereen.
Tampereen:i¥|

Number of beams above coverage threshold Number of beams above coverage threshold
and within 5 dB of best server
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UE-based Field Measurements Nemo post-processing

X50 CHIPSET

» Solution
» 5G NR UE with diagnostics interface
(QC/Samsung/Hisilicon device)
« Scanner
* Nemo Outdoor and Handy SW for measurement control

* Nemo Analyze/Nemo WindCatcher for post-processing .ﬁ,ﬂm{:. \\_

 Use Cases :
« Throughput & latency testing .
« 5G <> LTE multimode connectivity analysis
* Dual connectivity
« Beam switching & HO analysis
« UE-based KPIs
* Cell measurements: SS-RSRP, -RSRQ, -SINR
* RACH related KPIs
* RRC/L3 signaling
* L1 and MAC throughput, BLER/retransmission rate

Nemo Outdoor

Qualcomm
@ <opdragon

ol 5G modem

SeeGull’IBflex”

* Link adaptation metrics, MCS, TB size, PRB allocation, —
modulation, etc.
 Application QoS KPlIs, throughput, latency !




,’

5G
NR
NS
A
Ne
two
r
k Attach &
SN
Ad
diti
on



5G NR — NSA Secondary node setup

EN-DC ARCHITECHTURE

Release 15 9
MME/S-GW MME/S-GW
. .
|
7 S"U ; s\ »
(9) = ) c (( )
> 8 =) )
-_% - ¢ 1 | T A—— ..
en-gNB . en-gNB
(9) (9)
) (E (é) .:L
X2
eNB eNB
Fiaure 4.1.2-1: EN-DC Overall Architecture
KEYSIGHT
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3GPP TS 37.340 V15.6.0 (2019-06)

~

\ EPC

> E-UTRAN

LTE eNB

NR gNB



5G NR NSA SN setup

NSA SECONDARY NODE SETUP

N o g kW

Attach Request: UE indicates support for
MR-DC.

UE capability enquiry: gNB -> eNB -> UE.
Request for NR — eUTRA UE capabilities

UE NR measurement event configuration
UE measurement report for NR

gNB -> eNB -> UE. Secondary node setup
UE NR DL synchronization

NR RACH

15



5G NR NSA SN Setup

» During ATTACH Request, UE reports to Network that it supports DCNR.

Layer 3/ RRC Messages - 1. Qualcomm

Eventld
RRC5M
RRCSM
RRCSM
RRCSM
RRCSM

RRCSM
RRCSM
RRCSM
RRCSM
L35M

L35M

RRCSM
RRCSM
L35M

RRCSM
RRCSM
RRCSM
RRCSM
RRCSM
RRCSM
RRCSM
RRCSM
RRCSM
RRCSM
RRCSM

KEYSIGHT
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Time
11:38:23.398
11:38:23.418
11:38:23.433
11:38:23.539
11:38:23.574

11:38:23.639
11:38:23.662
11:38:23.667
11:38:23.693
11:38:23.693
11:38:23.693
11:38:23.693
11:38:23.713
11:38:23.713
11:38:23.714
11:38:23.977
11:38:23.998
11:38:23.998
11:38:23.998
11:38:23.998
11:38:24.168
11:38:24.329
11:38:24.416
11:38:24.487
11:38:24.597

11:38:23.639

RRC subch...

BCCH-BCH
BCCH-SCH
BCCH-SCH
BCCH-5CH
BCCH-SCH

CCCH
CCCH
DCCH
DCCH

DCCH
DCCH

DCCH

BCCH-BCH
BCCH-SCH
BCCH-SCH
BCCH-SCH
BCCH-SCH
BCCH-BCH
BCCH-SCH
BCCH-BCH
BCCH-SCH
BCCH-BCH

RRC dir...
Downlink
Downlink
Downlink
Downlink
Downlink

plink '
Uplink
Downlink
Uplink
Downlink
Downlink
Uplink
Uplink
Downlink
Downlink
Downlink
Downlink
Downlink
Downlink
Downlink
Downlink
Downlink
Downlink
Downlink
Downlink
Downlink

RRC message name
MasterInformationBlock
SystemInformationBlockTypel
SystemInformation - SIB3
SystemInformation - SIBS
SystemInformation - SIB2

RRCConnectionRequest
RRCConnectionSetup
RRCConnectionSetupComplete
DLInformationTransfer
IDENTITY_REQUEST
IDENTITY_RESPONSE
ULInformationTransfer
DLInformationTransfer
ATTACH_REJECT
RRCConnectionRelease
MasterInformationBlock
SystemInformationBlockTypel
SystemInformation - SIB3
SystemInformation - SIBS
SystemInformation - SIB2
MasterInformationBlock
SystemInformationBlockTypel
MasterInformationBlock
SystemInformationBlockTypel
MasterInformationBlock

PDN_CONNECTIVITY_REQUEST

X
~ | Layer 3 signaling message - 1. Qualcomm 11:38:23.610 I x
' " 57 El @E ﬂ]ﬂ [seardt 2|

UIAGE: not supported
UIA7: not supported A

NF: notification procedure not supported
1xSRVCC capability: SRVCC from E-UTRAN to cdma2080?1xCS not supported
LCS: LCS notification mechanisms not supported
LPP: LTE Positioning Protocol (LPP) supported
ACC-CSFB: eNodeB-based access class control for CSFB supported
H.245-ASH: H.245 after SRVCC handover capability not supported
ProSe: ProSe not supported
ProSe-dd: ProSe direct discovery not supported
ProSe-dc: ProSe direct communication not supported
ProSe-relay: ProSe direct communication not supported
CP CIoT: not supported
UP CIoT: not supported
S1-U data: not supported
ERw/oPDM: not supported
HC-CP CIoT: not supported
ePCO: not supported
multipleDRB: not supported
V2XPC5: not supported
RestrictEC: not supported

,GEha;knff.‘.nntéunIDwted
DCNR: supported
Thode: supported
SGC: supported
15 bearers: supported

M ESM message container (hex data: ©82a821e de11d127 238680821 180108088 10810608
ESM message container contents: 0821ed@11d12723808021100100001081066000¢
0 Last visited registered TAI (hex data: 5264f679 6lad)

MCC: 466
MNC: 97

5 TAC: 25005 (@x6lad) v



5G NR NSA SN Setup
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LTE-5GNR UE

LTE eNodeB

5G-NR gNodeB

4G Core Network

13:4
[NAS_;S

peurity Mode Col

plink NAS Trangporl

mplete]

[Activatg

[Attach
 Default Bearer

14:Initial Context Setup Request

IAccept]

Request {APN-AMBR IE}]

ded UE Aggret

d UE Angreq

ale Maximum Bit RAle

Downlink [E {LIE £

ate Maximum Bit Rale Uplink IE {UE AM

MBR Downlink =

R Uplink = 10

15:L

16:UE

IE Capability Eng

UE-CapabilityReque

Capability Infors

e o

uiry

L = eulra, eulra-nr, n

nation

-ContatnerList { rat-Tyg

115

& = EUTRA-NR, ue

apabilityRAT-Conta

NAS level security procedure is completed. From this point, all
communication between MME and UE will be encrypted

MML responds back to the eNodeD with a message containing
three messages: STAP Initial Context Selup Request, NAS Attach
Accept and Activate Default Bearer Request. 5G downlink and
uplink data rales are signaled via Extended UE-AMBR Downlink
and Uplink Information Elements.

161 =

MME has not sent UE capabilities so the eNodeB asks the UE for
“UE Capabilities”. UE capabilities are requested for 4G-LTE (utra),
EN-DC (eutra-nr) and 5G (nr).

UE reports that it supports the EUTRA-NR radio access
technology. EUTRA-NR specific capabilities are specified in the
UE-MRDC-Capability container. The message also contains

informalion about the supported 5G frequency bands.

