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3GPP UMTS Evolution

What are the major technical ,road works"?

As usual: Bandwidth
-Wider frequency bandwidth
-MIMO systems
-Additional frequency bands
-Higher value modulation schemes

Reduce Round Trip Time, RTT

-Node-B upgrade
-Fast scheduling methods

All over Packet Switched Connection

-Deployment of IMS (IP Multimedia Subsystem) in core networks
-solely Shared Channel setups

Ml Driving
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Round Trip Time, RTT
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Numbers to remember ...

T, =10ms =20slots=20-7 OFDM symbols=140- T;;:boz

1 1 2
T = = 66—
ol = A7 15000 30
f 1 (15 1 (500 |
CBwrmal a a ) T:?ymbol 7 HS
T;;Z/Zabol (1 + CP) T;ymbol = 1 9 ah T:?ymbol = F = (
1 5 250
kCPextended Z | Z | T;ymbol ) kT IUS )
15 15 15 1 1
lslot=7-T", =7-—.T  =-—".T  =-". = =0.5ms
symbol 1 4 symbol 2 symbol 2 1 5 OOO 2000
Z;ymbol 1 1 .
= ~32.55ns (~10m resolution)
2048 2048- Af 2048-15000
T;ymbol = 2048 T:S'
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Basic OFDM parameter

\/\/V\/

Af

Coded symbol rate= R

N x Data symbols
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Basic time unit definitions

¢ _ 1 OFDM Ny _ 1
sample 7 “sample —
fs‘ample Af ) NFFT
WIMAX LTE
4 4 1 1
F. n-BW 15kHz -2048  8-3.84Mcps
-Physical slot, PS -Constant value A f=15 kHz
-Depends of sampling frequency F, “NErT max = 2048
-n oversampling factor -Integer multiple of WCDMA/HSPA chiprate

-Nominal bandwidth BW
T, ~ 32,55 nano seconds

Driving
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The LTE basic time unit T,

This time unit is used to specify all
timing aspects in LTE, e.g. the
length of the cyclic prefix is
defined as 144 * T

1
* 15kHz-2048

~ 32.55nano sec

LTE time unit T is a multiple
of the legacy chiprate to
alleviate multimode chipsets design

L.

But also the legacy:

: — T = =
WCDMA chiprate = 3.84 MCps " T 15kHz 2043 (8) 3.84
CDMA2000 chiprate =1.2288 MCps 7.t _| 1
> 15kHz-2048 1.2288

i o
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Downlink basic resources: Data rate aspects

7 OFDM symbol periods

Resource block

12 subcarriers ( 180 kHz )

Resource block incl. 80 modulation symbols
and 4 reference symbols (R)

80- M
] 0.5 ms
R, =160-6-10° = 0.96 Mbps
sorg = 48Mbps @ 10MHz
ors = 105.6 Mbps (@ 20MHz

RRB

R
R

Best case scenario: 64QAM modulation scheme (6bits = 1 symbol)

and no error correction at all!

Ml Driving
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Uplink basic resources

Resource block
incl. 72 modulation symbols
and 12 reference symbols (R)

72-M

0.5 ms
R,, =144.6-10° = 0.864Mbps
R rp =86.4Mbps (@ 20MHz

7 SC-FDMA symbol periods

RRB —
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Best case scenario: 64QAM modulation scheme (6bits = 1 symbol)
and no error correction at all!
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LTE -

spectrum flexibility

LTE physical layer supports any bandwidth from 1.4 MH
to 20 MHz in steps of 180 kHz (resource block)

Current LTE specification supports only a subset of 8
different system bandwidths

All UEs must support the maximum bandwidth of 20 MHz

Channel Bandwidth [MHz]

Channel i ¢ Transmission Bandwidth Configuration [RB] >

bandwidth i i Transmission :

aw,.. | 14| 3 |5 (1011520 | |  Jeeeen

[MHz] O oo
3. iz (TTTTTTTTT(T]

FDD and & iz

ToDmode | 6 | 15 |25|50|75|100| % 7

number of resource blocks

I 4

" Tebpe puueyy

......... N W]

Y

Activ ﬁﬁlﬁk"%ﬁ f y DC carrier (downlink only)
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Channel bandwidth parameters

Bandwidth FET NE- Ny Of:cup.ied Max Data
BWchanael SIZ€ 1 Number of sub Transmission Bandwidth ratc
carriers excl. DC Bandwidth
carrier Configuration
1.4 MHz 128 72 6 1.095 MHz 5.76 Mbps
3 MHz 256 180 15 2.715 MHz 14.4 Mbps
5 MHz 512 300 25 4.515 MHz 24.0 Mbps
10 MHz 1024 600 50 9.015 MHz 48.0 Mbps
15 MHz 1536 200 75 13.515 MHz | 72.0 Mbps
20 MHz 2048 1200 100 18.015 MHz | 96.0 Mbps

Baseline parameters:

* Af =15 kHz

* Normal cyclic prefix
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» 12 subcarriers per resource block (default)
» 7 symbols per resource block (default)

» Generic FDD radio framing type 1 (i.e. 20 slots @ 10 ms)




LTE: new physical channels for data and control

Physical Control Format Indicator Channel PCFICH:
Indicates Format of PDCCH

Physical Downlink Control Channel PDCCH:
Downlink and uplink scheduling decisions

((( Physical Downlink Shared Channel PDSCH: Downlink data

Physical Hybrid ARQ Indicator Channel PHICH:
ACK/NACK for uplink packets

~7 _—

Physical Uplink Shared Channel PUSCH: Uplink data

Physical Uplink Control Channel PUCCH:
ACK/NACK for downlink packets, scheduling requests, channel quality info

&
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LTE downlink
Scheduling of downlink data

Check PDCCH for your UE ID. As
soon as you are addressed, you will
find all the information you need there.

Physical Downlink Control Physical Downlink Shared
Channel (PDCCH) Channel (PDSCH)

| would like to receive data on
but | don‘t know which
resource blocks are allocated for me
and how they look like

Driving
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Physical Control Format Indicator Channel (PCFICH)
Indicating PDCCH format

Check PCFICH. It will tell you how many
symbols (1, 2, or 3)in the beginning of the
subframe are allocated for PDCCH.

Physical Control Format
Indicator Channel (PCFICH)

Physical Downlink Control
Channel (PDCCH)

| would like to read the PDCCH but
where is it?
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Physical Hybrid ARQ Indicator Channel (PHICH)
Acknowledging uplink data packets

Read the PHICH. It carries ACK or
NACK for each single packet.

Physical Hybrid ARQ Physical Uplink Shared Channel
Indicator Channel (PHICH) (PUSCH)
| have sent data packets on PUSCH
but | don‘t know whether they have
been received correctly.
?
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LTE Downlink:
How does the OFDMA signal look like?

5 MHz Bandwidth

/—\ Sub-carriers
|‘% ¥|A

Symbols

y>

N s N

,,,,,,,,,,,
,,,,,,,,,,,,

Frequency

Time

J
0’0

Each sub-carrier (frequency channel) carries a separate low-rate stream of data

)
0’0

Frequencies are chosen so that the modulated data streams are orthogonal to each other

)
0’0

Each sub-carrier is independently modulated

)
0’0

A guard time is added to each symbol (cyclic prefix in LTE)

L/
0’0

Symbol duration is relatively long compared to channel delay spread -> less intersymbol interference
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LTE Downlink:
How to generate an OFDMA signal in theory?

QAM symbol rate =

N/T, symbols/sec
$ N symbol OFI%)M1 o
QAM streams symbols Use FDM
Source(s) | Modulator T, IFFT T, symbols
symbol/se symbols/s

J/
0’0

Mapping of serial stream of modulated symbols to N parallel streams
LTE provides QPSK, 16QAM, 64QAM as downlink modulation schemes
Symbols on N streams are used as frequency domain bins for the IFFT (Inverse FFT)

X/
0’0

e

*¢

e

*¢

IFFT provides N-point set of complex time-domain samples

K/
0.0

Useful OFDM symbol is the time superposition of N orthogonal subcarriers
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LTE Downlink

OFDMA time-frequency multiplexing

frequency

QPSK, 16QAM or 64QAM modulation

1 resource block =
180 kHz = 12 subcarriers
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Subcarrier spacing = 15 kHz

*TTI = transmission time interval

** For normal cyclic prefix duration
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LTE Downlink;
OFDMA Time/Frequency Representation

OFDM symbols (time domain)

Resource block

£ 0
CE) A 0
-O y
« Sub-carrier spacing in LTE = 15 kHz >
(7.5 kHz for MBMS scenarios) 8
()] 1
» Data is allocated in multiples of resource blocks 8_ X
(®)]
* 1 resource block spans 12 sub-carriers in the g m _g
frequency domain and 1 slot in the time domain Tn/ g =
o
* Resource block size is identical for all bandwidths _E § _g
han (OB
e
. . S wd
Normal scenario: carrier -g = >
(D <

spacing of 15 kHz v 1 LTE slot of 0.5 ms =
Big cell scenario: 7,5 kHz +

extended guard time 6/7 OFDM symbols dep. on cyclic prefix length

(3 symboils for 7.5 kHz spacing / MBMS scenarios)
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Basic Frame Structure — E-UTRA FDD and TDD

1T syupoL=15kHZ

T N
47167 us TSYMJE@W%-7 us \ /
mymymvm o—e
oo A A
f
f0 f,
l1 2 3.4.5.6 7 Normal CP
P IS Symbol Sybol Symbol Symbol Symbol Extended CP
1 subframe = 1ms
slot slot (=min TTI)

#O | #1 | #2 |#3 | #4 | #5 | #0 | #7 | #8 | #9 [#10 |[#11|#12|#13 |#14 |#15 |#16 |#17 |#18 |#19

1 radio frame = 10 subframes =10 TTIls = 10 ms

|“mnmanarng
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LTE Downlink:
Downlink slot and (sub)frame structure

Symbol time, or number of symbols per time slot is not fixed

One radio frame, 7= 3072007 =10 ms

i One slot, Ty = 15360x7T,=0.5 ms

#O #1 #2 #3 ............................... #1 8 #1 9
i One subframe :
«q >

Ts =32.522 ns

= 1/(15000 X 2048)

1|||||||||||Il Years of
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_TE Downlink: FDD channel mapping example
m
| ] |

J J

N
Il Years of
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LTE Downlink:
baseband signal generation

code words layers antenna ports
/= Scramblin .| Modulation s s .| OFDM .| OFDM signal|
& Mapper Mapper generation
1\1442;{;; | Precoding
 Seramblin _| Modulation R . | oFDM | OFDM signal |
& Mapper Mapper _generation
1 stream =
several
Avoid QPSK For MIMO Weighting 1 OFDM subcarriers
constant 16 QAM Split into data symbol per based on
sequences 64 QAM Several streams for stream Physical
streams if MIMO ressource
needed blocks
|I|l:::|||\[| Ye?r.s of
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LTE Link Adaptation

Channel report elements:
CQI — Channel Quality Indicator
PMI — Precoding Matrix Indicator
RI — Rank Indicator

|||||||||nll Years of
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Channel Coding Performance

Throughput, bits per second per Hz

ROHDE&SCHWARZ uly 09 | LTE physical layer| R.Stuhlfauth, 1MAT 25

——MCS-1 [QPSK,R=1/8]
—MCS-2 [QPSK R=1/5]
— ICS-3 [QPSK,R=1/4]
— MCS-4 [QPSK,R=1/3]
— \ICS-5 [QPSK,R=1/2]
— \ICS-6 [QPSK,R=2/3]
= MCS5-7 [QPSK R=4/5]
MCS-8 [16 QAM,R=1/2]
MCS-9 [16 QAM, R=2/3]
MCS-10 [16 QAM,R=4/5]
MCS-11 [64 QAM,R=2/3]
MCS-12 [64 QAN R=3:4]
-MCS-13 [64 QAM,R=4/5]

== Shannon ]
-1 4 L -
[
A .
G T T fl f T T I T T T I.. 1
-10 -3 -6 -4 -2 2 4 6 2 10 12 14 16 18
SNR, dB
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LTE Physical Layer:
SC-FDMA in uplink
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LTE Uplink:
How to generate an SC-FDMA signal in theory?

P
Coded symbol rate= R |
i

.............. Sub-carrier | 1 CP
> Mapping | | IFET ™ insertion [

- !
N1x symbols :
|

>

Size-NTx Size-NFFT

K/
0’0

LTE provides QPSK,16QAM, and 64QAM as uplink modulation schemes

DFT is first applied to block of N1y modulated data symbols to transform them into
frequency domain

K/
0’0

X/
0’0

Sub-carrier mapping allows flexible allocation of signal to available sub-carriers
IFFT and cyclic prefix (CP) insertion as in OFDM

Each subcarrier carries a portion of superposed DFT spread data symbols
Can also be seen as “pre-coded OFDM” or “DFT-spread OFDM”

J/ J/
0’0 0’0

K/
0’0

| i Years of
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SC-FDMA and OFDMA - differences

SC-FDMA
. N- ser
Tlme tO R — p]:(;ls_lllj(J > {Sﬁgﬁg J > %JB(]?]‘E} /PS
frequency (X1 A
spreading by
DFT. m}é }%m@}e F&@
‘ IDFT Equalization DFT -
OFDMA
{x) > {Sﬁ"aﬁ‘} ¥ fggJ /Ps

point
DFT CP

Subcarrier
<« | Detect | €«——— | De-mapping/ | €~
Fqualization

M- } Rﬂnove

* CP: Cyclic Prefix, PS: Pulse Shaping

ROHDE&SCHWARZ uly 09 | LTE physical layer| R.Stuhlfauth, 1MAT 28 7 Wil
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LTE Uplink:
How does the SC-FDMA signal look like?

% In principle similar to OFDMA, BUT:
 In OFDMA, each sub-carrier only carries information related to one specific symbol
% In SC-FDMA, each sub-carrier contains information of ALL transmitted symbols

-

fi f g [ & frequancy f, f, g LA A & frequency

(a) OFDM subcarriers (b) DFT-s-OFDM subcarriers

f
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Localized versus Distributed FDMA

We have seen that DFT will distribute the time signal
over the frequency. Next question that arises is: how is that
distribution done: localized or distributed?

Each user transmission localized in the frequency domain
« Low-PAPR by single-carrier transmisssion

 Flexible transmission bandwidth

» Channel-dependent scheduling in frequency domain

Not

u Sed Each user distributed in the frequerrey

. Low PAPR by means of IFDMA ("single-e=
in LTE

itive to frequency errors, user synchronization required

|| i Years of
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SC-FDMA Peak to average

(a) (b)
o] O
10 : 10
-1 -1f |
10 1 10 1
%’b o ] %‘b 4 ]
10 10
s 1 A !
£ w0 = < 07 1
E s ¥ s
a0 ] & k ]
- 1 -4 I o
10 I 107 1
- : 5 ; ]
0o 2 6 8 14 o =2 4 6 '8 14
PAPR_[dB] PAPR_[dB]
gm Solid linesz without pulse shaping
OFDMA Dotted lines: with pulse shaping

FIGURE 5 Comparison of CCDF of PAPR for IFDMA, LFDMA, and OFDMA with M = 256 system subcarriers, N = 64 subcarriers per user,
and a = 0.5 rolloff factor; (a) QPSK; (h) 16-QAM.
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LTE uplink

SC-FDMA time-frequency multiplexing

1 resource block

=15 kHz
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QPSK, 16QAM or 64QAM modulation
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LTE Uplink:

baseband signal generation

UE specific
Scrambling code
Scranbli | Modulation
hrgg . mapper
Avoid QPSK

constant 16 QAM
sequences 64 QAM

)
ROHDE&SCHWARZ uly 09 | LTE physical layer| R.Stuhlfauth, 1MAT 33 7' Wl

| Transform

Resource

Discrete
Fourier
Transform

\ 4

SGFDMA

element mapper

Mapping on
physical
Ressource,
l.e.
subcarriers
not used for
reference
signals

i e

Innovation

\ 4

signal gen.

1 stream =
several
subcarriers,
based on
Physical
ressource
blocks



LTE Uplink:
Physical Channels in uplink

. Physical Uplink Shared Channel,
PUSCH

1- Physical Uplink Control Channel,
PUCCH

- Physical Random Access
Channel, PRACH

Illlmnnm Years of
ml””‘| Driving
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Uplink Control Channel (PUCCH)

< Carries Uplink Control Information (UCI) when no PDSCH is transmitted
<+ TDD: PUCCH is not transmitted in subframes containing the UpPTS field

.0

.0

PUCCH Bits per

format subframe COntEns

1 On/Off Scheduling Request (SR)

1a 1 ACK/NACK, ACK/NACK+SR

1b 2 ACK/NACK, ACK/NACK+SR

5 20 CQI/PMI or RI (any CP),

(CQI/PMI or RI)+ACK/NACK (long CP only)

2a 21 (CQI/PMI or RI)+ACK/NACK (normal CP only)
2b 22 (CQI/PMI or RI)+ACK/NACK (normal CP only)

< Channel quality reporting comprises Channel Quality Indicator (CQl),
Precoding Matrix Indicator (PMI) and Rank Indicator (RlI)

< CQI/PMI/RI are only signaled via PUCCH when periodic reporting is
requested. Scheduled/aperiodic reporting is only done via PUSCH

"“mnmuygarsof

fm| Driving
|
ROHDE&SCHWAR zJuIy 09 | LTE physical layer| R.Stuhlfauth, 1IMAT 35 7"|||h1| ”“
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PUSCH and PDCCH Timing Relation

PDCCH !
i

Upon detection of a  FPb DownLink

PDCCH with DCI |

Subframe 0 Subframe 1 Subframe 2 Subframe 3 Subframe 4 Subframe S :  Subframe 6 Subframe 7

Subframe 8 Subframe 9

format O and/or a . FDD: K=4

PHICH transmission PP UpLink

. Subframe 0 Subframe 1 ' Subframe 2 Subframe 3 Subframe 4 Subframe 5 Subframe 7 Subframe 8 Subframe 9
in sub-frame n | |
. L o PUSCH
Intended for the UE, |‘ 4 subframe delay VI
PUSCH is sent in "
()
subframe n+K TDD UL/]?L Delay K for DL subframe number n °
Configuration 0 1 2 3 4 5 6 7 8 9 -
0 40 | ¢® 40 | 6® =)
1 6 4 6 4] s
. o 2 4 4 £
TDD: PUSCH timing 3 y T 2
relation depends on TDD ; T &
frame configuration ; 7 <
6 7 7 7 7 5 d
:‘ (k>3 subframe delay ‘:
TDC Configuratior3 DSUUUDDDDD i‘ PDCCH 'i PUSCH Next radio frame

Subframe Su‘}frame 1 Subframe 2 Subframe 3 Subframe 4 Subframe 3 Subframe ¢ Subframe 7 Subframe 8 Subframe § Subframe Subframe 3

Subframe 4 Subframe 3

signaled in DCI format O

|||||||||nt| Years of
7'| ) iiing
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LTE Uplink: channel mapping example

[[] Unscheduled Resource Blocks [1 Scheduled PUCCH

[[] Scheduled Resource Blocks B Demodulation Reference Signal PUCCH
B Demodulation Reference Signal PUSCH

B Sounding Reference Signal

Total available bandwidth

M?A?AQA?A?A?MA?AQA? Mm M H AWA" WHWWAM

|

AW?WH
memM.W« il uv««»««mw mmv.m mwm m M’?{ fwv DA
i nvy.'.mw«mv¢?'¢9n9wvnvvnnvn0mvnvvnnmmmmm i

i
\ 1

AMMMAAW MM«M«QMW MAMA?'?AQA?A?A?A?A?A?A’A?AWA?A?A?A?A?A?AMA?AQAQ QMMMM ’A'A?A?A?AWAW M«M
WHW'WA?A?A?A?A?A?A?AMA? ?AMA?A?A?A?A?A?AQA?A' ’AM MMM ?A?A?A?AMA?A?AQA?AM ?A?A'A?A?A?A?A?A?A?A?A? ?A?A?WAQAMAQ?

i MWMMA,M ?WAMAQAMM ?A?A?AMAMMAW ?A'A?AMAMMA’A?A’ ?AMA?AMA?AMAMA? ?A?A'AMMAWM WA?A? M “

)

Allocated bandwidth > frequency

Ml
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Frequency Hopping for PUSCH

2 hopping types:  type 2 = predefined hopping pattern,
type 1 = depends on start RB + hopping index
2 hopping modes: inter-subframe or intra and inter-subframe

One slot, Intra and inter-subframe
-

#O #1 #2 #3 ............................... #18 #19

One subframe

T - Qo

Mg (11) o (12) Hprp (12)

Inter-subframe

#O #1 #2 #3 ............................... #18 #19
QL

ﬁPRB (nl)

<€

-

|||||||||nu Years of
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LTE Initial Access

Base Station

Base Station

Base Station

What does the mobile need to know?

