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Agenda

Introduction to 5G network deployment

Network deployment process Network deployment configurations

Product Validation

LTE-NR split is dynamically changed to match traffic requirements

Lab & first field study

Site verification & Cluster verification
acceptance and acceptance
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Introduction to 5G Network Deployment
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Single Site Verification and Cluster Tuning are Critical
Aspects of 5G Network Deployments

Product Validation » Site
Lab & first field study

validation » Network optimization » e onch
optimization

\ 4

\ 4

Site installation and

integration

Cluster tuning
Site verification & Cluster verification
acceptance and acceptance
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Frequency Range and Spectrum Availability Dictates
Deployment Configurations

LTE Primary — 20 MHz

CC1-20MHz + NR Carrier
60 MHz
CC2 —-20 MHz
LTE Primary — 20 MHz
CC1-20 MHz
4+ NR Carrier
CC2 -10 MHz 5 MHz

CC3 -10 MHz

FR1 deployment example
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LTE eNB

./
Pcell + Scells

CP+UP

‘NRgNB

PScell + Scells

NR primary Carrier
100 MHz

NR CC 1-100 MHz

LTE Primary | + NIy

NR CC 3 - 100 MHz

NR CC 4 — 100 MHz

FR2 deployment example



Spectrum Strategy Example- Dynamic Spectrum Sharing

Before 5G First 5G Future

First 5G spectrum deployments were in 3.5 GHz MHz  launch 2025

bands for capacity, and low bands (700 MHZz)

for coverage, eventually with LTE refarming 3500
Low-band LTE refarming enables CA between NR in 3.5

GHz and NR in low bands 2600

800 MHz is normally left for coverage and VoLTE 2100
In a second phase, the refarming of 3G 2100

3G+LTE
MHz for LTE would leave 900 MHz only for 1800
2G/3G

2G switch off depends on M2M utilization 900 2G+3G 2G+3G

Next step would be a gradual introduction of 800

Dynamic Spectrum Sharing in the LTE Bands

between 1800-2600 MHz 700 LTE/5G LTE/5G
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Acceptance Testing
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Key to Success: Defining Acceptance Criteria Based on

User Experience

H Site survey —
Installation &
| commissioning

Network
planning

Acceptance &
NW launch

Lab Tests

|
|
I ...................

Per cell Stationary tests:

e « Beam coverage validation
.+ Peak throughputs

« Latency

 MIMO related issues

* Modulation

 Rank

e LTE + NR bearer utilization
« RACH

'—'—'—'—'—'—'—'—'—'—I

|Integr|ty AcceSS|b|I|tyI

‘Retainability Mobllltyl

/h; | \ Intra-site mobility tests:
\\ A \\ A » Intra-site handovers success
- « Handover interruption time

« RACH
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Inter-site mobility tests:

* Inter-site handover success

« Handover interruption time

* Cell coverage footprint
validation

* Average throughput

« RACH



Quantifying User Experience is Key

Eventld Time RRC su... RRCdir... RRC message name RACH reason ~

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

EventId Time RRC su... RRCdir...

RRC message name

RACHI 11:06:42.186

RRCSM 11:06:42.198 DCCH Downlink  RRCConnectionReceonfiguration

RRCSM 11:06:42.209 DCCH Uplink RRCConnectionReconfigurationComplete
RRCSM 11:06:42.209 DCCH Uplink MeasurementReport

RRCSM 11:06:42.237 DCCH Downlink  UECapabilityEnquiry P
RRCSM 11:06:42.250 DCCH Uplink UECapabilityInformation 5G
RRCSM 11:06:42.250 DCCH Downlink  UEInformationRequest

RRCSM 11:06:42.250 DCCH Uplink UEInformationResponse

RRCSM 11:06:42.280 BCCH-5... Downlink  SystemInformation - SIB2

RRCSM 11:06:42.319  BCCH-5... Downlink  SystemInformation - SIBS

RRCSM 11:06:42.330 DCCH Downlink  RRCConnectionReconfiguration

RRCSM 11:06:42.346  DCCH Uplink RRCConnectionReconfigurationComplete
RRCSM 11:06:42.398 DCCH Downlink  RRCConnectionReconfiguration

RRCSM 11:06:42.433 DCCH Uplink RRCConnectionReconfigurationComplete
RRCSM  11:06:43.387 BCCH-BCH Downlink MIB k
RRCSM 11:06:52.464 DCCH Uplink MeasurementReport

