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Standards and IMT-A Timeline and
Requirements
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Current View of Broadband Wireless li*—’;‘:\“

e
Standards Timeline

*NOTE: Timeline evolving based on market dynamics
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WIMAX & LTE M

Two principal mobile broadband platforms for the next decade...
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IMT-Advanced Requirements ite

Cell Spectral Efficiency Cell Edge Spectral Efficiency Traffic Channel Link Rates™* Min VolP
capacity
(Active
Downlink Uplink Downlink Uplink Downlink Uplink users/sector/
Test environment ** (b/s/Hz/cell) (b/s/Hz/cell) (b/s/Hz/cell) (b/s/Hz/cell) (b/s/Hz/cell) (b/s/Hz/cell) MHz)
Indoor 3 2.25 0.1 0.07 1 10 50
Microcellular 2.6 1.8 0.075 0.05 0.75 30 40
Base coverage urban 2.2 14 0.06 0.03 0.55 120 40
High speed 11 0.7 0.04 0.015 0.25 350 30
Section 4.6 Mobility
Mobility Classes Mobility Classes
Test environments* Stationary | Pedestrian Vehicular High speed vehicular
. K 0 km/h >0 km/h to 10 to 120 120 to 350 km/h
Indoor Microcellular | Base coverage High speed 10 km/h km/h
urban
Mobility classes Stationary, Stationary, Stationary, High speed vehicular,
supported pedestrian pedestrian, pedestrian, vehicular
Vehicular (up vehicular
to 30 km/h)

[1]1 ITU-R Document 5D/TEMP/89r1, Draft new Report ITU-R M.[IMT.TECH], Requirements related to technical system performance
for IMT-Advanced radio interface(s) [IMT.TECH] , June 2008
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IMT-A Baseline Configuration Parameters (1)

Deployment scenario for Indoor hotspot Urban Urban Rural macro- Suburban
the evaluation process micro-cell macro-cell cell macro-cell
Wa 6 m, mounted on | 10 m, below 25 m, above 35 m, above | 35 m,above |
< height ceiling rooftop rooftop rooftop rooftop >
Number of BS antenna Up to 8 rx Up to 8 rx Up to 8 rx Up to 8 rx Up to 8 rx
elements" Up to 8 tx Up to 8 tx Up to 8 tx Up to 8 tx X
Total BS transmit power 24 dBm for 41 dBm for 46 dBm for 46 dBm for 46 dBm for
40 MHz, 10 MHz, 10 MHz, 10 MHz, 10 MHz,
21 dBm for 44 dBm for 49 dBm for 49 dBm for 49 dBm for
20 MHz 20 MHz 20 MHz 20 MHz 20 MHz
User terminal (UT) power 21 dBm 24 dBm 24 dBm 24 dBm 24 dBm
class
UT antenna system" Up to 2 tx Up to 2 tx Up to 2 tx Up to 2 tx Up to 2 tx
Up to 2 rx Up to 2 rx Up to 2 rx Up to 2 rx Up to 2 rx
Minimum distance between >=3m >=10m >=25m >=35m >=35m
UT and serving cell®
Carrier frequency (CF) for 3.4 GHz 2.5 GHz 2 GHz 800 MHz Same as urban
evaluation (representative of macro-cell
IMT bands)
Outdoor to indoor building N.A. See Annex 1, N.A. N.A. 20 dB
penetration loss Table A1-2
Outdoor to in-car penetration | N.A. N.A. 9 dB (LN, 9 dB (LN, 9 dB (LN,
loss c=5dB) c=5dB) c=5dB)

(D

The number of antennas specified by proponent in the technology description template (§ 4.2.3 of Report

ITU-R M.2133) should be used in the evaluations. The numbers shall be within the indicated ranges in this table.

@ In the horizontal plane.
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IMT-A Baseline Configuration Parameters (2)

Deployment Indoor Urban Urban macro- Rural macro- Suburban macro-
scenario for hotspot micro-cell cell cell cell
the evaluation
process
Layout" Indoor floor Hexagonal grid Hexagonal grid Hexagonal grid Hexagonal grid
Inter-site 60 m 200 m 500 m 1732m 1299 m
distance
Channel model Indoor hotspot | Urban micro Urban macro Rural macro Suburban macro /
model (InH) model (UMi) model (UMa) model (RMa) model (SMa)
User Randomly and | Randomly and Randomly and Randomly and Randomly and
distribution uniformly uniformly uniformly uniformly uniformly
distributed distributed over distributed over distributed over distributed over
over area area. 50% users area. 100% of area. 100% of area. 50% users
outdoor users outdoors in | users outdoors in | vehicles and 50%
(pedestrian vehicles high speed of users indoors
users) and 50% vehicles
of users indoors
User mobility Fixed and Fixed and Fixed and Fixed and Fixed and identical
model identical speed | identical speed identical speed identical speed speed |v| of all
Iv| of all UTs, | |v| of all UTs, |v| of all UTs, |v| of all UTs, UTs, randomly and
randomly and | randomly and randomly and randomly and uniformly
uniformly uniformly uniformly uniformly distributed
distributed distributed distributed distributed direction
direction direction direction direction
UT speeds of 3 km/h 3 km/h 30 km/h 120 km/h Indoor UTs:
interest 3 km/h, outdoor
UTs: 90 km/h
Inter-site Explicitly Explicitly Explicitly Explicitly Explicitly modelled
interference modelled modelled modelled modelled
modeling®
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LTE Basics and Performance
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LTE Physical Channels Ite

PDSCH

DL shared channel

PDCCH

DL control channel

PBCH

DL Broadcast control
channel

PCFICH

DL control format
indicator channel

PHICH

HARQ indicator channel Use Equipment
PMCH A

DL multicast chanel

eNode B

PUCCH, PUSCH
conveys CQI,
ACK/NACK, PMI
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DL Frame Structure — Type 1 (FDD) Ite

One radio frame, T;= 307200xT =10 ms

. Oneslot, T, =15360xT = 0.5 ms
#O #1 #2 #3 .............................. #1 8 #1 9

i One subframe
-¢ »-

« Each radio frame is 10ms long and consists of 20 slots of length 0.5ms, numbered
from 0 to 19.
« A subframe is defined as two consecutive slots.