1) Strongest base station 4) Channel bandwidth
2) Slot and Frame timing 6 BCCH inf .
3) Physical layer cell identity ) information

o
|||||||||nll Years of
7'| ) iiing
ROHDE &SCHWARZ july 09 | LTE physical layer| R.Stuhifauth, 1MAT 39 Wiu(ll" Innovation



LTE cell acquisition process

1 1. carrier frequency detection

1 2. primary synchronisation signal - > 5msec timing and N?

I 3. secondary synchronisation signal -> 10msec timing and NI%)
|1 4. Derive physical layer cell identity out of PSS and SSS

I 5. Blind detect cyclic prefix duration (extended or normal) and slot
boarder

I 6. Using cell identity and channel bandwidth for reference symbol
detection

1 7. PBCH detection, reading Master information block

1 8. MIB -> channel bandwidth and system frame number

1 9. PCFICH detection -> PDCCH -> SI-RNTI

1 10. PDCCH -> PDSCH -> SIB1

1 11. SIB1 scheduling information to acquire all other SIBs
I 12. Reading necessary SIB information

| i

7' I'“”H;l Driving
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LTE cell search - carrier frequency

UE scans all
frequency bands
according to its
capabilities to find
carrier frequency of
the cell. No
priorisation between
bands, optionally
USIM information
will give priority

/
ROHDE&SCHWARZ ,uly 09 | LTE physical layer| R.Stuhlfauth, 1MAT 41 7

E-UTRA Uplink (UL} Drowinlink (DL} Duplex
Eand ES receive ES transmit Maode
/ LE transmit UE receive
FuLiew — Ful nign FoLiow — Founign
1 1920 MHz 1980 MHz 2110 MHz 2170 MHz FDD
2 1850 MHz 1910 MHz 1830 MHz 1990 MHz FOD
3 1710 MHz 1785 MHz 1805 MHz 1880 MHz FOD
4 1710 Hz 1754 Hz 2110 MHz 2154 Hz FOD
] a24 MHz 2449 MHz 2649 MHz 294 MHz FDD
] 230 MHz 40 MHz a75s MHz 285 MHz FOD
7 2800 MHz 2570 MHz 2620 MHz 2690 MHz FOD
a aa0 MHz 914 MHz 924 MHz Q60 MHz FOD
] 17499 MHz 1784.9 MHz 1844 9 MHz 1879.9 MHz FDD
10 1710 Hz 1770 MHz 2110 MHz 2170 MHz FOD
11 14279 MHz 14529 MHz 1475.9 MHz 1500.9 MHz FOD
12 B9 MHz 716 MHz 728 MHz T46 MHz FOD
13 TT7 MHz TaT MHz 746 MHz 786 MHz FDD
14 788 MHz 798 MHz 758 MHz TEE MHz FOD
17 704 WHz 716 MHz 734 MHz T46 MHz FOD
a3 1800 MHz 1920 MHz 1800 MHz 1820 MHz TOD
34 2010 MHz 2025 Hz 2010 MHz 2025 MHz TOD
34 18480 MHz 1910 MHz 18450 MHz 1910 MHz TOD
3h 1930 MHz 19590 MHz 15930 MHz 1990 MHz TOD
ar 1910 MHz 1930 MHz 1810 MHz 1930 MHz TOD
a8 2870 MHz 2620 MHz 2570 MHz 2620 MHz TOD
34 1880 MHz 1920 MHz 1880 MHz 1920 MHz TOD
40 2300 MHz 2400 MHz 2300 MHz 2400 MHz TOD
i Years of
I"'”H  Driving
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LTE Downlink
Cell search procedure - hierarchy

Physical layer
cell identity 1. Primary synchronization signal:

(1 out of 504) 3 possible sequences to identify the cell's physical layer identity (0, 1, 2)

Transmitted every 5 ms to identify 5 ms timing
Downlink
reference signal

2. Secondary synchronization signal:
168 different sequences to identify physical layer cell identity group
Transmitted every 5 ms to identify radio frame timing

3. Physical broadcast channel (PBCH):
Carrying broadcast channel with predefined information:
system bandwidth, number of transmit antennas, reference
signal transmit power, system frame number,...

Ml Driving

1“ il Years of
4 l i
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Initial synchronization
BCH and SCH always located at the center

DC subcarrier, or subcarrier O =

centre of channel bandwidth
20MHz bandwidth .

sch OO0
S-SCH

(Y Y YY)

~
>

Sent over 62 subcarriers

10 MHz bandwidth

PBCH| %
Sent over 72 subcarriers

1.4 MHz bandwidth

||||||||||m Years of
""””ll Driving
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LTE downlink
Hierarchical cell search scheme

Physical layer cell identity Physical layer
cell (1) ) cell identity
Nip- =3Nip + N (1 out of 504)

A

identified by:
Physical layer/cell identity group 0 1 ..............

mm

Physical layer identity 012 012

|||||||||nll Years of
Ml Driving

|
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LTE cell search scheme

Physical layer
cell identity

Nip'=3Nip+Myp

=[0..503] ASmith’
.............. 167
IPhyS|caI layer cell identity groupl

-Am /TN

Physical layer identity

Secondary Sync Channel S-SCH: 168 possible sequences
to identify physical layer cell identity group NO= 0..167

IIIIlIHIl Years of
I"I  Driving
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LTE Downlink: P-SCH and S-SCH

binary sequence,
2 parts, showing

physical layer
cell identity
group

10 ms radio framg

v

|/

Interleaved concatenation of 2 binary sequences

12345.71234567

]

0.5 ms slot

| A

1
i
w

1 ms subframe 2

Secondary synchronization signal

v

DC subcarrier,

No transmission f
||||||||||m Years of
""””f’ Driving
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LTE timing due to PSS and SSS

Toc] [aac] [woc] [woc] [moc] [moc] [woc] [wec]

H_I =
Primary Synchronisation Signal: 1sequences Kgﬂﬂ

identically sent every 5 msecs = 1 halfframe

Ml Driving

rl il Years of
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LTE TDD: PSS and SSS position

SSS on last
PSS on 3rd symbol of slot 1
symbol and 11
Subframe 1
and 6
10 ms radio frame

A

1234567123456712.45671234567

<
«

. A

0.5 ms slot . |How does the UE know whether
1 ms subframe cell is TDD or FDD mode?
PSS Primary synchronization signal PSS and SSS are on
SSS Secondary synchronization signal different positions!

/

||||||||||m Years of
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Primary Synchronisation Signal PSS

I Primary synchronisation signal is a CAZAC sequence,
constant amplitude, zero autocorrelation

I Shows good autocorrelation(the 3 selected root indices show
best correlation results)

I Has good peak to average power ratio, PAPR
I based on Zadoff-Zhu sequence, sequence d (n) given as

NI%) Root index
_un(n+l) u
63 . 0 25
e n=0,1,..30
d,(n)= u(n)(n+2) 1 29
e 63 n=31,32,..,61 2 >

I Mapping onto physical ressources: 62 subcarriers around DC

subcarrier a,; =d(n) n=0,..,61 Alleviates search,
N/DL A/RB UE can use
k:n—3l+% size 64 FFT window

Illlmnnm Years of
"“”H“ Driving
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Primary Synchronisation Signal PSS

2) _
NID —

0

Selection

"BACKGROUND
COLOR

HARDCOPY
HARDCOPY T0
CLIPBOARD

Real Part

I T BT R T T

'|||||||||m1| Years of
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Secondary Synchronisation Signal

I Interleaved concatenation of 2 length-31 binary sequences
| BPSK modulated

I Scrambled based on physical layer identity, derived from
primary synchronisation signal PSS

I Identifies the physical layer cell identity group
I Transmitted on 62 subcarriers around the DC subcarrier

ap; = d(n), n=0,..,61
DL »/RB
N,
kzn_31+NRB—SC

- {N S]f;anb —2 inslotsOand10 for frame structure typel

N gﬁlb —1 inslotsland11 for frame structure type 2

Illlmnnm Years of
ml””‘| Driving
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LTE timing slot and symbol duration

How does the UE know the slot timing, OFDM symbol duration
and the cyclic prefix length?

Cyclic Prefix
OFDM Symbol : [—1 Y | o /+1
CP CP CP >
Reminder: ]
OFDM uses principle [ ] Metrik
of cyclicprefix. L | L1 |
UE can use search
window to
synchronise to Search window RY RN
the OFDM
Symbol lengtn | B B
L]
L1
> 1Y

|||||1||||m Years of
7" ﬂllw“| Driving
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LTE timing + estimate slot and symbol duration

How does the UE know the slot timing, OFDM symbol duration
and the cyclic prefix length?

Symbol 1-6 per slot
CP length = 144 * T

Normal CP
Extended CP

Symbol 0-5 per slot: OFDM symbol
CP length = 512 * Ts duration = 2048*Ts

for both, extended an
normal cyclic prefix

||||||IIHII Years of
jil| Driving

| :
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LTE timing + estimate slot and symbol duration

How does the UE know the cyclic prefix length?

Absolute position of secondary
sync signal is different for normal
or extended Cyclic Prefix, CP

1 slot, either slot OT\ /

. .
1 2 | 3 | 4\ PSS | Normal CP

o
. I c- BB cPBEN c° &2l PSS Extended CP
| e

I
cP
\:I 10 ms |
Ml Driving

|
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Downlink Reference Signals

Cell-specific reference signal

RO RO
2
o
o
g
5 R Ry
g
O
5
RO RO
RO RO
=0 1=61=0 1=6

«» UE-specific reference signals
% UE capability mandatory for TDD and optional for FDD

% Main intention is beamforming with UE-specific TX antenna settings

J/

% Transmitted in addition to the cell-specific reference

|||||||||nt| Years of
7'| ) iiing
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Cell specific reference signal

I Reference signal sequence given as:
1

71 .n, (m) = E

(1-2-c(2m))+ ji(1 —2-¢c2m+1)), m=0]1,.2NpPt —]

V2

| Based on length-31 Gold pseudo random sequence:

e =2 (7-(n, +1)+1+1)-(2- N +1)+2- N + N,

Slot number : .
within Physical S
subframe layer cell gl 1 for normal CP
identity Neo = {0 for extended CP

I Mapped on frequency subcarriers as shown in graph.
Frequency offset variable, depending on cell identity

Illlmnnm Years of

f"|| Driving
| .
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Cell specific reference signals

N =123

cell cell __
A
O
[0}
hut
L
RO RO
RO RO
RO RO
0 RO {
=0 I1=61=0 =6 =0 =6 l=y =0 I=61=0 =6

Assume normal CP length

‘ Vin = NSS! m0d6‘

~

-
Cell specific reference symbols are frequency staggered

with frequency shift depending on cell identity to ease detection.
Example here 3 neighbour cells with different identities y

\_

g e

Hili(lll" Innovation
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LTE Downlink
Configuration of physical broadcast channel

10 ms radio frame

A

v

112|134 5.7 1121314|5|6 7 Secondary synchronization signal

PBCH only
contains master information
block, MIB

. 0.5 ms slot
PBCH has 40 ms transmission time interval

d
<«

1 ms subframe

|“mnmquarng
7" nllw“| Driving
ROHDE&SCHWARZ ,uly 09 | LTE physical layer| R.Stuhlfauth, 1MAT 58 Wl
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Physical Broadcast Channel, PBCH

: CRC is masked, indicating
*Channel bandwidth (6, 15, indirectly the number of Tx
25, 50, 75 or 100 RBs) e
.PHICH Conﬁguration Number of transmit antenna ports PBCH CRC mask
(duration and resource) 1 <0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0>
‘System Frame number z e

MIB ranspo CRC Channel Rate
block attachment coding matching

{scramblingHmodulation Layer mapping+ Mapping to
precoding Resource elements

[ —<
/ On 72 subcarriers
QPSK around DC
subcarrier

Based on physical layer cell
Either port O or

identity
Tx diversity

i o

/
[ !
ROHDE &SCHWARZ juy 09 | LTE physical layer| R.Stuhlfauth, 1MAT 59 7 '“Ihll”” Innovation




LTE — acquiring system information

PCCH BCCH CCCH DCCH DTCH Downlink

Lownlink Control Informati

DCI

:

L

CFl

ontrol Format Indicator

v

O

PCFICH

ROHDE&SCHWARZ uly 09 | LTE physical layer| R.Stuhlfauth, 1MAT 60 7 Wl

v

O

PDCCH

PCH

PBCH

@ Logical channels

rmation

Downlink
D)

Transport channels
DL-SCH

Downlink
Physical channels

PDSCH

Conveys user data,
paging and
system information

||||||||||m Years of
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PCFICH mapping on physical resource

Resource block

PCFICH 7, PGFICH 7 7, | PCFICH

.k

7, | PcFICH % 7

AN

Mapping of PCFICH onto resource elements is based on Physical layer cell Identity!

2 (NRB/20d2NRD]§)Defines variable offset in frequency domain

1 f

g

—~~—

Channel Bandwidth
4

First resource block Last resource block

UE knows channel bandwidth and Physical layer cell identity from
MIB and sync channels -> UE reads PCFICH to know where PDCCH is

My, oreins

|
ROHDE &SCHWARZ uy 09 | LTE physical layer| R.Stuhlfauth, 1MAT 61 7"|||h1||” Innovation



PDCCH scheduling Sys

Resource block

System information
message on PDSCH

nfo on PDSCH

7

/\

RCFICH

L

7

7/ PCFICH 7

PDCCH common search space

N
N
\\\

Downlink Control \

Information DCI, CRC
scrambled with SI-RNT]I
will schedule system

N

information sent on

PDSCH

|||||||mul Years of
Ml Driving
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System Information Scheduling

@ @ SIBs with same
periodicity can be comined into
1 system information message
si-windowlength = time in msec,
where scheduling of SIB can occur.
Beglns at SFN mod periodicity =0

S Sl
message message

Sl
message

message
eriodicity = 80

Q ) perioélcuy given by SIBT,
in number of frames
SIB1:

Scheduling irfo list

periodicity given by SIB1

1 S| SIB2 is in the first S| message of scheduling info!
. message 1

2. Sl message 2
System Information Block 1 has periodicity of
N. Sl méssage N 80 msecs and is sent in subframe#5 of
; ) | frames where SFN mod 8 =0

g e

ROHDE&SCHWARZ juy 09 | LTE physical layer| R.Stuhlfauth, 1MAT 63 7 Wil Innovation



System information broadcast

Master Information Block (on BCH),

periodicity 40 ms:
System bandwidth, number of

UE E-UTRAN

transmit antennas, PHICH
configuration, SFN

MasterInformationBlock P

€ e e e e e e T (on DL-SCH), periodicity 80 ms:

PLMN IDs, Tracking Area Code,

Cell identity, Access restrictions,
scheduling information,...

Systeminformation

& IIIIIIIIIIIIIIIIIIIIIIIIIIIIIITTSS

SysteminformationBlockTypel | ——— System Information Block Type 1

System information blocks with

SI-RNTI is used on PDCCH to same scheduling requirements

. can be mapped to same SI
address System Information message (DL-SCH)

Block Type 1 and S| messages

Illlmnnm Years of
ml””‘| Driving
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System Information Block Type 1

SEQUENCE {

SystemInformationBlockTypel ::=

cellAccessRelatedInfo
plmn-IdentityList
trackingAreaCode
cellIdentity
cellBarred
intraFregReselection
csg-Indication
csg-Identity

)I

cellSelectionInfo
g-RxLevMin
g-RxLevMinOffset

)I

p—Max

fregBandIndicator

schedulingInfolist

tdd-Config

si-WindowLength

systemInfoValueTag
nonCriticalExtension

}

PLMN-IdentityList ::=

PLMN-IdentityInfo ::=
plmn-Identity
cellReservedForOperatorUse

}

SchedulingInfolist ::= SEQUENCE

SchedulingInfo ::= SEQUENCE ({

si-Periodicity

sib-MappingInfo
}
SIB-MappingInfo ::= SEQUENCE

SIB-Type ::=

sparel, ...}

ROHDE&SCHWARZ juy 09 | LTE physical layer| R.Stuhlfauth, 1MAT 65

(SIZE

(SIZE (O.

(1..maxSI-Message)) O

.maxSIB-1)) OF SIB-Type

SEQUENCT
PLMN-IdentityList,
TrackingAreaCode,
CellIdentity,
ENCMERATED {hax

red, notBarred},

ENUMERATED {allowed, notAllowed},

BOOLEAN,

BIT STRING (SIZE (27)) OPTIONAL
SEQUENCE {

Q-RxLevMin,

INTEGER (1..8) OPTIONAL
P-Max OPTIONAL,
INTEGER (1..64),

SchedulingInfolist,
TDD-Config OPTIONAL,

ENUME 4
msl. ms2, ms5, msl0, msl5, ms20,
ms407},

Indicates validity of SIB

-- Need OR

-- Need OP

-- Cond

TDD

-- Need OP

INTEGER (0..31),

SEOULNCE L OPTIONAL
SEQUENCE (SIZE (1..6)) OF PLMN-IdentityInfo
SEQUENCE {

PLMN-Identity,

ENUMERATED {reserved, notReserved}

ENUMERATED

SchedulingInfo

NAS identity. There can be > 1 PLMN identity

Fed UF

message can occur

Max 32 S| messages

rf32, rfe64, rfl28, rf256, rf512},

SIB-Mappin

Window where scheduling of Sl

Periodicity of SI message

Which SIBs are contained in SI message

ENUMERATED {

sibType3, sibTyped4, sibType5, sibType6,
sibType7, sibType8, sibType9, sibTypelO,
sibTypell, spare7, spareb6, spare5,

spare4, spare3, spare2,

||||:::|||m Years of
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System information

MIB:
Physical layer info

SIB Type 3:
Cell reselection info

SIB Type 1:
Access restrictions,
SIB scheduling info

SIB Type 4:
Cell reselection info,
intra-fr. neighbour info

SIB Type 2:
Common and
shared channel info

SIB Type 5:
Cell reselection info,
inter-fr. neighbour info

SIB Type 6: SIB Type 7: SIB Type 8:
Cell reselection info Cell reselection info Cell reselection info
for UTRA for GERAN for CDMA2000
SIB Type 9: SIB Type 10: SIB Type 11:
Home eNB identifier ETWS primary ETWS secondary
(HNBID) notification notification

I ETWS = Earthquake and Tsunami Warning System

ROHDE&SCHWARZ ,uly 09 | LTE physical layer| R.Stuhlfauth, 1MAT 66 7 Wl
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LTE Physical Layer:
Reference signals — general aspects
Reference signals in Downlink

Reference signals in Uplink

||||||IIHII Years of
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Reference signals

I Reference signals and preamble are likely to be CAZAC
I Constant Amplitude Zero Autocorrelation

I One special CAZAC sequence is the Zadoff-Chu sequence

n+l
n——-+I-n

—Jj2mq
a,(n)=e

A/Us.ed tojgenerate

NZC

& m,,,“"%

ROHDE &SCHWARZ july 09 | LTE physical layer| R.Stuhlfauth, IMAT 68 A Wl
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Reference signals: CAZAC

Amaitude soectrum of L =64 PSP CAZAL seouence
I CAZAC stands for Constant a3 i
Amplitude, Zero 5 W
Autocorrelation il A I
Principle of generating CAZAC, R o
e 1||“hju..f. |Jl .l.].rll’i 4 IJ e
Ja Hn) I 1 L
E(HJ - gt e : ¥ = []?1_._’21_””’!,_1 :!’:;E T
. Sampls EH)
where j & V(-1), ay = 2xp/N constitutes the basic phase
angle in radians, N is the number of distinct phases of
the (polyphase) code and p is an integer smaller than ]
and relatively prime with respect to N, e.g. if L=16, | !
% o} 1
Source: Linde, Rohrs, Class of Polyphase CAZAC sequences ;E MT 9
IEEE magazine, 1993 o
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CAZAC sequence characteristics —
constellation diagram

Beta Version 9 Build 2 @@

2.50GHz -30.00 dBm, 10 dB
O n S a n g e a ngin e SIHGLE
Diai Points TO SCREEH

amplitude

BACKGROUND
COLOR

HARDCOPY

HARDCOPY TO
CLIPBOARD

EXZIT EUTRA EUTRA RUH SGL RUH COHT m SCREEN B

'||||t||||m1| Years of
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ROHDE & SCHWARZ.uiy 09 | LTE physical layer] R Stulfauth, 1MAT 70 A movator



Characteristics of Zadoff-Chu sequences

| Zero
Zero i JAutocorrelation
aUtOCO rre|ation I I |e.g. here autocorrelation

of length 64 sequence

oal . Used to estimate
02} . Channel impulse
response

Normalised Amplitude
o
>

0 20 40 80

s
| @

Signal
Near — far situation

@ Used to estimate Receiver
== UE in uplink.

