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1 Introduction

The basic downlink reference-signal structure has been specified in RAN1 TR. According to [1] there are two reference symbols in each downlink sub-frame. They are located in the first and the third last OFDM symbols of every sub-frame respectively. The spacing between reference symbols of the same OFDM symbol and antennas in the frequency domain is equal to 6. However other spacing could be studied. 
The density of reference symbols is a trade off of the overhead and the channel estimation performance. In RAN #44, Nortel submitted a contribution discussing the pilot density and showed that the pilot spacing in the frequency domain can be further increased. 
In this contribution, more results are presented as further investigation on this topic.  
2 Reference-signal structure 
Figure 1 and Figure 2 show the reference signal structures with spacing (in frequency domain) between reference symbols of the same OFDM symbol being M= 6 and 8, respectively. The first and the second reference symbol are staggered in frequency direction.
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Figure 1.  Basic downlink reference-signal structure with M = 6
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Figure 2.  Basic downlink reference-signal structure with M = 8
Optimal spacing between reference symbols can be determined based on the following three factors:

1. Channel estimation accuracy, which is measured by block error rate (BLER)
2. System capacity, which is measured by Goodput (= (1 − BLER) × Peak Data Rate).
3 Simulation conditions 
Simulation assumptions are as following:

· 10MHz bandwidth, 1024 FFT, 600 useful sub-carriers
· Turbo Coding

· QPSK and QAM-64
· (2Tx 2Rx) space multiplexing (SM), ML decoder

· Scattered pilot, dedicated pilot for each Tx

· Adaptive 2-D interpolation for channel estimation (ref[3])

· Channel models: TU, ITU PB and ITU-VA

· Performance metrics: 

· BLER:  block error rate of FEC block for traffic
· Goodput: (Total information bits per block )x( 1- BLER)/(Period per block)
Period per block = period of a subframe = 0.5ms
4 Simulation results

Figure 3-6 show the simulation results comparing different frequency domain spacing between reference symbols (Pilot spacing M = 6 and pilot spacing M = 8) for different coding and modulation under different channel conditions.  
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Figure 3.  Compare spacing M = 6 and M = 8 between reference symbols: SM 2x2  VA 120km/h, QAM-64
[image: image4.emf]Pilot and data traffic performance

VA 350 km/h Tubo Code, R = 2/3, QPSK

(2Tx 2Rx) Space Multiplexing, MLD receriver

0.00E+00

5.00E+00

1.00E+01

1.50E+01

2.00E+01

2.50E+01

0.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00

SNR (dB)

Goodput ( Mbps )

ideal channel Pilot spacing = 6 Pilot spacing = 8

Pilot and data traffic performance

VA 350 km/h Tubo Code, R = 2/3, QPSK

(2Tx 2Rx) Space Multiplexing, MLD receriver 

1.00E-02

1.00E-01

1.00E+00

0.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00

SNR (dB)

BLER

ideal channel Pilot spacing = 6 Pilot spacing = 8

Pilot and data traffic performance

VA 350 km/h Tubo Code, R = 2/3, QPSK

(2Tx 2Rx) Space Multiplexing, MLD receriver

0.00E+00

5.00E+00

1.00E+01

1.50E+01

2.00E+01

2.50E+01

0.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00

SNR (dB)

Goodput ( Mbps )

ideal channel Pilot spacing = 6 Pilot spacing = 8

Pilot and data traffic performance

VA 350 km/h Tubo Code, R = 2/3, QPSK

(2Tx 2Rx) Space Multiplexing, MLD receriver 

1.00E-02

1.00E-01

1.00E+00

0.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00

SNR (dB)

BLER

ideal channel Pilot spacing = 6 Pilot spacing = 8


Figure 4. Compare spacing M = 6 and M = 8 between reference symbols: SM 2x2 VA 350km/h, QPSK
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Figure 5. Compare spacing M = 6 and M = 8 between reference symbols: SM 2x2 TU 3km/h, QAM-16
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Figure 6. Compare spacing M = 6 and M = 8 between reference symbols: SM 2x2 TU 120km/h, QAM-16

From figure 3, we can see that for VA channel and QAM-64 at 120km/h
·  Pilot spacing = 6 has less than 1dB SNR gain at 1% BLER

·  Pilot spacing = 8 has ~2Mbps gain in goodput over pilot spacing = 6 near the peak rate 
From Figure 4, we can see that for channel and QPSK at VA 350 km/h: 
· Pilot spacing = 8 and Pilot spacing = 6 has similar BLER performance 
·  Pilot spacing = 8 has ~1Mbps gain in goodput over pilot spacing = 6 near the peak rate. 
From Figure 5, we can see that for TU channel and QAM-16 at 3km/h
· Pilot spacing = 6 has about 0.2 dB SNR gain at 1% BLER
· Pilot spacing = 8 and pilot spacing = 6 has almost the same goodput.
From Figure 6, we can see that for TU channel and QAM-16 at 120km/h

· Pilot spacing  =  6 has about 0.3 dB SNR gain at 1% BLER
· Pilot spacing = 8 and pilot spacing = 6 has very close Gootput 
5 Conclusions
· In general pilot spacing = 8 outperforms pilot spacing = 6 in term of the traffic goodput.

· More aggregated data throughput can be obtained by pilot spacing = 8 because of the reduced pilot overhead 

· Less impact of pilot power boosting to the traffic channel in other cells

· Pilot spacing = 8 is recommended
· M=8 will provide more aggregated data throughput gain when the number of the transmit antennas of the cell increased to 4.
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