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Connected Mode Mobility

- Overview
* Mobility supported in different releases
* Mobility triggers
* Mobility Thresholds
- Connected Mode Mobility types
« Intra and Inter-frequency Handovers
« S1 Handover
« |RAT Handover to WCDMA
« eNACC to GSM
 RRC Connection Release with Redirect
CS Fallback

- RL4O RL50/35 RL60/45 Improvements/additions
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Connected Mode Mobility Overview

* Procedures supported:

— Handover: Transfer of an ongoing call/data session from a cell to another without call interruption.
Handovers in LTE are:

- Network controlled
- UE assisted

- Hard handovers: Only a connection exist to one cell at a time
— Redirection: Similar to handover, but requires connection release prior to the transfer the ongoing call
— Cell change: procedure dedicated for call transfer from LTE to GSM,; it requires connection release

Licensing:
* Al IRAT HO, inter-frequency HO, CSFB to UTRAN/GERAN via redirect and S1 handovers are optional
features:
* When enabled they are activated for the whole eNodeB

 If deactivated the eNB does not configure UE to measure other technologies/ frequencies so handover
IS not triggered

For internal use NDKIA
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Mobility supported in different Releases

FDD RL10 RL20

Intra eNB Handover Inter Frequency HO

(intra eNB and via X2)

Inter eNB HO via X2
interface

S1 based HO

CSFB to UTRAN or
GSM via Redirect

RRC connection
Release with Redirect

Intra eNodeB Handover

Inter eNodeB Handover via X2

Inter frequency handover (intra eNodeB and
via X2)

RRC connection Release with Redirect

Inter eNodeB Handover via S1

RL30

IRAT Handover: LTE
to WCDMA

eNACC from LTE to
GSM

IRAT Handover: LTE to
WCDMA

eNACC from LTE to GSM

CSFB to UTRAN or GSM
via Redirect

RL40

SRVCC towards
WCDMA and GSM

CS Fallback
Enhancements

High Speed Users

Load Ballancing

RSRQ based Cell

Reselection

RSRQ based redirection

TDD-FDD handover

RLS50

TDD-FDD handover

Inter-eNB Inter-Freq
Load Balancing

RSRQ based
redirection

RSRQ based Cell
Reselection

RL60

RAN Information
Management (RIM) GSM

Inter RAT Handover
from WCDMA

eCS Fallback to
CDMA/1IXRTT

Inter RAT Handover to
eHRPD

SRVCC to WCDMA /GSM

RAN Information Management

(RIM) Support

UTRAN

Inter RAT Handover from

Inter RAT Handover to eHRPD



Mobility Triggers (1/3)

Mobility is handled via events triggering. 3GPP defines following events:

Event A4 is
supported since
RL50 (IF load
balancing)

For internal use
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Event Al Serving becomes better than threshold

Event A2 Serving becomes worse than threshold

Event A3 Neighbour becomes offset better than
serving

Event A4 Neighbour becomes better than threshold

Event A5 Serving becomes worse than threshold1
and neighbour becomes better than
threshold2

Event B1 Inter RAT neighbour becomes better than
threshold

Event B2 Serving becomes worse than threshold1

and inter RAT neighbour becomes better
than threshold2

NOKIA



Mobility Triggers (2/3)

- Event A2/Al: RSRP of serving cell is down/up-crossing certain RSRP threshold (threshold2a/

thresholdl)

- Event A3 (better cell HO): RSRP of neighbour cell is a predefined offset better than RSRP of serving

(for intra and inter frequency HOS)

- Event A5 (coverage HO): RSRP of serving cell is down-crossing certain threshold, while RSRP of
neighbour cell is up-crossing an other threshold (for intra and inter frequency HOSs)

ARSRP

A2 trigger

A2|threshold

/\RSRP

A3 trigger

|

A3 offset
N

A8 54

RSRP servin RSRPF servin RSRP servin
move move~ move direction
direction direction

For internal use
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Mobility Triggers (3/3)

Inter-RAT measurements (GERAN or UMTS supported from RL30)

- Event B2: Serving cells RSRP down-crossing threshold1, while neighbour cell RSSI or CPICH

RSCP or CPICH Ec/No up-crossing threshold2
- Triggers for Inter-RAT reports are:

* RSSI in case of GERAN
e CPICH RSCP or CPICH Ec/NO in case of UMTS

Signal

N\ Level
B2Ugger . ier par
Neighbour cell
B2 thald 2

___________ - signal
\ /

_____________ —_BZthote.
RSRP serving

N

v

move direction

For internal use
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Handover Thresholds
Measurement Activations

Threshold 1 (Th1): UE does not perform measurements of neighbour cells when the serving cell RSRP is
above Thresholdl1 (Th1l)

Thresholds 2 (Th2_interfreq/Th2_WCDMA/Th2_GSM):UE starts performing measurement gaps when one
of the Th2 events is reported to the eNodeB in a measurement report. Event A2

Threshold2a (Th2a): Measurement gaps are cancelled if serving cell RSRP rises above Th2a. Event A1
Threshold 4 (Th4):RRC Connection Release with redirection is triggered if no suitable intra or inter
frequency/IRAT cells are found. Event A2

Intra—LTE + Inter
Freq + WCDMA +

GSM
measurements
RRC
No measurements Intra—LTE threshold AhderEra®E + Inter :grterz_lf\l/zvé[l)?\;f golnnectiond
exceptserving cell measurements Event A2 Frea measurements measurements elease an

l ‘ ‘ re-direction

| | | RSRP (dBm)

Thl Th2a Th2_InterFreq Th2_WCDMA Th2_GSM Th4_  threshold4
Event A2
For internal Use Threshold1 Threshold2a threshold2WCDMA threshold2GERAN NOKIA
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Intra- and Inter-frequency Handover Thresholds

Serving cell (not including neighbour cell thresholds)
Example values:

When RSRP is below
Threshold3_interFreq, UE will
perform HO to inter-freg
neighbour. (Assuming that
neighbouris better than

When R5RPis below
Threshold2InterFreq,
UE starts
measurements on

RS RP for ) other frequencies. itr;;ecstngltcé?é?_lnterlfreq and IFHO
serving ce R
decreases
Threshold3 Threshold4
Threshold When RSRP is When RSRPis

Only serving cell
measurements are

performed. UE is not

measuring or
reporting any
neighbours

When RSREPiIs

below Threshold1,

UE starts to
measure infra-
frequency
neigbhours

below Threshold3,
UJE will perform
HO to neighbour.
{(Assuming that
neighbouris better
than threshold3a
andAS handover
is activated)

below Thraeshold4,
the eNB can
redirect the call to
other frequeny or
other RAT. This is
also called RRC
release with
redirect

=50 -90 -118 -119 -120
When RSRP is above
Threshold2a, UE stops
measurements on other
frequencies.

«— RSRP increases

For internal use
10 ©2014 Nokia. All rights reserved.

NOKIA



Mobility thresholds comments
RRC_connected mode

- LTE thresholds are relative to -140 dBm. This means if for example threshold3 is set to 21, the
RSRP value is (-140+21=) -119dBm

- The following restrictions need to be fulfilled:
* Threshold4 < Threshold3 < Threshold2_xxxx <= Threshold2a < Threshold1
* Threshold3 < Threshold3a
« Threshold3InterFreq < Threshold3alnterFreq

- The higher the threshold the better the RSRP signal

For internal use NI:IKIA
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IRAT (WCDMA) handover thresholds

Serving cell
Threshold3
When RSRP is below When RSRP is below
Threshold2InterFreq, UE starts Threshold3, UE will perform HO
measurements on other frequencies. to neighbour. (Assuming that
neighbour is better than
threshold3a and A5 handover is
activated
RSR_P for I When RSRP is below )
serving ce Threshold2Wcdma, UE
decreases starts measurements on bZThreShO|d1Utra
WCDMA frequencies in When serving RSRP is below
Thresholdl addition to other LTE b2Threshold1Utra UE performs
frequencies (Intra+ HO to WCDMA neighbour
InterFrequencies) (Assuming that RSCP or EcNo
of WCDMA neighbour is better
than b2Threshold2Utra
Rscp/EcNo.
-50 -90 -118 -119 -120

When RSRP is above
Threshold2a, UE stops
measurements on other
frequencies (including IRAT)

For internal use
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IRAT (eNACC) handover thresholds

Serving cell

When RSRP is below

. Threshold2GERAN, UE starts
When RSRP is below measurements on

Threshold2InterFreq, UE GERANfrequencies

starts measurements on Threshold3
other frequencies. When RSRP is below Threshold3,

UE will perform HO to neighbour.

RSRP for (Assuming that neighbour is better
serving cell — than threshold3a and A5 handover is
decreases activated)

Threshold1 b2Threshold1GERAN

When serving RSRP is below
b2ThresholdlGERAN, UE performs
eNACC to GSM neighbour (Assuming
that RSSI of GERAN neighbour is better
than b2Threshold2RssiGERAN

.50 -90 -118 -119 -120
When RSRP is above Threshold2a,
UE stops measurements on other

- :
frequencies (including IRAT) RSRP increases

For internal use NDI{IA
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Intra and inter frequency handovers
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Handovers

Two main types of handovers in LTE:
Better Cell Handover or A3 Handover
« It aims to keep the UE always on best cell (measured by RSRP/RSRQ), e.g. HO to another cell
happens when neighbour cell becomes more than 4 dB better than serving cell

Coverage Handover, or A5 Handover
* When serving cell RSRP gets below a certain threshold (e.g.-95 dBm RSRP) AND neighbour cell
RSRP gets better than an absolute threshold (e.g. -92 dBm RSRP)

* They can be intra and inter frequency (different parameters) and
intra or inter eNodeB

* They can be enabled/disabled on cell level:

Inter-frequency HO parameters are defined in LNIFHO object
whereas Intra-frequency HO parameters are defined in LNCEL
object

For internal use NOKIA
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A3 event based Handover Intra-Frequency

Intra-frequency better coverage based (A3) handover event evaluation
Mn —

Signal ,
level

(RSRP or
RSRQ)

> Ms +

Parameters

Better cell HO

involved:

hysA30ffset

Hysteresis of HO Margin
LNCEL; 0..15; 0.5; - dB

.
.e
o ®
ee®
X RS
eee®
.....
....................................

paramebers

intra-frequency
neighbour cell

hysA3Offset e (Mn)

_____ a30ffset
Better cell HO margin for RSRP

IaBOffsez‘ LNCEL,; -15...15; 0.5; - dB

serving cell (Ms)

»

Event A3 condition fullfilled,
UE sends measurement report

For internal use
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>

\‘ ’i time

. . ! |
a3TimeToTrigger. a3Reportinterval:
1
Measurement Measlrement
Report Report

a3TimeToTrigger
LNCEL; 0..5120ms

;-3 320ms(8)

a3Reportinterval
LNCEL; 120ms..60 min; -; 240ms (1)
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A3 event based Handover Inter-Frequency

Inter-frequency better coverage/quality based (A3) handover event evaluation

Mn — > Ms +
measQuantinterFreq hysA30ffsetRsrp/qinterFreq
def. which quantity to use for Hysteresis of HO Margin
Signal event A3 LNHOIF; 0..15; 0.5; - dB
level LNHOIF; RSRP, RSRQ; both;
RSRP inter-frequency
(RSRP neighbour cell (Mn)
Or 0o ®
........ a30ffsetRsrp/ginterFreq
RSRQ) ® NysASOIsetRsI(p/q)interfreq_—... Better cell HO margin for RSRP/Q
------ LNHOIF; 0..15; 0.5; - dB

.
.
o®
°®
e
oo
eee®
00000
oooooooooooooooooooooooooooooo

serving cell (Ms)

AN

Y.

