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35 U.S.C. 119 [0001] The present Application for Patent clains priority to
Provi si onstb 24ppii7s7at i on No. 61/ 038,037 entitled "A Met hedtarsdoodppmsat us f or
Usi ng Dual Layer of Error Checking to Reduce Fal se CRC Matching” filed
March 19, 2008, assigned to the assignee hereof and hereby expressly

i ncorporated by reference herei D OF 1 NVENTION [ 0002] The exenpl ary
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access (OFDVA) systens. [0004] Generally, a wireless nultiple-access
comuni cati on system can sinultaneouiaﬁ EEE{t comuni cation for multiple
wirel ess terninals. Each ternindilEEB dON th one or nore base
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multiple-in-signal-out or a multiple-innultiple- out (MM) system [0005]
Uni versal Mobil e Tel ecomuni cations System (UMIS) is one of the

t hi rdgenerati on BACKGROUND

[0003] Wireless communication systems are widely deployed to provide various
types of communication content such as voice, data, and so on. These systems may be
multiple-access systems capable of supporting communication with multiple users by
sharing the available system resources (e.g., bandwidth and transmit power). Examples
of such multiple-access systems include code division multiple access (CDMA)
systems, time division multiple access (TDMA) systems, frequency division multiple
access (FDMA) systems, and orthogonal frequency division multiple access (OFDMA)
Systems.

[0004] Generally, a wireless multiple-access communication system can
simultaneously support communication for multiple wireless terminals. Each terminal
communicates with one or more base stations via transmissions on the forward and
reverse links. The forward link (or downlink) refers to the communication link from the
base stations to the terminals, and the reverse link (or uplink) refers to the
communication link from the terminals to the base stations. This communication link
may be established via a single-in-single-out, multiple-in-signal-out or a multiple-in-
multiple-out (MIMO) system.

[0005] Universal Mobile Telecommunications System (UMTS) is one of the third-
generation (3G) cell phone technologies. UTRAN, short for UMTS Terrestrial Radio
Access Network, is a collective term for the Node-B's and Radio Network Controllers

which make up the UMTS radio access network. This communications network can



(3G cell phone technol ogi es. UTRAN, short for UMIS Terrestrial Radio
Access Network, is a collective termfor the Node-B' s and Radi o Network
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comuni cati ons network cancarry many traffic types fromreal-tine Grcuit
Switched to I P based Packet Swi tched. TheZ UTRAN al | ows connectl vity between

the UE (user equi pnent) and_ the The N co al ns base
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speci fi catll;P 7] Sem -persistent scheduling (SPS) is a set of
t echni ques for Iciently assigning resources for periodic traffic in a
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over head a s ible in aorder. to .inp system C Current
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for PDCCH, including downlink conpact, UL, and power control
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[0007] Semi-persistent scheduling (SPS) is a set of techniques for efficiently
assigning resources for periodic traffic in a wireless communication system to support
resource assignment with as little overhead as possible in order to improve system
capacity.
[0008] Current communication system uses a 16-bit cyclic redundancy check (CRC)
on all physical downlink control channel (PDCCH) formats. Several formats exist for
PDCCH, including downlink (DL), DL compact, UL, and power control. In addition
various groupings can be done. As a result the UE must perform about 40 blind decodes
per PDCCH per subframe. After decoding is done, UE computes a CRC (X-CRC) over
the decoded bits. The X-CRC is checked against the CRC indicated in the PDCCH. If
there is a match, the PDCCH is deemed for the UE, its content is interpreted and

appropriate actions are performed, i.e. either a transmission or a reception occurs.

[0009] A false alarm occurs when the X-CRC matches with the CRC, however, that
PDCCH is not meant for that UE. The PDCCH payload can be considered to largely
contain random bits in this instance yet the UE performs actions as indicated. Assuming
PDCCH bits are random, a false alarm occurs on average every 2'° times the CRC

check is done. In the worst case the UE performs 40 blind decodes per subframe, and



there is a match, the PDCCH is deened for the UE, its content is
interpreted and appropriate actions are perforned, i.e. either a

