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5G NR TECHNOLOGY EVOLUTION – THE NEXT PHASE

20202018 2022 2024 2026

| April 2019

eMBB: enhanced Mobile Broadband
URLLC: Ultra-Reliable Low Latency Communication
mMTC: massive Machine Type Communication

1st 5G NR networks (FR1,
FR2) launched; focus: eMBB

| Sep 2022

3GPP Release 17 
(5G Phase 2+); focus: 
NTN, NR Light, FR2+

| June 2020

3GPP Release 16 
(5G Phase 2); focus: 
two market verticals

5G is a marathon, 
not a 100 m sprint…

5G NR
Phase 1
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3GPP REL. 16 TOPIC SUMMARY

Beyond 5G NR Release 15

LTE
Rel. 16

5G 
ENTV

eMTC

NB-IoT
DL 

MIMO 
enh.

Mobile 
enh.

Highlighted work items: major new aspects

NR
Rel. 16

V2X DC/CA 
enh.

2-step 
RACH

CLI & RIM

MIMO

IAB

IIoT

URLLC

Mobility 
Enh.Positioning

UE PS

NR-U

Capability
Sig.

SRVCC

NPN

NTN

IIoT_CM

NOMA

Rel. 16 

Rel. 15 
enhancements

New 
applications

Operational 
enhancements



INDUSTRIAL IoT
5G evolution, Releases 16 and 17
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INDUSTRY 4.0 SPECIFIC DEPLOYMENT SCENARIOS
5G-ACIA WP: 5G NON-PUBLIC NETWORKS (NPN) FOR INDUSTRIAL SCENARIOS

Shared RANIsolated

op
tio

na
l

Shared RAN & control NPN w/ public NW

• Isolated NPN deployed on the organization’s defined premises, such 
as a campus or a factory, offer high reliability and operation flexibility 

Beyond 5G NR Release 15

https://www.5g-acia.org/publications/5g-non-public-networks-for-industrial-scenarios-white-paper/
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5G INTEGRATION INTO AN ETHERNET: TSN ARCHITECTURE

UE

UE

TSN based 
application

TSN translator (TT) 
function is used for the 
adaptation to the TSN 
domain on user and 
control plane

TSN 
bridge

Control plane

SMF

UDM NEF

PCFAMF TSN AF

TSN 
bridge

TSN based 
application

The 5G system appears as 
a set of transparent TSN 
Ethernet bridges.
Bridge supports time sync, 
store&forward scheduling, 
jitter management & 
reporting

UPF NW-TSN
translator

DS-TSN
translator

DS-TSN
translator

5GS time synchronization

TSN time synchronization

BridgeS

Beyond 5G NR Release 15

e.g. isochronous Ethernet
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5G INTEGRATION INTO AN ETHERNET: TSN ARCHITECTURE
3GPP RELEASE 16 TECHNOLOGY COMPONENTS

5GS calculates and adds the measured residence time between the 
TTs into the Correction Field (CF) of the synchronization packets of 
the TSN working domain (TS 23.501 - chapter 5.27.1).
gNB may signal 5G system time reference information to the UE 
using unicast or broadcast RRC signaling with a granularity of 10 ns

Time synchronization  

UPF NW-
TT

DS-
TT UE

TSN 
working 
domain

5GS

5GS can be considered as an IEEE 
802.1AS “time aware system” 

The knowledge of TSN traffic pattern is useful for the gNB to allow it 
to more efficiently schedule periodic, deterministic traffic flows either 
via Configured Grants, Semi-Persistent Scheduling or with dynamic 
grants.

TSN traffic characteristic exchange 

SMF TSN AF TSN 
working 
domain

PCF

Beyond 5G NR Release 15



5G BROADCAST
5G evolution, Releases 16 and 17
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FEMBMS – FURTHER ENHANCED MBMS, REL. 14 FEATURE

Beyond 5G NR Release 15
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5G BROADCAST TECHNOLOGY EVOLUTION

Beyond 5G NR Release 15

Rel. 14

Rel. 15

Rel. 16

FeMBMS

LTE-based 5G terrestrial broadcast

Rel. 15

Rel. 16

Rel. 17 Introduction of multicast + broadcast

Traditional 
broadcast
world

Traditional 
cellular
world

Converging
worlds

Impact on 
infrastructure

to enable
broadcast + 

multicast

5G Xcast: study on 
several

numerologies to
allow mix mode for
several coverage

scenarios



5G – POSITIONING
5G evolution, Releases 16 and 17



Rohde & Schwarz

NR POSITIONING FLEXIBILITY
RAT independent 
methods

A-GNSS

WLAN

Bluetooth

Terrestrial beacon 
system

Sensor based methods 
(i.e. barometric)