 For FDD, 10 subframes are available for downlink transmission and 10 subframes
are available for uplink transmissions in each 10 ms interval. Uplink and downlink
transmissions are separated in the frequency domain.

* In half-duplex FDD operation, the UE cannot transmit and receive at the same time.
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LTE TDD Frame Structure Ite

0 1 2 3 4 5 6 7 8 9

DWPTS | GP | UpPTS | Special Subframe (1 ms)

« Each radio frame consists of two half-frames of length 5ms each.

« Each half-frame consists of eight slots of length 0.5ms and three special
fields, DWPTS, GP, and UpPTS.

« The lengths of DWPTS and UpPTS are configurable subject to the total
length of DWPTS, GP and UpPTS being equal to 1ms.

« Sub-frames 0 and 5 are always downlink sub-frames

« Two switching point periodicities are supported - 5ms or 10ms switching
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LTE MAS Features Ite

Channels MIMO/Diversity Schemes Comments
[Signals

Open loop spatial multiplexing®,!Large Delay CDD/SFBC
Closed loop spatial multiplexing
Multi-user MIMO
UE Specific RS Beam-formina.«f{Applicable > 4 Antennas
PDCCH SFBC
PCFICH SFBC

DL Data Channel

FDD : 2 Tx, 2RX -> Tx Diversity, Open and closed loop spatial multiplexing
TDD: 4Tx, 8RX (mainly for CMCC)-> Additionally UE Specific Beamforming
MU-MIMO Rel-8 scheme is inferior to SU-MIMO, Improved scheme for Rel-10

MRC I —

MRC

PUCCH L
UL Control Channels PRACH Receiver Diversity

Antenna Reqts Preferre Antenna Standard
eNB UE dUE  Geometry Support
Single Input Single Output (SISO) None All speeds
Open Loop Transmit Diversity SFBC/FSTD for 2 and 4 Tx antenna >30kph Uncorr
Open Loop Spatial Multiplexing Large Delay CDD
Closed Loop Spatial Multiplexing SU-MIMO <30kph Corr/Uncorr
Multi-User MIMO (MU-MIMO) Subset of Codebook used for SU-MIMO Corr
UE Specific RS based Beamforming None <60kph Corr

Downlink MIMO Schemes Tx Mode Precoding
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Rel-8 DL Performance with ITU Configurations (FB)

Globecom 2009

2x2 SU-MIMO with cross poles (FDD)

IMT-A IMT-A
Environ. ?&c;é?ut (Sﬁgi/ﬂzz/ceu) f’fﬁ" blbjs ?t())ﬁsyHEz/ScEII) Sector SE 5% UE SE
(bps/Hz/cell) (bps/Hz/cell)
Casel 2D 17.429 1.74 0.382 0.038 NA NA
Casel 3D 22.578 2.26 0.462 0.046 NA NA
RMa 14.110 1.41 0.307 0.031 1.1 0.04
UMa 11.472 1.15 0.218 0.022 2.2 0.06
UMi 20.484 2.05 0.610 0.061 2.6 0.075
InH 43.67 4.36 1.466 0.146 3 0.1
4x2 SU-MIMO with cross poles (FDD)
IMT-A IMT-A
Environ. (S&Cé;?m (St?;;/SHEz/ceII) ?:f bl.;sE) ?l())ﬁsyHEz/ScleEII) Sector SE 5% UE SE
(bps/Hz/cell) (bps/Hz/cell)
Casel 2D 21.725 2.17 0.490 0.049 NA NA
Casel 3D 27.843 2.78 0.568 0.057 NA NA
RMa 18.117 1.81 0.434 0.043 1.1 0.04
UMa 15.569 1.56 0.321 0.032 2.2 0.06
UMi 24.295 2.43 0.710 0.071 2.6 0.075
InH NA NA NA NA 3 0.1
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Rel-8 DL/UL Performance with ITU Configs (VolP) Lte

DL FDD VolP - ITU, 2% outage criteria, Dynamic scheduling+PDCCH limitation
y 1 1

0.15 ¢ T T T
IMT-A : 3 014 I L EEEEE -
c Requirements VolP Capacity IMT A . : ‘ ‘ 1
ase VolP D ik ik Requirements ; ‘ —&—InH FDD
(Vo ownlink | Uplin Met? 0.12 § T —®—UMaFDD [~ [ -
UserS/MHZ) (4X2) (1X4) : 0.11 , ,‘r —#—RMa FDD I
InH 50 112 60 N B o1 ; weumeo L
uMmi | 40 74 50 Yes R 009+ N T .
® 0.08 +t-———f-=-=- 4o — k=== — - -
UMa |[\_ 40 44 42 Yes / ® 007 | [ ] -
] F | | |
RMa | ~Ssa___ | 54 36 | res 3 0064 e A e -
0041 i o -
. 0.03 £ + A -
VolIP capacity met 0.02 | : -
without using SPS and 001 | : N
0+ f } }

using Release-8
features only with 4Tx

30

and 4RX at eNodeB o
0.08

0.07

0.06

VoIP Codec AMR 12.2 0.05

Outage

VoIP — 41 bytes including overhead
SID — 15 bytes including overhead

One-way delay budget | 50 ms 0.03
User is in outage if 2% or more of the

Packet size 0.04

o 0.02
Outage criteria packets are lost or discarded

VoIP capacity | Number of supported users at 2% and 0.01
definition 5% outage
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Rel-8 UL Performance with ITU Configs (FB)

