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1 Overview

Although data services in the context of eMBB, URLLC and mMTC are the pivotal drivers behind the 5G
evolution, legacy services like voice and video communications still represent important services that
operators want to offer to their subscribers. As part of the technology evolution, we have seen a major
change from circuit-switched 2G networks with an initial focus on telephony to fully packet-switched 4G
networks focused on internet data communications.

This application note focuses on different details of voice services in 5G networks. Besides some theoretical
background this document describes the procedure to setup a 5G network with R&S®CMW500 and
R&S®CMX500 radio communication testers and how to carry out different functional voice call tests for 5G
networks.

Moreover, this application note includes a ‘Tips & Tricks’ chapter which gives some hands-on advises for
debugging and troubleshooting.

The audio quality tests are not explained in more detail in this document. However, the CMX500 offers
maximum flexibility to connect different audio analyzers via IP Forward mode or the External Media Endpoint.
Tests can be carried out with T&M devices from Rohde & Schwarz or other equipment. For more information
please see section for further reading.

Ethernet (LAN switch} Audio via IP  [JRGUCICEREN?LY

DAU USB Ethernet interface

Audio analyzer
Audio via o

analogue Analogue interface with . M
©.0. XLR connectors

External media endpoint
R&S*CMX500 5G radio communication tester R&S*CMX-ZG180A

RF

Figure 1: Flexibility of test setup for audio quality testing
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2 General voice call aspects in 5G NR networks

When talking about voice in 5G networks this is not limited to VoNR. However, depending on the deployment
scenario, several additional ways to handle voice in 5G networks are possible (e.g. VOLTE, EPS/RAT
fallback, etc.).

Like the predecessor technology VoLTE, VoNR bases on the IP multimedia subsystem (IMS) architecture.
5G voice calls are implemented as end-to-end voice over IP (VolP) connections and are managed by the

IMS core which acts as a service enabler for voice, video and text services. Unlike voice services provided by
external applications, voice over IMS supports quality of service (QoS) management across the entire 5G
system.

As mentioned in the beginning, voice aspects in 5G networks show that there is no single implementation of
voice. Instead, various different deployment scenarios are supported. Which scenario is used depends i.a. on
the Radio Access Technology (RAT) and what Core Network is available. More information about the
different deployment scenarios can be found in the following paragraph.

2.1 Deployment scenarios

I Handover 4G <=> 2G/3G i SRVCC *Rel. 16 only

5G EN-DC: Voice as EPS fallback/RAT fallback
Voice support: VoLTE

Voice over 5G:
IMS voice in SA or NSA

( IIII))H((%EEE)))

Dual connectivity: VoLTE + 5G data EPS fallback: VoLTE only Voice over 5G NR
=> UL coverage due to higher freq. 5G band => Handover to EPC or EUTRA during call setup == Voice over NR and 5GC
=> Battery consumption => 5G coverage needed, risk of large
#handovers/call drop
= \loice
Data
----- Control

Figure 2: Deployment scenarios supporting voice in 5G
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2.2 Audio codec aspects

A test system for voice in 5G networks must support the legacy AMR-NB, AMR-WB and the EVS codecs.

The EVS speech codec was introduced with LTE in several networks already, but 5G voice services rely on this
advanced speech coding algorithm more extensively. This codec uses Fullband spectrum and allows to handle

high-end audio (also called as Full-HD-Voice). Figure 3 visualizes the different bandwidths used by the audio

codecs.

300 Hz to 3400 Hz: narrowband (NEB)

50 Hz to 7000 Hz: wideband (WB)

50 Hz to 14000 Hz: super wideband (SWE)
20 Hz to 20000 Hz: fullband (FB)

yYyYrwvyyw

Fullband

¥

Gain

Super widaband
Widsband

&
L 2

Narmowband

20 50 300 3400 7000 14000 20000
Frequency in Hz

Figure 3: Audio bandwidth

» AMR NB
— Adaptive Multi-Rate Narrowband

» AMR WB
— Adaptive Multi-Rate Wideband

P Enhanced Voice Service (EVS)

— Fullband - covers 20 Hz — 20 kHz (complete audible frequency range of a typical human)
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Further reading

R&S VoNR White Paper R&S 5G NR book

5G VOICE OVER NEW RADIO 5G NEW RADIO
(VoNR)

Fundamentals, procedures,
testing aspects

Meik Kottkamp

Anil Pandey

Reiner Stuhifauth

ROHDE&SCHWARZ

ROHDE&SCHWARZ
Make ideas real

R&S VoNR Application Card HEADacoustics Aplication Note
TESTING VOICE SERVICES li‘l‘”"‘“““"
IN SG NR (VONR) = : . APPLICATION NOTE

