Office de la Propriete Canadian
Intellectuelle Intellectual Property
du Canada Office

Un organisme An agency of
d'Industrie Canada Industry Canada

CA 2899094 C 2016/08/30

(11)(21) 2 899 094

(12 BREVET CANADIEN
CANADIAN PATENT
(13) C

(22) Date de depot/Filing Date: 2001/11/15
(41) Mise a la disp. pub./Open to Public Insp.: 2002/05/23
(45) Date de delivrance/lssue Date: 2016/08/30

(62) Demande originale/Original Application: 2 825 592
(30) Priorité/Priority: 2000/11/15 (US60/249,065)

(51) Cl.Int./Int.Cl. HO4W 72/04 (2009.01),
HO4W 28/04 (2009.01), HO4W 56/00 (2009.01),
HO4Ww 80/02 (2009.01)

(72) Inventeurs/Inventors:
CHEN, AN, US;
KLEIN, ISRAEL J., US;
STANWOOD, KENNETH L., US;
LIN, GEORGE, US

(73) Propriéetaire/Owner:
WI-LAN INC., CA

(74) Agent: AGENCEDEBREVETS.CA PATENTAGENCY.CA

(54) Titre : VERROUILLAGE DE TRAME AMELIORE POUR SYSTEME DE COMMUNICATION A MODULATION ADAPTATIVE
(54) Title: IMPROVED FRAME STRUCTURE FOR A COMMUNICATION SYSTEM USING ADAPTIVE MODULATION

88 84(a)

Unsolicited
Regon

84{h) ~ 84(c)

Infink—— 95

T80 Case

86 82 a) glb) ~ G2(0)
Coniroi

| Do walmki-f"" 83

l

] I

§ E

o

L 4
2
¢ ¥ (] -
4 ¢ L ]
¥ 3 » & L 4
- L] a »
; - "
» w
. . ‘
s =
L | =
L

1206~

1200-

(57) Abrege/Abstract:

Pad to integer TOU -

1204

A system and method for mapping a combined frequency division duplexing (FDD) Time Division Multiplexing ( TDM)/Time Division
Multiple Access (TDMA) downlink subframe for use with half-duplex and full-duplex terminals iIn a communication system.
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(13) C

(57) Abrege(suite)/Abstract(continued):

Embodiments of the downlink subframe vary Forward Error Correction (FED) types for a given modulation scheme as well as
support the implementation of a smart antennae at a base station in the communication system. Embodiments of the system are
also used in a TDD communication system to support the implementation of smart antennae. A scheduling algorithm allows TDM
and TDMA portions of a downlink to efficiently co-exist in the same downlink subframe and simultaneously support full and half-
duplex terminals. The algorithm further allows the TDM of multiple terminals in a TDMA burst to minimize the number of map
entries In a downlink map. The algorithm limits the number of downlink map entries to not exceed 2n + 1, where n Is the number of
DL PHY modes (modulation/FEC combinations) employed by the communication system.
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bodiment afthcéownlmksub&mvm Farwd.i‘?‘”ﬁ“

by the communication system.
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- [o004}  Subs ':?'f.’,‘ber units typically commt nicate through a terminal with thy
| bas@ Statwn !mng a “dupi&xmg sclxeme [. ' alidsaaag ihe exchange o

"_'hamng multiﬁie BCCESS schr.mes a time *‘ﬁame s umﬂ 8 thc basic information
'mmmswn amt '
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T}ms, thc concern fm mterfc bemm uplink ind down transmi

in 2 FDD communication system as mmpamd to & system using TDD.
increased cost and complexity in depl '
Wm his obvious advatage over u TDI

mm 0 dawnlmk addmaml eonlml mf.; rmation or a preamble to &
re-synchronize priof to it receiving downlink data fmm me bm station.