RRCSM 11:06:54.504 DCCH Uplink MeasurementReport

RRCSM 11:06:54.594  DCCH Downlink  RRCConnectionReconfiguration

RRCSM 11:06:54.619  DCCH Uplink RRCConnectionReconfigurationComplete
RACHI 11:06:54.635

RRCSM 11:06:54.647 DCCH Downlink  RRCConnectionReconfiguration

14:39:27.431 Unlink PDN CONMECTIVITY REOUEST

KEYSIGHT 5G Test Seminar
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Acceptance Criteria — Focus on Beams

=
6 PCI-Beam Analysis

0 ARFCN_PCI 635322_70
8

9

Beams detected Beam SS-RSRP Statistics

10 Beam_index 0 16.61% 394,023 21,205  -104.08 5.38% >=-80dBm >80%
11 Beam_index 1 16.39% 388,971 5,062 -106.11 1.30% >=-90dBm >80%
C SS'RSRP '98dBm used as Out-Of-COVeI’age 12 Beam_index 2 12.95% 307,187 134,886  -95.37 43.91% =-90dBm >90%
q 13 Beam_index 3 9.34% 221,567 9,999 -109.69 4.51% >=-90dBm >90%
threshold to filter all other results 4] | Beam indexs 15.05% Wrdeh  GAT  STA2  ADIL  >=ddBm  >0%
15 Beam_index 5 14.93% 354,275 120842  -96.77 34.11% >=-90dBm >80%
16 Beam_index 6 14.73% 349,546 25,231 -100.54 7.22% >=-90dBm >90%
17 Beam_index 7 0.00% = >=-80dBm >90% -
apgs 18 Beam index unknown 0.00% - >=-90dBm >90% —
* Mobility 19
20 ARFCN_PCI 535322 71

Beams detected Beam SS-RSRP Statistics

« Successful handovers - clockwise and & e otom | STaTUs | Toul | Passed | Average | Wieks | Trrestold | TARGET | savus |

C O u n t e r C I O C kW| S e 23 Beam_index 0 14.91% [N E el | 274,247 | 30,394 -105.09 11.08% >=-90dBm >90% Fail-Non mandatory
24 Beam_index 1 T7.62% Pass-Non mandatory 140,040 23,799 -99.45 16.99% >=-90dBm >80% Fail-Non mandatory
o H d H t t t 25 Beam_index 2 9.85% Pass-Non mandatory 181,200 15,164 -102.38 8.37% >=-90dBm >80% Fail-Non mandatory
an Over I n e rru p I O n I m e 26 Beam_index 3 16.81% Pass-Non mandatory 309,079 7,526 -107.91 2.43% >=-90dBm >90% Fail-Non mandatory
27 Beam_index 4 14.24% Pass-Non mandatory 261,801 17,702 -105.28 6.76% >=-90dBm >90% Fail-Non mandatory
28 Beam_index § 22.33% Pass-Non mandatory 410,576 126,777 -102.15 30.63% >=-80dBm >80% Fail-Non mandatory
29 Beam_index 6 14.24% Pass-Non mandatory 261,851 52,722 -102.28 20.13% >=-90dBm >80% Fail-Non mandatory
30 Beam_index 7 0.00% Fail- Mon mandatory - >=-90dBm >90% —
31 Beam index unknown 0.00% - >=-90dBm >90% -
32
33 ARFCN PCI 635322 69
34 Beams detected Beam SS-RSRP Statistics
35 STATUS | Total | Passed | Average | MEAS | THRESHOLD | TARGET STATUS
36 Beam_index 0 19.81% Pass-Non mandatory 273,683 101,846 -94.54 37.21% >=-90dBm >80% Fail-Non mandatory
7 Beam_index 1 927%  [INETTEIINTERRET | 128062 | 68.063 9299 53.15% >=-90dBm =T VAN Fail Non mandatory |
4 Pl 5G NR Acceptance (scanner) Beam statistics (UE) Beam statistics (scanner) Map plots (UE) Map plots (scanner) (™) 4
)

Nemo Analyze 5G acceptance report with SSB Beam check
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Beam Coverage Validation Requires 3D Measurements
and Visualization

« Beam patterns may be 3-dimensional —
verification requires 3D measurements

« 3D environment model helps to understand

mmWave coverage results

<hamEoAs ¥

emazELE

Pt

" s = | . - 3D Visualizer of Nemo Analyze, SSB beam
coverage footprints visualisation from drone
measurement
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Mobility Testing: NR in Lower Band Increases Complexity

LTE — LTE HO with same _
NR cell NR cells footprint — Low band

NR Cell 1
LTE LTE Cell
Cell 3 . o

((A))