20:AS S

sir '
SupportedBandLISINR-r15 fleld

19:UE Capability

Info Indicatiog

ecurity Mode Ca

21:AS §

ecurity Mode Cq

UE-Ca
Je-Cay

HityRAT-C
pabilityRAT-Cq

mmand

mplete

hntainerList { rat-Tyg
ntainer = UE-MROC

¢ = EUTRA-NR
Capability}

Extract the dual connectivity capabilities from the UE Capability
Info message.

Extract information about the UE supported frequency bands.

UE capabilities are also passed to the MME

Setup security between the eNodeB and the UE

Ciphering is enabled in both directions

17



5G NR NSA SN Setup

» Network requests UE to report supported LTE and NR capabilities.

Layer 3/ RRC Messages - 1. Qualcomm

Eventld
RRCS5M
L35M
L35M
RRCSM
RRCSM
RRCSM
RRCSM
RRCSM
RRCSM
RRCSM
L35M
L35M
L35M
L35M
RRCSM
RRCSM
L35M

KEYSIGHT

TECHNOLOGIES

Time
11:38:28.863
11:38:28.863
11:38:28.863
11:38:28.864
11:38:28.990
11:38:28.992
11:38:28.992
11:38:28.992
11:38:29.010
11:38:29.058
11:38:29.060
11:38:29.060
11:38:29.069
11:38:29.069
11:38:29.070
11:38:29.098
11:38:29.099

11:38:29.463
11:38:29.511
11:38:29.516
11:38:29.567
11:38:29.572
11:38:29.654
11:38:29.880
11:38:29.881

RRC subch...
DCCH

DCCH
DCCH
DCCH
DCCH
DCCH
DCCH
DCCH

DCCH
DCCH

DCCH
DCCH
BCCH-BCH
DCCH
DCCH
BCCH-BCH
DCCH
DCCH

RRC dir...
Downlink
Downlink
Uplink
Uplink
Downlink
Uplink
Downlink
Uplink
Downlink
Uplink
Downlink
Downlink
Uplink
Uplink
Uplink
Downlink
Downlink

Uplin
Downlink
Downlink
Uplink
Uplink
Downlink
Downlink
Uplink

RRC message name

DLInformationTransfer
ESM_INFORMATION_REQUEST
ESM_INFORMATION_RESPONSE
ULInformationTransfer
SecurityModeCommand
SecurityModeComplete

UECapabilityEnquiry

UECapabilityInformation
RRCConnectionReconfiguration
RRCConnectionReconfigurationComplete
ATTACH_ACCEPT
ACTIVATE_DEFAULT_EPS_BEARER_CONTEX
ATTACH_COMPLETE
ACTIVATE_DEFAULT_EPS_BEARER_CONTEX
ULInformationTransfer

DLInformationTransfer

EMM_INFORMATION

RRCSM. L 11:38.20.44 7. DOCH o o 00k e o EaSurameniRenoit o o o o o

UECapabilityInformation
RRCConnectionReconfiguration

MIB

MeasurementReport
RRCConnectionReconfigurationComplete
MIB

RRCConnectionReconfiguration
RRCConnectionReconfigurationComplete

R S TN

~

RRC signaling message - 1. Qualcomm 11:38:29.463 X
+3C §| E ﬂfﬂ [search o
Time: 11:38:29.463 A

UECapabilityEnquiry (3GPP TS 36.331 ver 15.5.1 Rel 15)
DL-DCCH-Message
message
cl
ueCapabilityEnquiry
rrc-TransactionIdentifier Ll
criticalExtensions
cl
ueCapabilityEnquiry-r8
uiaﬂahi&iiﬁuﬂuaﬁ—————————————l
1 ue-CapabilityRequest wvalue : nr, eutra-nr I
P T P T I T I e e e e e e e
nonCriticalExtension
nonCriticalExtension
nonCriticalExtension
nonCriticalExtension
requestedFregqBandsNR-MRDC-r15
FregBandlList
FregBandlList value 1
bandInformationEUTRA
bandEUTRA : 3
FregBandlList value 2
bandInformationhR
bandNR 78
nonCriticalExtension
eutra-nr-only-ri5 : true

Data (hex):
3C 25 59 41 76 58 62 A8 AR 26




5G NR NSA SN Setup

» UE reports that it supports b3-n78 combination.

Layer 3/ RRC Messages - 1. Qualcomm

Eventld
RRC5M
L35M
L35M
RRCS5M
RRC5M
RRC5M
RRC5M
RRCS5M
RRCSM
RRCSM
L35M
L35M
L35M
L35M
RRCSM
RRCSM
L35M
RRCSM

KEYSIGHT
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Time
11:38:28.863
11:38:28.863
11:38:28.863
11:38:28.864
11:38:28.990
11:38:28.992
11:38:28.992
11:38:28.992
11:38:29.010
11:38:29.058
11:38:29.060
11:38:29.060
11:38:29.069
11:38:29.069
11:38:29.070
11:38:29.098
11:38:29.099
11:38:29.447

11:38:29.516
11:38:29.567
11:38:29.572
11:38:29.654
11:38:29.880
11:38:29.881

RRC subch...
DCCH

DCCH
DCCH
DCCH
DCCH
DCCH
DCCH
DCCH

DCCH
DCCH

DCCH

BCCH-BCH
DCCH
DCCH
BCCH-BCH
DCCH
DCCH

RRC dir...
Downlink
Downlink
Uplink
Uplink
Downlink
Uplink
Downlink
Uplink
Downlink
Uplink
Downlink
Downlink
Upiink
Uplink
Uplink
Downlink
Downlink
Uplink

RRCSM™ "11:38:29.511° DCCH ~ Downlink  RRCConnectionReconfiguration

Downlink
Uplink
Uplink
Downlink
Downlink
Uplink

RRC message name

DLInformationTransfer

ESM_INFORMATION_REQUEST
ESM_INFORMATION_RESPONSE

ULInformationTransfer

SecurityModeCommand

SecurityModeComplete

UECapabilityEnquiry

UECapabilityInformation

RRCConnectionReconfiguration
RRCConnectionReconfigurationComplete
ATTACH_ACCEPT
ACTIVATE_DEFAULT_EPS_BEARER_CONTEXT_REQUEST
ATTACH_COMPLETE
ACTIVATE_DEFAULT_EPS_BEARER_CONTEXT_ACCEPT
ULInformationTransfer

DLInformationTransfer

EMM_INFORMATION

MeasurementReport

RR(SML = 1:38:29.4630 DOCH o o o Dainlinke LECADADLVENIUIN e o o o o o o o o e o o

MIB

MeasurementReport
RRCConnectionReconfigurationComplete
MIB

RRCConnectionReconfiguration
RRCConnectionReconfigurationComplete

RRC signaling message - 1. Qualcomm 11:38:29.463 i n x
f .’ = El E m [Search ol
ue-CapabilityRAT-ContainerList value 2 A
rat-Type : eutra-nr
ueCapabilityRAT-Container
UE-MRDC-Capability
rf-ParametersMRDC
| B e SO ik - ———
Liuppor‘tedBandCombina‘tionList value 1 1
T e e ————
bandList value 1
utﬁa-----——----l
bandEUTRA = 3 ]
“C3-BandwidthClassDL-EUTRA a
ca-BandwidthClassUL-EUTRA a
bandList value 2
[ o e e )
PandlE ;78 ]
ca-BandwidthClassDL-NR a
ca-BandwidthClassUL-NR a
featureSetCombination - 8
mrdc-Parameters
simultaneousRxTxInterBandENDC : supported
supportedBandCombinationlist value 2
bandList
bandList value 1
eutra
bandEUTRA 253
ca-BandwidthClassDL-EUTRA o
ca-BandwidthClassUL-EUTRA a
bandList value 2
nr
bandNR : 78
ca-BandwidthClassDL-NR a Vv




5G NR NSA SN Setup

> Network should send RRC Connection Reconfiguration to UE.

