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Introduction

> Two types of pilots can be applied to assist channel

estimation
« Common (public) pilots: Shared by all UEs

1.

2.

3.
4.

5

Channel estimation for coherent detection of shared data channel and shared
control channel as well as common channel.

Channel quality measurement for non-MIMO and open-loop MIMO
transmission

Initial acquisition
Synchronization
Cell identification and selection

 Dedicated (private) pilots: Used by single UE

1.

2.

Channel estimation for coherent detection for UE with closed-loop MIMO
transmission

Channel quality measurement for UE with closed-loop MIMO transmission
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Introduction (Cont)

> Two pilot insertion schemes for common pilots
 TDM pilots
» The first OFDM symbol in each TTI is reserved as pilot symbol
 All sub-carriers or partial sub-carriers are used as pilot sub-carriers
o Scattered pilots

» The pilot sub-carriers are distributed across the sub-carriers and OFDM symbols
according to certain pattern.

> Pilot separation between different cells to mitigate inter-cell interference

» The orthogonal pilots among the cells at the same node-B based on pilot pattern shift
« Allow pilot power boost to improve channel estimation performance

» Cell specific sequences to separate the pilots for cells belonging to different Node-B

> End-to-end L1 simulations

» Performance evaluation of common pilot designs under different channel conditions
and coding/modulation schemes.

* Performance improvement with pilot pattern shift
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Common Pilot Patterns
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Common Pilot Discussion

> TDM pilots

e The pilot is inserted within one OFDM symbol in each TTI
 All sub-carriers or partial sub-carriers are used as pilot sub-carriers

* In the case of reuse pilot to map other common channels such as
synchronization channel, the TDM pilot allows UE to perform gated
reception to reduce the power consumption

* The TDM pilots will have limitation to support very high mobile speed UE
to transmit higher QAM modulation

> Scattered pilots

e The pilot sub-carriers are distributed across the sub-carriers and
OFDM symbols according to certain pattern.

* The uniform spread of the pilot sub-carrier can best support the high
speed mobile

* However, the pilot pattern can also be optimized to integrate the merit of
TDM pilot pattern

* Not every OFDM symbol contains the pilot sub-carrier
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TDM Pilot
(Overhead: 1/28 per Antenna)
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Scattered Pilot (1)
(Overhead: 1/28 per Antenna)
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Scattered Pilot (2)

(Overhead: 1/35 per Antenna)

10 sub-carriers _,

B - Scattered Pilot for Antenna 1

I > Scattered Pilot for Antenna 2

- Scattered Pilot for Antenna 4
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Scattered Pilot (3)

(Overhead: 1/42 per Antenna)
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Dedicated Pilot Patterns

© NORTEL, 2005, All Rights Reserved




Dedicated Pilots

> Dedicated pilots are required to enable closed-loop MIMO.

> Non-MIMO/Open-loop MIMO transmission and closed-loop MIMO
transmission can be supported simultaneously by the Node-B.
* The partition between non-MIMO/open-loop MIMO zone and closed-loop MIMO
Zone:
* FDM type:
» Sub-band based

* Sub-bands are assigned to non-MIMO/open-loop MIMO transmission and closed-loop
MIMO transmission according to certain format.

» This format can be pre-determined or changed dynamically
 TDM type:
e TTI based

« TTls are assigned to non-MIMO/open-loop MIMO transmission and closed-loop MIMO
transmission according to certain format.

» This format can be pre-determined or changed dynamically

> To simplify the channel estimation, same scattered pilot format can be
applied to non-MIMO/open-loop MIMO zone and in closed-loop MIMO
zone.

» The following slide gives an example of the FDM type of Zone partition and the pilot
format for both common pilot and dedicated pilots.
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An Example of Dedicated Pilots- FDM Type Zone Partition

8 Sub-carriers

Common to entire sector

»
>

Dedicate to single UE

Common to entire sector

u

_ HECEE  HE

I ! - Common Pilots for Antennas 1-4

i H ->Dedicated Pilots for Antennas 1-4
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[l - Data (Non-MIMO/Open-loop MIMO)

[1 - pata (Closed-loop MIMO)
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Pilot Pattern Shift

> Pilot power boost can be used to improve the channel
estimation performance.

>However In interference dominated system, the pilot
collision between neighboring cells will eliminate the effect
of pilot power boost.

> The orthogonality of the pilot pattern among the cells at
the same Node-B can be realized by pilot pattern shift.

Scattered pilot power boost and pilot pattern shift to
achieve the inter-cell soft- orthogonal pilot set
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Pilot Pattern Shift (1)
(Example-1: Overhead: 1/35 per Antenna)
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Pattern-4
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Pilot Pattern Shift (2)
(Example-2: Overhead: 1/35 per Antenna)
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Channel Estimation Performance Comparison
between Orthogonal Pilot Pattern and Non-
orthogonal Pilot Pattern
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Simulation condition

10 MHZ channel (1024 FFT)
7 OFDM symbols per TTl, among which 6 OFDM symbols are used to transmit BACH
MRC 1x2

ITU channel model, VA 30km/h

Diversity BACH
> 6 distributed sub-bands
» One OFDM symbol pair per subband
» Cyclic shifted sub-band

Simulation model
»> Totally 7 BSs: one serving BS and 6 interference BSs
» Signals and channels for all BSs are independently generated

» Signals of serving BS and interference BSs are weighted according to geometry table from
system level simulation

> Pilots in each cell are modulated by different sequence.