NR — NR HO within
LTE cells coverage on same LTE anchor
Band X

5G Test Seminar
KEYSIGHT _ _ _
TECHNOLOGIES © Copyright 2020: Keysight Technologies, Inc.
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Mobility Testing: NR — LTE Pre-Defined Band
Combinations Poses Coverage Challenges

UE 1: NR Serving RSRP
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UE 1- Forced to LTE NSA anchor bands + NR

UE 2- No forcing. User Experience




Scanner Measurements Capture SSB From Multiple Cells

'é\ Beam sweeping: PSS, SSS, PBCH I:]

n

Beam sweeping: minimum system information
over PBCH

n
>

qsyre with aNNe
RACH request

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

gNB requests beam/CSI reporting I:I

Data transmission on beamformed PDSCH
Y

: Csy .
(with DMRS) 0oy

i PSS = Primary Synchronization Signal
UE responds with beam/CSl| report SSS = Secondary Synchronization Signal

< PBCH = Primary Broadcast Channel
PSS/SSS/PBCH beam SWitCh handover PBCH DMRS = PBCH Demodulation Reference Signal
) ( ) - CSI-RS (DL) = Channel State Information Reference Signal
@ <« g ? TRS = Tracking Reference Signal

. . SRS (UL) = Sounding Reference Signal
Measure W|th MOb”e PDSCH = Physical Downlink Shared Channel
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Inter-Site Beam Pollution Increases Interference

Number of Beams
&3 Troubleshooting _ [VFOs _ :

f} Poaor Coverage
i3 Possible Interference
- Numbers of Servers

Number of Strong Beams
ﬂ Mumbers of Beams

QP Skt

N 4
7
- . \/
i} Mumbers of Beams for PCI

ﬂ Mumber of Servers Within Threshaold
ﬂ Mumber of Beams Within Threshold
ﬂ- Mumber of Beams for PCI Within Threshold

Murtokatu

2| Device - 2 Scanner

1(34%)
2(25%)
3(12%)
4(7%)
54%)

® 6 (5%)

B 7(11%)

= 3(1%)

| Device - 2 Scal

W 1(73%)
™ 2 (19%)
™ 3(4%)
" 42%)
" 502%)
®6(1%)

)
i
3
[
)
3
2
€
2
-1

Tampere Stodum

\(3(\0 .
S ¥
C N

e I Tampereen-|/
Rav .
Ratinanranta h ’

A N Tampereen-|
R a3ty
Ratinanracits o -

Number of beams above coverage threshold Number of beams above coverage
by location
KEYSIGHT

threshold and within 5 dB of best server

.

5G Test Seminar
© Copyright 2020: Keysight Technologies, Inc
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Various Test Cases Required to Validate Throughput
Performance

Customer/test

Peak rate DL (NR |/Avg rate DL (NR | Avg rate UL (NR

100MHz BW, Rank 4,
256QAM, FR1

100MHz BW, Rank 4,
256QAM, FR1

100MHz BW, Rank 4,
256QAM, FR1

60MHz BW, Rank 4,
2560QAM, FR2, MU-
MIMO LTE in use

100MHz BW, Rank 4,
256QAM, FR1

KEYSIGHT
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case
MNOL1 cell centre

MNO1 cell mid range

MNO1 cell edge

MNO2

Nemo test Sep 2019,
Elisa live NW, Huawei
infra, Nemo Handy on
Oneplus Pro 5G

only)
1.2Gbps

700Mbps

400Mbps

900Mbps (1600Mbps |
LTE + NR

h(6OM Hz+60MHZz))
736Mbps

only)
800Mbps

500Mbps

@OMbps

only)
195Mbps

90Mbps

50Mbs /




Acceptance Criteria — Latency Examples From The Field

LATENCY, EMBB USE CASE

round trip with ping.

Initial acceptance tests latency is tested as E2E ja [ 2 087 56 Turku Stationary loc2 190107 1413041
p y a0 P14 _|F - Elisa_OP7_5G_Turku_Stationary loc2 190ct07_141304.1
@ 12 2|l Elisa_oP7_5G_Turku_Stationary loc3 indoor 190ct07_142346.1
= 50 - F 10 E W = Elisa_OP7_5G_Turku_Stationary loc3 indoor 190ct07_142346.1
L=}
g o &
E 10 6 3
O C
o 4 o
20 a
2
0