t ransm sswonroeviias78ecepti on occurs. [0009] A fal se al ar mCoasee0s/03tsen t he
X-CRC matches with the CRC, however, that PDCCH is not meant for that UE
The PDCCH payl oad can be considered to latgely contain randombits in this
i nstance yet the perfornms actions as indicated, Assum ng bits are
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subsequent retransm ssions. Therefore the consequences are limted. [0011]
However wheHbsqwmt refrapginispigns-ddrefedore desansequspes arg limipddul i ng (SPS), the
consequences can be nore serious, especially on the uplink. The evol ved
base node (@NB) usHswavdDdCh alE s @n8RGredidi seatiipersistant stleduliiBPSPSYHbe gr ant
indicated in PDCCH w | |, t hen repeat eve serving . interval until yrevoked. A
Lypi cal selOMHEITHERFAPIe TE26HRY EPoyslIPon SOuMAY: |bon sl ofitdss Bdeow ng
presents a(SBPhick hPHEOITRILYa SPS MdlQkioh & RELKPIETR: Hasd iAdendgiSPBOdINg of
sone aspects of the disclosed aspects. This summary is not an extensive

over vi ew andlliten mpesh deaty tservimgi inteeval ngenevdledkdyypeal seivingoateredl endms nor
del i neat e tge}qs&ope of such aspects. Its purpose is to present sone
concepts offrt @"described features in a si nplified formas a prelude to the
nore detailed description that is presented later. [0013] In accordance
wi th one or nore aspects and correspondi ng di scl osure thereof, various
aspects are described in connection %mquodi ng by a base node such that
a user equipnent (UE) can performa nultiple error checking to reduce false
al arns by pe@Ring TrColloyilg mreseatumdaptficd hiewkpryau endar to pavalewdmsicor r upt ed
wh [ hysi cal Al i nk h | (PDCCH). Th
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extensive overview and is intended to neither identify key or critical elements nor

delineate the scope of such aspects. Its purpose is to present some concepts of the

described features in a simplified form as a prelude to the more detailed description that

is presented later.

[0013] In accordance with one or more aspects and corresponding disclosure
thereof, various aspects are described in connection with encoding by a base node such
that a user equipment (UE) can perform a multiple error checking to reduce false alarms
by passing CRC (cyclic redundancy check) even if data was corrupted when processing
data on physical downlink control channel (PDCCH). The PDCCH can be used to
indicate a grant to the UE. In this description, a grant may be for reception on downlink

channel or transmission on uplink channel.

[0014] In one aspect, a method is provided for receiving a scheduling indication. A
grant or assignment is detected on a control channel. A constraint verified on a portion
of a payload carried on the control channel indicative of valid grant or assignment as a
condition for determining payload validity. Transmitting or receiving is performed in
accordance with the payload on the control channel in response to a determination that

the constraint on the portion of a payload is verified.



indicate a grant to the UE. In this description, a grant nmay be for

recepti on on downlink channel or transm ssion on uplink channel. [0014] In
one aspecwg 2009mr31®@d i s provided for receiving a schedulcmgiseovdioams? on. A
grant or assignnment is detected on a control channel. A constraint verified
on a portion of a payload carried on the €ontrol channel indicative of

valid grant _or_ assjgnnent as a condition for determ ning payload validity.
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determ ning payload validity. Athird nodule transmts or receives in
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det erm nati @n he _.constraint on the portion of a payload is verified.
[0016] In g(r?\agégll%%?}osﬁ’aep%gg'pect, a conputer program product is provided for
recei ving q06w)eduln ahchddiitbnaBdsbed, a bmemiayiregraigadailt & sboidagermedi um
conprises a first set of codes for causing a conputer to detect a grant or
assi gnnent TeAshang » pehedulingiadication. pA sapgnigT-sedalle sompednediyE 6empHESonput er
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receiving in accordance with the payload on the control channel in response
to a det er nehegulingindiggtion. Means are provided for detecting a grant or assignment on a

control channel. Means are provided for verifying a constraint on a portion of a payload

carried on the control channel indicative of valid grant or assignment as a condition for

determining payload validity. Means are provided for transmitting or receiving in

accordance with the payload on the control channel in response to a determination that

the constraint on the portion of a payload is verified.

[0018] In a further aspect, an apparatus is provided for receiving a scheduling

indication. A receiver detects a grant or assignment on a control channel. A computing

platform verifies a constraint on a portion of a payload carried on the control channel

indicative of valid grant or assignment as a condition for determining payload validity.

A transmitter and the receiver transmits or receives in accordance with the payload on

the control channel in response to a determination that the constraint on the portion of a

payload is verified.

[0019] In yet one aspect, a method is provided for transmitting a scheduling

indication. A control channel payload is encoded for indicating a grant or assignment.

A constraint is imposed on a portion of a payload carried on the control channel

indicative of valid grant or assignment as a condition for determining payload validity.