A A

~ VvV

7||||||||||||n Years of
ﬂ”‘|ann
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Characteristics of Zadoff-Chu sequences

{Orthogonality} Y YeNodeB

< >

Demodulation
reference signals

are orthogonal
UEH+ if different cyclic shift
UE2

O N
Multi-User
MIMO

Several UE share the same frequency
and subframe -> so no orthogonality

& /

N

Cyclic shift « of a base
ZC sequence allows the
generation of orthogonal

/\ sequences %

r(n) = e i (n)

ROHDE&SCHWARZ uly 09 | LTE physical layer| R.Stuhlfauth, 1MAT 72 7 Wl
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Characteristics of Zadoff-Chu sequences

Constant
Cross-correlation

a,(n)=e

any pair of ZC

K sequences

/ If N, is selected
to be a prime number,
you get optimum cross

correlation between

—j2m

n+l
n——+I[-n

_

NZC

Cross correlation between
any 2 Zadoff-Chu sequences

is constant and equal to: 1
VNZC

||||||||||m Years of
(il Driving
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Zadoff-Chu sequences in LTE

Zadoff-Chu | is O in LTE
sequence in LTE ntl = for simplicity
: 2
_]2
NZC

a,(n)=e

If N, is selected

to be a prime number, but base
sequence length is extended by
cyclic copy of a root sequence

/qis the Zadoff-Chu root index,
i.e. this is the variable part how
to obtain different sequences.
Value is different for cells and

" indicated by higher layers -

IlII::::IlHtI YDerlaVrlilgf

| .
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Example how LTE reference signals are
generated based on Zadoff-Chu: here PSS

I Primary synchronisation signal PSS has CAZAC

characteristic

I based on Zadoff-Zhu sequence, sequence d (n) given as

g ﬂun(nV
_ jmn(n+l)
J ] e 63 n=0,1,..,30
u (1) = _ ) (n42)
e 3 n=3132,..61
Here the ,variable”
factor u is just one out ———
of 3 possible values o u
0 25
1 29
2 34

ROHDE&SCHWARZ ,uly 09 | LTE physical layer| R.Stuhlfauth, 1MAT 75 7 Wl

i) oring

Not a prime number,
but there are only 3
possible sequences

-> no cross-correlation
variation problems
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LTE Downlink:
Downlink Reference Signals

Of course, there will be reference signals

Cell-specific reference signals, associated with non-MBSFN transmission
‘MBSFN reference signals, associated with MBSFN transmission

*UE-specific reference signals (supported in frame structure type 2 only)
% Downlink reference signal(s) can be used for
“* Downlink-channel-quality measurements

«* Downlink channel estimation for coherent demodulation/detection at
the UE

% Cell search and initial acquisition (carries cell ID)

|“mnmquarng
7" ""””“ Driving
ROHDE&SCHWARZ ,uly 09 | LTE physical layer| R.Stuhlfauth, 1MAT 76 g
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Downlink Reference Signals

UE-specific reference signal Cell-specific reference signal
RS RS
RO RO
Rs Rs b=
2.
<
Ry Ry g R, R,
g
Rs R, 2
© RO RO
Rs Rs
R; R; R, R,
/=0 [=61=0 [=6 [=0 [=61=0 [=6
even-numbered slots odd-numbered slots

Antenna port 3

++ UE-specific reference signals

J/

% UE capability mandatory for TDD and optional for FDD
% Main intention is beamforming with UE-specific TX antenna settings

J/

% Transmitted in addition to the cell-specific reference

||||||||||m Years of
7" llﬂ””\| Driving
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MIMO in LTE (DL)

Reference Symbols / Pilots

e.g.:

/Resource element (k,{)
2 ) Ry Ry | B
] T
(=N
@G Mot used for transmission
E Ry % Ry S By Blwl | on this antenna port
E L~
Q Reference symbols
E 5o i . e . on this antenna port
P
Ry Ry [Bs | B ~T
=0 i =6 =0 | I=6 =0 i I=6 i=0) | =6
Antenna 1 Antenna 2

|||||||||nu Years of
7'| ) iiing
ROHDE&SCHWARZ july 09 | LTE physical layer| R Stuhlfauth, 1MAT 78 Wil Innovation



MIMO in LTE (DL)

Reference Symbols / Pilots

RO Antenna O

R1 Antenna 1

RZ2 Antenna 2

R3 Antenna 3

Different Tx antennas
Can be recognized

separately

A
R1 | R3 RO R1 | R2 RO
RO | R2 R1 RO | R3 R1
g)
@
g
{g R1 | R3 RO R1 | R2 RO
b
.
RO | R2 R1 RO | R3 R1
1 subframe >

ROHDE&SCHWARZ uly 09 | LTE physical layer| R.Stuhlfauth, 1MAT 79
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Cell specific reference signals

to obtain a constant
amplitude )

Real part Imaginary part
e N

Define as complex number,w

‘ Pseudo random sequence, based on cell identity and slot

/

¢ =21.(7 @ )+7+1)-(2 -+ )+2-N< + N,

7'"“':“”'“ Eears of
I riving
|
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Cell recognition due to cell identity

Vs

Cell specific reference signals depend on N_; p

N

(9))

()

eNodeB 1,
Cell

| |
|
| |
I
ence
e\l seo\‘\o refe’ eNodeB 2
Cell identity B!

identity A | | Neighbour cells should have different
physical layer cell identities to be distinguished

ROHDE&SCHWARZ ,uly 09 | LTE physical layer| R.Stuhlfauth, 1MAT 81
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LTE Uplink:
Reference Signals

2 different purposes:

1. Uplink channel estimation for uplink coherent
demodulation/detection
(reference symbol on 4th SC-FDMA symbol)

2. Channel sounding: uplink channel-quality estimation for
better scheduling decisions
(position tbd)

| i Years of
jil| Driving
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LTE Uplink: Reference Signals

0123456012345601234560123456 time

Example
structure

frequency

v

Demodulation Reference Signal: Uplink channel estimation for uplink coherent

demodulation/detection

Sounding Reference Signal SRS: Channel sounding: uplink channel-quality estimation for
better scheduling decisions

|||||||||nl| Years of
7'| ) Diving
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Uplink reference signals

Generation of uplink reference signals overview}

)

_ RS Reference
(a) J(n) = e]an (n) 0<n<Md Signal sequence

Length of sequence is allocated
Uplink resource in terms of resource blocks

— RS RS
hay(m)=x,(nmod Nzc), 0<n<Mg | Base sequence |

RS
xq(m): e Nze  0<m< NXS -1 | Root sequence |

. /'\

q= 5+1/2J+V% . u = group number
uandyv are

— _ a7RS VvV = base sequence number
=Nz '(”“L\Qk Cell specific, d

Given by higher layers

Driving

7'|||||||||||Il Years of
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Uplink reference signals

Allocated uplink resource in number of resource blocks

0 1 2 3 4 5 6 7 107 | 108
- Sequence 0 0 0 0 0 0 01|01 01|01
Q@ number v
e
N L o o o o o o oo o0 o0 (00
() \
IS 1 o o o o o o oo o0 o0 (00
>
£ 3 2 ® ® ® ° ° ° oo (o060 oo |00
2 o
g 5 |3 ® ® ® ® ° ° oo (00 oo |00
% ® ® ® ® ° ° oo (00 oo (0o
g 28 ° ° ® ® ° ® oo (o060 oo |00

29 ° ° ® ® ° ° o0 (00 | ofo o0
£
/ v = sequence number, //
for #RBs >5 v = 0 or 1 depending on hopping
— _ A/RS
q =Ngzc (uﬂk’
u = groupAssignmentPUSCH, given by higher layers

|||||||||nu Years of
(il Driving
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Uplink reference signals

If number of allocated resource blocks < 3, instead
of a Zadoff-Chu sequence like below, a predefined
sequence is used as X,(m). See TS 36.211 for details.

The length of the Zadoff-Chu sequence is given by the largest prime number such that N5 < MRS

RS
X, (m)=e "% | 0<m< Ny -1 Root sequence

Possible values are (prime numbers < 110):

2,3,57,11,13,17,19, 23, 29, 31, 37,
41, 43, 47, 53, 59, 61, 67, 71,
73,79, 83, 89, 97, 101, 103, 107, 109,

|||||||uml Years of
7| ,u||”“l Driving.
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Uplink reference signals

Due to fact with prime numbers,
not all possible length can be obtained
-> cyclic extension

Length of sequence is the allocated
uplink resource in terms of resource blocks

— _ RS _ asRS
r,,(n)=x,(nmod)N,:), 0<n<M_ Base sequence

Root sequence

RS RS
NZC MSC
Largest prime number < M

"“mnmquarsof
ﬂ”W“Dﬁan
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Uplink reference signals

Reference

(05) (n) _ pJon Yy (n), 0<n< MSIES Signal sequence

Length of sequence is the allocated
uplink resource in terms of resource blocks

\ 4
Due to «, different orthogonal sequences can be
generated, based on the same base sequence.
This is needed in case of Multi User MIMO or in case
of PUCCH, where several UEs share the uplink resource

Higher layer value cyclicShift indicates « ‘

|||||||||nll Years of
nll””l| Driving
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Demodulation reference for PUSCH

30 base
sequence groups,

[ 1 point ® or ® defines 1 base sequence of certain length ]

- group hopping
optionally # RBs o (1 |2 (3 |4 |5 |6 |7 107 | 108
enabled Sequence (0 [0 [0 (0o [o |o [o [0 1 o |o
number | 1
7 e - _
# RBs 1 6 7 107 | 108
KX
Sequence 0 0 01 0 0 -
number v 1 1 1 Ph|loeoe
A 0 ° oo (00 cofee| bl TWeoe
1 ° oo (oo oo |oe| bl oo
s |2 ° oo oo oo oo | bl Teoe
Q et
E e ® X EKX) oo (oo Pb oo
w et
° oo |00 oo (oo | b
28 ° oo |00 oo (00| b :
12 cyclic
v * ° oo oo A shifts per
174 base
1 or 2 base sequences for each length (length depends on// sequence

allocated bandwidth), sequence hopping optionally enabled

ROHDE &SCHWARZ juy 09 | LTE physical layer| R.Stuhlfauth, 1MAT 89 7 \
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Demodulation reference for PUSCH + PUCCH

Details on how group hopping and cyclic shift is performed

Group hopping = {NFB“J
nit 3

0
PUSCH PUCCH
FRUCCH _ el o3 fEUSCH < (£PUCCH A Jmod30
0 if group hopping is disabled ’

fgh(ns)={(Zi7:00(8ns;ri).2i)mod30 if group hopping is enabled If PUCCH f PUSCH A, e {0,1 ..... 29}
groupAssignmentPUSCH
from RRC

—
u= (fgh (ns)+fss )m0d30
. . Ncell
CyC“C shift G :{ 3IOD J_zs 4 pRUSCH

1 2
(1)\/IRS + ”1(31\)/1Rs + ”PRS (7 ) mod12

4/ l
nPRs(n )= e8NS, n, +i)2"
RRC parameter: cyclicShift

Parameter cyclic shift in most recent DCI format 0

||||m||m I Years of
llIIHH  Driving
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LTE Physical Layer Procedures
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Subcarrier zero handling

Subcarrier O or DC subcarrier wl f |
causes problems in DAC for i =
direct receiver strategies, DC offset! %
g I -HN
» v ) (NP vRE /2] i ) f1T i1 .
sP)= ) o) SRl N ;(f)n o/ 7 =N T, DC subcarrier,
k=—| NEENERE 2 | P suppressed

1T g, =15kHz

Uplink: N\
(NI‘(%N&B / 2} ]
Sl(f) j2r(k f(f NCPIT A A S

= a (_) .e
k= \_NRLNRB/zj o

%2 subcarrie fs "

DC subcarrier
offset T
Ml Driving

W TTEdIS UT
|
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MIMO modes

I Transmit diversity (TxD)
I Combat fading

I Replicas of the same signal sent
on several Tx antennas

I Get a higher SNR at the Rx

I Spatial multiplexing (SM)

I Different data streams sent
simultaneously on different
antennas

I Higher data rate
I No diversity gain
" Antenna array I Limitation due to path correlation

I Beamforming

|||||||||nll Years of
7'| ) Diving
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SU-MIMO versus MU-MIMO

VY Y
o o/
i

I SU (Single User)-MIMO I

I Goal: to increase user data |
rate

I Simultaneous transmission
of different data streams to 1
user

I Efficient when the user I
experiences good channel
conditions

ROHDE&SCHWARZ ,uly 09 | LTE physical layer| R.Stuhlfauth, 1MAT 94 7 Wl

UE1H

MU (Multiple User)-MIMO

W\ 7\
"

U Ezi

Goal: to increase sector
capacity

Selection of the users
experiencing good channel
conditions

Efficient when a large number
of users have an active data
transmission simultaneously
|“mnmquarng

lmwhDﬁan_
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LTE MIMO

Downlink modes

I Transmit diversity:
< Space Frequency Block Coding (SFBC)
< Increasing robustness of transmission

I Spatial multiplexing:
< Codebook based precoding
< Transmission of different data streams simultaneously over multiple spatial layers
< Open loop mode for high mobile speeds possible

I Cyclic delay diversity (CDD):
< Addition of antenna specific cyclic shifts
< Zero, small delay, and large delay CDD
< Results in additional multipath / increased frequency diversity

|||||1||||m Years of
(il Driving
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LTE UE categories (downlink and uplink)

UE Category Maximum number of Maximum number Total number of | Maximum number
DL-SCH transport of bits of a DL- soft channel hits of supported
block bits recened %CH transport layers for spatial
withina TTI block recemed multiplexing in DL
withina TTI
Category 1 10296 10296 250368 1
Category 2 51024 51024 1237248 2
Category 3 102048 T5376 1237248 2
Category 4 150752 T5376 1827072 2\
Category 5 302752 N\ 151376 ARET200 \4 )
\ UE Category Maximum number of Support for
~300 MbpS ~150 MbpS hits of an UL-SCH 640AM in UL
transport block
peak DL data rate peak DL data rate transmitted within a
for 4x4 MIMO for 2x2 MIMO L
Categary 1 a160 Mo
Category 2 254486 Mo
Categaory 3 81024 Mo
Category 4 21024 Mo
MIMO = Multiple Input Multiple Output Category 3 /r 2370 ves
UL-SCH = Uplink Shared Channel

DL-SCH = Downlink Shared Channel
UE = User Equipment
TTIl = Transmission Time Interval

/
ROHDE&SCHWARZ ,uly 09 | LTE physical layer| R.Stuhlfauth, 1MAT 96 7

[~75 Mbps peak UL
data rate
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Uplink — Downlink Timing

Downlink radio frame #i

Uplink radio frame #i

(NTA + NTA offset) X Ts time units

N, is to be considered as Transmit Timing Advance, as we know from GSM
will be a multiple of 0.52 1 s and is applied as a 1 step adjustment
relative to current uplink timing

NTAoffset — O,fOl" FDD NTAoffset =624,f07" DD NTA :16*]-;

||||||||||m Years of
7" Illlw“| Driving
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Timing advance control

Downlink radio frame #i

Uplink radio frame #i

@

“—>

@

«—

Initial timing advance in random access response, 11 bit value ,
TA ranging from 0 ... 1282

In connected mode, 6 bit value , TA ranging from O ... 63,
where Nijpew = Niaog + (TA =31)x16.
Dynamic change via MAC layer commands

||||||||||m Years of
||II|

Driving
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Downlink power

1 Resource Block

TN

*PDSCH power in same symbol as
reference,

«cell specific,

signaled by higher layers as o g

<l
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Uplink power control
What's behind?

Power control

sufficient E;;/N, to
achieve required QoS

uplink interference,
maximize battery life

I Characteristic of radio channel with multipath propagation (path
loss, shadowing, fast fading) as well as the interference “provided”
through other users — both within the same cell and from
neighboring cells — needs to be considered to find the balance,

|“MHWHYbarsgf
7" llﬂ””\| Driving
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LTE power control

Pathloss =

System Information:
referenceSignalPower
[-60 .. 50]dBm

referenceSignalPower - RSRP

UE measures RSRP:
Reference Signal
Receive Power

PDSCH, PUCCH or
SRS receive power
at eNodeB

UE

PDSCH, PUCCH or
SRS transmit power
at UE

|||||||||nu Years of
7'| ) iiing
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Types of transmit power control

(Transmit Power Control)

TPC

open loop Power Control

closed loop Power Control

For random access procedure

ROHDE&SCHWARZ uly 09 | LTE physical layer| R.Stuhlfauth, 1MAT 102 7 Wl

In connected mode;

Power control to
compensate fading
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LTE Open loop power control

System Info - BCH — PBCH or PDSCH

- referenceSignalPower

- preamblelnitialReceivedTargetPower
- powerRampingStep

- prach-Configlndex

- Pemax

P = Reference signal TX power — RSRP
+ power offset
(+ Power Ramp Step)

|||||||||nl| Years of
(il Driving
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PRACH procedure

preamblelnitialReceivedTargetPower {-120..-90dBm}
+ DELTA PREAMBLE {-3, 0, 8dB} from preamble_index.

PDCCH
l confirmation

Power

RACH
Preamble(s)

Preamble

contains

‘ powerRampingStep: {0,2,4 or 6dB}

RA-RNTI

Time

preambleTransMax in SIB2 indicates maximum
number of PRACH preambles

RA-RNTI = Random Acces Radio Network Transaction Identifier

i vears o

Driving
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PRACH Power

I Max. power for that cell I Max. UE power I Pathloss estimation at UE

I Pemax=min{Pepax; Pumax!

\
4' Poracy = min{ P, ... PREAMBLE_RECEIVED_TARGET_POWER + PL}

I PREAMBLE_RECEIVED_TARGET_POWER = preamblelnitialReceivedTargetPower + DELTA_PREAMBLE I

4 Layer 3: prach-Configindex
‘ D%_ [-3, 0, 8] dB
Layer 3: preamblelnitialReceivedTargetPower

UE Open Loop: [-120 ... -90] dBm

UE sends

PRACH

preamble at >

certain power ﬂ

level — >

f Time

| i Years of
il

Driving
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UL Power Control: Overview

(&)

L-PC is a combination
PDCCHqf-

scH 1| Open-loop:
UE estimates the DL-Path-
loss and compensates it

open loop
power control

~.._ Closed loop
PC-Algorithm power control pL-scH | forthe UL
K
: I Closed-loop:
TB-size, MCS . "
| in addition, the eNB

controls directly the UL-
@) Power through power-
i) control commands
, transmitted on the DL
FDD: UL + DL different—slow power control

TDD: UL + DL reciproc—™faster power control possible

||||||||||\Il Years of
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What is power controlled in the uplink?

Physical channels and signals in the uplink

Path loss

Multipath propagation
UL inteﬁerence%

Physical Uplink

Control Channel (PUCCH)
(Demodulation Reference Signal,

occupied time slot position depends

Sounding Reference Signals (SRS)
[optional] \

9 ’":,\5\“

@
@G‘QQ&.««/ /

NS 2

Physical Uplink
Shared Channel (PUSCH)

(Demodulation Reference Signal,
over entire bandwidth in time slots #3 and #10)

|III|]II1II Years of
. 1' llllw“l Driving
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PUSCH power control
Physical Uplink Shared Channel

I Power level [dBm] of PUSCH is calculated every subframe i based
on the following formula out of TS 36.213 V8.7.0 (June 09
baseline),

Maximum allowed UE power
in this particular cell,
but at maximum +23 dBm?"