23:RRC [Connection Rec

pnfiguration (SR

B2, DRB)

[ [Altach Accept]
[Activate Default Bearer

Request]
rierFreq-r15)]

[MeasObjectNR-r15 (car

EPS Radio Bearer |d
[RLC Mode
[PDCP Sequence Nur

ity

bt

D4:RRC |Connection Rec

pnfiguration Complete

-

25:Initial Context Setup Responsg

e eNB

F-TEID of Master N

KEYSIGHT

TECHNOLOGIES

The RRC Connection Reconfiguration message is sent lo activate
the defaull radio bearer, The message also carries the Attach
Accept message as NAS Payload. The message includes
measurement objects for 5G NR frequencies.

UE signals the completion of the RRC Connection
Reconfiguration

eNodeB responds back to the Initial Context Setup message. The
message also contains the GTP TEID that should be used for
sending downlink data to the eNodeB

20




5G NR NSA SN Setup

5G-NR gNodeB

RRC Connection Reconfjguration for duTl connectivity

LTE-5GNR UE LTE eNodeB

4G Core Network
MME

» Anchor (LTE) eNodeB requests SN addition to
gNB. This cannot be seen from DT tool side.

throughpul re
a 5G connection

station to determine if 56
coverage is feasible

38:X2AR SgNB Additiop [Request The 4G LTE eNodeB decides to add the 5G-NR base station as a

e secondary node. The eNodeB sends a Secondary Node Addition
Request lo the gNodeB. The message carries the RRC and Radio
Bearer configuration. UE capabilities and security information
are also included in the message

The network indicates whether the UE shall use either KeNB
(master node key) or S-KgNB (secondary node key) for the 5G

DRB.
allocate Allocate 5G cells
39:PScell and SCells

|

allocate Allocale the 5G radio resources needed for the secondary

40:5G Resources (C-RNTI, CQlI, session

SR, SRS)

¥
KEYSIGHT 21
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5G NR NSA SN Setup

» UE should receive RRC Connection Reconfiguration for SCG (node) addition.

LTE-5GNR UE LTE eNodeB 5G-NR ghodeB 46 Core Network
T T
| M3:RRC Conneclion Recpnfiguration (SRB3, DRB) The 4G eNodeB sends an RRC Connection Reconfiguration ta
Lonnection hedt .onne 9
the UE. The message assigns 5G radio resources to the UE.
Add-r15
pupConfig-r15 = CG{Cenfig,
ig-r15 = NR-RRCRaglioBearerConfig
wplD,
-- rlc-Bearer ToAddModList,
-- mac-CellGroupCoffig
---ph |Graug
-- FECD rationWighSync = { newUE-Identity = C-RNTI}
- rif-Ti sAndConplants,
- fimInSyncOutOrSyncThreshold,
---spCeliConfigDedidated,
M i
Wfig1-r15,
1fig2-r15,
ig-ri5.
n
—_—
Extract NR
information from
LTE RRC Connection
Reconfiguration
A4:UE extracts NR Extract the 5G NR RACH Information parameters that will be
RACH configuration needed to access the 5G network
Information
45:Extract C-RNT] Extract the C-RNTI assigned for 5G access
from “new UE
Identity' in the
‘reconfiguration With
Sync’ IE
This message will be sent via the LTE RRC Connection
Recanfiguration Complete message.
pnfiguration Complete The UE signals the receipt of the RRC Connection
TR Recanfiguration to the LT L__z.-Nl.)duBh The message carrles the
Complele NR RRC Reconfiguration Complete’ message meant for the
SN-gNB
48:X2AP SglB Reconfigurgtion Complete The 4G eNadeB Infarms the secondary nade (gNodeB) about the
\ R reconfiguration complete. The "NR RRC Reconfiguration
o Complele” message is delivered to the SN-gNB via the "MeNB to
KEYSIGHT SgNB" container g »
TECHNOLOGIES c

22



5G NR NSA SN Setup

> NR Configuration — adding SCG.

KEYSIGHT

TECHNOLOGIES

Layer 3/ RRC Messages - 1. Qualcomm
Eventld Time RRC subch... RRCdir...
RRCSM  11:38:28.863 DCCH Downlink
L35M 11:38:28.863 Downlink
L35M 11:38:28.863 Uplink
RRCSM 11:38:28.864 DCCH Uplink
RRCSM  11:38:28.990 DCCH Downlink
RRCSM  11:38:28.992 DCCH Uplink
RRCSM  11:38:28.992 DCCH Downlink
RRCSM  11:38:28.992 DCCH Uplink
RRCSM  11:38:29.010 DCCH Downlink
RRCSM  11:38:29.058 DCCH Uplink
L35M 11:38:29.060 Downlink
L35M 11:38:29.060 Downlink
L35M 11:38:29.069 Uplink
L35M 11:38:29.009 Uplink
RRCSM  11:38:29.070 DCCH Uplink
RRCSM  11:38:29.098 DCCH Downlink
L35M 11:38:29.099 Downlink
RRCSM 11:38:29.447 DCCH Uplink
RRCSM  11:38:29.463 DCCH Downlink
RRCSM™ 1T 87950 B BtT — DowAlink —
RRCSM  11:38:29.567 DCCH Uplink
RRCSM  11:38:29.572 DCCH Uplink
RRCSM  11:38:29.654 BCCH-BCH Downlink
RRCSM  11:38:29.880 DCCH Downlink
RRCSM  11:38:29.881 DCCH Uplink

RRC message name

DLInformationTransfer

ESM_INFORMATION_REQUEST
ESM_INFORMATION_RESPONSE

ULInformationTransfer

SecurityModeCommand

SecurityModeComplete

UECapabilityEnquiry

UECapabilityInformation

RRCConnectionReconfiguration
RRCConnectionReconfigurationComplete
ATTACH_ACCEPT
ACTIVATE_DEFAULT_EPS_BEARER_CONTEXT_REQUEST
ATTACH_COMPLETE
ACTIVATE_DEFAULT_EPS_BEARER_CONTEXT_ACCEPT
ULInformationTransfer

DLInformationTransfer

EMM_INFORMATION

MeasurementReport

UECapabilityEnquiry

=11.3820.40%. DOCH . o . Unlink . . UECapabilhin o) e e e e e e e

Mo - ———

MeasurementReport
RRCConnectionReconfigurationComplete
MIB

RRCConnectionReconfiguration
RRCConnectionReconfigurationComplete

RRC signaling message - 1. Qualcomm  11:38:29.511 s

" " 5] E] E m]] |nr—confiq

periodicPHR-1mer : &f 10
prohibitPHR-Timer : sf@
dl-PathlossChange : dB3
dualConnectivityPHR
setup
phr-ModeOtherCG-r12
nonCriticalExtension
nonCriticalExtension
nonCriticalExtension
nonCriticalExtension
nonCriticalExtension
nonCriticalExtension
nonCriticalExtension
2 SLFEROLL e e o e e e
Fr Contig 15 1
1 setup 1
L endc-ReleaseAndAdd-ri15 :Ifal
e e e P T T T TR S
RRCReconfiguration
rrc-TransactionIdentifier : @
criticalExtensions
rrcReconfiguration
secondaryCellGroup
CellGroupConfig
cellGroupId il
rlc-BearerToAddModList

: virtual

rlc-BearerToAddModLis
logicalChannelldent

servedRadioBearer
drb-TIdentity

reestablishRLC

rle-Config



5G NR NSA SN Setup

» Completion of adding SCG.

