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Self-Configuration
High-level process

*AGP: Automatic Generation of initial power/tilt Parameters
e Physical Cell ID (PCI) allocation
» Neighbour Relationship (NR) planning
* Initial TXP/Tilt setting
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Auto-connectivity and -commissioning

Motivation

Onsite installation
(Field service)

Preparation (Factory)

Current
proc:essI

| Preparation phase Rollout phase
Auto- < >—

_copf : Flexibility gain

Start date

current :
Opératornk}eneflt:
planning flexibility until roll-out of , off-the-shelf* basestations starts

Start date (autoconf) Target date

configuration
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Auto-connectivity and securlty setup

Message flow
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Commissioning parameters (connectivity info):
- SW management server

- NE configuration data file download server

- License management server

- Domain Manager
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Multi-vendor auto-connectivity

Operator
i i RNW & Transport
3GPP SA5 work item —in progress Transp
planning tools
LTE/WCDMA
1 B . B NEM Y
GPS R B/NE \ ) DNS . vendor A Vendor A’s NEM nodes
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- = NEM NEM
L S I RAT X RAT Y
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Sore — updated N
DHCP: standard request
[ € DHCP: BTS PnP IP?@ DNS server IP@ - L NEM NEM
, via Dynamic RAT X RATY
/Hﬁ-/ DNS Num 2 Num 2

r<VENDOR>.mediator.oam.mnc<MCN>.mcc<MCC>.3gppnetwork.org

& DNS: PnP IP@ of “NEM Vendor B Mediator”

[ - DNS: resolve vendo

NEM
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[ - temporary NE identification (type: RAT X)
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with final IP@
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€ Get final configuration & SW from NEM (including plan completion by SON (e.g. PCl allocation)

Access
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Multi-vendor auto-connectivity

ﬁ ﬁ
eNBNB_ DHCP DNS CA DM
e e vendor A
%DD | | ! L | senver ) Mediator
\ ) - - —
[ - DHCP: standard request \
L & DHCP: BTS PnP IP@, DNS server IP@

- DNS: resolve ca-server.mediator.oam....
L € DNS: PnP IP@ of “CA server”

1 1 \ 1 1

- DNS: resolve vendor<VENDOR>.mediator.oam....
L € DNS: PnP IP@ of “NEM Vendor A Mediator”

—

/ ) T
Access
PnP VLAN PnP IP Domain
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[ Retrieve PKI info (for being able to use TLS towards Mediator NEM) ]
) —
I I |

[ TLS. setup . ’ ]

T

- temporary NE identification
< initial configuration file (including final IP@)

N S pd D —

\ 4

to actual server IP address (for CA server, vendor-specific DM ,mediator*)
-> no pre-configuration, only basic DHCP operation required
- instead of NM-level ACS, redirection to vendor-specific DM
—>Low overhead, multi-vendor solution; Work item recently accepted in 3GPP SA5

» Generic <server>.mediator.oam.mnc<MNC>.mcc<MCC>.3gppnetwork.org name is resolved via DNS

[
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Multi-vendor Self-Configuration process control
3GPP SAS5 Self-configuration Management (ScM) IRP

Notification on process
P{ IRP Manager }4 Status NM
View on ScM Settings for P
Capabilities process TerTN
_ \/ Actions
ScM capabilities ¢7(7C9 nsistenc X)f} ScM profile E)Srg)cpe/s Ssume p| ScM process IRP Agent DM
Actions *
E)s;té)cpelsgsume iNotification on process
Self-config function
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Dynamic Radio Configuration
Motivation

SON functions shall minimize the radio planning (but not replace it completely)

Radio Planning without SON

Detailed
Planning

Planning
Inputs

Coverage Assesment
Radio Parameter Generation

Lack of pre-launch
optimization needs
to be
compensated by
small
self-optimization
cycles

Radio Planning with SON Self-Configuration
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Dynamic Radio Configuration
Incremental Radio Network Build & Growth

