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Options for EUTRA Downlink Multiple Access

Key EUTRA Requirements
— Basic EUTRA performance requirements emerging
— Bandwidth-scalable, high performance wideband operation
— Efficient support for multi-antenna operation with low UE complexity
— Scope for long-term evolution of UTRA

« Options for EUTRA Downlink (DL) Multiple Access Design

1. Variable Chip-Rate CDMA

» Supporting 3.84, 7.68, 15.36 Mcps etc. Smaller rates required for 1.25MHz support.
2. Multi-Carrier CDMA

« Variable chip rate operating below 3.84Mcps; multi-carrier combination for high rates.

— Orthogonal Frequency Division Modulation Multiple Access (OFDM-MA)
Scalable OFDM sample rate

e Observations

— Long-term evolutionary goal suggests OFDM-MA is a potential approach provided
a) Evolution of UTRA DS-CDMA is not neglected in the short- to medium-term, and
b) RAN fully explores OFDM-MA EUTRA performance against LTE requirements

* Presentation focuses on options and observations on OFDM-MA for EUTRA

@ MOTOROLA



R1-050246, TSG RAN1#40bis, Beijing, China, 4-8 April 2005

OFDM-MA Key Attributes

 Frequency-selective adaptive modulation Inst. SINR
and coding (AMC) and scheduling

— Not readily supported with direct sequence MCS 2

multiple access Avg. SINR
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« Scalable bandwidth mode support MCS 1

— Including large-scale mode changes and
‘fine-grained’ support for 2G spectrum re-

mining optimization MCS 0

Freqtiency

- Low-complexity UE receiver design Freq. Selective Scheduling and AMC

— While still supporting future receiver =~ [EEcsiEccEesEeEEasscEe=c
performance evolution
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« Sustainable BS transmitter efficiency
— Peak-average ratio similar to HSDPA in DL
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* Potential for improved broadcast mode
performance

— Using synchronous or quasi-synchronous TooooooIoooatIooo
network operation
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Exemplary HSDPA vs. OFDM PAR

@ MOTOROLA 3



R1-050246, TSG RAN1#40bis, Beijing, China, 4-8 April 2005

OFDM DL Waveform Requirements
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 Basic OFDM DL Waveform Requirements

— Simple OFDM waveform construction
+ Classical approach to OFDM waveform (inc. cyclic prefix) construction
— Simplifies UE receiver and BS PA out-of-band emission control
« Low complexity baseline receiver, including simple extension to MIMO
» Direct evolution to future advanced receiver performance evolution

* Design goal:
— Occupied bandwidth ~90%
— Inter sub-carrier separation ~8-35kHz (FFS)
» Consistent with target Doppler frequency range and BS/UE impairments

— Regular scaling in time and frequency domains

» Integer sample cyclic prefix and guard sub-carrier allocations desirable but not
essential when required to support flexible bandwidth modes
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OFDM-MA Support for Flexible Bandwidth Modes

 Options for Flexible Bandwidth Support

— Option 1: Constant FFT Length

* Low complexity but potentially wide-variation in sub-carrier separation as
bandwidth mode varies

— Option 2: Constant Symbol Duration

» Constant cyclic prefix duration vs. bandwidth mode

» Variable OFDM sample rate — FFT core must handle multiple (but
scalable) FFT lengths

» Simplifies time domain multiplex and L2 designs

* Observations
— Constant OFDM symbol duration appears preferable
— Possible range of choices of numerology to support BW scaling:

BW Mode (MHz) 20 15 10 5 2.5 1.25

FFT Size 1024-2048 768-2048 512-1024 256-512 128-256 64-128
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Frame Multiplexing for OFDM-MA in EUTRA

Radio Frame (10ms) _
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 Radio Frame Structure
— Retain 10ms core radio frame structure from UTRA
* N, sub-frames per radio frame
— Maintain concept of frames constructed from integer number of sub-frames
» Sub-frames comprise variable integer number P of OFDM symbol intervals
» Sub-frame duration in region of UTRA timeslot —i.e. ~[0.5,0.67]ms duration (FFS)

« CP duration variable between sub-frames according to sub-frame mapping to
unicast/multicast physical channel

— Common control channels time-division multiplexed into sub-frame

sequence
« Examples: broadcast channel, paging channel, synchronisation channel
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Frame Support for Shared Channel Allocation