Layer 3/ RRC Messages - 1. Qualcomm

Eventld Time RRC subch... RRCdir... RRC message name ~ s
RRCSM  11:38:29.098 DCCH Downlink  DLInformationTransfer ~ .
z 5|
L35M 11:38:29.099 Downlink  EMM_INFORMATION t ‘ ~ El E E m | —
RRCSM  11:38:29.447 DCCH Uplink MeasurementReport RRC SIGNALING MESSAGE
RRCSM  11:38:29.463 DCCH Downlink  UECapabilityEnquiry Time: 11:38:29.572
RRCSM  11:38:29.463 DCCH Uplink UECapabilityInformation
RRCSM  11:38:29.511 DCCH Downlink  RRCConnectionReconfiguration RRCConnectionReconfigurationComplete (3GPP TS 36.331 ver 15.5.1
RRCSM  11:38:29.516 BCCH-BCH Downlink  MIB
RRCSM_ 11:38:20.567 DCCH Uplink _ _ MeasurementReport UL DECGH NesSagt
B gy R e L e p—— message
cl
11:38:29.654 BCCH-BCH Downlin| rrcConnectionReconfigurationComplete
RRCSM  11:38:29.880 DCCH Downlink  RRCConnectionReconfiguration rrc-TransactionIdentifier 21
RRCSM  11:38:29.881 DCCH Uplink  RRCConnectionReconfigurationComplete SEItlcq\Extensions )
rrcConnectionReconfigurationComplete-rg
RRCSM  11:38:31.088 DCCH Uplink ULInformationTransferMRDC riontr b b erisann
L35M 11:38:31.119 Uplink PDN_CONNECTIVITY_REQUEST nonCriticalExtension
RRCSM  11:38:31.119 DCCH Downlink RRCConnectionReconfiguration "D"C"étfiélE;“Eezsmf_‘
RRCSM  11:38:31.121 DCCH Uplink ULInformationTransfer TN e et
nonCritical Extension
RRCSM  11:38:31.164 DCCH Uplink RRCConnectionReconfigurationComplete RNt lEAE 05U e o e -
RRCSM  11:38:31.168 DCCH Downlink  DLInformationTransfer |5cg—Con'FigRt?5pon5|?NR— r15
35M  11:38:31.168 Downlink  PDN_CONNECTIVITY_REIECT [ ER£RE‘%"EE“L?E&;&"EE}.;EE_ By
o rrc-lransaction entirier:
RRCSM  11:38:31.567 DCCH Uplink MeasurementReport RN
RRCSM  11:38:31.613 DCCH Downlink  RRCConnectionReconfiguration rrcReconfigurationComplete
RRCSM  11:38:31.668 DCCH Uplink RRCConnectionReconfigurationComplete —_—
2Q-. o : Data ex):
RRCSM  11:38:31.672 BCCH-BCH Downlink  MIB YR
RRCSM  11:38:31.766 BCCH-BCH Downlink  MIB
RRCSM  11:38:39.247 DCCH Uplink ULInformationTransferMRDC
RRCSM  11:38:39.278 DCCH Downlink  RRCConnectionReconfiguration
RRCSM  11:38:39.320 DCCH Uplink RRCConnectionReconfigurationComplete %)
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5G NR NSA SN Setup

» nr-Config1-r15 NR Radio Bearer configuration

Layer 3/ RRC Messages - 1. Qualcomm (Filtered)

Eventld Time RRC subch... RRCdir... RRC message name

RRCSM  11:38:29.567 DCCH Uplink MeasurementReport

RRCSM  11:38:29.572 DCCH Uplink RRCConnectionReconfigurationComplete
RRCSM  11:38:29.654 BCCH-BCH Downlink MIB

RRCSM  11:38:29.880 DCCH Downlink RRCConnectionReconfiguration

RRCSM  11:38:29.881 DCCH Uplink RRCConnectionReconfigurationComplete
RRCSM  11:38:31.088 DCCH Uplink ULInformationTransferMRDC

ROF = TS A TT —t 0 — =~ — T mm T e e

L35M 11:38:31.119 Uplink PDN_CONNECTIVITY_REQUEST

RRCSM  11:38:31.164 DCCH Uplink RRCConnectionReconfigurationComplete
RRCSM  11:38:31.168 DCCH Downlink  DLInformationTransfer

RRCSM  11:38:31.567 DCCH Uplink MeasurementReport

RRCSM  11:38:31.613 DCCH Downlink  RRCConnectionReconfiguration

RRCSM  11:38:31.668 DCCH Uplink RRCConnectionReconfigurationComplete

RRCSM  11:38:31.672 BCCH-BCH Downlink  MIB
RRC5M  11:38:31.766 BCCH-BCH Downlink  MIB

RRCSM  11:38:39.247 DCCH Uplink ULInformationTransferMRDC

RRCSM  11:38:39.278 DCCH Downlink  RRCConnectionReconfiguration

RRCSM  11:38:39.320 DCCH Uplink RRCConnectionReconfigurationComplete
RRCSM  11:38:39.726 DCCH Uplink MeasurementReport

RRCSM  11:38:39.772 DCCH Downlink  RRCConnectionReconfiguration

RRCSM  11:38:39.825 DCCH Uplink RRCConnectionReconfigurationComplete

RRCSM  11:38:39.830 BCCH-BCH Downlink  MIB
RRCSM  11:38:39.915 BCCH-BCH Downlink  MIB

RRCSM  11:38:49.947 DCCH Uplink ULInformationTransferMRDC
RRCSM  11:38:49.980 DCCH Downlink  RRCConnectionReconfiguration
Uplink RRCConnectionReconfigurationComplete

RRC5M  11:38:50.015 DCCH

KEYSIGHT
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X
RRC signaling message - 1. Qualcomm  11:38:31.119 s X
+43%C 8 E fiii Search pl
nonCriticalExtension
nonCriticalExtension A
nonCriticalExtension
nonCriticalExtension
nonCriticalExtension
nonCriticalExtension
nr-Config-ri15
PR 1 - R e 11— - S p——
nr-RadioBearerConfigl-ril5 1
1 RadioBearerConfig 1
1 drb-ToAddModList |
1 drb-ToAddModList value 1 1
1 cnAssociation |
1 eps-BearerIdentity 5 :
1 drb-Identity : 6
1 pdcp-Config :
1 drb
| discardTimer : ms3088 :
1 pdcp-SN-SizelUL 3 lenleitsI
| pdcp-SN-SizeDL - lenlei‘tsl
| headerCompression 1
: headerCompression : notUsed 1
t-Reordering : ms@®
: drb-ToReleaselist :
1 drb-ToReleaselist value 5 1
securityConfig 1
: securityAlgorithmConfig 1
1 cipheringAlgorithm : nea2 1
I BN & . N
i (hex):
22 12 31 Ce 2@ 11 Ce 18 81 48 v




959G NR - SN Change



NR SECONDARY NODE CHANGE

« Slide set shows NR secondary node change as UE moves.

» Sequence of events:
e LTE HO to new caell
* Loss of NR
UE receives NR measurement config on new LTE cell
UE sends MR based on B1 event
New LTE cell provides new SN information
UE performs DL synchronization on NR and then performs RACH
NR is now active on new LTE cell

» Due to the break and make process, discrimination needs to be made between Handover and Secondary
node change.



NR SN CHANGE

NR MEASUREMENT OBJECT

Layer 3/ RRC Messages - 1. Qualcomm

Eve... Time RRC su... RRCdir... RRC message name Physical cell identity (pcell) Physical cell identity (pcell) A  RRC signaling message - 1. Qualcomm 14:33:47.188
CELL... 14:33:45.196

CELL... 14:33:46.157 t “ s %‘ E\E m |E-earch

CELL... 14:33:46.157 pIySCELLLT *57

cellIndividugloffset : dB-1
L35M  14:33:46.975 Uplink SERVICE_REQUEST

_measObisctTosddModlist value 2
RRC... 14:33:46.975 CCCH Uplink RR.CConnectionRequest measObjectId : 2
RRC... 14:33:47.046 (CCCH Downlink  RRCConnectionSetup mEESObjEC_t
RRC... 14:33:47.049 DCCH Uplink RRCConnectionSetupComplete “E::S?i:i:f:":is 0
RRC... 14:33:47.150 DCCH Downlink  SecurityModeCommand 2 )

rs-ConfigSSB-rls
measTimingConfig-ril5s
periodicityAndOffset-rl5

RRC... 14:33:47.206 DCCH Uplink RRCConnectionReconfigurationComplete Ssaff)ﬁ;;‘:on_ris iis

