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Background

> In 3GPP TR 25.814.V0.4.1 (2005-11), a basic downlink reference-
signal structure is proposed:

• Consists of “first reference symbols” and “Secondary reference symbols”.
• The first reference symbols are transmitted in every DL sub-frame.
• The second reference symbols are transmitted:

• Option-1: Selectively based on the interpolation algorithm , Doppler, 
scheduling decision, modulation and the number of the Tx antennas.

• Option-2: transmitted in every downlink sub-frame.

> Evaluations are needed in order to make the decision on the 
reference-signal structure selection

• Structure-1: first reference symbols only
• Structure-2: first reference symbols plus second reference symbols.

> In R1-051155, performance comparison has been done between 
structure-1 and structure-2 with MRC 1x2, and the conclusion is that 
structure-2 outperforms structure-1 in high speed scenarios when the 
pilot density unchanged.

> MIMO performance evaluation for structure-1 and structure-2 is 
performed in this contribution.
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An Example of Structure-1 Pilot Format for 4 Tx
Antennas (Overhead: 1/28 per Antenna)

7 symbols

DataPilot for Antenna 1 Pilot for Antenna 2
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An Example of Structure-2 Pilot Format (Overhead: 
1/28 per Antenna)

Data/Control ChannelPilot for Antenna 1 Pilot for Antenna 2
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Interpolation Methods for Structure-1 Pilot Format
1. Applying 3rd order lagrange interpolation along frequency dimension to get channel 

estimation for the first OFDM symbol in current TTI
2. Applying 3rd 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

3rd order Lagrange interpolation

3rd order Lagrange interpolation

Linear interpolation 
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Adaptive 2D Interpolation for Structure-2 Pilot Format

Scattered Pilot Data Control Channel Parallelogram Center

C
urrent TTI

N
ext TTI
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revious TTI
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Adaptive 2D Interpolation for Structure-2 Pilot Format (Cont)

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

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

3. 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.

4. Get the channel estimation for rest tones by two steps of 
interpolation:
2nd order Lagrange interpolation along time dimension and 3rd

Lagrange interpolation along freq dimension, the order of 
interpolation is based on outcome of step 2
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Simulation Conditions

> 10 MHz channel (1024 FFT)
> 7 OFDM symbols per TTI, among which 6 OFDM symbols are used to 

transmit taffic.
> 2x2 spatial multiplexing
> ITU channel models: VA 120 km/h and 350 km/h
> Diversity sub-channel
> Pilot overhead 1/28 per antenna
> Coding and modulation: QPSK ¾, QAM-16 ½ and QAM-64 2/3.
> Average pilot tone power is boosted 2.5dB over average data tone

power
• Structure 1 pilots are boosted 2.5dB on pilot tones of each Tx
• Structure 2 pilots are boosted 5dB on pilot tones of each Tx
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Simulation Result – 1 (2x2 SM QPSK)
Pilot and Channel Estimation:  VA 120 km/h

(2Tx 2Rx) Space Multiplexing, MLD receriver
Tubo Code, R = 3/4, QPSK, 1/28  
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Pilot and Channel Estimation:  VA 350 km/h
(2Tx 2Rx) Space Multiplexing, MLD receriver

Tubo Code, R = 3/4, QPSK, 1/28  
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•For the speed of 120 km/h:
•Around 0.7 dB gain from structure 2 pilot format compared to structure 1 pilot 
format

•For the speed of 350 km/h:
•Around 4.3 dB gain from structure 2 pilot format compared to structure 1 pilot 
format



11 © NORTEL, 2005, All Rights Reserved

Simulation Result – 2 (2x2 SM QAM-16)
Pilot and Channel Estimation:  VA 120 km/h

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

Tubo Code, R = 1/2, QAM-16, 1/28  
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•For the speed of 120 km/h:
•Around 0.8 dB gain from structure 2 pilot format compared to structure 1 pilot 
format

•For the speed of 350 km/h:
•structure 1 pilot format fails
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Simulation Result – 3 (2x2 SM QAM-64)
Pilot and Channel Estimation:  VA 120 km/h

(2Tx 2Rx) Space Multiplexing, MLD receriver
Tubo Code, R = 2/3, QAM-64, 1/28  

1.00E-02

1.00E-01

1.00E+00

10.00 15.00 20.00 25.00 30.00 35.00
SNR (dB)

B
LE

R

Scattered Pilot TDM Pilot ideal channel

Pilot and Channel Estimation:  VA 350 km/h
(2Tx 2Rx) Space Multiplexing, MLD receriver

Tubo Code, R = 2/3, QAM-64, 1/28  
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•For the speed of 120 km/h:
•Around 1 dB gain from structure 2 pilot format compared to structure 1 pilot 
format

•For the speed of 350 km/h:
•structure 1 pilot format fails
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Simulation Result – 4 (1x2 MRC vs. 2x2 MIMO, QPSK)

Pilot and Channel Estimation:  VA 350 km/h
(2Tx 2Rx) Space Multiplexing, MLD receriver

Tubo Code, R = 3/4, QPSK, 1/28  
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Pilot and Channel Estimation: VA 350 km/h
(1 Tx , 2Rx), Tubo Code, R = 3/4, QPSK, 1/28  
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•Structure 2 pilot has about 2.5dB more gain over structure 1 pilot
•In 1x2 MRC case, Structure 2 pilot has about 1.8dB compare to structure 1 pilot
•In 2x2 SM case, Structure 2 pilot has about 4.3dB compare to structure 1 pilot
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Simulation Result – 4 (1x2 MRC vs. 2x2 MIMO, QAM-16)

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

Tubo Code, R = 1/2, QAM-16, 1/28  
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•Structure 2 pilot works well in both cases
•Structure 1 pilot fails in 2x2 SM 
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Simulation Result – 4 (1x2 MRC vs. 2x2 MIMO, QAM-64)

Pilot and Channel Estimation:  VA 350 km/h
(2Tx 2Rx) Space Multiplexing, MLD receriver

Tubo Code, R = 2/3, QAM-64, 1/28  

1.00E-02

1.00E-01

1.00E+00

10.00 15.00 20.00 25.00 30.00 35.00
SNR (dB)

B
LE

R

Scattered Pilot TDM Pilot ideal channel

Pilot and Channel Estimation: VA 350 km/h
(1 Tx , 2Rx), Tubo Code, R = 2/3, QAM-64, 1/28 
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•Structure 2 pilot works well in both cases
•Structure 1 pilot fails in both cases
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Performance comparison: 1x2 MRC vs. 2x2 SM

Gain of structure 2 pilot over structure 
1 pilot at 1% block error rate
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Summary and Conclusions
> Structure 2 pilot format outperforms structure 1 pilot format

• In high speed scenarios, structure 2 pilot format still works while structure 1 
pilot format fails for QAM-16 and QAM-64. 

• Structure 2 pilot format works better in MIMO case than structure 1 pilot 
format does. 

• 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
• Same pilot structure applicable to both MIMO and beam forming


