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EUTRA Uplink Requirements

« Spectral Efficiency (bits/sec/Hz/site) of Uplink 2-3 times Release-6
HSUPA with Rx Diversity

« EUTRA uplink should support scalable bandwidth

Bandwidth Mode B (MHz) 1.25 | 2.5 | 5.0 | 10.0 | 15.0 | 20.0
Target UL Peak Link Rate (Mbps) | 3.125 | 6.25 | 125 | 25 | 37.5 | 50

 Reference Case: Peak Uplink Data Rate assuming 1 Tx and 2 Rx

antenna and 16 QAM modulation
Support of 2TX antennas at the MS will be investigated as a part of Sl

 Presentation focuses on options and observations on Uplink for
EUTRA
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Desirable Uplink Characteristics

* Moderate peak-to-average power ratio (PAPR) or cubic metric (CM)
— Impact System performance and UE implementation / performance

 Orthogonal uplink transmission
— minimizes intra-cell interference - maximize capacity

* Minimize inter-cell interference by interference control

* Flexibility - support a wide range of data rates, and enable data rate to be
traded for Eb/No

Support for adaptive modulation and HARQ

« Exploit frequency diversity of wideband channel for low data rate users
«  Support for frequency-selective scheduling

«  Support for advanced multiple antenna techniques

Possible Options

* Frequency-domain oriented transmission techniques satisfy most of the
criteria
—  Multi-carrier modulations such as OFDM
— Hybrid of single-carrier and multi-carrier - IFDMA
— DFT S-OFDM

@ MOTOROLA 3



R1-050245, TSG RAN1#40bis, Beijing, China, 4-8 April 2005

OFDM

m bits T
A it to o.n
” Constellatio x(0.n) o) > >

Mapping

o g

its St
A it to 1.n
Constellatio x(1.n) A N-point
Mapping S - Add cyclic Parallel to
\¥ mbol to
y IFFT Serial
converter | ___,

nme

Incoming Bit

Stream Serial to
—» Parallel /
Converter Subcarrier prefix

Mapping

,_\
—1—1

mMAb its

Bit to M-1

7 X

l ) Constell'ationuz -1 — SN
\S Mapping

« Orthogonality between symbols in delay-
spread channels SINR
— No noise enhancement A
Inst. SINR
- Exploit frequency diversity by appropriate
interleaving and channel coding across sub- MCS 2

carriers Avg. SINR
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* Full access to the “time-frequency grid” MCS 1

— Readily applicable to frequency-selective
scheduling

— Frequency selective transmission techniques MCS 0

can also be utilized ‘ >
Frequency

@ MOTOROLA 4




R1-050245, TSG RAN1#40bis, Beijing, China, 4-8 April 2005

IFDMA
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 IFDMA - cyclic-prefix (CP) single carrier with modulation
special block repetition to create a “comb”
spectrum, which is interleaved with other

users NuII sub Carrlers User sub-ca ners
* A hybrid of single carrier and OFDM MMO o OM/\)\ _
concepts —

— Same PAPR or CM as single carrier
— Requires CP and non-zero signal spectrum on certain “sub-carriers” as in OFDM

« Orthogonal uplink as each user is assigned set of sub-carriers orthogonal to
other users

- IFDMA repetition factors plus optional DS-spreading exploits frequency diversity
and support of lower data rates

* Receiver is based on FDE e.g. MMSE type
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DFT Spread-OFDM
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* DFT spreading of data symbols in frequency-domain

* Preferred sub-carrier mapping to reduce PAPR/CM

— Equally spaced sub-carriers

* Provides frequency diversity

* Transmit signal similar to IFDMA (comb-like structure in the frequency domain)
— Adjacent group of sub-carriers

* Supports frequency-specific scheduling

+ Transmit signal similar to narrowband single-carrier

« Optional repetition provides processing gain for users in bad conditions
« MMSE equalization to restore code orthogonality
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PAPR/CM Comparison
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— OFDM > DFT-S-OFDM > IFDMA
— IFDMA'’s lower PAPR/CM improves PA efficiency and current drain
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« OFDM, DFT-S-OFDM allow for same clock/sampling rates as downlink