RRC... 14:33:47.327 DCCH Uplink MeasurementReport subcarrierSpacing558-r15 : kHz38
RRC... 14:33:47.349 DCCH Downlink  RRCConnectionReconfiguration quantityConfigSet-ri5 : 1

RRC... 14:33:47.370 DCCH Uplink RRCConnectionReconfigurationComplete bandNR-r15

CELL... 14:33:47.388 SERED__ESad]

measObjectToAddModlist value 3

RRC... 14:33:47.451 DCCH Uplink MeasurementReport v measObject

——— el e ki ETRA

NR measurement object configuration

KEYSIGHT
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NR SN CHANGE

NR REPORT CONFIG

Layer 3/ RRC Messages - 1. Quaicomm LTE NR x
Eve... Time RRC sU... RRCdir... RRC message name Physical cell identity (peel Physical cell identity (pcell #~ RRCsignaling message - 1. Qualcomm 14:33:47.188 2 x
g : P ! p g g g
RRC... 14:33:47.046 CCCH Downlink  RRCConnectionSetup ~
RRC... 14:33:47.048 DCCH Uplink RRCConnectionSetupComplete ' " L= E‘ E m
RRC... 14:33:47.150 DCCH Downlink  SecurityModeCommand reportQuantity : both
RRC.. 14:33:47.151 DCCH Uplink SecurityModeComplete maxReportCells 1 ~
- 5 reportInterval : ms5120
? i sl reportAmount : infinity
14:33:47.206 Uplink RRCConnectionRecenfigurationComplete FeportConTig vaTied
RRC... 14:33:47.327 DCCH uplink MeasurementReport reportConfigld: 3
RRC... 14:33:47.340 DCCH Downlink  RRCConnectionReconfiguration e 2
) L : reportConfigInterRAT
RRC... 14:33:47.370 DCCH Uplink RRCConnectionReconfigurationComplete triggerType
CELL.. 14:33:47.388 SVBITE
CELL.. 14:33:47.388 eventId
RRC... 14:33:47.451 DCCH Uplink MeasurementReport EUERLBIENR TS
1 ) b1-ThresholdlR-r15
RRC... 14:33:47.452 DCCH Uplin MeasurementReport Nr-RSRP-r15 @ 41
RRC... 14:33:47.488 DCCH Downlink  RRCConnectionReconfiguration reportOnLeave-r1s : false
RRC... 14:33:47.489 DCCH Uplink RRCConnectionReconfigurationComplete hysteresis 12 (=1.@ dB)
RRC... 14:33:47.577 DCCH Downlink  RRCConnectionReconfiguration timeToTrigger i
i) Ny R A maxReportCells : 4
RRC... 14:33:47.597 DCCH Uplin onnectionReconfigurationComplete reportInterval . ms128
RRC... 14:33:47.625 BCCH-S... Downlink SystemInformationBlockTypel reportAmount : infinity
RRC... 14:33:47.625 BCCH-S... Downlink SystemInformation - SIB2 reportQuantityCellNR-r15
RRC... 14:33:47.625 BCCH-S... Downlink SystemInformation - SIB3 e EWE
] . ) ~ ss-rsrq @ true
RRC... 14:33:47.625 BCCH-S... Downlink  SystemInformation - S1B4,51B5,51B8 s etnr s falee
RRC... 14:33:47.696 BCCH-BCH Downlink MIB - iy i
RRC... 14:33:47.712 BCCH-BCH Downlink MIB reportConfigld: 4
CELL.. 14:33:47.889 "p"rﬂ::ﬁ“ TroAddiodi ] 1
repor
CELL.. 14:33:47.880 ::igg measIdToAddModlist value 1
RRC... 14:33:48.180 BCCH-S... Downlink SystemInformation - SIB2 e measObjectId : 1
RRC... 14:33:48.185 BCCH-S... Downlink SystemInformationBlockTypel report(onfj_gld; 1
RRC... 14:33:48.200 BCCH-S... Downlink  SystemInformation - S1B4,51B5,51B8 measIdToaddModiist value 2
RRC... 14:33:48.300 PCCH Downlink  Paging H measId .2
CELL.. 14:33:48.372 t x
= ) measObjectId : 1
CELL... 14:33:48.372 o tConfigld: 2
CELL.. 14:33:50.372 ET I repcr reportConfigld::
< > £ MeasldToAddModList value 3
measId : 3
measObjectId : 2
NR report configuration based on B1 event. Leportieniigld 3
measIdToAddModlist value 4
NR MeasObject and reportconfig configured to be reportedunder menslif i
R measObjectId : 3
MeasID 3 in Measurement report reportConfigld: 4
measIdToAddModLlist value 5

measId 25
measObjectId : 3




NR SN CHANGE

LTE HANDOVER

INITIATION

Line Graph - RSRP (pcell) - = = - X
o [ 5
it (&) 9 % | 3
04 Layers =+ w4
=y A ~
E -32 v
4 e
g ., CHEEMEY
o M
o X
o 'QE’MW- Values =]
L Parameter Value
g -128
-160 4
T T T T T T T T T .

14:33:40 14:33:50 14:34:00 14:34:10 14:34:20 14:34:30 14:34:40 14:34:50 14:35:00 | 1. RSRP (pcell) o x
< > [¢ >
Layer 3/ RRC Messages - 1. Qualcomm : : : = : : : = ICFE fits | NR I X
Eve... Time RRCsU... RRCdir... RRC message name Physical cell identity (pcell}  Physical cell identity (pcell) # RRCsignaling message - 1. Qualcomm  14:34:46.813 qx
CELL... 14:34:46.313 E

~ Eardl [
CELL.. 14:34:46.313 32 8 EEMm B
CeLL. 143446313 g
co message A
- cl
CELL... 14:34:46.816 measurementReport
measurementReport-rg
RRC... 14:34:46.880 DCCH Downlink  RRCConnectionRecanfiguration measResults
RRC... 14:34:46.927 DCCH Uplink RRCConnectionReconfigurationComplete measId : 1

RRC... 14:34:46.945 BCCH-S.. Downlink  SysteminformationBlockTypel “EESRE;““KEH s Hiszomedil

] = rsrpResu : = - m

RRC... 14:34:47.053 DCCH Dovl,-vr:nk RRCConnecnonReconEguratuon | LTE neighhor cell reporied as P i S 14 (- -13.0 dB)

RRC... 14:34:47.056 DCCH Uplin RRCConnectionReconfigurationComplete measResultleighCells
RRC... 14:34:47.080 BCCH-S... Downlink  SystemInformation - S1B4,SIBS5,51B8 ne“er “Ia“ I'TE Pce. measResultListEUTRA
RRC... 14:34:47.138 DCCH Uplink MeasurementReport ‘"EE;RESUﬁL;StEL’TM value 1
RRC... 14:34:47.168 DCCH Downlink  RRCConnectionReconfiguration proscelly ¢ 399
measResult

RRC... 14:34:47.189 DCCH Uplink. RRCConnectionReconfigurationComplete rsrpResult: 46 (= -94 dBm)

RRC... 14:34:47.220 BCCH-5... Downlink  SystemInformation - SIB2 v rsrgResult: 17 (= -11.5 dB)
o measHesultservrreqriseorIg v

(__ — - ? measResultServFrealist-r18 value 1

Wl 41 b M’ 3G NRY NRavers' Scatter Granhs % Default 4 Default 5 Default& /+
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NR SN CHANGE