! . 9\ .;&- n-\r;&'-__ . . . '.~\ -\-. : .o- !A\
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the claims whmh fallow, its more pwmm:t features wlll now be discussed lmeﬂy Aﬁer

{0010} Acmrdms to a first broad sspect there is disclosed a met
.-schedm:rzg modulation/forward error correction (PHY) modes ﬁer a e
dupiex (FD!} communication system which mciudes a ptumhty of ‘ ' 
” ' figured to communicate using aﬂwtwe H-H-,,. ns i

have the mferrcd dewnlmk P‘HY mode D;, and wherein UN is associated with
plurality of terminals that have the preferred downlink Pmmietm mh sraber
Of downlmk map wmea 2N 4 1 the met Iy

plurality of terminals based on preferre jes; allocating uplin
‘bamfwzdtb in an upimk sub snch thsi the pimakty of termim]s are put in ordes

atime dmtma 0f a Uz PHY me 1 ing bandwidth of the downlink subframe to
plurality of tetminals ﬁmuseai)z ?HY pode, beginning a anmcthﬂﬁxet}; ? Y tmde
cnds; if the time duration of the D, PHY mode is greater than or equal to the Gme durstion
of the Us PHY mode, aliocatms b4 jfjwrdlh of the downlink subframe to the plumality of
_tcrmznn!s that use the Dy PHY mode, beginning at an end of the Dy PHY mode; if a time
“dummn oftbe B; PHY modc is less than a time duration of a U,s, PHY mode, allocating
bandwidth of the downlink subframe to the pl uralt,j;;ﬁj;;of ccminals that use 8 D PHY m
¢ ode ends: if the time duration {?fd)&DaPHY_ o




CA 02899094 2015-07-30

at an end of the D; PHY mode; if the time duration of the [ iaPHY mode is greater than the
sum of a time duration of a Us PHY mode, 3 Us PHY mode, and a U; PHY mode,
o m that use the Ds ?HY wods 4od inseriing the
iilink subframe; if a time dxmian of thaD;?HYmode

:the plumluy of 1en als that use the Dy P de, begt
mode; if a time duration af tlw D.; PHY mode ig jess than a1 uraiy
mode, aﬁéca{mg bandwidth of the downlink subframe to the plmahty of terminals tbnt use
a D PHY mod begmmng at & time that the Us PHY mode en s; if the time duration of
_the D: PHY mode is greater than or equal to the time duration of the Us PHY mode,
locating bandw ]j th of the downlink subframe to the plurality of tenminals that use the Ds
inning at &0 end of the Dy PHY ausde: fhe time durution .of&c-pmralﬁyof
temi x timt nse the B; PHY mod ne duratic

e is longer in durstion than a combined time duration
of the U; PHY mode and gap: that are not altgned ‘with the U, PBY’ mﬂde sarranging

time dtmnen of the plumkty of terming ihat use the D; P’HY mo& is shomr in duration
than the combined time duration of the U; PHY mode and the gaps that are not aligned
with the Us PHY modc, -a.: cating bandwidth ofthe ownli subf f ne to the plmhty of

[0011} ther brc
scheduling modulation/forward emor cofrecti
duplex (FDD) communication system which includes

) (PHY} madms for a frequency division
& plurality ef ierminals mé a base
10 mmmmm& usmg muve L YR T N L 5
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of downlink g @ entries does not exceed 2N +

boudwidt in ltplink sub

de last; anocaung the p!uraitty of oninals that use & Dy PHY n a0 o
subframe; ifaméumfmﬁmptmnﬁtyef“ min: that

modse bchmngat an ead of a Dm PH;F* if the |
s that have the PHY mode is mger r in durati

4 5 - . 4 " Qfﬁ%’ U‘ pﬁ? m

aspect there is dmkmd a metho | for
' fora firstwwvermda md

receiver, ¢ach receiver asszgaed to & operste
ing data from a single transmitter in an ive- modulation comianication &

' mg pmwdmdmfma ﬁm:eceam wmehhwem if
inatio forwerd error correction
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(FEC) types in a time division multiplex (TDM) section of the downlink subtrame having
a combination of modulation and FEC at least as robust as the level assigned to the
particular recipient receiver; and providing data for a second receiver in a Time Division
Multiple Access (TDMA) section of the downlink subframe which provides a combination

of modulation and FEC which is at least as robust as a level assigned to the receiver.