A grant or assignment comprising the payload is transmitted on a control channel.



the constraint on the portion of a payload is verified. [0018] In a further
aspect, an apparatus is provided for receiving a scheduling indication. A
recei ver weoeteeya7s8grant or assi gnment on a control chamro@lus20vomsTepUt | Ng
platformverifies a constraint on a portion of a payload carried on the
control channel indicative of valid grantdor assignnent as a condition for

determnin |l oad validjty. Atransmtter and.the receiver transmts or
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verified. [0019] Tn yet one aspect, a nethod is provi for transm’?ti ng a
schedul i ng aigrgiteatssegnmedt.cArsecwid mbdnehpgsayd oattramt eme pdewnfodia papldad at i ng
a grant or assignment. A constraint.is i sed. on a. portjon of .a. | oad
carried on SPREICAIET tiniohShEr! PRl OR A ENE R PP g 1 g as a
condi tion fieferdRfigS payldaad aRaiy. 0Adhi@hodiifeYranfn s @Pj—an%r ASBhARAENT
conprising the payload is transmtted on a control channel.[0020] In yet

anot her aspemprisiag theepayloadma amoptrekedwnnéls provi ded for transnitting a
schedul i ng gl cat a0, A Litish TR & snserles. &sentel, ehannel, gay! oad for
gnnent LA §ECORA hodd € fnp

i ndi cating a grant of assi oses"a constraint on a

portion of tangailinadsadadilirgdndidatidie A oshpatkr-edaditiebtotapd intaliviny €ompriveslai d
grant or assignnment as_a condition for determ ning payload validity. A
third nodulset firstefaeresion cyistiga ermpseite saede aconel drrel pAdophiroad on a
control ch - Tove L B n i td . am
product i sq'lgdrlga{\}rlnéealggqﬁrortaggé%s n%n'?'t {*ﬁsgg%&ds%ﬂg%’ﬂ?%g&:sﬁs I %g@’gﬁgﬁ% iRfpBS

conput er - r eadadttentsincr Egeonmrelh paylcalnariicies the seittrdlichainebindadesof wlidcausi ng

a conputer to encode a control,.channel payl oad for indicating a grant or
assi gnment ST SERBHITEBE A0t C%‘&&@%ﬁﬁ%@"%ﬂ& Payiopt vikdivo Hoset &
constraint ghsaaRQkkhObYutd td@¥h QR a GRInk besksRRAmchEc AR th@?%ﬂﬂ@d on

i ndicative of valid grant or assignnment as a condition for determning
payl oad valaicntrgl channddi rd set of codes causes the conputer to transmit a

oran, o SSRERTSNL EOTRLLSI AN BRY, 8,208, SO LSRN 0072) 10
schedul i ng stdiuGAE iMAbatiEaNRad Se PFENdAePr EQ0IRBGABNRE] chabfpaPload Rannel
payl oad Orindicating a grant or assignment. Means are provided for imposing a constraint on a
portion of a payload carried on the control channel indicative of valid grant or
assignment as a condition for determining payload validity. Means are provided for
transmitting a grant or assignment comprising the payload on a control channel.
[0023] In yet a further aspect, an apparatus is provided for transmitting a scheduling
indication. A computing platform encodes a control channel payload for indicating a
grant or assignment. The computing platform imposes a constraint on a portion of a
payload carried on the control channel indicative of valid grant or assignment as a
condition for determining payload validity. A transmitter transmits a grant or
assignment comprising the payload on a control channel.
[0024] To the accomplishment of the foregoing and related ends, one or more
aspects comprise the features hereinafter fully described and particularly pointed out in
the claims. The following description and the annexed drawings set forth in detail
certain illustrative aspects and are indicative of but a few of the various ways in which
the principles of the aspects may be employed. Other advantages and novel features
will become apparent from the following detailed description when considered in
conjunction with the drawings and the disclosed aspects are intended to include all such

aspects and their equivalents.
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constraint on a portion of a payload carried on the control channel
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payl oad validity. Means are provided for transmtting a grant or assignnent
conpri sing the payl oad on a control chanrfel. [0023] In yet a further
aspect, an apparatus is provided for transmtting a scheduling indication.
A conputing platformencodes a control channel payload for indicating a
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[0026] i e e K S ol i ng a
augnent ed chedking foe dunddancycss hespkngeg cépability batw'eeCRpst qnBE2JH P abdess 2 depi cts
a bl ock di ggra of a communi cation systemincluding an evol ved Uni ver sal
Mobi | e Tel WYH%H???&HP’@H?HQM em (UMIS) Terrestrial Radio Access Network
(E-UTRAN) that incorporates an augnented cyclic redundancy checking for
random accd8®28les Ssdcpmpabiliagtag ¢let comamuritatjcasy stomdneipdretiag & kagecy