LTE HANDOVER COMMAND

KEYSIGHT

TECHNOLOGIES

Line Graph - RSRP (pcell) : z 2
L ) o
] |
0 Layers
— 4
£ -324
e} o] 5
o H Y
= CHERET Y
@ M Val
a 795_Wwwﬂﬁh | = Tiies
e Parameter Value
g -128
-1604 T T T T T T T T T T T T T T T T T T T T T T
14:33:40 14:33:50 14:34:00 14:34:10 14:34:20 14:34:30 14:34:40 14:34:50 14:35:00 || 1. RSRP {pcell) X
< e >
Layer 3/ RRC Messages - 1. Qualcomm L | NR I X
Eve.. Time RRC su... RRCdir... RRC message name Physical cell identity (peell} Physical cell identity (peell) | RRCsignaling message - 1. Qualcomm  14:34:46.880 X
CELL... 14:34:46.816 =
~ = e |
= Searct el
t3C @B EE
e o : message A
14:34:46.927 Uplink RRCConnectionReconfigurationComplete rrcConnectionReconfiguration
RRC.. 14:34:46.945 BCCH-S.. Downlink SystemInformationBlockTypel ’"S*T"ﬁ;ﬁ“i‘?’jme”fifie" 20
RRC... 14:34:47.053 DCCH Downlink  RRCConnectionReconfiguration U‘::_Ica Extensions
RRC... 14:34:47.056 DCCH Uplink RRCConnectionReconfigurationComplete rrcConnectionReconfiguration-ra
RRC... 14:34:47.080 BCCH-5 Downlink  SystemInformation - SIB4,SIB5,SIB8 mobilityControlInfo
RRC.. 14:34:47.138  DCCH Uplink MeasurementReport LTE Handover command from targetPhysCellld  : 389
.34 ; "
RRC... 14:34:47.168 Downlink  RRCConnectionReconfiguration Pcl 4“1 Iu Pcl 399 dl-CarrisrFreq : 41094
RRC... 14:34:47.189 Uplink RRCConnectionReconfigurationComplete additionalSpectrumEmission e
RRC... 14:34:47.220 Downlink  SystemInformation - SIB2 t384  : ms2000
RRC... 14:34:47.246 Downlink  SystemInformationBlockTypel newUE-Tdentity
Bin : '35ID'H (= 13597)
RRC... 14:34:47.270 uplink MeasurementReport z 2
radicResourceConfigCommon
RRC... 14:34:47.308 DCCH Downlink  RRCConnectionReconfiguration rach-ConfigCommon
RRC... 14:34:47.310 DCCH uplink RRCConnectionReconfigurationComplete v preambleInfo v
< > <



NR SN CHANGE

COMPLETION OF LTE HO AND MRSENTWITHNRCELLINFO

Line Graph - RSRP (pcell)

TE]

Layers
—_ A
g -32
@ -] v
o 4] = oy 3
~ 64 @ ii ﬂi i? i? | .
E M
h:d _96_#ﬂlﬁajimquigrh,~4f”"u1ﬂJ*LJ1ﬁJfLIL"H~r~ru=“¢‘h—f"LJLHngrﬂ,J‘fL‘”JA‘L”'rﬁrjf”gl”lr:—h’w;’ﬂ‘LTLr Valies
& Parameter Value
0128
-160
T T R R T T T T R oo "
14:33:40 14:33:50 14:34:00 14:34:10 14:34:20 14:34:30 14:34:40 14:34:50 14:35:00 | 1.RSRP (pcel)
< > [«
Layer 3/ RRC Messages - 1. Qualcomm L | NR |
Eve... Time RRC su... RRCdir.. RRC message name Physical cell identity (pcell) Physical cell identity (pcell) A  RRC signaling message - 1. Qualcomm 14:34:47.310

RRC... 14:34:47.080 BCCH-S... Downlink SystemInformation - 51B4,5IB5,51B8

~ =
RRC... 14:34:47.138 DCCH Uplink MeasurementReport ' ' = gl E m =

RRC... 14:34:47.168 DCCH Downlink  RRCConnectionReconfiguration criticalExtensions
RRC... 14:34:47.189 DCCH uplink RRCConnectionReconfigurationComplete I-TE “a“ﬂo"er ﬁﬂmlﬂele‘l a“d cl
RRC... 14:34:47.220 BCCH-S... Downlink  SystemInformation - SIB2 IlE rennm "n measurement meas“":’“”izepﬁ"t"‘g
RRC.. 14:34:47.246 BCCH-S.. Downlink  SystemInformationBlockTypel rthased on B1 L R |
RRC... 14:34:47.270 DCCH uplink MeasurementReport reno ase nn e"en measResultPCell
RRC... 14:34:47.308 DCCH Downlink  RRCConnectionReconfiguration rsrpResult : 46 (= -94 dBm)
RRC.. 14:34:47.310 DCCH Uplink RRCConnectionRecanfigurationComplete “;“"E.i::f_ = B SR B
o 3 2 % n o measkesu e1g e L §
x R measResultNeighCellListNR-r15
14 47.325 measResultNeighCellListNR-r15 value 1
CELL... 14:34:47.325 pci-ris : 399
RRC.. 14:34:47.390 BCCH-S... Downlink Systemlnformation - SIE3 neashesultbell-pls
_ 5 rsrpResult-ris : 65
RRC... 14:34:47.395 DCCH Downlink  RRCConnectionReconfiguration rsrqResult-ris . 63
RRC... 14:34:47.419 DCCH Uplink RRCConnectionReconfigurationComplete measResultNeighCelllistNR-r15 value 2
RRC... 14:34:47.445 BCCH-S.. Downlink  SystemInformationBlockTypel pci-ris P4l
RRC. 14:34:47.445 BCCH-S... Downlink Systemlnformation - SIB4,5185,5188 e “E“RE:““ﬁH;;“ "
rsrpresu Lo 2 T
< > rsrqResult-ris : 51
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NR SN CHANGE

NR NEW SN ADDITION. NR INTERRUPTION

KEYSIGHT
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Line Graph - RSRP (pcell)

i = = x
i) o
e v s e
of— Layers ‘ax
= ! 4 "
E -32 v
it — .
o o o & I
= 61 CRENET Y
=
g _QG_WMWW% Vliioe “Ox
% Parameter Value
& -128
-1601 T T T T T T T T T T T T T T T T T T T T T T T T T |
14:33:40 14:33:50 14:34:00 14:34:10 14:34:20 14:34:30 14:34:40 14:34:50 14:35:00 | | 1. RSRP (peell) o x
< > [« >
Layer 3/ RRC Messages - 1. Qualcomm LIE | NR | X
Eve... Time RRC su... RRCdir.. RRC message name Physical cell identity (pcell) Physical cell identity (pcell) #~ | RRC signaling message - 1. Qualcomm 14:34:47.385 a x
RRC... 14:34:47.310 DCCH Uplink RRCConnectionReconfigurationComplete ~ = :
= Search 2|
RRC.. 14:34:47.310 DCCH Uplink MeasurementReport +8C 3 i=Niiii = !
s PIySTCaICE L IO UupCOTTIg
CELL... 14:34:47.325 i p-NR-FR1 : 23 (dBm) A
CELL... 14:34:47.325 pdsch-HARG-ACK- Codebook :_dynamic
14:34:47.380 BCCH-S... Downlink  SystemInformation - SIB3 spCellConfig
I Sy v rar et St > servCellIndex : 7
. RRi 14:47.3 ICCH wnli ConnactionF figL S - —
RRC... 14:34:47.419 DCCH uplink RRCConnectionReconfigurationComplete e S Hew s" ddmon
spCellConfigCommon
RRC... 14:34:47.445 BCCH-S... Downlink  SystemInformationBlockTypel physCellld . 399
RRC... 14:34:47.445 BCCH-S... Downlink SystemInformation - SIB4,5IB5,SIB8 downlinkConfigCommon
RRC... 14:34:47.445 BCCH-S.. Downlink SystemInformation - G2 frequencyInfobl
RRC.. 14:34:47.482 BCCH-BCH Downlink M8 NR interruption: After LTE HO, UE needs to be configured new shenlifsfreaientyssh  SaneTs
4 2 frequencyBandList
RRC... 14:34:47.518 BCCH-BCH Downlink MIB Pscell, synchronize and perform RAGH before NR is back up frequencyBandList value 241
RRC... 14:34:47.710 BCCH-S... Downlink SystemInformation - SIB3 absoluteFrequencyPointA : 518262
RRC... 14:34:47.720 BCCH-S... Downlink  Systeminformation - SIB4,S185,S188 SCS'SF‘:Cif{L;f_EE"iEFLii’S s
o . SC5-speciTticiarrierils value
CELE o Ry offsetToCarrier ]
CELL... 14:34:47.827 _ subcarrierSpacing @ kHz3@
e St Dld el A w carrierBandwidth > 106 v
< > < D >