Criteria Max E2E Latency LT T

NGNM 200km between
NR node and
EPC/NGCore

MNO1 cell centre
MNOL1 cell mid range
MNO1 cell edge
MNO2

Nemo test, Elisa live NW,
Huawei infra, OnePlus Pro
5G Nemo Handy

KEYSIGHT
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Ping round trip time

ms

10-15ms

Density & Cumulation |Histogram | Aggregates|

Elisa_OP7_3G_Turku_Stationary loc2 190ct07_141304.1 | Elisa_OP7_5G_Turku_Stationary loc3 indoor 190ct07_142346.1 -
Average
Maximum 21 16
Minimum 12 12
& | Std. deviation 2.872 1.02
& | Variance 8.249 1.04
& | Threshold == 15 53.846 50
1omS < | Sample count 13 24 j
13ms EPC/NGCore  Application
N vBBU Server
15ms gNB  (heneny — R E
“e(\c\’ Fa— .~ \
\2 2
L
\ B
75ms UE / End to End Bitencies
15 2 | > Application
ms Server

Measured Round
Trip Times

MEC option
Source: NGNM




VoLTE/NR Concurrency: Measure and Ensure VoLTE Does
Not Interrupt 5G

Introducing 56
by EPC NSA

‘ i
H—; ;&h mlh; % y
el I -l e A

P P Option7/7a/7X Option § Option 2

&0

Optional CSFB->VOLTE->VoNR | EPS FB or RAT FB

Voice/Video or VoLTE->VoNR
Communication

Solution

Operator 1: Loss of 5G due to VoLTE call

VoelTE->VoNR VoelTE EPS FB or RAT FB

or VoLTE->VoNR

Operator 2: VOLTE — NR concurrency

Line Graph - RSRP (scell)

] 50% WII‘

O X LI GraP = PG CH ARG AU 0 i i K

v e WII‘

|r

1. RSRP (scell) i - X = - 1. PDSCH throughput it X
7 o 3 7
RSRP (.. NR-AR.. PCI Bl 5 ook ] PDSCH bitrate (.. Cell type ~
— -05.9 2254997 23 14 _g 33k 0.1 PCell
E a8 e o = : —— - nn cron h
Z 6] o 13:43-00 13:43-05 134310 134315 < >
% -804 < > Layers Values 1. PDSCH throughput
8
o 96 e A TP USRS RSP O R S S E—— 3 3 » T i ni O X || Line Graph - PDSCH throughput o S
a -
% -112] .
5 Voo e[
-128 O 0 O a =
~144 1 t 1] T GG (em=l)) scecesezeressensansocazeacse. £ £ e 1. PDSCH throughput =it X
i} 7 E 7
160 ] 32 ] E
ol =3 =% =% = == = - 25 e RSRP (.. NR-AR.. PCI Bl [ PDSCH throughp... Cell type
16:42:30 16:42:40 16:42:50 16:43:00 16:43:10 16:43:20 16:43:30 16:43:40 16:43:50 = 64 981 522078 368 0 & o 00 SCG PSCell
< > Layers Values 1.RSRP (scell) 5 -9 2 E
a -128 £ 4096
AT g =
2 180 2 RE
~
Eve.. | Time RRCsu.. RRCr.. RRCmessage name 13:43:00 13:43:30 13:44:00 13: S 134300 13:43:30 13:44:00 1344
< > layers Values 1.RSRP.. | 1.RSRP.. [< > Llayers Values 1. PDSCH throughput
16:42:55.206  PCCH Downlink  Paging
16:42:56.255  DCCH Downlink  RRCConnectionRecenfiguration T Y e e L Ll = e e s s e 5 S e e o) £ | | OD e L e L) & s s e sne s s s s 0
16:42:56.364  DCCH Uplink RRCConnectionReconfigurationComplete Eve.. Time RRCsu... RRCdir.. RRC message name A | Eventd Direction  Message &
16:42:56.364 Downlink  ACTIVATE DEDICATED_EFS_BEARER_CONTEXT REQUEST RRC... 13:43:02.579 DCCH Downlink  RRCConnectionReconfiguration SIPSM uplink INVITE
16:42:36.401 Uplink ACTIVATE_DEDICATED_EPS_BEARER_CONTEXT_ACCEPT RRC... 13:43:02.612 DCCH Uplink RRCConnectionReconfigurationComplete SIPSM Downlink 100 Trying
16:42:56.402 DCCH Uplink ULInformationTransfer SIPSM Downlink 183 Session Frogress
16:42:57.233  DCCH Uplink MeasurementReport L3SM  13:43:02.614 Uplink ACTIVATE_DEDICATED_EPS_BEARER_CONTEXT_ACCEPT SIPSM Uplink PRACK
16:42:57.272  DCCH Downlink  RRCConnectionReconfiguratian RRC... 13:43:02.616 DCCH Uplink ULInformationTransfer
16:42:57.275  DCCH Uplink RRCConnectionReconfigurationComplete RRC.. 13:43:03.896 PCCH Downlink  Paging SIPSM  13:43:06.266  Downlnk 200 OK
16:42:57.642  PCCH Downlink  Paging ] ] RRC.. 13:43:04.917 PCCH Dowmlink ~ Paging SIPSM  13:43:06.295  Uplink ACK
16:42:57.719  DCCH Downlink - RRCCannectionReconfiguration RRC... 13:43:06.195 PCCH Downlink ~ Paging SPSM  13:44:12.343  Uplink BYE
16:42:57.745  DCCH Uplink  RRCConnectionReconfigurationComplete RRC.. 13:43:08.755 PCCH  Downlink  Paging SIPSM  13:44:12.404  Downlink 200 0K
L3SM  16:42:57.745 Downlink  MODIFY_EPS_BEARER_CONTEXT_REQUEST RRC.. 13:43:10.035 PCCH Downlink ~ Paging v | sPsM 1344125412 uplink INVITE v
L35M  16:42:57.747 Uplink MODIFY_EPS_BEARER_CONTEXT_ACCEFT . .
nor acan.raas  necn ot [ ————

