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7 [[0042] FIG. 4 illustrates an AL-FEC scheme according to an embodiment of

the present disclosure. The vertical hyphenated line separates the functional layers of a
transmitting device 400 and a receiving device 450. The dotted line indicates data being
transmitted from the transmitting device 400 to the receiving device 450. With respect
to the AL-FEC framework, the transmitting device 400 includes a physical (PHY) layer
440, media access control (MAC) layer 430, a protocol adaptation layer (PAL) 410, and
the AL-FEC component 420. Similarly, the receiving device 450 includes a PHY layer
490, a MAC layer 480, a PAL 460, and an AL-FEC component 470. Each of the
transmitting device 400 and the receiving device 450 may be one of the may be any
wireless communication device, such as the WiGig enabled devices 102-110.
[0043] The general operation of the transmitting device 400 in the AL-FEC scheme,
according to an embodiment of the present disclosure, is as follows. In the transmitting
device 400, a set of source packets to be protected together is specified. The source
packets are reshaped to forma set of equal-sized source symbols. An AL-FEC code is
applied on the source symbols to produce a set of repair symbols. After the repair
symbols are encapsulated into repair packets, the transmitting device 400 sends the
source packets and the repair packets to the receiving device 450.
[0044] The general operation of the receiving device 450 in the AL-FEC scheme,
according to an embodiment of the present disclosure, is as follows. If all source
packets are received successfully by the receiving device 450, then the received source
packets are handled without AL-FEC recovery, and the received repair packets are
discarded. In contrast, if there are missing source packets, the AL-FEC scheme will be
applied to the successfully received source and repair packets to recover the missing
source packets.
[0045] The protocol adaption layer (PAL) 410 at the transmitting device 400 receives
source data (e.g. application packets) from an upper layer (not illustrated), prepares
packets to be transmitted, and sends the packets to the MAC layer 430. To this end, the
PAL 410 may first specify the set of source packets (called source block) to be
protected by selecting a suitable source block size (k symbols) and a suitable symbol
size (T bytes), such that:
[0046] a) The PAL 460 at the receiving device 450 is capable of buffering Txm bytes
(where m is the number of symbols that the receiver decodes per block).
[0047] b) For low overhead, k is chosen to be as large as possible from a
predetermined interval such as [500, 8192]. If only a small number of options for k is
required, then k is chosen from a predetermined set (e.g. from among 512, 1024, 2048,
4096, and 8192). If only one option for k is allowed, then set k to a default value (e.g.
1024).
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[0048] c) Latency constraints put an upper bound on k. Note that the latency increases
as k increases.
[0049] The set of source packets should have Txk bytes of payload.
[0050] PAL 410 generates a source block number (SBN) and sends the source block,
SNB, k, and T to the AL-FEC component 420. PAL 410 also constructs the source
packets by appending the header information to the source packet payload and sends the
source packets and repair symbols received from the AL-FEC 420 to the MAC layer
430. The functions of the PAL 410 and the MAC layer 430 may be performed by a
processor or controller of a wireless communication device.
[0051] At the receiving device 450, the PAL 460 receives packets (source packets and
repair packets) from the MAC layer, recovers the source data, and sends the source data
to an upper functional layer (not illustrated). To that end, PAL 460 determines whether
all source packets are received successfully. If all source packets have been received
successfully received, the source packets are handled without AL-FEC recovery, and
the repair packets are discarded. In contrast, if there are missing packets, PAL 460 sends
the successfully received source and repair packets to the AL-FEC component (470).
PAL 460 gets the recovered source packets from the AL-FEC component 470. ]