EUTRAN based 
methods

OTDOA

E-CID

5G NR based 
methods

NR E-CID

DL AoD

UL AoA

DL TDOA

UL-TDOA

Multi-RTTA-GNSS + RTK

Beyond 5G NR Release 15
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5G NR RAT BASED LBS TECHNOLOGIES

14 time

RX cell A PRS

RX cell B PRS

RX cell C PRS

RSTDA-B

RSTDA-C

CellA

CellB

RSTD 
hyperbola with
uncertainty CellC

RSTD 
hyperbola with
uncertainty

Network sync

Half power 
beamwidth

Beam 
specific
RSRP

Time t0 = UESRS_TX

Time t1 = 
gNBSRS_RX

Time t2 = 
gNBPRS_TX

Time t3 = UEPRS_RX

UE reports t3-t0
gNB reports t2-t1

LMF calculates RTT:
(t3-t0) – (t2-t1)

Neighbour cell RTT

gNB TX framei

UE RX framei

Propagation delay

UE TX framei

gNB RX framei

Δt, ideally 0, as new timing
advance for framei+1

Adjusted timing advance, used as RTT

Serving cell RTT

time

TDOA based

Angle based

Beyond 5G NR Release 15
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REL. 16 POSITIONING REFERENCE SIGNALS (PRS)

15

𝑟𝑟 𝑚𝑚 =
1
2

1 − 2𝑐𝑐 2𝑚𝑚 + 𝑗𝑗
1
2

1 − 2𝑐𝑐 2𝑚𝑚 + 1

𝑐𝑐init = 222
𝑛𝑛ID,seq

PRS

1024
+ 210 𝑁𝑁symb

slot 𝑛𝑛s,f
𝜇𝜇 + 𝑙𝑙 + 1 2 𝑛𝑛ID,seq

PRS mod 1024 + 1 + 𝑛𝑛ID,seq
PRS mod 1024 mod 231

Pseudo-random sequence for PRS

dl-PRS-SequenceID

𝑎𝑎𝑘𝑘,𝑙𝑙
𝑝𝑝,𝜇𝜇 = 𝛽𝛽PRS 𝑟𝑟 𝑚𝑚
𝑚𝑚 = 0, 1, …

𝑘𝑘 = 𝑚𝑚𝐾𝐾comb
PRS + 𝑘𝑘offset

PRS + 𝑘𝑘′ mod 𝐾𝐾comb
PRS

𝑙𝑙 = 𝑙𝑙start
PRS , 𝑙𝑙start

PRS + 1, … , 𝑙𝑙start
PRS + 𝐿𝐿PRS − 1

PRS mapping on resource elements k,l

Frequency offset:
dl-PRS-ReOffset

Subcarrier comb:
dl-PRS-CombSizeN

Symbol offset:
dl-PRS-ResourceSymbolOffset

Freq

Time

Point A

Start_PRB
Qunatity of symbols:
dl-PRS-NumSymbols

Positioning reference
signal (PRS)

Beyond 5G NR Release 15
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REL-16: NR POSITIONING – COOPERATION WITH LTE

Beyond 5G NR Release 15

Source TS 37.355

Updating
location
positioning
protocol (LPP) 
from LTE

Introducing
location
management
function (LMF) 
in 5GC

Supporting
secure user
plane location
(SUPL)



5G NR – UNLICENSED (NR-U)
5G evolution, Releases 16 and 17
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5G NR IN UNLICENSED SPECTRUM (NR-U)

7.125 GHz

UE

Up to 
100
MHz

20
MHz

5.15 GHz 6.425 GHz

10
MHz

10
MHz

Licensed band
LTE or 5G NR
(BW depends

on carrier)

5.925 GHz

20
MHz

………

f [GHz]

Up to 
100
MHz

LTE LAA is 20 MHz bandwidth per CC => NR-U can use wider bandwidth, less complexity

Flexible deployment scenarios
• LTE licensed + NR-U
• 5G NR licensed + NR-U
• NR-U uplink optional
• Standalone NR-U

Beyond 5G NR Release 15

Existing 5 GHz ISM band

New 6 GHz band (e.g. EUR)

New 6 GHz band (e.g. US)

DownlinkUplink
Licensed band

LTE or 5G NR
(BW depends

on carrier)