OFDM

— May be a minor benefit in some architectures
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Example Uplink Transmit Chain and Control Signaling

D ata Block

Uplink Physical Channels
— Shared Channel (e.g. data, L3 messages)

— Contention channel (e.g. RACH, UL sync channel) i
— Control channels (e.g. L1/L2 control, Pilot etc.) _

* Uplink Transmit Chain L
— R=1/3 Turbo coder in UTRA but EUTRA may use
lower rate coder e.g. 1/5 or 1/8 (better cell edge) Channel Coder
— LDPC code under study ‘
— BPSK/QPSK/16-QAM/[64QAM] modulation L
— HARQ using 1-stage rate matching ARG IR ate
* Make re-transmissions orthogonal to each other M atching
« Uplink Signaling Structure should support L
— Downlink/Uplink scheduling o
— HARQ feedback for downlink transmissions WEBE R, 8O FE 0
* Uplink Signaling should have 98% Area Coverage L
Reliability (ACR)
« Supported MAS mode for UL (Example) Pulee 8 heplie
— Spatial Division Multiple Access (SDMA)
* 1Transmitter and up to ‘n’ Receive Antennas/sector L
- MIMO
* e.g.2x2, 2x4
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Uplink Numerology

Scalable Bandwidth
— Support 1.25, 2.5, 5, 10, 15, and 20 MHz
— Similar design options as downlink
— Prefer same sub-carrier spacing and symbol duration for all bandwidth modes
— Scale number of sub-carriers and sample rate

* Longer Guard interval than the downlink to take in to account the relative
timing error between uplink transmissions of different users

— Timing advance estimation error at the Node-B
— For symmetry, same guard interval may be preferable

 Design Goals for EUTRA Uplink
— Occupied bandwidth ~ 90%
— Inter sub-carrier separation ~ 8-35 kHz (FFS)
— Try to maintain similar numerology as Downlink OFDM

* For the same occupied BW, OFDM/DFT-S-OFDM and IFDMA have different number of sub-carriers
and different sub-carrier spacing

« Contention and control sub-frames may be Time Division Multiplexed with
data frames
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Proposed Radio Frame Structure: UPLINK

Radio Frame Constructed from t ms Sub-frames

-y

L
\

Radio Frame n-1 Radio Frame n Radio Frame n+1

‘ Radio Frame (10 ms)

 Radio frames = composed of x sub-frames of f ms duration each
 Consider using both short and long frames

— Short frames consist of 1 sub-frame

— Long frames consist of multiple sub-frames
« Short or long frames optimized according to QoS

— Short frame for lowest latency, small packets, or fast AMC/FS/MIMO (med speed)

— Long frame for large packets, lower control overhead, fast AMC/FS/MIMO (low speed),
avoids fragmentation, edge of cell operation

— Selection of short and long frames based on QoS
 UL/DL Frame size for TDD operation should be easily supported
« HD FDD can easily be supported
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Uplink Summary

CM/PAPR

— IFDMA, DFT-S-OFDM: QPSK has similar CM/PAPR as Release 5 UTRA
*  16QAM: typically need ~ 0.75dB increase relative to QPSK
*  64QAM: typically need ~ 1.25dB of headroom relative to QPSK
* Note: PAs built for Release 5 UTRA have enough linear headroom to allow for 1dB CM

— OFDM: needs 2.5dB increase (for all modulations) as Release 5 UTRA.

Multiple Access Scheme should support Scalable Bandwidth

Maintain 10 ms radio frame
— Consider using both short and long frames
— Try to maintain similar structure as downlink
— Same base-band processing for FDD and TDD operation

Observations on EUTRA way forward

— LTE Sl work plan calls for selection of MA configuration by RAN#30 (Nov. 2005)

— IFDMA, DFT-S-OFDM and OFDM are potential candidates for UL Multiple Access
IFDMA has lowest PAPR/CM, lowest UE transmitter complexity etc.

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