Even

A\

ACQUA

Establish 5G connection to labCORE

ROHDE&SCHWARZ via R&S®CMX500 and R&S*CMWS500
Make ideas real

» https://www.rohde-schwarz.com/5G

Rohde & Schwarz | Application Note Voice Call aspects in 5G New Radio networks 6


https://rohde-schwarz.com/5G
https://www.rohde-schwarz.com/solutions/test-and-measurement/wireless-communication/wireless-5g-and-cellular/5g-ebook/5g-nr-ebook_250786.html?change_c=true
https://www.rohde-schwarz.com/solutions/test-and-measurement/wireless-communication/wireless-5g-and-cellular/white-paper-5g-voice-over-new-radio-vonr_254723.html
https://cdn.head-acoustics.com/fileadmin/data/global/Application-Notes/Telecom/Rohde-Schwarz-CMX500-5G-to-labCORE-Application-Note.pdf
https://scdn.rohde-schwarz.com/ur/pws/dl_downloads/dl_application/pdfs/Testing-voice-services-in-5G-NR_ac_3609-8038-92_v0100.pdf
https://www.rohde-schwarz.com/solutions/test-and-measurement/wireless-communication/wireless-5g-and-cellular/5g-ebook/5g-nr-ebook_250786.html?change_c=true
https://www.rohde-schwarz.com/solutions/test-and-measurement/wireless-communication/wireless-5g-and-cellular/white-paper-5g-voice-over-new-radio-vonr_254723.html
https://cdn.head-acoustics.com/fileadmin/data/global/Application-Notes/Telecom/Rohde-Schwarz-CMX500-5G-to-labCORE-Application-Note.pdf
https://scdn.rohde-schwarz.com/ur/pws/dl_downloads/dl_application/pdfs/Testing-voice-services-in-5G-NR_ac_3609-8038-92_v0100.pdf
https://www.rohde-schwarz.com/solutions/test-and-measurement/wireless-communication/wireless-5g-and-cellular/5g-ebook/5g-nr-ebook_250786.html?change_c=true
https://www.rohde-schwarz.com/solutions/test-and-measurement/wireless-communication/wireless-5g-and-cellular/white-paper-5g-voice-over-new-radio-vonr_254723.html
https://cdn.head-acoustics.com/fileadmin/data/global/Application-Notes/Telecom/Rohde-Schwarz-CMX500-5G-to-labCORE-Application-Note.pdf
https://scdn.rohde-schwarz.com/ur/pws/dl_downloads/dl_application/pdfs/Testing-voice-services-in-5G-NR_ac_3609-8038-92_v0100.pdf
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https://scdn.rohde-schwarz.com/ur/pws/dl_downloads/dl_application/pdfs/Testing-voice-services-in-5G-NR_ac_3609-8038-92_v0100.pdf

3 R&S T&M equipment

3.1 Needed equipment and options

Please see chapter Ordering information for detailed information.

3.2 Different interfaces for CMX500

The CMX500 can be controlled via four different interfaces. Figure 4 summarizes them.

REMOTE CONTROL

- .

I
el G
SCPI

Python

Sequencer

o
>
=
(&)
©
—
O
-
c

Figure 4: Four different interfaces for controlling the CMX500

P CMsquares: Interactive test mode (GUI)
P CMsequencer: Test campaign-based solution
P XLAPI: Python-based protocol test solution

P SCPI: Remote control via CMX SCPI commands
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4 Performing functional tests

4.1 Overview

Option 2 Option 3 Abbreviations: _
EPS fallback MME: Mobility Management Entit
VoNR SA EN-DC SGW: Servingéatewagy !

IMS: Internet Protocol Multimedia Subsystem
EPS: Evolved Packet System
MN: Master Node

= = SN: Secondary Node
:; ":; gNB: Next Generation NodeB
= 5GC: 5G Core Network
o O/

eNB: Evolved NodeB
EPC: Evolved Packet Core

() () E Described in this AN

gNB eNB == Voice

e
i 1§ 5GC g EPCE IMS
EPC N

Figure 5: Deployment scenarios described in this application note

4.2 General setup routine before performing the different functional
tests

1. Insertthe R&S SIM card into the UE

2. Connect the UE to the CMX - Two possible ways
1. Wired connection
2. OTA connection via shielded box

3. Not required but highly recommended: Test connection
1. Ping DUT

2. Perform some fundamental e.g. NR Tx measurements

Further reading:

P R&S Application Note 1SL368 5G NR FR1 Non-Standalone UE RF Conformance Testing:
https://www.rohde-schwarz.com/appnote/1SL368
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4.3 Network option 3 for NSA (EN-DC)

This section describes the testing procedure for the deployment scenario “Network option 3 in
non-standalone mode”.

Setup procedure in CMsquares:

1. Adda PLMN to the network square

il Workspace 4

®  pool “ I (@ Networksquare

w» (I} User Defined Network §
@ Edit Mode o
Add PLMN not started

Add EPS Tracking Area

o
M &
Gen B 2dd
e ® dc

dd Cel
Services @ Configure Virtual Cells

w* (I} Predefined Network

@ nr22 B LE 22 +
@ "R + Add PLMN <=
@ NRaxa B LTE 4x4 +
@ MR axd, 2 (@ ITE2x2 +
2. Addan EPS TrackingArea
& Editm « GoLive B Delete
PLMN ¢ Right click I,e\dd EPS TrackingArea T

Add 5G TrackingArea

Remowve PLMN O
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3.