General Packet Radio Service (GPRS) core and an evolved packet core supporting

augmented cyclic redundancy checking in random access responses;

[0029] FIG. 4 depicts a diagram of a multiple access wireless communication
system according to one aspect for augmented cyclic redundancy checking in random

aCCCSS TCSPONSCS;

[0030] FIG. 5 depicts a schematic block diagram of a communication system for

supporting augmented cyclic redundancy checking in random access responses;

[0031] FIG. 6 depicts a flow diagram of a methodology for transmitting augmented
CRC (cyclic redundancy check) in an LTE (Long Term Evolution) PDCCH for SPS;

[0032] FIG. 7 depicts a flow diagram of a methodology 700 is depicted for
receiving augmented CRC in LTE PDCCH (physical downlink control channel) for SPS
at the UE;

[0033] FIG. 8 depicts a methodology comprising a set of conditions (constraint
rules) for uplink (UL) SPS grants;

[0034] FIG. 9 depicts a methodology for evaluating constraints rules for UL SPS
grants at the UE;



networ k user equi pnent; [0028] FIG 3 depicts a diagramof a conmmuni cation
systemincorporating a | egacy CGeneral Packet Radio Service (GPRS) core and
an evol vesopaekEarsigsor e supporting augnented cyclic redurdansgoooamks ng in
random access responses; [0029] FIG 4 depicts a diagramof a nultiple

access wirel ess communi cati on system accotding to one aspect for augnented

cyclic redupdancy checking in rando ccess responses; [Q030] FlI 5
depicts a é@%ti@r&&ﬁkﬁeﬂp@gﬁl émt%qrgé o FRIPH AL 9 ﬁsgpggmeﬁd}se@@gp%}m ng
augnent ed %¥81|vb&b£s:%ql'689?ém¥) BPESKL Mk G[DE\L r3paee access responses; [0031]

FIG 6 depicts a flow diagramof a nme dol ogy for transmtting augmented

CRC (cycli und y,.check) in _an L.ong Ter val utiepn for
sps; | [ bosz O "PPRER AT hot J B Kbt R THEIE BLO M B T 1t o
for recei viusg BB FHESIMIBRCS ingl el hfutRDOGH o @ltysed) ©al; downl i nk contr ol
channel) for SPS at the UE, [0033] FIG 8 depicts a nethodol ogy conpri sing

2, set of, COM | onpih AoNEbERAMchly Lahbhl 0l GPlo SRS 81 afleior | 093]

FIG 9 depicts a net gy for eva straints ru UL SPS
grants at tMBMOEMuGG8Sinpkt Gultiple depatgD3;a nmet hodol ogy conprised of a set of
rul es used by an evol ved base node (eNB) for downlink (DL) conpact; [0036]

FIG 11, a[oe3gpodoFmay 35A6eattsial lld@Sdigdtaml dfus tab@dsé ¥emBRL hfinERoghleaid
rul es used by eNB for SIMO %gl ngle Input Multiple Qutput) DL; [0037] FIG

12 depi ct s recchans RSt oehpradyndancy cheakingf inrgndosn geees 1gspoas; sk M MO
(multiple input nultiple output) DL; [0038] FIG 13 illustrates a bl ock

di agr am of [608%.c c eBKG tldriltustateshdlodkgdiagraunl of anfaosess pedi having raodyiesnfoed cyclic
redundancy checki.ng i n random.acces resgo ses; and [0039] FIG 14

i || ust rat edr8SBIGREAUELGF rﬁygfl’c quadangy § %@H’é 1R Z4N99GT SRSERTITEPORLSS:
transmtting augnented cyclic redundancy checking in random access
responses; DETAI LED DESCRI PTI ON

DETAILED DESCRIPTION
[0040] A scheduled data communication system of an access node and terminal
supports recurring communications of small data amounts such as Voice over IP
(VoIP). In order to make error checking more robust in a random access response
(RAR), such as for semi-persistent scheduling (SPS) for VolP, a portion of a grant or
assignment payload has a constraint imposed that can be verified as a condition
precedent to determining a valid grant or assignment rather than only relying upon a
validity check field, such as a cyclic redundancy check (CRC). Thereby, incorrect
validation of a grant or assignment is avoided for dynamic scheduling or for semi-
persistent scheduling, the latter causing a persistent error. . Because a validation is
performed on a portion of a payload, the constrained portion of payload may also be
referred to as “virtual CRC’.
[0041] As used in this application, the terms “component”, “module”, “system”, and
the like are intended to refer to a computer-related entity, either hardware, a
combination of hardware and software, software, or software in execution. For
example, a component may be, but is not limited to being, a process running on a
processor, a processor, an object, an executable, a thread of execution, a program,
and/or a computer. By way of illustration, both an application running on a server and
the server can be a component. One or more components may reside within a process
and/or thread of execution and a component may be localized on one computer and/or

distributed between two or more computers.