SON functions enable an incremental radio network build and growth scenario,
In which eNodeB/cells are inserted in an operational E-UTRAN one-by-one

Without SON functions

Multiple network plans needed corresponding to each intermediate insertion step, in order to optimal
configure the new eNodeB/cell and its neighbors

eNodeB/cell insertion needs to be coordinated; which eNodeB/cell is inserted first, which second, etc.
Drive tests needed after every insertion step

With SON functions
Self-configuration - No intermediate planning needed
Optimal configuration for the current network topology
MDT / Self-optimization - Fewer drive testing needed
eNodeB/cells can be inserted in a (more or less) uncoordinated way
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Dynamic Radio Configuration
High-level process

Pre-operational phase

Computation of (continuous value) default cell
parameters as baseline for self-optimization

(cf. EU FP7 SOCRATES ,Automatic Generation of
Default Parameters” (AGP) use case)
Pre-operational and operptional phase

Assess
Coverage Area

Equipment Parameters
Instalation Measurements

Site & Environment Parameters
Network Topology. State and Performance

General Configuration Parameters
Operator inputs

Calculate
= Tx Power, Antenna
Azimuth and Tilt

Coverage
Area Plan

Assign
EGCI

Algorithm

|
|
V
Construct Pre-operational
NRT NRT

|
Construct
Cell Cluster

Cell Cluster |---—=

Assign

|

Mobility Parameters

U> ANR

TA

[ Assign PCl and other
Class B3 Parameters

Operation <

Intermediate result
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Dynamic Radio Configuration
Configuration Parameter Classification

,Class A" parameters with single cell scope, >80% of all parameters, out of DRC scope

,Class B*: B1

Uniform value
Out of scope of DRC, set by the operator
PLMN ID, Frequency band, EARFCN, #PRB

B2

Unique value
Straight-forward algorithms
Network wide inputs needed
EGCI, eNodeB name

B3

Collision free value with neighboring cell
Often additional constraints apply
PCI, PRACH root-sequence index, RS CS

B4

Value aligned with neighboring cell(s)

B4.1

one-to-many relationship
Tx Power, antenna parameters, Tracking Area

B4.2

one-to-one relationship
cell specific mobility offsets
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Physical Cell ID (PCI) allocation

Overview

PCI allows fast cell identification on layer 1; Configuration constraint: only 504 PCI available

Avoid reconfiguration overhead in operational cells as much as possible, because this leads to a
service interruption

Reconfiguration of an PHY-CID cannot be totally avoided in an incremental network growth scenario
(cf. “gets confused case”) - algorithm should consider this pro-actively in the allocation strategy

If a PHY-CID reconfiguration is needed, the number of cells to be reconfigured should be kept to a minimum

Safety margin (SM)
the adjacency graph is composed of cells ' PHY C'D\ ' PHY C'D\ @ p,ﬁném
as nodes and edges between neighbor cells

the SM specifies a range around each cell

(number of hops) in the adjacency graph in
which the same PCI cannot be assigned more than once @ @ @
SM = 1: only collision-free

SM = 2: collision- and confusion free New cell colides New cell confuses New cell gets confused
(minimum requirement for proper PCI allocation)

SM = 3, 4, etc. means an increased radius in which a PCI allocated may not be reused
Higher SM - higher number of required PCls

Higher SM - “buffer” for the case that new adjacencies are formed later in the operational network Kl Siarrtis
(due to ANR discovery, additional cell deployment, etc.) = reduce required PCI reconfigurations =

\\\l“‘-"
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Physical Cell ID (PCI) allocation
Example algorithm: graph coloring

“How to assign a minimal number of colors to a graph in a way that no to
neighboring nodes have the same color”

“How to assign a minimal number of PHY-CID in a cell cluster is a collision and
confusion free way”

Collision and confusion free - Construct the graph in such a way it includes
the cell neighbors and neighbors of neighbors