Add a LTE cell and a NR cell to the EPS TrackingArea

@ Pool -

=L (@ Network square
# Edit Mode

PLMN O

EEY

Area

¥ (D User Defined Network
Add PLMN
Add EPS Tracking Area

EPS TrackingArea 0

d Dro,o

Add NR Cell Df‘ag a
Configure Virtual Cells

v (D predefined Network

@ NR2x2 @® ez +
@ NRaxs +
& nRaxs & LTE &xs +

4. Adapt the General settings (sidebar)
—  Select (2) EPS Fallback Redirection as Network Handling Voice mode

—  Set the Uplane logging to (3) Verbose (for Uplink and Downlink)
-> This makes debugging and troubleshooting easier

D a & & @ o6 0 0

Reset Zoom Out Zoomin  Touch Reliability Home TE Help 4
»  Network Configuration e
K D fE M * Q
Bookmark Collapse  Expand LTE MR Favorite
Search

LTE NR 4
1g KRR *

¥ PLMN 0 Identity Info

Timer 3512 0 x Deactivated A
Network Han&éﬁg Based On UE Capabilities v
- ™
[ers Uplane Logging /X Mess
Downlink | Verbose v 4
Uplink  Verbose v
B_ 5G Uplane Logging
Downlink | Verbose v
Uplink |Verbose v|
5. Adaptthe 5G NR cell specific settings
»  Network Configuration >~
K > O *, Q
Bookmark Collapse  Expand LTE MNR Favorite
Search

LTE -

el ¥ cellg *

l OFF Favorite

a

CA Info - =
Cell Name NR Cell 0 SE““E"‘I':

Cabling mapped O

Dut

¥  Maximum Config

Virtual Cell
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6. Adaptthe LTE cell specific settings

w  Network Configuration >~
2] [  Hd * Q
Bookmark Collapse  Expand LTE NR Favorite
Search
G L s
enera - *
l OFF Favorite
|
CA Info -l
Cell Name  LTE Cell 0 Seq“e“"e"
Cabling mapped D
7. Adapt the IMS settings
—  Set Media Endpoint to (4) Internal Loopback
— Select (5) Video Codec (only required for video calls)
— Select (6) Audio Codec
»  Services Configuration >
2 @O x Qq
Bookmark Collapse  Expand Faverite Search
Data Unit  DNS s
a Uni
*
Favorite
3 = :
=
¥ Call Settings 4 Sequencer
= u -~ 2
¥ Network Settings DDt
- . i
Authentication No Authentication v 4

Scheme
IPsec Enabled
IPSec Encryption

Algorithm LT v
IPSec Integrity
Algorithm T ¥
TCP Keep Alive [HGNN
UDP TCP Threshold  Default 1300 v
RX Meas
Timer T1 | Default 2000 4 4
n— Media Endpoint | Internal Loopback v
¥ Virtual UE
B— Video Codec H.263 e
Video Attributes
B— Audio Codec  AMR-WEB v

8. Go live with this configuration

2 {& Network square

& Edit Mode n— v Golive B Delete

PLMN 0 +
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9.

Setup/Accept a call

Setup from UE side

Dial any number on the UE

Accept the call in DUT control tab

Setup a call in CMsquares

Establish a call

A
e B -:H *

¥ Mobile originated operations 4 Favorite
Power Cycle = & .
Swlltch on A‘lrﬂggz W
Switch oﬁAlrﬂggg X
Release Call |«
Send SMS | B
¥ Audio Call Network
Establish Audio Call | & . R
Accept Audio Call | & Sefiles
Reject Audio Call | #= -
¥ Video Call _B Rx:eas
Establish Video Call = W 4
Accept Video Call = W8
Reject Video Call | W
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VolTE as legacy in LTE

Voice, video and  Audio Voice, video and  Audio
suppl. services  codec I suppl. services  codec

SIP HITP/  RTP/ SIP HTTP/  RIP/

XCAP  RTCF I XCAP  RTCP

TCP/UDP IP TCF/UDP IP

TCP/UDP IP

NR PDCP NRPDCP  EPS bearer,
NR RLC NRRLc QCl5and
Qcl 1 for SIP

NR PHY NRPHY  and audio
UE E-UTRA with EPC

Vol TE using NR PDCP

Voice, video and  Audio Voice, video and  Audio
suppl. services  codec I I suppl. services  codec

SIP HITP/  RIP/ SIP - HITP/  RTP/
XCAP  RTCP I I XCAP  RICP

NR PDCP
NR RLC
NR MAC
NR PHY

UE E-UTRA with EPC

TCF/UDP IP

NR PDCP  [EPS bearer,
NR BLC QCl 5 and

]
. Qcl 1 for SIP
]

NR MAC signaling

MR PHY and audio

Figure 6: Network option 3 for NSA (EN-DC) scenario
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4.4 EPS Fallback Redirection

This section describes the testing procedure for the EPS fallback redirection scenario. In this scenario all
voice calls are redirected to LTE.

Kind of double handover:

» RAT change from NR to LTE

» Core network handover from 5GC

‘ ) » (T) to EPC
gNB eNB
5GC . EPC IMS

Setup procedure in CMsquares:

1. Adda PLMN to the network square

@ Pool “ 21 (@ Networksquare

w (I} User Defined Network
@ Edit Mode v
Add PLMN not started

Add EPS Tracking Area

L Add 5G Tracking Area
Meas &

Gen A Add LTE Cell

o 3

Services @ Configure Virtual Cells
¥ (D Predefined Network

@ Nr22 B LTE 2x2 +
Add PLMN 4
@ NRaxa +
& nrRaxe B LTE 2x4 +
@ NRaxt, 22 @ LTE2x2 +

2. Add ab5G TrackingArea to the PLMN

& Edit Mon + Golive B Delate

PLMN 0f Right click | agd eps TrackingArea +

P
Add 5G TrackingArea E

Remowve PLMN O
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Create a NR cell in this 5G tracking area

= - - ¢* R&S ® CMsquares - Test Environment - CMX500 plus CMW

[ 4 o

D el ol sZ (® Networksquare
¥ (& user Defined Network
- Add PLMN & Edit Mode & ERFE
Add EPS Tracking Area T T
L Add 5G Tracking Area