Up to 
100
MHz

Up to 
100
MHz

Uplink Downlink

Outlook: NR-U in 57-71 GHz
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REL. 16: NR ACCESS TO UNLICENSED SPECTRUM (NR-U)

Beyond 5G NR Release 15

► Scenario A: Carrier aggregation between licensed band NR (PCell) and NR-U (SCell) 
− NR-U SCell may have both DL and UL, or DL-only

► Scenario B: Dual connectivity between licensed band LTE (PCell) and NR-U (PSCell)
► Scenario C: Stand-alone NR-U
► Scenario D: A stand-alone NR cell in unlicensed band and UL in licensed band
► Scenario E: Dual connectivity between licensed band NR and NR-U 

LTE 5G NR

Scenarios acc. TR 38.889

A B C D E

Unlicensed

Licensed LTE

Licensed NR
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REL-16: NR ACCESS TO UNLICENSED SPECTRUM (NR-U)

Beyond 5G NR Release 15

Sensing
slot
Ts=9µs

DL UL DL UL DL UL

gNB channel occupancy time (COT)

UL grant

Listen before talk = random or
deterministic number of
sensing slots
(Type 1 or 2 channel access)

DL UL

UL grant

gNB COT UE COT

DLUL
gNB & UE sharing overall COT

RRC configured UL
DL transmissions may
contain discovery
reference signals (DRS), 
i.e. SSB or CSI-RS

Sensing slot = idle, if Psens<XTHRESH for at least 4µs

Contention window before
sensing, depending on 
QoS priority



INTEGRATED ACCESS BACKHAUL (IAB) + ENH. MIMO
5G evolution, Releases 16 and 17
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REL-16: NR INTEGRATED ACCESS AND BACKHAUL (IAB)

► Wireless backhaul links to relay the access traffic

► Enabling flexible and ultra-dense 
cell deployments at lower cost

► Multi-hops for the short range in 
mmWave

Beyond 5G NR Release 15

► Replaces the proprietary solutions in current (extensively used) wireless backhaul links (P2P, LOS)

► Motivated by larger bandwidths and native beamforming in NR (as opposed to LTE Rel-10 relays)

► Very beneficial for NR rollout and during the early phases of the initial growth
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REL-16: NR eNR-MIMO = 5 ASPECTS 

Beyond 5G NR Release 15

CSI enhancements, e.g. type II to close
gap to near-ideal channel status info (CSI)

Multi-TRP scenario and allow
larger size of multi-TRP/panel

Multi-beam operation, 
including beam failure
recovery & schemes for
UL/DL beam selection

∑ Multi-PA transmission
with full power

∆Frequency
∆Power

PAPR reduction
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REL-16: NR 2-STEP RACH

Beyond 5G NR Release 15

MsgA

MsgB

Preamble + data
(Msg1 + Msg3)

RA response
(Msg2 + Msg4)

Idea: change legacy 4-step RACH into 2-step RACH
Motivation: reduce latency and control signaling overhead
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UE RADIO CAPABILITY SIGNALING OPTIMIZATION (RACS)

Beyond 5G NR Release 15

AMF
UE sends

list of capabilities
Stores and keeps capabilities until 
UE moves to RM-DEREGISTERED

Traditional

UCMF
UCMF assigns / stores an 
UE Radio Capability ID for set of capabilities 

With RACS

AMF

UE sends list of capabilities
incl. support for RACS

UE Radio Capability IDs

UE Configuration Update or 
Registration Accept incl

Manufacturer-assigned 
(incl. e.g. TAC)
Valid in any PLMN

PLMN-assigned
Valid in this PLMN

TF
1

Vendor ID
8

Version ID
2

RCI
11

Type field (vendor or 
operator assigned)

IANA assigned number, 
only present it TF=0

Configured in UCMF, 
only present if TF=1

Radio configuration identifier: 
identifies the UE radio configuration



NR-V2X
5G evolution, Releases 16 and 17
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EVOLUTION OF 3GPP MOBILE COMMUNICATIONS STANDARD
RELEASES 12 TO 16 FF RELEVANT FOR AUTOMOTIVE

Beyond 5G NR Release 15
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3GPP RELEASE 16: PHASE III 5G NR V2X

Beyond 5G NR Release 15

Way to 5G New Radio C-V2X

V2X communication in FR1 and FR2

Operates Multiple Input Multiple 
Output (MIMO) transmission

Distance based Hybrid Automatic 
Repeat Request (HARQ)

Flexible numerology
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V2X PHYSICAL LAYER PARAMETERS