\

Foysen (1) = min{ By,

PUSCH transport
format

Power control

Combination of cell- and UE-specific
components configured by L3

JL01og, (Mpygen (1)) By puscn 1] o il

Number of allocated Downlink

resource blocks (RB)
Transmit power for PUSCH

in subframe i in dBm

Cell-specific
parameter
configured by L3

path loss
estimate

adjustment derived
from TPC command
received in subframe (i-4)

Bandwidth factor Basic open-loop starting point Dynamic offset (closed loop)

1) +23 dBm is maximum allowed power in LTE according to TS 36.101, corresponding to power class 3bis in WCDMA
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PUSCH power control

PCMAX Boysen (1) = min{ Ry 10108, (M ey (1)) + B _PUSCH (J)+a(j) PL+ A (D)+ f(i)}

SystemInformationBlockType1 message

P — H P . P -~ ASNISTART
CMAX_m I n{ EMAX, UMAX} SystemInformationBlockTypel ::= SEQUENCE {
cellacoessRelatedInfo SEQUENCE {
1 P is the maximum allowed Fextreaton sl
rackingAreaCode ngAr
EMAX . . . z:iié:i:gity gNt‘l\J/];gAT;DtS(,b ed, notE arred},
power for this particular radio cell e mmamD {adiosed, ool
. . , csg—Identity BIT STRING [SIZE (27} OPTIONAL —-- Need OR
Conﬂgured by h|gher Iayers and S—
—RxLevli —RxLewvMin,
g—RiL::Mi:Offset ?NT;G:; J[J]?..S) OPTIONAL —-- HNeed OP

corresponds to P-MAX information 2

p-Hax OPTIONAL, -= Need OP
. . fregBandIndicator MTEGER (1..64),
element (IE) provided in SIB Type 1, i BT

gi-WindowLength
ﬂﬂﬂﬂﬂ

P-Max information element

QPTIONATL -- Need OP

—-— ASN1START

T‘_lld - INTLRGER V=50, !

—-— ASN1STOP

I Pyuax is the maximum UE power, defined as +23 dBm = 2dB corresponding
to power class 3bis in WCDMA,

— Based on higher order modulation schemes and used transmission bandwidth a
Maximum Power Reduction (MPR) is applied and the UE maximum transmission
power is further reduced (see TS 36.101, table 6.2.3-1),

— Network signaling (NS_0x) might be used in a cell to further reduce maximum UE
transmission power (= Additional MPR (A-MPR); see TS 36.101, Table 6.2.4-1)
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PUSCH power control

MPUSCH Feoson (1) = min{ By 1010gy (Mepgen (D)4 By pygen (J)+ () PL+ A (D) + f(1)}

I Power calculation depends also on allocated resource
blocks for uplink data transmission,

I Number of RB depends on configured bandwidth, but further not
each number of RB is a suitable allocation,

I DCI format 0 and resource allocation type 2 is used to allocated

resource blocks to the UE
— Resource allocation type 2 means in general allocation of contiguously RB,
— Resource Indication Value (RIV) is signaled to the UE, calculated as follows:

UL Bandwidth,
(LCRBS -1)< \_NRB 42:\/@9. 10MHz=50RB then

7 UL /Offset in # of RB, e.g. 15 RB
# of allocated RB, RIV = NRB (LCRBS - 1) + RBSTART else
e.g. 27 RB,...

\ RIV :NI[{%(NI[{% — Lcgg;s +1)+(NI?BL_1_RBSTART)

...must fuffill this requirement! MRPESCH =2% . 3% [ §% <L I[{J];J

— where a,, a3and «gare any integer value,

||||||||||m Years of
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PUSCH power control
Py puscrll) Pruscr (1)= 0 { Py 1010, (Miuscr; (1)) + B pusen ()} () PL+ A () + £ ()}

I Py puscull) is @a combination of cell- and UE-specific components,

Configured by h|gher |ayers1)- Full path loss compensation is considered...
) ) ] __.--no path loss cor_npensation is used.
I Py puschl) = Po_nominaL_puschl) + Po_ue puschl), = j={0, 1},

— Py nominaL pusch(i) in the range of £126) . (£24 dBm)is used to have different BLER
operating points to achieve lower probability of retransmissions,

— Py ue_puscn() in the range of -8...7 dB is used by the eNB to compensate
systematic offsets in the UE’s transmission power settings arising from a wrongly
estimated path loss,

I =0 = for semi-persistent scheduling (SPS), j = 1 = for dynamic scheduling,

I j=2 = fortransmissions corresponding to the retransmission of the random
access response,

— Forj=2:Py ye puscn(2) = 0 and Py nominal_puscr(2) = Po pre + ApreamBLE Msg3s
where P, pre and ApreavsLe Msgs @re provided by higher layers,
— P, pre is understood as Preamble Initial Received Target Power provided by higher layers
and is in the range of -120...-90 dBm,
—  ApreamsLE msg3 IS IN the range of -1...6, where the signaled integer value is multiplied by 2 and
is than the actual power value in dB,

1) see next slide(s) respectively TS 36.331 V8.6.0 Radio Resource Control specification
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PUSCH power control

PO_PUSCH(J) Foyge (1) = min{ Ryy,s, 1010gy, (Mppgey UD"‘MJF c(j) PL+ A (D) + f(1)}

I UplinkPowerControl |IE contains the required information about

PO_N(_)minaI_PUSCH’ PO_UI.E_PUSCH’ AprReAMBLE Msga @re part of
RadioResourceConfigCommon,

I Via RadioResourceConfigCommon the terminal gets also access to RACH-
ConfigCommon to extract from there information like Preamble Initial
Received Target Power (P, pge),

I RadioResourceConfigCommon IE is part of System Information Block Type 2
(SIB Type 2),

— System information (Sl) in LTE are organized in System Information Blocks and are
grouped in S| Messages when they do have same periodicity,

— In contrast to WCDMA Sl are not signaled on a dedicated channel, instead the
shared channel transmission principle is used and they are transmitted on PDSCH,

— SIB Type contains at all information about shared and common channels and is
therefore part of each S| message and listed as first entry,

Illlmnnm Years of
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PUSCH power control
« (j) and PL Proscr (1) = I Py 101080 My (D) + Po puses (/) +[000)* PLI Ae () £ (1))

I Pathloss (PL) is estimated by measuring the power level
(Reference Signal Receive Power, RSRP) of the cell-specific
downlink reference signals (DLRS) and subtracting the measured
value from the transmit power level of the DLRS provided by higher
layers,

— SIB Type 2 = RadioResourceConfigCommon = PDSCH-ConfigCommon,

I «fj)is used as path-loss compensation factor as a trade-off
between total uplink capacity and cell-edge data rate,
— Full path-loss compensation maximizes fairness for cell-edge UE’s,

— Partial path-loss compensation may increase total system capacity, as
less resources are spent ensuring the success of transmissions from cell-
edge UEs and less inter-cell interference is caused to neighboring cells,

— For «(j=0,1)can be 0,0.4, 0.5, 0.6, 0.7, 0.8, 0.9 and 1.0, where 0.7 or 0.8 give a
close-to-maximum system capacity by providing an acceptable cell-edge
performance,

— For «(j=2)=1.0,

Illlmnnm Years of
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LTE path loss compensation

power
power R A
eNodeB
Tx power
UE Tx power
A D
1 Pathloss variatio
I
‘ A UL UE Rx power
eNodeB
Rx power

Symmetric pathloss = same pathloss in UL and DL

|“mnmquarng
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PUSCH power control

Are()

I Aqg(i) can be first seen as MCS-
dependent component in the power
control as it depends in the end on
number of code blocks respectively
bits per code blocks, which translates
to a specific MCS,

I MCS the UE uses is under control of
the eNB
— Signaled by DCI format 0 on PDCCH,

parameter can be understood as
another way to control the power: when
the MCS is changed, the power will
increase or decrease,

I For the case that control information
are send instead of user data (=
“Aperiodic CQl reporting”), which is
signaled by a specific bit in the UL

scheduling grant, power offset are set

by higher layers (see next slide),

ROHDE&SCHWARZ uly 09 | LTE physical layer| R.Stuhlfauth, 1IMAT 115 7 Wl

Foygen (1) = 100{ Bygaye . 10 10g) (Mpygey (1) By pusen (J)+a(j)-P L+ S}

K status is signaled

by higher layers
(SIB Type 2 =
RadioResourceConfigCommon
= UplinkPowerControl),

A (i) =10log,, (2" -1 SIS

Is K
enabled?

control information
without UL-SCH data .,

MPR= Oy, [ Nyp

ﬁPUSCH COl
offset —ﬁ offset

reporting” is configured
(see TS 36.213, section 7.2.1
and TS 36.212, section 5.3.3.1.1)

Oca Number of CQl bits incl. CRC bits
Nre Resource Elements

C Number of code blocks,

K.  Size of code block r,
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PUSCH power control

f(l) Foysep (1) = min{ Ry . 1010g,4 (Mpygey (1) + By pusen (J)+ o j) PL+ A (1) + }

1 f(i) is the other component of the dynamic offset, UE-specific

Transmit Power Control (TPC) commands, signaled with the uplink
cechedillina arant (PDC.CH DCI format N): twn mndes are defined:

- , where Kpscy=4 for FDD and depends on

the UL-DL configuration for TD-LTE (see TS 36. l;!iimﬁﬁfégbﬁ i)
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PUSCH power control
UL scheduling grant (= PDCCH DCI format 0)

I Flag for format 0 and 1A I TPC command for scheduled
differentiation — 1 bit, PUSCH - 2 bit,
— Indicates DCI format to the UE, - Transmit Power Control (TPC) command
'FI\V' nnlnr\'l- Hf‘ +l‘\f\ ‘l‘ ﬂﬂﬂﬂﬂﬂ + AAAAAAAAA
H — H Ul auGgpaiTy DR S LS T L SA AL A S
| Hoppllng fltag h1thb|t, " PUSCH.
— Indicates whether uplink frequency ] ] ]

I Resource block assignment reference signal,
Indlcates the cyclic shift to use for

and hopping resource I AN

allanecatinn
allocarion,

— Depending on resource allocation 1 UL Index —
type, L Index
I Modulation and coding
scheme, redundancy version —

= L.c4

J Vi, blt,

— Indicates modulation scheme and, L Total # of subframes for PDSCH
together with the number of

allocated physical resource biocks

['h FNO DI AIIIIIVIIL IIIVUN (g

transmission

the TBS, 1. CQl request -—1 bit,
New data indicator — 1 bit, — Requests t?ﬂ n*ﬁéﬁﬁm a Cay,
ROHDE& SAJEYWARRBothep 2 HEwhysical layer| R.Stuhlfauth, 1IMAT 117 IIIhul”H esetion
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How to test PUSCH power control?

i Parameters are signaled by higher layers,

a RRCConnectionReconfiguration would be

I PUSCH power reaction on... © required to change parameters!
I TPC commands (accumulative and absolute),
I PUSCH transport format changes, HH
I Content to be transmitted (user data or control mformatlon)
I Pathloss Changes (changing DL RS power),

Foysen (1) = min{ Ry, 101":'2113 (Moyecy ()i |1 PUSCH (J) o PL Arg (3)"" o

Basic open-loop starting point Dynamic offset (closed loop)
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How to test power control?
PUSCH power control for accumulative TPC commands

_|
& Power Control Cycle - -
2 Upper Limit P-max
N e e o e Frerd | accumunted DD A from SIB1
@ “H TPC Command Field | Accumulated rom
% In DCI format 0/3 [dB]
=
T 0 -1
g 1 0
@ =
3 3 cm
== =|z&
S E o
) g™
&
& = =
s >
S &  Sauration
19
_______ e==—==_ Y LowerLimit-40dBm
/ === from 36.101
/ - t'mh
TPC Sequence: O ODOOOODOOOODOOOOOOOO@OOEE® 2z 3 2 3 ime
Staps [dB.II e 0 <1 =1 <1 <1 4 4 4 4 +#1 +H1 +3 +1 +3 +#1 +] minimum
power in LTE

|| i Years of
Ml Driving
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How to test power control?
PUSCH power control for absolute TPC commands

—k
| Power Confrol Cycle - o
= ______Upper Limit P-max
=1 4 from SIB1
7
e TPC Command Field | Absolute [dB]
g In DCI format 0/3 only DCI format 0
I — — 0 4
E 1 1
- o
2 1 5%
3 4 s
a--
£
Pa
— a
o
"
;fbﬁ‘
W ¥y Lower Limit -40dBm
7‘ from 36.101
7 g
TPC Sequence: 2 0 0 9 9 @ @ 41 0o © 0 9 9 0 a 0 0 3 3 3 2 3 time
Abzoluta [dB]: +1 <4 4 4 @4 @ a4 4 4 4 4 A A A A A+ M A 41
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LTE TDD and FDD mode of
operation
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TDD versus FDD
()

Guard band needed I

Independent
resources in uplink +
downlink

Timing and UL/DL No duplexer
configuration needed

needed

|||n||||| Years of
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Frequency band

I For TDD mode, uplink and

downlink is on the same
frequency band

I Bandwidth

E-UTRA
BAND

Uplink (UL)
eNode b receive
UE transmit

Downlink (DL)

eNode b
transmit

UE receive

I:UL_Iow - |=UL_high

FoL 1ow — FoL high

33

1900 MHz-1920 MHz

1900 MHz-1920 MHz

34

2010 MHz-2025 MHz

2010 MHz-2025 MHz

35

1850 MHz -1910 MHz

1850 MHz -1910 MHz

Channel
bandwidt
h [MHZz]

1.4

10

15

20

36

1930 MHz -1990 MHz

1930 MHz -1990 MHz

37

1910 MHz —-1930 MHz

1910 MHz —-1930 MHz

38

2570 MHz -2620 MHz

2570 MHz -2620 MHz

FDD
mode

15

50

75

100

39

1880 MHz - 1920 MHz

1880 MHz - 1920 MHz

TDD
mode

15

25
al

50

75

100

40

2300 MHz - 2400 MHz

2300 MHz - 2400 MHz

/
ROHDE&SCHWARZ uly 09 | LTE physical layer| R.Stuhlfauth, 1MAT 123 7 Wl
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LTE TDD mode - frequency bands

TD-LTE frequency bands and their regions

E-UTRA Operating Band

Operating Frequency

Main region(s)

33 1900 MHz - 1920 MHz Europe, Asia (not Japan)
34 2010 MHz - 2025 MHz Europe, Asia

35 1850 MHz - 1910 MHz -

36 1930 MHz - 1990 MHz -

37 1910 MHZ - 1930 MHz -

38 2570 MHz - 2620 MHz Europe

39 18680 MHz - 1920 MHz China

40 2300 MHz - 2400 MHz Europe, Asia

ROHDE&SCHWARZ juy 09 | LTE physical layer| R.Stuhlfauth, 1MAT 124 7 Wil
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LTE Downlink:

Downlink slot and frame structure: type 2

One radio frame, T;= 3072007 = 10 ms

o

One half-frame, 1536007 = 5 ms On |y for TD D
One slot.,
Tyy= 153607, 30720T;
| | | | | | | T
Subframe #0 Subframe #2 Subframe #3 Subframe #4 Subframe #5 Subframe #7 Subframe #8 Subframe #9

| | | | | | | |

One subframe,

307207,
DwPTS  GP UpPTS DwPTS  GP UpPTS

DwWPTS = Downlink Pilot Time Slot

UpPTS = Uplink Pilot Time Slot

|||||||||nll Years of
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LTE TDD: frame structure type 2

. eF .

Optionally
used as
special

subframe

ubfrarne#

Subfrarne# 2 Subframe #3 ubframe#4 I ubframe #7 ubframe #8 ubframe #9
| | | " | | |

éMH\ H'\

DwPTS GP  UpPTS DwPTS GP  UpPTS

DwPTS = PDCCH, P-Sync, Reference symbol, User Data
GP = main Guard Period for TDD operation
= PRACH, sounding reference signal

|||||mn Years of
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TD-SCDMA/ UTRA-LCR-TDD Frame Structure

SS — Synchronization Shift
(SS space in uplink unused)
TPC — Transmit Power Control

Special fields (275us = 348 chips) 1 Transport Format Indleator
32 chips 64 chips 96 chips 128 chips 32 chips
A A
DWPTS (75 us) Guard Perlod (75 us) UpPTS (125 u_g,_)_
T S _W'tCh
Half radio Slot Slot Slot Slot Slot Slot
frame 5 ms 1 2 3 4 5 6
P 7Y chlps 144 chips 352 chips - .16 chips
Data 1 (v JNGARBEN 55 eere | Dwa2 ___J6)
I Y I
275 us 112.5 us 275 us 12.5us

Burst with or without control information (675us = 864 chips)

|||||||||nl| Years of
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TDD versus FDD Frame

ROHDE&SCHWARZ uly 09 | LTE physical layer| R.Stuhlfauth, 1MAT 128 7'
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slot
0 | 1|2 |3 | 4|5 |6 |7 |8 |9 |[10|1 |12 |13 |14 |15 | 16 | 17 | 18 | 19
Radio frame

FDD: Subframe = 1ms
#0 #1 #H2 #3 #4 #5 #6 #H7 #8 #9

Depends on
TDD: configuration
#0 #H2 #3 #4 #5 #Hr #8 #9
DwWPTS GP UpPTS DwWPTS ‘ UpPTS

i o



TDD Uplink-Downlink Switch-Points

Depends on

TDD: configuration
I I
#0 S | #3 #4 #5 #7 #8 #9
DWPTS C-!-P UpPTS
Uplink-downlink| Downlink-to-Uplink Subframe number
configuration [Switch-point periodicityl o1 2
0 5ms S | U
1 5ms S| U
2 5 ms S | U
3 10 ms S| U
4 10 ms S| U
5 10ms S| U
6 5 ms S| U

- = Subframe is reserved for downlink transmissions
U | = Subframe is reserved for uplink transmissions
S | = Special subframe containing the three fields DwWPTS, GP and UpPTS

|||||||||nll Years of
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TDD Uplink-Downlink configuration: data rate

Uplink-downlink Subframe number Peak data rate (Mbit/sec)
configuration 0 1 Downlink Uplink

0 S 51.5 29.4
1 S 81.4 19.6
2 S 111.6 9.8

S 101 14.7
4 S 116.1 9.8
5 S 131.6 4.9
6 S 66.3 24.5

First requirements

= Subframe is reserved for uplink transmissions
= Special subframe containing the three fields DWPTS, GP and UpPTS

- Subframe is reserved for downlink transmissions
U
S

1|||||||||||Il Years of
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LTE TDD: cyclic prefix used in UL and DL

_ o . Subframe#z EEEEEEEEEEEENR

Cyclic prefix UL and DL subframes may

e N — use the same or different
CP ‘\"I\"\"\"AY\“\"\"E‘\‘\' I\“\‘u Cyc|ic preﬁx |ength

1 3 I4I5I6£7 Normal CP

OFDM OFDM OFDM OFDM OFDM OFDM
Symbol Symbol Symbol Symbol Symbol Symbol extended CP

||||||||||\Il Years of
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LTE TDD: special subframe configurations
How does the special subframe look like?