KEYSIGHT _ 5G Test Seminar _
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VoNR: Similar to CSFB, EPS Fallback Needs Validation

IMS call EPS FB - Redirection

Events - 1. HiSilicon Balong 5000 (Filtered) -

Event name

Call attempt

Layer 3 signaling message
RR.C signaling message
RR.C signaling message
RRC signaling message
RRC signaling message
RR.C signaling message
RRC signaling message
RRC signaling message
RRC signaling message
Layer 3 signaling message
RRC signaling message
SIP signaling message

SIP signaling message
Layer 3 signaling message
RRC signaling message
RRC signaling message
RRC signaling message
Layer 3 signaling message
RRC signaling message
RRC signaling message
RRC signaling message
Layer 3 signaling message
Layer 3 signaling message
Layer 3 signaling message
Layer 3 signaling message
RR.C signaling message
RRC signaling message
RRC signaling message
Layer 3 signaling message
Layer 3 signaling message
Layer 3 signaling message
Layer 3 signaling message
RR.C signaling message
SIF signaling message

SIF signaling message

Call connect success
Layer 3 signaling message
Layer 3 signaling message
SIP signaling message

SIP signaling message

SIP signaling message

SIF signaling message

Call connect success

SIP signaling message

Call connect success

SIF signaling message

SIP signaling message

£

Time:
17:47:29.709

17:47:30.734
17:47:30.867
17:47:30.867
17:47:30.891
17:47:30.918
17:47:30.921
17:47:30.929
17:47:30.949
17:47:30.978
17:47:31.086
17:47:31.674
17:47:31.875
17:47:32.047
17:47:32.066
17:47:32.071
17:47:32.106
17:4m32.111
17:47:32.269
17:47:32.326
17:47:32.356
17:47:32.357
17:47:32.396
17:47:32.559
17:47:32.560
17:47:32.597
17:47:32.600
17:47:32.638
17:47:32.638
17:47:35.043
17:47:35.696
17:47:35.699
17:47:35.722
17:47:35.753

17:47:36.208
17:47:36.208
17:47:36.221
17:47:46.572

KEYSIGHT
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Summary

Originated call, ool
SERVICE_REQUEST

RRCSetupRequest

RRCSetup

CellGroupConfig IE

RRCSetupComplete
SecurityModeCommand
SecurityModeComplete
UE-CapabilityRequestFiterNR IE
CellGroupConfig IE

SERVICE_ACCEPT

CellGroupConfig IE

INVITE

100 Trying

SERVICE_REQUEST

RRCRelease

MasterInformationBlock
MasterInformationBlock
TRACKING_AREA_UPDATE_REQUEST
RRCConnectionRequest
RRCConnectionSetup
RRCConnectionSetupComplete
AUTHENTICATION_REQUEST
AUTHENTICATION_RESPONSE
SECURITY_PROTECTED_MAS_MESSAGE
SECURITY_MODE_COMPLETE
SystemInformation - SIBS
SecurityModeCommand
SecurityModeComplete
TRACKING_AREA_UPDATE_ACCEPT
TRACKING_AREA_UPDATE_COMPLETE
ACTIVATE_DEDICATED_FPS_BEARER_C...
ACTIVATE_DEDICATED_EPS_BEARER_C...
MasterInformationBlock