[ 0040] A schedul ed data conmmuni cati on system of an access node and term nal
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[0044] Various aspects will be presented in terms of systems that may include a
number of components, modules, and the like. It is to be understood and appreciated
that the various systems may include additional components, modules, efc. and/or may
not include all of the components, modules, ezc. discussed in connection with the
figures. A combination of these approaches may also be used. The various aspects
disclosed herein can be performed on electrical devices including devices that utilize
touch screen display technologies and/or mouse-and-keyboard type interfaces.
Examples of such devices include computers (desktop and mobile), smart phones,
personal digital assistants (PDAs), and other electronic devices both wired and wireless.
[0045] Various aspects are now described with reference to the drawings. In the
following description, for purposes of explanation, numerous specific details are set
forth in order to provide a thorough understanding of one or more aspects. It may be
evident, however, that the various aspects may be practiced without these specific

details. In other instances, well-known structures and devices are shown in block

diagram form in order to facilitate describing these aspects.



carrier, or nedia. For exanple, conputer readable nedia can include but are
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dynam c scheduling, the latter depicted in gartl cular as a dynamcally
schedul ed i Aﬁklﬂg polizeprpegrant/apgigningnt decoder 128 that incorporate a more robust

check encoding/decoding that used for conventional dynamic or SPS scheduling. In

particular, an augmented check 130 is achieved by applying a constraint 132 to the
PDCCH payload 122 in conjunction with or as a condition precedent to determining
validity based upon the CRC 124. Thereby, the probability of a false positive validity
determination can be substantially reduced.

[0048] It should be appreciated with the benefit of the present disclosure that the
exemplary versions described herein utilize a grant or assignment on a downlink control
channel that has particular advantages on an uplink channel and for semi-persistent
scheduling. However, applications consistent with aspects of the present innovation can
be applied to validity checking for a message received on an uplink and also for
dynamic scheduling as well.

[0049] In FIG. 2, in one aspect, a communication system 200 includes an evolved
Universal Mobile Telecommunications System (UMTS) Terrestrial Radio Access
Network (E-UTRAN) 212 that incorporates an augmented cyclic redundancy checking
for random access responses capability 214 between at last one radio access network
(RAN), depicted as an evolved base node (eNode B) 216 and a user equipment (UE)

device 218. In the illustrative version, the UE device 218 is being dynamically



advant ageously capable of transmtting on the UL 110 with sem - persi stent

scheduling (SPS) on an SPS uplink 114. In anticipation of a talk spurt for
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dynamic allocation of resources to UEs in both uplink and downlink (scheduling); IP
header compression and encryption of user data stream; selection of an MME at UE
attachment; routing of user plane data towards serving gateway; scheduling and
transmission of paging messages (originated from the MME); scheduling and
transmission of broadcast information; and measurement and measurement reporting
configuration for mobility and scheduling.

[0052] The MME hosts the following functions: distribution of paging messages to
the eNodes Bs 216, 226, 228; sccurity control; idle state mobility control; System
Architecture Evolution (SAE) bearer control; ciphering and integrity protection of Non-
Access Stratum (NAS) signaling. The Serving Gateway hosts the following functions
termination of U-plane packets for paging reasons and switching of U-plane for support

of UE mobility.