Antenna: linear array 0.5\ separation

FDD TDD ]
IMT-A IMT-A
Case Requirements Requirements
1x4 1x8 1x4 1x8 Met?
Cell spectral efficiency 2.250 20970 | 3364 | 2.920 | 3.341 Yes
InH (bps/Hz/cell)
n
Cell edge user spectral 0.070 0.203 | 0.246 | 0193 | 0.242 Yes
efficiency (bps/hz)
Cell spectral efficiency 1.800 1.904 | 2.413 | 1.891 | 2.407 Yes
UM (bps/Hz/cell)
|
Cell edge user spectral 0.050 0.057 | 0.074 | 0.056 | 0.073 Yes
efficiency (bps/hz)
Cell spectral efficiency 1.400 1.487 | 2015 | 1.480 | 2.010 Yes
(bps/Hz/cell)
UMa
Cell edge user spectral 0.030 0.060 | 0.083 | 0.059 | 0.083 Yes
efficiency (bps/hz)
Cell spectral efficiency 0.700 1600 | 2110 | 1594 | 2.098 Yes
(bps/Hz/cell)
RMa
Cell edge user spectral 0.015 0.054 | 0.072 | 0.054 | 0.071 Yes
efficiency (bps/hz)
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How to meet IMT-A Target for DL Ite

* Need new features to meet UMi/UMa IMT-A target for DL

« Motorola prefers simplest technology possible for LTE-A
to meet this requirements

* This technology will be available in LTE Rel-9/10
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Technologies for LTE-A

Globecom 2009

MOTOROLA and the Stylized M Logo are registered in the US Patent & Trademark Office. M MOTOROLA

All other product or service names are the property of their respective owners. © Motorola, Inc. 2007.




Technologies for LTE-A Ite

« Technologies for LTE-A (3GPP Release-10)
— Support of wider bandwidth
— Uplink spatial multiplexing
— Downlink spatial multiplexin
— Coordinated multiple point transmission and reception (COMP)
— Heterogeneous Network (Relays, Femto cells, Pico cells etc.)
— Mobility enhancement

 Release-9 Technologies
— Dual Layer Beamforming
— OTDOA based positioning
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DL MU-MIMO for LTE-A lte

« MU-MIMO Operation

— Using covariance matrix and CQI information e NB scheduler
* Schedules a PDSCH transmission using SU or MU-MIMO

Classes of MU-MIMO techniques
— Non-coordinated MU MIMO with long term spatial correlation
— Non-coordinated MU MIMO with short term spatial correlation
— Coordinated MU MIMO with long term spatial correlation
— Coordinated MU MIMO with short term spatial correlation CoMP
Feedback modes

— Explicit channel feedback
« Short term co-variance feedback (wideband or narrowband)
- Statistical Covariance Feedback - very long term

— Implicit channel feedback
« PMI as in Release-8

RS Design
PDCCH Design

Preferred
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Existing MU-MIMO Rel-8 lte

« Semi-static MU-MIMO transmission mode

1 layer of UE specific reference signals
CQI/PMI/RI feedback similar to SU-MIMO

4-bit codebook based feedback

UE cannot suppress cross-talk due to MU-MIMO
Possible MU-MIMO algorithm

— eNodeB pairs users with orthogonal rank-1 vectors
— eNodeB chooses best user-pair, predicts MCS

— UE cannot suppress cross-talk due to MU-MIMO

— No gains with respect to SU-MIMO
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MU-MIMO for Rel-9 1/2 ite

2 streams of UE specific reference signals
—CDM of 2 streams
—Same overhead as Rel-8 1 stream UE specific RS
—Enables cross-talk suppression with transparent MU-MIMO

A single transmission mode for rank-1, rank-2, MU-rank-1
—Dynamic transition between SU and MU .
—Dynamic transition among rank-1, rank-2 @5

e
Downlink control signal NE

—No signaling to indicate the presence of co-scheduled UEs

£ i il
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MU-MIMO for Rel-9 2/2 lte

 No PMI feedback
— UE always feeds back one CQI based on transmit diversity
— UE does not feed back rank indicator
— MCS/rank determined by the eNodeB
— UE not aware of SU or MU transmission during feedback

« PMI feedback (2Tx)
— CQI/PMI/RI feedback (same as 2Tx spatial mux mode)

 In TDD, SRS transmission can be used for estimating covariance
matrix for MU-MIMO

— Zero-forcing based MU-MIMO for 2 rank-1 users

— In FDD translation of UL covariance to DL covariance may be possible
for some situations

e Codebook based feedback with CRS is inefficient
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MU-MIMO for Rel-10 lte

« UE specific reference signals extended to 8 streams
— Support more than 2 users for MU-MIMO
— Support multi-stream MU-MIMO

« CSI-RS (midamble) for CQl estimation
— Reduce CRS overhead

* Novel feedback method for FDD/TDD

— Covariance feedback
— High resolution PMI feedback

Globecom 2009
MOTOROLA and the Styli

. MOTOROLA




DL Reference Signals (RS) Ite

« New RS design to support LTE-A
RS design goals

— UE specific demodulation reference signals (DRS) up to 8 streams,
extension from 2 stream DRS for Rel-9

— A low overhead CSI-RS (Channel State Information RS) supporting
up to 8Tx antennas (0.96% for 8Tx) is to be used that is non-UE
specific to enable channel information feedback

- Estimates of RS overhead
— CSI-RS overhead of 1/840=0.12% per antenna port (8 antenna
ports = 0.96%)
 Example:
— Time density: 1 symbol every 10ms per antenna port: 1/140

— Frequ1e/gcy density: 1 subcarrier every 6 sub-carriers per antenna
port:

— DM-RS
 Rank 1 transmission: 12 REs per RB (same overhead as Rel-8)
 Rank 2 transmission: 12 REs per RB
* Rank 3-8 transmissions: max 24 REs (total) per RB
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N

Rel-9/10 DL Performance with ITU Configurations (FB) |[1te.

