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Introduction

« Two pilot structures are being considered for SC-FDMA uplink on the
Short Blocks (SB) as included in TR 25.814 v0.31

: . . Distributed pilots with freq-
- Frequency'doma”] Orthogonallty of pllOtS domain stagggring

for different UEs by using disjoint sets of .. .. .. Short Block 2

sub-carriers for different UEs

» Localized or Distributed pilots with frequency- m Short Block 1

domain staggering

— Distributed pilots occupying a comb-shaped Long Block
spectrum

— Code-domain pilots occupying a common i
set of sub-carriers (e.g. continuous Continuous pilots
spectrum) using user-specific pilot

Short Block 2

sequences
» Pilots for different UEs occupy the same spectrum
» Separability of pilots by sequence properties
— E.g., Cyclic time shifts of a common GCL : _ o
(Generalized Chirp-Like) / CAZAC (Constant ' naink
Amplitude Zero-Autocorrelation) sequence
Do

— E.g., different sequences with low cross correlation

Short Block 1

n

Sub-carrier

— In this contribution, the performance of the two pilot structures is compared for D-FDMA
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Sequences Suitable for the UL pilot

Desirable characteristics for pilot sequence

— Constant amplitude in the frequency domain for equal excitation of all the allocated
sub-carriers for unbiased channel estimates

— Low PAPR/CM in time domain with at least as good PAPR/CM as the data
transmission

— Good auto-correlation properties for accurate channel estimation

— Good cross-correlation properties between different pilot signals to reduce
interference from pilot signals transmitted on the same resources in other (or same)
cells

 Generalized Chirp-like (GCL) sequences family of polyphase sequences
satisfy the above properties

« Possess CAZAC properties and optimal cross-correlation properties
« GCL sequences of odd-length Ng generated as,

S, =(@,0b.2,@a,(N,~Db) a0 ~exp(-j2m D2

g

« where b is any complex scalar of unit amplitude, g=any integer

e u=l,...Ng-listhe sequence index (i.e., Ng-1 sequences)

 Desired pilot sequence length, Np, obtained by truncating GCL sequence of
length Ng, where Ng is the smallest prime-number larger than Np

« Tl proposed Zadoff-Chu sequence (R1-050822) is a GCL with b=1, u=1, g=1

[1] B.M. Popovic, “Generalized Chirp-like Polyphase Sequences with Optimal Correlation Properties,” IEEE
Trans. Info. Theory, vol. 38, pp. 1406-1409, July 1992
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Characteristics of the Uplink

 Practically need power control (slow) on the uplink

— Similar average received PSD (power / sub-carrier) from multiple UEs is
desirable to minimize receiver dynamic range requirements
« Considering the case where a UE transmits its pilot blocks and data
blocks with the same average power:
— With a distributed pilot, the power per occupied tone is the same for the
pilot and the data

— With a continuous spectrum “code-domain” pilot (RPF=1)

» Power per occupied tone of the pilot is RPF (Repetition factor) times smaller than that
of the data

» Power per occupied tone of the pilot is RPF times smaller than with a distributed pilot

e Since a continuous spectrum pilot is basically a CDMA scheme, will
it be more sensitive to power control or the near-far effect?
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Simulation Assumptions

« System Parameters

— DFT-SOFDM parameters included
in the EUTRA 3GPP SI Technical
Report (TR) — Table 9.1.1-1

« Half-length Short Blocks (SB)
used for pilot/reference signals

« Two half-length pilot short blocks

Item Value/Description
Channel Bandwidth 5 MHz
Number of sub-carriers (LB/SB) 300/150
Sub-carrier spacing (LB/SB) 15/30 kHz
Cyclic prefix length 4.04 pus
Baud/Symbol duration (LB/SB) 66.67/33.33 us
FFT size (LB/SB) 512/256
Modulation QPSK
R =%, Turbo (r=1/3 8-state
Coding constituent convolutional)
Max-log-MAP kernel, 3GPP1
interleaver
Channel GSM TU 15kph
Number of Rx Antennas 2

— Structure 1: Distributed pilots on both pilot blocks
— Structure 2: Continuous pilots on both pilot blocks
— Pilot power: Same fraction of total power for all UEs

e Distributed users with repetition factor (RPF) of 2,6, or 12

— Multiple UEs simultaneously transmitting

— For Structure 1 (distributed pilots), the pilot block uses the same RPF as the data block

— For Structure 2 (continuous code-domain pilots), a maximum of 6 cyclic shifts can be
used with a GCL/CAZAC sequence while still maintaining orthogonality

* Floor((33.3 us SB length) / (TU channel length)) = 6
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Performance vs. Pilot Structure —up to 12 UEs

R1-060388

Up to 12 UEs simultaneously transmitting, data RPF = 12 for all UEs
Distributed Pilot: Pilot RPF =12
Continuous Pilot: Pilot RPF =1

