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LTE eNodeB startup and UE setup (summary)

This sequence diagram describes how an eNodeB performs an S1 setup with the EPC and then initiates MIB and SIB broadcast to the UEs.
The flow also shows how the eNodeB sends UE specific configuration information via the RRC Connection Setup message.

Click on message names in the sequence diagram to see field level details for individual messages.

1:S1AP S1 Setup Regpest eNodeB initiates an S1 connection with the MME.
2:S1AP S1 Setup Response  The MME accepts the S1 connection

_ 3:BCCH-BCH: MIB Master Information Block carries PHY related information about the LTE
b - cell. This information is essential for further decoding of the system
information.
4:BCCH-DL}-SCH: SIB1 System Information Block Type 1 contains information relevant when

A

<

evaluating if a UE can access a cell and defines the scheduling of other
system information.

5:BCCH-DL

-SCH: SIB2 The IE System Information Block Type 2 contains radio resource
configuration information that is common for all UEs.

A
A

6:BCCH-DL

-SCH: SIB3 The IE System Information Block Type 3 contains cell re-selection
information common for intra-frequency, inter- frequency and/ or
inter-RAT cell re-selection (i.e. applicable for more than one type of cell
re-selection but not necessarily all) as well as intra-frequency cell
re-selection information other than neighboring cell related.

A

7:BCCH-DL

-SCH: SIB4 The IE System Information Block Type 4 contains neighboring cell
related information relevant only for intra-frequency cell re-selection.
The IE includes cells with specific re-selection parameters as well as
blacklisted cells.

A

8:BCCH-DL-SCH: SIB5 The IE System Information Block Type 5 contains information relevant
only for inter-frequency cell re-selection i.e. information about other
E-UTRA frequencies and inter-frequency neighboring cells relevant for
cell re-selection. The IE includes cell re-selection parameters common
for a frequency as well as cell specific re-selection parameters.

A
A

9:BCCH-DL-SCH: SIB6 The IE System Information Block Type 6 contains information relevant
only for inter-RAT cell re-selection i.e. information about UTRA
frequencies and UTRA neighboring cells relevant for cell re-selection.
The IE includes cell re-selection parameters common for a frequency.

A
A

10:BCCH-DLL-SCH: SIB7 The IE System Information Block Type 7 contains information relevant

b only for inter-RAT cell re-selection i.e. information about GERAN
frequencies relevant for cell re-selection. The IE includes cell
re-selection parameters for each frequency.

A

11:BCCH-DLL-SCH: SIB8 The IE System Information Block Type 8 contains information relevant

- only for inter-RAT cell re-selection i.e. information about COMA2000
frequencies and CDMA2000 neighboring cells relevant for cell
re-selection. The IE includes cell re-selection parameters common for a
frequency as well as cell specific re-selection parameters.

12:BCCH-DLL-SCH: SIB9 The IE SystemInformationBlockType9 contains a home eNB name (HNB
- Name).

Random Access Procedure (click to learn more) UE and eNodeB perform the random-access procedure to synchronize

the UT and assign resources for transmission of the RRC connection
setup message.

A

<
<

13:UL-CCCH: RRC Connection Request UE uses the uplink grant assigned in the random access procedure to
o request the eNodeB to establish an RRC connection.

14:DL-CQCH: RRC Connectjon Setup The eNodeB sets up SRB1 and passes UE specific configuration via the
b RRC Connection Setup message.

The UE then proceed to attach and setup the default bearer.
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LTE eNodeB startup and UE setup (detailed)

We will now analyze the complete flow with field level detail. Important parameters in each message are explained. You can also click on the
message titles to see the complete structure of the messages.

1:S1AP S1 Setup Regpest eNodeB initiates an S1 connection with the MME.

