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Introduction

@ In 3GPP
+ Rel-8 LTE/SAE core specification work has been completed.
+ Under strict change control for the final stabilization.
+ Discussions on LTE-Advanced has been started.
+ Meanwhile, small improvements are being discussed for Rel-9
LTE/SAE, due to be finalized by end of 2009.

@ Rel-9 LTE/SAE topics
+ Home eNB
+ SON (self-organizing networks)
+ MBMS
+ LCS

@ LTE-Advanced topics
+ Support for wider bandwidth
+ Extension of uplink multiple access
+ Extension of MIMO techniques
+ CoMP (coordinated multiple point transmission and reception)
+ Relaying
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Home eNB (HeNB)

@ Basic functions for Home eNB are supported in Rel-8.
+ HeNB architecture
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+ CSG (Closed Subscriber Group) control
+ CSG whitelist (allowed CSG ID list) concept in the UE and NW
+ Broadcasting of CSG ID
+ Implementation dependent UE autonomous search for CSG cells

+ No special inbound mobility procedure in Rel-8 to resolve potential PCI
confusion
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HeNB enhancements in Rel-9

The following enhancements are under discussion:

@ Inbound mobility from macro eNB to HeNB
+ To resolve PCI confusion at handover (i.e., handover support
when different HeNBs neighboring a macro cell are using the
same PCI)

- Supgort for Hybrid Access modes _ _ _
+ Closed access mode: Only UEs belonging to the CSG is entitled
to access the cell
+ Hybrid access mode: All UEs are allowed to access the cell, but
UEs belonging to the CSG is entitled to access with priority

@ Local breakout
+ To reduce load on operator’s core network

@ SON for HeNB
+ Plug and play o
+ Interference coordination

@ Local IP access to home based NW
@ Local IP access to the Internet
@ IMS aspect for HeNB
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SON (self-organizing network) -

@ SON is an integral part of LTE. A number of SON features are supported in
Rel-8, and work is continuing for Rel-9.

@ SON solutions can be divided into two categories:
+ Self-configuration: This function enables the network to automatically
perform installation procedure (plug and play)
+ Self-optimisation: This function enables the network to auto-tune its
operational parameters using UE, eNB and performance measurements.

,,,,,,,,,,
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Rel-8 SON features :

The following SON features are supported in Rel-8.

@ Self-configuration:
+ S1 (eNB — core NW) interface dynamic configuration
+ X2 (inter-eNB) interface dynamic configuration
+ Framework for PCI (Physical Cell ID) selection
+ Automatic neighbor cell discovery

@ Self-optimisation:
+ Basic mobility load balancing
+ Load information exchange between eNBs over X2 interface for
Interference mitigation

@ Other:
+ Standardized eNB measurements for multi-vendor SON
interworking
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Rel-9 SON features :

For Rel-9, the following self-optimisation features are being discussed.

@ Coverage/ capacity optimisation o _
+ Optimisation of system parameters to maximise (adjust to the
desired balance between) system coverage and capacity

@ Mobility load _balancinﬁ _ o
+ Optimisation of cell reselection/ handover parameters to distribute
traffic load across the network.

@ Mobility robustness optimisation o
+ Optimisation of cell reselection/ handover parameters to minimise
radio link failures due to mobility.

@ Common channel configuration optimisation
+ Optimisation of common channel configuration, e.g., random
access channel configuration based on eNB measurements.

@ Minimisation of drive tests
+ Logging and reporting of various measurement data (e.g., location
information, radio link failure events, throughputs) by the UE and
collection of data in a server to minimise drive tests run by
operators.
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E-MBMS functionalities

@ E-MBMS discussion was postponed in Rel-8 due to lack of time and
IS continued in Rel-9.

@ Basic Rel-8 L2/L3 architecture is reused in Rel-9.

@ E-MBMS in Rel-9 will support the following functionalities:
+ Broadcast mode and enhanced broadcast mode
+ Static MBSFN area (only)
+ One cell belongs to only one MBSFN area
+ Multiple non overlapping MBSFN areas in a PLMN
+ Broadcast transmission only in a shared carrier deployment (no
dedicated carrier)
+ MBSFN without feedback (i.e. no ACK/ NACK or counting)
+ Signalling support, e.g. MCCH over LTE-Uu

@ Note that the following functionalities are not supported:
+ MBMS in Home eNB
+ Mobility procedures to support MBMS continuity
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E-MBMS architecture
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C/U-plane | Logical Entity Function
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GW C-plane) Session control message filtering for a certain

service area (FFS)

U-plane MBMS GW U-plane | U-plane data IP Multicast transmission
IP Multicast address allocation for each eNB
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E-MBMS U-plane protocol stack -

@ A SYNC protocol is defined to aid the syncronisation of MBMS
packet transmission between eNBs.
+ Terminated between eBMSC and eNB.