5G TrackingArea 0

Add LTE Cell

lC | Dra% and D
A anhgure ual Cells rop

¥ (D predefined Network

& nrR22 @ e +

& NRa +
+
-

& NRaxs ® s

M nD Avs S ML TE 0

Add an EPS TrackingArea

& Edit « GoLive B Delete

(LA Right click IAdd EPS TrackingArea 4 +

Add 5G TrackingArea

Remowve PLMN O

Create one or more LTE cell(s) in the EPS tracking area

@ Pool -“ I & Network square

¥ (I User Defined Network
Add PLMN & Edit Mode « Golive B
Add EPS Tracking Area

PLMN O

~dd 5G Tracking Area
D

- e aga d D I 2T
Services @ Configure Virtual Cells roD / \

v (O Predefined Network l Cir
@ nrR2a @ ez

O NRraa

O NRraa @ UEaxa

@ "Raa 22 (@ TE22

@ NRax @ e, 22
@ NR4xe, axd

EPS TrackingArea 0 5G TrackingArea 0

mi

56

A I IR IR

Adapt the General settings (sidebar)
—  Select (2) EPS Fallback Redirection as Network Handling Voice mode

—  Set the Uplane logging to (3) Verbose (for Uplink and Downlink)
- This makes debugging and troubleshooting easier
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59 4 & & @ 6 0 O

Reset ZoomOut Zoomin  Touch Reliability Home TE Help 4

»  Network Configuration >~
2 > a5 He *, Q
Bookmark Collapse  Expand LTE MR Favorite
Search
ITE NR -
B e, o *
¥  PLMN O Identity Info A Favorite
Timer 3512 0 ¥ Deactivated v
Network Handling . I
n—-l Voice Based On UE Capabilities v
: ™
|EPS Uplane Logging RX Meas
Downlink | Verbose v 4
Uplink  Verbose ~
B_ 5G Uplane Logging
Downlink | Verbose v
Uplink | Verbose v |

7. Adapt the 5G NR cell specific settings

» Network Configuration >~
2] O o HE *, Q
Bookmark Collapse  Expand LTE MR Favorite
Search
LTE s
G 1§
et ¥ celo *
l OFF Favorite
A
CA Info 2 =
Cell Name  NR Cell 0 Seq“e""e"
Cabling mapped 0
¥  Maximum Config Dut
F

Virtual Cell -

8. Adapt the LTE cell specific settings

»  Network Configuration yo
2] ] I~ ORI *, Q
Bookmark Collapse  Expand LTE MR Favaorite
Search
A
2 *
l OFF Favorite
r
CA Info - =
Cell Mame  LTE Cell 0 5equenoer‘

Cabling mapped U
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9. Adapt the IMS settings
—  Set Media Endpoint to (4) Internal Loopback
— Select (5) Video Codec (only required for video calls)
— Select () Audio Codec

»  Services Configuration ~
2 0 x  q
Bookmark  Coll Expand F. it
DOKMar Ollapse pan avorite SEarch
: F
Data Unit  DNS *
Favorite

E — 1
=
F

¥ (Call Settings

Sequencer
¢ 5 ~ .
¥ Network Settings DDI:
= a u
Authentication Mo Authentication v 4

Scheme
IPsec Enabled
IPSec Encryption

Algorithm T ¥
IPSec Integrity
Algorithm AT Y
TCP Keep Alive [NGHN
UDP TCP Threshold | Default 1300 w
RX Meas
Timer T1 | Default 2000 v 4
Media Endpoint | Internal Loopback v
¥ Virtual UE
B— Video Codec H.263 w
Video Attributes
n— Audio Codec | AMR-WB e

10. Go live with this configuration

2 {& Network square

& Edit Mode n— v Golive B Delete

PLMM O +
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11. Setup/Accept a call
—  Setup from UE side
—  Dial any number on the UE
— Accept the call in DUT control tab
—  Setup a call in CMsquares

—  Establish a call

A
e B -:H *

¥ Mobile originated operations 4 Favorite
Power Cycle = & .
Swlltch on A‘lrﬂggz W
Switch oﬁAlrﬂggg X
Release Call |«
Send SMS | B
¥ Audio Call Network
Establish Audio Call | & . R
Accept Audio Call | & Sefiles
Reject Audio Call | #= -
¥ Video Call _B Rx:eas
Establish Video Call = W 4
Accept Video Call = W8
Reject Video Call | W
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Figure 7: EPS fallback scenario

SIP i SIP
TCP/UDP IP i TCP/UDP IP TCP/UDP IP
NR PDCP i NRPDCP QoS flows,
NR RLC NRRic 6 data
. bearer,
NR MAC i NRMAC  ponc
NR PHY NR PHY

UE 9G NR with 5GC

Voice, video and i Voice, video and  Audio
suppl. services I suppl. services  codec

SIP HITTP/ SIP  HTTP/  RTP/

XCAP  RTCP I XCAP  RTCP

TCP/UDP IP TCP/UDP IP

PDCP EPS bearer
with
RLC RLC mapped 56
signaling
PHY PHY and audio

TCP/UDP IP

UE E-UTRA with 5GC

Figure 7: EPS fallback scenario

E-UTRAN PGW/
SMF/UPF

1. MO or MT IMS voice session in 5GS; QoS flow for voice establishment initiated

2. NW initiated PDU session modification to setup QoS flow for IMS voice

3. Trigger for fallback,
optional measurement
report solicitation

4. Reject PDU session modification indicating IMS voice fallback in progress

5. Redirection or handover to EPS

I B B B B B
Ba. TAU procedure
I B B B B B

Bb. Attach with PDN connectivity request with request type "handover"