4x2 MU-MIMO with cross poles (FDD)

# ctrl IMT-A IMT-A
Environ. channel (SIS/IC;;;F)JUt (Skfgz “S_'EZ fcell) ?:f bgs E(St(:g)syHEz/ScEII) Sector SE 5% UE SE

Symbols (bps/Hz/cell) | (bps/Hz/cell)
UMa - narrow 3 24.834 2.48 0.633 0.063 2.2 0.06
UMa - wide 3 23.571 2.36 0.602 0.060 2.2 0.06
UMa - narrow 2 27.588 2.76 0.679 0.068 2.2 0.06
UM - narrow 3 26.403 2.64 0.752 0.075 2.6 0.075
UM - wide 3 25.192 2.52 0.699 0.070 2.6 0.075
UM - narrow 2 29.293 2.93 0.820 0.082 2.6 0.075
RMa - narrow 3 29.370 2.94 0.771 0.077 1.1 0.04
RMa - wide 3 29.052 2.90 0.762 0.076 1.1 0.04
RMa - narrow 2 32.599 3.26 0.870 0.087 1.1 0.04

Release-9/10 LTE DL

with 4 Tx antenna does Total Overhead:
meets the UMa and UMi 28.78% (L=3), 24.50%(L=2)
requirements
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Performance of schemes based on DRS

Avg Cell ] Avg UE Tput] 5% Edge UE % MU- |% SU-MIMO] % SU-MIMO | % First Try
Configuration Tput Mbps Mbps Tput Mbps MIMO Rank 1 Rank 2 Success
UMa SU-MIMO rank 1 17.322 1.732 0.625 100.00% 73.20%
UMa SU-MIMO rank 1 & 2 18.837 1.884 0.605 91.20% 8.80% 72.40%
UMa MU-MIMO, SU-MIMO rank 1 | 22.283 2.228 0.736 56.60% | 43.50% 76.60%
UMa MU-MIMO, SU-MIMO rank 1
&2 23.244 2.324 0.67 61.50% | 36.80% 1.80% 75.90%
UMa SU-MIMO rank 1 & 2
codebook 15.31 1.531 0.646 77.78% 22.22% 74.54%

*Goal is to reduce total overhead by reducing the number of
common reference symbol (CRS) and having unified multiple
antenna schemes based on DRS

‘Performance of various schemes showed using UE specific DRS
—Results may be slightly different because of different scheduler settings
TDD
—Use SRS

FDD
—Quantization scheme for transmitting spatial correlation under study
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Carrier Aggregation
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Spectrum Aggregation Scenarios — FDD ite

EUTRA - FDD UL EUTRA - FDD DL
Band j Band j
Network Network
scenario A vt NN e o] oy [ e " |
Network A resources
Intra-Band *combined with Network B
Adjacent X -
fmcent uy oy I
1 1
Combined Combined
EUTRA — FDD UL EUTRA - FDD DL
Band j Band j
Scenario B u4 oLy
Intra-Band * Network A resources
combined wi etworl
Non-Adjacent
Y o O e
L [ L [
Combined Combined
EUTRA - FDD UL EUTRA — FDD UL EUTRA - FDD DL EUTRA - FDD DL
Band j Band k Band j Band k
ot I AT 0] oy [ -y
Scenario C Network A resources
Inter'Band combined with Network D
oA I AT -/ - [T
[ [ L [
Combined Combined

Notes: Additional TDD scenarios can be identified but not shown here
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Spectrum Aggregation Scenarios

Deployment Scenario

Carrier Aggregation

FDD Cor\tiguous single band, UL: 2x20 MHz (3.5 GHz)
UL: 40 MHz DL: 4x20 MHz (3.5 GHz)
DL: 80 MHz | '
UL: 10 MHz (1.8 GHz) +
Non-contiguous multiple 10 MHz (2.1 GHz) +
bands, 20 MHz (2.6 GHz)
UL: 40 MHz DL: 10 MHz (1.8 GHz) +
DL: 40 MHz 10 MHz (2.1 GHz) +
20 MHz (2.6 GHz)
TDD | Contiguous single band,

100 MHz

5x20 MHz (2.3 GHz)

Non-contiguous single band,
80 MHz

2x20 MHz (2.6 GHz) + 2x20 MHz (2.6 GHz)

Spectrum aggregation scenarios outlined in RAN4
*Existing and new bands
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Carrier Aggregation Overview (1) Llte
MAC |
]
S:E::m
gI
pHY [ l 1 |

o i i

+—Camier 1—s «—Camier 2—s +—Camier 3—s +—Camier 4—»

- Aggregation of data streams at the MAC layer:
— Multi-codeword (MCW) transmission on per carrier basis
— Selection of AMC, HARQ and MIMO schemes on per-carrier basis
— Same numerology, soft-buffer size, transport block size as LTE Release-8.

— X/lyj\}tiple HARQ processes needs to be supported for a single user with multiple

— eNode-B has to monitor multiple CQI reports from carriers being aggregated.
* Not a spectral efficiency enhancing feature
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Carrier Aggregation Overview (2) Llte

- Uplink:
— N x SC-FDMA

shid

‘|

CP
Insertion Antenna

DAC %J - SUbStantlal .
> S o Mixer  LPA INcrease In CUblC

metric when
transmitting on
multiple uplink
carriers

—» DFT e |Mapping| e | IFFT

i.

Wi e

1l

OFDMA

NXSCFDUA — Multi-carrier
NI - == transmission will
generally be restricted

. B N . to UEs in good channel
conditions, there

Cubic Metric

T . B . should be no loss of
coverage for those
° | QPSK | 16-QAM | 64-QAM | | U Se rS .
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Carrier Aggregation : DL Control Channel Design Ite

Carrier 1 Carrier 2

HOSdd

« PDCCH: Separate grant for each component carrier based on DCI format (s)
for single carrier

— An additional carrier indicator field (CIF) of 0-3 bits allows for cross-carrier
scheduling

— Presence of CIF is configured via higher-layer signalling
— Limiting the number of blind decodings is desirable
 PCFICH: Independent configuration on each component carrier
 PHICH:
— PHICH is transmitted on the same DL carrier as the UL scheduling assignment

— PHICH resource index selection is done per Rel-8 LTE as a baseline
* FFS whether additional parameters such as carrier index should be included
in the resource selection.
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Carrier Aggregation : UL Control Channel Design Ite

* PUCCH:
— Control signalling to support up to 5 downlink component carriers
— ACK/NACK and CQI/PMI/RI reported for each downlink component carrier