Beyond 5G NR Release 15
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THE 7 PILLARS OF 5G NR-C-V2X
Technology of PC5 direct communications (5G)

CP-OFDM with multiple numerologies

Greater flexibility & higher throughput

Low latency slot structure (self-contained)

Broadcast, multicast and unicast

QoS management policy

Beamforming support

Channel structure: reliability + flexibility7

1

2

3

4

5

6

Beyond 5G NR Release 15
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Resource 
Type 

Default 
Priority 
Level 

Packet 
Delay 

Budget 

Packet 
Error 
Rate  

Default 
Maximum 

Data 
Burst 

Volume 

Default 
Averaging 
Window 

Example Service  

21 
 

 
GBR 

3 20 ms 
 

10-4 1. N/A 2. 2000 
ms 

3. Platooning 
between UEs – 
Higher degree of 
automation; 
4. Platooning 
between UE and RS  
– Higher degree of 
automation 

22 
 

(NOTE 1) 4 50 ms 10-2 5. N/A 6. 2000 
ms 

7. Sensor sharin   
higher degree of 
automation  

23  3 100 ms 10-4 8. N/A 9. 2000 
ms 

10. Information 
sharing for automat  
driving – between 
UEs or UE and RSU  
higher degree of 
automation 

55 Non-GBR 3 10 ms  10-4 11. N/A 12. N/A 13. Cooperative la  
change – higher 
degree of automatio  

56  6 20 ms 10-1 14. N/A 15. N/A 16. Platooning 
informative exchang  
– low degree of 
automation; 
17. Platooning – 
information sharing 
with RSU  

57  5 25 ms  10-1 18. N/A 19. N/A 20. Cooperative la  
change – lower 
degree of automatio   

58  4 100 ms 10-2 21. N/A 22. N/A 23. Sensor 
information sharing  
lower degree of 
automation 

59  6 500 ms 10-1 24. N/A 25. N/A 26. Platooning – 
reporting to an RSU 

90 Delay 
Critical 
GBR 

3  10 ms 
 

10-4 27. 2000 
bytes 

28. 2000 
ms 

29. Cooperative 
collision avoidance; 
30. Sensor sharin   
Higher degree of 
automation; 
31. Video sharing  
higher degree of 
automation 

91 (NOTE 1) 2 3 ms 10-5 32. 2000 
bytes 

33. 2000 
ms 

34. Emergency 
trajectory alignment  
35. Sensor sharin   
Higher degree of 
automation 

 

NR V2X SIDELINK SUPPORTING QoS
Technology of PC5 direct communications (5G)

UE A UE BUE B

PC5 Unicast link 1

PC5 Unicast link 2

V2X Service AV2X Service A

Application Layer ID 2Application Layer ID 2

V2X Service B

V2X Service CV2X Service C

V2X Service D

Application Layer ID 4Application Layer ID 4

V2X Service AV2X Service A

V2X Service B

Application Layer ID 1Application Layer ID 1

V2X Service CV2X Service C

V2X Service D

Application Layer ID 3Application Layer ID 3

PC5 QoS Flow #2

PC5 QoS Flow #3

PC5 QoS Flow #1

PC5 QoS Flow #4

PC5 QoS Flow #5

Not an eye chart  but an example of the flexibility: 
3GPP defines ~10 different QoS flow profiles for the NR V2X sidelink

Beyond 5G NR Release 15
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5G NR C-V2X COMMUNICATION MODES AT PHY LAYER

Beyond 5G NR Release 15

Note: eNB can schedule NR or LTE sidelink. gNB can schedule NR or LTE sidelink
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V2X PC5 INTERFACE PROCEDURE BROADCAST

Beyond 5G NR Release 15
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V2X PC5 INTERFACE PROCEDURE GROUPCAST

Beyond 5G NR Release 15
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5G NR ZONE CONCEPT

Beyond 5G NR Release 15
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V2X PC5 INTERFACE PROCEDURE UNICAST

Beyond 5G NR Release 15
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5G NR SIDELINK – CHANNEL STRUCTURE

Beyond 5G NR Release 15

Improved flexibility due 
to sidelink control info.
Various numerologies 
to copy the tremendous 
flexibility of 5G NR, also 
to 5G NR V2X
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NR V2X SIDELINK RESOURCE SCHEDULING

Beyond 5G NR Release 15
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LTE
Rel-16

5G 
ENTV

eMTC

NB-IoT
DL 

MIMO 
enh.

Mob. 
enh.

NR
Rel-16

V2X DC/CA 
enh.