5G NR - Field testing observations



5G NR downlink speed

FR1 - N78

2B v s

E—._._——E————— s x [PV —— Ox
1073.74M+ D : Val -
Application arameter alue ~
805.31M 1. Packet technology EN-DC & B 1. PDSCH throughput
” throughpu
S 1. Band (pcell) LTE FDD 1800 band 3 2
=% ; 1. Band (scell) NR n78 @ B= 1. RSRP (scell)
268.44M 4
5 E B= 1. SINR (scell) v
O rere fecefly @ ﬁ: ﬁ: f ﬂ; ' ‘
1 NR RSRP T POSCH throughput o B X
£ PDSCH throughput (Mbps)  Cell type | Max. downlink
= 1149.0 SCG SCell 0 : speed ~ 1Gbps
-128§ e ——
- 1. RSRP (scell) 0o x
E— RSRP (dBm) NR-ARFCN ~ PCI B
NR SINR -53.1 85 0
_Ecﬂ’ 1S|NR(SCEH) (LR T DO DR R TR Dx
SINR (dB) NR-ARFCN  PCl Bl
20.1 8s5 0
15:21:00 15:21:30 15:22:00

KEYSIGHT 35

TECHNOLOGIES



5G NR downlink speed
FR2-N2BT

536.87M Values O X | Layers X
469.76M | Parameter Value 4
:gig:g 5 2. Packet technology  EN-DC [ == 2. PDSCH throughput
= oegaaml ] 2. Band (pcell) LTE FDD 1800 band 3 @
= 268. ;
201.33M1 | 2. Band (scell) NR n261, NR n261, NR n261, NR n261 5B 2 RSRP (scell)
134.22M P
67.11M1
o throughput @. 2. SINR (scell)
0 roretecelly
-324 e -
NR RSRP ChEEEREL Y
_64_
g 2. RSRP (scell) O X
-961 RSRP (dBm) NR-ARFCN  PCI B Max. downlink
-1281 2. PDSCH throughput T T L O X -86.0 7
- speed ~ 2Gbps
1601 | | | | PDSCH throughput (Mbps)  Cell type -04.8 12 p p
SINR {scell] 534.0 SCG SCell 1 -99.7 15
32 533.6 SCG SCell 0 -107.3 10
-~ NR SINR 5336 SCG SCell 2
" | 533.6 SCG SCell 3 L SINER Mol i v e e e e e O
© 0l SINR (dB) NR-ARFCN  PCI BI
18.6 7
-161 15.5
| JNEREA 1.8 15
I 12:21°30 12:22:00 12:22 42 10
< >
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5G NR RACH Issue

SCG FAILURE WITH RACH - SCGFailurelnformationNR

Line Graph - RSRP (scell) :*: e
e S | B5% MBC E
268, 44M J 2Pt hreushet driik 1. Application throughput downlink O X Layers X
e Application th roughput App. rate DL (Mbps) ~ Data transfer context ID 4
= e 0.2 32 E =a 1. Application throughput downlink
' . 1. RSRP (scell ax o
%% 64|NR RSRP - : R;SEP_(B’_;E?_:) NR-ARFCN PCl Bl A [ 1. RSRP (scell) |
e I [ |IRETE 52
11:50:45 12:00:00 12:00:15 120030  |[-1235 | 5 1
< > 11286 1 5 4 viCEKERET §

Device Status 1 X
| ] < Local >

B 1. QUALCOMM

4 lockinfo

|- WLAN Radio Off
}- Locked to LTE FDD 1800 band 3
L Locked to NR band 78

Layer 3/ RRC Messages - 1. Qualcomm

Eventld Time RRC subch... RRCdir... RRC message name ~ | RRC signaling message - 1. Qualcomm 11:59:59.771 - o x
RRCSM  11:59:55.378 DCCH Downlink  RRCConnectionReconfiguration P . |

Searcl 2|
RRCSM  11:50:55.381 DCCH Uplink  RRCConnectionReconfigurationComp ::19-.1'1-:;-:.9%1 E =Y i
RRCSM  11:59:58.334 DCCH Downlink RRCConnectionReconfiguration T A
RRCSM  11:59:58.374 DCCH Uplink RRCConnectionReconfigurationComg X X

. SCGFailureInformationhR (3GPP TS 36.331 ver 15.5.1 Rel 15)
RRCSM  11:59:58.793 DCCH Uplink MeasurementReport
RRCSM  11:59:58.812 BCCH-BCH Downlink  MIB UL-DCCH-Message
RRCSM  11:59:58.835 DCCH Downlink  RRCConnectionReconfiguration message .
RRCSM  11:59:58.923 DCCH Uplink  RRCConnectionReconfigurationCom ”*Ei;ageuassa‘te"sm"
 BROSM, o L1250058.97 2 M ROCHBCH o Rownlinke oMIBe o o o o o o o o o o 1 scgFailureInformationNR-r15
1 criticalExtensions
RREIM = =+ 2206261329 = POCH= = = = Bomiie =—RRECommectionReconfigmation= = J € ) i
RRCSM  12:00:00.375 DCCH Uplink RRCConnectionReconfigurationCom segeatlireinfonsat ook o135
bt P 9 F ot il e R 0 04755 545 b B 1 o e e o e o e e e e
RRCSM  12:00:00.794 DCCH Uplink MeasurementReport | failureType-r15 ¢ pandonbceassProblad 1
RRCM 12-NN-NN R mMrrH Nnamlink PRI annactinnPacanfinuratinn . L@ﬂﬁﬁjﬁﬂ?—ﬂf---------------l v
< > MeasResultSCG-Failure
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4 Packet session activated
L HTTP #32: (DL 35%)



5G NR Sync Reconfiguration Issue

G FAILURE WITH Sync Recofig — SCGFailurelnformationNR

Line Graph - RSRP (scell) 0O X Device Status e o x
Lﬁ S ] 59% g 1 | | < Local >
— e ; E 1. QUALCOMM
268.44M I =0 downl ik 1. Application throughput downlink wsseesn OO X || Layers sessssimsissisistiniisnsimsns e P Q

n ’ < 4 Lockinfo

z . . 4

2 134.20M] Appllcatlon throughput oo App. rate DL (Mbps)  Data transfer context ID |_ e

B T N—WPYCT | IHli[ H I At e e E &= 1. Application throughput downlink
1 ey p | Locked to LTE FDD 1800 band 3
= 64 1. RSRP (scell O x L Locked to NR band 78
5 |NR RSRP |1 RSRP Geel) I ERSTET | 1 to NR band
1281 il il RSRP (dBm) NR-ARFCN PCl Bl Attached
115430 115445 11:55:00 11:55:15 11:55:30 4 Packet session activated

< > CRERET § L HTTP #26: (DL: 43%)

Layer 3/ RRC Messages - 1. Qualcomm ax

Eventld Time RRC subch... RRCdir... RRC message name ~  RRC signaling message - 1. Qualcomm  11:55:04.257 1 x

RRCSM  11:55:03.652 DCCH Downlink  RRCConnectionReconfiguration o g = — |
= Spard 2|

RRCSM  11:55:03.691 DCCH Uplink  RRCConnectionReconfigurationCom t3Cc @ EEM .

