Qutline

I Motivation for LTE I LTE test requirements

I LTE technology basics I eNodeB RF testing
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Mobility EPS = Evolved Packet System

LE = Lisar Eguipmant
MIMO REM = Radio Resource Management
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Radio Procedures

LTE Initial Access
Diowenlink Phys. Chan.
Cell zearch in LTE
Primary Sync. Signal
Secondary Sync. Signal
Reference Signals
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Hybrid ARG in Downlink
Default EFPS Bearer Setup

Radio procedures



LTE Initial Access

Cell Search Derive System Random User Data
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Downlink physical channels and signals

LTE Downlink Physical Signals

Primary and Secondary Synchronization Signal FProvide acqguisition of cell timing and identity duning cell search

Diownlink Reference Signal Cell search, imbtial acguisiton, coherent demod., channel eshmation

LTE Downlink Physical Channels

Physical Broadcast Channel (FBCH) Provides assential system informalion e.g. system bandwidth

Physical Control Format Indicator Channel (FCFICH)  Indicates format of FDCCH [(CFI

Physical Downlink Control Channel (PDCCH) Cames control infarmaton (DCI = Dawnbnk Control Information)
Physical Dewnlink Shared Channel (PDSCH) Carnes data {user data, system information; . |
Physical Hybrid ARQ Indicator Channel (PHICH) Carnes ACKNACK (HI = HAR G indicator) for uplink data packets

Physical Multicast Channel (PMCH} Carmes MBMS user data



Cell search in LTE
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1. Primary synchronization signal (PSS)

— 3 possible sequences to identify the cell's
physlcal Iayer |denm3r (0,1, 2)

1 Hierarchical cell search as in 3G; providing PSS and SSS for assistance,
~ PSS is carrying physical layer identity V',
—SSS is carrying physical layer cell identity group N,
~Cell Identity is computed as ') = 3N + N where N = 0.1, .167and N =0, 1. 2



Sereanishot taken from RESE FSO signal analyzer



Secondary Syn
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chronization Signal

Secondary Synchronization Signal
In 6N OFDM symbal

Screenshot taken from RES®E FS0 signal analyzer




Cell search in LTE, reference signals

Fodix Frams = 10 ma
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1. Primary synchronization signal (PSS)
— 3 possible sequences to identify the cell's
physical layer identity (0, 1, 2),

o i il s i e s e e S T s Oy
Secondary synchronization signal {553}

'- — 188 different sequences to identity physical layeér cell identity aroup
= Py 3 y g

\ng? = Dovwnlink reference signals,

I Cell-specific reference signals are used for...
- ... cell search and initial acquisition,
— ... downlink channel estimation for coherent demodulation/detection at the UE,
- ... downlink channel quality measurements.



Cell search in LTE, essential system information

Fadio Frame = 10 ms

| DL Frame Structu> R i
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Time Slot = 0.5 ms

Sutrtrarg = 1 0

1. Primary synchronization signal (PSS)
— 3 possible sequences to identify the cell's
physical layer identity (0, 1, 2),

. Secondary synchronization sighal {S55)

= 168 different sequences to identity physical Yayer cell identity group.
= Downlink reference signals,
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System information broadcast in LTE

SI-RNTIis used on PDCCH to address
System Information Block Type 1 and SI
messages



Random Access Procedure

FRACH
RA-RMNTI

DL-3CH

———~Random Access Preamble——
(send on PRACH wih RA-RNTI)

—Random Access
(FaR gere on FOSCH,
Sdcressed by PDCCH using RARNTI

—— Scheduled Transmission————p
(Dela cond on PLUSCH)

lf———Contention Resolution—————
(PDCGH CR o PDSCH

UE eNB

®

wsnG TCIC-RNTY)
Physical Random Aceeds Channel C-RINTI
Random Access Radio Metwork Temporary [dentity  LIL-5CH
Medium Access Control {Layer) CR
Dawrlink Shared Channel TC-RMTE

Celiular RNTI

Uplink Shared Channel
Contention Resolution
Tempaorary Cellular RMTI



How to derive information in LTE?

i

Physical Downlink Shared
Channel (PDSCH)



Indicating PDCCH format

i

Physical Downlink
Control Channel (PDCCH)



Hybrid ARQ in the downlink

I ACK/NACK for data packets transmitted in the downlink is the same as for
HSDPA, where the UE is able to request retransmission of incorrectly received
data packets,

- ACK/NACK is transmitted in UL, either on PUCCH" or multiplexed within PUSCH?!
(see description of those UL channels for details),

—ACK/NACK transmission refers to the data packet received four sub-frames (= 4 ms)
hefore,

-8 HARQ processes can be used in parallelin downlinl, From scheduler buffer

PUSCHFDSCH 2 i i 5 L K & i 2

1* TX imew packet)

CROCBoek Bemdi  pot paes
WPUCCH = Physical Uplink Control Channel

RLC layer HPUSCH - Priysical Uplink Shared Channel




Default EPS (Evolved Packet System) bearer setup

UE EUTRAN / core network

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

Authentication

NAS secirty

UE capability proCedure
AS security

|
HRE connectionTeconfiguration

Attach act and default EFS Learer context r‘euesf_

Default EPS bearer contex] acceot

FON = Packet Data
RRC = Radio Resource Contr
MAS = Non-Access Straty
sy A% T Access Straty




Introduction

LIL Scheduling

LIL Fregquency Hopping
DRS in the LIL

SRS in the LIL

PUSCH

Acknow. UL Packets

Ptwys. UL Contr. Chann.