Nokia Siemens
Networks
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Multi-vendor PCI in HetNets: solution options

itf-N

0) 503 0 503
NM PCI CM
DM 0 300 301 503
CM vendor A CM vendor B PCl vendor A PCl vendor B
NE > gj S gj 5> gj gj 55
,continuous Allocation® , Range Segmentation“ at NM-level
Multi-vendor PCI allocation algorithm executes PCI allocation algorithm executes per domain

on NM-level

Evaluation with planned HetNet scenarios
» base station type (either macro or pico) and position

e antenna azimuth, tilt, max. TX power parameters
» conducted a simulation based on path loss model and horizontal + vertical antenna characteristics to generate

adjacency graph

Itf-N standards already support both options

Nokia Siemens
Networks
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Number of required PCls in different scenarios
Continuous Allocation vs. Range Segmentation

pool: pico layer

Safety Margin 2: collision- and confusion-free (minimum requirement for PCI allocation)

~~~~~~

M continuous

60 < 4
g J M pool: macro layer

e
-
-

48

50

IN
o

Number of PCls
w
o

N
@]

10 !

Range Segmentation:
some increase in required PCls compared to Continuous Allocation, but not significant
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Number of required PCls in different scenarios
Continuous Allocation vs. Range Segmentation

pool: pico layer

Safety margin 5: collision- and confusion-free with extra safety “buffer” of 3

M continuous

- ~.

350 < “\ M pool: macro layer

300

250

200

Number of PCls

150

100

50

(0]

As the Safety Margin increases, Range Segmentation results in significantly lower number of
required PCIs, in case there is a high number of inter-layer adjacencies (e.g., “A3” with 100 pico cells):
these inter-layer adjacencies are a priori eliminated by Range Segmentation, but cause additional
constraints for Continuous Allocation (pico cells connecting macro cells in the graph)

- PCl range segmentation (combined with different per-domain PCI allocation algorithms) is viable in

Nokia Siemens
Networks

multi-vendor HetNets e
“\\\\\\ A

18 © Nokia Siemens Networks ;2013 NSN Research - SON Tutorial



References

S. Hamalainen, H. Sanneck, C. Sartori (eds.)

LTE Self-Organizing Networks (SON) - Network Management Automation for Operational
Efficiency, Wiley, ISBN 978-1-119-97067-5, December 2011. Chapter 4

3GPP S5-091879 (n.d.) Nokia Siemens Networks, Starting Material for Automatic Radio Network
Configuration Data Preparation, TSG-SA5 contribution.

http://www.3gpp.org/ftp/tsg_sa/WG5 TM/TSGS5 64/Docs/S5-091879.zip [accessed 20 March 2009].
3GPP TS36.331 (January 2010) Evolved Universal Terrestrial Radio Access (E-UTRA); Radio Resource
Control (RRC); Protocol specification, 3rd Generation Partnership Project (3GPP).

3GPP TS23.401 (March 2010) General Packet Radio Service (GPRS) enhancements for Evolved
Universal Terrestrial Radio Access Network (E-UTRAN) access, 3rd Generation Partnership Project
(3GPP).

3GPP TS32.501 (March 2010) Self-configuration of network elements; Concepts and Requirements, 3rd
Generation Partnership Project (3GPP), (Release 9).

3GPP TR36.806 (March 2010) Relay architectures for E-UTRA (LTE-Advanced), 3rd Generation
Partnership Project (3GPP).

3GPP TS32.502 (June 2010) Self-Configuration of Network Elements Integration Reference Point (IRP);
Information Service (IS), 3rd Generation Partnership Project (3GPP), (Release 9).

