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FAST FEEDBACK Channel Codeword Extension

Introduction

In IEEE 802.16d/D5, section 8.4.5.4.10 describes FAST_FEEDBACK channels. Currently, a
FAST_FEEDBACK channel delivers only 4 payload bits, which is not enough to convey necessary information.
4 payload bits can classify MCS(Modulation and Coding Scheme) level up to 16 sorts, and their SNR resolution
would be 2dB with the dynamic range of 30dB. However, some MCS level has SNR resolution finer than 2dB
in certain channel conditions. If the SNR resolution can be made more elaborate, performance will improve. If
the number of payload bits can increase to 5, SNR resolution will become 1dB and up to 32 sorts of MCS level
can be supported.

In this contribution, codeword extension of the FAST_FEEDBACK channel is proposed to increase the number
of payload bits. The first 16 codewords are left unchanged to provide the backward compatibility, and
additional 16 codewords are appended without decreasing the minimum Hamming distance between
codewords. In this way, a FAST_FEEDBACK channel can deliver 5 payload bits. Simulation results are
provided to exhibit the performance of the proposed scheme.

Suggested change to the standard
[ADD the following text after 8.4.5.4.10]

8.4.5.4.11 Optional Enhanced FAST FEEDBACK channels

Fast feedback slots may be individually allocated to SS for transmission of PHY related information that
requires fast response from the SS. The allocations are done in unicast manner through the FAST FEEDBACK
MAC subheader (see 6.3.2.2.6), and the transmission takes place in a specific UL region designated by UIUC =
0.

Each Fast-feedback slot consists of 1 OFDMA slots mapped in a manner similar to the mapping of normal
uplink data. A fast feedback slot uses QPSK modulation on the 48 data sub-carriers it contains, and can carry a
data payload of 5 bits. Table zz defines the mapping between the payload bit sequences and the subcarriers
modulation.

Table zz—FAST FEEDBACK channel subcarrier modulation

5 bit payload  Fast Feedback vector indices per Tile
Tile(0), Tile(1), ... .Tile(5)

0b00000 0.0,0.0.0.0
0b00001 11.1.1.1.1
0b00010 222222
0b00011 3.3.3.3.3.3
0b00100 444444
0b00101 5.5,5.5.5.5
0b00110 6.6.6.6.6.6
0b00111 7.7,7.1.1.7
0b01000 0.1,2.3.4.5




2004-06-28 IEEE C802.16e-04/126

0b01001 1.2.3.4.5.6
0b01010 2,3.4.5.6.7
0b01011 3.4,5.6.7.0
0b01100 4,5.6.7.0.1
0b01101 5.6,7.0.1.2
0b01110 6.7,0.1.2.3
0bO1111 7.0,1.2.3.4
0b10000 4,7.2.5.1.6
0b10001 5.0,3.6.2.7
0b10010 6.1.4.7.3.0
0b10011 7.2,5.0.4.1
0b10100 0.3.6.1.5.2
0b10101 1.4.7.2.6.3
0b10110 2,5.03.7.4
0bl0111 3.6.1.4.0.5
0b11000 4,6.0.2.5.7
0b11001 5.7,1.3.6.0
0b11010 6.0.2.4.7.1
0bl11011 7.1,3.5.0.2
0b11100 0.2,4.6.1.3
0bl11101 1,3.5.7.2.4
0bl11110 2.,4.6.0.3.5
Obl1111 3.5.7.1.4.6

The FAST_FEEDBACK channel is orthogonally modulated with QPSK symbols. Let M, ., (0<k <7)be

the modulation symbol index of the k-th modulation symbol in the m-th uplink tile of the n-th
FAST FEEDBACK channel. The possible modulation patterns composed of M M, episs M, g, in

the m-th tile of the n-th FAST FEEDBACK channel are defined in Table aa.

n,8m 2

Table aa—Orthogonal Modulation Index in FAST FEEDBACK Channel

Vector index Mn,Sm J—2\411,8m+1 JL’—Aln,Sm+7

0 PO, P1, P2, P3, PO, P1, P2, P3
1 PO, P3, P2, P1., PO, P3, P2, P1
2 PO, PO, P1, P1, P2, P2, P3. P3
3 PO, PO, P3, P3. P2, P2, P1, Pl
4 PO, PO, PO, PO, PO, PO, PO, PO
S PO, P2, PO, P2, PO, P2, PO, P2
6 PO, P2, PO, P2, P2, PO, P2. PO
7 PO, P2, P2, PO, P2, PO, PO, P2