\, time
4
Event A3 condition fullfilled, a3TimeToTriggerRsr(p/q)interfireq a3ReportintervalRsr(p/q)interFreq
UE sends measurement report Measurement Meastrement
Report Report
For internal use a3TimeToTriggerRsrp/ginterFreq a3ReportintervalRsrp/qinterFreq NOKIA
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A5 event based Handover - Intra-Frequency

* Intra-frequency coverage based (A5) handover event evaluation

Ms + hysThreshold3 < threshold3 Parameters
and involved: Coramutors
Mn — hysThreshold3 > threshold3a
. A
Signal h hreshold3
ysThresho .
level Hysteresis of HO Margin mt_ra—frequency
(RSRP) LNCEL; 0..15; 0.5; - dB ghbour cell  (Mn)
hysThresholgz="" Y.
yf e threshold3a
—————————————————————————————————————— >~ T —-————————————— | LNCEL; 0.97;1;-dB
E ....... i threshold3
— e : i hys Threshold3 LNCEL; 0..97; 1; - dB
........................................ ! f ¢ i serving cell (Ms)
i < T 3 time
. . I 1
a5nmlﬁ£%tz;fggg1?r 1 Measur'ement
Report' v Report
For internal use a5TimeToTrigger a5Reportinterval NOKIA
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A5 event based Handover Inter-Frequency

* Inter-frequency coverage based (A5) handover event evaluation
Ms + hysThreshold3interFreq < threshold3InterFreq

and

Mn — hysThreshold3InterFreq > threshold3alnterFreq

i A
Signal
level

(RSRP)

hysThreshold3InterFreq
Hysteresis of HO Margin
LNHOIF; 0..15; 0.5; - dB

.............................. hysTireshold3interFreq $

(Mn)

hysThreshold3interEeq \

inter-frequency
neighbour cell

threshold3alnterFreq
LNHOIF; 0..97; 1; - dB

threshold3InterFreq
LNHOIF; 0..97; 1; - dB

serving cell (Ms)

For internal use
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/20 PR

time

| i v
<
|
a | :
Measuremgnt [ Measurement
Renort" \'4 Report

abTimeToTriggerinterFreq
©2014 Nokia. All rights reserved. | | NHOIE: 0..5120ms: -: -

a5ReportintervalinterFreq
LNHOIF; 120ms..60 min; -; -
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S1 handover
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Intra LTE Handover via S1

Extended mobility option to X2 handover

Applicable for intra and inter frequency HO and only for
inter-eNB HO

DL Data forwarding via S1
Handover in case of

no X2 interface between eNodeBs, e.g. not operative,
not existing or because blacklisted usage

eNodeBs connected to different CN elements

For the UE there is no difference whether the HO is executed via X2 or S1 interface
HO reasons ‘better cell HO’ (A3) and ‘coverage HO’ (A5) are supported

MME and/or SGW can be changed during HO (i.e. if source and target eNodeB belong to different
MME/S-GW)

| Feature ID(s): LTE54 |
For Interal use © NOKIA
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IRAT HO to WCDMA
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RL25TD RL30
Inter RAT Handover to WCDMA - -

* IRAT hard handover from LTE to WCDMA PS domain through S1 interface
* Phases:
1. Handover initiation:
= eNB starts a HO to WCDMA following a received measurement report with event B2
= Max. 8 cells reported (strongest first) that create the TCL (target cell list)

2. Handover preparation:
- Resource allocation on target side (E-RAB parameters
mapped into PDP context)y | REE

S-S WIWIE SGESMN RMC

3. Handover execution: 1
- UE moves into WCDMA cell after receiving
‘MobilityfromEUTRACommand’ message

ff"fT*fﬁﬁ

4. Handover completion:
- Release of S1 connection and internal resources after
successful HO (no timers expired)

For internal use NDKIA
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Inter-RAT Handover to WCDMA
Event B2

* Handover from LTE to WCDMA is triggered by poor LTE radio coverage and

sufficient WCDMA cell radio signal quality
* Radio conditions for serving and neigbour cells are defined with event B2

Entering conditions Leaving conditions
1. Ms + Hys < Thresh1l 1. Ms - Hys > Thresh1l
and or
2. Mn + Ofn — Hys > Thresh?2 2. Mn + Ofn + Hys < Thresh?2

->'refers to signal level of serving cell
-> refers to signal level of neighbour cell
-> hysteresis to prevent ping-pong effect between

> b2threshoIdZUtraRSCP/EcNOE

Ofn -> OffsetFreqUtra i -> refers to neighbour cell only

..................................................................... &

NOKIA

For internal use
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Inter-RAT Handover to WCDMA
Event B2

« Entering condition:
* RSRP,s < b2threshold1Utra — hysB2thresholdUtra AND
* utraRSCP/EcNo,n > b2theshold2UtraRscp/EcNo- offsetFreqUtra + hysB2ThresholdUtra

utraRSCPfutraEcNO
triggerQuantity

For internar use
31

IRAT_eNACC Para

meters

condition 2 fulfilled

-

Event B2 fulfilled

condition 1 fulfilled

b2threshold2UtraRscp/EcMNO -

hysB2ThresholdUtra

offsetFreqUtra

leaving condition 2

\ s-cell

leaving condition 1

1__

| hysB2ThresholdUtra
reportAmount
AL
RC:MeasurementRepor] g [ ] ® e n-cell

b2TimeTo TriggerUtraMeas
©2014 Nokia. All rights reserved.

reportinterval
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Inter-RAT Handover to WCDMA Flow

(«:A . (((g)) @

LTE, Source:Cell WCDMA, Target Cell

i
LRei]

Measurement Report

\ 4

:RRC Connection Reconfiguration

RRC Connection Reconfiguration Complete

Measurement Report

Handover Preparation

A 4

. Handover Preparation Successful
MobilityFromEUTRAcommand

HandoverToOUTRANComplete

For internal use NI:IKIA
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eNACC to GSM
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eNACC to GSM
Network Assisted Cell Change to GSM

« Similar feature to HO to WCDMA:
* IRAT Measurements triggered via event A2/Al (activated/deactivated)
« Triggered by event B2 (although using different parameter values)

« Difference: it is not a handover procedure
* UE goes first into GSM RRC Idle mode and starts the RRC Connection Setup procedure in GSM

S-CVY MIWIE SGESM B=C
. ‘;‘j Y
* Network Assisted: GSM system information of 2G
target cell is sent to UE (giving a gain of ~1s in the ——
process but with significant service interruption) -

* Maximum number of GSM cells to be reported is
hardcoded to 8

For internal use NDKIA
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eNACC to GSM
Event B2

Entering Condition:

* RSRP,s < b2threshold1GERAN - hysB2Threshold GERAN AND
* RxLev,n > b2theshold2RssiGERAN+ hysB2ThresholdGERAN

condition 1 fulfilled

Entering conditions

1. Ms + Hys < Thresh1
and

2. Mn— Hys > Thresh?2

b2threshold1GERAN

Signal level:RSRPf GEMRSE!

hysB2ThresholdGERAMN

Event B2 fulfilled

condition 2 fulfilled

reportAmount
A

b2TimeToTriggerGERANMeas

For internal use
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RRC Connection Release with Redirect
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RRC Connection Release with Redirect
Event A2

41

When serving RSRP falls below threshold4for atime a27imeToTriggerRedirect the RRC connection
is released and UE redirects to the E-UTRA or inter-RAT carrier frequency with highest priority (if
several redirection objects defined) regardless of the signal strength of the target carrier

UE capabilities are considered when performing redirect

Serving Cell

(' ;
o RSRP Reporting
% condition met

A2 condition met ‘ after Time To
Trigger

threshold4 l /

a2 T.-".P;T.'e To Trfggefj;?edf'recr

threshold4

140 dBm time

Measurement \ (ts)
((éj)-
For internal use NDKIA



RRC Connection Release with Redirect

- ltis possible to define different redirection (REDR) objects and different priorities between those
objects

- eNB selects the target frequency for redirect based on the priorities configured for frequency layers

- If the highest priority layer is not supported by UE according to capabilities reported earlier, then
the next highest priority layer is selected.