3GPP TS32.532 (June 2010) Software Management Integration Reference Point (IRP); Information
Service (1S), 3" Generation Partnership Project (3GPP), (Release 9).

Nokia Siemens
Networks

\\\l“‘-"'
19 © Nokia Siemens Networks ;2013 NSN Research - SON Tutorial ,‘\\\“\\


http://www.amazon.co.uk/LTE-Self-Organizing-Networks-SON-Operational/dp/1119970679
http://www.amazon.co.uk/LTE-Self-Organizing-Networks-SON-Operational/dp/1119970679
http://www.3gpp.org/ftp/tsg_sa/WG5_TM/TSGS5_64/Docs/S5-091879.zip

References

3GPP TS33.310 (December 2010) Network Domain Security (NDS); Authentication Framework (AF), 3rd
Generation Partnership Project (3GPP), (Release 10).

3GPP TS36.300 (March 2011) Evolved Universal Terrestrial Radio Access (E-UTRA) and Evolved
Universal Terrestrial Radio Access Network (E-UTRAN), Overall Description, Stage 2, 3rd Generation
Partnership Project (3GPP), (Release 10).

3GPP TS36.423 (March 2011) Evolved Universal Terrestrial Radio Access Network (E-UTRAN); X2
application protocol (X2AP), 3rd Generation Partnership Project (3GPP), (Release 10).

3GPP TS36.413 (March 2011) Evolved Universal Terrestrial Radio Access Network (E-UTRAN); S1
Application Protocol (S1AP), 3rd Generation Partnership Project (3GPP), (Release 10).

3GPP TS25.484 (June 2011) Automatic Neighbour Relation (ANR) for UTRAN, Stage 2, 3rd Generation
Partnership Project (3GPP), (Release 10).

3GPP TR32.511 (June 2011) Automatic Neighbour Relation (ANR) management; Concepts and
requirements, 3" Generation Partnership Project (3GPP), (Release 11).

3GPP TS36.211 (June 2011) Evolved Universal Terrestrial Radio Access (E-UTRA); Physical Channels
and Modulation, 3rd Generation Partnership Project (3GPP), (Release 10).

Nokia Siemens
Networks

e
20 © Nokia Siemens Networks :2013 NSN Research - SON Tutorial ,.\\\\‘\\



References

Ahmed, F.,Tirkkonen, O., Peltom€aki, M. et al. (2010) Distributed graph coloring for self-organization in
LTE networks. Journal of Electrical and Computer Engineering, 2010.
http://www.hindawi.com/journals/jece/2010/402831/[accessed 20 March 2010].

Amirijoo, M., Frenger, P., Gunnarsson, F. et al. (2008) Neighbor cell relation list and physical cell identity
self organization in LTE. IEEE International Conference on Communications Workshops, Beijing, China,
37-41.

Bandh, T., Carle, G. and Sanneck, H. (2009) Graph coloring based physical-cell-ID assignment for LTE
networks. 5™ International Wireless Communications and Mobile Computing Conference, Leipzig,
Germany, June.

Bandh, T., Romeikat, R., Sanneck, H. et al. (2010) Optimized network configuration parameter
assignment based on graph coloring. IEEE/IFIP Network Operations and Management Symposium,
Osaka, Japan, April.

Bandh, T. and Sanneck, H. (2011) Automatic Site Identification and Hardware-to-Site-Mapping for Base
Station Self configuration, IEEE International Workshop on Self-Organizing Networks, Budapest,
Hungary, May.

Dahlen, A., Johansson, A., Gunnarsson, F. et al. (2011) Evaluations of LTE Automatic Neighbor Relations,
IEEE International Workshop on Self-Organizing Networks, Budapest, Hungary, May.

Eisenblatter, A., Turke, U., and Schmelz, C. (2011) Self-Configuration in LTE Radio Networks: Automatic
generation of eNodeB parameters, IEEE International Workshop on Self-Organizing Networks, Budapest,

Nokia Siemens

Hungary, May. Networks

o
21 © Nokia Siemens Networks :2013 NSN Research - SON Tutorial ,.\\\\‘\\



References