[0012a] According to a fourth broad aspect there i1s disclosed a method of
operating a terminal in a point-to-multipoint wireless communication system, wherein a
base station allocates uplink (UL) and downlink (DL) transmission resources to a plurality
of terminals on demand, the method comprising: achieving uplink synchronization with
the base station; receiving from the base station control information including an
indication about uplink (UL) transmission resources allocated to the terminal for uplink
transmission, and an identification of a UL physical (PHY) mode, the PHY mode
including a UL modulation format and a UL forward error correction (FEC) coding
associated with the terminal; encoding UL data for uplink transmission in an UL data
block based on the indication about the uplink transmission resources allocated to the
terminal for uplink transmission, using the UL PHY mode associated with the terminal;
and transmitting the UL data block in an UL frame shared with other terminals scheduled
for UL transmission; wherein the control information is encoded using a DL PHY mode
which includes a PHY mode having a level of robustness which is at least as robust as a
level of robustness that is compatible with the plurality of terminals.

10012b]  According to a fifth broad aspect there is disclosed a terminal 1n a point-
to-multipoint wireless communication system, wherein a base station allocates uplink
(UL) and downlink (DL ) transmission resources to a plurality of terminals on demand, the
terminal comprising: a receiver operable to receive a preamble useable to achieve uplink
synchronization with the base station; the receiver further operable to receive from the
base station control information including an indication about uplink (UL) transmission
resources allocated to the terminal for UL transmission and an identification of a UL
physical (PHY) mode associated with the terminal, the PHY mode including a UL
modulation format and a UL forward error correction (FEC) coding, and a transmitter
operable to transmit to the base station an UL data block with UL data from the terminal,
the UL data being encoded according to the UL PHY mode provided for the terminal; the

receiver even further operable to decode the control information to identity the UL PHY
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mode and the uplink (UL) transmission resources allocated to the terminal; and the
transmitter further operable to encode the UL data using the UL PHY mode associated
with the terminal and to map the encoded UL data into an uplink frame based on the
indication about uplink (UL) transmission resources allocated to the terminal; wherein the
control information is encoded using a DL PHY mode which includes a PHY mode
having a level of robustness which is at least as robust as a level of robustness that is

compatible with the plurality of terminals.

[0013] Still other aspects include methods and systems for use in a TDD

communication system to support the implementation of smart antennae.
BRIEF DESCRIPTION OF THE DRAWINGS

[0014] FIGURE 1 is a diagram of a configuration of a communication system

with a base station and several associated terminals.

[0015] FIGURE 2 is a diagram of an exemplary time division duplex (*TDD”)

frame structure along with an exemplary mapping structure.
[0016] FIGURE 3 is a block diagram of an exemplary transmitter.
[0017] FIGURE 4 is a block diagram of an exemplary receiver.

[0018] FIGURE $§ is the TDD frame structure from FIGURE 2 adapted for FDD

operation.

[0019] FIGURE 6 shows an arrangement for user data from multiple terminals

in a TDM time block.

[0020] FIGURE 7 shows a downlink conflict for a FDD unit restricted to halt

duplex operation.

[0021] FIGURE 8 is a mapping diagram for a combined FDD TDM/TDMA

downlink subframe.

10022] FIGURE 9 shows an exemplary downlink map structure.
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[0023] FIGURE 10 shows an exemplary relationship between frame mapping

data and the data it maps for a FDD communication system.

10024] FIGURE 11 is a mapping diagram for an FDD TDM/TDMA downlink

subframe which varies PHY modes based on modulation and FEC.

(0025} FIGURE 12 1s a mapping diagram for a TDD TDM/TDMA downlink

subframe that supports smart antennae.

[0026] FIGURE 13 is a flow chart for a scheduling algorithm.

[0027] FIGURE 14 shows an ordering of uplink PHY modes, U,, Us, Uy, Us,

U\, within an uplink subframe.

