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Pilot Structures for 802.16m
Havish Koorapaty, Jiann-Ching Guey
Ericsson AB 
Introduction
The requirements [1] for the IEEE 802.16m project include higher data rates than that currently supported by the WirelessMAN-OFDMA reference system[2,3]. As in the reference system, the 802.16m system needs mechanisms to perform initial time and frequency synchronization, cell identification and channel estimation. In the reference system, one symbol is used for a preamble that allows cell identification and time/frequency synchronization. Channel estimation is performed using additional pilots that cause an additional overhead of 14.29%. The preamble may also be used to aid channel estimation. 

The 802.16m system needs pilot definitions that allow MIMO operation as well as efficient mechanisms to perform the functions listed above. We propose a single pilot structure that spans a radio frame and provides a mechanism to perform cell identification, channel estimation and MIMO operation. This alleviates the need for cell identification using a preamble. Time and frequency synchronization may be achieved using a separate signal that uses far lower overhead than the current preamble. The pilot structure is derived from a Costas array ‎[4]. The pilot structure addressed in this document is restricted to common pilots. Dedicated pilots that may be needed for any multiple antenna mode of operation are added in addition to the proposed pilot structure.
It is proposed that a section on pilot structure be included in the Physical Layer section of the system description document. We recommend that the proposed pilot structure be included in the pilot structure section.
Proposed SDD Text
[Section] Physical Layer
 [Sub-Section] Pilot Structure
The 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 48 subcarriers and 6 symbols shown in Figure 3 (figure appears later in document to avoid replication in the contribution). Pilot sequences for different antennas and base stations are generated by cyclically shifting this base pattern within the 48x6 subcarrier-symbol group. For antennas from the same base station, only shifts in frequency and/or time that ensure that the pilot symbols for the two patterns don’t collide are used. The base pattern is repeated in frequency and time. The pilot structure over 48 symbols in time spanning one 5 ms radio frame with 8 repetitions of the base 48x6 pattern is shown in Figure 4. Pilots are boosted in power over the data subcarriers in the same symbol. A cell may be identified by correlating with the unique time-frequency pilot pattern assigned to it.
Detailed Description of Pilot Structure

Costas Array
The pilot structure is derived from a base pattern over 6 symbols and 48 subcarriers that is repeated in time and frequency. The base pattern is derived from a Costas array ‎[4]. Figure 1 shows a Costas array of length 6.

[image: image1]
Figure 1: A 6x6 Costas array pattern
For the pilot structure problem of interest, the horizontal direction represents OFDM symbols in time and the vertical direction represents frequency subcarriers. The Costas array in figure 1 has the property that all shifts in time and frequency have at most 2 coincidences with the original pattern. Thus, the pattern has a uniqueness property that is not present with regular patterns. Figure 2 illustrates the coincidences between shifts of the Costas array. The 6x6 base pattern is repeated once in time and frequency to form a 12x12 overall pattern. This base pattern is represented by the squares shaded in black in the figure. A time-frequency shifted version of the pattern is super-imposed on the original pattern and is represented in red with the shift being one subcarrier in frequency and two symbols in time. 
[image: image2.emf]
Figure 2: Periodic sidelobes distribution array (SDA) of a Costas array
Inspection of the 6x6 array within the black border in the figure shows that there are two collisions between the shifted pattern represented in red and the base pattern represented in black. The number of collisions for various time and frequency shifts, referred to as the sidelobe distribution array (SDA), is shown in the right hand side of the figure. The number of collisions for the particular shift shown in the left hand side of the figure is circled in the SDA. In the SDA array shown on the right, blank squares indicate zero collisions. 
A step in the frequency dimension can represent multiple subcarriers for the Costas array shown in Figures 1 and 2. That is, a step in the frequency dimension may represent a step of M subcarriers. The SDA shown in Figure 2 is therefore for subcarrier shifts that are a multiple of M. The SDA is zero for shifts in frequency that are not a multiple of M. 
Proposed Pilot Structure