@ PDCP header compression (if needed) is terminated in eBMSC.
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SYNC: Protocol to synchronise
data used to generate a certain
radio frame
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Location service (LCS)

@ Location method candidates in LTE:
+ Cell coverage based positioning method
+ OTDOA positioning method
+ A-GNSS based positioning methods
+ U-TDOA positioning method
=> Applicability of each method is being evaluated.

@ General LCS architecture:
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Schedule for IMT-Advanced
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General Req uirements

@ LTE-Advanced is an evolution of LTE

@ All relevant requirements of LTE are valid also for LTE-
Advanced

@ LTE-Advanced shall meet or exceed IMT-Advanced
requirements within the ITU-R time plan

@ Targets of LTE-Advanced are adopted as long term

targets
) | LTE-Advanced
= % IMT-Advanced >
g £ | _ requirements and time plan, g
25
N
3
Rel-8 LTE ime
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System Performance Requirements (1; LTS

B Peak data rate and peak spectrum efficiency

Rel-8 LTE LTE-Advanced IMT-Advanced
DL 300 Mbps 1 Gbps
Peak data rate 1 Gbps®
UL 75 Mbps 500 Mbps
Peak spectrum efficiency DL 15 30 15
[bps/Hz] uL 3.75 15 6.75

**100 Mbps for high and 1 Gbps for low mobility” is one of the key
features as written in CL

B Peak data rate

1 Gbps data rate will be achieved by 4-by-4 MIMO and transmission
bandwidth, which will be wider than approximately 70 MHz

B Peak frequency efficiency

« DL: Rel-8 LTE satisfies IMT-Advanced requirement

« UL: Two fold enhancement is necessary for IMT-Advanced
requirement
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System Performance Requirements (2; LRI

B Capacity and cell-edge user throughput

Ant. Config. Rel-8 LTE LTE-Advanced” IMT-Advanced™
Capacity DL 2-by-2 1.69 2.4 —
[bps/Hz/cell] 4-by-2 1.87 o 22
4-by-4 2.67 3.7 -
UL 1-by-2 0.74 1.2 =
2-by-4 - .Ls\ 2.0 1.4
Cell-edge user | DL 2-by-2 0.05 / 0.07 —
[btg'ser”Zg,gfI%S 4-by-2 0.06 0.09 0.06
er] 4-by-4 0.08 0.12 —~
UL 1-by-2 0.024 0.04 -
2-by-4 — 0.07 0.03

* For Case 1 scenario in 3GPP ** For Base Coverage Urban scenario in IMT.EVAL

B DL/UL: Further improvements are necessary to satisfy IMT-Advanced
requirements on capacity and cell-edge user throughput
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Radio Access Techniques for LTE-Advancec

B Support of wider bandwidth
o Carrier aggregation
= Peak data rate

B Extension of uplink multiple access
e Clustered DFTS-OFDM within each component carrier
 N-times clustered DFTS-OFDM among component carriers
=» Peak data rate, capacity

B Extension of MIMO techniques
« Extension of up to 8-layer transmission in downlink
. _IntrO(Ij_ucl:(tlon of single-user MIMO up to 4-layer transmission
in uplin
= Peak data rate, capacity, cell-edge user throughput

B Coordinated multiple point transmission and

reception (CoMP)

« Downlink coordinated multi-point transmission
« Uplink coordinated multi-point reception

=» Capacity, cell-edge user throughput

B Relaying
e Layer 3relaying
= Coverage, cell-edge user throughput
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Carrier Aggregation for Wider Bandwic e

B Support wider transmission bandwidth up to 100 MHz to satisfy
requirement for peak data rate

B Achieve wider-band transmission through carrier aggregation, i.e.,
aggregation of basic frequency blocks called component carriers
(CCs)

B CCs are designed to be backward compatible with Rel-8 LTE

B Support both contiguous frequency spectrum and non-contiguous
frequency spectrum (i.e., spectrum aggregation), though contiguous
spectrum usage is a priority

System bandwidth, Component carrier, e.g., 20 MHz

e.g., 100 MHz \ 4%
i F
UE capabilities (WW requency

* 100-MHz case
{ *40-MHz case |

+ 20- . e e T e ma
%Fge'}"gﬁge e o e O
\ - l 1 l l 1 !
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Extension of Uplink Multiple Access