[0028] FIGURE 15 represents the situation where the duration of downlink
PHY mode D, equals or exceeds the duration of uplink PHY mode U,.

[0029] FIGURE 16 represents the converse case to FIGURE 13, in which the
duration of downlink PHY mode D, is less than the duration of uplink PHY mode U..

[0030] FIGURE 17 represents the situation where the duration of uplink PHY

mode U; exceeds the duration of downlink PHY mode D».

[0031] FIGURE 18 represents the situation where the duration of downlink
PHY mode D; exceeds the combined duration of uplink PHY modes Uy, Us, and U,.

10032] FIGURE 19 represents the situation where the duration of downlink
PHY mode D; is less than the duration of uplink PHY mode Us,.

[0033] FIGURE 20 represents the situation where the duration of downlink
PHY mode Dy is less than the duration of uplink PHY mode Us.

[0034] FIGURE 21 represents a scheduling ot downlink PHY mode Ds within

the downlink subframe that results in PHY mode Ds having to transmit while it receives.

[0035] FIGURE 22 represents further rearrangement of downlink PHY mode
D5 with downlink PHY mode D5 so that downlink PHY mode D5 does not transmit while

it recelves.

/a
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mx W of the iﬁ%ﬁﬁm However. the invention can be anbo(ﬁeé ina mnm ude of
e syl ' and methods. In this escription, reference is made 1 the drawing:

s. The term channcl is used to mean 8 Wm' w of

beftm thc base station and tmmmls  Sase 01” expimtm& the phrase “PH
used to indicate a combination of a selected modulation scheme with sc!ected FEC

m:ssj The s} stems and methods descnbed herein ¢an also be xm@iemmwé in
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as a function of the geograpl calmlatwnship veen the BS and the temnnal, the rain
region, and the implementation or modem ¢ “terminals. However, the
selection of a ﬁmgie PHY mode based on ﬂte iem bit pet smw cate modulst

ot tix use ofa less mm ?HY m that has an efror lcvd bc!ow the maximum
irable error level.

lomt FIGURE 2 is ¢ ooty of

[0041]  Frame 80 mzlndes & phmhtyaf time blacka The xmm turation of
the plur afnme hl"ff:-_. durati [

ins downlink data 82(3)-82(11} (fmn tlw base station 10 to one or more tetmznah)
‘, \ 10 fhom one ‘or iare e} naiat) Data

that was nmtmtwd asmg us pmferred !’HY moée amifm a more mbust ?HY m
retrieves its daza during the same tum bleck bmd on an add:m or xdmttﬁer

Consequently, a tesminal may only reirieve data from a portion of a titme block,




CA 02899094 2015-07-30

of the ‘UM; will account for the bmdwldth mqmwmmts of both tmmml& In mch a case,
N NI tween the portions of the uplink subframe
jnals le transition gep can include a

e : of each time block can vary. ’ihe PHY modes
betwoen feumes. vaiug the time e durstion of the @huk and downink tioe blocks, PHY
T TR | N A e miikelywvary The

on phys:u} E&ycr ssues, mcludmg m -_
(including round trip delays), etc., as weiias_j sdulath eot
mode) Alternatively, the uplnr&fdowmm schwulmg approaches
completely on data traffic requiremen no sical layer issues.

j0046] Ome downlink sch duling approach srranges the PHY modes such that

DM; (most robust) < DM; < DMy s DM4 (1."7 st robust). Thus, the data in the downlink
subframe is arranged from ¢ | HY mode to the least robust PHY mode. Each
terminal listens to nspwfmed PHY mode and any PHY modes that are more robust than
its preferred PHY mode. The terminals receive ail of the data they are capable of
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ownlis subﬁ  the @
mode, and ﬁmli)r during i

duling information may be conveyed to the terminals by
titrol 86 may be locdad ot the start of the

relatm 10 3 previous tranmsswn) ‘I‘he map can |

ssociating the map entry with a specific termis
using the most robust PHY mode of the system. An e
below with reference to FIGURE 9.