— Limited ACK/NACK transmission (e.g. ACK/NACK bundling) may be needed
in case of power limitation

— Scheduling request is per UE (one request for all uplink component carrier)

* PRACH:
— RACH procedure is the same as Rel-8

— For asymmetric downlink-heavy aggregation, several PRACHs may be
mapped in the same UL carrier as shown below -

DL Carrier 1

v

I PRACH 1

=

DL Carrier 2

PRACH
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LTE Heterogeneous Networks
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What is Heterogeneous Networks Ite

 Heterogeneous Deployments

— Low power nodes are placed throughout a
macro cell layout

Number of

Tl\)l/ pde of LPA Power Tx/RX Ba;:khaul Comments
odes Antennas ype
° T f I d Micro cell 3fod3r|: - 212 or 4/4 %2 Open to all UEs;
ypes O OW powe r nO eS nodes carrierz or placed outdoors
- Fe mto Cel IS 30 dBm - Several ps Open to all UEs;
RRH nodes 10 MHz 2/2 or 4/4 latency to placed indoors or
— PlCO Cel IS carrier macro outdoors
. . . 30dBm - Open to all UEs;
- DlStrl buted Anten na SyStemS P;%Od(;z” 10 MHz 2/2 or 4/4 X2 placed indoors or
carrier outdoors
* Outdoor, Indoor, RRH
’ ’ Femto cell 20 dBm - Home Closed subscriber
10 MHz 2/2 or 4/4 broadban group, placed
- Re I ays nodes carrier d indoors
« Subject of discussion 30 dBm - Outof- | 6o 1o all UEs:
Relays 10MHz 2/2 or 4/4 band or laced outd
carrier In-band placed outdoors

« Characteristics
— Gives rise to high interference conditions
— ICIC and CoMP techniques can be critical
— Operation in low geometry environments
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Overview of Relays

* Relays are a feature for LTE-A

— Used to improve sector throughput, coverage, and cell-edge throughput
— Provide coverage in new areas
— Relays may operate at layer 1, layer 2, or layer 3
* Repeaters and L1 Relays operate at layer 1
— Repeater

Can offer coverage extension for eNodeBs by amplifying and forwarding received
waveform

Cannot distinguish between signal and interference/noise
— L1 Relay

Is a smart repeater that regenerates and amplifies only the relevant parts of the received
signal based on the subset of users targeted by the relay

* Relays are connected to RAN via a donor macro-cell
— Backhaul Connection

* In-band: eNodeB-to-relay link shares the same band with direct eNodeB-to-UE links
within cell

« Out-of-band: eNodeB-to-relay link doesn’t share the same band with direct eNodeB-to-
UE links

— UE Perspective

Transparent: UE is not aware of whether or not it communicates with the network via
relay

Non-transparent: UE is aware of whether or not it communicates with the network via
relay
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Comparison of L1/L2/L3 Relays ite
L1 relay

— Amplifies and forwards the signal at physical layer
— Can be advanced repeater (with physical layer processing or power control)
— Noise is amplified but less delay than L2/L3 relays

 L2relay
— Decodes and forwards re-encoded data at layer 2 (MAC/RLC/PDCP PDUs)
— No noise amplification with precise decoding but delay introduced
— Can have a unique physical layer cell identity
— Independent link adaptation on each hop possible
— ARQ protocols can either operate per-hop or end-to-end
— Scheduling at relay node independent of the eNodeB may be possible
L3 relay
— Forwards IP packets on layer 3 (IP layer)
— All LTE protocols operate per-hop
— Has full functionality of eNodeB
— Can be viewed as a regular eNodeB with wireless backhauling (i.e., self-backhauling)

— User-plane protocol stack is similar to eNodeB but differences exist in control-plane
protocol stack
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Functional Aspects of Type 1 Relay Ite
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UE can attach to strong relay rather
than weak eNodeB

SFN implies that relay-cell uses same
resources as macro-cell

Relay improves throughput to relay-
cell UEs but introduces more
interference to macro-cell UEs

Resources for backhaul can either be
in-band (and orthogonal to access
resources) or out-of-band

In-band backhaul reduces resources
for macro-cell UEs

Relays provide gain when there is a
net improvement in sector-
throughput or edge-throughput
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Access-Backhaul Partition for Type 1 Relays

 For atype 1 FDD relay
— TDM access-backhaul
— Access split is as follows
- eNB -RNis in DL
frequency

* RN —eNB isin UL
frequency

- eNB —RN and RN —-UE
links are TDM (only one
active at a time)

* RN — eNB and UE —RN
links are TDM (only one
active at a time)

— Use of UL frequency for

eNB —RN communication is
FFS

« MBSFN subframes can be
used to time-multiplex eNB-
RN and RN-UE links

— No access traffic in relay-cells
during MBSFN subframes
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F2/T2 F1/T1
UE1
UL (F2/T2) DL (F1/T1)
F1: DL frequency (FDD)
eNB F2: UL frequency (FDD)
UL (F2/T2) DL (F1/T1) T1: DL subframe (TDD)
T2: UL/MBSFN subframe (TDD)
RN
One link active at a time One link active at a time
UL (F2/T2) DL (F1/T1)
UE2

eNB-to-relay transmission

8

transmission gap
(“MBSFN subframe”)

One subframe

Data

2

Relay-to-UE communication using normal subframes (left) and
eNodeB-to-relay communication using MBSFN subframes (right)

i )
Ctrl | Ctrl )
1 1

No relay-to-UE transmission

Macro UEs
eN—B l' l. l.l I.I l.l l' l. l.l
7 .I .I L " .I .I ‘l .’ .I .I .' .’
(i Wil o i i
RN T RS VT FELM BNV AW ST RS W PR LM BNV
W oW W W W W W W
RelayUBs | TV] TV] TW[Wiv | TV T¥] W] TW[¥im | TV
vy .
| TransmitterE f E&rg_ﬁfg\?.by I:l No activity M MBSFN subframe
Pat Receiverc?ntml ¢ coordination
v
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Sub-Frame Utilization for Access and Backhaul Llte

s [ VTV T e VT VT VTN e
RN |||i|i|v|i|i|i|i|v|||
UE2 !_ll | | M | | | IMIl_\
—— Radiolink MBSFN sub-frame