Observations
With distributed pilots, performance is

independent of the number of users
With <= 6 users, performance of

UE 7 to 12 use a different GCL/CAZAC sequence for the pilot than UE 1to 6

Notation (a,b,c) = (Data RPF, # of users, GCL/CAZAC sequence used)
DFT-SOFDM:QPSK, Rep=12, GSM TU, r=1/2 Turbo, Codeword=150 data symbols

continuous pilots is ~1dB worse than

distributed pilots

» Less concentration of pilot power close to

the occupied data subcarriers
» Slight degradation for 6 RPF=12 UEs at

-—1-7

high SNR compared to 1 RPF=12 UE due
to slight cross-talk between the cyclic shifts

GCL pilots

—O— Distributed - 12UEs
Continuous (12,1,1)
—A— Continuous (12,6,1)

B

With 7 to 12 UEs, continuous pilots use

a second GCL sequence

—P— Continuous (12,6,1)+(12,1,2)
—&— Continuous (12,6,1)+(12,2,2)

Continuous (12,6,1)+(12,3,2)
—%— Continuous (12,6,1)+(12,4,2) H

1 [ VT T 117

e

» Despite the near-optimal cross correlation
properties of GCL sequences, performance
degrades significantly due to poor channel

estimates (inter-code interference)
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—»— Continuous (12,6,1)+(12,6,2)
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Impact of high RPF user on low RPF user

e For continuous pilots (Pilot RPF =1)
— 3 UEs with data RPF=6 use a GCL sequence 1 for the continuous pilots (6,3,1)
— Up to 6 UEs with data RPF=12 using a different GCL sequence 2 are added
— Pilot power density of RPF=12 UEs is naturally 3 dB below that of RPF=6 UEs

DFT-SOFDM:QPSK, Rep=6, GSM TU, r=1/2 Turbo, Codeword=300 data symbols
= F===---= F====—= T=====— F====-=-= Fe===-=-= F=--==-= T

e Performance of RPF=6 UEs is
shown

e Trends similar to results in
previous slide

— However, degradation due to
continuous pilots is slightly less
severe, since RPF=12 UE pilot m o
power density is 3dB below that of
the RPF=6 UE

| —©— Distributed - 3UEs

} Continuous (6,1,1)

J‘ —s— Continuous (6,3,1)

= —+H— Continuous (6,3,1)+(12,1,2)
| —<&— Continuous (6,3,1)+(12,2,2)
| Continuous (6,3,1)+(12,3,2)

| —#*— Continuous (6,3,1)+(12,4,2)

—&%— Continuous (6,3,1)+(12,5,2)

—%— Continuous (6,3,1)+(12,6,2)

10°

Es/No (dB)
Notation (a,b,c) = (Data RPF, # of users, GCL/CAZAC sequence used)
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Impact of low RPF user on high RPF user

 3/6 UEs with RPF=6/12 use a GCL sequence 1 for continuous pilots (6,3,1)/(12,6,1)
e 1 UE with data RPF=2 using GCL sequence 2 for continuous pilots
 Evaluate performance of RPF=6/12 UE

DFT-SOFDM: QPSK, Rep=6, GSM TU, r=1/2 Turbo, Codeword=300 data symbols DFT-SOFDM:QPSK, Rep=12, GSM TU, r=1/2 Turbo, Codeword=150 data symbols
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e Significant degradation in performance with RPF=2 UE
— Pilot power of RPF=2 UE is 3/6 times higher than that of RPF=6/12 UEs due to power control

— Higher pilot power of RPF=2 UE causes significant inter-GCL code interference resulting in
poor channel estimates

— Impact is similar to that caused by “near-far” effect in classical CDMA systems
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Impact of adding Pilot power boost

e Same scenario as previous slide
 3/6 UEs with RPF=6/12 use a GCL sequence 1 for continuous pilots (6,3,1)/(12,6,1)
« 1 UE with RPF=2 using GCL sequence 2 for continuous pilots with 3dB power boost

DFT-SOFDM:QPSK, Rep=6, GSM TU, r=1/2 Turbo, Codeword=300 data symbols DFT-SOFDM:QPSK, Rep=12, GSM TU, r=1/2 Turbo, Codeword=150 data symbols
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e Significant degradation in performance with RPF=2 UE with power boost

— Pilot power of RPF=2 UE is 6/12 times higher than that of RPF=6/12 UEs due to power
control and power boost

— Scenario similar to “near-far” problem in CDMA
— Significant inter-GCL code interference due to higher pilot power RPF=2 UE resulting in
oor channel estimates
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Conclusion

 Performance of distributed pilots is better than continuous pilots

« Small performance degradation due to continuous pilots when the number of
UEs is less than or equal to the number of orthogonal cyclic shifts

« When the number of UEs (or required # of independent reference/pilots) is
greater than the number of cyclic time shifts, a second pilot sequence is
needed on the same SB for continuous pilots

e However, adding a second sequence on the same SB for continuous pilots is
not a solution

— Significant performance degradation even when all users have same data rate
— Massive degradation on lower data rate user from higher data rate user (similar to
near-far problem of CDMA)

« Thus, need to limit use of only one GCL pilot sequence on the SB within a
sector

— However, limits the possible number of independent reference/pilots, UEs to the
maximum number of cyclic time shifts

— Maximum number of cyclic time shifts limited to 6 for TU channel profile

— May need to constrain to less than 6 cyclic time shifts since system must work with
channels than may be longer than TU

e Limitations provided by continuous code-domain pilots are more severe than
distributed pilots
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