Scattered pilots with 1/28 overhead
» Scenario-1: Non-orthogonal pilots between neighboring cells
» Same pilot pattern used by all BSs (Pattern-1 in slide 20)
» Scenario-2: Orthogonal pilots between neighboring cells
> Pilot pattern shifted among different BSs (Pattern-1 to Pattern-7 in slide 20)
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Inter-cell interference: simulation model
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Pilot Patterns Used in the Simulation

8 sub-carriers
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Simulation Result-1: 2.5 dB Pilot Power Boost

Scattered pilot: Intercell Inteference
Estimated channel
(1 Tx, 2Rx), QPSK, VA 30km/h, Tubo Code, R = 1/2,

—<>— Pilot Boost = 0dB, est. channel —e&— Pilot Boost = 2.5dB, non-orthogonal
—/— Pilot Boost = 2.5dB, orthogonal

1.00E+00 \
' \
Y 1.00E-01 -
m \A
1.00E-02 -
-2.00 0.00 2.00 4.00 6.00

SNR (dB)

* 0.4 dB gain for Scenario-1 and 0.8 dB Gain for Scenario-2 @5% BLER Compared to No
Pilot Power Boost

» Orthogonal pilot arrangement outperforms non-orthogonal pilot arrangement by 0.4
dB.
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Simulation Result-2: 5 dB Pilot Power Boost

Scattered pilot: Intercell Inteference
Estimated channel
(1 Tx, 2Rx), QPSK, VA 30km/h, Tubo Code, R = 1/2,

—<o— Pilot Boost = 0dB, est. channel —&— Pilot Boost = 5dB, non-orthogonl

—— Pilot Boost = 5dB, orthogonal

EEEEEEEEZ

1.00E+00 |

% 1.00E-01 \A \<>

1.00E-02 -
-2.00 0.00 2.00 4.00 6.00
SNR (dB)

* 0.6 dB gain for Scenario-1 and 1.4 dB Gain for Scenario-2 @5% BLER Compared to No
Pilot Power Boost
» Orthogonal pilot arrangement outperforms non-orthogonal pilot arrangement by 0.8 dB.
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Channel Estimation Performance Evaluation
for Different Pilot Design
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Interpolation Methods for TDM Pilot

Method-1: TDM pilots without time direction interpolation:

1. Applying 3 order lagrange interpolation along frequency dimension to get channel
estimation for first OFDM symbol in current TTI

2. Repeat the channel estimation of the first OFDM symbol for the rest OFDM symbols for
current TTI

areoldnp

3rd order Lagrange interpolation

»
»
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Interpolation Methods for TDM Pilot (Cont)

Method-2: TDM pilots with time direction interpolation

1. Applying 3 order lagrange interpolation along frequency dimension to get channel
estimation for the first OFDM symbol in current TTI

2. Applying 39 order lagrange interpolation along frequency dimension to get channel
estimation for the first OFDM symbol in next TTI

3. Get channel estimation of rest tones in current TTI using linear interpolation along time
dimension

uonejodialul JeaulT

3'd order Lagrange interpolation

»
»

v i [ ] [ ] [ ] [] [] [] [] L] L] L]

»
»

3rd order Lagrange interpolation
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Channel Interpolation for Scattered Pilot

26
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Interpolation Methods for Scattered Pilot

Method-3: non-adaptive 2D interpolation

1. Using linear interpolation along time dimension to obtain the channel estimation at
center of each parallelogram.

2. Get the channel estimation for rest tones by two steps of interpolation:

2"d order Lagrange interpolation along time dimension followed by 3" order
Lagrange interpolation along freq dimension
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Interpolation Methods for Scattered Pilot (Cont)

Method-4: Adaptive 2D interpolation

1.

28

For each parallelogram, using either phase change or inner product method to
calculate channel response changes along time and freq directions

Using majority vote to determine which direction of interpolation should be applied
first (the decision is updated every TTI).

Using linear interpolation (either along time or freq dimension based on outcome
from step 2) to obtain the channel estimation at center of each parallelogram.

Get the channel estimation for rest tones by two steps of interpolation:

2"d order Lagrange interpolation along time dimension and 3" Lagrange
interpolation along freq dimension, the order of interpolation is based on outcome
of step 2
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Simulation Result — QPSK (Pilot Overhead: 1/28 per Antenna)