Time-orthogonal “access sub-frames” and “backhaul sub-
frames”

Network-wide uniform configuration of backhaul sub-
frames

— Fixed number of backhaul sub-frames every frame

— Reserved exclusively for backhaul traffic

— When there are no RNs in a cell, these sub-frames are used for access
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Channel and Antenna Models for In-Band Backhaul [@_u

Backhaul link model is based on relay site planning
— Optimized (5 dB path loss bonus) or non-optimized (0 dB bonus) relay-
site planning
Two antenna models for backhaul
— Based on single (omni) or two (omni/directional) antenna sets at relay

Combinations present different models for backhaul link
— Non-optimized relay-site + omni antenna (Backhaul A)

— Optimized relay-site + omni antenna (Backhaul B)

— Non-optimized relay-site + directional antenna (Backhaul C)

— Optimized relay-site + directional antenna (Backhaul D)

— Allow for different cost models

The shadowing standard deviation is different for
eNodeB-UE, eNodeB-RN (backhaul), and RN-UE links

Globecom 2009
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Interference Model

=]

—» Desired links during “access” sub-frames

_______ » Interference links during “access” sub-frames

—— Desired links during “backhaul” sub-frames

_______ » Interference links during “backhaul” sub-frames
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Macro-cells and relay-
cells reuse access sub-
frames causing mutual
interference

— Interference at UEs from other
eNodeBs and RNs

— No interference from RNs with

backhaul bottlenecks
Backhaul sub-frames are
used exclusively for
backhaul unless there are
no relays in cell

— Interference at RNs (and
UEs) from eNodeBs only (not
RNSs)
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Simulation Setup Ite
 Two-ring, 19-macro-cell, 3-sectored site hexagonal grid system layout

« DS Case 1 and DS Case 3

« 57 or 228 relays randomly dropped with uniform spatial prob. density

* 1425 UEs randomly dropped with uniform spatial prob. density

» ldeal out-of-band (OOB) backhaul with unlimited capacity and four in-band
(IB) backhaul models are considered

1, 2, 4, or 6 backhaul sub-frames per frame (SFpF)
— Increase in the available backhaul capacity at the expense of macro-cell
capacity
« Constraint implemented to ensure that relay-cell throughput does not
exceed the corresponding backhaul throughput

« Aggregate sector throughput is sum of macro-cell and relay-cell
throughputs

« Backhaul link quality can be evaluated via SINR, spectral utilization (mod.
order x code rate x rank x fraction of sub-carriers allocated to link) and
average throughput of active backhaul links
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Simulation Results for DS Case 1 Ite

0.9F ——— - - e Y Ve

I
|

‘ S

Average macro- Average th - Average 08F----- ‘T ————— S e : ———————
Backhaul | cell throughput Average relay aggregate S percentile UE throughput of ! : !

S . ackhau throughput per throughput . o7b_ v _Soghy [
cenario del with per sector throughput per active backhaul - | / |
fmoce’ wi (Mbps) sector (Mbps) | (o ior (Mbps) (kbps) links (kbps) - ! / !

relays P P P % 06f----- o [ ___ e
N=57 |N=228 [ N=57 |N:228 N=57 |N=228 | N=57 |N:228 N=57 |[N=228] ¢ | |

R S % 05F----- ‘r ***** i D -

[No relays N/A 31.026 N/A ( 31.026 223.57 N/A S o4l __1____ ST Backhaul A, N=57
2o

/! — - Backhaul A, N=228 ||

OB Ideal  |30.874]29.920|14.950 | 57603 | 45.823 [ 85.523 | 23 =il / / 03f----- Lo Backhaul B, N=57 1
[Beckhau ca 874 29. 950 | 54 5. 5.5 73531577 ~a | wa CEEE e Negs
— /] ! Backhaul C, N=57

02 ----- Yottt B
[Backhaul A |29.832129.733] 0.900 | 2. 30.732\ 32.030 ] 159.32 | 33.89 |1230.68| 816.68 ’ — — Backhaul C, N=228
01pF-----L1_/L e Backhaul D, N=57 1
. | — - Backhaul D, N=228
L

7
|Relays
with 1[Backhaul B |29.796 | 29.657| 1.146 | 2f738 |30.942 ||32.396 | 179.73 | 55.83 [1571.59| 973.83

|
IB 0 = 1 T T
backhaul [Backhaul C |29.793 [ 29.652] 1.241 2%47 31.035 [32.499 | 185.43 | 67.01 [1705.99[1012.73 N 0 ° X (6B) 1 2 %
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IRelays ) |
. 4
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backhaul [Backhaul C |20.804 | 13.546 | 6.571 |15.946 |27.374 [29.492 [ 112.75 | 119.27 [9970.40]6097.26 T I Backhaul D, N=57 |
SFpF I I I I I —— — Backhaul D, N=228
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X (bits)

CDF of Spectral Utilization
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Simulation Results for DS Case 3

i 7
09 - - - - ‘ IR
| |
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[Backhaul 02l - -~ Backhaul C, N=57 |
— - Backhaul C, N=228
fetays  [Pockbasl A 29.545]28.858 [ 0.881 [ 2.053 [30.426|30p11 [185.90[131.70 [1375.65] 894.90 o1 Buckiaul 0. Nos? |
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Observations on DL System Performance (1) I.@u

« Large gains in sector throughput and 5t percentile throughput are
realized with OOB backhaul, particularly with a large number of RNs

— ~176% in DS Case 1 and ~150% in DS Case 3 with 228 RNs

* Generally, performance with IB backhaul is in the order Backhaul D >
Backhaul C > Backhaul B > Backhaul A

— Non-optimized relay-site planning with directional antenna is superior to
optimized relay-site planning and omnidirectional antenna

« Performance with even the best IB backhaul model (Backhaul D) is
greatly inferior to OOB backhaul

