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Design Considerations of Pilot Structures for Downlink MIMO Transmission
Chih-Yuan Lin, Pei-Kai Liao, Ciou-Ping Wu, and Paul Cheng
MediaTek Inc.

1. Introduction
This contribution discusses some design considerations of pilot structures and provides some pilot structure examples for exposition. In the following sections, the theoretical backgrounds regarding to 2-D sampling and some implementation issues will be first summarized in order to determine the design criteria, based on which several pilot pattern examples are then correspondingly developed for different antenna configurations. Finally, numerical simulations will be shown to verify the channel estimation performance of the proposed pilot structure examples, and to support the design considerations discussed in this contribution.
2. Design Considerations of Downlink MIMO Pilot Structure
2.1 Two-Dimensional Sampling Theorem
Pilot based channel estimation is to use the channels estimated at the pilot tones to reconstruct those at the remaining data tones. As a result, the pilot pattern design is essentially a conventional sampling point selection problem in the 2-D signal processing field. In order to avoid aliasing of the channel power spectrum, the pilot tone selection should follow the 2-D sampling theorem. To be more specifically, we denote 
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 as the pilot spacings in time and frequency directions, respectively. From the 2-D sampling theorem, 
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where 
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 is the OFDM symbol duration, 
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 represents the subcarrier spacing, and 
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 denote maximum Doppler shift and maximum delay spread, respectively. Equation (1) tells us that for large 
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 (i.e., channel time variation is severe) 
[image: image12.wmf]t

M

 should be small in order to well track channel time variation. On the other hand, (2) indicates that for large 
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 (i.e., channel is seriously frequency selective) 
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 should be small in order to closely follow channel frequency variation.
2.2 Interpolation and Extrapolation Channel Estimation Methods

To obtain the channel parameters on each data tone, the most popular method is to weight and sum the channel information estimated on some pilot tones. The weighting coefficients depend on channel estimation method (either interpolation or extrapolation) and on the assumption of channel variation model. From the perspective of numerical analysis, extrapolation is in general considerably more hazardous than interpolation under the same channel variation model [3]. As a result, the desired pilot arrangement should let most of the data tones be in between the pilots so as to largely avoid channel extrapolation.
2.3 Pilot Structure Examples

From [1], for IEEE 802.16m systems one possible resource unit, which consists of 18 subcarriers over 6 OFDM symbols and is in general called resource tile (RT), is shown in Figure 1. In the followings, we will base on the mentioned RT structure to develop the pilot structure examples.
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Figure 1. Schematic description of RT.
Before introducing the proposed pilot pattern examples, we first define the design parameters. Since the newly developed system shall be backward compatible to the legacy one, the OFDM symbol duration and the subcarrier spacing are widely recognized to be 
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 kHz. From the EVM document [4] the channel delay spread in general does not exceed 5 s and hence 
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 s without loss of generality. Moreover, since the system shall support vehicle speed up to 350 km/h, we shall correspondingly set the maximum Doppler shift to be 
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 Hz (under 2.5 GHz carrier frequency). Together with (1), (2), and the above design parameters, we immediately have the following pilot spacing constraints
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Based on (3), (4), and the discussions in Section 2.2, the proposed pilot pattern example for two-transmit-antenna case is shown in Figure 2. It is noted that each transmit antenna should put nulls on those locations which are reserved as the pilot tones for the other antenna, in order to maintain pilot orthogonality between the two transmit antennas.
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Figure 2. Pilot pattern for two-transmit-antenna case.
Similarly, the mentioned pilot pattern example can be extended to the four-transmit-antenna case, which are shown in Figures 3.
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Figure 3. Pilot pattern for four-transmit-antenna case.
Discussions:
1. As shown in Figures 2 and 3, the proposed pilot pattern examples satisfy the pilot spacing requirements ((3) and (4)), and moreover they also frame most of the data tones. As a result, reliable channel estimation can be ensured via interpolation (see Section 2.2) at most of data tones in each single RT without any aids of adjacent ones. This feature allows the proposed pilot structure examples to maintain the channel estimation quality for the scenario that adjacent RTs are not available.
2. For two-transmit-antenna case, the pilot density of the pilot pattern example is 0.1111. Compared to STC PUSC (with pilot density 0.1429), which is adopted in the baseline system [5], the proposed pilot pattern example has lower pilot density (and hence better spectral efficiency). In addition, it also leads to better system performance as will be seen in the simulation section.
3. Simulation Results
This section provides several simulations to illustrate the performance of the proposed pilot structure example. We consider a 
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 spatial multiplexing MIMO-OFDM system with FFT size 512. The source symbols are drawn from the QPSK constellation. The maximum Doppler shift is set to be 250 Hz, which corresponds to 120 km/h vehicle speed (under 2.5 GHz carrier frequency). The amplitude of each channel tap is drawn from the ITU vehicular A power delay profile (with 2.51 s maximum delay spread) and the channel time variation characteristics follow the well-known Jakes’ model. In the following simulations, at the data tones which are in between the pilots two 1-D linear channel interpolations (time-direction interpolation first and then frequency-direction one) are used to obtain the channel estimates, and at the others the linear extrapolation is utilized.
A. Comparison to STC PUSC Pilot Pattern

