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Introduction

Four main topics
* Pilot Design for Distributed FDMA
 Performance comparison of Distributed and Localized FDMA

« Sub-channel definition and Repetition Factor options for DFT-
SOFDM

 Impact of Frequency offsets and Power differences on Distributed
FDMA (DFT-SOFDM)
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Pilot Design for Distributed FDMA
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Introduction

o Single-carrier based uplink (SC-FDMA) approaches preferred by
many participants in 3GPP EUTRA LTE

— Low PAPR, frequency domain orthogonality between users, and low-
complexity frequency domain equalization

« SC-FDMA Pilot Design in the TR

— TDM pilot to retain low PAPR
» Pilot orthogonal to data by not mixing data and pilots within the same block

— Uses a shorter duration block for the pilot blocks than for the data block
is included in TR to enable a finer granularity and potentially lower
overhead

 Potential issue: channel estimation with larger repetition factors and
distributed FDMA (D-FDMA)

— Larger sub-carrier spacing due to shortened block results in larger
spacing between pilot subcarriers than data subcarriers

— Pilot subcarriers positions may be offset from the occupied data
subcarriers

e Toresolvethese limitations

— Change the occupied subcarrier set from one pilot block to the next
within the sub-frame (staggered)
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Example
« Two half-length pilot blocks as in TR

1 sub-frame = 0.5 msec

v

<
<

CP LB#1 CP S#? CP LB #2 CP LB #3 CP LB #4 CP LB #5 CP S#Iz CP LB#6
Pilot Pilot

4 Distributed users with repetition fagtor of 4

A0 ARA A

Long Block

Do — Frequency
subcarrier

 Subcarriers assigned to a particular user are the same color
 Pilot subcarriers assigned to a user are shifted from one pilot block to the next
(staggered)

— Provides a higher sampling rate in the frequency domain compared to using the same
subcarrier allocations of all pilot blocks
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Performance Results — Slide 1 of 2

« System Parameters
— DFT-SOFDM parameters included in the EUTRA 3GPP Sl Technical Report (TR) — Table

9.1.1-2
Item Value/Description
Channel Bandwidth 5 MHz
Number of sub-carriers 300
Sub-carrier spacing 15 kHz
Cyclic prefix length 4.04 ps
Baud/Symbol duration 66.67 us
FFT size 512
Modulation QPSK

R =%, Turbo (r=1/3 8-state
constituent convolutional)

Coding Max-log-MAP kernel, 3GPP1
interleaver
Channel PedB, GSM TU
Number of Rx 2
Antennas

« Two half-length pilot blocks
 Distributed user with repetition factor of 12, 20
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Performance Results — Slide 2 of 2

 No staggered pilots — same pilot subcarriers assigned to a user on different

short pilot symbols

QPSK, GSMTU, r=1/2 Turbo, RPF=12

QPSK, GSMTU, r=1/2 Turbo, RPF=20
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« Significant improvement in link performance is obtained with pilot hopping

(staggering)

 Poor performance (Error floor) with no pilot staggering due to insufficient

sampling of the channel in frequency domain
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Performance comparison of Distributed and
Localized FDMA
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Distributed vs. Localized FDMA - Ideal channel

 Localized FDMA has limitations (esp. lack of frequency diversity)
« 5 MHz, Ideal channel knowledge, TU channel, QPSK, r=1/2 Turbo
o Effective repetition factor, RPF =1, 2, 4, 5, 10, 20

) Distributed ) Localized
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TU-30km/hr, L=20
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e Distributed FDMA out performs localized FDMA with ideal channel
knowledge due to larger frequency diversity
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Distributed vs. Localized FDMA — Non-ldeal channel estimation

e 5 MHz, TU channel, QPSK, r=1/2 Turbo, RPF =2, 3, 4,5, 6, 12, 20
o Staggered pilot assignment for Distributed FDMA
 Localized Equivalent BW = 5/RPF MHz

4 QPSK, GSMTU, r=1/2 Turbo, Distributed FDMA 1 QPSK, GSMTU, r=1/2 Turbo, Localized FDMA
10 = N v S e s S 5 10 T > N& ‘ ‘ ‘ e ]
i ’ ' 1| —e—RPF=2 P} A ——RPF=2 |
S N RPF=3 RPF=3 |
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CIN (dB) C/N (dB)
* Distributed FDMA performance gain @ .1%FER
RPF 2 3 4 5 6 12 20
Gain dB) | 1.2 1.0 1.6 2.1 2.3 3.2 3.3
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Summary

o Staggered Pilots for distributed FDMA (D-FDMA)