2-step 
RACH

CLI & RIM

MIMO

IAB

IIoT

URLLC

Mobility 
Enh.Positioning

UE PS

NR-U

Capability
Sig.

SRVCC

NPN

NTN

IIoT_CM

NOMA

3GPP REL. 17 WORK ITEMS AND STUDIES + FOLLOW-UP

Beyond 5G NR Release 15

Rel-17
MIMO

Rel-17
SL enh.

Rel-17
IIoT / 

URLLC

Rel-17
IoT over

NTN

Rel-17
NTN

Rel-17
Pos. enh.

Rel-17
UE PS enh.

Rel-17
IAB

Rel-17
NPN

Rel-17
MR DC/CA

Rel-17
SL relay

Rel-17
DSS enh.

Rel-17
NR light

Rel-17
Cov. enh.

Rel-17
MulitSIM

Rel-17
Small Data 

enh.

Rel-17
RAN slicing

Rel-17
QoE

Rel-17
SON/MDT

Rel-17
NR 

<71GHz

Rel-17
XR eval.

Rel-17
eMTC & 
NB-IoT

Rel-17
NR 

Multicast



NON-TERRESTRIAL NETWORKS
5G evolution, Releases 16 and 17
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NON TERRESTRIAL NETWORK APPLICATIONS

Beyond 5G NR Release 15

ETSI TR 103 612: Mobile/fixed communication network in the frequency range 6425 to 7125 MHz

3GPP: IoT over NTN
NB-IoT & LTE-M adopted to NTN
GEO, LEO, HAPS -> air to ground
Business case: „IoT“
e.g. ICARUS: Internet of animals @400MHz

3GPP: NR over NTN
5G NR air interface adopted to NTN
GEO, LEO, HAPS -> air to ground
Fixed or moving terrestrial cells
UE support GNSS + NTN 
Business case: „human“: eMBB

Remote areas
Public safety Temporary hotspots
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NON TERRESTRIAL NETWORK IN ONE SLIDE 

Beyond 5G NR Release 15

Non-terrestrial networks refer to networks, or segments of networks, using an airborne or spaceborne vehicle for 
transmission (part of Rel. 17):

Scenario:
- Device :

- Low speed, pedestrian/ship, VSAT
- Medium/high speed vehicle/train
- Very high speed aerial
- Unmanned aerial system UAS

- Base station
- Spaceborne: satellite systems like GEO, MEO or LEO
- Airborne: aerial vehicles ( 8 to 50 km ) 
- Air 2 ground (A2G) system
- High altitude platform station (HAPS)
- Terrestrial

Deployment:
- Rural, suburban, isolated areas 
- Internet access rural areas (MBB), MTC/IoT
- Cataclysm/disaster relief, public safety
- Discussion to operate in S and Ka-band
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5G NR SATELLITE CONSTELLATION ASPECTS

Doppler shift due to UE and/or gNB mobility => use location/orbit info to compensate Doppler

Carrier frequency offset

Long delay: 
no perfect
channel info (CSI)

Large cell sizes: RTT delay spread

ΔtΔt
mobility

UL&DL beam adjustment
Free space path loss => compensation: beamforming + TX power

Delay, e.g. RTT for GEO satellites ~544ms  (note: NR max RTT = 2ms)
=> Counter with timing advance strategies



INDUSTRIAL INTERNET OF THINGS (IIOT)
5G evolution, Releases 16 and 17
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Baseline use
cases for

URLLC, e.g. 
AR/VR –

entertainment
industry

Rel.15 
NR

•Factory 
automation

•Transport 
Industry

•Electrical 
Power 
Distribution

Rel.16 
URLLC 
& IIoT

XR / entertainment
improvement needs

Rel-17 XR

Rel.16 industries
identified additional 
improvement needs

Rel-17 
IIoT / 

URLLC 
enh.

Goal : extend the NR applicability in various verticals for URLLC
IIOT & URLLC : USECASES

e.g. flexible numerologies

e.g. mini-slot

e.g. NPN

e.g. TSN
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Non-3GPP 
network

RELEASE 17 – IIOT ENHANCEMENTS ON TIME SYNCHRONIZATION

Beyond 5G NR Release 15

Non-3GPP 
network

Station A

Station B

End to end synchronization requirement
5G system contribution to E2E synchronization

Time delay gNB - gNB
Time 
delay
gNB - UE

Time delay UE –
ingress/egress

Grandmaster 
clock

Provisioning of grandmaster
clock over 5GS => 
precompensate delay

5GS provides info about maximum sync error budget as the maximum uncertainty
Σ
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REL-17 IIOT: QoS EXTENSION: SURVIVAL TIME

Beyond 5G NR Release 15

Assessment of periodic deterministic
communication services: 

Successful = correct and in time
Unsuccessful = incorrect or untimely

⇒New QoS parameter 
“Survival time”

Once the application / target device 
senses the absence of expected 
messages it will wait a pre-set period 
before it considers the communication 
“down”. 