The base pattern used to derive the pilot structure proposed for 802.16m uses M=8. The reason for this choice will be elaborated upon later in the document. Therefore, the Costas array shown in Figure 1 is populated over a base group of 48 subcarriers by 6 symbols as shown in Figure 3. The squares in red represent a single Costas array pattern assigned to antenna 1. The squares in blue represent a shifted pattern assigned to antenna 2. The shift used here is four sub-carriers in frequency. With shifts only in one dimension, time or frequency, there are no collisions between the original pattern and the rotated pattern. It is desirable to have orthogonal pilot patterns for antennas from the same base station. Hence, it is proposed to use only time-frequency shifts that prevent any collisions between patterns from different antennas to accommodate any additional antennas.

[image: image3]
Figure 3: Base group of 48 subcarriers and 6 symbols over which Costas array of dimension 6 is populated.
The dimensions of the base group are chosen such that the pilot structure can be used for channel estimation under the most stringent Doppler and delay spread conditions. The frequency with which pilots must appear in the frequency and time dimensions depends on the worst case delay spread and Doppler frequency of the channel. In order to sample the channel at the Nyquist rate, the base group can be at most 1/(Dmax x Ts) OFDM symbols in time, where Dmax is the maximum Doppler spread and Ts is the length of an OFDM symbol. Assuming a carrier frequency of 3.5 GHz and a maximum vehicle speed of 500 km/hr, this would require the sampling interval in time to be 6 symbols. Thus, the base group was chosen to be six symbols wide. Similarly, in order to sample the channel at the Nyquist rate in the frequency dimension, M must be less than 
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, where M is the number of subcarriers between consecutive subcarriers containing pilots, 
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is the useful symbol time and 
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is the maximum delay spread of the channel. Assuming a maximum delay spread that spans the cyclic prefix and the same useful symbol time used in 802.16e, M should be limited to 8 subcarriers. The dimensions chosen for the base group therefore assure sampling at the Nyquist rate for the worst case conditions required to be handled by 802.16m. It should be noted however that in most cases, the channel conditions will be a lot better than the worst case leading to some redundancy in the pilots which provides robustness.
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Figure 4: Pilot structure shown over 48 symbols and 48 sub-carriers. The base Costas pattern in 6 symbols and 48 subcarriers is repeated in the time and frequency dimensions. The frequency dimension repetitions are not shown in the figure.
Figure 4 shows the proposed pilot structure. Eight repetitions of the 48x6 base group in time span 48 symbols, i.e., one 5 ms radio frame. The number of repetitions in frequency depends on the channel bandwidth. The pattern shown in Figure 1 is the pattern used by one sector. Other sectors and base stations use a base pattern that is a cyclic time-frequency shift of the base pattern shown in Figure 1. The cyclic shift occurs within the same period of 6 symbols and 48 subcarriers. There are a total of 8*6*6 = 288 possible distinct shifts and therefore distinct pilot sequences. With two antennas per base station, that allows 144 distinct patterns since each base station occupies two shifted versions of the base pattern for each antenna. With four antennas per base station 72 distinct sequences are possible. The number of sequences may be extended further by hopping the pilot patterns over symbols in time or frequency subcarriers each time the base group is repeated. 
It should be noted that the pilot structure has been delineated for the whole 5 ms frame. However, if TDD is used, some of the symbols may not be used for the downlink. The downlink pilot structure then stays as shown in Figure 4 for the symbols that are still being used for the downlink.

The pilot overhead per antenna as per the proposed pilot structure is 2.08%. With four antennas per base station, the overhead is 8.32%. The proposed pilot structure allows data to be transmitted from neighboring base stations on pilot subcarriers used by the serving base station since each cell uses different pilot locations. Due to this aspect and the low density of pilots, pilot boosting is necessary.
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