RRCSM  11:55:04.077 DCCH Uplink MeasurementReport RRC SIGNALING MESSAGE A

RRCSM  11:55:04.120 BCCH-BCH Downlink  MIB Time: 11:55:04.257

RRCSM  11:55:04.123 DCCH Downlink  RRCConnectionReconfiguration

p BRCSM e ol L2 09177 o QUL o o = WDl — _RECCannedionRecanfigurationCom SCGFailureInformationNR (3GPP TS 36.331 ver 15.5.1 Rel 15)

RAETH = =4 £=55:645 33 = BGEH= = = = Bovyine = RRECemTreetion Reesmigaration— = J “j:gg:;:e“age

RRCSM  11:55:04.570 DCCH Uplink RRCConnectionReconfigurationComp messageClassERtension

RRCSM  11:55:04.957 DCCH Uplink MeasurementReport c2

RRCSM  11:55:04.967 BCCH-BCH  Downlink MIB scghailureInformationhR-rl5

RRCSM  11:55:05.000 DCCH Downlink  RRCConnectionReconfiguration “glcalE"te“sm“s

RRCSM  11:55:05.055 DCCH Uplink RRCConnectionReconfigurationComg scgFailureInformationR-r15

RRCSM  11:55:05.129 BCCH-BCH  Downlink MIB fibyosReort e Ml e e e e e

PRFEM  11-G5-07 415 NwrH 1inlink MazciramantRannrt ¥ failureType-rils : synchReconfigFailureSCG

- > e v
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5G NR Volte cali

Lost of NR during Volte call

SIP Messages - 1, Qualcomm O X Layer 3/ RRC Messages - 1. Qualcomm DeviceStatir n
Eventld Time Direction Message Eventld Time RRCsubc... RRCdirec... RRC message name A Layer 3 signaling message,
~
SIPSM  15:32:48.688 Upiink 200 0K RRCSM  15:32:57.050 PCCH Downlink Paging + 832 8 H 1. QUALCOMM
SIPSM 15:33:00.464 Downlirk 100 Trying RRCSM  15:33:00.297 DCCH Downlink RRCConnectionReconfiguration e Attached
SIPSM 15:33:00.902 Downlink 183 Session Progress RRCSM  15:33:00.300 DCCH Uplink RRCConnectionReconfigurationComplete bearer identity (hex da] Pack - d
SIPSM  15:33:00,908 Uplink PRACK RRCSM  15:33:00,890 DCCH Downlink RRCConnecbonReconﬁguaucn EPS bearer identity ACRES SCISIOn BEtate
SIPSM 15:33:01.008 Diownlink 200 OK . inlink y edure transaction ident IMS SIP server registered
SIPSM 15:33:01.528 Downlink 183 Session Progress 135M  15:33:00.915 Downlink AC‘I‘NATE DED‘ICA‘I'ED EPS _BEARER ccmarr _REQUEST TP”’CE‘:'”" Edt‘:".“cst’ VoLTE call connected
SIPSM  15:33:01.535 Uplink PRACK L3SM  15:3%:00.917 Uplink ACTIVATE_DEDICATED_EPS_BEARER_CONTEXT_ACCEPT pee g:’:s;g:“nu&:r;‘ Cl;:
= % : V 1 o ‘7
SIPSM  15:33:01.648 Downlink 200 OK AR 15:33:00,918 DCCH Uplink ULTnformationTranster TR RN v
SIPSM  15:33:04.408 Downlirk 180 Ringing RRCSM  15:33:02.170 PCCH Downlink Paging Linked EPS bearer § Para.. | Devic. FileT.. Rem
SIPSM 15:33:04.415 Uplink PRACK RRCSM  15:33:08,570 PCCH Downlink Paging e Half octet (hex data:
SIPSM 15:33:04.568 Dowenlink 200 OK DoS (hex data: @5@11f1f 1Fif)
SIPSM 15:33:04.568 Downlink 183 Session Progress RRCSM  15:33:13.689 PCCH Downlink Paging g - ce 1erT
SIPSM  15:33:04.578 Uplink PRACK RRCSM  15:33:18.809  PCCH Downlink  Paging ::?““Tf:ﬁ'gﬂ EER
SIPSM  15:33:04.688 Dawrlink 200 OK RRCSM 15:33:22649  PCCH Downlnk  Paging e
RRCSM 15:33:29.217  DCCH Uplink MessurementReport ki€ s il
i e i aCcket Error Loss Rate: 8E-2
SIPSM 15:33:13.020 Uplink ACK B2 LSN 123200 B30 Is'aia] Liplickc Example Services: Conversational voice
SIPSM  15:34:01.046 Uplink BYE RRCSM  15:33:30,150 DCCH Uplink SCGFailurelnformationiR T
SIPSM  15:34:01.210 Downlink 200 OK =Tt R ek B P 3Jaleiz] Dpink Measurementieport Maximum bit rate for downlink: 31 kbps N
SIPSM  15:35:33.396 Uplink INVITE RRCSM  15:33:30.230 DCCH Downlink RRCConnectionReconfiguration G Guaranteed bit rate for uplink: 31 kbps
R R S = . e St s L S i Sasy . sl oS = farantesd hit rate for dosenlinks 21 khnc
< > € >
04 p————— - BEEEEEE AR L RO 1. FUSLH throughput  U.1 Mby
c 5 3 N R RS RP 1 4 5GNR 1. Call state Connes
L e | = W 1- RSRP (scel) 1. MAC downlink thr... 0.1 Mb)
-128 ":— R 1.PDCP downlink th... 0.0 Mby
= 1. PDSCH throughput 0.1 Mby
4 EmR (scel i B 1-SINR (sceld |
N 32 NR SINR : . :E 1. PDSCH rank 2
- ol 1 - w || 1. RSRP (scell) 111.5¢
e T — e _—a nenne w
) -!— (Q i ﬁ ' ‘, ? ‘?. 2 CIMR (rrally -7 rgl
| —— == RSRP (scell) X
. o LTE RSRP
& RSRP (dBm) NR-ARFCN  PCI BI
-l e
-1281 1115 633696 127 o
1dle .
1. RSRP {pcel 3 X 1. SINR (scell} ox
Volte call : :
Connected- h RSRP (dBm) SINR (dB) NR-ARFCN PCl BI
connecte d
Traffic channel allo.., et 2 53365
T ¥ T T T T
15:33:16 15:33:20 15:33:25 15:33:30 < >|| < >
y
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QUESTIONS?



Resources

FOR MORE INFORMATION

Redefining 5G New Radio Drive Testing

5G NR drive testing and benchmarking with Nemo Intelligent Device Interface
Nemo Outdoor 5G NR Drive Test Solution

Related Products:

« Nemo Handy « Nemo Cloud

* Nemo FSR1 * Nemo Xynerqgy

« Nemo WalkerAir  Nemo WindCatcher
« Nemo Invex | « NemoAnalyze

« Nemo Customer Experience Monitor
« Nemo Autonomous Probe




Acronym Decoder

3GPP — Third Generation Partnership Project
5G NR — 5t Generation NewRadio

Bl — Beam Index

BLER — Block Error Rate

CPE — Customer Premise Equipment

CSI-RS (DL) = Channel State Information Reference Signal

DL — Downlink

FCC — Federal Communications Commission
KPI — Key Performance Indicator

MAC — Media Access Control

MCS — Mobile Crowd Sourcing

MIMO — Multiple Input Multiple Output
mmWave — Millimeter-wave

NEM — Network Equipment Manufacturer
PBCH — Primary Broadcast Channel

PBCH DMRS — PBCH Demodulation Reference Signal
PDSCH — Physical Downlink Shared Channel

PRB — Physical Resource Block

PSS — Primary Synchronization Signal

QoE — Quality of Experience

QoS — Quality of Service

RACH — Random Access Channel

RAN — Radio Access Network

RAT — Radio Access Technology

RRC - Radio Resource Control

SRS (UL) - Sounding Reference Signal

SSB — Synchronization Signal Block

SS-RSRP — SS Reference Signal Received Power
SS-RSRQ - SS Reference Signal Received Quality
SS-SINR — SS Signal-to-Noise and Interference Ratio
SSS — Secondary Synchronization Signal

TRS — Tracking Reference Signal

TX — Transmitter

UE — User Equipment

UL — Uplink
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