.un.whc:t  region 38 can be. encod sing .
unsolicited region 88 can be located at the beginning of ¢

is QAM~64 mui BM4 is QAM~256 In any dawnlmk subﬁ-mc 83, any one ot more of‘
PHY modes may be absent.
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— Wﬁ* gmmdoﬁw SAME OF MAY Tap
tultiplexing (OFDM) symbols to each time block of

'for a given PHY mode has a fixed length For examp!c in FiGURE 2, each TDU &

mmﬁ of i = 228 bits whwh mclude 20 bits of TC overhea f mgmng in g}g abihty o

;.-.bits uf the TDU 1206 to: m ?hymal ln ormation (Pt) eimts 1262 alwrmyely
called FEC blocks. Each PI el

ment 1202 has a length of k bits (i bits + j bits). The
aéd:tmn of j bits reduces. the likelihood af hst S0 nwnns damas demodul

| to. :m-m Pls 1202 b?

(oos2] ?%ddlﬁﬂ may be added 10 8 MAC mcssage o form an 1

blmks is well-krww n the arts.

12
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[0054] FIGURE 3 is a block diagram of functional clement
tmnmtm 40. mmm;mwm include a canwiuhonal. ncoder 42
ds&amd encodes thcdam. pmksthe encoded bits ofdm into ﬁmso mdumnvm the:

42 canuse 8

symbols based on the selected b%t per symbol rate for each time black ‘I‘m y! "jj‘hoig m'
then be inserted into the frame 80 mg 2 ﬁtbﬁdulmg techniue. Uit
frequency shifts the packed frame o tak

a terminal and base station based on schemes known 1o those

0{ mﬂ mthe art. Then, the convolutional dex
bits of data. The mcthods and frame strx

13
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URES 3 and 4.

and 4 series 'e'f dawnl"‘ff’” suhfmnm F!G;T{ RE § illustr f i two @lmk mbfmm 92(a},
92(b) in & series of uplink subfram ,and two downlmk subﬁmes 94(5), D4(b) in a series
of' downlmk sub_fi‘_-,‘ fin me ¢ transmiited drmalinne :

i my appiy aﬂMvc modu!ntwn eniy for thc downlmk md use a. d:. -

14
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prfm‘ 10 receiving its down mk

{0063] Each terminal synchronizes. and picks up control data 114, including
uplink and downlink mapping information, at the beginning of every downlink subframe
94. The uplink map defines when the next upiink Tx event 110 will occur for each
mtheaplink subfame 9 e W ismdby tmmnnino
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example, a downlink map entry can indicste when the downlink subfn

data with a specific PHY mode.

Uplmk and downlink wmm contain data associ

 ayer dirsing. ' '

avaxlablc for &mmiuﬁ: rmpnon can use t}m downimk map to e t
b ant for it, thai is, the mxt event that uses its preferre

preamble allows the wfm i re-synchronize
pmess of the Wsawﬂ m temumwsh the te,?;

any mdmduai frame in mhxch an}y !itilwéuplex tey
wlink Cmvmiy, in# typmi TDD eommmm symm oniy the 'I‘DM tior

-aulma a for downlinks. h a2 TDD system, ¢
’*zcw;mmebmsmwndmngthe downlmksub&mwe

{0066]  Each & ‘subframe 12»4cmmciudeafmne contro header 125
and downlink data 121, mﬁame mnttol header 125 can inchude a pre '

16



CA 02899094 2015-07-30

!MS] The MAC control information 128 provides termins
on transmission protocols for the uplink snbfmne ‘I‘hese instructions can in - ar
uplink map 129. The uplink map 129 is a map of a subsequent upimk mbﬁame &stt TR1Y

be transmitted by the terminals,

{0069]  To minimize etror s the Wisbolin (Hocess; 4 e base station transmit
the downlink tap and the uplink map using a robust PHY mode. Moreovet, the bag
ocale a muinimum number of symbols for the TDM 22

ccommodate the time required for the terminals t0 process and act upon
.domlmk map en The downlink map 123 is the first mfamm b.' adcast
terminals in 2 dewnhnk subﬁmm to maximize tha amount of time between receiv