7. NW inmtiated PDN connection modification to setup dedicated bearer for voice

Figure 8: EPS fallback message flow
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P () T ()

UE NG-RAN

IMS “| E-UTRAN EPC

NR radio bearer

Step 1: 5GMM registration
D\ —

Step 2: PDU session (5QI = default)
I
Step 3: PDU session for IMS (501 = 5, SIP signaling)

Step 4: IMS registration on NR with 3GPP-NR-FDD as PANI

INVITE (MO voice) with PANI = ISGPP—NH-FDD"

IMS voice session establish-
P 100 Trying and 183 Session in pl]gress ment failed — PDU session

resource modify request with
M| EPSfallbacksupported=1ue

PRACK

P RRCRelease with redirectcgrrierinfo=EUTRAandivoicefallbackindigetion=true

E-UTRA radio bearer

Step 5: TAU procedure to establish IMS and internet PDN on

RE-REGISTER (MO voice) with PANI = "3GPP-E-UTRA-FDD”

v

P 2000 PRACK and 180 ringing arl 2000 INVITE

ACK (200 OK INVITE) =

Step 6: IMS voice call establishment procedure on LTE

Figure 9: EPS fallback signaling procedure

45 EPS Fallback Handover

In the EPS Fallback Handover scenario are all voice calls handovered to LTE. However, this scenario is not
described in the current version of application note.
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4.6 Voice over NR (SA)

This section describes the testing procedure for the Voice over New Radio standalone scenario.

§ 5GC IMS

Setup procedure in CMsquares:

1.

2.

Add a PLMN to the network square

il Workspace 4+

@ Pool “ 2% @ Networksguare

w» (I} User Defined Network 5
@ Edit Mode v
Add PLMN not started

Add EPS Tracking Area

L—é Ad C
Meas &

Gen A ~Add LTE Cell

'R ® ~dd N Cell

Services @ Configure Virtual Cells
¥ (D predefined Network

@ Nr22 B LE 22 +
Add PLMN <
@ nRaxe +
@ NRax B LTE 434 +
@ MR x4, 22 (B ITE 22 +

Add a 5G TrackingArea to the PLMN

V4 Editwn + Golive B Delete

PLMN Of Right click | agd eps TrackingArea +

Add 5G TrackingArea n

Remove PLMN 0
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3. Create a NR cell in this 5G tracking area

= - - ¢ R&S ® CMsquares - Test Environment - CMX500 plus CMW

[ 4 o

D el ol sZ (® Networksquare
¥ (& user Defined Network
- Add PLMN & Edit Mode & ERFE
Add EPS Tracking Area T T
L Add 5G Tracking Area

5G TrackingArea 0

Add LTE Cell

lC | Dra% and D
A anhgure ual Cells rOp

¥ (D predefined Network

& nrR22 @ e +

& NRa +
+
-

& NRaxs ® s

M nD Avs S ML TE 0

4. Adapt the General settings (sidebar)
1. Select (2) Voice Over NR as Network Handling Voice mode

2. Setthe Uplane logging to (3) Verbose (for Uplink and Downlink)
-> This makes debugging and troubleshooting easier

QF & @ o 4 O =
Reset ZoomOut Zoomin Touch Reliabilty Home TE  Help , ™
»  Network Configuration F
E O OB *, Q
Bookmark Collapse Expand LTE NR Favorite Search
NR .
ek Cello *
¥ PLMN 0 Identity Info A Favorite
Timer 3512 0 x Deactivated v
| Network Handling )
E Voice Voice Over NR v
: =Y
EPS Uplane Logging RX Meas
Downlink Verbose v 4
B_ Uplink ' Verbose v
5G Uplane Logging
Downlink Verbose v
Uplink \rVerbose v
5. Adapt the cell specific settings
»  Network Configuration >
B | OO *,
Bookmark Collapse  Expand LTE MR Favorite
i Search
G L .
enerd
*
l OFF Favorite
T e 4
e
=
MCS Table 64 @AM A
Sequencer
¥ CDRX A
Auto Adjust
Crharhllhar D
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6. Adapt the IMS settings
—  Set Media Endpoint to (4) Internal Loopback
— Select (5) Video Codec (only required for video calls)
— Select () Audio Codec

»  Services Configuration ~
2 0 x  q
Bookmark  Coll Expand F. it
DOKMar Ollapse pan avorite SEarch
: F
Data Unit  DNS *
Favorite

E — 1
=
F

¥ (Call Settings

Sequencer
¢ 5 ~ .
¥ Network Settings DDI:
= a u
Authentication Mo Authentication v 4

Scheme
IPsec Enabled
IPSec Encryption

Algorithm T ¥
IPSec Integrity
Algorithm AT Y
TCP Keep Alive [NGHN
UDP TCP Threshold | Default 1300 w
RX Meas
Timer T1 | Default 2000 v 4
Media Endpoint | Internal Loopback v
¥ Virtual UE
B— Video Codec H.263 w
Video Attributes
n— Audio Codec | AMR-WB e

