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Proposal on flexible pilot pattern with configurable pilot reuse factor
Dong LI, Hongwei YANG, Liyu CAI, Keying WU, Yang SONG
Alcatel Shanghai Bell Co., Ltd.
1 Introduction

In the last 16m session, a lot of pilot pattern designs were proposed for various antenna/stream numbers and the common/dedicated pilot types. The initial harmonized baseline content regarding the downlink pilot has been summarized in [1]. However, the defined pilot patterns cannot sufficiently support advanced multi-BS MIMO transmissions, which received a lot of attention [2-5] recently. This contribution aims to deal with this problem using flexible pilot pattern with configurable pilot reuse factor.
2 Proposed solutions
For the BS equipped with a large number of transmit antennas (e.g., at least four antennas), several MIMO operation modes are applicable, such as SU-MIMO, MU-MIMO and multi-BS MIMO. In the former two MIMO modes, the terminals only need to estimate the channels with the single associated BS, while in multi-BS MIMO schemes, the terminals may be needed to estimate simultaneously the channels corresponding to multiple associated BS, which poses much constraint for the pilot pattern design. As a result, pilot pattern should be designed flexibly in 16m such that all the mainstream MIMO modes will be supported with sufficient channel estimation quality.
To design flexible pilot patterns applicable to various MIMO modes, we introduce the concept of pilot reuse factor (PRF), which will be described in details in the following subsection.
2.1 Concept of pilot reuse factor
Similar to the concept of frequency reuse factor, pilot reuse factor N means that the pilot patterns used by each BS out of a group of N adjacent BSs are orthogonal to each other, that is, without any collision between pilot symbols and pilot symbols or between pilot symbols and data symbols. In the legacy system, all the BSs shares the common pilot patterns and positions and hence, it can be understood that pilot pattern reuse factor of 1 is used in the legacy system. 
In the multi-BS MIMO transmission scheme, one terminal located at cell edge may be served by joint multiple (say N) BSs. In this case, the terminal needs to estimate accurately the MIMO channel state information corresponding to each associated BS to make reliable multi-BS MIMO detection. It is desirable to have orthogonal pilot patterns for the involved N BSs to guarantee good channel estimation quality, that is, PRF of N is used. To prevent overlarge pilot overhead, the PRF can take relatively small values (e.g., 2 or 3) and the defined orthogonal pilot patterns can be reused by other BSs except the N involved ones. 
2.2 Flexible pilot pattern enabling various MIMO operation modes
In this section, it is illustrated how the concept of pilot reuse factor is used in the design of flexible pilot pattern for supporting various MIMO operation modes. It is assumed that each BS is equipped with at least 4 transmit antennas and the design of pilot patterns of 4 data streams per BS is mainly focused on. The pilot patterns will be described based on the physical resource unit (PRU) with the size of 18 subcarriers and 6 OFDMA symbols, which is the recommended PRU size in [1]. Note that the flexible pilot patterns introduced here can act as either common pilot or dedicated pilot and they can be applied to both localized resource unit (LLRU) and dedicated resource unit (DRU). 
The four pilot patterns corresponding to four data streams for pilot reuse factor of 1 are illustrated in Figure 1. These pilot patterns can be used in multi-stream transmission in SU-MIMO mode or MU-MIMO mode. Note that to enable pilot power boosting and randomization, shifted versions of the four pilot patterns can be used for adjacent BSs to avoid the collision between pilot symbols, however, there will be collision between pilot symbols and data symbols for the adjacent BSs. 
Figure 2 shows the pilot patterns for pilot pattern reuse factor of 2. It can be used in the multi-BS MIMO operation mode with two BSs involved. It can be observed that the pilot patterns used by the two BSs are orthogonal to each other, that is, one BS will transmit null symbols in the positions occupied by the pilot patterns of the other BS. Note that in the figure, totally four pilot patterns are illustrated for each BSs. If only two data streams are transmitted at one BS, then the pilot patterns of P0 and P1 can be combined and used for the first data stream and the pilot patterns of P2 and P3 for the second data stream. Similarly, Figure 3 shows the pilot patterns for pilot pattern reuse factor of 3. It can be used in the multi-BS MIMO operation mode with three BSs involved.
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Figure 1 Illustration of pilot patterns for pilot pattern reuse factor of 1
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Figure 2 Illustration of pilot patterns for pilot pattern reuse factor of 2
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Figure 3 Illustration of pilot patterns for pilot pattern reuse factor of 3
2.3 Implementation of the flexible pilot patterns
The flexible pilot patterns presented in above sections can be implemented easily in the 16m system. It can be expected that different transmission modes can be applied in different zones divided in time or frequency. There should exist some signaling describing the related information about each zone just like the STC_DL_Zone_IE for the time zones in legacy systems. Except the traditional information fields such as MIMO mode, permutation type, number of antennas/streams, a new field called PRF can be introduced which indicates the pilot pattern reuse factor. The default value can be 1, corresponding to traditional pilot pattern usage. For the multi-BS MIMO operation mode, this information field can be set to appropriate numbers larger than 1 corresponding to the associated BSs. Additionally, in the case of PRF larger than 1, the association of pilot pattern group and each BS can be configured statically or semi-statically. This is FFS.
3. Proposed SDD text

------------------------------------------- Start of Proposed SDD Text --------------------------------------------------------

11.x.3 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. 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 are therefore 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] [a non-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 and the pilot design philosophy targets at avoiding the collision of pilots among interfering sectors.
[supplement the following content to the section of pilot structure]
The pilot patterns shall be extended to support multi-BS MIMO through orthogonal pilot multiplexing among the involved BSs.
------------------------------------------- End of Proposed SDD Text --------------------------------------------------------
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