- Redirection is ‘blind’: UE does not measure on the target frequency for redirection before the
connection is released - there is improvement in RL40 via measurement of the target cells.
» If there is no coverage in the target frequency the connection drops

Redirection Parame

- Note: Priority 1 is highest! (unlike for the céffreselection priority parameters where 7 is highest)

For internal use NDKIA
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RRC Connection Release with Redirect
Signalling

=] LTE playback full details

Ir/’" Evl:nt]]JlTrm:F.li'.l Time= Pl n=ms
B. ARCEM  Uplink 13144:55,055 MeasurementPeport
L ARCSH  Downink 134455170 RRCOCommechon=onfigurabon
A0, |AACSM | uplink 1314455, 171 RROCommectionAeconfiguratiorrComolete
31. |AACSM | Dewnlirke | 1304456189 RROCarnectorflecarfiguration
42, |ARcsM | uplink 13144155, 1B RROCanmecionfecanfigurationComplets
13, |AACSM  Downlnk | 13044155, 189 SysteminformetonBlockType 1
34, |AACSM  Downink | 13:44:55.235 Sysbt=mInformetion
UE i5 ‘< as. AACEM  Downlinkc 134457.5683 SysteminformatonBlocETypa 1
- a6, ARCSHM | Uplink 13:45:09. 316 MessaramertR=port
iNnLTE 17. |AACSM | Downlik | 13:45:09.380 RROCormecionfleconfiguration
3B, |ARCHM | Uplink 13:45:09,3681 RRCCornectonfeconfiguratonComplete
345, |AACSM  Downink | 13:45:09.407 Sysb=mInformetiorBlockTyp=1
20, |ARCSM  Downlimk | 13:45:09.407 RACConnectonAeconfiguration
= 1§ AACEM  Uplnk 13:45:09.407 RROComnechorA=omnfiguraborComplet=
22, ARCEM  Dossnlink 13:145:12,.556 SystemInformationBlockTypa 1
23, AACSM  Uplrk 13:45:57.874
P uplink 13:47:00, 159 L = EST
6. |L3ISM Uplinkc 13:47:00.205 ROUTING_ARES_LFDATE_RECLEST
27, |L3sM Downlink | 13:47:00.527 ALUTHENTICATION _REQUEST
28, |L3ISM Downlink | 13:47:00.636 ALTHENTICATION_AND_ CIPHERING_REQUEST
35, | L3SM ugdink 1314700, 704 ALUTHENTICATION RESFONSE
30, |L3sm uplrk 134700827  AUTHENTICATION _AMD_CIPHERING _RESFOMNSE
B 31. | L3ISM Dowrlink | 13:47:01.046 TMS[_REALLOCATION_COMMAND
UE Is 32. |L3zm uoink 13:47:0L.096 TMS[_REALLDCATION_COMPLETE
. 33, | L3IEM Deserlinke | 13:47:01. 246 IDENTITY_REGLEST
in 3G 34, |L3sM ucdink 13:47:0L.256 IDENTITY_RESPOMSE
35. | L3sm Downink | 13470 L4591 LOCATION_UPDATING_&CTEPT
36. | L3=5M Dowrlink | 13:47:D1.442 ROUTIMG_AREA_LFDATE_AOCEFPT
37, |L3sM uplri 134701492 ROUTIMNG_AREA_LIPDATE_COMPLETE
38, | L3ISM Liplink 13:47:01.465 SERWICE_REGQLEST
35, | L3sM Dowrlink | 13:47:D1L.570 SERVICE_ACCERT
\‘-_ A0, | LISM Dioweniink: 13:47:01.873 MODIFY_PDP_CONTENT_REQUEST
ad e ol 1} 1 lmbimml A ATNE ATV MARTTY NEN SOWTT YT 88T

For internal use
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LTE RRC signaling
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Downink

RRCConnectionR=ease (3EPFTI 38 331 wer 87.0 R=l &)

OL-OCCH-Neszage
MESRE D
1
rrcConneclicnRsease
rmo-Transactiondentbifier 3
criticalExjzpsico
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reEsEeCEIEE other
rediractedCarriarinfo
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Data (he=x):
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UE is redirected to
WCDMA camier 10737
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RRC Connection Release with Redirect
Performance (LTE -> 3G)

- Test results (FTP DL session and streaming session) show that user impact of Redirect is minimal

and end user will not notice the RRC release with redirect
Effects:

- FTP: couple seconds gap in the transmission is noticed while connection is redirected to 3G
- Streaming (YouTube): redirection is not noticeable. No gaps in sound/picture

Throughput over

Throughput around

'-.!'-‘rﬁr" ApP Throughput Downink 25Mbit in LTE - 10Mbit after a
w3 - ws M
o i L = couple of seconds
i;m ' / ‘ gap and then
£ oo | redirection to 3G
= 250088
£ 20000 |
E 15000 4 7 1
100008 -
i 500
& u ¥ T > T r T
13:35:45 13.35.00 13:98:15 133630 13.38:45 13:37:00 133572 133745 123500 1338:15 13:38:30 13:58.
<« AL J
LYE Layer 3/ RRC - 1. Qualcoman
Evan.. Tee Subchanned Déaction Maxzage Data
RACSM 133735383 OCCH Upink MEASUREMENT _REPORT B2P67ADB 02222001 52 5ECZS..
RRACSM 1337:35.869 OCCH Upbnx MEASUREMENT_REFORT DIEZESEFOAZZ22001958ECA ...
For intd RACSM 133735427 CoCCH Uink MEASUREMENT_REFORT

44
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CSFB - Circuit Switched Fallback

45 © Nokia 2014 - NPO GS NOKIA

For internal use



CSFB to UTRAN or GSM via redirect

* Required when there is no Conversational Voice support on LTE side
* Redirection from LTE to UTRAN or to GSM during the call setup. MOC and MTC setup

supported

* EPC must support CS
inter-working for
mobility management

and paging

Uu

Iu-ps

UTRAN

Gb S lu-cs
Um —| GERAN I e —
/

LTE-Uu SGs
E-UTRAN S1-MME @

S1-U S11 /

S5/S8

* Redirection by RRC connection release message with a RedlirectedCarrierinfo |E that enforces the
UE to search for any cell first at the highest priority UTRA carrier or within BCCH carrier set for GSM

* After termination of the CS call, UEs supporting CS fallback may stay in current RAT of camp back into
the LTE carrier

For internal use
46

CSFB: Circuit Switched Fallback

IE: Information Element

MOC: Mobile Originated Calls
MTC: Mobile Terminated Calls

©2014 Nokia. All rights reserved.

LTE
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% oy
= SAE
idie or PS call
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. CS call (and PS cali)
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UTRAN/GERAN

NOKIA



CS Fallback Signalling Example
MOC in ECM_Connected

Further examples (ECM_IDLE, MTC) in: https://sharenet-
ims.inside.nokiasiemensnetworks.com/Overview/D437659035

teszage Filter ;|Mone -

Filtering| F'ause|E:-cp0rt| Hex | Wertical |

[ Show Step3 [ Show SACCH Reporl

[~ Show Stepl [ Show Step2

Channel

UL DC
DL EF

'L EF
UL EF

D
O
D
O
D
O
O
O
O
O
O

hined EP=

mented in muktip

arrierlnfo utra-FOOD : 10

UE needs to be IMSI
attached

UE starts Initial Access procedure
and sends Extended Service
Request message with Service
Type set to “mobile originating CS
fallback”

eNB sends
“RRCConnectRelease”
message with redirect
information of WCDMA
Frequency to be used for
redirection

NOKIA


https://sharenet-ims.inside.nokiasiemensnetworks.com/Overview/D437659035

RL40 & RL50/35 Improvements/additions
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List of RL40 Features/Improvement

Voice Call Handling
« LTE 872 & 873 SRVCC to WCDMA/SRVCC to GSM (RL40 only).
« LTE 736 CS Fallback to UTRAN (RL40/RL35TD).
Measurement and System Info Support
« LTE 1073 Measurement based redirect to UTRAN (RL40 only).
 LTE 984 GSM Redirect with System Information (RL40/RL35TD).
Load Ballancing
 RAN 2717 Smart LTE Layering (Offlload 3G->LTE)
« LTE1387- Intra-eNB Inter-frequency Load balancing (RL40 only).
General LTE Support
 LTE 48 Support of high speed users (RL40 only).

For internal use NDKIA
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LTE872/873 — SRVCC to WCDMA/SRVCC to GSM
= Features supplement voice over LTE solutions based on

IMS

= Thanks to SRVCC functionality LTE voice calls could be
handed over to 2G or 3G network where these calls are
served by the CS domain of the target RAT

= Handling of other bearers depends on among others
target RAT capability

= In case of SRVCC to WCDMA these bearers could
be handed over via typical PS handover procedures

WCDMA coverage area GSM/WCDMA/LTE

capable UE

For internal use NI:IKIA
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LTE 736 CS Fallback to UTRAN

 An enhanced way of realizing the CS fallback so that EPS-attached UEs can be provided with CS voice

service with even better user experience

— This feature introduces service-based handover of multimode and PS-HO-capable UE from E-UTRAN to UTRAN

whenever CS voice call is to be established

- E-UTRAN coverage must be overlapped by UTRAN coverage
— having terminated CS call, the UE may either stay in current RAT or go back to E-UTRAN using existing

mechanisms

« EPC must support CS inter-working for mobility management and paging

— SGs interface between MME and MSC server is needed

— interworking between SGSN and MME and PDN-GW is realized via pre-Rel.8 Gn interface or via S3/S4 interfaces
*+ CS domain must support CS Fallback, i.e. MSC must support SGs interface to MME

Gn

GGSN

lu-cs

A UTRAN lu-ps  —NSESN
. X
Gb
L~
Um GERAN
Gn
LTE-Uu
E-UTRAN }—— S1-MME
S1-U Si1
; 1

For internal use
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S5/S8

Gn
N

PDN-GW
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LTE 1073 Measurement based redirect to UTRAN

LTE1073 Measurement based redirect to UTRAN provides the means to send an UE to WCDMA by UE Context
Release with Redirect after the UE has performed Measurements on WCDMA

LTE1073 is an enhancement to LTE56

Measurement concepts and configuration for handover to WCDMA are reused; measurement report for event B2 is
a trigger for redirection procedure to frequency layer of reported by event B2 target WCDMA cell.

For internal use NDI{IA
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LTE 984 GSM Redirect with System Information

 UE being redirected from LTE to GSM needs to start connection setup from scratch
— before starting the random access procedure in the new cell, the UE needs to acquire basic System Information
— acquisition of system information constitutes significant portion of the connect. setup time
- this applies to both CS voice call setup and PS connection setup
 GSM Redirect with System Information introduces the possibility to provide UE with necessary GSM

System Information upon redirecting it from LTE
— this allows UE to avoid reading of System Information Broadcasts when accessing the target cell and hence to
shorten the connection setup times for both CS voice call (for CS Fallback) and PS connection (redirection due to
radio conditions)

M3C
UE eMb BES WME SAE Gy WSC Server SGEMN
RRC connection release with redirection due to G5 Fallback
[ Target RAT Initial Access I
Cptional Location Area update (with CSMT flag; for MOC CEMO ﬂag is included)
________ ] R
Optional authentication and ciphering H
| C5 call setup (Paging Response for MTC or C8 Service Request with CEMO flag (if LAU was not done) for MOC) l
S ¢S cal established ,\,%
[ Routing Area Update with MME interaction ]
For internal use ] | I ] 1 | [ NOKIA
53 ©2014 Nokia. All rights res ! JLIDL session establishrment H
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RAN 2717 Smart LTE Layering

Feature designed to support redirection from WCDMA to LTE
Possibility to redirect active UEs (in UTRAN Connected
Mode) from WCDMAto LTE
Possibility to offfload WCDMA network
* Smart LTE Layering introduces mechanism for network
load balancing
Better user experience after redirection from WCDMA to LTE
in case of high load and lack of cell resources
* instead of waiting for resources in WCDMA, redirection to
LTE improves user experience

LTE
coverage

NOKIA

For internal use
54 ©2014 Nokia. All




Continuous load

LTE1387- Intra-eNB Inter-frequency Load balancing Measurement and

To move incoming load from a highly-loaded cell to low-loaded cells using different Exchange
frequency bands within the same eNB

Load Supervision and Exchange

e cell load is periodically measured and exchanged between cells of
the same eNB

¢ Cell Load Balancing Status is evaluated periodically
Candidate UE Selection for measurement solicitation

. are considered candidates for
measurement solicitation

%+ Triggered HOs reduces load for the highly-loaded cells, since already
connected UEs will not be offloaded

¢ Special treatment for

*+ Depending on , UE which establishes QCI1 bearers may be
removed from candidate UEs

Measurement Solicitation

* For each candidate UE of different
frequency neighbor cells is activated
*  RSRP and RSRQ measurements from received A4 reports are to select

best target cell for UE offloading
iF-LB Execution
* Normal handover procedure to offload candidates UEs to selected target cells.