— Significant improvement in link performance due to higher sampling rate
of the channel in the frequency domain

« Better Performance of Distributed FDMA with staggered pilots
compared to Localized FDMA for RPF in the range of interest (<= 20)
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Sub-channel definition and Repetition Factor
options for DFT-SOFDM

@ MOTOROLA 13



3GPP TSG RAN WGL1 #42 bis, San Diego, USA, Oct 10 — Oct 14, 2005 R1-051033

Sub-channel choices for DFT-SOFDM

« The # of occupied subcarriers for the DFT-SOFDM Numerology
included in the TR is a multiple of prime numbers 2, 3, and 5
(3 and 5 for 1.25MHz)

 Desirable for efficient FFT design for DFT-SOFDM to support a small
number of radixes

— A mixed radix FFT design with support for radix-2, radix-3, and radix-5 is
adequate and preferred

o Options for minimum sub-channel size should
— Scale across the various Bandwidth modes
— Support efficient FFT design
« This reduces the possible options for minimum sub-channel size to
either 15 or 25 subcarriers
« Sub-channels can be concatenated and assigned to a user

— # of sub-channels concatenated restricted to be multiple of 2, 3, 5 for
efficient FFT design

 Subcarriers forming a sub-channel can be adjacent or distributed

@ MOTOROLA 14



3GPP TSG RAN WG1 #42 bis, San Diego, USA, Oct 10 — Oct 14, 2005 R1-051033

Hybrid Configuration — combination of localized and distributed

Hybrid combination of
localized & distributed can
be supported when both
assignments are desired in
a single frame

— Alocalized user is
“distributed” within his
localized allocation (e.g.

coloel

-5 Wideband user A is
“distributed” over
RPF =2,3)
Distributed

whannel BW
— Wideband users are User A

interlaced with the T;;T::T::T:N:ﬁ:ﬁ:ﬁz:THTHT"T -

narrowband user 01234 ...

— This provides the channel
estimation benefits of
localized allocation
together with the improved
frequency diversity of
distributed allocation

el ok dedes

— Distributed - User A
—> Localized User B

Subcarrier index
(Frequency)

Localized user B is
“distributed” within
his localized
allocation

Localized
User B
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Repetition Factor choices for distributed/hybrid configurations

 Repetition factor (RPF) = spacing between uniform-spaced
distributed subcarrier allocation

« Distributed allocation can encompass the entire BW or be localized
to a portion of the BW (Hybrid configuration)

 For distributed/nybrid FDMA, desirable repetition factors should
— Support a sufficiently large set of repetition factors

— Provide adequate channel estimation quality using the half-length pilots
structure

 Preferred repetition factors thus include multiples of 2 or 3

« Channel estimation performance via half-length pilots to limit the
maximum repetition factor

« Maximum repetition factor expected to be less than or equal to 16

 For the hybrid configuration, subcarriers forming a sub-channel are
distributed with repetition factor of either 2 or 3 (preferred)
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Example for 5SMHz (1 of 2)

« Localized
— Subchannels are 15 or 25 adjacent subcarriers
— Subchannels may be concatenated
12,4, 2, or 1 subchannels for a total of {300, 100, 50, 25} subcarriers
12, 6, 3, or 1 subchannels for a total of {300, 150, 75, 25} subcarriers
» 20, 10, 5, or 1 subchannels for a total of {300, 150, 75, 15} subcarriers
— The DFT would have factors of 2, 3, and 5

 Distributed
« RPFofl, 2,4, or12 for a total of {300, 100, 50, 25} subcarriers
« RPFof1l, 3,6, or12 for a total of {300, 150, 75, 25} subcarriers
« RPFof1,5, 10, or 20 for a total of {300, 150, 75, 15} subcarriers

e Hybrid
— Subcarriers forming a sub-channel are distributed with repetition factor

of either 2 or 3

 RPF=2 provides better peak data rate while RPF=3 provides better localize and
distributed spit (1/3 or 2/3) and possible interference mitigation benefit

— Subchannels are 15 or 25 subcarriers, but subcarriers are distributed by a
factor of 2 or 3 (not-contiguous)
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Example for 5SMHz (2 of 2)

 Hybrid configuration with subcarriers forming a sub-channel
distributed with repetition factor of 2
— OPTION 1

» Distributed RPF of 2, 4, 12 for a total of {150, 75, 25} occupied subcarriers

e Localized 6, 3, or 1 subchannels for a total of {150, 75, 25} occupied subcarriers
spanning {300, 150, 50} subcarriers