183 Session Progress

PRACK

LTE IMS voice, Traffic channel allocated
MODIFY_EPS_BEARER_CONTEXT_REQU...
MODIFY_EPS_BEARER_COMTEXT_ACCEPT
200 OK

UPDATE

200 OK

180 Ringing

LTE IMS voice, Alerting

200 0K

LTE IMS voice, Connected

ACK

BYE

RRC signaling message - 1. HiSilicon Balong 5000

+3C @ EEM

Protocol System A

MR RRC SIGNALING MESSAGE

MR Time: 17:47:59.113
NR
MR RRCRelease (3GPP TS 38.331 ver 15.5.1 Rel 15)
NR
NR DL-DCCH-Message
message
NR a
NR rreRelease
rrc-TransactionIdentifier i e
NR criticalExtensions
rrcRelease
redirectedCarrierinfo
eutra
eutraFrequency : 138@
NR
LTE FDD Data (hex):
\TEFDD 12 81 2@ A2 58
LTE FOD
LTE FDD
LTEFDD
LTE FOD
LTE FOD
LTE FDD

| Introducing 5G
by EPC NSA

IMS call EPS FB - HO

Events - 1. HiSilicon Balong 5000 (Filtered)

Event name

Call attempt

Layer 3 signaling message
RRC signaling message
Layer 3 signaling meszage
SIP signaling message

SIP signaling message

Handaover fhandoff attempt
RRC signaling message
Handover handoff success
RRC signaling message
RRC signaling message
RRC signaling message
RRC signaling message
RRC signaling message
RRC signaling message
Layer 3 signaling message
RRC signaling message
RRC signaling message
Layer 3 signaling message
Layer 3 signaling meszage
Layer 3 signaling message
Layer 3 signaling meszage
Layer 3 signaling message
Layer 3 signaling message
Layer 3 signaling meszage
SIP signaling message

SIP signaling message

Call connect success
Layer 3 signaling message
Layer 3 signaling message

SIF signaling message

Par——1

/3 g !T i
Option3/3a/3X Optiond/4a Option7/7a/7X Option 5 Option 2
CSFB->VoLTE->VoNR || EPS FB or RAT FB | VoelTE->VoNR VoelTE EPS FB or RAT FB

Optional
Voice/Video

or VoLTE->VoNR
Commui

Solution \ J

or VoLTE->VoNR

Spurce: HM

Time
16:42:00.840
16:42:01.975
16:42:02.004
16:42:02.005
16:42:02.039
16:42:02.073

16:42:02,796
16:42:02.862
16:42:02.879
16:42:02.888
16:42:02,900
16:42:02,925
16:42:02,933

16:42:03. 100
16:42:03.254
16:42:03.257
16:42:03.308
16:42:03.309

16:42:05.154
16:42:05, 160
16:42:05.377

16:42:16.0438
16:42:16.818
16:42:17.006

Summary

Originated call, SEMS——,
SERVICE_REQUEST
CellGroupConfig IE
SERVICE_ACCEPT

TMNVITE

100 Trying

UECapabilityEnguiry

UECapabilityInformation
MasterInformationBlock
SystemInformationBlockTypel
UECapabilityEnguiry
UECapabilityInformation
SystemInformationBlockTypel
TRACKING_AREA_UPDATE_REQUEST
SystemInformationBlockTypel
SystemInformation - SIBS
TRACKING_AREA_UPDATE_ACCEPT
TRACKING_AREA_UPDATE_COMPLETE
ACTIVATE_DEDICATED_EPS_BEARER._C...
ACTIVATE_DEDICATED_EPS_BEARER_C...
DOWRNLINE_MNAS_TRANSPORT

CP_DATA

CP_ACK

183 Session Progress

PRACK

LTE IMS voice, Traffic channel allocated
MODIFY_EPS_BEARER_CONTEXT_REQU...
MODIFY_EPS_BEARER_CONTEXT_ACCEPT
200 OK.