— Backhaul link is the bottleneck that limits throughput gains in relay cells
— Large backhaul capacity is required to meet relay-cell capacity requirements
— Backhaul capacity comes at the expense of donor macro-cell capacity
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Observations on DL System Performance (2)

 Moderate sector throughput performance gains (peak gain of ~15%
with 228 RNs) are observed in DS Case 3

— Gains realized because backhaul-constrained relay throughput in sector
outweighs loss of donor macro-cell throughput due to backhaul allocation

— Higher interference in DS Case 1 on backhaul and access links leads to poorer
performance and only small gains (peak gain of ~5% with 228 RNs)

* Drop in 5" percentile throughput experienced in DS Case 1
— Due to increased macro-cell-edge interference and backhaul limitation

— Some gains are observed in DS Case 3 when adequate capacity is available to
macro-cell UEs

 Number of backhaul SFpF required for peak sector throughput
performance may be different than that required for peak 5t
percentile throughput performance

— Increasing backhaul capacity may improve sector throughput but reduces
capacity available to donor-macro-cell UEs, including edge UEs
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N

Challenge: Improvement of Backhaul Link Quality Ite

« [tis important to have good in-band backhaul link quality to realize
meaningful performance benefits of relays

— Poor backhaul links become bottlenecks

— Backhaul link SE should be at least 5 bps/Hz for good relay performance
 Relays are most beneficial in locations with poor link quality

— Backhaul link quality is also likely to be poor
 Poor cell-edge performance with smaller cells

— SINR degradation at cell edges

 Performance with out-of-band backhaul is good under “ideal”
conditions
— Same challenges as for in-band backhaul
— Additional spectrum is required
 Need techniques to improve backhaul link and cell-edge performance
— Directional antennas alone are not sufficient
— Interference coordination and mitigation techniques are desirable
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Overview of 802.16m
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802.16m Physical Channels Ite

PRU
Physical Resource Units

A-BS
SFH (Advanced Base
Super-Frame Header Station)

A-Preamble
Advanced Preamble

A-MAP
Advanced MAP

Fast feedback channel
Primary
Secondary
HARQ feedback channel
Sounding Channel
Ranging Channel

A-BS Bandwidth Request Channel
(Advanced Mobile Analog Feedback Channel
Station)
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The Benefits of IEEE 802.16m

Low-cost evolution from 802.16e emphasizing
backwards compatibility
— Necessary and achievable goal having minimal
impact on the system performance

* Over 90% of the time-frequency resources
available for advanced design

— May be disabled for “green field” deployments
Improved spectral efficiency
(at least 50% improvement over 16e)

— Improved multi-antenna technologies

* New pilot structures and permutations allow
for more efficient implementation

— Link adaptation enhancements for improved
MCS selection

— Incremental redundancy optimized for
frequency selective operation

— Interference coordination for improved SNR
Improved control channel performance

— Allows improved cell-edge coverage and
extended range

— Overhead reduced with respect to legacy 16e
constructs

— VolIP capacity improvement

Improved latency
— HARAQ retransmission with 5 ms
Optimized handover
— Reduced interruption times
— Improved reliability
More efficient paging
— Hierarchical paging to reduced paging load
— Cascaded paging to maintain low-latency
Increased operational bandwidths

— Hybrid multi-carrier operation allows backwards
compatibility with 16e technology while
providing efficient IMT-Advanced performance

Native femto cell support
— New pre-ambles that identify femto cells
Security/Enhanced privacy
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802.16m Frame Structure & Bandwidths ite

Supports same OFDM Superframe: 20ms(;4Dframes, 32 subframe(s) — :
parameter as WIMAX R1.0

— 1/8 Tu prefix as in 16e \
Switching points for DL:ULZS?’J\ N

OFDM multiple access o
scheme for both DL and UL -~ —

« 20 ms Super-Frame Structure - p \
Groups four 16e frames to Subframe length = SfuIIOED‘I\/lAs;mbols 0.514 ms // Subﬁ'amele ngth = 6fullOFDMAsym1)ols 0.617 ms

form a super-frame CEEEE PO

System acq u |S|t|0n subframe CP=1/8T, subﬁ'ame
(o) p po rtu N iti es eve ry Su pe r- Frame structure with Type-1 and Type-3 subframes in TDD mode for 5, 10, and 20 MHz channel bandwidths (CP=1/8 T})
frame

* 0.617 ms Sub-Frame Structure
8 sub-frames per 16e frame
_ LTE-I i ke Stl"u Ctu re Type-1 subframe consists of six OFDMA symbols
G rou ping Of 6 O F D MA Type-2 subframe consists of seven OFDMA symbols

Sym bOIS Type-3 subframe consists of five OFDMA symbols

i P RU (1 8 Su bca rrierS) based Type-4 subframe consists of nine OFDMA symbols
resource blocks

A
v

FO F1 F2 F3 |

| SFO(6) | SF1(6) | SF2(6) | SF3(6) SF4(5) H SF5(6) | SF6(6) | SF7(6) E
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IEEE 802.16e Frame
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IEEE 802.16m Frame
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IEEE 802.16m Frame with SFH (like DCD)
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Mixed Mode (one 16m subframe)
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Mixed Mode (two 16m subframes)

AMAP AMAP

o | a

© | ©

EE q
o 4 | 4 0
-gDD =

s | © :
S o | o q
g o | 8 3
ol o | o 4

[ T D

s | a

E | E

o | o

O | 0O

.~ FBCH |
Uplink Interval

Downlink Interval

» <

v

&
«

Globecom 2009 WirelessMAN Frame (5 ms)

v

MOTOROLA and the Stylized4#-ogeareregisteredHmthe-3S-Patent-&Frademark-Office-
All other product or service names are the property of their respective owners. © Motorola, Inc. 2007.