Ofﬁwdownla:kmaplzii

0070} A ﬁswdnpiea verminal, and sy half-dupiex terminal that receives later
than it transmits within a frame A take advantage of the TDM portion 122 of the
downlink saxbfmxte 121 Thus, the downlink data 124 starts « ith & 'i'ﬁM portion 122.
Addmonaliy, increase smisma! mumplexmg gam, it siwuld he wmd that ﬁﬂl—dupktx --
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aiicws the tmmmisto recognize ?HY ransitions in the downlink. The exen

downlink map 123 can be any sequence of tima indicators pointing out transmission
location (such as by referencing start and end, or start and lmath, or eﬁsets elative to a
.pwwom transmission) and terminal identification associating the map entry thh a

fic nai The time focation infomtm can be stat

ed 25 4 nmber of sym;;‘"”is

~ mis are using modulation symbols as time ticks, then & map
, g “0123,. "923 4", “1119”, and “34237 !,9_ i ted as DM starti
‘15?}‘.5.‘!1%312123,

of 20 bit entries. In this example,
--(DIUC} ury 142, The Druc ‘ nes

s, four bits can a Do . Code
. &MMPMWMM PﬂYmodemaw_
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73} FIGURE 10 shows one relationship between frame ma; g ¢

the m it maps for an FDD communication system, The downlink map ff’f-- .
8) is valid for the frame in which it appears. For exmplg, the downlin mmPHY Ctﬁ
11 is valid for frame n-1 131, Simifim’iy- the dowalink map in ?HY Ct n is valid for

frme n-l _2. ,3--1..

differemt modulation ty r example QAM~4 is usedwathFEC 8 mthe ; DM portion
132. FEC a is the mst robust FEC and is used for wesk channels. Slightly stror

channels may use QAM-4 with a somewhat less robust FEC b in the TDM wmon A iess
forgiving modulation, such as QAM-64, may be used with different levels of FEC, such as
FEC d and FEC &, in the TOM portion 132, The TDMA port on 134 may also be defined
by modulation type in combination with EC o vie. Qm.xmmm bmh_
F&Cdmﬁﬁc‘mﬂse;'""’""" 0 13 e 13

_.damhnk daia 121. While not recommended
 be entirely TDMA. in practice, the TDMA pe
..;wmplu mmm in & FDD communication system.
huplex tetminals cannot bcscmﬂuled to receive earlier in the frame the
However, by extending the TDA Amymmamon to th
dae 121 thc

| " m Oai’jf be md in the mm ﬁf

19
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half-dupiex terminals that reccive before they
the dowuimk

{0076]  Full-duplex terminals an
tansmit could both use TDd . The order of the PHY modes s vl

p!mbl&s and 1 ‘entries.

-:fmmﬂwmmnbleat&w eginning of the do se. However, some half-d
mals are uaable to be scbeduked 10 transmit after receive dmr dm Smh

20
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inals in 2 TDM: of map
ithn ttm:ts the nmaber of dowrslmk map entries 10 (2 x n) +1
for pum T!}MA écwahnks

1; st nals are grouped together by the modulatio/FEC (PHY
M}mwhwh y receive. dumlmkdm 'Ihenumberofgmupa wﬂlbeoqm%to

the number of PHY modes being used for downlink in the communication sys
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dowm;nkTDMmm)ﬁmDL PHYmode; + l,jcs,,

U total amount of uplink bandwidth, in symbols (or in time, in an asymmetric
FDD system), allocated for all terminals that receive downlink data ming DL P}!Y mode-
jywherejc8,.

?DI) S?ML allocated for all terminals

Us: total amount of uplink bandwidth, in sy
FDD system), allocated for an individual termina

di: total amount of downlink bandwidth, in symbols (or in time, in an asymmetri
FDD system), altocated for an individusl terminal, k.

{0084]  The worst casc scheduling is the case where all terminals are half-
duplex.

[0085]  For a half duplex terminal k, de + w <T.