7. Go live with this configuration

2 {& Network square

& Edit Mode n— v Golive B Delete

PLMM O +
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8. Setup/Accept a call
—  Setup from UE side
— Dial any number on the UE
— Accept the call in DUT control tab
—  Setup a call in CMsquares

— Establish a call

’ |
e -:H *

¥ Mobile originated operations 4 Favorite
4
Power Cycle | & =
Switch on Airplane W —
Mode Sequencer
Switch off Airplane
Mode s
Release Call |«
send sMs | B
@
¥ Audio Call Network
Establish audio call | & s
a
Accept Audio Call | & Services
Reject Audio Call | #= .
¥ Video Call _B ™
RX Meas
Establish Video Call | W 4
Accept Video Call = W8
Reject Video Call | W

Voice, video and  Audio Voice, video and  Audio
suppl. services  codec I I suppl. services  codec

SIP - HTIP/  RIP/ SIP HTTP/  RTP/
XCAP  RICP I I XCAP  RICP

TCP/UDP IP TCP/UDP IP TCP/UDP IP

NR PDCP QoS flows,
NR BLC data radio

. bearer,

NR PDCP
NR RLC
NR MAC
NR PHY

UE NR with 5GC

NR MAC RoHC
NR PHY

Figure 10: Voice over NR (VoNR) standalone scenario

Rohde & Schwarz | Application Note Voice Call aspects in 5G New Radio networks 24



UE is registered and MM_REGISTERED and CM_CONMNECTED with IMS voice over PS enable for 5GC/EPS

PDU session for IMS DNN established (in session est req ePCO from UE must set IM session signalling flag to true)
SSC mode 1 and always on flag set to true and 501 =5
N1 UL transport (optional)

PDU session modification requers
—DNN, QoS rules
(QoS description, session ID)

Voice/video media addition

QoS flow create and add in packet filter
for PDU session ,IMS™ DNN

N1 DL transport

PDU session modiﬁcationl:‘l']mmand
__ RRC reconfiguration (create QoS rule, QoS flowf desc, DNN, 501 = 1, QF)

i

" (DL NAS tiansport]
N1 UL transport .

(PDU session modification calplete}

v

IMS audio/viddp user plane data on N3 interface

v

r 3

Figure 11: Voice over NR message flow
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5 Tips and Tricks

5.1 Debugging with CMXmars

R&S®CMXmars provides a huge feature set for analysis and debugging. Simplified views of the message
sequencer chart, user equipment capability views and detailed views of message content trees help to
monitor the test execution in real time. Of course, the same message log is available offline and can be
downloaded along with the measurement report.

@ Views o | nessage Table X @ 32 x| mscx () (3
. [E Select All L © 8 108 [ defattOniineTable Y, T. T, T - o o T € [gon £l defaultMSC LY L L TL T . " o T
Message Table Service Primitive PDU Auiiary | Time Stamp NR LLTE LUE
5 2 RMAC_STATUS Ing i1Tyg & | 875 RRCConnectionReconfigurationComplete .
et Msc PROTECTED FInd
F POCP_C_DATA Ind ULinformationTransfer ABig=( [ SIS Encste2ox {3/}
= Message Tree CRRC_UL_DCCH_MESSAGE  Ind ULinformationTransfer Result= | 487 UlnformationTranster
= :m:::m Ind :;: S 19:41:52.976. Resalt= OK (0);
i & st B:_E L] hcttane: Decloated BFS Reares Contet Mecpen 58 EMM Attach Comphete:ESM Activate Default 95 Bearer Context Accept
—
O Hex CRRC_DL_DECH_MESSAGE  Req UECapabilityEndguiry 194152576
RRRC_STATUS ind UE_NR_Cagability;UE_ETRA_Copabilty 07 ESM Activate Declented EPS Besrer Context Request
O Bookmarks PDEP_C_DATA Req UECapabiltyEnguiry RBIG = ( >
PDCP_C_DATA Ing UECapabllitylnformation RBId=( | 19:42:25585
O verdict CRRAC_UL_DCCH_MESSAGE  Ind Result= | 00 UECa pabityEnquiny
CrreDIDechMisg Reg RECReconfiguras e —_—
. CRRC_DL_DCCH_MESSAGE  Reg onnectionfeconfiguration:RACResonfigurstion = |
O sotmonits | Gmcbns s e
. PDCP_C_DATA Req RRCCornectionfeconfiguration:RACReconfiguration RBid = | - -
0 compare #DCo_C_pata na Racc amplete Roig o o | 10T FLes =R
o RRRC_STATUS Ind UE_EUTRA_Capability a7
[ Parent Children CRRC_UL_DCCH_MESSAGE  Ind RRCC i ionComplete Result= | | 19.42:25.635
- S S P PRI Nl S P RRCConnectionReconfiguration RRCReconfguration
E Capabilitias £PS NAS PEER MESSAGE ind ESM Activate Dacicated £95 Baarer Gontext Accegt —_—
POCP_C_DATA Ind UinformationTransfer RBId = | v | 19:42:25.655
0 eriv Moniter « v | s RRCC: ! 8 - v
MAC M Message Tree X ¥ X Bt ¥ "X
oo e " e

QL 10=827 TS=2021-03-09 18:42:25.635 RFN=0 MDDB-NR_CRRC 7.1

] RLE Moniter
Lrs  |Demis Gamegory + | Canecton ¢
[ PDCP Monitor =

[ sDAP Moniter " 5 56 NR (71 flems)
o Parameters (1 fem)
tessSranmRelease = r2115 (0

= Bands (4 fheme

b
50 @ discardTimer = infinity (15
e M omoosy scan - enmn

Figure 12: Screenshot of R&S®CMXmars

CMXmars can be accessed via the browser-based GUI of CMX.
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5.2 Packet capture feature

The CMsquares allows to download the detailed packet capture logs. This functionality allows to export the
packet capture session (.pcapng file) and analyze them with the open source packet analyzer Wireshark

The packet capture feature can be accessed via the Home screen - Data Services - Packet capture.