[0053] The DL 220 from the eNode B 216 includes a plurality of communication
channels relevant to download allocation that should be mapped to uplink location(s) for
ACK discussed below, including a Physical Downlink Control Channel (PDCCH) 236,
Physical Random Access Channel (PRACH) 242, and a semi-persistently scheduled
communication channel depicted as Voice over IP (VolP) 244. Mitigating any

likelihood of a CRC being found correct when the data is in error, the eNB 216 has a



device 218. In the illustrative version, the UE device 218 is being
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peasons andy b cilng. oLl ane b supprt B LE apBLIL L [00s3] The o
entire coverage area of a cell. A Downlink Shared Channel (DL-SCH) supports Hybrid
Automatic Repeat-reQuest (HARQ), supports dynamic link adaption by varying
modulation, coding and transmit power, is suitable for transmission over entire cell
coverage area, is suitable for use with beamforming, supports dynamic and semi-static
resource allocation, and supports discontinuous receive (DRX) for power save. A
Paging Channel (PCH) supports UE DRX, requires broadcast over entire cell coverage
area, and is mapped to dynamically allocated physical resources. A Multicast Channel
(MCH) is required for broadcast over entire cell coverage area, supports
Multicast/broadcast — single frequency network (MB-SFN), supports semi-static
resource allocation. Supported transport channels are Broadcast channel (BCH), Paging
channel (PCH), Downlink shared channel (DL-SCH), and Multicast channel (MCH).
Transport channels provide the following functions: structure for passing data to/from
higher layers, a mechanism by which higher layers can configure the PHY status
indicators (packet error, CQI etc.) to higher layers, and support for higher-layer peer-to-
peer signaling. Transport channels are mapped to physical channels as follows: BCH
maps to CCPCH, although mapping to PDSCH under consideration. PCH and DL-SCH
maps to PDSCH. MCH may be mapped to PDSCH.
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sem -static resource allocation. orted transport channel s are Br oadcast
channel ( B&Hplanpigyisapport of UE rnoblhty he MME UPE 318 communicates via interface

S1 to an evolved RAN 320 for wirelessly communicating with UE devices 322.

[0058] An S2b interface provides the user plane with related control and mobility
support between the SAE Anchor 316 and an evolved Packet Data Gateway (ePDG) 324
of a wireless local access network (WLAN) 3GPP IP Access component 326 that also
includes a WLAN Access network (NW) 328. An SGi interface is the reference point
between the Inter AS Anchor 316 and a packet data network 330. Packet data network
330 may be an operator external public or private packet data network or an intra
operator packet data network, e.g. for provision of IP Multimedia Subsystem (IMS)
services. This SGi reference point corresponds to Gi and Wi functionalities and supports
any 3GPP and non-3GPP access systems. An Rx+ interface provides communication
between the packet data network 330 and a policy and charging rules function (PCRF)
332, which in turn communicates via an S7 interface to the evolved packet core 302.
The S7 interface provides transfer of (QoS) policy and charging rules from PCRF 332 to
Policy and Charging Enforcement Point (PCEP) (not shown). An S6 interface (i.c.,
AAA interface) enables transfer of subscription and authentication data for

authenticating/authorizing user access by interfacing the evolved packet core 302 to a



channel (PCH), Downlink shared channel (DL-SCH), and Muilticast channel
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comuni cati on system 300 that can enconpass the comruni cation systens 100,
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core 304, Joesg Sertvhdgd GPRSHrEtiRRatiat Nofdees{ SsaNinideor $ystehfsaiid aeRyy i n turn
by a Gb interface to a 3 obal System for Mbile Comunications (GSM /Edge
Radi 0 AccesiépiRgediormeo{idERupgus 30Es Hh gommanigation coriend spelicas oircadamRaN s810.

The 4 i.d | I ilit t
pet veen’ GBS RS e LORRMIAeE) B RN O SRR o & Tt um
Anchor (| AsénnBildcagiod with halsield wersdyGharief the endbaystmassaeddsied., bet ween

SGSN 306 and Gateway, GPRS. Servi ng/ Suppor de (. N) (not shown). The | ASA
314 al so nbev&lé YidAnSs ih DOMER): gé@m#ewé%}gﬁwaﬂ@e&esaws B¢lgde Gedsr f aced

to the 3@%i\§ﬁ899{u1%5]1g a&ﬁés@(@lﬁé@)is%t@rﬁgﬁﬁ& &iﬂ%ﬁo:?%%‘ﬁ. Qed%césg?ﬂﬁlﬁ&) pl ane

with related control” and nobility Support. T nchor 312 communi cat es
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328. An SGbaéer%tt@cfd(ngcc:@tﬂesteﬁrﬁﬁalg,ecﬂilﬁ FIENE GOl A (or uplink) refers to the
communication link from the terminals to the base stations. This communication link
may be established via a single-in-single-out, multiple-in-signal-out or a multiple-in-

multiple-out (MIMO) system.