( [HFRR] :[0042] H4F, AEATO—EHEHEICLISAL—FECH
RETY. EEOEMRITE ST, ZEEEIO0O0RURELEE 4 5 0 DHAEM
EEADBINA TS, RiRlE, XEXE400NLRELEE4S5O0ITKEES
nNdT—2%RKLTWS, AL—FECI7L—LT—VICEALT, £EEE4
00IF, ®¥E (PHY) 440, AT4F7T7 A%l (MAC) f§430,
JArANTETT—3VE (PAL) 410RUPTAL—FECE%420
20, RkIC, RIEEE450lF PHYE490, MACE480, PA
LABORUVAL—FECERA470%ET, EEEBL400LZELEELS
ODENZNIE, WiGi giEEE102—1100&5HEEDERBEIE
HENDSHE—D2OThHYRED (HEF : [RXD lone of the may be any| [E lone of
the any] DFREEDRDOBN D, ) ©
[0043] ABATRO—EMEHMEIZLSD, AL—FECARIZEITAEELE4L0
ODENRMLGEEIIUTDESY THD. EEEEL400T, FLEHTRET
REY—ZAN7y bty FBIFEEND, V=R ME, FLOVYAX
DY—RAL ROty FEBRTDESICERBINDS (BFT XD

l'to forma set] [& ltoformaset] DEIRFELRBDHOND, ) . BBV HRILDE
Y EARTBDEDICAL—FECHSNY RV URVISERENS. EIH
SURIAEIRNT Y MIZhTEeEhi-&, EEEE400E, V—R/N
Ty bRUVEIRNTY FERIEEE 4 5 0ISE(ET 5,
[0044] ABIRO—EMERMEEIZLSD, AL—FECARIZHEITHZELELS
ODEFMBEREIIUTDELSYTHS, INTODY—R/NTy bHRERE
450 THRUMRIZRESNEER, REShY—RNTY MIAL-FEC
BIEHAZLICLEIN, ZIEESNEEBN\TY MEIERESIN D, B, Hk
Liz=\7y b HBEE, AL—FECARA, HEXLEY—X/N\7y b2E
T 5O, FIMRBRICRESINEY—X/Nry FRUEIRN Yy MERS
nd,
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[0045] FEEZEEBE4o00DTOLILTFTETT—avE (PAL) 41015,

LE (BRES) NoV—RT—4 (Thhbs, 7IVr—a gy b)

ZZEL, EIETSH/N\ry FZEHBL, N7y FEMACEA430(2#FES,
DEADF-HIZ, PALA410IE, FFFE1IC, F@LEY—XTAOVIHAX
(kAR URIV) BEIUVIFELE L VRILYAX (TN F) ZEIRTZ L
[2&2T, RESINDZREY—ZANTy DY S (V—RTAOvY EFEER
) HETES, CT, LEBERIIUTORETITHOND :

[0046] a) ZEHEEA450ICHBITHPALA60(E, Txm/Af b (22T,
MIIZERNES TS0 58D URILE) E#\v o7 )093 52
ENTES,

[0047] b) BFA—/\~vy FDIFE, ki, [500, 8192] OKSHF
EDREMNS TEDLITRECHEDILSITEREIND, k& LTOHDEREK
DHMBLEEINDIGEE, kIX FIEDEY b~ BIZIE512, 1024, 2
048, 4096, BXU81920Hmh i) MioBIREND, k&ELT1D
DERBELMFEINLZMES, kETIAILNME BIRIE1024) I2HRET
5

[0048] ¢c) LATUIDHIRIIKIZEREZEREY, kAEMT BIZOhTLA
TUOUNEMYT S EITER,

[0049] Y—RINT Y kDEY MK, Txk/Nf FODRAO—KEFTEHIRET
H5.

[0050] PAL410IF YV—RTOvY&ES (SBN) &L, YV—RT
Ov%Y, SBN, kERUTZAL—FECEX420I7%5% (4TI EXD
[SNBJ & TSBN] MDiRiELBHOBHND, ) o PALA10IEFEEL, V—R/N
T RDRAA—FRITAY S —IEREFAMLTY—R/\ 7y FEERL, V—
AT Y RBEUVAL—FEC420h00ZITH-o=-EIBVRILEMACE
430I2%%, PAL410EMACEAS 30NMEEIL, EBREEEENTO
B FERFFADFO—FICE>TEFTTRIENTES,