= @ ras Comaunres- OO0 pRA W S

Packet Capture

UPlane IP & LAN-DAU UPlane Multicast & UPlane IP Client A

% Choose Canture Filter Options

® Add

Chooese Capture Filter Options

Start & Select Filter P D oG
=
[ son | =2

Live packet capture, incl. filtering capabilities

Figure 13: Screenshot of Packet Capture feature

5.2.1 Export packet capture to Wireshark

Note: For full functionality “Verbose Uplane logging” is required

Wireshark is an open source packet analyzer which provides various functions for network troubleshooting,
analysis, software and communications protocol development. It enables a detailed analysis of RTP streams
(timing, packet loss, packet ordering, etc.).

Export .pcapng file from CMsquares

— “ R&S ® CMsquares - CMX500 plus CMW

Packet Capture

UPlane IP A LAN-DAU UPlane Multicast A UPlane IP Client &
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Open .pcapng file in Wireshark

M The Wireshark Metwork Analyzer

Edit View Go (Capture Analyze Statistics Telephony Wireless Tools Help

Open caoJE G D S(E a8 E
Open Recent L4
Merge...
Import from Hex Dump...
Close ChrbeW o Wireshark
3
Save Ctrl+5
Save As... Ctrl+Shiftes  Mer: [ ‘Enter a capture filter ...
File Set b @l Area Connection™ 10 -
| Area Connection® 9
Export Specified Packets... | Area Connection™ 8
Export Packet Dissections v Fi —
§ stooth Network Connection
Export Packet Bytes... Ctrl+Shift+X -
b= ytes e | Area Connection® 2
Export PDUs to File... | Area Connection® 1
Export TLS Session Keys... et 2
. i

Further reading

»  https://www.wireshark.org/
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5.3 Troubleshooting

NR
DNN

PDU Session Establishment Request

Where is the problem?
IMS or NR/LTE signaling
problem?

. Check imsserver.log for REGISTER (sip:jurn:)
* le.g. REGISTER sip:test.3gpp.com SIP/2.0

no

Correct SiM
profile

A

no

LTE
APN
ESM PDN Connectivity Request

File issue against
DAU/MMS

Most likely a UE
problem

€—ye

configured/selected

SIM profile

correctly

P-CSCF
created for
IPv4/IPVE
UDP/TCP

-CSCF addresses
contained in FCO

PDN/PDU Session

73 [00000011 [DNN[O] [0xD3 3 2
UL NAS TRANSPORT 74 01101001 [DNN[1] |0x69 105 ‘i

75 01101101 |[DNN[2]  [0wx6D 109 'm’

76 [01110011 [DNN[3] |Ox73 115 's'

PDU SESSION ESTABLISHMENT REQUEST

rotocol Configuration Option
M Protocolldentifier = P-CSCF IPvE Address (1)
Length = (0}
Data Ox
Protocol Configuration Option
M Protocolldentifier = P-CSCF IPw4 Address Request (12)
Length = [0}
Data Ox

PDU SES510N ESTABLISHMENT ACCEPT

- == Protocol Configuration Option

M Frotocolldentifier = P-CSCF IPv6 Address (1)

Length = {16)

Data = OxF DO1CAFE0ODDO0000000000000000001

== Protocol Configuration Option

Protocolldentifier = P-CSCF |Pwd Address Request (12)
Length = (4]

Data = OxAC1601C8

For each P-CSCF address:

Check whether UDP and TCP socket is created.

FPotential problem: IPvE duplicate address detection cause timing issue.
Check imsserver.log for:

SIP UDP [IPv6] transport started, published address is [IP]

TCP transport factory created:..[IP]

Eag

transport started, published address is 172.22.1.201:5060 ..
TCP transport factory created: tcptp:172.22.1.201:5060 (0x1e7cBc8) ..
SIP UDP IPv6 transport started, published address is [fd01:cafe::1]:5060SIP ...

TCP transport factory created: teptp:fd01:cafe:1:5060 (0x1286948) UDP

Potential problem mn
one of.

« DAUDCD
+ UPC
s NAS
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No Yes Yes

was the call
established initially?

s external DAU USB
sound card selected

Voice audible
or stays over 10s?

External sound card
connected to DAU
USB port?

s DAU media end point
software installed ?

Yes File defect
against IMS/AVU

Yes

Yes File defect
against IMS

No

No
Install DAU media
Connect sound card endpoint software

No

is internal Loopback
selected ?

Yes File defect
against IMS

Is call
release/consecutive
calls failed ?

against IMS

No

Check HeadAcoustic user
Yes | manualto get IP and port
seftings right. In case that
doesn't help
file defect against IMS

Yes

xternal media server
(LABcore) connected

No

is IP Forward selected ?