We first compare the BER performance of the STC PUSC pilot pattern and the proposed example. It is further assumed that the number of DL OFDM symbols is 24. Although the pilot density of the proposed pilot pattern example is relatively low, Figure 4 shows that its performance is slightly better than that of the conventional STC PUSC, indicating the effectiveness of the proposed example.
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Figure 4. BER performances of the proposed scheme and the STC-mode PUSC.
B. Performances under Different Numbers of Available RTs
This numerical example investigates the BER performances of the proposed structure examples under different numbers of available RTs. The two compared scenarios are depicted in Figures 5. In scenario 1, each RT in the four DL subframes enables to utilize the pilots of the adjacent RTs to enhance channel estimation at the band edges; however, in scenario 2 each RT can use only its own pilots to estimate channels. Figure 6 shows that the performance of scenario 2 is only slightly worse than that of scenario 1. The results justify the conjectured statement made in Discussion 1 of Section 2.3.
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Figure 5. Two compared simulation scenarios.
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Figure 6. BER performances under the two compared simulation scenarios shown in Figure 5.
4. Conclusion
This contribution provides some design considerations for MIMO pilot structure design, which includes

(a) Pilot spacing constraints, which is derived from the 2-D sampling theorem according to the system requirements, should be minimally satisfied in order to reduce pilot overhead (and hence to improve spectral efficiency).
(b) Pilot tones should frame most of the remaining data tones, as possible as we can, in order to avoid channel extrapolation.
Based on the above considerations and combined with the IEEE 802.16m system parameters, we propose the pilot pattern examples for two- and four-transmit-antenna MIMO systems. In respective RTs, the pilot tones are designed to frame most of the remaining data tones, at which the channels thus can be reliably estimated via interpolation. This feature also allows the proposed pilot structure examples to maintain the channel estimation quality for the scenario that adjacent RTs are not available. The simulation results also show that the BER performance of the proposed pilot pattern example (two-transmit-antenna case), although with relatively lower pilot density, is superior to that of the conventional STC PUSC, and thus support the design considerations discussed in this contribution.
Proposed Text for SDD
-------------------------------  Text Start  ---------------------------------------------------
11.X  General Design Considerations of Pilot Patterns
When designing pilot patterns, one should consider spectral efficiency and channel estimation performance. To achieve a balance between the two requirements, the following design considerations should be taken into account:
(a) Pilot spacing constraints, which is derived from the 2-D sampling theorem according to the system requirements, should be minimally satisfied in order to reduce pilot overhead (and hence to improve spectral efficiency).

(b) With a given pilot density, pilot tones should frame most of the remaining data tones, as possible as we can, in order to avoid channel extrapolation.

From the above design considerations, Figures A and B show the design examples (based on the resource block presented in [1]) for two- and four-transmit-antenna cases.
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Figure A. Pilot pattern for two-transmit-antenna case.
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Figure B. Pilot pattern for four-transmit-antenna case.
-------------------------------  Text End  ---------------------------------------------------
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