Common Pilot Channel
1 or more symbols

F rame Including multi-antenna support
e oo . \ e 0o o
»
Ts
DL Shared Control Channel DL Shared Channel

Shared resource allocation indication,

olus H-ARQ parameters efo. Dedicated Pilot Channel

Including multi-antenna support '\. R

 Shared Control Symbols
— Variable-length control symbol allocation — minimum 1 symbol
— Indicates shared resource dimensions, H-ARQ parameters etc.
* Pilot Symbols

— Regularly-spaced common pilot symbols

» Support for wideband multi-antenna channel estimation
— Could be extended to support distributed common pilot symbols

— Configurable embedded dedicated pilots symbols
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Frame Dimensioning
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Frame Dimensioning

— Permitting support or more than one frame size may provide opportunity for
optimal mapping of QoS traffic classes to frame types as bandwidth mode
changes — Examples:

— Short frames: constructed from single sub-frames
+ Efficient support for small packet transmissions with lowest latency requirements

— Long frames: constructed from multiple sub-frames
* Low latency with reduced control signalling overhead and minimum fragmentation (esp. low BW modes)
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Downlink Shared Resource Allocation

O common Pilot Symbol

O common Pilot Symbol
O Control Symbol

O Control Symbol

Frequency

Signalling Support for Shared Channel Resource Allocation

— Control symbols transport resource allocation signalling
— Support for frequency-diverse and frequency-specific shared resource

allocation
Frequency-diverse allocation optimal at high Doppler frequencies or where multi-

user scheduling opportunity limited
* Frequency-specific allocation optimal when sufficient time dispersion present

« Selective use of repetition and scrambling
— Radio resource interference management control via scheduling (intra-

cell) and collision control (inter-cell)

— - Frequency
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EUTRA Downlink Physical Channel Requirements

Physical and Logical Channel Structure for EUTRA
— May be possible to significantly simplify number and mappings of physical channels

Physical Indication Channels

— Synchronisation Channel — supports initial system synchronization and system
measurements

— Common and Dedicated Pilot Channels
— Examples: UL ACK Channel, CQl Channel, + other indication channels

Physical Common Control Channels
— Broadcast Channel — system information and configuration messaging

Physical Shared Channels

— Shared Control Channel

* |dentifies dynamically allocated resources, H-ARQ redundancy parameters
— Shared Data Channel

* Primary shared resource — supporting QPSK, 16-QAM, 64-QAM modulation
— Multicast Broadcast Channel

» Exploiting variable sub-frame CP duration
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System Deployment Observations

« Power Control
— Not anticipated that ‘fast’ power control would be required
‘Slow’ power control is anticipated

* Duplexing
— Support for TDD and UE-simplex FDD possible using radio frame, frame and sub-
frame structures identified previously

 System Access

— Time-domain multiplexing of Synchronisation Channel into radio frame may offer
best approach to rapid system access with flexible bandwidth modes for both
synchronous and asynchronous configurations

 Frequency Re-Use

— Support for flexible frequency re-use plans may be beneficial and should be further
investigated as part of interference control assessment, but unity frequency re-use
anticipated for specific deployment scenarios

 Downlink Macro-Diversity Support

— Inter-sector — fast cell selection or simulcasting potentially useful — should be fully
assessed

— Inter-site — hard handoff may offer simplest way forward for unicast traffic, with
simulcasting potentially applicable to the MBMS case
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Conclusions on EUTRA Multiple Access

« Conclusions
OFDM-MA appears to be best long-term DL MA choice for EUTRA LTE SI
+ Should be fully assessed against LTE requirements according to RAN LTE Work Plan

— Key OFDM-MA Opportunities:
* Frequency-scalable operation
* Low complexity MIMO deployments
» Full access to time-frequency radio resource scheduling
Fundamental considerations for EUTRA DL OFDM-MA basic design

+ OFDM symbol and sub-frame construction guidelines including support for variable bandwidth
operation — outline physical channel identification

* Frame construction including shared resource allocation plus pilot provisioning and shared resource
control signalling

* Observation on EUTRA Way Forward

LTE Sl work plan calls for selection of multiple access basic configuration by
RAN#30 (Nov. 2005) — aggressive schedule

Will require early identification of fundamental approaches to OFDM-MA to permit
final feasibility decision at RAN#30

Requires co-ordination with WG4 to ensure alignment of core assumptions
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