No

Connect
MediaServer/LABcore
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6 Abbreviations

Abbreviation ‘Designation

5GC 5G core

5GS 5G system

50l 5G QoS indicator

AMF Access and mobility management function
AMR Adaptive multi-rate

AMR-WB AMR wideband

AS Access stratum

CSFB Circuit-switched fallback

DNN Data network name

DRB Data radio bearer

DRVCC Dual radio voice call continuity

EPC Evolved packet core (LTE core)
E-UTRAN Evolved UMTS terrestrial radio network
EVS Enhanced voice services

GBR Guaranteed bit rate

GSM Global system for mobile communications
GSMA GSM association

GUI Graphical user interface

HOS Home operator services

IETF Internet Engineering Task Force

IMS IP multimedia subsystem

IP-CAN IP connectivity access network

IVS In-vehicle system

KPI Key performance indicator

LRF Location resource function

LTE Long term evolution

MAC Medium access control

MM Mobility management

MME Mobility management entity

MTSI Multimedia telephony services for IMS
NAS Non-access stratum

NSA Non-standalone

PLMN Public Land Mobile Network

QoE Quality of experience

QoS Quality of service
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Abbreviation Designation

RAN Radio access network
RAT Radio access technology
RLC Radio link control

RTP Real-time protocol

SA Standalone

SIP Session initiation protocol
SRB Signaling radio bearer
SRVCC Single radio voice call continuity
UE User equipment

VINR Video over New Radio
VOLTE Voice over LTE

VoNR Voice over New Radio
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T Literature

[1] Rohde & Schwarz, 5G New Radio - Fundamentals, procedures, testing aspects.

[2] Rohde & Schwarz, White Paper - 5G Voice over New Radio (VoNR).

8 Ordering information

CMW Wideband Radio Communication Tester

Wideband Radio Communication Tester CMWS500 1201.0002K50
R&S®CMW500 Basic Assembly(mainframe), 70MHz to | CMW-PS505 1208.8921.06
3.3GHz (sel.)

Measurement Unit Advanced (MUA), H100H (sel.) CMW-S100H 1202.4701.09
Baseband interconnection, flexible link H550N (sel.) CMW-S550N 1202.4801.15
RF Converter (TRX), BW 160 MHz, H570H (sel.) CMW-S570H 1202.5008.09
RF Frontend, advanced functionality, H590D (sel.) CMW-S590D 1202.5108.03
CMW500 Frontpanel With Display/Keypad, H600B CMW-S600B 1201.0102.03
(sel)

Solid State Drive (SSD), H052S (sel.) CMW-S052S 1202.4201.20
Signaling Unit Advanced (SUA), H5001 (HW opt.) CMW-B500I 1208.7954.10
Data Application Unit, H450I (HW opt.) CMW-B450I 1202.8759.10
Digital IQ Interface QUAD, H5401 (HW opt.) CMW-B540I 1211.2514.10
Multi-CMW PCle enabler, H554N (HW opt.) CMW-B554N 1208.8950.15
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Extra RF Converter (TRX), BW 160 MHz, H570H (HW CMW-B570H 1202.8659.09

opt.)

Extra RF Frontend, advanced functionality, H590D (hw | CMW-B590D 1202.8707.03

opt.)

Option Carrier, H660H (hw opt.) CMW-B660H 1202.7000.09

Ethernet Switch, H661H (hw opt.) CMW-B661H 1202.7100.09

OCXO, high stability, H690B (hw opt.) CMW-B690B | 1202.6004.02

6GHz Flat Rate, for up to 4 RF converters (TRXs) (SL) CMW-PK364 1208.7319.02

LTE Rel.15 FDD Basic Signaling (SL) CMW-KS505 1211.3862.02

LTE Rel.15 TDD Basic Signaling (SL) CMW-KS555 1211.3885.02

10 GBPS Ethernet Switch CMWC-Z70A 3628.1135K00
10 GBPS Ethernet Switch CMWC-Z70A 3628.1135.00

Rohde & Schwarz Service Options

CW2CMW500 WARR EXT+CAL 2Y, 2 CAL, 12M CAL CW2CMW500 | 3595.5796S07

INT, #4CH 3.3/6GHZ
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CMX 5G Audio Configuration:

Designation

CMX Radio Communication Tester

Order number

Basic Level (SL)

Radio Communication Tester CMX500 1201.0002K70
CMX500 Basic Assembly CMX-PB70B 1222.0676.03
Accelerator Unit CMX-B200A 1222.0747.02
Processing Unit CMX-B300A 1222.0801.02
CMX Application test feature set 1 CMX-KA100 1222.1595.02
(SL) (IMS, IPv4/6, Ping ...)

1INR Signaling, NSA Mode Enabler CMX-KS600B 1222.1672.02
Basic Level (SL)

NR Signaling, SA Mode Enabler CMX-KS601B 1222.2327.02

Optional (required for audio quality tests)

CMX Audio Enabler Basic (SL) CMX-KA180 1222.4165.02
CMX external Media Endpoint CMX-ZG180A 1222.4313.02
HEADSET CABLE SET CM-z91 1212.3050.02
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Rohde & Schwarz

The Rohde & Schwarz electronics group offers
innovative solutions in the following business fields: test
and measurement, broadcast and media, secure
communications, cybersecurity, monitoring and network
testing. Founded more than 80 years ago, the
independent company which is headquartered in
Munich, Germany, has an extensive sales and service
network with locations in more than 70 countries.

www.rohde-schwarz.com

Certified Quality Management

1SO 9001

Rohde & Schwarz training
www.training.rohde-schwarz.com

Rohde & Schwarz customer support
www.rohde-schwarz.com/support
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