G obal - eNB- I D G obal eNodeB identifier
S1AP PLWN | D PLMN id associated with the eNodeB
McC Mobi | e country code
MNC Mobi | e network code
eNodeB | d eNodeB id within the network
Supported Tracki ng Areas: Li st of supported tracking areas in the eNodeB
Tracki ng Area [O0]
Tracki ng Area Code Code assigned to the tracking area
Br oadcast PLM\s: Li st of PLMNs being broadcast fromthis eNodeB

{ PLMN 1dl, MCC, M\C }
PLMN |1d2, MCC, MNC }
Def aul t Pagi ngDRX The default pagi ng di scontinuous transmi ssion configuration

2:S1AP S1 Setup Response  The MME accepts the S1 connection

Served GUWMVEI s Li st of served GUMVEIs (One entry for each Radi o Access
Technol ogy)
Served GUMMVEI 0 LTE pool information is listed as the first entry
Served PLMN { PLMN Id, MCC, M\C } PLMN bei ng served
Served Group Id MVE Group identifier
Served MVECs MVE codes bel onging to this group
MVE Code I dentifies individual MVES within the group
Rel ative MVE Capacity Rel ative processing capacity of an MVE with respect
to the other MVEs in the pool.
P 3:BCCH-BCH: MIB Master Information Block carries PHY related information about the LTE
h b cell. This information is essential for further decoding of the system
information.
Master Information Bl ock (M B):
Downl i nk Bandwi dt h Downl i nk bandwi dth for the cell
PHI CH Confi gurati on:
PH CH Durati on Normal or extended PHI CH
PHI CH Resource PHI CH group val ue (Ng)
System Frame Numnber Used to frame synchroni ze the UE

Schedul ing I nformation for SIBl BR R13 (PDSCH repetitions)

4:BCCH-DL}-SCH: SIB1 System Information Block Type 1 contains information relevant when
h evaluating if a UE can access a cell and defines the scheduling of other

system information.

A

System I nformation Block 1 (SIB):

Cell Access Rel ated |Information:
PLMN I dentity List Li st of PLMNs supported by this cell
{ PLMN Id1, MCC, M\C } PLMN identifier, Mbile country code and network codes
{ PLMN I d2, MCC, M\C }
Tracki ng Area Code
Cell Barred Fl ag

Cel |l Selection Information:
g_RxLevM n M ni mum Required Signal Quality in the Cell
g_RxLevM nO f set Adj ustment applied to the mininumrequired signal quality
in the search for a higher priority PLMN when the UT is

canped on a VPLMN (Visited PLMW).

p- Max Maxi mum UT power permitted in the cell
SI Schedul i ng I nformation Li st Specifies the periodicity of SIB el enents
Item O:

SI Periodicity: rfl6 (16 franmes)
Mappi ng I nformation: {SIB3, SIB4}
Item 1:
SI Periodicity: rf32 (32 frames)
Mappi ng | nformation: {SIB5}
Item 2:
SI Periodicity: rf64 (64 franmes)
Mappi ng I nformation: {SIB6, SIB7, SIB8, S|B9}

I
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SI W ndow | ength: 5ns W ndow for transmi ssion of an SI nessage. Only one nessage and

its repetitions may be sent in an SI w ndow.

5:BCCH-DL-SCH: SIB2 The IE System Information Block Type 2 contains radio resource

A

- configuration information that is common for all UEs.

System I nformation Block 2 (SIB2):

ac-Barringlnfo Prohi bit access under overl oad or energency conditions
ac- Barri ngFor Ener gency I s access barring supported for energency calls?
ac- Barri ngFor MO Si gnal | i ng Access barring paranmeters for nobile originated signaling.
ac- Barri ngFor MO Dat a Access barring paraneters for nobile originated data

r adi oResour ceConf i gConmon
rach- Confi gCommon

nunber OF RA- Pr eanbl es Nunmber of random access preanbl es

power Ranpi ngSt ep Step size for increasing transmt power on preanble retry
preanbl el niti al Recei vedTar get Power