(@

Syslnfo informs
about configuration

Subframe #2

One subframe=30720 T

DwPTS

GP

UpPTS

»la
l L il

[
»

—>

Timing given by:

:—:

J
Special subframe Normal cyclic prefix in downlink Extended cyclic prefix in downlink
configuration DwPTS UpPTS DwPTS UpPTS
Normal Extended Normal cyclic Extended cyclic
cyclic prefix | cyclic prefix prefix in uplink prefix in uplink
in uplink in uplink
0 6592-T, 7680- T
1 19760 - T, 20480-T;
2192-T, 2560-T,
2 21952-T, 2192-T, 2560-T, | 23040-T,
3 24144 -T, 25600 T,
4 26336-T, 7680- T
5 6592-T, 20480 T, 4384-T, 5120-7;
6 19760 - T, 230407,
4384-T, 5120-T;
7 21952-T, - - -
8 24144 -T, - - -

ROHDE&SCHWARZ uly 09 | LTE physical layer| R.Stuhlfauth, 1MAT 132 7 Wl
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LTE TDD: special subframe configurations

Special subframe configuration = maximum cell size

_ " UpPTE SUbfrarne #2 D

— Timing given by:
Example for timing —_—

Number basis = 2192*T

3

0 10 1 100 km
1 4 1 40 km
2 10 6 1 30 km
3 11 2 1 20 km
4 12 1 1 10 km
5* 9 2 90 km

* first

requirements 6 9 3 2 30 km
7* 10 2 2 20 km
8 11 1 2 10 km

||||||||||m Years of
7" Illlw“| Driving
ROHDE&SCHWARZ uly 09 | LTE physical layer| R.Stuhlfauth, 1MAT 133 Wl

Innovation



Detailed TDD Framing Configurations

< Configuration 0,1,2
< 5ms DL-to-UL
switch period

% Two identical
half radio frames

< Configuration 3,4,5
< 10ms DL-to-UL
switch period

< Configuration 6
< 10ms periodicity but
two DL-to-UL switches

< Switch point position
differs in half-frames

Confiquration 0

D D
Configuration 1

D - D [ D
Configuration 2

D ! D|D|D ! D|D
Configuration 3

5 j 01 0[D[D]D
Configuration 4

D - D|D|D|[D|D]|D
Configuration 5

D ! D|/D|[D|D|D|D]|D
Configuration 6

5 ﬁ >

“me“\harsgf
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LTE TDD: timing advance and guard period

In TDD there is a guard period needed between
eNode B Transition DL-> UL, because of timing advance

TTl=1ms |
i
| |

| |
Subframe# 0 Subframe# 2 Subframe #3 Subframe #7 = | Subframe
| | | |

DwPTS GP UpPTS

UE, short distange to eNode B
| |

Subframe# 0 [ Subframe# 2 |Subframe #3
—>| [

| |
Tpropagation T

| |
Subframe #7 = | Subframe#8

propagation

/

UE, long distance to eNode B Guard period combats
UL — DL collision risk

subframe 0 Bubframe? Jbframe #3 Subframe #7 | Subframe#8
> —»> |+
Tpropagation Tpropagation
|| i Years of
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Interference aspects

(( )) BB s | u | u BBEEBN s

BB s [ v [u | u ONRONEONRONNEN
eNodeB ~ ——__ __ Configuraion 3toUEZ =

The UL/DL configuration can not vary dynamically
between the UEs within a node B

IIIIIIHII Years of
I"I  Driving
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Interference aspects ( ( ))

(§)

BN s | u | U

S

eNodeB 1

PR
Neighbour cells should have the same
UL/DL configurations

|||||I|\Il Years of
I"|  Driving

ROHDE&SCHWARZ juy 09 | LTE physical layer| R.Stuhlfauth, 1MAT 137 "IIIul””' Innovation




Interference aspects

P

(§)

eNodeB 1 &\ eNodeB 2
&

Neighbour cells should have the same
Frame timing. Synchronisation required

|||||||mul Years of
Ml Driving
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LTE TDD: P-SCH and S-SCH position

S-SCH on last
P-SCH on 3rd symbol of slot 1
symbol and 11
Subframe 1

and 6

10 ms radio frame

v

A

1234567123456712.45671234567

t

<
«

O-5mSSIOt': ; [ [T T T T T (T[T [T TTTT W]

[TTPT PP I TT0] H\HHHHHHHHH\HHH‘\ HEEE
[/ [/ \

A
Y._._

1 ms subframe r 2 -

Primary SynChronization Signal } “\ \} \} \} \} \H\ \} \} \} \} \m\ \} \} \} \} \M\ \} \} \} \} ‘H‘ \} \} \} \} \n\ \} \}
Secondary synchronization signal

v

DC subcarrier,

No transmission f
||||||||||m Years of
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PUSCH and PDCCH Timing Relation

PDCCH !
i

Upon detection of a  FPb DownLink

PDCCH with DCI |

Subframe 0 Subframe 1 Subframe 2 Subframe 3 Subframe 4 Subframe S :  Subframe 6 Subframe 7

Subframe 8 Subframe 9

format O and/or a . FDD: K=4

PHICH transmission PP UpLink

. Subframe 0 Subframe 1 ' Subframe 2 Subframe 3 Subframe 4 Subframe 5 Subframe 7 Subframe 8 Subframe 9
in sub-frame n | |
. L o PUSCH
Intended for the UE, |‘ 4 subframe delay VI
PUSCH is sent in "
()
subframe n+K TDD UL/]?L Delay K for DL subframe number n °
Configuration 0 1 2 3 4 5 6 7 8 9 -
0 40 | ¢® 40 | 6® =)
1 6 4 6 4] s
. o 2 4 4 £
TDD: PUSCH timing 3 y T 2
relation depends on TDD ; T &
frame configuration ; 7 <
6 7 7 7 7 5 d
:‘ (k>3 subframe delay ‘:
TDC Configuratior3 DSUUUDDDDD i‘ PDCCH 'i PUSCH Next radio frame

Subframe Su‘}frame 1 Subframe 2 Subframe 3 Subframe 4 Subframe 3 Subframe ¢ Subframe 7 Subframe 8 Subframe § Subframe Subframe 3

Subframe 4 Subframe 3

signaled in DCI format O

|||||||||nt| Years of
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PRACH Formats

Preamble Format Typ 0:

Preamble Format Typ 2:

0.1,ms 0.8 ms 0.1ms O.ams 1.6 ms O.2Ams
= Preamble 5 Preamble
subframe
#O | #1 | #2 | #3 | #4 | #5 |#6 | #7 | #8 | #9 |#10 |#11 |#12 | #13 |#14 | #15|#16 |#17 |#18 |#19
Radio frame
O.Zlns 1.6 ms O.LLns
Preamble

|
ROHDE&SCHWARZ uly 09 | LTE physical layer| R.Stuhlfauth, 1MAT 141 7 !llllulw“

Preamble Format Typ 3:
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TDD PRACH Configurations

Configuration1 DSUUDDSUUD

Subframe 0 ala t Subframe 4 Subframe £ g LHﬂai“ €14 Subframe 7 Subframe 8 Subframe 9

[ =

Subframe 2 Subframe 3

! }

PRACH Preamble Density Version PRACH Preamble Density Version

conf. Format Per 10 ms (r ) conf. Format Per 10 ms (r )

Index (DRA ) R4 Index (DRA ) R4
0 0 0.5 0 32 2 0.5 2
1 0 0.5 1 33 2 1 0 . . . o
2 0 05 2 34 2 1 1
2 0 : 2 34 2 1 1 PRACH configuration indicies
4 0 1 1 36 2 3 0
4 0 1 1 36 2 3 0 for preamble formats 0 to 4
6 0 2 0 38 2 - -
z 0 Z 1 29 21 PRACH | Preamble Density Version
9 0 3 0 a1 3
2 0 3 0 41 3 Index Format per 10 ms
11 0 3 2 43 3
12 0 4 0 44 3 0 0 0.5 0
13 0 4 1 45 3
14 0 4 2 46 3
15 0 5 0 47 3 1 0 0.5 1
16 0 5 1 48 4
17 0 5 2 49 4
18 0 6 0 50 4 2 0 0.5 2
19 0 6 1 51 4
20 1 0.5 0 52 4
21 1 0.5 1 53 4 3 0 1 0
22 1 0.5 2 54 4
23 1 1 0 55 4
24 1 1 1 56 4 4 0 1 1
25 1 2 0 57 4
26 1 3 0 - C . O
27 1 4 0 . . . .
28 1 5 0
29 1 6 0
30 2 0.5 0 57 4 6 0
31 2 0.5 1

IlII"lIIlI\tI Years of
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LTE: HARQ protocol

Synchronous data transfer, At = const

At

e it M b Mt M o b Mt
9 Ut 4+ —> ) Uil i 4+ —> ) Uil it
4ty

Gty ey Gty ey
o pévion o o

M o b Mt
) Uil it

A t
sete g—p| e g > o < > e
Transmitter Asynchronous data transfer Recetver
time
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LTE HARQ protocol

I Uplink:
I Synchronous non-adaptive protocol

I Retransmission occurs at a predefined time after the initial transmission

I HARQ process number is not assigned. Process can be derived from
timing

¢L$$
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_TE TDD: HARQ processes in UL and DL

UL/DL configuration defines the number of HARQ processes,
in configuration 2,3,4 and 5 are more than FDD

TDD UL/DL Maximum number of HARQ
configuration processes in
Uplink

0 7

1 4

2 2

3 3

4 2

) 1

6 6

| i Years of
Ml Driving

| :
ROHDE&SCHWARZ juy 09 | LTE physical layer| R.Stuhlfauth, 1MAT 146 7 'Illlulw“ Innovation




TDD HARQ operation

O

U

HARQ process
number

POIOO DO DD

U IDIIDIDNBIBISY s | u

Fsu

A

A

DL data is
acknowledged in
UL subframe ...

A A A

Uplink subframe may combine acknowledgement of several
Downlink data subframes.

-> different DL — UL timing and roundtrip times

“nmthbarsof
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LTE TDD HARQ operation

Acknowledgement of downlink data received in
Subframe n is done in Uplink subframe n+k, where Kk is given by:

/

UL/DL Subframe n

configur

ation 2 |3 |4 5 6 7 8 9
0 -

1 -

2 -

3 -

4 -

5 -

6 -

i e

ROHDE&SCHWARZ uly 09 | LTE physical layer| R.Stuhlfauth, 1MAT 148 7'!I||h||
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TDD ACK/NAK Bundling

In TDD a single ACK/NAK response may provide feedback for multiple dynamically and
semi-persistently scheduled PDSCH assignments via logical AND of ACK/NAKs

< For frame configurations with more DL subframes (including DwWPTS) than UL subframes

< Downlink Assignment Index defined for DCI (formats 1, 1A, 1B, 2) to provide information
about the number of dynamically assigned DL subframes in the current bundling window
(grows from subframe to subframe in the window when further PDSCH are scheduled)

< DTX is sent instead of ACK/NAK when one or more of the dynamically assigned DL
assignments (signaled in DCI) was missed during the current bundling window

< Proposal of RAN1-53b: Number of DL HARQ processes can be increased up to 16 by
eNodeB when ACK/NAK bundling is active (considers 4bit TDD HARQ-process DCI field)

0

Bundling Window

|||||||||nl| Years of
(il Driving
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Uplink-ACK/NAK Timing

ACK/NAK timing for detected PDSCH transmissions
for which an ACK/NAK shall be provided:

FDD: For PDSCH in subframe n-4 the ACK/NACK response is in subframe n
TDD: For PDSCHs in subframe(s) n-k the single or bundled ACK/NACK

response is transmitted in subframe n

UL-DL Sets of values k
Configuration | 4 | 4 3 4 5 | 6 7
0 - - 6 - 4 - - 6
1 - - 7,6 4 - - - 7,6
2 - - 8,7,6,4 - - - - |8,7,6,4
3 - - 11,7, 6 6,5 54 | - - -
4 - - | 12,11,8,7 | 7,6,5,4 - - - -
5 - - TBD - - - - -
6 - - 7 7 5 - - 7

/
ROHDE&SCHWARZ ,uly 09 | LTE physical layer| R.Stuhlfauth, 1MAT 150 7
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Downlink-ACK/NAK Timing

< For scheduled PUSCH transmissions in subframe n, a UE shall
determine the corresponding PHICH resource in subframe n+k,
where k is always 4 for FDD and is given in the table below for TDD

TDD UL/DL UL subframe index n
Configuration 0o | 1 213 4|5|6|7!|8]|a9
0 4 | 7 | 6 4 | 7 | 6
1 4 |6 4 | 6
2 6 6
3 6 | 6 | 6
4 6 | 6
5 6
6 4 | 6 | 6 4 | 7

"“mnmuygarsof
ﬂ”W“Dﬁan
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LTE Identifiers and System Information

||||||IIHII Years of

i"llﬂ”‘ Driving
|
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Radio Network Transaction Identifiers, RNTI

@

SI-RNTI

System Information-

RN

Broadcast of
System information

TI,

(@

P-RNTI
Paging-RNTI,
Paging and System

Information change info

RA-RNTI

Random Access-
RNTI,
Random Access Response

_J

ROHDE&SCHWARZ uy 09 | LTE physical layer| R.Stuhlfauth, 1MAT 153

(@

TPC-RNTI

Transmit Power Control
RNTI,
For power control, DCI 3,
i.e. multiplexing TPC
commands

&

Driving

TI i Years of
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E-UTRAN Identities

3GPP TS 36.300 subclause 8

I UE identities
I C-RNTI (Cell Radio Network Temporary ldentity)
I Random value for contention resolution

I eNodeB identities

I ECI — E-UTRAN Cell Identifier
— 28 Bit eNB Identifier
I ECGI — E-UTRAN Cell Global Identifier

— Composition of MCC (Mobile Country Code), MNC (Mobile Network Code) and
ECI

I TAI — Tracking Area Identifier
— Composition of MCC, MNC and TAC (Tracking Area Code)

|“MHWHYbarsgf
7" llﬂ””\| Driving
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Physical Format Indicator Channel, PCFICH

*Indicates how many OFDM symbols are used for PDCCH in that subframe,
i.e. the control format indicator, CFI

*Transmitted in every subframe, QPSK modulated
*Coded as 32 bits, transmitted in 4 Resource Element Groups, REG

*Mapping on frequency resource depends on cell identity (see TS36.211 section 6.7.4)

Subframe where PCFICH is Number of OFDM symbols for PD]():LCH when
sent Ngg >10 Ngg <10 CF| l
Subframe 1 and 6 in TDD 1, 2 2
ga_deg__ — Channel coding
| Subframe 0 in FDD mode 1,2,3 D 2,3,4
Most frequent scenario bosbysbsy l

|“mnmquarng
7" nIl””'| Driving
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PCFICH mapping on physical resource

Resource block

N
N
N
N
N
N
N

%

PCFICH 7% 7/, PCFICH % v~ | PCFICH ¥ 7/ | PCFICH

N
N

Mapping of PCFICH onto resource elements is based on Cell Identity!

k=(NR2 /2 hod 23 2% )

1 f

—

—~—

First resource block _Channel Bandwidth _

Last resource block

4 z(”(0) is mapped to the resource - element group represented by & =k
z”(1)  is mapped to the resource - element group represented by & = k+ \_N v/ 2J' N /2
2" (2) is mapped to the resource - element group represented by  k = k+ \-ZN‘I‘); /2J N/2
z(”(3) is mapped to the resource - element group represented by & = k+ \_3N v/ ZJ- NRE /2
|||||1||||m Years of
7" ﬂllw“| Driving
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PCFICH mapping on physical resource

Example: 3 cells with 10 MHz

Ngeip =0 D PCFICH is 7 Neenp =99

frequency interleaved

2 3 4 1

1 2 3 4 D D D D
D_D_D_ﬂ_i 144 294 444 504 f

0 150 300 450

Number of resource element group,
i.e. which resource block carries PCFICH

<
<%

Channel Bandwidth, here = 50 RB

4 1 2 3

L1 .1

36 186 336 486 f

|“mHmHYbarng
7" ""””ll Driving
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Physical HARQ Indicator Channel, PHICH

*Indicates ACK or NACK of previous uplink data block
*Transmitted in every subframe, BPSK modulated
*Multiple PHICHs on same resource -> separated by orthogonal sequence

*Mapping on frequency resource depends on cell identity (see TS36.211 section 6.7.4)

PHICH is identified by group and sequence identifiers H l
Channel coding
group seq
"pHIC ”PHICH)

by, by, b, l

RRC layer configures number of groups:

Orthogonal sequence, Spreading Factor is 2 or 4
PHICH-resource (1/6, 72,1 or 2) multiplied with bandwidth J a P 9

Sequence index Orthogonal sequel

nce
nea Normal cyclic prefix | Extended cyclic prefix
PHICH NPHICH _ 4 NPHICH _ 5
N SF =
+ 1]

w1 1]
+4]

-J]

+1 41 +1 +

group _
Npuicu =

(N S (N RE / 8)} for normal cyclic prefix
2. ’-N . (N 5 / 8)-‘ for extended cyclic prefix

|~ ==

e e b

1
+1
+1 +
+1

1 1
1 1
1 1
1 1
+j +j +J]
j +J
j —J

o oo oy

~ =

+i o —F -

i =J +i]

|||||||||n|| Years of
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PHICH physical resource mapping

UL Ereqauency

*Mapped on
aomain: Lowest frequency
index resource resource
plock starting at
*Demuduiation N+ : N4 n+h i *PHICH group

! ' calculated

reference
sym boI
3bit

qsed on /

DCIO
| PHICH |]
ACK/NACH

& N A ¢ 0 | | Downlink \
T~ .+t [ Sysinfo:
- Number of
L XL
O s ! ! ! ! ! 08 ! PHICH
88 |88 Uolink
E (m) ' ' ' ' X E (m] :p N 3 groups
t=0 t=1 t=2 t=4 t=5 t=6 t=7 t=8 t=9 t=0 t=1 t=2 t=3 t=4 t=5 y
PUSCH data
sent on
Uplink resource ,
group __ ,rlowest index group group
starting at: npmen = PRB_RA T npyrs ) MOA N prcy + 1 prey N prcy

seq _ lowest _index group J PHICH
NpHicH = (\_I pre R4 ! Npmcy I+ Mpyrs) mod 2N g

||||||||||m Years of
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PHICH mapping on physical resource

an RRC value B
Resource block PHICH-duration: normal (= 1
OFDM symbol) or extended (=3
S~ OFDM symbols S
% % % N % % % %
\/ EEENI|
Optional used for PHICH
PHICH % 7, PHICH| % % PHICH | 7, PHICH | U 7
G
PHICH group = 3 areas a 4 resource element groups
PHICH Group1 PHICH Group1 PHICH Group1
Area 1 Area 2 Area 3 f |
First resource block Last resource block

Mapping of PHICH onto resource elements is based on Cell Identity!

IlII::::IlHtI E‘?’Iavrligf

/
| .
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PHICH mapping on physical resource

Example: 3 cells with 10 MHz, each cell has 2 PHICH groups configured

Ngonp =0 PHICH is Neenp =99
frequency interleaved

PHICH area ,, 3

3 1

114 318 516| PHICH group1
120 324 PHICH group2

306 504] PHICH group1
102 312 510 PHICH group2

Number of resource element group,
i.e. which resource block carries PHICH

2 3 1

546 PHICH group1

PHIC group2

|
ROHDE&SCHWARZ uly 09 | LTE physical layer| R.Stuhlfauth, 1MAT 161 'llllulw“
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Downlink Control Channel (PDCCH)

«» Each PDCCH is transmitted via one or several consecutive
Control Channel Elements (CCEs). Content of these CCEs

*

is the Downlink Control Information (DCI).

R/
0‘0

4

% CRC is scrambled with UE-specific identity

L)

R/
0‘0

+» DCI Formats 1, 1a, 2
“» HARQ process number —
3 bits (FDD) , 4 bits (TDD)
{TDD: 1..7 processes, ..16 for TTIl bundling}
*» Downlink Assignment Index DAI —
2 bits (only TDD)

{number of dynamically assigned subframes
in an Uplink-ACK/NAK bundling window}

+» DCI Formats 0
*» UL Index — 2 bits (only TDD)

{PUSCH scheduling delay handling for
TDD UL/DL frame configuration 0}

ROHDE&SCHWARZ uly 09 | LTE physical layer| R.Stuhlfauth, 1MAT 162 7'!Illtu|

DCI contains DL or UL scheduling, or UL power control

UE monitors a set of PDCCH candidates for assigned DCls in
every non-DRX subframe (Each possible DCI format is checked.)

lDCI Coding

ag, Ayse.,d 4

CRC attachment

Co,Cl,...,CK71 v

Channel coding

dg).d",..dp), |

Rate matching

eo,el,...,eE71 i

PDCCH Number Number of Number of
format of CCEs Resource- PDCCH
Element Groups bits
0 1 9 72
1 2 18 144
2 4 36 288
3 8 72 576
DCI Format:

0 — PUSCH assignments
1/1a/1c — PDSCH assignment for SIMO

2 — PDSCH assignment for MIMO
3/3a — Uplink power commands

Illlmnnm Years of
ml””‘| Driving
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Downlink Control Channel (PDCCH)

*»» PDCCH carries L1 and L2 control information
» It is QPSK modulated

*»» Each PDCCH is transmitted via one or several consecutive Control

Channel Elements (CCEs). Content of these CCEs

is the Downlink Control Information (DCI).