[0061] A MIMO system employs multiple (N7) transmit antennas and multiple (Nz)
receive antennas for data transmission. A MIMO channel formed by the Ny transmit and
Ng receive antennas may be decomposed into Ng independent channels, which are also

referred to as spatial channels, where Ny <min{N,, N,}. Each of the Ny independent

channels corresponds to a dimension. The MIMO system can provide improved
performance (e.g., higher throughput and/or greater reliability) if the additional

dimensionalities created by the multiple transmit and receive antennas are utilized.

[0062] A MIMO system supports a time division duplex (TDD) and frequency
division duplex (FDD) systems. In a TDD system, the forward and reverse link
transmissions are on the same frequency region so that the reciprocity principle allows
the estimation of the forward link channel from the reverse link channel. This enables
the access point to extract transmit beamforming gain on the forward link when multiple

antennas are available at the access point.



between the Inter AS Anchor 316 and a packet data network 330. Packet data

network 330 nay be an operator external public or private packet data

net wor k owoanowmnvi7a oper ator packet data network, e.g. Pom/yse@wiosicen of | P

Mul ti medi a Subsystem (I M5) services. This SG reference point corresponds

to G and W functionalities and supports4any 3GPP and non-3GPP access

systens. An + interface provides co ni catj on between the packet data
i HICE Hat gl
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334. An S2a interface provides the user plane with related control and

mobi |ty s@ppr tAdsessieening (YISO ds NeeMBGPICatipn adBexscndadsd @hand 36d, SAE
Anchor 316, LOORSL ! sBPOH| SeDR.ARANSEIBLEM LNRLL £heS 36EAMILARFRYT on
systens are W denly 3ep oyed to provide various types of communi ¢t on

content sudink3d90uad e®civdatfarmaiih Bem atcesd REBBMaEIEE GVEB réRYschik 368.
mul ti pl e-access systens capabl e of supporting conmunication with multiple
users by sHYCP#geinHBala73ils Bjogmayreaion vaduatewas 326 gnd 338, Hdgicnienany

t i t - WINCER ' d
ransm p%‘r@?ira)lﬁi 358(&%?16@5%%@ 336;%%%%5%1??1%% | Svay ﬁ)&@ﬁﬁl llnﬁ%‘:%%qaﬁdco e

di vision nu pl e access , vision nmultiple access
(TDVR) systremebie ihfoemagerciromi a¢tsss oamindl 87D becracwesslinkFANMAIn $7BDesysten3GPP LTE

systens, and orthogonal freq cy division nultjple access ((OFDMA) systens.
[ 0060] GonePERIICHOR ks %@g_ﬁ‘ﬂﬁﬂﬁp@ REdydied _t?@ﬂvf‘aﬁy Pstem can
Si mul t aneous iy sHRAReR IFof QUEMHPIL CREVAR 1IRr370Whdy RL& drEehEPubrEythada: Each

term nal conmuni cat es ‘Wlth one or nore base sStations via transm ssions on
t he forwar disachldy reavrse siek BohikEachTdreurf of amernday amkor(tbe aewmvhroh)theyedrer s to t he

comruni cation link fromthe base statipns to the rmnal s,. the reverse
Tk Cor - ugtrargd P ep Pt R B Rar Rt anerPal FF Biiene e CR AR Co”the
base stati qsrﬁect,ﬁhteﬁna:grrasu}gm&ﬁtat@dbsignea tdT@ImMEniest abhécshredrmiindls 366, 372
single-in-single-out, multiple-in-signal-out or a multiple-inmultiple-

in a sector of the areas covered by access point 350.

[0064] In communication over forward links 370 and 376, the transmitting antennas

of access point 350 utilize beamforming in order to improve the signal-to-noise ratio of

forward links for the different access terminals 366 and 374. Also, an access point

using beamforming to transmit to access terminals scattered randomly through its

coverage causes less interference to access terminals in neighboring cells than an access

point transmitting through a single antenna to all its access terminals.

[0065] An access point 350 may be a fixed station used for communicating with the
terminals and may also be referred to as an access point, a Node B, or some other
terminology. An access terminal 366, 372 may also be called user equipment (UE), a

wireless communication device, terminal, access terminal or some other terminology.