pr eanbl eTr ansMax Maxi mum nunber of preanbl es

r a- ResponseW ndowSi ze W ndow for receiving preanbl e response

mac- Cont ent i onResol uti onTi mer

bcch- Config {nodificationPeri odCoef f}
pcch- Config { defaultPagi ngCycl e, nB}

prach- Config
r oot Sequencel ndex Root Zadof f - Chu sequence for preanbl es
prach- Confi gl nfo
prach- Confi gl ndex Preanbl e format and PRACH subfranme assignment index
hi ghSpeedFl| ag Supporting preanbles fromfast noving vehicles (typically trains)
zeroCorrel ati onZoneConfi g N-CS configuration that defines the N-CS val ue
prach- FreqO f set Identifies the RBs for PRACH
pdsch- Conf i gConmon
r ef er enceSi gnal Power Transnmt power of a resource elenent carrying the reference synbol
p-b PDSCH power of fset when the OFDM synbol carries a reference synbol
pusch- Conf i gConmon
n- SB Nunmber of frequency hoppi ng subbands
hoppi nghbde Upl i nk frequency hoppi ng node
pusch- Hoppi ngCf f set Upl i nk frequency hoppi ng of f set
enabl e64QAM I s 64- QAM nodul ati on supported in uplink?
pucch- Conf i gConmon
del t aPUCCH- shi ft Cyclic shift delta to be used in selecting UT specific ZC code
nRB- CQl RB assi gnment for CQ
nCS- AN Cyclic shifts reserved for PUCCH Format 1
n1PUCCH AN PUCCH resour ces assi gned for HARQ
soundi ngRS- UL- Conf i gConmon
srs- Bandw dt hConfi g Bandwi dt h assigned to the SRS
srs- SubframeConfig Defines the frequency resource assignment for SRS
ackNackSRS- Si mul t aneousTr ansmi ssi on If true: UE shortens the PUCCH to accommpdate SRS
upl i nkPower Cont r ol Conmon
p0- Nom nal PUSCH Nomi nal power | evel on PUSCH to overcone interference
al pha Fractional power control (alpha=1l inplies full conpensation)
p0- Nom nal PUCCH Nomi nal power | evel on PUCCH to overcomne interference
del t aFLi st - PUCCH Power adjustrment w.r.t. PUCCH Fornmat la
del t aPr eanbl eMsg3 Power adjustment applied to a Msg3 transmi ssion
-CyclicPrefixLength Nor mal or extended cyclic prefix
ue- Ti mer sAndConst ant s
t 300 Ti mer awai ti ng RRC connection setup
t 301 Ti mer awai ti ng RRC connection reestabl i shnment
t 310 Timer started after receiving n310 out of sync indications
n310 Consecutive out of sync indications
t311 Tinmer awaiting cell selection after link failure
n311 Consecutive in sync indications
freqglnfo
ul-CarrierFreq Uplink carrier frequency
ul - Bandwi dt h Bandwi dt h of the uplink carrier
nmbsf n- Subf r ameConfi gLi st Mul ti - cast Broadcast Single Frequency Network
ti meAl i gnnent Ti mer Conmon Controls how long the UE is considered uplink tine aligned.
P 6:BCCH-DL-SCH: SIB3 The IE System Information Block Type 3 contains cell re-selection

information common for intra-frequency, inter- frequency and/ or
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eNodeB

inter-RAT cell re-selection (i.e. applicable for more than one type of cell
re-selection but not necessarily all) as well as intra-frequency cell
re-selection information other than neighboring cell related.