+*» DCI contains DL or UL scheduling, or UL power control

*» CRC is scrambled with UE-specific identity

*» UE monitors a set of PDCCH candidates for assigned DCls in
every non-DRX subframe (Each possible DCI format is checked.)

1 PDCCH = 1,2,4 or 8 CCEs

ﬁ PDCCH

1 CCE = 9 Resource Element Groups REG (S

g

1 REG = 6 Resource Elements RE in 1st symbol
4 RE in 2nd and 3rd symbol

Number Number of Number of
of CCEs Resource- PDCCH
Element Groups bits
0 1 9 72
1 2 18 144
2 4 36 288
3 8 72 576

|
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DCI formats

I DCI format 0 is used for the scheduling of PUSCH.
I DCI format 1 is used for the scheduling of one PDSCH codeword.

I DCI format 1A is used for the compact scheduling of one PDSCH codeword and random
access procedure initiated by a PDCCH order.

I DCI format 1B is used for the compact scheduling of one PDSCH codeword with
precoding information.

I DCI format 1C is used for very compact scheduling of one PDSCH codeword.
I DCI format 1D is used for the compact scheduling of one PDSCH codeword with

precoding and power offset information.
I DCI format 2 is used for scheduling PDSCH to UEs configured in closed-loop spatial
multiplexing mode.

I DCI format 2A is used for scheduling PDSCH to UEs configured in open—loop spatial
multiplexing mode.

I DCI format 3 is used for the transmission of TPC commands for PUCCH and PUSCH
with 2-bit power adjustments.

I DCI format 3A is used for the transmission of TPC commands for PUCCH and PUSCH
with single bit power adjustments.

7'"“':“”'“ Eears of
IMfll Driving
Il o
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Downlink Control Information DCI content

DCI format 0 is used for the scheduling of PUSCH.

= Flag for format0/format1A differentiation

= Hopping flag

= Resource block assignment

= Modulation and coding scheme and redundancy version
 New data indicator

= TPC command for scheduled PUSCH

= Cyclic shift for demodulation reference signals

= UL index (only for TDD)

= Downlink Assignment Index (DAI) (only for TDD)

= CQl request

Illlmnnm Years of
ml””‘| Driving
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Channel Quality Indicator, CQl

sinterference
*Fading
*Pathloss, etc.

These reports really help@
in deciding who gets the
next data packet, on which
frequency resource to
schedule it and how I have

to format it.
PDSCH /

ﬂave to deliver reports
about the channel quality

I experience but I have to PUSCH or PUCCH:
do a lot of calculations CQI (Channel Quality Indication)

K for this.

® Ml Driving

Tll“[lll“l Years of
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LTE Link Adaptation

eNodeB

Channel report elements:
CQI — Channel Quality Indicator
PMI — Precoding Matrix Indicator
Rl — Rank Indicator

|||I||IIHI[ Years of

1“ I"||l Driving
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CQlI Targeting 10% BLER

BLER 4
<10%
10% | = = - - = [ =CQI,
I = CQIn—l
>10% | =CQI_,
|
|
10% BLER |
reporting point for I
CQl |
I oy e o 40
| Prevailing conditions of SIR
| >
low high
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CQI reporting — wideband + subbands

Freguency response
I e S et S o ot S e o S s e e et s et s ;

Magrrtue (46}

: ;
T E Ll
Frequency (H=3

| suovana [N - - - --- A
Y

I CQlI per subband are relative to Wideband CQl I

I CQI per subband reports can be UE selected or Layer 3 configured I

SN— -
—

CQl reports are subband Wideband
specific to investigate
frequency selectivity

CQI estimation = X subbands estimation I

|“mHmHYbarsgf
7" Illlw“| Driving
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CQlI reporting: periodic and aperiodic

Periodic reports Aperiodic reports
Higher layer configure ‘DCI format 0 to
reporting periodici rigger aperiodic report
PDCCH
Reports sent, when
PDSCH CQl DCI format O
Reports send every CQI
N, [2..160] frames
CQI
] ] *Wideband CQI
== B IRNVE —_—
|;. = Wideband CQI | = *UE selected subbands
*UE selected subbands “Higher layer configured

|||||l||1|l Years of
. l:ii'”“ ﬂﬂw“lDﬁvh1g
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Channel Quality Reporting

PUCCH/PUSCH:
proposed CQI

Table according to 3GPP TS 36.213

CQl index modulation code rate x 1024 efficiency

0 out of range

1 QPSK 78 0.1523
2 QPSK 120 0.2344
3 QPSK 193 0.3770
4 QPSK 308 0.6016
5 QPSK 449 0.8770
6 QPSK 602 1.1758
7 16QAM 378 1.4766
8 16QAM 490 1.9141
9 16QAM 616 2.4063
10 64QAM 466 2.7305
11 64QAM 567 3.3223
12 64QAM 666 3.9023
13 64QAM 772 4.5234
14 64QAM 873 5.1152
15 64QAM 948 5.5547

ROHDE&SCHWARZ uly 09 | LTE physical layer| R.Stuhlfauth, 1MAT 171
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CQI reporting: timing aspects

{Periodic cQl reporting}

Aperiodic CQl reporting}

ROHDE&SCHWARZ uy 09 | LTE physical layer| R.Stuhlfauth, 1MAT 172 7 Wil
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nt4— <—n+:v4—>
1 I 1
O
: O :
! Q !
! O | !
! T !
! S !
! o i Downlink
: o : >
_t _ £
(e O al
O g O g Uplink
=0/ t=1 t=2 t=3 t=4 k t=6 t=7 t=8 t=9 t=0 t= 3 t=4 t=5
1 frame = 10 sqbfﬁa\mes
) Subframe n CQ! Remember: DCI format 0
Valid reporting Indicates PU(S/C)CH in
subframe in valid subframe +4
N —Ncql ref subframe =
where
: PDCCH
Ncal ref IS greater than or equal to 4 sends DCI 0
=> Minimum feedback time = 4msec




CQI- higher layer configured reporting

system bandwidth

| suovana [N - - -
Y

\ J

subband = k consecutives resource blocks

N

System ) Subband
Bandwidth Size
Nys (k)
6-7 NA
8-10 4
11 - 26 4
27 - 63 6
64 - 110 8

ROHDE&SCHWARZ uly 09 | LTE physical layer| R.Stuhlfauth, 1IMAT 173 7 Wl

> DL
NRB

Higher layer configured feedback

Number of subbands is given as:

N:(N%/k-‘

ie. N=[2 .. 14]
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CQI reporting — UE selected

> 7 DL
system bandwidth N RB
| subana [T - - - - - - L
N Y]
g
=k ti lock
subband consecutives resource blocks UE selected feedback
Number of subbands is given as:
System
Bandwidth Subband Size k I,
DL
NRL (RES) \ N = |_NRB /k-‘
6-7 Al Aa i.e. N=[2..28]
8-10 2 1
11 - 26 2 3
27 — 63 3 o)
64 — 110 4 6
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UE will select M subbands to
report to network
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CQlI reporting modes

PMI Feedback Type
No PMI Single PMI | Multiple
PMI
Wideband | Mode 1-0 Mode 1-1 Mode 1-2
cal cal
Feedback
Type UE Mode 2-0 Mode 2-1 Mode 2-2
Selected
cal
Higher Mode 3-0 Mode 3-1
Layer
configured
cal

Periodic reporting

/
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LTE Protocol Architecture

Reduced complexity

I Reduced number of transport channels

I Shared channels instead of dedicated channels

I Reduction of Medium Access Control (MAC) entities

I Streamlined concepts for broadcast / multicast (MBMS)
I No inter eNodeB soft handover in downlink/uplink

I No compressed mode

I Reduction of RRC states

|||||||||nl| Years of
(il Driving
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E-UTRA protocol structure

Radio Resource Control (RRC)

Layer 3

Déja vu from
WCDMA?

Radio Link Control, RLC

Logical channels

Layer 2

Medium Access Control

(MAC)

Control / Measurements

Transport channels

Layer 1 —O

Physical layer
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Protocol States (NAS and AS)

s EMM states: s ECM states:
+» EMM-DEREGISTERED +» ECM-IDLE
(UE location not known) (no NAS signalling connection, UE performs cell
(re)selection and PLMN selection)
s+ EMM-REGISTERED s ECM-CONNECTED

(entered by Attach or Tracking Area Update procedure) (UE location/cell ID known in MME, UE performs
handover)

% RRC states:
*+ RRC_IDLE (no RRC context stored in eNodeB)
“* RRC_CONNECTED (UE has E_UTRAN RRC connection and context)

EMM=EPS Mobility Management
ECM = EPS Connection Management

||||||I|\Il Years of
1' |Il||”“l Driving
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/ Header com ' \
pression (ROHC)
U Se r p | a n e In-sequence delivery at handover

Duplicate detection
Ciphering for user/control plane
Integrity protection for control plane
Timer based SDU discard in Uplinly

n/lapping between logical and
transport channels
(De)-Multiplexing
Traffic volume measurements
HARQ
Priority handling

Qransport format selection.. /

ROHDE&SCHWARZ uly 09 | LTE physical layer| R.Stuhlfauth, 1MAT 179 7'!I||h||

UE eNB

PDCP |« »  PDCP
RLC -« —> RLC
MAC « *>% MAC
PHY < PHY

AM, UM, TM
ARQ
(Re-)segmentation
Concatenation
In-sequence delivery
Duplicate detection
SDU discard
Reset...

PDCP = Packet Data Convergence Protocol
RLC = Radio Link Control

MAC = Medium Access Control

PHY = Physical Layer

SDU = Service Data Unit

(H)ARQ = (Hybrid) Automatic Repeat Request

Illlmnnm Years of
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Control plane

,,,,,,,,,,,,,,,,,,,,,,,,,

/ Broadcast \

,,,,,,,,,,,,,,,,,

RRC connection setup
Radio Bearer Control
Mobility functions
UE measurement controly

Paging

§UE | ieNB
% NAS <
RRC |« :RRCL/
PDCP » PDCP

RLC < > RLC
MAC < > MAC
PHY < > PHY

,,,,,,,,,,,,,,,,,,,,,,,,,,

ROHDE&SCHWARZ uy 09 |

,,,,,,,,,,,,,,,,,,,,,,,,,,

EPS bearer management
Authentication
ECM_IDLE mobility handling
Paging origination in ECM_IDLE
Security control... /

,,,,,,,,,,,,,,,,,,,,,,,,,,

EPS = Evolved packet system

RRC = Radio Resource Control

NAS = Non Access Stratum

ECM = EPS Connection Management

|I||||||||\t| Years of
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LTE — channels

MTCH MCCH CCCH DCCH DTCH PCCH BCCH

DL logical channels

DL transport channels

DL physical channels

PMCH PCFICH PDCCH PDSCH PHICH PBCH
CCCH DCCH DTCH

UL transport channels

UL physical channels

PRACH PUCCH PUSCH
|||||||||nl| Years of
'I|||”“| Driving
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Compare: Logical / Transport channels in UMTS
release 7

BCCH- pcCH-  DCCH- CCCH- SHCCH- ctcyMCCH- MSCH-  MTCH- DTCH-
SAP  SAP SAP SAP SAP SAP SAP SAP SAP SAP
—_—— (poonlvl—, — <> MAC SAPs
N Q N
J’ M Transport
BCH PCH E-DCH RACH FACH USCH DSCH HS-DSCH DCH  (pannels
(TDD only) (TDD only)
BCCH- PCCH- DCCH- CCCH- SHCCH-  cTcH- MCCH- \SCH- MTCH- DTCH-
SAP  SAP SAP SAP  SAP SAP SAP AP SAP  SAP
(TDD only) MAC SAPs
RS ANTSRN
NN ‘\‘\ &~
\\\‘\\‘p <7 %
§§ 4"’ AL
N IISIFAEERS
» » 'Q
><‘,‘ hp,,,/'§§\\
v v > " = \J’ Transport
BCH PCH E-DCH RACH FACH USCH DSCH HS-DSCH DC Channels
(TDD only) (TDD only)
||||||||||m Years of
7" ""””h Driving
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LTE — channels: control information mapping

CFlI DCI
Control Format Indicato ownlink Control Informatio

MCH DL-SCH BCH
B e - — = DL transport channels

- ——— === r——- ——— )————————— — - DL physical channels

PMCH PCFICH PDCCH PDSCH PHICH PBCH

UCI
Uplink Control Information

—————————— UL transport channels
—————————— UL physical channels

PRACH PUCCH PUSCH

|| i Years of
Ml Driving
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MAC structure




Layer 2 Structure for Downlink

| ROHC | | ROHC | | ROHC | | ROHC |

PDCP

‘ Security ‘ ‘ Security ‘ ‘ Security ‘ ‘ Security ‘

RLC (\,«‘} Segmr Segm Segm Segm
) ARQetc | ™ | ARQetc ARQetc | " | ARQetc BCCH PCCF
S %} 777777777777777777 %} ffffffff Logical Channels ----- %} ffffffffffffffffff %} 7777777777777777777777777777777777777777
Scheduling / Priority Handling
I | | |

MAC < Multiplexing UE. Multiplexing UE,

|“mnmnYharsof
7'| ) Diving
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Layer 2 Structure for Uplink

D %) ****************** %) fffffffffffff Radio Bearers

| ROHC ROHC
PDCP </ [ [
Security Security
J,/“ Segm. Segm
RLC ARQ ARQ

— ——————— %E —————————————————— %} 7777777777777 Logical Channels

Scheduling / Priority Handling

MAC - Multiplexing

B + ffffffffffffffffffffffff Transport Channels

||||||||||m Years of
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MAC PDU structure

R/R/E/ILCIC ‘ R/RI/E/LCIC[/FIL; R/R/E/LCIC/FIL R/R/IEILCIC/FIL | | RIR/E/LCIC/FIL | RIR/E/LCID padding

suk-header suk-header suk-header suk-header suk-header suk-header
MAC header MAC Control | MAC Control MAC SDU o MAC SDU Padding
element 1 element 2 (opt)
_7
- MAC payloac

e.g. buffer status reports, C-RNTI,
DRX commands, Timing advance,
power headroom,...

|||||||||nl| Years of
7'| ) Diving
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MAC PDU structure

R=reserved

E=Extension field indicating if more fields are present afterwards
F= Format field indicating size of length field

LCID = Logical channel ID of corresponding MAC SDU

L = length field

R|R|E LCID Oct 1 R|R | E LCID Oct 1
F L Oct 2 F L Oct 2
L Oct 3
R/R/E/LCID/F/L sub-header with R/R/E/LCID/F/L suk-header with
7-bits L field 15-bits L field
| | | | | | | | |
| | | | | | | | |
R|R | E LCID Oct 1

R/R/E/LCID sub-header

ROHDE&SCHWARZ uly 09 | LTE physical layer| R.Stuhlfauth, 1MAT 188 7 Wl
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RLC structure




RLC model overview

upper layer ( ¢ RRC layer or PDCP sub layer)

SAP between

upper layers

transmitting
TM RLC entity

receiving
TM RLC entity

transmitting
UM RLC entity

receiving
UM RLC entity

eNB

channe

lower layers

(e M):AC sub layer and physicali layer)