[0051] ZEREFEA450I2BLVT, PAL4A4B6OIEMACEMNS/T Y k (VY
— ANy FRUEIB/NYY b)) 22EL, V—XRT—2ZREEL, V—RXT
— A % ERIEERSE (RREd) (2D, TOEMDIHIZ, PAL46O0I,
TRTDY—RN\T Y FHBARIZEIZCRIESNENELZHITET 5, TRTDOY
—RANTy FOBEIZRESNLELIE, V=R Yy FMEAL—FECH
BHLIZWEIN, BB Y MIEREINDS (HEF : [EXD [lreceived
successfully received,| [& [received successfully,] MEIREEEEBEHLND, ) . B
2, L LHEEXLE/T Y B BIEE, PAL460IE, BMZEIZRESNT:
Y—RNNry FRUVEIRNYY FEAL—FECEXR (470) I2%5%, PA
L460IX, AL—FECEXR470hlEINYV—XRN\Ty  21F5, )

4 T[0053] The AL-FEC component 420 at the transmitting device 400 applies
AL-FEC code on the source data to generate repair symbols, and encapsulates the repair
symbols into repair packets. In an alternative embodiment, the repair symbols may be
encapsulated into repair packets by the PAL 410. In the receiving device 450, the AL-
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FEC component 470 decodes the source and repair packets received from the PAL
using the AL-FEC scheme to recover missing packets. In some embodiments, the AL-
FEC components 420 and 470 or the functions of the AL-FEC components 420 and 470
may be integrated into the PALs 410 and 460, respectively. Also, in some embodiments,
each of the PALs 410 and 460, AL-FEC components 420 and 470, MAC layers 430 and
480, and PHY layers 440 and 490 of the transmitting device 400 and the receiving
device 450, respectively, may be configured to perform functions related to both
transmission and reception. ]

( [HERER] :[0053] ZEXBE400NDAL—FECEHR4201% #IH
SURINEERT BHICY—RT—FICAL—FECHEZ#EALT, &IH
SURIVEEIBNT Y MZHTELET %, AOEBRETIE, EIHS VAL
£, PALA410ISE>THEIB/NN Y MZhTEIEENED, ZIEEELS
OTIE, AL—FECER470IF HEERLENATY FZERETDHHIZ, A
L-—FECAXZFE - TPALMNLGRIELEY—R/N\ 7y FRUEIR/A 7Y b
/BT D, WCONDEEMET, AL—FECER420RU470, F
IFAL—FECEXR420KRU47 0NHEEIX, PAL410BKkU460
RIZENETNHESINGED, £z, WSO DEBMBETIE, FEEEE4L400
CREEBAS50NPALA410KRU460, AL—FECE%XR420RU4
70, MACE430XkU480, RUPHYE440RU490DZENEN
(F, ZERUVREOHAICEET HHEZTRTI AL IICEREINGED. )

7 T[0072] FIG. 7 illustrates a description of a header of a packet that has been
encoded using an AL-FEC scheme according to an embodiment of the present
disclosure. In some embodiments the packet header 700 may be generated and
appended at the particular functional layer at which the AL-FEC scheme is performed.
For example, in an embodiment in which the AL-FEC scheme is performed in the PAL,
the packet header 700 may be generated and appended to the outgoing packets from the
PAL.

[0073] Each column in packet header 700 corresponds to at least one field. The text in
each block of the upper row describes the information included in the packet header
field, and the numbers in the lower row indicate the octet length (number of bytes) of
the respective header fields. The PacketType header field, which has a length of one
octet (8 bits), indicates whether the packet is systematic (e.g. contains data) or parity.
[0074] In an embodiment, a single bit (e.g. the first bit) may be allocated in the
PacketType field to distinguish a parity packet from a systematic (e.g. data) packet.
When using a single bit to indicate a parity packet, a '0' may be used to indicate that the
packet is systematic (data), and a '1' may be used to indicate that the packet is parity (or
vice versa). For example, a PacketType header field with a value of "1xxxxxxx" may
indicate a parity packet while "Oxxxxxxx" may indicate a systematic packet. In an
embodiment, a single bit may be allocated in any other packet header field.