[0086]  There can only be one j, such that D, + U;> T.

2
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{0087]  Worst case is when

ef n.

[9089]  FIGURE 13 is a flow chart for a scheduling algorithm. The scheduling
algorithm process begins at a start state 1300. Next at a state m& al! of!bc mmka are
groupe | by their downlink PHY modes. Flow proceeds to & state 134!') where upli
bmdwt&h is allocated for the terminals, The uplink bandwid! mission oppor
are contiguous for terminals with the same downlink PHY mode. The m wlmk
bmdm&?uilocmdfmmap;isvf,whm]e S,.. Fbwmmmamnﬁﬁmm

[609%0]
- ;mt is alkmted
mﬁmmamlm %mﬁmsch&dulmgalgonﬂm al ywnlil
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ﬁimw tm ﬂim alles . - .

D: < U; If B; < U} is not true, ﬂew continues 1o state 1460 where the downli
scheduling becomes easier since Us will not be transmitting while receiving, Subse
atlocations of downlink bandwidth re pisced adjsoent 10 the prior alocstions

W} Next, at decision block 1540, a determination is made whether
+ Us+ Uy, 1Dy > Uy + Us + Uy is true, the process contimues 0 8 stie 1560 where Ds is
o mult mwes pmes are then inserted in the remaining gaps in the
. hi is shown in FIGURE 18. Note that if Dy overlaps with U,,
can be ar ed such ﬂm no teominal in this group b has Bpimk and
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mdcawwheﬁmﬂrﬁm» xfmrinsmtmﬁww et

If,;j; < Us is not trus, the Wﬂss returns to ¢ 0 where the scheduling i

tate 164 re I)a is 9lmd atﬁ&e emziaf Uc shown in
:dmswn state 1660, the algorithm determine ‘
longer in duration than U and all remainis
aligned with Us. ifﬂw alsertthm de

"tha'li.ff.:: and all mmmg ﬁagm ents excl udmg any fragtineat that is in ali
shown in FiGURIrI 21) the process continue

'ezm ed. There vnil be r downli

. af downimksehedalmg is shewa in FIGUREZZ

[00101} Rewmmg 0 deczmon block 1669 if the last downlink segment Dy i
shorter in duration than U; and all remaining fragments i
aligned with Us, then the process moves to a state 1700 wheee Dy is p
D¢ and interleaved in the gaps in the downlink subframe. No subs equent rearrangement is
required. The foregoing algorithm ensures that the number af map entries will niot exceed
2n + 1. However, afier employing the algorithm, under many circumstances further
rearrangement of the downlink will be possible to further reduce ﬂw mw of d@wnlnﬂ;
map elements below 2n.
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[00102] While the above detailed description has shown, described, and pointed out
novel features as apphed to vartous embodiments, 1t will be -understood that vartous omissiaﬂS,.
substitutions, and changes in the form and details of the device or process illustrated may be

made by those skilled in the art.
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What is claimed is:

1. A method of operating a terminal in a point-to-multipoint wireless communication
system, wherein a base station allocates uplink (UL) and downlink (DL) transmission
resources to a plurality of terminals on demand, the method comprising:

achieving uplink synchronization with the base station;

receiving from the base station control information including an indication about
uplink (UL) transmission resources allocated to the terminal for uplink transmission, and
an identification of a UL physical (PHY) mode, the PHY mode including a UL
modulation format and a UL forward error correction (FEC) coding associated with the
terminal;

encoding UL data for uplink transmission in an UL data block based on the
indication about the uplink transmission resources allocated to the terminal for uplink
transmission, using the UL PHY mode associated with the terminal; and

transmitting the UL data block in an UL frame shared with other terminals
scheduled for UL transmission;

wherein the control information is encoded using a DL PHY mode which includes
a PHY mode having a level of robustness which is at least as robust as a level of

robustness that is compatible with the plurality of terminals.

2. A method as in claim 1, wherein the UL PHY mode is a function of the quality of

a wireless link established between the terminal and the base station.