System I nformation Bl ock 3 (SIB3)

g- Hyst Specifies the hysteresis value to be added to the serving cells
nmeasur enent when ranki ng agai nst nei ghboring cells.
speedSt at eResel ecti onPar s Speed dependent resel ection paraneters
cel | Resel ecti onServi ngFreql nfo I nformation about cell reselection for inter-frequency and inter
radi o technol ogy handovers.
s- Nonl nt raSear ch Threshol d for performng inter-frequency or inter-RAT
nmeasur enent s.
t hr eshSer vi ngLow Threshol d a serving cell should fall before selecting | ower
priority RAT frequency
cel | Resel ectionPriority Absol ute reselection priority for E-UTRA or inter-RAT frequency.
i ntraFreqCel | Resel ectionlnfo Cell reselection information for intra-frequency cell selection.
g_RxLevM n M ni mum required RSRP for cell selection
s- I ntraSearch Threshol d for perform ng intra-frequency measurenent.
nei ghCel | Confi g MBSFN and TDD DL/ UL config in neighboring cells.
t - Resel ecti onEUTRA Cell selection timer value and trigger for cell reselection
p- Max Maxi mum al | owed uplink transmt power
_ 7:BCCH-DL-SCH: SIB4 The IE System Information Block Type 4 contains neighboring cell
b - related information relevant only for intra-frequency cell re-selection.

The IE includes cells with specific re-selection parameters as well as
blacklisted cells.

System I nformation Bl ock 4 (SIB4

i ntraFregNei ghCel | Li st List of intra frequency neighboring cells
i ntraFreqgNei ghCel | | nf o[ 0] I ndi vidual cell entry # O in the |ist
physCel I I d Physical cell id for the neighbor
g- O fset Cel | O fset to be applied to the cell during reselection
i ntraFregNei ghCel | I nf o[ 1] I ndi vidual cell entry # 1in the |ist
i ntraFreqgBl ackCel | Li st List of intra frequency cells that are blacklisted for reselection
P 8:BCCH-DL-SCH: SIB5 The IE System Information Block Type 5 contains information relevant
b - only for inter-frequency cell re-selection i.e. information about other

E-UTRA frequencies and inter-frequency neighboring cells relevant for
cell re-selection. The IE includes cell re-selection parameters common
for a frequency as well as cell specific re-selection parameters.

System I nformati on Bl ock 5 (SIB5

i nterFreqCarrierFregLi st Li st of inter frequency neighboring carriers
i nter FreqCarri er Freql nf o[ 0] I ndi vidual carrier entry # 0 in the |ist
dl -CarrierFreq Downl i nk frequency of the carrier
g- RxLevM n M ni mum RSRP | evel for the carrier to be eligible
p- Max Maxi mum uplink transmit power permitted in the cell
t - Resel ecti onEUTRA Tinme to trigger reselection
t - Resel ecti onEUTRA- SF Medi um and high nmobility scaling factor
t hreshX- Hi gh Threshol d for cell reselection to higher priority
t hr eshX- Low Threshold for cell reselection to |ower priority
al | onedMeasBandwi dt h Measur ement bandwi dth in resource bl ocks
cell Resel ectionPriority Absol ute priority for cell reselection
nei ghCel | Confi g Configuration for the neighboring cells
g- O fsetFreq RSRP nmeasurenment offset to be applied for cell selection
i nter FreqCarri er Freql nf o[ 1] I ndi vidual carrier entry # 0 in the |ist
i nter FreqgBl ackCel | Li st Cells to be ignored in cell reselection
P 9:BCCH-DL-SCH: SIB6 The IE System Information Block Type 6 contains information relevant

only for inter-RAT cell re-selection i.e. information about UTRA
frequencies and UTRA neighboring cells relevant for cell re-selection.
The IE includes cell re-selection parameters common for a frequency.