Mixed Mode (three 16m subframes)
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Mixed Mode (four 16m subframes)
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Super-Frame Structure Lte
Co-existence in adjacent cells (and/or carriers)

A
N
I
o
-—
v
WirelessMAN Frame (5 ms) WirelessMAN Fral WirelessMAN Fral WirelessMAN Frame (5 ms)
dl » d |-
- L | >
Advanced Air Interface Super Frame (20 ms)
: :
A EEERCCEECTE m IR N
N — — = =
v = = = =1 = = =s=— = = —n—
Advanced Air Interface Frame (5 ms) Advanced Air Interface Frame (5 ms) Advanced Air Interface Frame (5 ms)
d » dl h d » dl | -
- L | L L | »

 ldentical uplink and interval desirable for co-existence
— No base to mobile interference

« Common numerology enables seamless co-existence
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Multicarrier Coexistence Ite
20 MHz 16m Frame with 10 MHz 16e Frame

Advanced Air Interface Super-Frame (20 ms)

20 MHz Bandwidth

10 MHz

v v

« Similar to LTE-Advanced IEEE 802.16m supports

Multicarrier
— Competition between 16m and LTE may force 20 MHz carriers

— Maximum 16e bandwidth of 10 MHz requires creative solutions
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802.16m vs. LTE Rel-8

Features

LTE Rel-8

802.16m

Multiple Access Scheme

DL: OFDMA, UL: SC-OFDMA

DL:OFDMA, UL: OFDMA

configurations. 16m & LTE Rel
10 provide this gain

. . z sub-carrier spacing, 14
DL MU-MIMO provide am1zsubx7symb
gain for 4 Tx x 2 Rx -

0.617ms subframes, 11 KHz sub-carrier spacing, 6
sym/subframes, PRU: 18subx6symb

FDM, common and deMed pilots

FDM/TDM hierarchj€al structure, Per user dedicated
control ¢ |

DL MIMO Schemes

Open loop and Closed Loop Spatial
MIMO, RS based Beamf

-

Number of codewords, CQl
and A/N for DL

2 codewords, per strea(

Difference in sub-frame-and
symbol timing complicate co-
existence and preclude

Cell Search
SCH

Two step cell search proc

concurrent operation between dure using PA-Preamble and
LTE and .16e uence length and type different

DL Sub-channelization

Lo

Backward Compatibility\’\

Similar PHY layer features sets for LTE Rel-8 and 802.16m
provide similar performance for 2 Tx x 2 Rx system configurations

d, Additional FFR zone

berames,
roTrT multiplexing of WiMAX and 802.16m
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)

Comparable DL MIMO Modes in LTE R8 and 802.16m |lte

MIMO Technology IEEE 802.16m LTE R8

No Explicit SISO / SIMO Mode

SISO/ SIMO [Minimum number of BS TX antennas is 2]

TX Mode 1

MIMO Mode 0 [ SFBC w/ RP ]

Open Loop TX Diversity MIMO Mode 5 [ CDR]

TX Mode 2 [ SFBC w/ FSTD ]

Open Loop SU-MIMO MIMO Mode 1 [Rank 1 & SM w/ RP ] TX Mode 3 [ SM w/large delay CDD]

Closed-Loop SU-MIMO
[Codebook-based]

MIMO Mode 2 [ Rank 1 & SM w/AP ] TXMode 4,6 [Rank 1and SM]

TX Mode 7 [ UE Specific BF

Closed-Loop SUMIMO | 16 Mode 2 [ Rank 1& sMwiAP ] (Rank 1 only) ]

[UL Sounding-based]

MIMO Mode 4 [ codebook & sounding-

Closed-Loop MU-MIMO TX Mode 5 [ codebook-based only ]

based ]
Open-Loop MU-MIMO MIMO Mode 3 [ Fixed precoding ] No equivalent version
SFBC = Space-Frequency Block Coding AP = Adaptive Precoding CDR = Conjugate Data Repetition
SM = Spatial Multiplexing (Rank>1) RP = Random (non-adaptive) Precoding FSTD = Frequency Shift Transmit Diversity
CDD = Cyclic Delay Diversity BF = Beamforming
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Wireless Broadband Performance
Comparison
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Parameter

Spectrum usage (MHz)

Access Technology

WIiMAX
(1x3x1)

10 -ﬂ-« 3x10 10 3x10 10 3x10
' DD TDD DD DD TDD

WIiMAX
(1x3x3)

802.16m
(1x3x1)

802.16m
(1x3x3)

LTE (Rel-8)
(1x3x1)

LTE (Rel-8)
(1x3x3)

LTE-A (Rel-10) LTE-A (Rel-10)

(1x3x1) (1x3x3)

Performance is similar

Antenna DL
Configuration (Tx/Rx) uL

making it comparable to
1%2 )(2\ 1%2 1%2 \!\ 1%2

DL Peak Rate (Mbps)
(Sustained)

LTE Rel 8 for a 2x2
N
\44 44 41.8 4 41.8 41.8
/

DL Sector Throughput (Mbps)
DL 5% Throughput (Mbps)

DL SE (bps/Hz/Sector)
DL 5% SE (bps/Hz/Sector)

-—
o
w
[
[
©
(3]
|'N

IEEE 802.16m will boost s0DLULl  conf-1 Conf-1 Conf-1 Conf.1
WiIMAX performance
configuration // with a 2x2 configuration
guration__—~ for LTE and LTE-A
2x2 2x2 2x2
: X_/' 202 N 9.5 20.2
A 0597

1.18
0.034

UL Peak Rate (Mbps)
(Sustained)

26 | 14.6 14.6 | 29.2 29.2

IEEE 802.16m 1x3x1 will be 50% more spectrally efficient than 1x3x3 (similar to LTE)
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UL Sector Throughput

1.5 3.3 3 4.3 3 4.3
(Mbps)
UL Spectral Efficiency

0.39 0.29 0.76 0.41 0.76 0.41
(bps/Hz/Sector)
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Summary Ite

« Both LTE and WIMAX has an evolution path
— LTE Rel-8, Rel-9 and Rel-10
— WIMAX 1.x, 802.16m, 802.16m+

e 802.16m features similar to LTE Rel-8

 LTE Rel-8 UL and DL generally meets the IMT-A
requirements

— Except for 2 DL scenarios

— Un-coordinated MU-MIMO required to meet the DL IMT-A
targets

— 802.16m also meets IMT-A requirements
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