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LTE evolution
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Release Release 11 Release 12 Release 13

10

new scenarios * DTD * eDTD
* MTC * eMTC
* NBloT
device e Performance requirements ¢ Network-assisted
enhancement for Interference rejection interference cancellation
receivers * SIC, IRC for SUMIMO
densification * HetNet * dual connectivity * dual connectivity
* Relaying A1 CERIEImES * small cell ON/OFF * LAA
* dynamic TDD
* Mobility enhancements
in heterogeneous
deployments
multi-antenna  * DL8 x8 MIMO  * CoMP with low-latency * CoMP with nonideal * FD-MIMO
techniques * UL4 x4 MIMO backhaul backhaul
* Enhanced control-channel
structures
Spectrum * CA * Carrier aggregation * CA: FDD + TDD e CAupto 32 carriers
flexibility across different TDD * LAA
configurations
miscellaneous * smart congestion * SC-PTM
mitigation

main milestones of LTE evolution

source: E. Dahlman: 4G, LTE-Advanced Pro and The Road to 5G
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UE DL

category

1112

13

14

15

16

17
18

19

20

Max. data
rate in
Mbps

~ 600

~ 400

~ 4000

~ 750 - 800

~ 1000

~ 25000
~ 1200

~ 1600

~ 2000
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4/4

214

21274

21212
2121212

4

2

8

A/4

AfAJ2
21212/2
21474

AfAJA
2121214
21212/212

8
21272121212
Af4fA74
AfAf4

418
212/2/21212/212
21212121414
Af4jA74

8/8
2/272/2/2/2/414
Af4/A414
A4/474/8
A4/8/8

Modulation Comment

640QAM
2660AM
640QAM
2660AM
640QAM
2660AM

2560AM added in 3GPP
Release 12

2660AM
2660AM
2*640AM/2560AM
2660AM
2660AM
2*640AM/2560AM
2660AM
2660AM
2660AM
2660AM
640AM
2560AM
2660AM
2660AM
2660AM
2660AM
266QAM
2660AM
2660AM
2660AM
266QAM

Carrier aggregation be-
yond 5CC added in 3GPP
Releass 13

source: Rhode & Schwarz: LTE-Advanced Pro Introduction
winter semester 2025/2026
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UE UL Max. data Modulation Comment

category rate in
Mbps
13 ~ 150 2 1 640QAM 2566QAM added in
3GPP Release 14
14 ~ 9600 32 2 640QAM
15 ~ 225 3 1 640QAM
16 ~ 105 1 1 2560QAM
17 ~ 2100 5 4 256QAM
18 ~210 2 1 256QAM
19 ~ 13500 16 4 256QAM
20 ~315 3 1 256QAM
21 ~ 300 4 1 640AM

UL UE categories

source: Rhode & Schwarz: LTE-Advanced Pro Introduction
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S WA, LwIP

Link aggregation

)]
eNB (({D ))
{licensed é
frequency band) _

(R)

{unlicensed Carrier aggregation LAA, elAA
frequency band)

Wi-Fi access point

2.4 GHz or 5 GHz

ISM band — N \VLAN offloading Wi

3 ways to use free bandwidth in 3GPP

source: Rhode & Schwarz: LTE-Advanced Pro Introduction
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s channal idle
during this period?

{below thrashold?) Toap
|
[ |
aNB neads i | i
to transmit I | |
LAA SCall Y I I I -
| | | | Time
Ty T, LM |
I : |
m
. T, Slot duration
Tﬂ.rf'- T, Defer tima
| i m, Number of consecutive slots
T T tp Maximum channel occupancy time
LAA LBT DL procedure
CI'_lan_neI access CW e |CWiao | Tcotp allowed CW sizes
priority class (p)
1 1 3 7 2 ms {3,7}
2 1 7 15 3 ms {7,185}
3 3 15 63 Borl10ms {15,31,63}
4 7 15 1023 Borl0Oms {15,31,63,127,2556,511,1023}
priorities for channel access
source: Rhode & Schwarz: LTE-Advanced Pro Introduction
winter semester 2025/2026 6
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SFN mod T = | 20
DMTC periodicity 40, 80 or 160 ms) mod T= [ =5

i with T = dmtcPeriodicity/10
| —
I DMTC occasion (6 ms) subframe = dmtcOffset mod 10
I
|

A
¥

el e
-G N N
LAA SCell #1 — .
B B B
LAA SCall #2 L =

! L7 e .,
! - . S,
f - . T~ ~ o
__f_ _ ~Primary synchronization signal (PSS) - -.K_:q N
Call-spscific V LAA DRS occupies first 12 OFDM
rafaranca i symbaols within a subframe [1 ms]

signal

Secondary synchronization signal (3535)

DRS in LAA

source: Rhode & Schwarz: LTE-Advanced Pro Introduction
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Average over e.g. 28 RSS! Average over e.g. 28 RSS

measurement samples measurement samples
measl]uramn r13 1 meas[]uratlun-rm
e.g. 28 OFDM symbols ‘ 1 subframe [1 ms] .g. 28 OFDM symbols ‘1
! ! |
| I | I :
| rmtc-Subframe0ffser-r1d | rmte-Subframe0ffset-r13 |
! < rmic-Period-r13. e.g. 40 ! < rmtc-Period-r13. e.g. 40 !
[ I | I |
rmtc-Period-r13 rmtc-Period-r13
e.g. 80 ms [= 80 subframes] e.0. 80 ms [= 80 subframes]

example of RSSI based channel time utilization measurement

source: Rhode & Schwarz: LTE-Advanced Pro Introduction
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LTE Split LWA Switched LWA
bearer bearer bearer

radio protocol architecture for eNB and WT

DRB ID PDCP PDU

!