Uplink physical channels and signals

LTE Uplink Physical Channels

Physical Uplink Shared Channel (PUSCH) Carmas user data
Physlical Uplink Contrel Channel (PUCCH) Carmes control information {WCE = Uplink Control Information)

Physical Random Access Channel (PRACH) Preamble transmission for inibial access

LTE Uplink Physical Signals

Demodulation Reference Signal (DRS) Enables channel estimation and data demoduation

Seunding Refersnce Signal (SRS) Enables uplink channeal guabty evaluabion



Scheduling of uplink data

Check PDCCH for your UE ID.
As soon as you are addressed,
you will find your uplink
scheduling grants there. 4

Physical Downlink
Control Channel (PDCCH)

i Physical Uplink
§ Shared Channel {PUSCH)

N | would like to send data on PUSCH
Gt;i%_;,';, .* but | don't know which resource blocks
NG and transport formats | can use?




Demodulation Reference Signal (DRS) in the UL

| DRS are used for channel estimation in the eNodeB receiver in
order to demodulate data (PUSCH) and control (PUCCH) channels,

—PUSCH. Located in the 4" SC-FDMA symbol in each slot (symbol #3, #10 for normal
CP). spanning the same BW as allocated for user data,

—PUCCH. Different symbols, depending on format (see one of the following slides),

| [RGLTFRTRE e, TR

Demodulation Reférsnce Signal (DRS) —

Screanshot of RESE SMUZ008 Vector Signal Genarator &



Sounding Reference Signal (SRS) in the UL

I SRS are used to estimate uplink channel quality in other frequency areas as a
basis for scheduling decisions,

- Transmitted in areas. where no user data is transmitted, first or last symbol of
subframe is used for fransmission,

—Configuration (e.g. BW, power offset,

cyclic shift, duration, periodicity,
hopping pattern) is signaled by
higher layers,
S
THA% Pawsr Cflasi tnl ) .I
SR% Sasiw =
AW v SRS shemabans s Ta =
SIS Faweer Offust [ amfis =]
S8 Cycc Sk =
i o M i o [ I
REE S i—
Flran SRS b sonar [ ]
oS5 1 4% 2 2% 3 25 4 45 5 85 & &5 7 75 B &5 9 A%
o, [T 1 e i
Lot 85 Subhame — T i BN . o O, s o G5 s
pes A | e (5 e [EgmeTR)
i | i Sereenshot of RASE SMUZD0A Vector Signal Generator




PUSCH power control & timing relation

1 Power level in dBm to be used for PUSCH transmission is derived using the
following formula:

FPUSCH transport

Maximum allowed Comblnation of cetl' and UE-spetific’
Maximum al & format

UE power comp onent configured by RRC

Proscn (1) = 0 P 10108 (M gy (D) + Py s () 44 PL+ Ay (TF )+ 10N}

Humber of PUSCH Diownlink Power comtral adjestmert

UE PUSCH transmit Cell-specific P ararrtEr

rezource blocks path loss  derived from TPC command

power in subframe § configured by RRC aetinists raceived via OC) Format
subframe {14}
FDD Downlink ' roccn !
Subframe 0 | Subdrame | Subframe 3 Subfrmed | SubfameS | Subfamet  Subframe?  Subliame® | Subframe

FI30 UpLink !

PUSCH

i 4 sablrame delay i



Acknowledging UL data packets on PHICH

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

Physical Hybrid ARQ
Indicator Channel (PHICH)

:.=: Physical Uplink
| Shared Channel (PUSCH)

G | have sent data packets on PLUSCH
S but | don't know whether they

have been received correctly.




Physical Uplink Control Channel

—PUCCH carries Uplink Control Information (UCI), when no PUSCH is available,
- If PUSCH is available, means resources have been allocated to the UE for data transmission, UCI
are multiplexed with user data,
—UCI are Scheduling Requests (5R), ACK/NACK information related to DL data packets,
CQl, Pre-coding Matrix Information (PMI) and Rank Indication (RI) for MIMO,

= PUCCH is transmitted on reserved frequency regions, configured by higher layers, which

are located at the edge of the available bandwidth
— Minimizing effects of a possible frequency-selective fading affecting the radio channel,

- Inter-slot hopping is used on PUCCH,
— A RB can be configured to support a mix of PUCCH formats (2/2af2b and 1/1af1b) or exclusively