3. A method as claimed in claim |, wherein the UL PHY mode used for the terminal
for encoding the UL data block is different from a DL PHY mode used by the base

station for encoding downlink (DL) data for the respective terminal.

4. A method as in claim 1, wherein the UL PHY mode is updated based on the

current relationship between the base station and the terminal.

27



CA 02899094 2015-12-14

POO125CA6

3. A method as claimed in claim 1, wherein UL PHY mode is updated based on an

indication from the terminal to the base station of a preferred UL PHY mode.

6. A method as claimed in claim 1, wherein encoding further comprises mapping

orthogonal frequency division multiplexing (OFDM) symbols to the UL data block.

7. A method as claimed in claim 1, wherein the UL PHY mode for each terminal
scheduled for UL transmission in the UL frame is updated based on data traffic requirements

and physical layer requirements of the point-to-multipoint wireless communication system.

8. A method as claimed in claim 7, wherein the physical layer requirements include

one or more of interference minimization, propagation delays and round trip delays.

9. A method as claimed in claim 1, further comprising associating an identity for the

terminal to the UL data block for the terminal.

10. A method as claimed in claim 1, wherein the transmission resources allocated to
the terminal for uplink transmission are determined based on a demand transmitted by the

terminal to the base station.

11. A terminal in a point-to-multipoint wireless communication system, wherein a
base station allocates uplink (UL) and downlink (DL) transmission resources to a
plurality of terminals on demand, the terminal comprising:

a recelver operable to receive a preamble useable to achieve uplink

synchronization with the base station;
the receiver further operable to receive from the base station control information
Including an indication about uplink (UL) transmission resources allocated to the

terminal for UL transmission and an identification of a UL physical (PHY) mode
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associated with the terminal, the PHY mode including a UL modulation format and a
UL forward error correction (FEC) coding, and

a transmitter operable to transmit to the base station an UL data block with UL
data from the terminal, the UL data being encoded according to the UL PHY mode

provided for the terminal;

the receiver even further operable to decode the control information to identify
the UL PHY mode and the uplink (UL) transmission resources allocated to the terminal;
and

the transmitter further operable to encode the UL data using the UL PHY
mode associated with the terminal and to map the encoded UL data into an uplink
frame based on the indication about uplink (UL) transmission resources allocated to the
terminal;

wherein the control information is encoded using a DL PHY mode which
includes a PHY mode having a level of robustness which 1s at least as robust as a level

of robustness that is compatible with the plurality of terminals.

12. Aterminal as claimed in claim 11, wherein the UL PHY mode used by the
terminal for UL transmission is different from the downlink (DL) PHY mode used by the

terminal for DL transmission.

13. A terminal as claimed in claim 11, wherein the UL data block is transmitted over

sub-carriers assigned to the terminal.

14. A terminal as claimed in claim 11, wherein the terminal is a mobile device.

15. A terminal as claimed in claim 11, wherein the UL PHY mode is a function

of the quality of a wireless link established between the terminal and the base station.
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16. A terminal as in claim 11, wherein the UL PHY mode is updated based on the

current relationship between the base station and the terminal.

17. A terminal as claimed in claim 11, wherein UL PHY mode is updated based on an

indication from the respective terminal to the base station of a preferred UL PHY mode.

18. A terminal as claimed in claim 11, wherein encoding further comprises mapping

orthogonal frequency division multiplexing (OFDM) symbols to the UL data block.

19. A terminal as claimed in claim 11, wherein the UL PHY mode for each terminal
scheduled for UL transmission in the UL frame is updated based on data traffic requirements

and physical layer requirements of the point-to-multipoint wireless communication system.

20. A terminal as claimed in claim 19, wherein the physical layer requirements include

one or more of interference minimization, propagation delays and round trip delays.

21. A terminal as claimed in claim 11, wherein an identity for the terminal is associated

to the UL data block for the terminal.

22. A terminal as claimed in claim 11, wherein the transmission resources allocated to
the terminal for uplink transmission are determined based on a demand transmitted by the

terminal to the base station.
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