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1. Introduction

UL PUSC, the mandatory allocation scheme in 802.diB&ibutes tiles (the smallest contiguous physica
allocation unit) over the frequency-time domairobtain a frequency diverse allocation of the datthe frame.
Big drawbacks of this allocation are the low numbgpilots per tile in multi-layer setups and thig Ipilot
overhead of 33.3% in single-layer operation.

The proposed physical resource units (PRUs) araredu versions of UL PUSC in 802.16e. Especiabyldlv
number of pilots per tile in the multi-layer pattesf conventional UL PUSC is addressed and incckaséhe
here proposed allocations. Like that, the propd3RtUs provide more robustness in multi-layer trassion
(e.g. MIMO) without additional pilot overhead. Thssobtained with increased size of the tile (dedblidth in
frequency) and new, more uniform pilot patterns.

Within the scope of this document layers are playsibannels that allow the transmission of indepenhdata
streams between a base station and one ore mar® usieg simultaneously the same frequency band (an
CDMA code if applicable). An example for multi-layieansmission is MIMO spatial multiplexing.

2. Proposed physical resource unit

All the proposed structures are 3 OFDM symbols liongme like UL PUSC tiles [1]. As shown in Figutethe
multi-layer PRUs (S2/S4) are extended in widthdirency) from 4 to 8 subcarriers. The new PRUs allec
8x3 PRUs (subcarriers x symbols). The pilot ovedheadentical to the conventional UL PUSC scheB&4)
but the number of pilots of an 8x3 tile is doubtemnpared to a 4x3 tile (802.16e). This, and theemumiform
and equal distribution of the pilots allows moréust channel estimation and detection of the datekbOne
slot consists of three 8x3 PRU in a row (in frequ@roccupying the same frequency-time area thasithdx3
tiles in UL PUSC permutation of 802.16e.

For the definition of single-layer structures thpegameters exist and cannot be varied independdintése are
the size of one slot, the number of data subcarimeone slot and the pilot density. In 16e UL xri@SO and
MIMO operation is performed in the same zone amdetore the slot size of single- and multi-layetBRnust
be the same (due to line-by-line allocation). & ghlot density is reduced under this constraiatn@ slot size),
the number of data subcarriers per slot grows. fapens in single-layer PRU proposal S1C. Strast&1A
and S1B are based on the same number of data sabxaer tile like their multi-layer counterpafhese three
single-layer structures are described in the falhgw

Structure S1A represents a 16e UL PUSC allocatiberg/two tiles are taken together to form a new g3
After tile permutation of the new 8x3 tiles, the38tiles can be split into two 4x3 sub-tiles (eqt@lan UL
PUSC tile) and additional permutation betweentad aisers transmitting with a single layer (struet84.A) is
possible. In this case single-layer communicatieriggmance is similar to conventional PUSC wheraatti-
layer communication with structures S2/S4 showsabheve mentioned advantages over the existing sshem
and all are having the same number of data subcayper slot.

A second option for single-layer communication isicture S1B. A more uniform pilot pattern allowstter

! Parts of this contribution are based on work sugoioby the FP7 project WIMAGIC
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channel estimation and data detection than S1Aowitkthe additional frequency permutation of 4x8gilThe

increased size leads to smaller number of tilessjmgrand therefore to smaller diversity gains dorall burst
sizes.

Structure S1C has a uniform pilot pattern whichdfiés from half the pilot overhead (16.7%) comparedhe

previous structures and 16e UL PUSC (33.3%). THJFhas 60 data subcarriers per slot and not the
conventional number of 48.

Table 1 lists the number of available pilots pk, tihe resulting density and the overhead forlhe UL PUSC
configurations (rows 1-3) followed by the here pegd tile structures. (Every layer of a specifidtmayer

structure has the same number of pilots. Therdfeenumbers in Table 1 are valid for any of thelajers in
each multi-layer configuration.)

Allocation structure Pilot overhead per layer Numdsiepilots per Useful pilot density per
layer per tile/PRU layer

UL PUSC 16e (1 layer) 33.3% 4 33.3%

UL PUSC 16e (2 layers) 33.3% 2 16.7 %

UL PUSC 16e (4 layers) 33.3% 1 (average) 8.3 %

S1A (1 layer) 33.3% 4 33.3%

S1B (1 layer) 33.3% 8 33.3%

S1C (1 layer) 16.7 % 4 16.7 %

S2 (2 layers) 33.3% 4 16.7 %

S4 (4 layers) 33.3% 2 8.3%

Table 1: Comparison of pilot overhead and useful pilot density per layer for different tile/PRU
structures

The selection of one of the three options S1A, &a& S1C is FFS.
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Figure 1: Proposed pilot structures
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3. Pilot boosting

For allocations using structure S2 the per piloetpower is per default 3 dB above the per data pawer for
each layer.

For allocations using structure S4 the per piloetpower is per default 6 dB above the per date pawer for
each layer.

The pilot tone power of 0, 3 or 6 dB above the gega tone power according to the number of orthapitot
patterns shall be further modified by a flexibléueafrom the set {-2.5 dB; 0 dB; 2.5 dB; 5 dB} adden top.
Different boosting values can be chosen for diffetayers. This variable boosting can e.g. be useditigate
the pilot interference coming from the differentdes and depends on the scenario.
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