=> Faster resume connection after 
absence and make it more robust with 
respect to time delays



SIDELINK ENHANCEMENTS + RELAY
5G evolution, Releases 16 and 17
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REL.17 NR SIDELINK ENHANCEMENTS

Beyond 5G NR Release 15

Release 16 sidelink with focus on automotive!

Release 17 sidelink with focus on battery
consumption! (default resource pool allocation. TX 
side DTX & RX side DRX alignment, SL sensing)

Release 17 sidelink with focus on uRLLC! 
(reliability & reduced latency, Inter-Ue coordination, 
new frequency bands: Uu and SL interface in 
licensed spectrum, SL operation geofencing)

Release 17 sidelink with focus on ProSe! (network 
controlled interactive services, enhanced relay & 
coverage)
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REL.17 NR RELAY

Beyond 5G NR Release 15

UE to
network 
relay

UE to
UE relay

QoS mapping, e.g. new sidelink 
adaptation layer protocol

Relay & remote 
authorization

Source UE UE-to-UE Relay Destination UE

RLC Channel RLC Channel

ADAPT

PC5-RLC

PC5-MAC

PC5-PHY

ADAPT

PC5-RLC

PC5-MAC

PC5-PHY

PC5-PDCP

PC5-SDAP

IP

ADAPT

PC5-RLC

PC5-MAC

PC5-PHY

ADAPT

PC5-RLC

PC5-MAC

PC5-PHY

PC5-PDCP

PC5-SDAP

IP
Source UE Destination  UE

RLC Channel RLC Channel

ADAPT

PC5-RLC

PC5-MAC

PC5-PHY

ADAPT

PC5-RLC

PC5-MAC

PC5-PHY

PC5-PDCP

PC5-RRC

ADAPT

PC5-RLC

PC5-MAC

PC5-PHY

ADAPT

PC5-RLC

PC5-MAC

PC5-PHY

PC5-PDCP

PC5-RRC

UE-to-UE Relay Procedures needed for: 
Discovery, QoS 
maintenance, C- and U-
plane, authorization and 
service continuity
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REL.17 NR RELAY – VARIOUS SCENARIOS

Beyond 5G NR Release 15

5GC
gNB 5G NR

5GC

NG-eNB EUTRA

Network relay UE in coverage, remote UE out of coverage

Network relay UE in coverage, remote UE in coverage

Network relay UE in coverage, remote UE in different cell coverage

UE to UE sidelink relay

5G NR network to sidelink relay

E-UTRA network to sidleink relay



REDUCED CAPABILITY (REDCAP) + POWER SAVING
5G evolution, Releases 16 and 17
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IOT – DEFINITION OF DIFFERENT DEVICES

► Massive IoT primarily consists of wide-area use cases, connecting large numbers of low-complexity, low-cost devices that have long battery life 
and relatively low throughput. NB-IoT and Cat-M technologies complement each other; out of the 123 service providers identified as having 
launched at least one of these, 25 percent have launched both. At the end of 2025, NB-IoT and Cat-M are projected to account for 52 percent of all 
cellular IoT connections. Cat-M and NB-IoT follow a smooth evolution path into 5G networks, and can continue to be deployed in the same bands 
as today, even when 5G is introduced. Commercial devices for Massive IoT include various types of meters, sensors, trackers and wearables. 

► Broadband IoT mainly includes wide-area use cases that require higher throughput, lower latency and larger data volumes than Massive IoT
technologies can support. LTE is already supporting many use cases in this segment. By the end of 2025, 34 percent of cellular IoT connections will 
be broadband IoT, with 4G connecting the majority. With the introduction of 5G New Radio (NR) in old and new spectrum, throughput data rates will 
increase substantially for this segment. 

► Critical IoT is used for time-critical communications in both wide- and local-area use cases that require guaranteed data delivery with specified 
latency targets. Critical IoT will be introduced in 5G networks with the advanced time-critical communication capabilities of 5G NR. Deployment 
of the first modules supporting Critical IoT use cases is expected in 2021. Typical use cases include cloud-based AR/VR, cloud robotics, 
autonomous vehicles, advanced cloud gaming, and real-time coordination and control of machines and processes. 