Holma, H. and Toskala, A. (eds) (2010) LTE for UMTS: Evolution to LTE-Advanced, Revised Edition,
Chapter on SON, John Wiley & Sons, Ltd, Chichester, UK.

Horn, G., Forsberg, D., Moeller, W.D. and Niemi,V. (2010) Certificate Enrolment for Base Stations,
Chapter 8.5, in LTE Security, John Wiley & Sons, Ltd, Chichester, UK.

IETF RFC 2131, Droms, R. (1997) Dynamic Host Configuration Protocol, IETF, March.

Lang, E., Redana, S. and Raaf, B. (2009) Business impact of relay deployment for coverage extension in
3GPP LTE advanced. IEEE International Conference on Communications, June.

Lee, P., Jeong, J., Saxena, N. and Shin, J. (2009) Dynamic reservation scheme of physical cell identity for
3GPP LTE femtocell systems. Journal of Information Processing Systems, 5(4), S.207-S.219, http://jips-
k.org/dlibrary/JIPS v05 no4 paper5.pdf.

Sanneck, H., Bouwen, Y. and Troch, E. (2010a) Context based configuration management of Plug & Play
LTE base stations. IEEE/IFIP Network Operations and Management Symposium, Osaka, Japan, April.
Sanneck, H., Bouwen, Y. and Troch, E. (2010b) Dynamic radio configuration of self-organizing base
stations. 7t International Symposium on Wireless Communication Systems, York, UK, September.
Sanneck, H., Schmelz, C., Baumgarth, T. and Keutner, K. (2007) Network element autoconfiguration in a
managed network. IFIP/IEEE Symposium on Integrated Management, Munich, Germany, May.

Sanneck, H., Schmelz, C., Troch, E. and De Bie, L. (2009) Auto-connectivity and security setup for access
network elements. IFIP/IEEE Symposium on Integrated Management, New York, NY, June.

Szilagyi, P. and Sanneck, H. (2011) LTE relay self-configuration. IFIP/IEEE Symposium on Integrated

Nokia Siemens

Management, Dublin, Ireland, May. Networks

o
22 © Nokia Siemens Networks :2013 NSN Research - SON Tutorial ,.\\\\‘\\



References

Szilagyi, P., Bandh, T., Sanneck, H. (2012), Physical Cell ID Allocation in Multi-layer, Multi-vendor LTE
Networks, 4th International Conference on Mobile Networks and Management, September, Hamburg,
Germany.

Szilagyi, P., Sanneck, H. (2013), Multi-vendor Auto-Connectivity in Heterogeneous Networks, IFIP/IEEE
Symposium on Integrated Management, Ghent, Belgium, May.

Nokia Siemens
Networks

\\\l“‘-"'
23 © Nokia Siemens Networks ;2013 NSN Research - SON Tutorial ,‘\\\“\\



	Reliable Operation of Heterogeneous Wireless Networks with SON (Self-Organizing Networks)� - Self-Configuration
	Self-Configuration�High-level process�
	Auto-connectivity and -commissioning�Motivation
	Auto-connectivity and security setup�Message flow
	Multi-vendor auto-connectivity�3GPP SA5 work item – in progress
	Multi-vendor auto-connectivity
	Multi-vendor Self-Configuration process control�3GPP SA5 Self-configuration Management (ScM) IRP
	Dynamic Radio Configuration�Motivation
	Dynamic Radio Configuration�Incremental Radio Network Build & Growth
	Dynamic Radio Configuration�High-level process
	Dynamic Radio Configuration�Configuration Parameter Classification
	Physical Cell ID (PCI) allocation�Overview
	Physical Cell ID (PCI) allocation�Example algorithm: graph coloring
	Multi-vendor PCI in HetNets: solution options
	Slide Number 15
	Slide Number 16
	Number of required PCIs in different scenarios� Continuous Allocation vs. Range Segmentation
	Number of required PCIs in different scenarios� Continuous Allocation vs. Range Segmentation
	References
	References
	References
	References
	References