For internal use NOKIA
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LTE 48 Support of high speed users

Enables LTE usages in high speed environment ]

* The Flexi Multiradio BTS is able to handle UE speed of up to 350 km/h
in open space and 300 km/h in tunnels.

* Basic LTE call handling and interworking
* For 3GPP defined conditions

TGV
Shinkansen

Alfa Pendular

Eurostar

For internal use
56

NOKIA
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List of RL50/RL35TD/RL50FZ Mobility Features/Improvement

LTE1060
LTE1170
LTE1407
LTE1442
LTES07

For internal use

57

TDD-FDD handover.

Inter-eNB Inter-Frequency Load Balancing.
RSRQ based redirection (RL50 only).

Open Access Home eNB Mobility (RL50 only).
Inter RAT Neighbor Relation Optimization.

©2014 Nokia. All rights reserved.
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LTE1060 TDD-FDD Handover - Introduction

LTE1060 TDD-FDD Handover introduced in RL50 (RL35TD) provides support for inter-eNB inter-
frequency handover from LTE TDD to LTE FDD and vice versa
TDD-FDD Handover is extension of LTES5 Inter-frequency Handover (introduced in RL20/RLO5TD)
* LTES5S is prerequisite for the TDD-FDD Handover. Both features are activated with the same flag (actlfHo)
* The mechanisms (evaluation of measurements reports, handover preparation, execution, completion and
data forwarding) introduced by LTE 55 are re-used in TDD-FDD Handover .

« Additionally to the original Inter-frequency Handover feature LTE1060 TDD-FDD Handover cooperates
with Inter eNB IF Load Balancing (LTE1170) if it is activated

Both S1 (LTE54) and X2 (LTE53) handovers are supported

« events Al and A2 are used to control the start and stofg

of inter-frequency measurements of the target cells, FDD DD

« events A3 (better cell handover) or A5 (coverage LTE

handover) are used to report suitable inter-frequency neighbors

* In case if Inter eNB Inter-frequency Load Balancing is activated event A4 is used to report suitable
inter-frequency neighbors for load balancing.

For internal use NI:IKIA
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LTE1170 - Inter-eNB Inter-Frequency Load Balancing | RLSORLISTORLSOFZ |

= LTE1170 extends RL40 functionality in providing means to move

from a which than the

high-loaded serving cell

 UEs can be offloaded if target cell is measured to be at good radio
condition

+ Offloading of UEs can be done towards

 Target cell for offloading must have to serve offloaded UEs

+ Load information is exchanged only between cells of the
* Load information from cells belonging to other eNBs are implicitly determined from HO
preparation decision
* The feature balances load only between
and are evaluated to trigger offloading of UEs

must be activated in order for LTE1170 to work

For internal use NDKIA
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LTE1170 - Inter-eNB Inter-Frequency Load Balancing

» LTE1170 is aimed to improve the utilization of resources between inter-frequency cells

» Does not aim to equally distribute between cells but to have

Cell Load (%)

100 =t —¢—+—+r—+—
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Time

Imbalanced utilization of resources
in an eNB resulting in some UEs
not scheduled in Freql

For internal use
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LTE1407 — RSRQ based redirection - overview

LTE mobility management in connected mode

HO: LTE55: Inter-frequency handover (RL20, RLO5TD)

HO. LTE53: Intra- & inter-eNB handover via X2 (RL09, RLO5TD)

HO. LTEb54.: Intra-L TE handover via S1 (RL20, RL15TD)

RRC
CONNECTED

LTE56: IRAT HO WCDMA (RL30,
RL25TD) -

RAN2264:Smart LTEHO 1%
(RUS0) L TES7:Inter RAT HO e}
from UTRAN (RL50, RL .?%ed“

CELL_DCH

CELL_FACH

LTE423: RRC Conn.

Release with Redirection
RL10, RL15TD

_direction: RAN2717: |

For internal use
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LTE1407 — RSRQ based redirection - overview E J

Redirection — “last ditch from drops”

Redirection — a procedure of RRC connection release with redirecting of a UE to other
frequency/RAT layer

Redirection is a mechanisms to force a UE to: Target WCDMA layer does not
interfere with LTE serving
switch from RRC-CONNECTED to RRC-IDLE mode and ((( ))) rer ((( )))

reselect to inter-frequencyl/inter-RAT neighbor cell for PS session
continuation and/or CS call setup (CS Fallback*)

Redirection is triggered by the radio conditions

WCDMA coverage . LTF coverage .
RSRP or RSRQfI’Om RL50 onwards - area - R ‘_7_‘3-"5"3,
in case of CS Fallback*, redirection is triggered by mobile originating or
terminating CS call (((‘ ,)))
Target RAT/frequency layer is indicated to a UE by an eNB @ é U
within RRC.rreConnectionRelease message RRC: MEASUREMENT REPORT B
. . . . A2 t tri d,
At first glance, redirection could be regarded as the last-ditch (42 eventinggered)
from loosing of signaling connection between an eNB and a _ RRC:RRC CONNECTION RELEASE
UE in case of either poor coverage or extensive interference (incl. info on target frequency layer)
For internal use NOKIA

* RRC connection release with redirection mechanism is one of the means of realization of the CS Fallback functionality



LTE1407 — RSRQ based redirection - overview

RSRQ based redirection (LTE1407) — enhancement of RSRP based redirection (LTE423)
LTE423 redirection is triggered by RSRP criterion only, LTE1407 brings additional RSRQ trigger

event

LTE423: RRC Connection Release with Redirect was

introduced in RL10/RL15TD

redirection is triggered by RSRP based Event-A2

LTE1407: RSRQ Based Redirection

redirection is triggered by either RSRP based Event-A2 or RSRQ base

Event-A2

Active LTE423 is a prerequisite for LTE1407 activationigosddBBm--

Redirection target selection and procedure flow is the
same for both RSRP and RSRQ triggered cases

RSRP
RSRQ

g

Serving Cell RSRP
Serving cell RSRQ

. reporting condition met
A2 condition met during time-to-trigger

|
T~

A2 time-to-trigger
———————— >

\

Measurement
Report \

o

N time (move direction)

Having both RSRP and RSRQ criterion, UE can be redirected to other LTE frequency/RAT layer
to avoid performance degradation not only due to poor coverage but also due to extensive

interference

Fﬁ%ggﬁbased redirection should be regarded as the remedy for interference caused performance degradation

l'use
Feature in ©2014 Nokia. All rights reserved.
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RSRQ Redirection targets definition

Targets for RSRQ based redirection should be carefully planned so that the network
performance and user experience are not compromised

Targets should be planned so that UE is not redirected
to the layer which is in mutual interference relation with
the serving layer.

redirection towards interfering layer could result in
further increasing of interference level towards
serving layer leading to more and more RSRQ
based redirections

redirecting UE to interfered layer could result in
ping-pong effect — entering poor quality layer UE
may start redirection/HO back towards initial
serving layer

Activation of RSRQ based redirection may require re-
planning of redirection targets previously configured for
RSRP based redirection

Targets should be planned so that UE is redirected to
the layer providing better user experience (throughput,
connection retainability, delay,...) than serving cell @
RSRQ around RSRQ redirection threshold

note that @ RSRQ of ~18dB, UE may still
experience throughput of 1-4Mbps (@ MAC layer)

Throughput [Mbps]

throughputvs. RSRQ

The plot depicts the
100 - achieved downlink

throughput associated with
the relevant reported RSRQ
for a single UE.

@
o

[=2]
o

S
o

e )

There is very steep
decrease in throughput
with the RSRQ
decreasing from -9 to -12
dB. Then the throughput
diminishes much slower
in the area of RSRQ
between

-12and -19 dB. Note
that from RSRQ of about
-14 dB we can
occasionally expect
already minimal
throughput

The conclusion is that we
must be very careful
when defining the
relationship between
RSRQ and throughput.
For example with RSRQ
=-11dB we can expect
throughput of 30Mbps as
well as 80 Mbps

25 23 21 -19 17 -15 -13 -1
RSRQ

=L -5

This plot depicts single UE DL throughput @ MAC layer measured in test
network, no conclusions on the average cell throughput for multi-UE INIDFC LA

scenario shall be drawn from this.



RSRQ vs. RSRP Redirection
RSRQ - radio channel quality indicator used as criterion for triggering redirection

before cell edge is reached RSRQs RSRP

+ Starting value of RSRQ threshold should be set iy b o - - N
close to the value of -19dB so that redirection is not A
too sensitive — otherwise redirection may become
the only effective mobility management mechanism
— RSRQ will trigger redirection well before any HO
(or even trigger HO measurement) conditions are
met

— further tuning of this threshold should be
carefully done based on drive test results so
finally assumed strategy is achieved

*  If narrowband RSRQ measurement phenomenon ¢ IRQ S

applies, it may be considered to set RSRQ
threshold to higher values so that the effect of
overestimated RSRQ is compensated

— when making RSRQ based redirection more
sensitive, the risk of making other mobility
mechanisms (e.g. inter-frequency better cell s
HO) unworkable must be kept in mind |

For internal use
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LTE1442 - Open Access Home eNB Mobility (RL50 only).