WiFi MAC packet

encapsulation of LW PDU into WiFi MAC packet

source: Rhode & Schwarz: LTE-Advanced Pro Introduction
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N
overall architecture of LWA

source: Rhode & Schwarz: LTE-Advanced Pro Introduction
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TEa

MME =
|
I |
- |
[ CloT RAN :
[ [ 51
CloT-Uu :
|
|
S1-U , SGW
UE :
|
' S5
| C-SGN
|

Network architecture for NBloT

source: Rhode & Schwarz: NBloT White paper
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CloT services )
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MME / 5-GW

X2
eNB eNB

network architecture towards
towards the radio interface

Band Number

Uplink frequency range / MHz

Downlink frequency range / MHz

1 1920 - 1980 2110 - 2170
2 1850 - 1910 1930 - 1990
3 1710 - 1785 1805 - 1880
5 824 - 849 869 - 894
8 880 - 915 925 - 960
12 699 -716 729 - 746
13 777 - 787 746 - 756
17 704 -716 734 - 746
18 815 -830 860 - 875
19 830 - 845 875 - 890
20 832 - 862 791 - 821
26 814 - 849 859 - 894
28 703 - 748 758 - 803
66 1710 - 1780 2110 - 2200

frequency bands for NBloT

source: Rhode & Schwarz: NBloT White paper

L9
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in-band operation

guard band operation

A Al
LTE Carrier LTE Carrier

NBIoT operating modes

BCH PCH DL-SCH

D > . Transport channels

‘\"\\I lrf.-"f
\\,I ;,
\
A N I
""" ) o Physical channels
NPBCH NPDSCH NPDCCH

new DL PHY channels in NBloT

source: Rhode & Schwarz: NBloT White paper
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stand alone operation

1Y
v
GSM Carriers
0.5ms
/.‘.
"~ 180 kHz
1 slot
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One Antenna Port

Subframe

-4—Radio Frame n—#=

ny mod2 =0

NPSS

B8 S8 B8 §

E N EN

Subframe

Two Antenna Ports

| N
| N
| e
[ | e
Subframe >
| EEEN
sss
Il N B N
Il N B B
Il N B N
B N I N
t Subframe >

NBIoT NRS

NBIoT NPSS and NSSS

source: Rhode & Schwarz: NBloT White paper
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- 640ms P{

| MIB-NB ‘

BL1 BL2 BL3 BL4 BL5 BL6 BL7 BL8

4 80ms—»
 NRNRRARAN AARAARAN ARANRNRAN DUNRANAAN RARARRARD RUDRNRNEN REEAEEND I mapping of NPBCH into subframes
2ms
A - A N
RACH UL-SCH |
(D s Transport channels
f - 180 kHz
| 1 i >
. D Physical channels
NPRACH  NPUSCH slot structure at 3.75 kHz spacing

new UL PHY channels in NBloT
source: Rhode & Schwarz: NBloT White paper
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TS S pres
—
——{ RLC RLC

User Plane

NBIoT protocol structure

source: Rhode & Schwarz: NBloT White paper
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Analog beamformer 1

Ant 1

Ant p

Analog beamformer N

Digital Beamforming encoder

Ant q

TRx 1N PAN

Lim>

Ant M

i BN BN ENEN
<F<< Wl <E<<

N transceivers < M antennas

Massive MIMO system architecture

source: Rhode & Schwarz: LTE-Advanced Pro Introduction
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Transceiver array boundary (TAB)

TX/RX unit #1 () 2
@
TX/RX unit #2 . Radio
. | distribution
. ¢ network
: () (RDN)
L ]
|
TX/RX unit #N .
[ ) 2
Transceiver unit array I

TAB connector

general AAS architecture

source: Rhode & Schwarz: LTE-Advanced Pro Introduction
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Receiver target reference
direction for declared 0SDD

Thioughput Fixed reference channel example of AAS OSDD (UL
at sensitivity level direction)

source: Rhode & Schwarz: LTE-Advanced Pro Introduction
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Release
10

Release
13

Release
14

1 2x2 MIMOD
1 4x2/4x4 MIMO

1 8x8 MIMO
1 CRS > DM-RS/CSI-RS

1 FD-MIMO
> up to 16 antenna ports

1 eFD-MIMO
[> up to 32 antenna ports

Status of most deployed
FDD networks

Adopted by TDD operators
> RS now UE-specific

Two new cateqories:
1 Non-pre-coded CSI-RS (class A)
1 Beamformed CSI-RS (class B)

Overhead reduction,
hybrid CSI-RS,
advanced G3l,
DMRS-based OL MIMO

MIMO application development in LTE

source: Rhode & Schwarz: LTE-Advanced Pro Introduction
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cross polarization

Co-phasing W,

beam selection for polarization group using PMI

source: Rhode & Schwarz: LTE-Advanced Pro Introduction
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LTE

non-precoded CSI-RS traffic

Csl1 feedback (PMI, RI, CQl}
> CSl reporting class A

CSI-RS operation with beamforming
CSl resource indicator (CRI) + CSI feedback (PMI, RI, CQI)

> CSl reporting class B

source: Rhode & Schwarz: LTE-Advanced Pro Introduction
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&7
SC-PTM does not require
(((G))) synchronized network (((0}))

A 0

e, S,

Meighbor cells
with independent
= SC-PTM resources >

LTE

SC-PTM

source: Rhode & Schwarz: LTE-Advanced Pro Introduction
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|dentified by Identified by
G-RNTI SC-ANTI

PCCH BCCH CCCH DCCH CDTCH 5C-MTCH SC-MCCH MCCH  MTCH

Downlink
logical channels

Downlink
transport channels

Multiplexed with unicast data

SC-PTM - new logical channels

source: Rhode & Schwarz: LTE-Advanced Pro Introduction
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