UPDATE

200 OK.

180 Ringing

LTE IMS voice, Alerting

CAMCEL

200 OK,

437 Request Terminated

Normal disconnect, CS disc. cause:487
ACK
DEACTIVATE_EPS_BEARER_CONTEXT_R...
DEACTIVATE_EPS_BEARER_CONTEXT_A...
RRCConnectionRelease

MIB

5161

SystemInformation

SystemInformation

Protocol System A~

MR

LTE FDD

LTE FDD
LTE FDD
LTE FDD
LTE FOD
LTE FDD
LTE FDD

LTE FDD
LTE FDD

LTE FDD
MR
MR
MR
MR

RRC signaling message - 1. HiSilicon Balong 5000 16:42:02.776

t8c @ EEMm

RRC SIGMALING MESSAGE
Time: 16:42:02.776

mMobilityFromNRCommand (3GPP TS 38.331 ver 15.5.1 Rel 15)

DL-DCCH-Message
message
<1
mobilityFromNRCommand
rrc-TransactionIdentifier e
criticalExtensions
mobilityFromNRCommand
targetRAT-Type : eutra
targetRAT-MessageContainer
nas-SecurityParamFromiR
Hex : @5

Data (hex):
48 50 22 94 14



95G Indoor Testing: Site Location Planning and Baselining
Ensure Good Coverage

WNC 5G hotspot PcTel HBFlex Scanner

FR1=3.5GHz

FR2=28GHz i |

Both FR1 and FR2 gNB antenna in the same
location, same direction, see picture

m IH“ " il
L u|||||| I

gNB Tx power configuration

« FR1 total TX power: 1W

* FR2 total TX power: 2W

« FR1 BW: 100MHz, FR2 BW: 4x100MHz

* > SS-RS TX power ~-2dBm for both FR1 and FR2

Measurement devices

« HBFlex scanner
* WNC router with Speedtest.net download active tests

KEYSIGHT
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9G Indoor Test: Measurements With Active Beamforming
are Required for Optimization

FR1: SS-RSRP Best FR2: SS-RSRP Best

A Tools - il . i 1 L 54 £ ¥Tools
= [ Layers
BEEEICIEIENN T
olor Legends
Lk f
|é) ”g H' H H ‘ | RSRP (dBrm) v2 [Distance/m]
BTS filter: - I EE—
[ cens | o 000%
Alavers -40 0 0.00%
X -50 0 0.00%
SS-RSRP 1. best (RSRP (dBm) v2) 0 0 0.00%
N1 70 0 000%
Carrier number: > 0 80 841173 027%
by 56 indoor demo.nbf Sites V% -00and < -90 72663899 23.33%
-110 and < -100 132735039 42.62%
@ ImEh <-110 105180786 33.77%
RSRP (dBm) v2 [Distance/m]
0 0.00%
0 0.00%

11706528 7.54%
62596327 40.31%
40942037 32.16%
25846531 16.64%
4590946 2.96%
611343 0.39%

0 0.00%

A Events
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Benchmarking: Segue to Post-Launch

Reishol

B
@ Openstresti conhl)murs
i o Sl

Reisholz!

Samsung S10 * 5. ox

Business
Park Disseldorf-
Siid

i Aan! des
Samsung A90 *

aqens 2949

A90_NormalMobility 204pri4 0¥
’ PDSCH throughput (Throughput (0-3

NR serving cell type: SCG Pscell

A Color Legends
Throughput (0-300Mbps) [Distance/m]

subns 230

»= 300 113 2.92%

»>= 250 and < 300 285 7.36%
>= 200 and < 250 348 8.98%
»= 150 and < 200 870 22.46%
»>= 100 and < 150 1447 37.35%
>=30and < 100 606 15.64%
>=0.001 and < 50 205 5.29%
< 0.001 0 0.00%

Huawei Mate

SEGRO
Business
Pork Disseldorf-
Siid

’PDSCH throughput (Throughput (0-2
NR serving cell type: SCG PSCell

@OgsnEﬁmetMFg

A Color Legends

Throughput (0-300Mbps) [Distance/m]
»= 300 272 8.63%
»>= 250 and < 300 619 19.64%
>= 200 and < 250 683 21.67%
== 150 and < 200 598 18.97%
»>=100 and < 150 473 15.01%
>=30and < 100 245 T.77T%
>=0.001 and < 50 255 8.09%
< 0.001 7 0.22%

aqens 2949

Business
Park Disseldorf-
Siid

Sc

| |
=] Ogensltsew* corlmij:uwrs

LE]

g eabebid

¥
© Qpenstreelhls cont‘llbutuvs
s - e MR

]
connjbulurs
1592

Reisholz!
A Layers
: ;20 520 joined X

g M >=200and < 250 399 15.72%
:

\ A Layers

Huawei_20Apr21 061553 vX
PDSCH throughput (Throughput (0
NR serving cell type: SCG PsCel