— OPTION 2

» Distributed RPF of 2, 6, 12 for a total of {150, 50, 25} subcatrriers

» Localized 6, 2, or 1 subchannels for a total of {150, 50, 25} occupied subcarriers
spanning {300, 100, 50} subcarriers

— OPTION 3
» Distributed RPF of 2, 10, 20 for a total of {150, 30, 15} occupied subcarriers
» Localized 10, 2, or 1 subchannels for a total of {150, 30, 15} occupied subcarriers
spanning {300, 60, 30} subcarriers
 Hybrid configuration with subcarriers forming a sub-channel
distributed with repetition factor of 3

— Localized 4, 2, or 1 subchannels for a total of {100, 50, 25} occupied
subcarriers spanning {300, 150, 75} subcarriers

— Distributed RPF of 3, 6, 12 for a total of {100, 50, 25} occupied subcarriers
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Distributed FDMA: Tolerance to Frequency offsets
and Power differences
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Distributed FDMA — Tolerance to Frequency Offsets

e 2 users, each using every other
subcarrier, same avg. Rx
power/subcarrier (RPF=2)  ——  ~ ~ ~ ~

* GSMTU channel, C/l =1dB SR poer ot |
above that required for 1% FER ‘ ‘ ‘ |

 I|deal channel knowledge

 No significant degradation
(<1dB) for up to 2.5kHz (QPSK), i 142 | |
1.3kHz (16-QAM) frequency | 7ffffffffffffffffffffffff
offset | ‘

 Frequency offset expected to
be small as usually the same

reference Oscillator drives DL

; 0 500 1000 1500 2000 2500
an d U L C h ains Other User Frequency offset (Hz), C/I 1dB above that required for 1 %FER

GSMTU, r=1/2 Turbo, Codeword=150 data symbols Ideal

*****************************************************

degradatlon

&
4

— DL frequency offset estimate
can be applied to the UL
transmission
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Distributed FDMA — Tolerance to Freq. Offsets and Power differences

e« 2 users, each using every other sub-carrier
 Desired user has weaker or similar avg. Rx power/subcarrier as other user

QPSK, GSMTU, r=1/2 Turbo, Codeword=150 data symbols, Ideal 16-QAM, GSMTU, r=1/2 Turbo, Codeword=150 data symbols, Ideal
D
[ [ I I 4 Y '
-| ——Rel. Power=0dB |------------- e 1 —e— Rel. Power = 0dB
—+— Rel. Power = -3dB i | | ——Rel. Power =-3dB |
-1 |
10 :| —=— Rel. Power = -6dB et | —5— Rel. Power = -6dB §
‘| ——Rel. Power=-9dB| "~/ & | —— Rel. Power = -9dB
————————— ===~ - A 1 ‘
777777777 R ' Y R~ 10 e Tl A ey e S~
S/ N G o o S
””””” Ny ] L e e e e
| | | | < LL R Y A 7 A
2 | | | | |
0+ =z =TT Y2 A
,,,,,,,,, 1,,,,,,, ,Tiiiifi,::ﬁiiiiifi,j:::::::::’ 2 ‘
:::::::]:::7,,::If,::::[:f,::]:::f:,? 10 ) e e
0 500 1000 1500 2000 2500 0 500 1000 1500 2000 2500
Other User Frequency offset (Hz), C/I 1dB above that required for 1%FER Other User Frequency offset (Hz), C/I 1dB above that required for 1%FER

« Reasonable performance degradation with realistic frequency offsets
and power differences
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ICl power due to Frequency and Power Offset

 |Cl power due to Neighbor UE (2 users, each using every other sub-
carrier); Frequency offset normalized by sub-carrier spacing
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Summary

 Practically need power control (slow) on the uplink

— Finite dynamic range of the receiver due to fixed point arithmetic
 Possible options

— Open loop based on received DL power measurements

— Closed loop
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Contribution Summary

Staggered Pilots for distributed FDMA (D-FDMA)

— Change the occupied subcarrier set from one pilot block to the next
within the sub-frame (staggered)

— Significant improvement in link performance due to higher sampling rate
of the channel in the frequency domain

« Better Performance of Distributed FDMA with staggered pilots
compared to Localized FDMA for RPF in the range of interest (<= 20)

 Presented sub-channel definition and Repetition Factor options for
DFT-SOFDM
— Minimum sub-channel size for UL either 15 or 25 subcarriers
— Sub-channels can be concatenated and assigned to a user

— Subcarriers forming a sub-channel can be adjacent or distributed
supporting Localized, Distributed and Hybrid configurations

« Reasonable performance degradation with realistic frequency offsets
and power differences
— Practically need power control (slow) on the uplink
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