System I nformati on Bl ock 6 (SIB6
carrierFreqLi st UTRA_FDD

carrier FreglLi st UTRA_FDD_el enent [ 0] Entry #0
carrierFreq Carrier frequency
cell Resel ectionPriority Absol ute cell selection priority for UMIS
t hreshX- Hi gh Threshol d for cell reselection to higher priority
t hr eshX- Low Threshold for cell reselection to |ower priority
g- RxLevM n M ni mum RSRP for UMIS cell
p- Max Maxi mum uplink transmit power permtted in the cell
g- Qual M n M nimum Ec/l1o for UMIS cell candidate
t- Resel ecti onEUTRA Time to trigger reselection
t - Resel ecti onEUTRA- SF Medi um and high nobility scaling factor

carrier FreglLi st UTRA_FDD el enent [ 1] Entry #1

28-May-17 (c) EventHelix.com 4


https://www.eventhelix.com/lte/startup/details/sib4.htm
https://www.eventhelix.com/lte/startup/details/sib5.htm
https://www.eventhelix.com/lte/startup/details/sib6.htm

Detailed: eNodeB Startup and RRC Connec

tion Establishment Ite-enodeb-s1-startup-sib-rrc-connection.pdf

10:BCCH-DI

The IE System Information Block Type 7 contains information relevant

<

|-SCH: SIB7

only for inter-RAT cell re-selection i.e. information about GERAN
frequencies relevant for cell re-selection. The IE includes cell
re-selection parameters for each frequency.

System | nformati on
t _Resel ecti onGERAN
carrierFreqsl nfolList[0]

starti ngARFCN

bandl ndi cat or

f ol | owi ngARFCNs

cel | Resel ectionPriority

ncc-Permtted

g- RxLevM n

p- Max GERAN

t hr eshX- Hi gh

t hr eshX- Low
carrierFreqsl nfolList[1]

Block 7 (SIB7

Time to trigger for reselection for GERAN
GERAN Entry #0
Start of the ARFCN
GERAN frequency band (dcs1800 or pcs1900)
ARFCN gr oups
Absolute priority of the GERAN | ayer
Net wor k Col or Code. |Is a bitmap val ue
m ni mum RSSI val ue required
maxi mum al l owed UL transmit power
Threshol d for cell reselection to higher
Threshol d for cell reselection to | ower
GERAN Entry #1

priority
priority

11:BCCH-DIL-SCH: SIB8

A

The IE System Information Block Type 8 contains information relevant

only for inter-RAT cell re-selection i.e. information about COMA2000
frequencies and CDMA2000 neighboring cells relevant for cell
re-selection. The IE includes cell re-selection parameters common for a
frequency as well as cell specific re-selection parameters.

System | nf ormati on

syst enTi mel nfo Signals if

Bl ock 8 (SI B8

E- UTRAN and CDMA2000 networ ks are synchronized

sear chW ndowSi ze
par anmet er sHRPD
par anet er sSIXRTT

Information to assist in searching for CDMA2000 pilots
I nformati on about nei ghbors in CDMA2000 Hi gh Rate Packet Data node
I nformati on about nei ghbors in CDMA2000 Radi o Transmi ssi on Technol ogy node

_ 12:BCCH-DL-SCH: SIB9 The IE SystemInformationBlockType9 contains a home eNB name (HNB
h b Name).
System I nformati on Bl ock 9 (S|B9
hnb- Nanme Home eNodeB nane

Random Access Procedure (click to learn more)

UE and eNodeB perform the random-access procedure to synchronize
the UT and assign resources for transmission of the RRC connection
setup message.

Random val ue

Est abl i shnment Cause

13:UL-CCCH: RRC Connection Request UE uses the uplink grant assigned in the random access procedure to
o request the eNodeB to establish an RRC connection.
RRC Connection Request:
UE ldentity: UE identity

UE uses a randomvalue as the initial identity
Est abl i shment cause can be energency,
nobi | e termn nat ed- Access,
nobi | e ori gi nat ed- Dat a

hi ghPriorityAccess,
nobi | e ori gi nat ed- Si gnal | i ng,

14:DL-CQCH: RRC Connect

on Setup The eNodeB sets up SRB1 and passes UE specific configuration via the

RRC Connection Setup message.