1. eNB does not check for HeNB-
PCls within the measurement
report

2. eNB cannot resolve the PCI
reported by the UE

3. Mobility to HeNB not possible

*ECGI cannot be
resolved

*PCI deleted from
the TCL

Call drop in case
there’s no other
HO target

4

|

LTE1442
Activated

L

For internal use
66

1. eNB checks for HeNB PCI
configured by operator within
each intra LTE measurement
report received from UE

2. eNB applies dedicated handling
of handover procedure

©2014 Nokia. All rights reserved.
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*Checking the HeNB
list

*“I know this cell !”

*RRC connection
release with redirect
to HeNB frequency

HeNB
onfigured

PCl range
2600 MHz
450-503
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LTE507 InterRAT Neighbor Relation Optimization (NetAct feature)

There was lack of mechanism for InterRAT neighbor

optimization

Up to RL40/25TD neighbor relations (NBRs) are made manually or
provided by following features (without automatic optimization)

= L[TE783 ANR InterRAT UTRAN /LTE784 ANR InterRAT GERAN*:

= Both features create (and also delete) NBR respectively

= NBRs are determined with help of NetAct Optimizer, Configurator and Operator
user

= Features are based on planning information (Geo-location, antenna direction) from
NetAct Configurator

= An uni-directional neighbor relationship is created — from towards GERAN

or/and WCDMA

= LTE510 Synchronization of InterRAT neighbors

= The feature is an enhancement of L 7E783 ANR InterRAT UTRAN/L TE784 ANR
InterRAT GERAN

= Automatically keeps inter-RAT neighbor relations up-to-date in case of inter-RAT
cell is added or deleted

= ltruns LTE783 or LTE784 when NBR to new cell must be added or deleted
Established NBRs are optimized by manual intervention only

67« LTE784 for LTE TDD is available from RL35TD

= Feature LTE783 or L TE784 for NBR
candidates considers sites inside
Search Distance and excludes sites
outside the Search Distance

= Search Distance is considered based
on geo-location data of each site

0
‘i

LTE site (source)
. 2G/3G site (taraet)
= * Search Distance




LTE507 InterRAT Neighbor Relation Optimization (NetAct feature)

The goal of the feature is to keep only stable and reliable neighbor RL50/35TD 0SS5.5]
relations active for given mobility procedure (e.g. Inter RAT PS HO, CSFB
to UTRAN, SRVCC to GERAN, etc.) LNBTS (1..1)
This feature manages and optimizes the existing interRAT neighbor
relations between: Neighboring celyinformation Serving ceNyinformation
(" ) :
= LTE and WCDMA/TD-SCDMA and/or LNADJXx(0..256): LII\ICCEL(l..G).
- T = InAdjXId " InCe
= LTE and GERAN for a defined set of mobility procedures . ;,im;yplmn,d — .
. . . . mnc, mnc Length]
NetAct Optimizer user or automatic scheduler is able to use PM counters « secondaryPImnid
and KPIs to identify and blacklist various bad performing mobility s l
procedures.(e.g.blackllst Inter RAT PS HO with Sucgess ratio < 99%) w Neighbor aealationship
= The generation of PM data is separated from LTE507 functionality (must be provided o : (LNRELX(O..256):\
NetAct by a user) : S
* NetAct supports reading of PM data and generates required KPIs i ' L2
= Mobility to GERAN is not supported by Flexi Zone Micro. LNADJG and LNRELG are not : =xyzAllowed
avialable in RL50FZ I =xyzAllowed
i b - wbllowed. s

Blacklisting is done in neighbor relation object LNRELx (means

LNRELG/LNRELW/LNRELT*) on mobility procedure level [Flexible blacklisting’ ™
e - . by Service ‘forbidden’. It )
NBR optimization is an uni-directional — from LTE towards 2G or/and 3G based on PM/KPIs.

LNRELx.xyzAllowed means particular
mobility procedure per RAT per NR
*LNRELT (and LNADJT, LNHOT) refers to TD-SCDMA, provided in RL35TD due to L7E898 Inter RAT HO to TD-SCDMA and LTE736 CS fallback to TD-SCDI



RL60/45 Additions

«  LTET537: Inter-frequency load balancing extension

«  LTE1198: RSRQ triggered mobility

« LTE498: RAN Information Management for GSM

«  LTE57: Inter RAT handover from UTRAN

« LTE874:CSFB to CDMA/1xRTT for dual RX Ues

« LTE1441: Enhanced CS Fallback to CDMA/1xRTT (e1xCSFB)
»  LTEG6O: Inter RAT handover to eHRPD/3GPP2

69 © Nokia 2014 - NPO GS
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LTE1531: Inter-frequency load balancing extension

RL40 LTE1387 Intra-eNode B Inter Frequency Load
Balancing
* UE can be offloaded to cell of the same eNB
« UEs that are entering RRC Connected state
from RRC Idle state are considered as
candidates for Load Balancing
UE cannot be offloaded to cell of another eNB

UE entered
Connected
State

70 ©2014 Nokia. All rights reserved.

For internal use

RL50 LTE1170 Inter-eNode B Inter Frequency
Load Balancing
*  UE can be offloaded to cell of the same or
different eNB,
* UEs that are entering RRC Connected
state from RRC ldle state are considered
as candidates for Load Balancing

UE entered

Connected NOKIA
State




LTE1531: Inter-frequency load balancing extension RL60

* UE can be offloaded to cell of the same or different eNB
«  Feature works on top of existing LTE1170 feature and shares the activation flag
(LNBTS.actinterFreqlLB)
 Main enhancement is increased number of Candidates for Inter Frequency Load Balancing
(iIFLB):
UEs that enter RRC Connected state from RRC Idle state
(2 UEs entering the cell via Handover [from RL60]
* (3) UEs that are already in RRC Connected state * [from R
« UEs that are already in RRC Connected state are checkeq
periodically (more frequent LB triggers)

All UEs in RRC Connected
(1) 2)
Candidates for iFLB (RL50) HO
Candidates for iFLB (RL60) UE entered
Connected
For internal use State NDKIA
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LTE1531: Inter-frequency load balancing extension RL60

Continuous load
Measurement and
Exchange

Load Supervision and ‘

Step 1

Exchange

Candidate UE Selection for
. Measurement Solicitation

Measurement Solicitation
Step 4 iF-LB Execution

For internal use NDKIA
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LTE1198: RSRQ triggered mobility

74 © Nokia 2014 - NPO GS NOKILA
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LTE1198: RSRQ triggered mobility
Event A2 for RSRQ

Entering conditions for event A2
RSRQ < threshold2MobRsrq - hysThreshold2MobRsrqg

RSRQ 4\ RSRQ of serving cell

entering conditions for

event A2 reached
threshold2MabRsrq

— o mm m omy o e e e o Em ee e e e e e e

threshold2MobRsrg-~hysThreshald2MobRsEq - o

entering conditions fulfilled

during Time-To-Trigger

eNB receiving such RRC:
Measurement Report triggers
RRC Connection

- Reconfiguration procedure to
\ Y ' ime activate measurements of
a2TimeToTriggerMobRsrq ((( )r)lfighbor layers,
RRC: Measurement Report message is sent by the é
UE towards eNB; for RSRQ based event A2 this is

one-time report

For internal use
75 ©2014 Nokia. All rights reserved.
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LTE1198: RSRQ triggered mobility

Measurement activation of particular layers can be triggered either by dedicated RSRP thresholds or
can be triggered by one common RSRQ based threshold

OR
RSRP based thresholds RSRQ based threshold
threshold2InterFreq LTE Inter-frequency layers
threshold2Wcdma WCDMA layers
threshold2Tdscdma TD-SCDMA layers threshold2MobRsrq
threshold2Hrpd CDMAZ2000-eHRPD layers
threshold2GERAN GSM layers

NOKIA

For internal use
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LTE1198: RSRQ triggered mobility
Measurement deactivation, of measured LTE inter-frequency/inter-RAT layers, is triggered if both RSRP
level and RSRQ quality of serving cell are above particular RSRP and RSRQ thresholds

AND
RSRP based threshold RSRQ based threshold
LTE Inter-frequency layers
WCDMA layers
threshold2a TD-SCDMA layers threshold2aRsrq
CDMAZ2000-eHRPD layers
GSM layers

For internal use NDK'A
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LTE1198: RSRQ triggered mobility
RRC: MeasurementReport triggered by event Al for active LTE1198

Entering conditions for event Al Leaving conditions for event Al
RSRP A RSRP > threshold2a + hysThreshold2a RSRP < threshold2a - hysThreshold2a
............................................................................................................ B RRC: Measurement Report
‘ > sent with current RSRP and
Y Y Y time RSRQ of serving cell

RSRQ M RSRQ > threshold2aRsrq at

third Measurement Report, so
 t+hyesbold2e®se . — o - N L_____.l._.. /_-_L-________ eNB commands the UE to
deactivate inter-frequency/
inter-RAT measurements

> RRC Connection
i Reconfiguration procedure
RSRQ, even above threshold2aRsrq, RRC: Measurement Report sent with fime used forgthese pSrposes
never triggers event Al based actual RSRP and RSRQ of serving cell
Measurement Report; RSRQ < threshold2aRsrq, so

measurements still active

For internal use NDKIA
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LTE1198: RSRQ triggered mobility

Object Parameter Description

LNCEL rsrgMobilityParams RSRQ mobility parameters

LNCEL rsrqMobilityParams A1l report interval for serving becomes better than RSRP
LNCEL a2TimeToTriggerMobRsrq Time to trigger A2-RSRQ to start mobility measurement
LNCEL hysThreshold2MobRsrq Related hysteresis of threshold Th2 for RSRQ mobility
LNCEL threshold2MobRsrq Threshold Th2 for RSRQ mobility

LNCEL threshold2aRsrq Threshold Th2a for RSRQ mobility

LNCEL rsrqRedirectParams RSRQ redirection parameters

LNCEL a2TimeToTriggerRedirectRsrq Time to trigger for A2 by RSRQ to start redirect

LNCEL hysThreshold4Rsrq Related hysteresis of threshold Th4 for RSRQ

LNCEL threshold4Rsrq Threshold Th4 for RSRQ

For internal use NOKIA
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LTE498: RAN Information Management for GSM
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LTE498 RIM for GSM
RIM protocol structure between E-UTRAN and GERAN

eNB s,
{controlling)

G, BSC
(serving)

5./1G,

MME

SGSN

RIM-App RIM-App

M‘ RIM-App RIM-App
‘ RIM-App RIM-App

(for example, NACC) (for example, NACC)