Beyond 5G NR Release 15
Source: Ericsson mobility report

Massive IoT
Technology: NB-IoT, eMTC

Low-cost

Long battery life

Wide area

Low throughput

Broadband IoT
Technology: LTE (and NR)

Higher throughput

Lower latency

Critical IoT
Technology: NR URLLC, NR IIoT, 

NR SL

Time critical

Low latency and guaranteed data
delivery

Wide area & local use case
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NG-
eNB

REL. 16 REDUCED CAPABILITY throughput

uRLLC

mMTC

eMBB

5G RedCap

Highest throughput

Critical applications

Low complexity & 
high efficient IoT

Smart IoT

5G RedCap: reduced #antennas, bandwidth restriction, Half-
duplex FDD, relaxed processing & timing, power saving
methods incorporation, mobility relaxation (e.g. stationary UEs)

Beyond 5G NR Release 15
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REL-17 POWER SAVING
Rel.16 Power Saving Techniques 

Wake Up Signals 
Efficient Transition to Idle

Dynamic Cross Slot 
Scheduling

Relaxed Measurement
Adaptive MIMO Layers 

UE-Assisted adaptive DRX 
parameters, CA and Max BW

Active 
Mode  

Sleep 
Mode

paging enhancement(s) to 
reduce unnecessary UE 

paging receptions

provide potential TRS/CSI-RS 
occasion(s) available in 

connected mode to 
idle/inactive-mode UEs

Idle
Inactive for SA

PDCCH monitoring reduction 
when C-DRX is configured 

Relaxing UE measurements for 
RLM and/or BFD particularly for 
low mobility UE with short DRX 

periodicity/cycle

Connected
Mode

R
el

-1
7

R
el

-1
6

Paging subgroups, 
different priorities

Provide TRS/CSI-
RS info via SIB
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5G evolution, Releases 16 and 17
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LOCATION-BASED SERVICES IN RELEASE 17 - OUTLOOK
Ambitious targets for Rel-17 target positioning requirements 

Commercial use cases:
- Horizontal position accuracy (< 1 m) for 90% of UEs
- Vertical position accuracy (< 3 m) for 90% of UEs
- End-to-end latency for position estimation of UE (< 100 ms)
- Physical layer latency for position estimation of UE (< 10 ms)

IIoT use cases:
- Horizontal position accuracy (< 0.2 m) for 90% of UEs 
- Vertical position accuracy (< 1 m) for 90% of UEs 
- End-to-end latency for position estimation of UE (< 100ms, in the order of 
10 ms is desired)
- Physical layer latency for position estimation of UE (<10ms)

Beyond 5G NR Release 15
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RELEASE 17 – POSITIONING ENHANCEMENTS

61

Narrow 
beamwidth

Beam 
specific
RSRP

Short symbol time in 
FR2 = better RTT 
granularity

CellA

CellB

CellC

RSTD with better
granularity

Network sync

PRS

PRS on demand = 
better efficiency

NR positioning in RRC_INACTIVE / IDLE state

Multi SRS 
transmission, also on 
multiple CCs

PRS TX and positioning on multiple CCs and multi-band

Aggregating
positioning
methods

Beyond 5G NR Release 15
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LOCATION-BASED SERVICES IN RELEASE 17 - OUTLOOK

Target integrity risk = probability that
the positioning error exceeds the alert 
limit without warning

Alert limit = maximum allowable positioning error
P(x)

Idea to provide authentication
and integrity data via 5G & 
perform data analytics within
the device

GNSS assistance
data integrity

Integrity model (Stanford plot) 

Beyond 5G NR Release 15
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NR
Rel-18

AI/ML

RedCap
evo

5G 
broadcast

XR

Expanded
positioning

Sidelink 
enh.

Duplex 
operation

enh.
Mobility 

enhanceme
nts

UL 
enhanceme

nts

Evolution 
DL MIMO

Multi radio
– multi

connectivity

Topology
improvement

IIoT uRLLC

NTN evo

> 52.6 GHz

Power 
saving

3GPP RELEASE 18 KICK-OFF

Beyond 5G NR Release 15

Narrowband
operation NW energy

saving

CSI reporting + multi-TRP / 
multi-beam

> 4 TX, freq. Selective
precoding, coverage enh.