radio interface

lower layers ‘
(e MAC sub layer and physical layer)

~~~~~~~~~~ e e D D e e S

receiving
TM RLC entity

—————————— ééééc v >+ I A

transmitting
TM RLC entity

receiving
UM RLC entity

transmitting

UM RLC entity AMRLC entity UE

SAP between
upper layers

upper layer ( ¢ RRC layer or PDCP sub layer)

|||||||||nl| Years of
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RLC PDU structure

RLC SDU n n+1 n+2 n+3

RLC header RLC header

< RLC PDU >

SDU = Service Data Unit
PDU = Packet Data Unit

||||||||||\Il Years of
(il Driving
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RLC TM PDU

Transparent mode Protocol Data Unit

Data Oct 1

Oct N

|||||||||nl| Years of
7'| ) Diving
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RLC UM PDU

Unacknowledge mode Protocol Data Unit

FI Em SN Oct 1
5 bit Data Oct 2
SN field 0ot N
| | | I/.I\I | | |
10 bit R1 R1 R1 FI E SN Oct 1
SN field Dot 2
Data Oct 3
Oct N
FI = Framing Information E = extension flag
R = reserved flag SN = sequence number

"“mnmquarsof
ﬂ”W“Dﬁan
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RLC AM PDU

Acknowledge mode Protocol Data Unit

D/C | RF P FI E SN
SN
E LI
LI E LI, (if K>=3)
( LI,
Present if
K>=3 | E | L2
Llk-o E LIk
L LIk-1
E LIk
LIk Padding
Data

D/C = Data or Control P = Polling bit

Oct 1
Oct 2
Oct 3
Oct 4
Oct 5

Oct [2.5+1.5%K-4]
Oct [2.5+1.5%K-3]
Oct [2.5+1.5%K-2]
Oct [2.5+1.5%K-1]
Oct [2.5+1.5%K]

Oct [2.5+1.5%K+1]

Oct N

RF = Resegmentation flag, PDU or segment

/
ROHDE&SCHWARZ uly 09 | LTE physical layer| R.Stuhlfauth, 1MAT 194 7

i Years of

W“Dﬁan.
Innovation



RLC AM segment

Acknowledge mode Protocol Data Unit

D/G| RF | P FI E SN Oct 1
SN__ Oct 2
LSF / SO\ Oct 3
— \so /J Oct 4
E I Oct 5
LI, | E | LLGfK>=Y) Oct 6
LI, Oct 7
et E ] Ufes Oct [4.5+1.5%K4]
Lk | E | LIy Oct [4.5+1.5%K~3]
Ll Oct [4.5+1.5%K-2]
E Ll Oct [4.5+1.5%K~1]
LIk | Padding Oct [4.5+1.5%K]
Data Oct [4.5+1.5%K+1]
Oct N

g’ Segment offset, start/end of PDU portion
@ Last segment flag
X
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RRC procedures




RRC Protocol states WCDMA <-> LTE

RRC connected
(Hl resdedion gﬁﬁ: %ﬁﬁf State

C in
Rdeaseof  Initiationof
tenpoary  tenporary
Rdesse RRC Estehlish RRC RdesseRRC  Establish RRC Hodkflow Hodk flow
GCaredion Coredion  Comedion Gomedtion L /

Pt RRC Idle statel

Carpingona AW/ GRS o'

Capingona UTRANG!'

lde Mbde

LTE protocol states
WCDMA protocol states

|||:I::IIIH Eeri{lsngf

|
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LTE Interworking with 2G/3G
Two RRC states: CONNECTED & IDLE

- N GSM_Connected
CELL _DCH Handover E-UTRA Handover r’ - J
L e »| RRC CONNECTED p
7'y \_> GPRS Packet
( ) transfer mode
CELL FACH \ X y
. J/
e p CCO with CCO,
CELL PCH NACC Reselection
URA_PCH Reselection
- J . .
¥ Connection Connection
Connection establishment/release establishment/release
establishment/release l l
v
UTRA Idle Reselection . E-UTRA W Reselection »( GSM_1dle/GPRS
- RRC IDLE L Packet Idle

CCO, Reselection

|||||||||n|| Years of
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LTE Interworking with CDMA2000 1xRTT and
HRPD (High Rate Packet Data)

IXRTT CS Active l Handover ( E-UTRA W Handover ‘
[ ) |RRC CONNECTED J HRPD Active

Connection
establishment/release

l

\ 4
LARTT Dormant _ leEsclection | EUTRA | Resclection [ HRpD Idlc
) RRC IDLE

||||||||||\Il Years of
Ml Driving
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Initial access procedure

UE

Sent on UL-SCH; includes
NAS UE identifier and RRC
CONNECTION REQUEST

“

ROHDE&SCHWARZ uy 09 | LTE physical layer| R.Stuhlfauth, 1MAT 200 7 \

Sent on PRACH
resources associated with
RA-RNTI

Random Access Preamble——p

€<—Random Access Response—————]

Scheduled Transmission———p|

€——Contention Resolution

eNB

@

Generated by MAC sent on DL-
SCH with RA-RNTI; assignment
of Temporary C-RNTI, timing
advance, initial uplink grant

e

Early contention resolution
(mirroring of uplink message)

generated by MAC sent on
DL-SCH

|||||||||nu Years of
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Paging

UE

EUTRAN

‘Paging

Paging procedure is used to:
*Transmit paging information to a UE
*Inform about System Information Change

*Send Earthquake and Tsunami Warning

"“mnmuygarsof
me“Dang
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Paging

Paging Cycle

A 4

>

1 Frame

System Frame number
SFN

Paging
occasion

Paging Frame = Frame in which 1 or more Paging Occasions occur.
Here example: 3 Paging occasions in subframe 0, 4 and 9

My, oreins

| .
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Paging

Paging Cycle

1 Frame

>

System Frame number
SFN

Paging Cycle is calculated as:
SFN mod T= (T div N)*(UE_ID mod N)

T: DRX cycle of the UE. Values are 32, 64, 128 or 256 Frames} S o

nB: 4T, 2T, T, T/2, T/4, T/8, T/16, T/32. dsigrla'ed
edicated
, to UE
N: min(T,nB)
Ns: max(1,nB/T)
UE_ID: IMSI| mod 1024.

||||||||||m Years of
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v

Paging Cycle

>

System Frame number
SFN

Paging
occasion ‘
~al
1 2 3 4 | 5 6 7 8 9
HerenB>=T
If value nB is >= DefaultPagingCycle T, i.e. 1, 2 or 4 =>
more Paging Occasions per frame are possible.
Paging If value nB is < DefaultPagingCycle T, i.e. V2, V4, 1/8, 1/16 or 1/32 =>
) only 1 Paging Occasion per frame is possible.
OCcaslion
N S D S NN N NN
0|123|4|5|6|7|8‘9|
HerenB < T
I||||||||||\tl Years of
7' nll”HMDriving.
LTE physical layer| R.Stuhlfauth, 1IMAT 204 Wi(ll" Innovation
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RRC Connection Establishment

UE EUTRAN

RRC ConnectionRequest»

‘RRC ConnectionSetup

RRC ConnectionSetupComplete>

|||||||||nll Years of
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RRC Connection Reconfiguration

UE EUTRAN

Also used for ‘RRCConnectionReconﬁguration
handover

RRC ConnectionReconﬁgurationComplete>

UE EUTRAN

RRCConnectionReconfiguration

RRCConnectionReconfigurationFailure

>

||||||||||m Years of
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EPS Bearer Service Architecture

<«—E-UTRAN >:< EPC >:< Internet
UE | eNB | S-GW | P-GW | Peer
i | | | Entity
< End-to-end Service O
] ] ] ]
< EPS Bearer ( External Bearer Q
I N N |
< Radio Bearer S1 Bearer S5/S8 Bearer i
-y e v By B
Radio S1 S5/S8 Gi

ROHDE&SCHWARZ uly 09 | LTE physical layer| R.Stuhlfauth, 1MAT 207
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Default EPS bearer setup

UE EUTRAN

Initial access and RRC connection establishment
attach request and PDN connectivity request

Authentication

NAS security

UE capability procedure

AS security

RRC connection reconfiguration
Attach accept and default EPS bearer context request

Default EPS bearer context accept




Intra and Inter-frequency measurements




LTE resource allocation
Scheduling of downlink and uplink data

Check PDCCH for your UE ID. You
may find here Uplink and/or Downlink Physical Uplink Shared Channel
resource allocation information (PUSCH)

Physical Downlink Control Physical Downlink Shared

Channel (PDCCH) Channel (PDSCH)
Physical Control Format | would like to receive data on
Indicator Channel (PCFICH), and / or send data on
PUSCH

Info about PDCCH format

. il Years of
> | . m_[m“I Driving
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Resource allocation — timing aspects
PDCCH Downlink grant valid for same subframe
DCI 1/2
PDCCH Uplink grant valid for k+4 subframe
DCIO | PDCCH
PDSCH PDSCH
i —————————————————————————
K K+ +2 k+3 k+4 k+5
subframes
PUSCH
PUSCH
| ACK/ PUSCH or
NACK PUCCH

Kk k+1 k+2 k+3 k+4 k+5 subframes

7'|||It:::m.| Eears of
I riving
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Resource allocation types in LTE
Allocation type | DCI Format Scheduling Antenna
Type configuration
Type 0/1 DCI 1 PDSCH, one SISO,
codeword TxDiversity
DCI 2A PDSCH, two MIMO, open
codewords loop
DCI 2 PDSCH, two MIMO, closed
codewords loop
Type 2 DCI 0 PUSCH SISO
DCI 1A PDSCH, one SISO,
codeword TxDiversity
DCI1C PDSCH, very SISO
compact
codeword

7'|||It:::m.| Ee?r.s of
M1, Driving
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Resource allocation types in LTE

Type 0 and 1 for distributed allocation in frequency domain

Channel bandwidth

11111 i

f

Type 2 for contiguous allocation in frequency domain
Channel bandwidth

Transmission bandwidth

»
»

<
<

My, oreins

/
| o
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Resource Block Group

Reminder: 1 resource block =
12 subcarriers in frequency domain

Resource allocation is performed
based on resource block groups.

1 resource block group may consist of

WWWW , , 3 or4 resource blocks
Resource block groups,
RBG sizes

Driving

1“ il Years of
:
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Resource allocation type 0

Type 0 (for distributed frequency allocation of Downlink resource,
SISO and MIMO possible)

I Bitmap to indicate which resource block groups, RBG are allocated

I One RBG consists of 1-4 resource blocks: T— S

bandwidth

<10

11-26

27-63

AITOIN=

I Number of resource block groups Ngg. 64-110

is given as: .
NRBG |_NR /P-‘

I Allocation bitmap has same length than Ngg.

i e

/
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Resource allocation type 0 example

Calculation example for type 0:

I Channel bandwidth = 10MHz

I -> 50 resource blocks

I -> Resource block group RBG size =3
1 -> bitmap size = 17

if NRD];‘ mod P >0 then one of the RBGs is of size NRD];‘ —P- \_N /PJ

i.e. here 50 mod 3 = 16, so the last resource block group has the size 2.

-> some allocations are not possible, e.g. here you can allocate
48 or 50 resource blocks, but not 49!

B e = |-N /P_‘ = round up, i.el_3,5_‘ =4 reminder

\_N%/PJ = round down, i.e.\_3.49J =3

"“mnmquarsof
"”MMD”WH

/
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Resource allocation type 0

Channel bandwidth = 10MHz -> 50 RBs -> RBG size = 3 -> number of RBGs = 17

RBG#0|RBG#1 RBG#Ngas-
0[1|2]316[17 18] 19 | NN 23 -+ Vo: -3 No 2| v

. L -

Allocation bitmap (17bit): 00000 100000000

Illlmnnm Years of

Ml Driving
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Resource allocation type 1

Type 1 (for distributed frequency allocation of Downlink resource,

SISO and MIMO possible)

I RBs are divided into [log,(P)] Channel RBG size P

RBG subsets bandwidth

<10

11-26

27-63

64-110

A ITOOIN=-

I Bitmap indicates RBs inside a RBG subset allocated to the UE

I Resource block assignment consists of 3 fields:
1 Field to indicate the selected RBG
I Field to indicate a shift of the resource allocation
I Field to indicate the specific RB within a RBG subset

7'|||||:::m.| Eears of
I riving
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Resource allocation type 1

Channel bandwidth = 10MHz -> 50 RBs -> RBG size = 3 -> number of RBGs = 17

RBG#0|RBG#1 RBG#Nggs-1
0/1]2|3r[16[17|18[19]20 | 21|22 23t No--3INZE—2I N2
RBG#0 | RBG#3 | RBG#6 | RBG#9 | RBG#12 | RBG#15 | RBG subset #0
RBG#1 | RBG#4 | RBG#7 | RBG#10 | RBG#13 | RBG#16 | RBG subset #1
RBG#2 | RBG#5 | RBG#8 | RBG#11 | RBG#14 RBG subset #2
P= Number of RBG subsets with length: o el
L p? At ,p<_—P _mo
I_lOg (P)—‘ N RBGsubset 45y {N‘?BL P (NP —hmod P41 Lp= Nus =1 oap
2 RB p? RB ] P |

\ {N% 1], . Nes =1 o

/
ROHDE&SCHWARZ uly 09 | LTE physical layer| R.Stuhlfauth, 1MAT 219 7 Wl
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Resource allocation type 1

Channel bandwidth = 10MHz -> 50 RBs -> RBG size = 3 -> number of RBGs = 17

RBG#Nggo-1

Ny =2 Ny~

RBG#8 |RBG#11|RBG#14

RBG subset #2

RBG subset #1

RBG#0|RBG#1
0/1|2|3F16[17]18|19|20|21|22| 231
| RBG#0 | RBG#3 | RBG#6 | RBG#9 | RBG#12 | RBG#15 | RBG#2 | RBG#5
RBG subset #0
RBG#1 | RBG#4 | RBG#7 | RBG#10 | RBG#13 | RBG#16
3 4 12 |13 |14 |21 | 22 |23 |30 |31 (32 (39 (40 (41 | 48 | 49

Resource blocks

1
Field 1: RBG subset selection |

assignment

| Field 2: offset shift indicatior: |

Fleld 3: resource block allocation

Allocation bitmap (17bit): .‘ IOOO11000OOOOO1‘

RBG subset#1 is selected<J

Bit = 0, no shift < ———

Illlmnm | Years of

f"|| Driving
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Resource allocation type 1

Channel bandwidth = 10MHz -> 50 RBs -> RBG size = 3 -> number of RBGs = 17
The meaning of the shift offset bit:

Number of resource blocks in one RBG subset is bigger than the allocation bitmap
-> you can not allocate all the available resource blocks
-> offset shift to indicate which RBs are assigned

17 resource blocks belonging to the RBG subset#1
- N

RBG#1 | RBG#4 | RBG#7 | RBG#10 | RBG#13 | RBG#16 | RBG subset #1

3 |4 5 (12 |13 |14 |21 |22 |23 |30 |31 |32 |39 |40 |41 | 48 | 49 Resource blocks

y assignment

Allocation bitmap (17bit): EEJOOOOOOOOOOOO‘

RBG subset#1 is selected<J —
Bit = 0. no shift | 14 bits in allocation bitmap |
J

Illlmnnm Years of
ml””‘| Driving
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Resource allocation type 1

Channel bandwidth = 10MHz -> 50 RBs -> RBG size = 3 -> number of RBGs = 17

The meaning of the shift offset bit:

Number of resource blocks in one RBG subset is bigger than the allocation bitmap
-> you can not allocate all the available resource blocks
-> offset shift to indicate which RBs are assigned

17 resource blocks belonging to the RBG subset #1

- N
RBG#1 | RBG#4 | RBG#7 | RBG#10 | RBG#13 | RBG#16 | RBG subset #1
3 4 |5 (42| 14|21 |22 |23 |30 |31 |32 |39 |40 |41 |48 |49 Resource blocks
¢ assignment
Allocation bitmap (17bit): 1 JOOOOOOOOOOOO‘
RBG subset#1 is selected<J . —

Bit = 1, offset shift

V

| 14 bits in allocation bitmap |

Illlmnnm Years of

f"|| Driving
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Resource allocation types in LTE

Type 0 allows the allocation based on resource block groups granularity

Channel bandwidth

A

v

Example: RBG size = 3 RBs

Type 1 allows the allocation based on resource block granularity
Channel bandwidth

d
<

1 resource block, RB

1 1

f

v

7'|||||:::m Years o
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Resource allocation type 2

Type 2 (for contiguously allocated localized or distributed virtual frequency
allocation of Uplink and Downlink resource, SISO only)

I Virtual Resource blocks are mapped onto Physical resource blocks

I 2 possible modes:
Localized mode Distributed mode

I Resource indication value, RIV on PDCCH indicates the number of allocated
RBs

I Distributed allocation depending on assigned RNTI

7'|||||:::m Years o
I riving
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Resource allocation type 2

Localized mode

Starting resource block: RBg, :
4 Lcres l€ngth of contiguously allocated RBs
Number of allocated Resource blocks Ngg

_ A
~ —~

Channel bandwidth

A
A

Transmission bandwidth

4&
A

RB#0

._
f
Resource block offset

||||||||||m Years of
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Resource indication value, RIV

Type O: bitmap used to indicate the resource allocation:
ns/7] = Length of allocation bitmap (17bit): [ 00000 100000000 |

e . N
Type 1: bitmap used to indicate the resource allocation, with 3 fields: RIVJ;; t

Resource block group subset, shift indictor + resource allocation conversion

Allocation bitmap (17bit): 1ooooooooooooo\

Type 2: TS 36.213 section 7.1.6.3. gives formula to calculate RIV:
it (Legg, —D < \_ IZQ)BL/ZJ
then

RIV =N, (Lo —1)+ RB
else

R]V :N]?;(N]l{); _LCRBS +1)+(N]l€)lé _I_RBstart)‘

start

Illlmnm I'Years of
llIIHH  Driving
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Resource indication value, RIV in type 2 allocation

How to calculate the RIV value in allocation type 2, according to TS 36.213

Assumptions and given:

I Starting resource block: RBg;,1=5 I Localized mode, RBg, = 5, Lorg = 20

NPL5 = 50
Lcre, length of contiguously allocated RBs=20

S
f
DL
RIV =N RB (LCRBS — 1) + RB start iFormgng:%m TS]
Here:
RIV =50 *(20-1) + 5
RIV = 955

|||||1||||m Years of
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Resource allocation type 2
Distributed mode

Channel bandwidth f

RB#0

<
<

Distribution depends on: RNTI, Channel Bandwidth, RIV, slot number etc.
Physical Bandwidth

'RB#0 Channel bandwidth f

|||m||||m Years of
"“””“ Driving
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Benefit of localized or distributed mode

,Static UE" frequency selectivity is not time variant -> localized allocation

| [ ]
5 o |
.= jm &

Froquency

(L]

Selective channel,
It can be time variant or
Non-time varia

,high velocity UE" frequency selectivity is time variant -> distributed allocation

[ [=]|

i:.JI B el .

: ?_L [T]‘I Frequency
1=

{a) (k)

||||||||||\Il Years of
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Resource allocation Uplink

Allocation type | DCI Format Scheduling Antenna
Type configuration
Type 0/1 DCI 1 PDSCH, one codeword SISO, TxDiversity
] DCI 2A PDSCH, two MIMO, open loop
LTE Uplink uses codewords
Type 2 allocation DCI 2 PDSCH, two MIMO, closed loop
codowerde—
< iype 2 DCI 0 PUSCH SISO :>
I —
DA r:sc::,mW
DCI1C PDSCH, very compact SISO
codeword

Starting resource block: RBgy,; | Lcrg, length of contiguously allocated RBs

-

o
>

RB#0

Channel bandwidth

IlII;::iIIIHI Berlavrlf’]én’

)
| .
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LTE Uplink: allocation of UL ressource

UL bandwidth
configuration

/7 Scheduled UL
bandwidth
MPUSCH 20[2 .30[3 .50[5 S N}[{J}%

Scheduled number of ressource blocks in UL must fullfill
formula above( « , are integer). Possible values are:

1 2 3 4 5 6 8 9 10 12
15 16 18 20 24 25 27 30 32 36
40 45 48 50 54 60 64 72 75 80
81 90 96 100

ROHDE&SCHWARZ ,uly 09 | LTE physical layer| R.Stuhlfauth, 1MAT 231 7'
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LTE measurements




OFDM risk: Degradation

Channel (ideal)
5,(n) >7i(7)
1
TMC
<>
\
@)
)
<@
o
-
®
%)
f
fO f1 f2 f3
||||||||||m Years of
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OFDM risk: Degradation due to Frequency Offset

Channel

s (NF——>Q >1:(7)

Samples

|
ROHDE&SCHWARZ july 09 | LTE physical layer| R.Stuhlfauth, 1MAT 234 7 'llllm””| T

Vv



OFDM risk: Degradation due to Clock Offset

Channel
5,(n) >e——>11i(n)
Af <k
? 8
a
e
&
é f
fO f1 f2 f3
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LTE: DC subcarrier usage

ORohde # Schwarz EUTRA/LTE Analysis Software ¥ersion 2.3 Beta 8