——TGTP-C GTP-C
S1AP sS1AP upP UDP BSSGP BSSGP
SCTP SCTP 1= e NS NS
L2 L2
IP/L2 and L1 IP/L2 and L1 i w L1 L1
For internal use NOKIA
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LTE57: Inter RAT handover from UTRAN
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LTES7: Inter RAT handover from UTRAN

Without the feature LTES7: With the feature LTES7
Assuming that LTE56 or LTE8B98 are activated
only handovers towards 3G initiated on LTE side
can be supported by Flexi Multiradio BTS

L.TE FDD/TDD -> WCDMA
LTES6 inter-RAT handover4o WCDMA (RL30\RL25TD)

FDD/TDD LTE @

Handovers to LTE initiated by 3G side are handled
by Flexi Multiradio BTS

*WCDMA ->LTE FDD/TDD
LTE57 Handover from UTRAN (RL60\RL45TD)

FDD/TDD LTE

 LTE TDD -> TD-SCDMA *TD-SCDMA -> LTE FDD/TDD
LTE57 Handover from UTRAN (RL60\RL45TD)

LTE898 TDD Inter-RAT Handever to TD-SCDMA (RL35TD)

For internal use NDKIA
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Mobility Parameter Settings
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Example of Mobility Parameter Settings
Compilation of real cases (1/2)

« Examples show that mobility related parameters are particularly project dependant even cell/area
dependant and it is not possible to establish a ‘common’ value

* In order to trigger the A5 handover (coverage) it is necessary that:
(threshold3a — threshold3) + 2*hysThreshold3 < a3offset +hystA30Offset

RL20 RL20 RL20 RL30 RL30
Item Parameter Mame GMC RL20 ) ) ) GMNC RL30 ) )
Projectl Project2 Project3 Projectl Project2
EnableBetterCellHo TRUE TRUE TRUE TRUE TRUE TRUE TRUE
Thresholdl 90 90 90 90 90 a0 90
Intra LTE |a30ffset 5] 4 4 6 i 6 3
Handowver [a3Reportinterval 1 {240ms) A4 (1024ms) | 4{1024ms) | 1{240ms) | 1 ({240ms) | 1 {240ms]) 240
(Eventa3) |a3TimeToTrigger 8 (320ms) |12 (1024ms) |12 {1024ms)| 8 (320ms) | 8(320ms) | 8 (320ms) 320
hysA3Offset o] 4 4 0 0 0 0
celllndOffserv nfa nfa nfa n/a 0 0 o
EnableCoviCellHo TRUE TRUE TRUE TRUE TRUE
Threshold3 30 45 45 30 30 30 44
Intra LTE
Handower Threshold3a 21 465 45 31 31 3l 45
(EventAs) asReportinterval 1{240ms) 1{240ms) 1{240ms) 1{240ms) 1{240ms) 1{240ms) 2410
asTimeToTrigger B8(320ms) 11 {s40ms) | 11 {640ms) | 8{320ms] 8(320ms) 2({320ms) 320
hysThreshold3 0] 4 L. 1 0 0 0 0
For internal use NOKIA
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|dle mode mobility
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Contents

- Idle Mode Mobility
» Cell Selection
« LTE intra-frequency Reselection
« LTE inter-frequency Reselection
* Inter RAT Re-selection

- RL50/35/50FZ Improvements/additions
« LTE1036 RSRQ based Cell Reselection.
« LTEA487 Idle Mode Mobility Load Balancing

- RL60/45 Improvements/addition

« LTE1677: Idle mode mobility balancing extensions
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Cell Selection

- Procedure that allows the UE to camp on a cell
» UE searches for a suitable cell (belonging to the selected PLMN, not barred, belonging to a TA not
forbidden and that satisfies the S-criteria):

* The UE selects a cell if Srxlev > 0 VPLMN: Visited PLMN

LNCEL: gRxLevMinOffset
Typically O (only used when camping in VPLMN)

Srxlev = Orxlevmeas — (Qrxlevmin + Qrxlevminoffset) — P compensation

Max(LNCEL:pMaxOwnCell - P_max from UE (*) , 0)

Measured value
_ (*) P_max from UE : UE class specific max. UL Tx
LNCEL:qRxLevMin power; 23 dBm

Typically -130dBm

pMaxOwnCell (SIB1)

_ _ . Used to calculate P_compensation
- SIB1 is used to transmit cell selection parameters LNCEL; -30..33dBm; 1dBm; -
For internal use NOKILA
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S — Criterion Cell Selection

P compensation = max(pMaxOwnCell — P max from UE, 0)

« P_compensation provides a contribution only if the UE has less TX power capabilities than allowed in

the radio cell
« If P_compensation > O the S-criteria is more difficult to achieve as Qrxlevmeas needs to be higher

« P_compensation avoids UEs camping on cells for which they have insufficient power to access (towards
cell edge)

* grxLevMin defines the cell size

* grxLevMin can be set up differently for
intra frequency, inter frequency and IRAT:

Cdll selection
Paramebers

For internal use
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Cell Reselection

Process Overview
UE measures neighbour cells only when the RSRP signal

Measurements trigger level is below some threshold

Measurements trigger is based primarily on absolute
priorities of serving and non serving frequency layers (inter
freq and inter RAT)

Evaluate cell reselection Different reselection cases |
depending on the priorities of the neighbour

criteria “R” frequency layers (inter-frequency
and inter-RAT)

Execute cell reselection

For internal use NDKIA
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Intra frequency cell reselection
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Intra frequency cell reselection
Triggering Measurements

- When a UE is camped on a cell it looks for better candidate cells for reselection according to
sintrasearch parameter:

- If Srxlev > sIntraSearch : UE doesn’t measure the neighbour cells

- If Srxlev <= sIntraSearch : UE starts to measure neighbour cells on the same frequency

- Example:

LNCEL: sIintraSearch is 62 dB
LNCEL: grxlevmin is -130 dBm
LNCEL: gRxLevMinOffset is O
pCompensation is 0

Srxlev = Qrxlevmeas — (Qrxlevmin + Qrxlevminoffset) - pcompensation

-130dBm 0dB 0dB

Qrxlevmeas< - 68 dBm
UE will start to measure intra-frequency neighbours when RSRP is worse than - 68 dBm

For internal use NDKIA
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Intra frequency cell reselection: R-Criterion (Ranking Criterion)

- Once the measurements for neighbour cells have been triggered the UE will rank the
measured cells according to the R-Criterion
* RanKgening cen = Measured RSRP g ying cen + LNCEL:qHyst
* Rankeignpour cell = Measured RSRP,qignpour cenn — IAFIM:qOffsetCell

* Re-selection if :

- Rankneighbour cell > Rankserving cell fOl‘ fR@SG/EUffand
— More than 1 second has elapsed since the UE camped on the current serving cell

RS = Qmeas,s + QhYSts
Rn = Qmeas,n - Qoffset, ,, Cell reselection: R, > R

qHyst
LNCEL; OdB (0)...

Qmeas

RSRP,n >
RSRP,;s + qHyst
+ qOffsetCell

24dB (15); -

qOffsetCell

1 1
1 1
1 ]
1
1 1
LAFING, -24 dB (0)... 24 dB (30); - ; 0 dB(15) ]
1 1
' ‘ R.
Qoffset, , ! !

For internal use Treselection
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Intra Frequency cell Reselection
Parameter Summary (1/2)

LNCEL

LNCEL

LNCEL

LNCEL

LNCEL

LNCEL

sintrasearch

grxlevMin

gRxLevMinOffset

pMaxOwnCell

qHyst

tReselEutr

For internal use
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Defines the threshold (in
dB) for intra-frequency
measurements

Minimum required RX
RSRP in the cell

Affects the minimum
required RX level in the
cell

Used to calculate
Pcompensation

Provides the hysteresis
value in dB for ranking
criteria in the cell
reselection procedure.

Cell reselection timer
value

©2014 Nokia. All rights reserved.

0...62 dB, step 2 dB

-140...-44 dBm, step 2 dBm

2..16 dB, step 2 dB

-30...33dBm, step 1 dBm

0dB (0), 1dB (1), 2dB (2), 3dB (3), 4dB (4), 5dB
(5), 60B (6), 8dB (7), 10dB (8), 12dB (9), 14dB
(10), 16dB (11), 18dB (12), 20dB (13), 22dB (14),
240B (15)

0..7s,stepls

62

-130
dBm

33

1dB

NOKIA



Inter frequency cell reselection
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Inter frequency cell reselection
Triggering Measurements

« Measurement trigger depends on the absolute priorities of the serving and non-serving layers

- The priority of the serving layer is defined in the parameter LNCEL.cellReSelPrio

- For each neighbouring frequency/layer, it is necessary to define the corresponding priority:
IRFIM:eutCelResPrio (7 is highest priority, 0 is lowest)

- For equal priority frequency layers it is possible to define an offset with IRFIM:qOffFrq

« If IRFIM:eutCelResPrio > LNCEL.:cellReSelPrio then measurements of the neighbour cell are
mandatory

* If IRFIM:eutCelResPrio <= LNCEL:cellReSelPrio then measurements are performed when
RSRP of serving cell is below sNonlIntrsearch threshold:

Srxlev <= sNonlIntrsearch

For internal use NDKIA
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Inter frequency cell reselection
Triggering Measurements

- UE starts inter-frequency measurements when Srxlev <= sNonlIntrSearch
- sNonlintrsearch is a valid threshold for inter-frequency and inter-RAT measurements
- Example:

— LNCEL: sNonIntrSearch is 12 dB

— LNCEL: gRxLevMin is -130 dBm

— LNCEL: gRxLevMinOffset is O

— pCompensation is 0

Srxlev = Qrxlevmeas — (Qrxlevmin + Qrxlevminoffset) - pcompensation
-130 dBm 0 dB 0dB

- Qrxlevmeas <=-118 dBm
- UE will start to measure inter-frequency neighbours when RSRP is worse than

-118 dBm

For internal use
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Inter Frequency Reselection: R-criteria: Equal priority between layers

- Similar to intra frequency

RS Qn‘leas,s + thStS
- Rn = Qmeas.n - Qoffset, Cell reselection: R, > R, Qress
g
o
Qmeas,s qHySt
LMCEL; OdB (D)... 24dB (15); -
Qhyst,
qOffFreq
IRFIM: -24 dB (0} 24 dB (30): - - 0 dB (15) \ \
i ; RSRP,n > RSRP,s +
qofrcell ; |
IRFIM: -24 dB (0)... 24 dB (30); - - : , qHyst + qufset
: : R.
Qoffset,

-
Treselection

interTRe sEutr

LNCEL;O. 7s.1s; - Time

* A frequency-specific offset for equal priority E-UTRAN frequencies can be considered:

Forinteral use Qoffset = qOffCell,n + qOffFreq NOKIA
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Inter Frequency Reselection: R-criteria: Reselect to lower priority layers

« If the neighbour cell layer has lower priority, the reselection will happen if:

SrxleVyeighbour > IRFIMzinterFrgThrL && Srxlev < LNCEL:threshSrvLow

serving

Where:
Srxlev, = QrxlevMeas, — IRFIM:gRxLevMinInterF — P_compensation
Srxlev,= QrxlevMeas, — LNCEL:gRxLevMin + LNCEL: gRxLevMinOffset — P_compensation

Qrxlevmeas, < gRxLevMin + thresholdSrvLow — gRxLevMinOffset +
P _compensation
AND
Qrxlevmeas , > gRxLevMininterF + interFrqThrlL + P_compensation
- The criterias above have to be fullfilled during a time interval IRFIM:interTResEut

- And the UE must have been camped in the current cell more than 1 sec.