A Color Legends

Throughput (0-300Mbps) [Distance/m]
>= 300000000

250000000 and < 300000000

»= 200000000 and < 250000000

»= 150000000 and < 200000000

== 100000000 and < 150000000

»= 50000000 and < 100000000

»= 1000 and < 50000000

< 1000

’PDSCH throughput (Throughput (0
NR serving cell type: SCG PSCell

A Color Legends

Throughput (¢-300Mbps) [Distance/m]
>= 300 3 0.12%
»= 250 and < 300 347 13.67%

»>= 150 and < 200 518 2041%
»>=100and < 150 429 16.90%
»=350and < 100 135 5.32%
>= 0.001 and < 50 583 23.21%
< 0.001 118 4.65%
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Application Throughput DL

450 416.951
Mbps416.951
p 380.533
00 367.786 Mbps380.533
Mbps367.786
336.331
350 Mbps336.331
300
250
218.015 Mbps 216.592 Mbps
j00 195512Mbps
160.206 Mbps
150
100
50
0
Samsung AS05G Huawei Mate 20X 5G 510 520

W App throughput downlink Avg App throughput downlink 90percentile

5G Test Seminar

© Copyright 2020: Keysight Technologies, Inc.

350.00

300.00

250.00

200.00

150.00

100.00

50.00

75 ps

148.66 Mbps

AS0 DT

Optimization

PDSCH throughput per device

11 s 16 s
18 ps 30 s
" 5 s
40| ps
48] ps
44) s
38 ps
183,04 Mbps 197.63 Mbps 188,52 Mbps
Mat20 DT s10DT $2007T

m LTE secondary3 PDSCH throughput ave (Mbps)

m LTE secondary2 PDSCH throughput avg (Mbps)

B LTE secondaryl PDSCH throughput avg (Mbps)

m LTE primary PDSCH throughput avg (Mbps)

SCG PDSCH throughput avg (M bps)

22



Summary

Introduction to 5G network deployment

Network deployment process Network deployment configurations

Product Validation

LTE-NR split is dynamically changed to match traffic requirements

Lab & first field study

Site verification & Cluster verification
acceptance and acceptance

Acceptance testing

User experience  Coverage  \Mobility  Throughputs — Site planning VOLTE/NR concurrency Benchmarking

e
)

{
|
)

i ﬁf |
1 N \

P
VOLTE + 5&3 Iili i
i
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Keysight Nemo Test and Measurement Products

4 Measurem ent\
Nemo ‘ l ' I
Walker Air Nemo  Nemo Intelligent Nemo Nemo Customer Nemo

\ | Y } Walker Air - pevice Interface  Invex I

A \ J \ /

{ \ | |

Experience Monitor Autonomous Probe j

Network Network Network
Optimization Benchmarking Monitoring

Network Rollout

Nemo Cloud Measurement Automation)

Remote Control and Monitoring E

\ J
7 Nemo Xynergy Nemo WindCatcher Nemo Analyze Analyti cs )
| sl g Post-processing and o o =
, , ; Network Analytics 2
Distributed Antenna  Network Drive Geospatial
k(DAS) / Small Cell Management Test Intelligence J
KEYSIGHT 5G Test Seminar 24
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Thank You!

Resources:

Finding Nemo: https://www.keysight.com/en/pc-2767981/nemo-wireless-network-solutions?cc=US&lc=eng

Understand the quality and performance of your live 5G NR network with Keysight's Nemo solutions: https://youtu.be/nPIpSKMiKjw
Taking 5G network testing to another level with Nemo Handy and Nokia drone: https://youtu.be/l4Q4VaNz5SE

5G NR SA Field Measurements with Nemo Qutdoor: https://voutu.be/5UehEPUOeSA

KEYSIGHT
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https://www.keysight.com/en/pc-2767981/nemo-wireless-network-solutions?cc=US&lc=eng
https://youtu.be/nPlpSKMiKjw
https://youtu.be/l4Q4VaNz5SE
https://youtu.be/5UehEPUOeSA

Appendix

CSI-RS (DL): Channel state information reference signal PBCH DMRS: PBCH demodulation reference signal
CP: Control plane PBCH: Primary broadcast channel

CSFB: Circuit switched fallback PDSCH: Physical downlink shared channel
DL: Downlink PSS: Primary synchronization signal

EPS: Evolved Packet System RACH: Random access channel

eNB: LTE base station RRC: Radio resource control

ENDC: E-UTRAN NR dual connectivity SRS (UL): Sounding reference signal

gNB: 5G base station SSS: Secondary synchronization signal
MIB: Master information block TRS: Tracking reference signal

MIMO: Multiple input multiple output CPE: Customer premise equipment

MR: Measurement report UE: User equipment

MR-DC: Multi radio dual connectivity UL: Uplink

NR: New Radio UP: User plane

NSA: Non-standalone VOLTE: Voice over LTE
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