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Downlink Pilot Structures for 802.16m
Havish Koorapaty, Jiann-Ching Guey
Ericsson AB 
Introduction

A pilot structure for 802.16m was proposed in [1] and [2]. Simulation results and further motivation for this pilot structure is given in [3]. Below text on pilot structure for section 11.5.3.1 and 11.5.3.2 of the SDD is proposed.
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Proposed SDD Text
11.5.3.1 Common Pilot Structure
The common pilot structure serves the functions of channel estimation as well as cell identification and enables operation of MIMO modes that may use common pilots. The structure is based on a base pattern over a group of 36 subcarriers and 6 symbols shown in Figure 1. Pilot sequences for different antennas and base stations are generated by cyclically shifting this base pattern within the subcarrier-symbol group. Cyclic shifts in frequency are limited to multiples of 3 sub-carriers. Therefore, possible shifts in frequency are in the set [0, 3, 6, …, 33] subcarriers. Cyclic shifts in time are not restricted and therefore shifts of up to 6 symbols in time are possible. For a shift of M subcarriers in frequency and N symbols in time, the symbol at index (i,j) in the base pattern, i.e., at sub-carrier index j and symbol index i (0 <= i <= 5, 0 <= j <= 35) is transmitted at index (mod(i+N,6), mod(j+M,36)). For the common pilot, M belongs to the set [0, 3, 6, …, 33].
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Figure 1: Common pilot base pattern

For antennas from the same base only shifts in frequency and/or time of the pattern for the first antenna that ensure that the pilot symbols for the two patterns don’t overlap are used. Figure 2 shows an example pattern where common pilot symbols for two antennas are transmitted from the same base station.
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Figure 2: Example of common pilot from multiple antennas

The pattern obtained for a certain base station and antenna by performing cyclic shifts of the base pattern is repeated in frequency and time. The number of repetitions in frequency depends on the channel bandwidth and the number of repetitions in time depends on the length of the frame allocated to the downlink. Pilots are boosted in power over the data subcarriers in the same symbol by up to 9 dB. 

A cell may be identified by correlating with the unique time-frequency pilot pattern assigned to it. Repetitions of the base pattern in frequency may use different cyclic shifts. For example, if 12 repetitions in frequency of the 36 subcarriers by 6 symbol group are required to cover the entire bandwidth, the 12 repetitions may be split into 4 sets of 3 contiguous groups each. The 36x6 sub-carrier-symbol group in each of the sets may use the same cyclic shift of the base pattern while different sets may use different cyclic shifts.

Resource block allocations that are smaller in the frequency dimension than 36 sub-carriers may be used. For example, an allocation of 18 sub-carriers by 6 symbols may be used for a single user. Common pilots may optionally be transmitted only in parts of the DL sub-frame. However, the common pilot is always transmitted at the beginning of each frame. 
11.5.3.2 Dedicated Pilot Structure
The dedicated pilot structure for streams 1 and 2 is based on a base pattern over a group of 36 subcarriers and 6 symbols shown in Figure 3. Pilot sequences for different streams and base stations are generated by cyclically shifting this base pattern within the 36x6 subcarrier-symbol group in the same manner as is done for common pilots. Cyclic shifts in frequency are limited to multiples of 6 sub-carriers. Therefore, possible shifts in frequency are in the set [0, 6, …, 30] subcarriers. Cyclic shifts in time are not restricted and therefore shifts of up to 6 symbols in time are possible. For a shift of M subcarriers in frequency and N symbols in time, the symbol at index (i,j), i.e., at sub-carrier index j and symbol index i (0 <= i <= 5, 0 <= j <= 35) may be represented as (mod(i+N,6), mod(j+M,36)). For the dedicated pilot for streams 1 and 2, M belongs to the set [0, 6, …, 30].


[image: image3]
Figure 3: Base pattern for streams 1 and 2

For two streams from the same base station, only shifts in frequency and/or time of the base pattern that ensure that the pilot symbols for the two streams don’t overlap are used. Figure 4 shows an example pattern where common pilot symbols for two antennas are transmitted from the same base station. Pilots are boosted in power over the data subcarriers in the same symbol by up to 9 dB.
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Figure 4: Example of dedicated pilots for streams 1 and 2.
The dedicated pilot structure for streams 3 and 4 is based on a base pattern over a group of 18 subcarriers and 6 symbols shown in Figure 5. Pilot sequences for different streams and base stations are generated by cyclically shifting this base pattern within the 18x6 subcarrier-symbol group in the same manner as is done for common pilots. Cyclic shifts in frequency are limited to multiples of 3 sub-carriers. Therefore, possible shifts in frequency are in the set [0, 3, 6, …, 15] subcarriers. Cyclic shifts in time are performed over the last 5 symbols in the base pattern so that no pilot symbols for streams 3 and 4 are transmitted in the first symbol. Therefore, cyclic shifts in time of upto 5 symbols are allowed.
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Figure 5: Base pattern for streams 3 and 4
For the third and fourth streams from the same base station, only shifts in frequency and/or time of the base pattern that ensure that the pilot symbols for the two patterns don’t overlap are used. Figure 4 shows an example pattern where common pilot symbols for two antennas are transmitted from the same base station. Pilots are boosted in power over the data subcarriers in the same symbol by up to 9 dB. Both dedicated and common pilots may be transmitted in the same resource block without any overlap in pilot symbols transmitted from the same base station.
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Figure 6: Example of dedicated pilots for streams 3 and 4.
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