1 GHz PI /10 Norm /Grp 0/1D O

GENERAL
SETTINGS

T WE YN T Y — T sgﬂ:ggs

DISPLAY

‘ GRAPH LIST

POWER
SPECTRUM

CHANHEL
FLATHESS

FLAT GRDEL

[ DsP_| CHANNEL

FLATHESS

DC subcarrier or subcarrier 0 is not used in downlink!

7|||||I:::m Years of
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UE Signal quality

i Test equipment ! :
| Rx TR :
! XRx '
. c s > - 5| EVM|!
! 1 E sfequalizer IDFT meas.
DUT -5 RF L, t
" |correction| >| FFT !
: - Inband- :
. ] emmissions i
: —> :

Carrier Frequency error
EVM (Error Vector Magnitude)
1* Origin offset + 1Q offset
I Unwanted emissions, falling into non allocated resource blocks.

I Spectrum flatness

|||||||||n|| Years of
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LTE RF Testing: UE Maximum Power

UE transmits
with 23dBm *=2.7 dB

QPSK modulation is used. All channel bandwidths are
tested separately. Max power is for all band classes

|||||||||nl| Years of
(il Driving
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LTE RF Testing: UE Minimum Power

UE transmits
with -40dBm

All channel bandwidths are tested separately.
Minimum power is for all band classes < -39 dBm

|||||||||nl| Years of
(il Driving
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UE Maximum Power Reduction

@

»

UE transmits
at maximum power, maximum allowed
TX power reduction is given as

“~\ ML

>

«————————

Modulation Channel bandwidth / Transmission bandwidth MPR
configuration [RB] (dB)
14 3.0 5 10 15 20
MHz MHz MHz MHz MHz MHz
QPSK >5 >4 > 8 >12 > 16 > 18 <1
16 QAM <5 <4 <8 <12 <16 <18 <1
16 QAM Full >5 >4 > 8 >12 > 16 > 18 <2

|||||||||nll Years of
(il Driving
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TX power aspects

RB power = Ressource Block Power, power of 1 RB
X power = integrated power of all assigned RBS

\% LTEMeasurenient - Multi Evaluation

" 'Ressource Block| %

ent Max
-38.21 dBI‘I’I i B ! —34.49 dBm

_____________ Bm ~36.17 dBm  —26.80 dBm

—54.38 dBm  -54.16 dBm

. il Years of
| . ll'[I”“  Driving
ROHDE&SCHWARZ uly 09 | LTE physical layer| R.Stuhifauth, 1MAT 241 iyl innovation




LTE Uplink: PUCCH

=10] x|

B

| R SPLIT
SCREEN
“eksrounD |
. OR

EXIT EUTRALLTE | EUTRAILTE.

uu

i
AABARA

/
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Allocation of
PUCCH only.

{R0000
0 0 0 0 | 0 0 0 0.MMMMAMO i

MA’AM“AM\‘AMA‘A‘A‘A’AM"A‘AMA'AMAMAMAMA’A'A‘A't’l’A'A‘A.A’A‘A‘A.A‘l‘AMA.A.A’I.A.A'A'A.A‘I‘A.A’I‘A‘A'AMA‘A‘A’A’A‘A'A’A.A‘A'A'A.AMA’A'
BACHARMADAMAMAADMAMAMAADAASMADAARAADAMAROAMMAS AN RANAANAAANY \“

frequency
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Spectral flatness

Nominal subcarriers

| I Amplitude Equalizer
coefficients

>

f
f, f, f, f, Equalized subcarriers

Integration of all
12*1N S AEC) Ampll_tu_de Equalllzer
AP(f)=10*log 781;*];%@ ; Coefficients to display
spectral flatness curve
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Spectral flatness

;@ LTEMeasurement - Multr Evaluation

L R WP P [ v R L |

\=~~=--—Subcarrier| [

200 300 400 400 600
:bétgcte&}_&‘éilbcgt::._' NoRB: 96 OffsetRB:

qa0 1000

Extreme.

1100

10 Offset ~57.10 (B _57.34 dB

50,19 dB

Frag Error -0.90 Hz -0.20 Hz

5.16 Hz

Tirning Errar 135.51 Sym 135.55 Sym

Tx Powwer [dBm)

141.38 Sym
-41.78 3847

P

[
ISpec‘trumFIat'ness l

-34.73 -29.88

Display
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Impact on Tx modulation accuracy evaluation

I 3 modulation accuracy requirements
I EVM for the allocated RBs
I LO leakage for the centred RBs | LO spread on all RBs
1 1/Q imbalance in the image RBs

, LOleakage
level . 7
. RF carrier v
A
signal /Q imbalance
noise RO s AN e ) /_____/':,i'/ e "/z::\
_________ "\ ”,\I
RB, | RB, | RB, | RB, | RB, | RBs | frequency

EVM

|||||||||nll Years of
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Inband emissions

3 types of inband emissions: g/en/eral, DC and IQ image

P‘— LTE Measurement - Multi Evaluation

LTE

209z Cyciic Prefc: n:ormal mMulti
8| Evaluation
Off a m—

RF
Settings

- FOD
fnhalﬁf Em‘l‘ﬁim
S = Off e —_—

f 1 | S

& Used
allocation <
2 channel

: ] i ; ; H i : " 'Ressource Block] [
5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 60 85 oD 85

bandwidth T Bt
\_ /i Allocation NoRB: 25 OffsetRB: 2
Current Average Min Max StdDev [ |
T Povear 20.25 dBm 20.27 dBm 20.17 dBm 20.28 dBm 0.01 dBm
Peak Power 26.63 dBm 26.89 dBm 26.48 dBm 27.25 dBm 0.23 dBm
RE FPower ' 6.30 dBm 6.30 dBm 6.22 dBm 6.30 dBm 0.00 dBm
Statistic Count  OutofTolerance  Defected Modulation  View Filter T :aﬁb%&t

20120 o.Em'?* , 16-0A
=i Stop Statistic. Channel As!;lun
[P‘E'.?em'“" I(_:tmd_it_i'un Il:u'un't Iﬂandmc&h I-I WEWs

channel bandwidth
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Inband emmission — error cases

DC carrier leakage
e | due to IQ offset

Group 0 /1D D

BACKGROUND
COLoR

HARDCOPY

HARDCOPY T0
CLIPBOARD

[ I T T T
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Inband emmission — error cases

Inband image
A —— /| due to 1Q inbalance

Group 0 /1D D 32.70 dBm, 0 dB

pture Length 20,10 ms

BACKGROUND
COLoR

HARDCOPY

HARDCOPY T0
CLIPBOARD

-'1

Frequency

(CAPTURE | DSP |

[ I T T T

'|||||||||m1| Years of
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Modulation quality: Contellion diagra

LTE PUSCH uses

QPSK, 16QAM

and 64 QAM modulation
schemes.

In UL there is only 1 scheme
allowed per subframe

<
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Modulation quality: Constellation diagram

LTE downlink: several channels can be seen (example):

PDSCH with
16 QAM

12dl Fart
L ELI
SELECTION
e | B T
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Error Vector Magnitude, EVM

7 symbols / slot
0123456012345601234560123456 time

[
|

PUSCH symbol

frequency

Reference symbol,
not shown in
_\ | EVM measurement

[ LTE Measureme ¢~ Multi Eve sation =3
Mode: FDD Freguency:' )30.00000 W 'z Ref. evel: 3 00 dBm Ba dwidth: 20.0 Wz  Cyclic Prefic: Normal Multi
Error Vector Mz pnitude Evaluation
*Q 1 3ym 4 0:2%  ®Px 152 my 052%  ®y o« 1Sym 052%
e/ RF
16 “ L} u
14 Settings
w o IMIT Values
10 +
8 i Trigger
g
4 +
Ref -
z - i o — e - 5C-FDM Data Gymbol U n |t Level
1 2 3 4 & & A
Detected Allocat... [NoRB: 25 OffsetRB: 2
Current Average Extreme StdDev
EVM RMS [%] Ith 0.47 0.46 0.49 0.49 0.61 0.61 0.03 0.03 |1 4 Pa rameter
EWM Peak [%] Il 1.63 1.63 1.87 1.87 3.14 3.2 0.21 0.22
10 Offset —-80.42 dB —78.37 dB -71.82 dB 3.13 dB Display
Fraq Error ~0.04 Hz 0.01 Hz ~8.97 Hz 2.12 Hz QPS K 0/0 1 7 5
Tirning Error e e e A )
Current Average Min Max SudDev | marker
T Power [dBm] 20.28 20.27 2047 2029 0.01 0
Peak Power [dBm] 27.24 26.86 2648 2725 0.25 1 1 6QAM /0 1 2 . 5
Statistic Count Out of Tolarance 3 Detected Modulation  View Filter Throughput
20/ 20 0.00 % 16-0AM 100.0 %
- - 64QAM % [tbd]
o Stop Statistic Channel | nssign :
Benetiionse ICundiﬂun & [Cuunt Iﬂandwidth I I I\Tiews gontine
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Error Vector Magnitude, EVM

CP center

1 SC-FDMA symbol, including Cyclic Prefix, CP

L]
L]
< £ >
L] L]
. OFDM
Cyclic Symbol
L]
prefix Part equal
ta CP
- H H -
T : FFT Window size :
L] L]
Fi: LTE N’Ie‘asur‘e‘r‘ﬁe" - Mu E\imlu‘aﬁ‘uﬁ' g
Mode: FDD requilicy: 1930.00000 MHz Fef Level: 30,00 dBin Bandwidth: 20.0MHz  Cyclic Frafic: Normal . .
Error Vector Magitud : | Eva
Har‘l;x:w 1‘ m oy 0s52% @« 1 Sym y; 0s52% B« 1Sym v 052% RUMN FFT WI ndOW SIZe depends
= - : ; 1 .
. " on channel bandwidth and
i Settings
iz extended/normal CP length
8 Trigger
[ t 4 ¥
2 relW ! ; ;
4 _zL-_;—-_--_-_—-_—-;—-_—-__—-_--___-wD_—ﬂa‘a prbol .
1 2 3 1 : : | Cyclic Prefix SC-FDMA Symbol
[Detected Alozet... NoRE: 25 OfsetRE: 2 [-I EVMwindow l
Current Average Extreme StdDev
EtM RMS [%] Ih 047 046 049 049 061 061 003 0.3 W "
Evh Peak [%] Ith 163 163 187 187 314 321 021 02
1Q Offset ~80.42 dB —78.37 dB —71.82 dB 3.13 dB Display | » = EVM
Fraq Errar —0.04 Hz 0.01 Hz —8.97 Hz 2.12 Hz h
Tirning Errar s — s s ' - EVM |
Current Average Min Max StdDev |marker FFT FIFDDESE-iI'Ig window
T¥ Power [dBrm] 2028 2027 2017 2029 0.01 - »
Peak Power [dBrm] 27.24 26.86 2648 2125 0.25 Time
| Statistic Count  OutofTolerance  Detectsd Modulation  View Filter Throughput : -
20120 _000% 16-0AM 1000 % .
et [ it [ [ e
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Error Vector Magnitude, EVM

v

CP cE;enter 1 SC-FDMA symbol, including Cyclic Prefix, CP

<
<

— OFDM
Cyclic Symbol
prefix Part equal

ta CP

t FFT Window size

FFT window size depends on channel bandwidth
and extended/normal CP length

Cyclic prefix length

N. . .
Channel N, cp _ Cyclic prefix EVM W to CP
Bandwidt for symbol 0 for symbols 1 Nomlr_lal for syr_nbols window
h MH to6 FFT size 1to 6in FFT length
z symbols 1
samples w to 6*
” p— 5 - . FFT window does
. p— " 2] 6671 not capture the
- 1o 26 2] 188.9] full length: OFDM
— 160 144
10 1024 72 [66] [91.7] Symbol + CP
15 1536 108 [102] [94.4]
20 2048 144 [136] [94.4]
* Note: These percentages are informative and apply to symbols 1 through 6. SymbolNQ has a
longer CP and therefore a lower percentage.
Table from TS 36.101 for normal CP
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EVM, Phase error and Magnitude error

Phase error of UL signal

with extended cyclic prefix
-> 5 SC-FDMA symbols/slot

I Detected Allocat., MoRB:

96 OffsetRB: 2

Current Bverage Extreme StdDev
FhEm RMS [7] h 226 228 223 2.3 232 42 003 003
PhEr Peak [°] Uh 1445 1553 1274 1318 1932 117.34 1.1 151
10 Offset ; ~61.74 B —59.91 dB —19.67 dB 5.96 dB i
Freq Erar 0.74 Hz —0.30 Hz -1.25 Hz 103 Hz
Timing Errar R et e i

Current Average Min Max StdDev
T Power [dBm] -37.55 -37.57 -131 -3752 0.02

 Select iew

Evaluation
RUI N'

RE
Settings

Trigger

B : : i :
4 Ref i . i
1 2 2 4 & B 1

Marker

F'_E.ak_EumLEIJ.dEmJ— -29.31 -29.73 =34.02 -28.77 048 | ¢
| & . (| = |

Select | E Sa{mzt
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EVM of UL signal
with normal cyclic prefix

-> 6 SC-FDMA symbols/slot

iz Ref.Level,  0.00 dBm Bandwidih 20.0 MHz - Cychic Prefi. Normal

1sym v 27 % 08 * 1Sym v 271 %

e [

Multi
Evaluation
RU N

RF
Settings

| Trigger

Marker

1 2 4
| |Datected Allocat. . NeRB: 15 OffsetRB: 30
) Current Average Exfreme StdDev
EVM RMS [%] Uh 268 2.68 281 281 296 291 0.05  0.05 |
EvM Peak [%] Vh 6.95 849 829 829 1205 1204 073 072
1 Offset -52.37 B -58.11 dB -48.03 dB 8.14 dB
Freq Errar —0.51 Hz —0.06 Hz 1.95 Hz 1.07 Hz
Tiring Errar ) e e Ha R
Current Average Min Max StdDev
TX Power [dBm| —12.41 -36.35 —42.49 3449 343
Peak PowerldBml —  -35.55 -29.64 -36.17 -26.80 335 ¢
|55 Seloct View = :
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EVM vs. subcarrier

——

Nominal subcarriers

Each subcarrier
Modulated with
e.g. QPSK

Erter vector
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> Integration of all
Error Vectors to
Display EVM curve

L&

RUN
18)®

RF
18 Settings
14
12
10 Trigger
g
6
1 i H
2 i H v

e A b A e A AN Pttt s b it SHEALIRE |

50 100 150 200

250 300 350 400 450 500 550 |
Average Extreme StdDev|
0.71 0.7z 0.90 0.88 0.05 0.05

[ Current
BV RME (%] ih 072 071
Evhd Beak [%] lih 2.25 3.55 240 321 317 6.95 021 0.72 )
G Offset ~82.70 0B ~76.17 d8 ~67.23'08 6.09 45 Display.
Freq Emor ~2.78 Hz B il ~5.89 Hz 1.30 Hz
Timing Errar 0.13 Sym 0.16 Sym ~0.58 Sym 0.26 Sym
[ Current. A\mlage Min Max StiDev
£ LU CMETARE o SR8V I marker:
T¥ Power [dBm] ~14.57 =14.57 —1463 1457 0.00
Peak Power [dBm] 749 ~7.84 -869 —6.75 0.42
Saletc Goul  OuiofTolrance  Delaste] Modlaton
LI 0.00 % QRSk
e e e e e T
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Why constraining Out of Band emissions?

I spectrum sharing regulatory requirements in some countries >>
SEM

I PHS protection limits for Japan
I FCC for US deployment in certains frequency bands

I operating near GSM and WCDMA systems >> ACLR

level (dbM/100 KHz)

| |
[ E—
| |

Channel edge offset (MHz)
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Output RF spectrum emissions

Harmonics, parasitc
emissions,
intermodulation and
frequency conversion

From
modulation
process

. . Channel
Spurious domain  Afoog  pandwidth Afoos Spurious domain
< > >

-------------------------

> *,
. H -,
.....
. H L]
........

W LEX

E-UTRABand —

Worst case:
Ressource Blocks allocated
at channel edge
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LTE ACLR requirements

1 UTRA ACLR 1+2
I EUTRA ACLR

I EUTRA measured with rectangular filter, WCDMA measured with RRC
filter

I additional requirements for relaxation

Afoos E-UTRA channel

------------
3

1 1
E-UTRAscLr1 E UTRA scLr2 1 UTRA ki
1

o d ‘e
-s® LT
L 3 -
-® LT
-----
------
---------
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Adjacent Channel Leakage Ratio, ACLR

Active LTE
carrier, 20MHz BW

[_;J | LTE
0.0 MHz  Cyclic Prefic: Normal j

&8 Off oy -

ﬁ?‘;’;’ LTE Measurement - Mutti Evaluation

ey = T e
3 j,m A (PPEUERLY. TR
et lsla i

Multi
8 |Evaluation

# Current E-UTRA

% Currert UTRA RE
_ Settings

1 adjacent LTE
carrier, 20MHz BW

2 adjacent WCDMA
carriers, SMHz BW

25

Det. Alloc.  |NoRB: 1 OffsetRE: 1 |
ACLR UTRA 2 UTRA 1 E-UTRA 1E-UTRA (Carrier) E-UTRA 1 UTRA 1 UTRA 2
E""'Current 60.13 dB 38.22 dB 40.08 dB 20.36 dBm 45.05 dB 44.14. dB  60.76 dB

5"-"A\rerage 59.63 dB 36.83 dB 38.88 (B 44.85 dB 4391 dB 60.77 dB |

AT

i

T Iyt Lyt T e er TN e e

- oy =

wion L |5toP Statistic  [Channel
[‘3-*"?‘?*“'“-“ I{__:tln'd_it_i'qn In:;qun‘t-...; Iaan_d,wi_dth-..-.. I-I- i
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Spectrum Emission Mask, SEM

OBW: Occupied bandwidth, defined as 99% of mean power

SEM: Spectrum ,Emission Mask, measured with different resolution bandwidth,
1 MHz or 30 kHz RBW

~R> LTE Measurentent - Multi Evaluation

y i # Current
R e I

B 99% of mean power |

1 MHz RBW
30 kHz RBW

‘Average Extreme

17.245 MHz 17.265 MHz
current. Average Min Max
-41.62 dBm —-41.60 dBm  —41.75 dBm  -38.34 dBm

.........
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level (dBm/100kHz)

Impact on SEM definition

I SEM defined for worst case scenario: RBs allocated at channel edge

I OOB emission scales with channel

BW
configuration

5 MHz QPSK LTE Tx spectrum : +23.0 dBm / +22.0 dBm

offset (MHz)
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>> a SEM per channel BW

Spurious domain  Afypg  bandwidth  Afpos
P > =

Channel

Spurious demain

» <

4
v

v

——1RB MPR0dB
——5RBs MPR 0dB
6 RBs MPR 0dB
7RBs MPR 0dB
——8RBs MPR0dB
——9RBs MPR1dB
——10RBs MPR 1dB
——11RBs MPR 1dB
12RBs MPR 1dB
13RBs MPR 1dB
14 RBs MPR 1dB
15RBs MPR 1dB
16 RBs MPR 1dB
18 RBs MPR 1dB
20 RBs MPR 1dB
25RBs MPR 1dB

— E-UTRA Band —_—

Channel
bandwidth
BWChanneI
[MHZz]

1.4

10

15

20

Length of OOB
domain on one| 5

side [MHz] ¢

10

15

20

A 4

25
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Impact on SEM limit definition

| LTE Mensurement - Multi Evaltration =E3 I LTE

Made; FOD Freguency. 1930.00000 MHz Ref, Level. 30.00 dBim Bandwidth: 20.0 MHz Cyclic Prefic: Nermal Multi

Spectrum Emission Mask Evaluation

R« otf ¥ — R 1 S Off ¥ + B ot ¥
5| dBm # current |||
RF

. Settings

Trigger L . .t d d

:75 MHz 1

EE 0 5 10 15 20 25 30 Display ba n dWIdth

E :l Curre at Average Extreme StdDev

ofw 1440 MI 2 4.462 MHz 4.515 WHz 0.032 MHz | orcer

T Power 20.1(:3“::2 :: zng‘;e:ﬁsg:: 20.00 (I’;::: 20.37 (’I"Ez:: 0.1?‘:::;: Spectrum emission limit (dBm)/ Channel bandwidth

g méwﬁi 1100 " mw’yén'f.j' % )'ELEBMUMB:}EJ{QSTQ Wﬁumﬁgﬂ Afyop 14 | 3.0 5 10 15 Measurement

' - —p o MHz MH M M M M bandwidth

[ Jomon.. Jes®e oot [T e (MHz) MRl 2]

+ 01 -10 | 13 | 15 | -18 | -20 30 kHz
+1-2.5 -10 | -10 | -10 | -10 | -10 1 MHz
+2.5-5 -25 | -10 | -10 | 10 | -10 1 MHz

L. .t +5-6 -25 | 13 | -13 | -13 1 MHz

d d t +6-10 -25 | -13 | -13 1 MHz
ff t f +10-15 -25 | -13 1 MHz

. d BW +15-20 -25 1 MHz

+20-25 1 MHz
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LTE measurements

RSRP = Reference Signal Received Power

Definition Reference signal received power, the mean measured power of the
reference symbols during the measurement period.

Applicable for [TBD

E-UTRA Carrier RSSI

Definition E-UTRA Carrier Received Signal Strength Indicator, comprises the total
received wideband power observed by the UE from all sources, including co-
channel serving and non-serving cells, adjacent channel interference, thermal

noise etc.

Applicable for TBD
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general info on RX measurements

I very few progress
I baseline receiver: 2 Rx antennas
I same measurements as in WCDMA

Rx sensitivity level

max input level

adjacent channel selectivity (ACS)
blocking

spurious emissions
intermodulation

1 requirement pro BW
requirements in terms of throughput instead of BER

RMC not defined yet, maybe QPSK R=1/3 and 64QAM R=3/4
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RX sensitivity level

Criterion: throughput shall be > 95% of possible maximum
(depend on RMC)

Channel bandwidth
E-UTRA | 1.4 MHz 3 MHz 5 MHz 10 MHz 15 MHz 20 MHz Duplex
Band (dBm) (dBm) (dBm) (dBm) (dBm) (dBm) Mode

1 -100 -97 -95.2 -94 FDD
2 -104.2 -100.2 -98 -95 -93.2 -92 FDD
3 -103.2 -99.2 -97 -94 -92.2 -91 FDD
4 -106.2 -102.2 -100 -97 -95.2 -94 FDD
5 -104.2 -100.2 -98 -95 FDD
6 -100 -97 FDD
- Extract from TS 36.521
|

Sensitivity depends on band,
channel bandwidth and RMC
under test

"“mnmuygarsof
ﬂ”W“Dﬁan
ROHDE&SCHWARZ uly 09 | LTE physical layer| R.Stuhlfauth, 1MAT 266 T

Innovation



Adjacent Channel Selectivity (ACS)

1 1reqproBW,LTE interferer

[1.4MHz] [3MHz] 5MHz
: |
: Padj =-51.3 ;
Padj =-535 E ............. . i -
Padj=-57.5 o : 2
3 ' b
§ % )
i 2 Q
8 M < Il
< Pown=-82.3 >dB M
Pown~-84.5 Nt=-84.3
Pown=-88.5 Nt=-86.5 2dB IM | .............
EDeY 2dB IM K 5 i s | : > :
Nt=-905 1.4MHzLTE 1.4MHz LTE " ol 3MHz LTE 3MHz LTE i’ 5MHzLTE! 5MHz LTE
o A pren.d G
1.4MHz 3MHz 5MHz
10MHz 15MHz 20MHz
.
Padj =-48.3 '
Q Padj =-495 Y 18=-513
(32
K L e o
I H B é N
! g ﬂ <8 E4N
ﬂ ! ! /n=-76.3
' Pown=-77.5 i _ 2dBIM
Pown=-79.3 STy : Ne.79.8 2dB IM : Nt=-78.3
Nit=-81.3 s EIRMM . o . v T_\r
i :
1 1
! N ! ~ Il
10MHz LTE ! 5MHz LTE e 15MHz LTE ! 5MHz LTE "~ 20MHz LTE T 5MHz LTE
7.5MHz h 10MHz g b 12 5MHz v
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There will be enough topics
for future trainings ©

Thank you for your attention!

Comments and questions
welcomel
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