® Within CC
e Single-carrier FDMA (DFTS-OFDM) based multiple access
similar to that for Rel-8 LTE
« Non-contiguous data transmission with single DFT (clustered
DFTS-OFDM) introduced
= Achieve efficient radio resource assignment with relaxed peak-
to-average power ratio (PAPR) requirement
B Among CCs
 N-times clustered DFTS-OFDM
= Priority to easy resource block assignment, i.e.,
Implementation at the cost of increase in PAPR

“Clustered DFTS-OFDM” “N-times DFTS-OFDM”
CC | CC | CC

[P d »d »!
< L} Ll | »

E % 11 Freq | f Patrallel F'Q_el-z_a LTE * Fre:q_=
ransmission
[T ) "R6 allocation. [ Y \
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Extension of MIMO techniques

B DL
 IMT-Advanced requirement on peak frequency efficiency is satisfied,

although further improvement is necessary considering increasing traffic
demand from operator viewpoint

 Must improve capacity and cell-edge user throughput

=2 Extend number of layers from maximum 4 in Rel-8 LTE to maximum
8 LTE-Advanced

m UL

« At least two fold improvement is necessary on peak frequency efficiency to
satisfy IMT-Advanced requirement

 Need improvements in capacity and cell-edge user throughput

=>Introduce single-user MIMO technique up to 4-layer transmission

'NYN

Max. 4 layers Max. 8 layers

Max. 1 layer Max. 4 layers

Rel-8 LTE LTE-Advanced
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Downlink Coordinated Multi-point E—

Transmission

M Joint processing
« Datais available at each point
« Joint transmission and fast cell selection (FCS) are being

studied
- Joint transmission: data transmitted from multiple point at a time
- FCS: data transmitted from one point at a time

B Coordinated scheduling/beamforming (BF)
 Datais only available at serving cell but user scheduling/BF
decisions are made with coordination among cells

Coordination on
Joint processing Joint processing scheduling/BF

............................................................. . (Data)(Data)

‘ Coherent ., I[?ata][Data] e - ) & Tva

5 ‘ 5 ‘ i

Joint transmission FCS Coordinated scheduling/BF

May 19, 2009 Copyright© 2009 NTT DOCOMO, INC. All rights reserved 22



docomo

Uplink Coordinated Multi-point Reception

B Coordinated multi-point reception
« Uplink signal is received at multiple points
 Scheduling decisions can be coordinated among cells to
control interference

Coordination on
scheduhng

Snnuhaneous 3
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Downlink Reference Signals

B Downlink reference signals are additionally defined for downlink
CoMP and higher-order MIMO
- Common RS for Rel-8 LTE and for demodulation of control
channels
- UE-specific RS for PDSCH demodulation

 Transmitted only in scheduled RB and corresponds to layer
 Orthogonal among different layers (FDM and/or CDM)

- Cell-specific RS for CQI measurement
e Sparse mapping in time and frequency domains
= Achieve efficient introduction of LTE-Advanced techniques
keeping backward compatibility with Rel-8 LTE
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Scenario Mobility Hops Targets
Urban Hot Spot Fixed, Two hops Coverage and
Nomadic Throughput
Dead Spot Fixed Two hops or Coverage
Multi-hops
Indoor Hot Spot Fixed, Two hops Throughput
Nomadic
Rural Area Fixed Two hops Coverage and
Throughput
Emergency or Nomadic Two hops or Coverage and
Temporary Multi-hops Throughput
Coverage
Wireless Fixed Two hops or Coverage or
Backhaul only Multi-hops Throughput
Group Mobility Mobile Two hops Throughput

May 19, 2009

Copyright© 2009 NTT DOCOMO, INC. All rights reserved

Relaying use cases

25



Layer 3 relaying

M Layer 3relaying is assumed as one type of relaying (other types are FFS).

- Layer 3 (RRC) is terminated in Relay Node for the Uu (Relay Node —
UE) interface.

- L1/L2 signaling (CQI, HARQ, etc) is performed between Relay Node
and UE.

- Un (Donor eNB — Relay Node) transmission is time multiplexed with Uu
for UEs connected to the Relay Node.
Relay Node has their own PCI (physical cell identity).

-) From a Rel-8 UE, a Relay Node is seen as Rel-8 eNB.

Schedulin Uu
g ) T 4K U
o i ) TDM
Core Node Donor eNB "5 > TRLTETTYY 2
(wweless) Uu ]
Relay Node UE
SDU - PbU 1 enB function.l‘:llity
assembly | . [processing ]
t i v :
O—>| Decoding| ! |Encoding —* Amplifier =0
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