L1/L2 inter cell HO, DAPS 
improvements, FR2 HO

Mobile IAB, smart repeater

Flexible duplex, eg. DL only deployments, interference
management, cross division duplex XDD

SL enh. (unlicensed, power saving, efficiency), 
SL relay, coexistence LTE-NR V2X

SL positioning, high accuracy, RedCap
positioning, positioning integrity

New KPI / QoS, application awareness, 
power consumption coverage, capacity and 

mobility

LTE & 5G broadcast, NR MBS and multicast

5 MHz UE bandwidth, power saving
enhancements, wake-up signals

HAPS + UAV, network slicing NTN, 
IoT optimizing (no GNSS), NTN 

emergency calls

AI framework for UE, use cases, evaluation, 
link and positioning prediction, Ref. Signal 

reduction, beam management

Base station downtime, breathing cell + SON

Reduce UE measurements, almost zero power wake-up
receiver, energy harvesting

V2X in 60 GHz, unlicensed bands, extension up
to 114.25 GHz

Indoor 5G + WLAN operation, 
dual connectivity with > 2 DC

Short interruption time, including
sidelink into NPN, 

Continued NB-IoT support, usage of spectrum chunks, e.g. CA 
with CC and no SSB sync there, narrowband cell operation
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LBS IN RELEASE 18 – DIFFERENTIAL POSITIONING USING DAS

Ranging – relative distance
Angle of arrival
estimation Φ

Vehicle reference point PR

[𝜏𝜏𝑖𝑖,𝑗𝑗,𝑚𝑚,𝑛𝑛= 𝜏𝜏𝑖𝑖,𝑗𝑗 − 𝜏𝜏𝑖𝑖,𝑚𝑚𝑟𝑟 �𝜙𝜙𝑖𝑖𝑟𝑟 − 𝜏𝜏𝑗𝑗,𝑛𝑛
𝑡𝑡 ( �𝜙𝜙𝑗𝑗𝑡𝑡)]

Assumption model: Propagation delay
τ of j TX arrays with n antennas each
and i RX arrays with m antennas each:

𝜑𝜑 = 𝜏𝜏𝑠𝑠 Δ𝜏𝜏𝑖𝑖,𝑗𝑗 �𝜙𝜙𝑖𝑖,𝑗𝑗 𝐾𝐾 𝑇𝑇

Vector φ with unknown variables: 
• Time of arrival τs
• TDOA Δτ
• Angle of arrival Φ
• Channel coefficients K

Apply methods from estimation theory like Cramer-Rao bound (CRB) and 
Fisher information matrix (FIM) to obtain likelihood information on 
estimated values

Vehicle has multiple antenna arrays
=> distributed antenna system (DAS)

Beyond 5G NR Release 15



BEYOND 5G
5G evolution, Releases 16 and 17



research 
kicks off…

Beyond 5G/6G related workshops,
organized by research community

FROM 5G NR PHASE 2 AND 2+ TOWARDS BEYOND 5G & 6G

20202018 2022 2024 2026
eMBB: enhanced Mobile Broadband
URLLC: Ultra-Reliable Low Latency Communication
mMTC: massive Machine Type Communication

5G NR
Phase 1

5G NR
Phase 2

5G NR
Phase 2+

| March 2019

2030



Rohde & Schwarz

TRENDS TO HIGHER FREQUENCIES AND WIDER 
BANDWIDTHS WILL CONTINUE
Bandwidth extension for FSW signal and spectrum analyzer up to 8.3 GHz

Beyond 5G NR Release 15

Source: https://www.rohde-schwarz.com/us/about/news-press/all-news/rohde-schwarz-enables-sub-thz-ultra-wideband-signal-analysis-press-release-detailpage_229356-793512.html

https://www.rohde-schwarz.com/us/about/news-press/all-news/rohde-schwarz-enables-sub-thz-ultra-wideband-signal-analysis-press-release-detailpage_229356-793512.html


SUMMARY AND CONCLUSION
Technology management (GF-M1)
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5G IS A MARATHON, NOT A 100M SPRINT
► First 5G NR network are being deployment based on 

Non-standalone (NSA) mode (Option 3X) using FR1 
and FR2 frequencies
− Not yet mature, optimization ongoing
− Standalone (SA) rollout started

► Initial 5G deployments focus on enhanced mobile 
broadband (eMBB), upcoming releases of the standard 
will focus on URLLC use cases to address the two 
market verticals Industrial IoT (IIoT) and automotive

► Rohde & Schwarz helps the industry to pave the 
way with innovative test solutions for 5G

Beyond 5G NR Release 15



5G NR technology aspects

Thank you for listening.

And now it’s time for your questions

5G NEW RADIO

BEYOND RELEASE 15
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