For internal use NDKIA
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Inter frequency cell reselection
Example of reselection to lower priority

Inter frequency measurements LNCEL:qRxLevMin = -130 dBm
will be started at -118 dBm

LNCEL:sNonIntrSearch = 12
N

RSRP decreases — -118 120 -130 -140

Pcompensation =0
LNCEL:qRxLevMinOffset =0 \ v J
LNCEL:threshSrvLow = 10

If suitable neighbour (*) cell is found, reselection will be
performed when RSRP decreases under -120 dBm

(%) suitable neighbour-> RSRPn > gRxLevMinlInterF +interFreqThrL

103 ©2014 Nokia. All rights reserved.
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Inter Frequency Reselection
R-criteria: Reselection to higher priority layers

 If the neighbouring cell layer has higher priority than the serving layer, reselection will happen if:
SrxleVyeighbour > IRFIM:interFrgThrH

Where:
SrxleVyeighoour = Qrxlevmeas — IRFIM:qRxLevMininterF — P_compensation

Qrxlevmeas, ighoour > gRXLevMininterF + interFrqThrH

(Assuming P_compensation = 0)

- The criteria above must be satisfied for a time period equal to IRFIM: interTResEut
- And the UE must have been camped in the current cell more than 1 sec.

interFrgThrH > interFrqThrL > threshSrvLow

For internal use NDKIA
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Inter Frequency cell Reselection - Parameter Summary (1/3)

LNCEL

LNCEL

LNCEL

LNCEL

LNCEL

LNCEL

LNCEL

IRFIM

IRFIM

IRFIM

sNonlntrsearch

grxLevMin

gRxLevMinOffset

pMaxOwnCell

cellReSelPrio

threshSrvLow

grxlevminintraF

gRxLevMinInterF

diCarFrgEut

eutCelResPrio

Defines the threshold (in dB) for inter-frequency and
inter-RAT measurements

Minimum required RX RSRP in the serving cell

Affects the minimum required RX level in the serving
cell

Used to calculate P_compensation
Absolute priority of the serving layer. 0 means the
lowest priority.

Threshold for the serving frequency used in
reselection evaluation towards lower priority
EUTRAN frequency or RAT

Minimum required RX RSRP level for the intra-
frequency neighbouring E-UTRA cells.
(Qrxlevmin in 36.304)

Minimum required Rx RSRP level for the
neighbouring EUTRA cells on this carrier frequency

eUTRAN frequency

Absolute priority of the EUTRA carrier frequency

0...62 dB, step 2 dB

-140...-44 dBm, step 2 dBm

2..16 dB, step 2 dB

-30...33 dBm, step 1 dBm

0..7,step 1

0...62 dB, step 2 dB

-140...-44 dBm, step 2 dBm

-140...-44 dBm, step 2 dBm

0...65535, step 1

0..7,step 1

-130
dBm

33 dBm

-130
dBm

-68 dBm



Inter RAT cell reselection
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Inter-RAT cell reselection

- Inter RAT cell reselection is idle mode mobility from LTE to another radio access technology (RAT), e.g.
WCDMA or GSM

- UFFIM is the managed object class for idle mode parameters LTE to WCDMA:
« UFFIM parameters are broadcasted in the SIB6

- GFIM/GNFL are the managed object classes for idle mode parameters LTE to GSM:
 GFIM/GNFL parameters are broadcasted in the SIB7

T

UFFIM: UTRA Frequency Idle Mode Parameters
GFIM: GERAN Frequency ldle Mode Parameters
GNFL: GERAN Neighbours Frequency List

For internal use NDKIA
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Inter RAT cell re-selection
Measurements Triger

- IRAT cell reselection procedure and related parameters are similar to those for inter frequency cell
reselection

- Similar to the inter frequency case, there is the priority concept (7 is highest priority, O is lowest):
— The priority of serving cell is defined with LNCEL:cellReSelPrio
— The priority of the neighbouring cell is defined:

- For WCDMA: UFFIM: uCelResPrio
- For GSM: GFIM: gCelResPrio

* If UFFIM: uCelResPrio/GFIM: gCelResPrio > LNCEL:cellReSelPrio then measurements of the
neighbour WCDMA/GSM cell are mandatory

* If UFFIM: uCelResPrio/GFIM: gCelResPrio <LNCEL:cellReSelPrio then measurements are
performed when RSRP of serving cell is below Snonintrasearch threshold (same as per inter-
frequency):

Srxlev <= SNonlIntrsearch

For internal use NI:IKIA
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Inter RAT cell reselection
R-criteria
* Reselection to a higher priority RAT will happen if:

WCDMA:  SrxleVgighpour > UFFIM:utraFrqThrH
GSM: SrxleVyeighbour > GFIM:gerFrgThrH

- Reselection to a lower priority RAT will happen if:

Towards WCDMA: Towards GSM:

SrxleV,gorwenmay > UFFIM:utraFrgThrL Srxlevgpresw > GFIM:gerFrqThrL
&& &&

SrxleVgen ey < LNCEL:threshSrvLow SrxleVgen ey < LNCEL:threshSrvLow

- The criterias above have to be fullfilled during a time interval UFFIM:tResUtra for WCDMA and
GFIM:tResGer for GSM

- And the UE must have been camped in the current cell more than 1 sec.
Zﬂinternal use MNOKIA
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Inter RAT cell reselection
R-criteria

*  Srxlevpgignoour IS referred to the candidate cell:

- GSM: SrxleVeighpour = QrxlevMeas — Qrxlevmin — P_compensation
Where:
QrxlevMeas = RSSI
Qrxlevmin = GNFL:gRxLevMinGer

- UMTS: Srxlev = QrxlevMeas — Qrxlevmin — P_compensation
Where:
QrxlevMeas = CPICH RSCP
Qrxlevmin = UFFIM:qRxLevMinUtra
Additionally Squal > 0 required for UMTS FDD
Squal = QrxlevMeas — Qqualmin
Qrxlevmeas = CPICH Ec/No
Qqualmin = UFFIM:gQualMinUtra

For internal use NDKIA
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LTE = 3G cell reselection, signalling example

UE is in

For internal use
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Message name

SERIRGRANRE AR

Event ID |Trar15F. dir. | Time

RRCSM  Downlink 11:49:09,343
RRCSM  Downlink 11:49:09.343
RRCSM  Downlink 11:49:10.035
RRCSM  Downlink 11:49:13.734
RRCSM  Downlink 11:49:13.886
RRCSM  Downlink 11:49:15.203
RRCSM  Downlink 11:49:15.823
RRCS5M  Downlink 11:49:15.823
RRCSM  Downlink 11:49:19,.883
RRCS5M  Downlink 11:49:19,921
RRCSM  Downlink 11:49:20,282
RRCSM  Downlink 11:49:23.959
RRCSM  Downlink 11:49:24,098
RRCSM  Downlink 11:49:24,098
RRCSM  Downlink 11:49:25,887
RRCSM  Downlink 11:49:26.682
RRCSM  Downlink 11:49:28.573
RRCSM  Downlink 11:49:28.573
RRCSM  Downlink 11:49:30. 375
L35M Uplink 11:49:37.302
L35M Uplink 11:49:37.302
L3SM Diovenlink 11:49:37.719
L3SM Diowenlink 11:49:37.719
L35M Uplink 11:49:37.920
L35M Uplink 11:49:35.025
L3SM Dowenlink 11:49:38.025
L35M Uplink 11:49:38.025
L35M Dowenlink 11:49:38.339
L35M Uplink 11:49:38.339
L35M Downlink 11:49:38.433
L35M Downlink 11:49:38.777
L35M Uplink 11:499:38. 77 7F
L35M Uplink 12:03:13.987
L3SM Diovenlink 12:03:14.631
L35M Uplink 12:03:14.631
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MasterInformationBlock
SystemInformationBlockType 1
SystemInformationBlockType 1
MasterInformationBlock
SystemInformatonBlockType 1
SystemInformatonBlockTypel
MasterInformatonBlock
SystemInformatonBlockTypel
MasterInformationBlock
SystemInformatonBlockTypel
SystemInformatonBlockType 1
MasterInformationBlock
SystemInformatonBlockType 1
SystemInformationBlockType 1
SystemInformationBlockType 1
SystemInformationBlockType 1
MasterInformatonBlodk
SystemInformatonBlockTypel
SystemInformatonBlockTypel
LOCATION_UPDATIMNG_REQUEST
ROUTING_AREA UPDATE_REQUEST
ALMHEMTICATION_REQUEST
ALMHENMTICATION_AMD_CIPHERIMG_REQUEST
ALUTHEMTICATION_RESPOMSE
ALTHENTICATION_AMD_CIPHERIMG_RESPOMSE
TMSI_REALLOCATION_COMMAMD
TMSI_REALLOCATION_COMPLETE
IDEMTITY _REQUEST

IDEMTITY _RESPOMSE
LOCATION_UPDATIMG_ACCEPT
ROUTIMNG_AREA_UPDATE_ACCEPT
ROUTIMG_AREA_UPDATE_COMPLETE
SERVICE_REQUEST
MODIFY_PDF_COMTEXT REQUEST
MODIFY PDP COMTEXT ACCERPT

e e i, |

Filter in

Filter out

Match case

t atch whole ward
Highlight matches

Search decoded meszages

193 [3

. Information

LTE RRC signaling

Page 91 / 109
Drovwrnlink

La Information |

SysteminformationBlockTypel (3GPP TS 36.331 wer &.7.0
BCCH-DL-SCH-Mes=age
message
cl
systeminformationBlockTypel
celldcocessRelatedinfo
plmn-ldentityList
plmn-ldentityList valus 1

plmn-ldentity
Mmoo
mcc value 2.3 8
mnc
mnc walue 2,0

cellRe=zervedForQOperatorlse : notReserved
trackingAreaCode

Bin 17 70 (= &000)
celldentity

Bin 27 1C 21 E (= 410059554



RL50/35/FZ Improvements/additions
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List of RL50/RL35TD/RL50FZ Idle Mode Mobility Features/Improvement

« LTE1036 RSRQ based Cell Reselection.