/2b,
2al2 T e B

Scheduling Request (57)
1a 1 BPSHK ACKINACK, ACK/NACK+5R
1B 2 QPSK ACHINACHK, ACH/NACK+SR

COVPMI or BRI fany CP),
2 o SESs (COURMI or RIj +ACKINATK (ext. CF only)

2a 21 QPFSK4EP3K  [COWPMI or RIHACKMNACK (normal CP ondy)

b 22 QPSH+BPSK  (COUPMI or RI-ACKMACK (normal CP only)




LTE Mohility

Handover {Intra-mMME)
LTE Intera, w. 2Gr3G
LTE Interw. we. COMAZK
M IhAC

LTE MIMD DL modes
LTE DL transmitter chain
DL Transmit Diversity

DL Spatial Multipl. Codeh.

LTE MmO UL schemes

LTE mobility



Handover (Intra-MME/Serving Gateway)

UE Source eNB Target eNB EPC

Measurement reporting

Handaover decision

Handover request

- Admission Control

Handover-reguest Ack

RRC connection reconfiguration

Detach from oid, Creliver packets
synic 1o new cell totarget eNB
SN Status-Transfer
Data forwarding
Buffer packets
from source eNB

RRC connection reconfiguration complete

— Path Switeh Req / Ack

LIE context release
Flush buffar

..... FHEEE e
Release resources: == o m“ T



LTE Interworking with 2G/3G

Two RRC states: CONNECTED & IDLE

[ GEM_Connected
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CELL DCH Handover E-UTRA Handover
- * RRC CONNECTED
GPES Packet
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LTE Interworking with COMA2000 1xRTT and
HRPD (High Rate Packet Data)
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MIMO



Introduction to MIMO
gains to exploit from multiple antenna usage

I Transmit diversity (TxD)

3 %Y A ? | Combat fading
PR T | Replicas of the same signal sent
\ \ / on several Tx antennas
Si \Sr} S I Geta higher SNR at the Rx
R LL--LIR, I Spatial multiplexing (SM)
| Different data streams sent
simultaneously on different
antennas

1 Higher data rate
I Mo diversity gain
I Limitation due to path correlation

I Beamforming



Introduction to MIMO
gains to exploit from multiple antenna usage

I Transmit diversity (TxD)

4 | Combat fadin
AN 5‘

1 Replicas of the same signal sent

\ \ J on several Tx antennas
S\ S\ Swm I Geta higher SNR at the Rx
R LLLIR, I Spatial multiplexing (SM)

1 Different data streams sent
simultaneously on different
antennas

I Higher data rate

1 No diversity gain

1 Limitation due to path correlation
I Beamforming




Introduction to MIMO

gains to exploit from multiple antenna usage

Transmit diversity (TxD)
I Combat fading

1 Replicas of the same signal sent
on several Tx antennas

1 Geta higher SNR at the Rx
Spatial multiplexing (SM)
I Different data streams sent

simultaneously on different
antennas

1 Higher data rate
1 Mo diversity gain
1 Limitation due to path correlation

Beamforming



LTE MIMO
downlink modes

I Transmit diversity:
< Space Frequency Block Coding (SFBEC)
% Increasing robustness of transmission
I Spatial multiplexing:
< Transmission of different data streams simultaneously over multiple spatial layers
#+ Codebook based precoding
< Open loop mode for high mobile speeds possible

I Cyclic delay diversity (CDD):

+ Addition of antenna specific cyclic shifts
< Results in additional multipath / increased frequency diversity

< Beamforming



LTE downlink transmitter chain

eindle weids layers. RALGAG POFIE
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Downlink transmit diversity
Space-Frequency Block Coding (2 Tx antenna case)
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Downlink spatial multiplexing
codebook based precoding

1 The signal is “pre-coded” (i.e. multiplied with a precoding
matrix) at eNodeB side before transmission

Codebook of precoding [([ .
matrices for 2x2 MIMO: - |
Br=mnd o . ~ MIMO channel A
i 5 ) N/ )
: . — | i
o | Bl [#hy| < [ &
: =] i £ _Regular UE feedback: b
2 ‘J '] ;{' : ] PMI = Precoding Matrix Indicator
) d =
: 1 [u ] Rl = Rank Indication
Bl-i '

CQlIl = Channel Quality Indication

1 Optimum precoding matrix is selected from predefined
“codebook” known at eNode B and UE side

1 Selection is based on UE feedback R



LTE MIMO
uplink schemes

Uplink transmit antenna selection:

I 1 RF chain, 2 TX antennas at UE side

I Closed loop selection of transmit antenna
I eNodeB signals antenna selection to UE

I Optional for UE to support

£

Multi-user MIMO / collaborative MIMO: Yit\\
T

| Simultaneous transmission from 2 UEs il
on same time/frequency resource _ \,\

I Each UE with single transmit antenna F---'---—-—ef-h--“- :

|
I eNodeB selects UEs with close-to :
orthogonal radio channels