[0075] In another embodiment, a specific 8-bit value in the PacketType field may be
defined in the WiGig specifications to indicate a parity packet. For example, a value of
'0x80' (or "10000000") may indicate a parity packet. Alternatively, a specific value may
be used in another header field to distinguish a parity packet from systematic packets.
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[0076] The stream identifier (ID) identifies the data stream to which the packet
belongs. In an embodiment, the stream ID may refer to a block of transmmission. The
sequence number (SeqNum) may identify the sequential order of the packet within the
block. The length field may indicate the size of the payload or the total number of
packets in the block, depending on the embodiment. |

( [HFERER]

[0072] BA7(F, ABATO—EHHBEICEISIAL-_FECAREZFEALTHS
EEnt=7ry bOAYE—DERBETT, DN IOHDEBHEICEINT, /N
7Y RAYHE—T7001& AL—FECAXDNETINIEBEDHEERBIZSL
TERIN, [FmMEhFEd, flZIE, AL—FECARNAPALTEITIND
EEMRETIE, Ty bAYSFT—700(k PALMGHZ/T Y ML T
AREh, #FmEhiFs,

[0073] /N7y bAYE—T7 0 0RADEFIZ, 2a<EB1D20T1—ILFIC
XY dH, LOTDOETAYIHDTHEFRRE, N7y bAYE—T 4 —JL K
[CEFNAFERZERLTHEY, TOTHORFE ThThdODAvET—T 4
—IVRDFI Ty FR N b)) ZRLTWS, 179 Ty k (BEY )
DRIZHTEINNTY FEFATAYT—=T4—LFIE, N7y bNORTIT
499 THd BIZET—2%28L) HhEEENITANESINERT,
[0074] —EEMETE BE—Ev bk BIZE |RIOEY F) M, VAT
Ta4vy BIZAIE, T—32) Ny bEN)TanNry FEeZRBTHHIC
N7y b3 AT IT74—ILFRIZEIYHETONE, N T4/7Y FERT S
[CE—Ey FEESR, 0N, Ty DRV RTITAYITHS (T—4)
CEERTEHITEDLNTKL, 1K, Ny BN TATHAHAIEER
FTEOITEDLATELY (FREZT0H) , FIAE “1xx x x x x x"DEZE
BTBNTY REATAYT—=T4—ILRIE, NUT 4Ny RERTIEMN
TE, —A “Oxxxxx xx'FXVRTFITYINTY hERTENTE
b5, —EMBETIX, BE—Evy ME, /7y bAYE—T 4 —)L FIZEY
HToNFD,

[0075] BIDEEBETIE, N7y b2 A4TIT4—ILFRADRHEN 8 EY ME
(X, XUT 47y bERTEOHIZ, Wi Gi gtREICERIATEH &KL,
BIZIEL, ‘Ox80° (RIF*10000000”) DIEIEL, /8T 1/ LER
TENTED, HHWE, BEDELN, SRATITavI/N 5y e T
ANTy FEZERATBEHIZHDAYET—T 4 —ILFTHEASATH LU,
[0076] R RUJ—LHEHF (I1D) &, 7y BT EIT—2RM)—L%
BAT D, —EHBETIE, AF)—ALAIDXEENTOVHIZIETENT
%, = VRE B (SeqgNum) &, TAVIRAD/NT v +DEHHL
IEEZHANTECENTED, RESTA—ILKRIE, EREBEICESTIEK, XA
A—ROYA XFEEFTOVIRNDNTy FOBBERLED, )

I X4
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Y—RANTy FRUVEIENY Y FEZEEBICEETEIATYTE, #HL,
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FHIEHT 2EERANY I 7EEBFER18LEHLTS,
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BIER) Z5ETOHNEBERHEFER17 a b, RZEALLOBEEK,
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BINTY FEHIETHEENTY MHEFE16&E2HL, ZRHEFEK16T
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