RRC Connecti on Set up:
r adi oResour ceConf i gDedi cat ed
configuration, to nodify the

Ssrb- ToAddModLi st :

SRB- ToAddMod[ 0] :
srb-ldentity
rlic-Config

ul - AM RLC
Pol | Retransmi t
pol | PDU
pol | Byt e
maxRet xThr eshol d
dl - AM RLC
t- Reordering

St at usProhi bi t

| ogi cal Channel Confi g

priority
prioritisedBitRate
bucket Si zeDur ati on

ul - Speci fi cParameters

(Used to setup/nodify/release RBs, to nodify the MAC nmain
SPS configuration and to nodify dedi cated physical configuration):

Li st of signaling radio bearers being added or nodified.
SRB entry #0

Identifier for SRB (SRB1 in this case)

RLC configuration for the SRB

Upl i nk RLC acknow edged node confi guration
Used by the Tx side of an AMRLC entity to retransnmt a poll
Insert a poll after the count of PDUs specified here
Insert a poll after the count of bytes specified here
Limts the nunber of retransm ssions of an AVD PDU

Downl i nk RLC acknow edged node configuration
Used by the receiving side of an AMRLC entity to
detect |oss of RLC PDUs at | ower |ayer.
Used by the receiving side of an AMRLC entity in
order to prohibit transm ssion of a STATUS PDU.

Logi cal channel configuration paraneters
Upl i nk | ogi cal channel configuration
Priority assigned to the SRB
Prioritized throughput for the SRB
Fl ow control bucket size
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I ogi cal Channel G oup

Backl og for the SRB will be signaled using this group

physi cal Confi gDedi cated (Used to specify the UE specific physical channel configuration):

pdsch- Confi gDedi cat ed
p-a

pucch- Conf i gDedi cat ed:
ackNackRepetition
pusch- Conf i gDedi cat ed:
bet aCf f set - ACK- | ndex
bet aOf f set - Rl - | ndex
bet alf f set - CQ - | ndex
upl i nkPower Cont r ol Dedi cat ed:
p0- UE- PUSCH
del t aMCS- Enabl ed
accunul ati onEnabl ed
pO- UE- PUCCH
pSRS- O f set
cqi - Report Confi g:
cqi - Repor t ModeAperi odi ¢
nonPDSCH RS- EPRE- OF f set
cqi - Report Peri odi c
soundi ngRS- UL- Conf i gDedi cat ed
ant ennal nf o:
transm ssi onMode
schedul i ngRequest Confi g

PD- SCH par aneters being updated on a per UT basis

Power offset between the Reference Signal and PDSCH

channel in the synbols w thout reference signal.

PUCCH par aneters bei ng updated on a per UT basis
Configuration for nultiple transm ssion of HARQ ACK/ NACK

HARQ Ack of fset signaled as an index
Rl of fset signaled as an index
CQ offset signaled as an index
UE specific uplink power control paraneters
Used to determ ne nominal power for PUSCH transm ssion
Power adjustnment on basis of MCS
Are TPC conmands accunul at ed?
Used to determi ne noninal power for PUCCH transm ssion
Det er mi nes the Soundi ng Reference Signal power
CQ configuration for the UE
CQ aperiodic node configuration
PDSCH to RS Energy per Resource El enent (EPRE) offset
CQ periodic nbde configuration
SRS configuration for the UE
Antenna configuration for the UE
Singl e antenna, diversity or M MO node sel ection
SRS configuration for the UE

The UE then proceed to attach and setup the default bearer.

EXPLORE MORE

LTE - https://www.eventhelix.com/Ite/

Telecom Call Flows - https://www.eventhelix.com/RealtimeMantra/Telecom/

Networking Sequence Diagrams - https://www.eventhelix.com/RealtimeMantra/Networking/

Sequence diagram generated from Wireshark PCAP file with:

VisualEther [https://www.eventhelix.com/VisualEther/] and EventStudio [https://www.eventhelix.com/EventStudio/].
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