« LTE487 ldle Mode Mobility Load Balancing

For internal use NDKIA
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LTE1036 RSRQ based reselection - Introduction

Cell selection and cell reselection in Rel.8
- For evaluation of conditions used for cell selection and cell reselection processes UE
terminals Rel.8 use only RSRP (Reference Signal Received Power) based
measurements of LTE cells
- After UE camps on a cell in cell selection process it is typical that it moves across the
network from one cell to another.
- For UEs in IDLE mode (without any transmission) this mobility issue is solved via cell
reselection mechanism.
Cell selection and cell reselection are fundamental functionalities in LTE and implemented

in NSN product since the first LTE release - RL10/RL15TD/RL50FZ
- LTE39 System information broadcast
- LTE762 Idle mode mobility from LTE to WCDMA, GSM or other LTE bands

...and later on in RL20/RL35TD/RL50FZ

- LTE870 Idle mode mobility from LTE to CDMA/eHRPD
...and in RL30/RL35TD/RL50FZ

- LTE807 Idle mode mobility from LTE to CDMA/1IXRTT

For internal use NI:II{IA
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LTE1036 RSRQ based reselection

Cell selection and cell reselection in Rel.9

- Cell reselection triggered by weak signal power (RSRP based for LTE) prevents UEs in
IDLE mode from losing network connectivity at the cell edge due to coverage loss.

- Cell reselection triggered by weak signal quality (RSRQ based for LTE) prevents UEs in
IDLE mode from losing connectivity at any place within the cell where high interferences

appear and in this context RSRQ based reselection provides offloading of UEs from the
high interfered cells to more suitable ones.

%7 1 T
oy \ frequen:
__________ - RSRP based "”""""""'“"'I“‘
= T e Reselection - R L
", — eselection ~, ese®t onC g
e, e _ -y ffequ"“
[ .'.. ‘t‘
\ Tea, os*
“re, os*
o RSRQ based -
Reselection '
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LTE1036 RSRQ based reselection
Cell selection and cell reselection in Rel.9

According 3GPP, UE terminals Rel.9 are obligated to make besides RSRP (Reference
Signal Received Power) also RSRQ (Reference Signal Received Quality) based
measurements and use them for cell selection and cell reselection procedures.
All Rel.9 and higher compliant UE terminals shall support RSRQ measurements in IDLE
mode
RSRQ, as relevant to LTE technology, is applicable for measurements of LTE serving cell
as well as neighbor intra-frequency and inter-frequency LTE cells.
In Rel.9 the scope of S| (System Information) messages broadcasted by eNB is extended
by information applicable for RSRQ measurements.
Also criteria for cell selection and cell reselection were modified in Rel.9.
In RL50 LTE1036 RSRQ based cell reselection is introduced to be inline with Rel.9
cell selection and cell reselection requirements.

- The feature introduces new handling not only for cell reselection (as feature name

indicates) but affects also cell selection process.

For internal use NI:IKIA
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LTE 487 Idle Mode Mobility Load Balancing - Example

» The LTE487 idle mode mobility load balancing (IMMLB) feature allows for statistical distribution of
UEs towards different frequency layers and RATs

» Aconfigurable percentage of UEs switching from connected to idle state are provided configurable
dedicated IMMLB cell reselection priorities for different frequency layers and RATs via RRC Release
message

« The provision of dedicated priorities is a means to steer UEs toward frequency layer or RAT with the
highest priority subject to cell reselection thresholds

« There is no load trigger to start IMMLB, i.e. each UE release would initiate UE and target selection

procedures L UE red 1o Freal 4. UEs uses the IMMLB
. UEs connected to Fre ioriti i
Percentage of UEs 33% a %__ priorities for reselection
Broadcasted Cell Reselection Priorities ((( ))) S Low
Freq 2 High
Freq 1 High
< < 2. UEs are released by Nﬂﬂ \
Freq 2 Low the cell \
NVA Broadcasted Cell Reselection Priorities
Dedicated Cell Reselection Priorities % N\ N Freqt High

~ Freq 2 Low

Freq 1 Low
Freq % Freq
Freq 2 High 3. Selected UEs are se S
For internal use IMMLB priorities N&(IA
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Freq 2 Low



LTE 487 Idle Mode Mobility Load Balancing - Example

 IMMLB mechanism (3/3)
» |t should be noted that receiving dedicated cell
reselection priorities when UE is released
of the UE towards

the higher priority layer Freq 1 7 5
= The neighbor cells should meet

(according to the priority used for the neighbor cell) in order RSR Freq-2 5 7
for the UE to reselect to the neighbor cells leve| =~ UEenters UE is released with UE enters
. . connected (&} dedicated priorities connected
= In the example, UE cannot reselect to the higher priority SEie o T i g Seie =
Freqz2 cell since measured RSRP is below the » message ‘?ée\\
= ¢ OR
= Cell reselection thresholds should be aligned between layers 5’*5 ¥ ™\ interFrgThrH+grxlevmin
in order to avoid reselection ping-pongs UEselecs | B = fz -
i i Freql Cell c —_— Fred
= IMMLB only takes effect if there is a e gm//\g//\/ — el
between SIB oo oo E——mmmm e m e ——— - —— - interFrgThrlrarxleymin
priorities and dedicated priorities fromRRC =~ | -==--= - - - - - - - - (MeshSIowaRde i
connection release message >
= For example, equal/lower priority cells in SIB become higher >
1320 Time

priority cells via dedicated priorities sent when UE is >
released

Dedicated
Priorities

For internal use
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LTE1677: Idle mode mobility balancing extensions
Cell Reselection

Selection of Cell in RRC idle is done according to:
- Certain defined thresholds (based on RSRP, RSRQ )
- Priorities (Broadcasted and Dedicated)
» Broadcasted Cell Reselection Priorities are contained in
S/Bs and can be read by the UE
» Dedicated Cell Reselection Priorities are used by Load
Balancing (LB) features
- Dedicated Cell Reselection Priorities are sent only for
UEs that are candidates for LB
- They are sent in Idle Mode Mobility Control Info
(IMMCI) that is a part of RRC Connection Release
Message

Freq 1 High

Freq 2 Medium
For internal use NOKIA
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LTE1677: Idle mode mobility balancing extensions

With LTE1677 (from RL60) Percentage of UEs | 33%

: - According to different priorities part of
The LTE1677 idle mode mobility load UEs can be camped in different cell

balancing extension allows for statistical (Freq 2 and Freq 3).
distribution of UEs towards different

frequency layers and RATs
- A configurable percentage of UEs

Freq 1 High
switching from connected to idle state are ]
provided dedicated IMMLB cell reselection Freq 2 Medium
priorities that were calculated with usage of Freq 3 Low
configurable IMMLB weights and priorities Dedicated Cell
configured for SIB broadcast Reselection Priorities *

- Different sets of Dedicated Cell Reselection
Priorities among UEs evaluated under the Freq 2 High

sam(_e object: MOPR-x/MODPR/LNCEL are Freq 3 VEGHT Resclajlg(cjtlﬁaeﬁe;jrig?iltlies )
possible Freq 1 Low

Freq 1 Medium NOKIA

For internal use
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General Inter-RAT cell Reselection
Parameter Summary (1/3)

LNCEL

LNCEL

LNCEL

LNCEL
LNCEL

LNCEL

UFFIM
UFFIM

UFFIM

128

sNonlntrsearch

grxLevMin

gRxLevMinOffset

pMaxOwnCell

cellReSelPrio

threshSrvLow

tResUtra
utrFddCarFrgL

diCarFrgUtra

Defines the threshold (in dB) for inter-frequency
and inter-RAT measurements

Minimum required RX RSRP in the serving cell

Affects the minimum required RX level in the
serving cell

Used to calculate P_compensation

Absolute priority of the serving layer. 0 means
the lowest priority.

Threshold for the serving frequency used in
reselection evaluation towards lower priority
EUTRAN frequency or RAT

UTRA cell reselection timer

List of UTRA FDD carrier frequencies

DL Utra frequency

©2014 Nokia. All rights reserved.

0...62 dB, step 2 dB
-140...-44 dBm, step 2
dBm

2..16 dB, step 2 dB

-30...33 dBm, step 1 dBm
0..7,step 1

0...62 dB, step 2 dB

0..7,step 1

0...16383, step 1

-130
dBm

33 dBm



Example: LTE 2600, absolute priority 7 arxLevMin = -130 dBm

Idle mode reselection sintraSearch = 62
— — —
RSRP decreases —_— sNonintrSearch = 16
A
' I
|
-68 -114 -130 -140
When RSRP < -68 dBm UE starts to When RSRP < -114 dBm UE starts to measure on
measure intra—freqvneighbours LTE1800 and WC%MA w
LNCEL:Qhyst = 3dB LNCEL:threshSrvLow = 10 LNCEL:threshSrvLow = 10
IAFIM: gOffestCell = 0dB IRFIM:interFrqThrL = 20 UFFIM:utraFrqThrL = 10
IRFIM:gRxLevMinInterF=-130dBm UFFIM:gRxLevMinUtra=-119 dBm
Reselection to other LTE2600 cell will
happen: Reselection to LTE1800 cell will happen: If no suitable LTE1800 cell found, then
1. When neighbour is 3dB better than 1. When serving is below -120dBm AND reselection to WCDMA will happen
serving LTE1800 neighbour’s RSRP is better than - 1. When serving cell is below -120 dBm and
2. For atime 110dBm neighbouring WCDMA cell RSCP > -109 dBm
LNCEL:tReselEutr = 1s 2. For atime 2. For atime UFFIM:tResUtra = 1s
3. AND more than 1 s has elapsed since IRFIM:intertResEutr = 1s 3. AND more than 1 s has elapsed since the UE
the UE camped in the currrent cell 3. AND more than 1 s has elapsed since the camped in the current cell
UE camped in the current cell
Rn >Rs + qoff + hys Srxlev, n > gRxLevMininter/Utra + interFrqThrhL
Srxlev, s <gqRxLevMin + threshSrvLow
For internal use NOKIA
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