Where

PO=exp(j-2),

4
Pl=exp(j- ),
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P2 =exp(-) -37”),

P3=exp(-j %)

M, ... is mapped to FAST FEEDBACK channel tile as shown in Figure bbl for PUSC uplink subchannel and
in Figure bb2 for optional PUSC uplink subchannel. A FAST FEEDBACK channel is mapped to one

subchannel composed of 6 tiles.
pilot pilot
carrier carrier

pilot pilot
carrier carrier

Figure bbl—Subcarrier Mapping of FAST FEEDBACK Modulation Symbols for PUSC

pilot

Figure bb2—Subcarrier Mapping of FAST FEEDBACK Modulation Symbols for Optional PUSC

Symbol O

Symbol 2

The fast feedback slot includes 5 bits of payload data, whose encoding depended on the instruction given in
the FAST FEEDBACK subheader. The following sections define these encoding.

3
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8.4.5.4.10.1 Fast DL measurement feedback

When the FAST FEEDBACK subheader Feedback Type field is ‘00’ the SS shall report the S/N it measures on
the DL. The following formula shall be used:

Payload bits nibble= 0 S/N = -3dB
n n-4 <S/N = n-30<n<31
31 S/N>27dB

8.4.5.4.10.2 Fast MIMO feedback

When the FAST FEEDBACK subheader Feedback Type field is ‘01’ or ‘10’ the SS shall report the MIMO
coefficient the BS should use for best DL reception (see 8.4.8.1.6). The mapping for the complex weights is
shown if Figure cc.

Figure cc—Mapping of MIMO coefficients for fast MIMO feedback payload bits

8.4.5.4.10.3 Mode Selection Feedback

When the FAST FEEDBACK subheader Feedback Type field is ‘11’ or at a specific frame indicated in the
4
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CQICH_Alloc_IE(), the SS shall send its selection in terms of MIMO mode (STTD versus SM) or permutation
mode on the assigned FAST FEEDBACK channel. Table dd shows the encoding of payload bits for the
FAST FEEDBACK slot (see 8.4.5.4.9).

Table dd—Encoding of payload bits for Fast-feedback slot

Value Description

0b00000 STTD and PUSC/FUSC permutation

0b00001 STTD and adjacent-subcarrier permutation

0b00010 SM and PUSC/FUSC permutation

0b00011 SM and adjacent-subcarrier permutation

0b00100 Hybrid and PUSC/FUSC permutation

0b00101 Hybrid and adjacent-subcarrier permutation

0b00110 Beamforming and adjacent-subcarrier permutation
0b00111 —Ob11111 Reserved

[Add a new section 11.8.3.7.6 in page 687 of [1]]

11.8.3.7.6 Uplink control channel support

This field indicates the different uplink control channels supported by a WirelessMAN-OFDMA PHY SS for
uplink transmission. A bit value of 0 indicates “not supported” while 1 indicates “supported.”

Type | Length | Value Scope
XXX 1 Bit #0: FAST FEEDBACK SBC-REQ (see 6.3.2.3.23)
Bit #1: Enhanced SBC-RSP (see 6.3.2.3.24)

FAST FEEDBACK

Bit #2: UL ACK

Bit #3: Enhanced UL ACK

Bit #4-7: Reserved; shall be set
to zero

Performance

Simulation results of FAST FEEDBACK channel link performance are shown in Figure ee. In the simulations,
AWGN and Ped-B (3km/h) channels with 2 receive antennas are considered. Figure ee shows

FAST FEEDBACK error rate versus SINR (Signal to Interference and Noise Ratio per subcarrier) with 4 bit
and 5 bit schemes. 4 bit denotes the current scheme in 802.16d D5, whereas 5 bit denotes the proposed scheme
in this contribution. We can see that in the error rate of 10-3 region, the proposed scheme requires additional
SNR 0f 0.3 dB in AWGN channel and 0.7 dB in Ped-B channel, respectively. Therefore the proposed scheme
can increase the number of payload bits from 4 bits to 5 bits at little cost of performance.

5
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—&— 4 bit, Ped B (3 km/h)
—@® —5 bit, Ped B (3 km/h)

—®&—4 bit, AWGN
—> =5 bit, AWGN
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Figure ee—FAST FEEDBACK channel link performance





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