BLER

Pilot and Channel Estimation: VA 350 km/h Pilot and Channel Estimation: VA 120 km/h
(1 Tx, 2RX), Turbo Code, R = 3/4, QPSK, 1/28 (1 Tx, 2Rx), Turbo Code, R = 3/4, QPSK, 1/28
1.00E+00 ﬁé_‘—‘ S — ] 1.00E+00 \ _ = 1
—¢— Scattered Pilot with adapt. —<&— Scattered Pilot with adapt.
== Scattered Pilot w/o adapt. —I—Scatter_ed P|_Iot 'w/o adapt.
TDM Pilot with interp. TDM Pilot with interp.
==>&=TDM Pilot w/o interp. 04 —)(—;I(;DI\/: glrl]ot W/(I) interp.
1.00E-01 | =3ie=Ideal Channel IilJ A GIai == |deal Channe
3 ] |
1.00E-02 \ \\\ 1.00E-02 \ \\‘ \-
0.00 5.00 10.00 15.00 0.00 5.00 10.00 15.00
SNR (dB) SNR (dB)

* For the speed of 120 km/h:
e Method-1 failed
e Similar performances from methods 2, 3 and 4
* For the speed of 350 km/h:
e Method-1 failed
« Similar performances from methods 2 and 3
e Around 1.2 dB gain from method 4 compared to method 2 and 3
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Simulation Result —16 QAM (Pilot Overhead: 1/28 per Antenna).'_' "

Pilot and Channel Estimation: VA 350 km/h
(1 Tx, 2Rx), Turbo Code, R = 1/2, QAM-16, 1/28

1.00E+00 ‘\‘ ——— < .
—¢— Scattered Pilot with adapt.
=fl— Scattered Pilot w/o adapt.

TDM Pilot with interp.
=>¢=TDM Pilot w/o interp.
% == |deal Channel
_11.00E-01 -
m

1.00E-02 \ .

0.00 5.00 10.00 15.00
SNR (dB)

BLER

Pilot and Channel Estimation: VA 120 km/h
(1 Tx, 2RxX), Turbo Code, R =1/2, QAM-16, 1/28

—e—Scattered Pilot with adapt. —#—Scattered Pilot w/o adapt.
TDM Pilot with interp. TDM Pilot w/o interp.
—¥—ideal channel
1.00E+00 —
1.00E-01 -
1.00E-02 \ \
0.00 5.00 10.00 15.00

SNR (dB)

* For the speed of 120 km/h:
* Method-1 failed

e Similar performances from methods 2, 3 and 4

* For the speed of 350 km/h:
* Method-1 failed

e Similar performances from methods 2 and 3
« Around 1.4 dB gain from method 4 compared to method 2 and 3

30
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Simulation Result -64 QAM (Pilot Overhead: 1/28 per Antenna)_' '

Pilot and Channel Estimation: VA 350 km/h Pilot and Channel Estimation: VA 120 km/h
(1 Tx, 2Rx), Turbo Code, R = 2/3, QAM-64, 1/28 (1 Tx, 2Rx), Turbo Code, R = 2/3, QAM-64, 1/28
—O—Scatter.ed Pil_ot Yvith adapt. —-—Scatter_ed Pilot_w/o adapt. 1.00E+00
TDM Pilot with interp. TDM Pilot w/o interp. N P — N
—¥—Ideal Channel
1.00E+00 ==

‘ —¢— Scattered Pilot with adapt.
— \'\-\—\ == Scattered Pilot w/o adapt.
TDM Pilot with interp.

1.00E-01 - . .
=>e=TDM Pilot w/o interp.

BLER

BLER

1.00E-01 \ == |deal Channel

1.00E-02 \ 1.00E-02 \
10.00 15.00 20.00 25.00 30.00 10.00 15.00 20.00 25.00 30.00

SNR (dB) SNR (dB)

* For the speed of 120 km/h:

* Method-1 failed

e Similar performances from methods 2, 3 and 4
* For the speed of 350 km/h:

* Only method-4 works

e Less than 2 dB channel estimation loss
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Simulation Result — 4
(Impact of Pilot Overhead to method-4)

Pilot and Channel Estimation: VA 350 km/h
(1 Tx, 2Rx), Turbo Code, R = 2/3,
QAM-64, Scattered Pilot with adaptation

1.00E+00 7" :
' - O\erhead 1/28

=f— Overhead 1/35
Owerhead 1/42
== |deal Channel

o
W 1.00E-01 \
28]
1.00E-02 \ \
10.00 15.00 20.00 25.00
SNR (dB)

« Similar performances with pilot overhead of 1/28 and 1/35 (per antenna)
» Degraded performance (around 0.8 dB loss) for 1/42 (per antenna) pilot overhead

32 © NORTEL, 2005, All Rights Reserved




Summary and Conclusions

> Scattered pilot scheme outperforms TDM pilot scheme in high speed
scenarios:

* The uniform pilot format for all channel scenarios.
* No need to add user-dependent pilots to support high speed.
« Simplify the implementation
» Avoid channel interpolation loss due to different pilot densities in the same system.

* Allow the application of adaptive 2D channel interpolation to improve channel
estimation performance for high speed UE without additional overhead

« Same pilot structure applicable to both non-MIMO/open-loop MIMO and closed-loop
MIMO

* No more overhead required to support TDD deployment

» 1/35 pilot overhead per antenna provides reasonable channel estimation
performance

> Scattered pilots can be reused as Sync channel.

> Scattered pilots allow the orthogonal pilot arrangement among the cells at the
same Node-B.

> We recommend scattered pilot structure

33 © NORTEL, 2005, All Rights Reserved



