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1. Overview
In Section 11.5.3 of SDD [1], DL Pilot Pattern A is shown for 1/2 pilot streams for the subframe consisting of 6 OFDMA symbols. For the subframe consisting of 5 or 7 OFDMA symbols, one of OFDMA symbols is deleted or added. However, interlaced pilot patterns based on the Pilot pattern A in those subframe types are not clearly defined.
In this contribution, we clarify the Pilot Pattern A for the subframe consisting of 5 or 7 OFDMA symbols including interlaced pilot structure. And we also propose to introduce sector- or BS- specific orthogonal sequences (or CDM pilot) to the interlaced pilot in order to reduce inter-BS or inter-sector interference in the pilot symbols in the case that the collision between inter-sector pilots happens. As for the sector- or BS- specific orthogonal sequences, we have already shown the superior performance by link level simulation in the reference of [2]. 
2. Modifications to the SDD Text 
For Pilot Pattern A for the subframe consisting of 5 OFDMA symbols, the sixth symbol is deleted from the the subframe consisting 6 OFDMA symbols and the two pilot symbols are added in the fifth symbol to keep the number of pilot symbols as same as the 6 OFDMA symbol subframe and to ensure the channel estimation accuracy. Since the current SDD text includes the constraint that there is equal number of pilots for each PRU of a data burst assigned to one MS, our proposal could easily support that the data burst assigned to one MS include PRUs with different sizes. 
For Pilot Pattern A for the subframe consisting of 7 OFDMA symbols, the seventh symbol not including pilot symbols is added in the end of the 6 OFDMA symbol subframe. 
For interlaced pilot, we propose to introduce sector- or BS- specific orthogonal sequences (or CDM pilot) to the interlaced pilot in order to reduce inter-BS or inter-sector interference in the pilot symbols in the case that the collision between inter-sector pilots happens.
3. Proposed Text 
We propose the following the text for the P802.16m Amendment in Section x.5. Since most of part is maintained as Section 11.5.3 of SDD, the modifications to SDD are indicated by the yellow highlighted text.
-------------------------------  Start text proposal  ---------------------------------------------------
x Advanced Air Interface
x.5 Downlink Physical Structure

x.5.y Pilot Structure

The transmission of pilot subcarriers in the downlink is necessary for enabling channel estimation, measurements of channel quality indicators such as the SINR, frequency offset estimation, etc. To optimize the system performance in different propagation environments and applications, IEEE 802.16m supports both common and dedicated pilot structures. The categorization in common and dedicated pilots is done with respect to their usage. The common pilots can be used by all MSs. Dedicated pilots can be used with both localized and distributed allocations.  Pilot subcarrriers that can be used only by a group of MSs is a special case of common pilots and are termed shared pilots. The dedicated pilots are associated with a specific resource allocation, can be only used by the MSs allocated to said specific resource allocation, and therefore can be precoded or beamformed in the same way as the data subcarriers of the resource allocation. The pilot structure is defined for up to four transmission (Tx) streams and there is a unified pilot pattern design for common and dedicated pilots. There is equal pilot density per Tx stream, while there is not necessarily equal pilot density per OFDMA symbol of the downlink subframe. Further, there is equal number of pilots for each PRU of a data burst assigned to one MS. 

The pilots can be used for channel estimation, measurements (CQI and interference mitigation/cancellation), frequency offset estimation and time offset estimation. Pilot patterns are proposed for efficiency and performance. Pattern A is used for 1 and 2 DL data streams dedicated and common pilot scenarios. 

[image: image1] 

Figure 1 Pattern A for 1/2 pilot streams.
For the subframe consisting of 5 or 7 OFDMA symbols, one of OFDMA symbols is deleted or added.

Figure 2 shows the Pattern A for the subframe consisting of 5 and 7 OFDMA symbols.
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(a) subframe consisting of 5 OFDMA symbols    (b) subframe consisting of 7 OFDMA symbols

Figure 2 Pattern A for 1/2 pilot streams.

The interlaced pilot patterns can be generated by cyclic shifting the base pilot pattern. The interlaced pilot patterns are shown in Figure 3 and can be optionally used by different BSs or sectors. 
Figure 4 and 5 show the interlaced pilot patterns for the subframe consisting of 5 and 7 OFDMA symbols. The different orthogonal sequence can be used in the different BSs or sectors to reduce inter-BS or inter-sector interference in the pilot symbols in the case that the collision between inter-sector pilots happens such as Figure 4. As for the BS or sector specific orthogonal sequence, frequency domain spreading is used by adding phase rotation. The BS- or sector- specific phase rotation (φ) of 0, 2
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/3, and 4
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/3 is added every adjacent pilot subcarrier to the BS or sector #1, #2, and #3, respectively.

The use of interlaced pilot pattern is FFS supported. 


[image: image5] 

Figure 3 Interlaced Pattern A for 1/2 pilot streams.
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Figure 4 Interlaced Pattern A for 1/2 pilot streams for the subframe consisting of 5 OFDMA symbols.
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Figure 5 Interlaced Pattern A for 1/2 pilot streams for the subframe consisting of 7 OFDMA symbols
Pattern B is used for 4 data streams DL dedicated and common pilot pattern.
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Figure 6 Pilot Pattern B for 4 stream pilots, pilot k denotes pilot for transmit antenna stream k 

For the subframe consisting of 5 OFDMA symbols, the third or fourth OFDMA symbol is deleted. For the subframe consisting of 7 OFDMA symbols, the third or fourth OFDMA symbol is added in the end of the subframe.
-------------------------------  End text proposal  ---------------------------------------------------
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