[0066] FIG. 5 is a block diagram of an aspect of a transmitter system 410 (also
known as the access point) and a receiver system 450 (also known as access terminal) in
a MIMO system 400. At the transmitter system 410, traffic data for a number of data

streams is provided from a data source 412 to a transmit (TX) data processor 414.



out (MM)) system [0061] A M MO systemenploys nmultiple (Nr) transmt
antennas and nultiple (NR) receive antennas for data transm ssion. A M MO
channel fworme@/tiys78he NT transmt and NR recei ve ant enn®€Tsgodm3weronposed
into Ns independent channels, which are also referred to as spati al
channels, where N nmin{NT, NR} . Each of 1he Ns i ndependent channels
corresponds a dj nension. The M MO system can provi de inproved.
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antenna group. Access termn ?AT) 366 is 1 n communication w th ant énnas
362 and 364SRihevidSKatoe MrE&BA B Sclentet 6 4hat data stredm tnpovidetmatuldtonaccess

term nal 366 over forward |ink 370, and recejve i.nformati on from access
orm nal S68mBu5r ThEUHR st g ARuhESTRE Rt S5t Bay B ommuns cat i on
W th antenrd@@nﬁﬁléd@gqnsﬁa&ioﬂy@mnﬁéu By'pRcs3gbszyd 358 transmit information

to access term nal 72 over forward link 376 and receive informati on from

access term 37 | i | o) ni cati on
ke 360, TR STERONSIULENEE AR R aff fa sliad EEGYBOARLA RETTRY. €211 OF
For exanpl eMINIOrpaadedsdri4a8, 3iioh ray fuskerpreticsd the enddufatieq yembyls (hgnfdrhat used

by reverse link 368. Each group of antennas and/aor the area in which they
are desi gnédNM)-c dxMREVOR1ECGssoTH20dher pyideedr podylatign sapbe)stigims ReVmccess

poi nt 350. 4l Rsrhiirs (TMTR) 422a through 422t. In certain implementations, TX MIMO
processor 420 applies beamforming weights to the symbols of the data streams and to

the antenna from which the symbol is being transmitted.

[0070] Each transmitter 422 receives and processes a respective symbol stream to
provide one or more analog signals, and further conditions (e.g., amplifies, filters, and
upconverts) the analog signals to provide a modulated signal suitable for transmission
over the MIMO channel. Ny modulated signals from transmitters 422a through 422t are
then transmitted from Ny antennas 424a through 424t, respectively.

[0071] At receiver system 450, the transmitted modulated signals are received by Nz
antennas 452a through 452r and the received signal from each antenna 452 is provided
to a respective receiver (RCVR) 454a through 454r. Each receiver 454 conditions (e.g.,
filters, amplifies, and downconverts) a respective received signal, digitizes the
conditioned signal to provide samples, and further processes the samples to provide a

corresponding “received” symbol stream.

[0072] An RX data processor 460 then receives and processes the Ny received
symbol streams from N receivers 454 based on a particular receiver processing

technique to provide Ny “detected” symbol streams. The RX data processor 460 then



aspect, antenna groups each are designed to communicate to access termnals
366, 372 in a sector of the areas covered by access point 350. [0064] In
conmmuni cawDanodsmes7sf orward | i nks 370 and 376, the transmCriisegoastsennas of
access point 350 utilize beanformng in order to inprove the

si gnal -t o- noi se ratlo of forward |inks fdf the different access termnals

366 and 374. Al so ess poi si ng, beanf o transmt to access
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poi nt 350 mwemplecatdry Xcedhatspea{fqrmnd by dX MOMQ prowenspic4d0 ang WX dhtatphecessor mi nal s
and may als?4bﬁ refeéred to‘ﬁ§ an access point, a Node B, or sone other

t er ni nol ogy 14 Ahr4Eule YEPMHY 366, 372 may also be called user equiprent
(UE), a wreless comunication device, termnal, access term nal or sone

ot her term[W% Alrgessior Bi7spesodieally’ dstasekncgivdugtapresPding maHe i ust a
t itter .
oo S SYBLRAD (et AR, RRSRETR LRt e

system 450 as access termna At the
transm tt emays ireiex $dBiontandfafrak ddt@pdraon.a nunber of data streams is
provided froma data source 412 to a transmt (TX) data processor

414.[0067] [bay4pn a@@@&wers@ﬁﬁlbméaéa@e%{a %fﬁp&r@e VRS W Ick 8findy@ati@nr €Spect i ve
transmt antenna TX data processor 414 formats, codes, and interl eaves the

traffic datregafding émnmwmcaétonémmabé@edleancqquadata Siglay %dﬁvﬂgsesluﬁerre

| df hat. d d dat 0068 dd
for Conen e DR MR R el By hEY el Bh Sl b ey PR 4o

t echni ques forlhRurbdr & dekatsarerds fryii LCaitd YourcddBBWModalateddtal a6 dulhBA80,S
processed in a known manner and may be used at the receiver systemto

esti mat e t Kendifapqsdry tr%pw@&%%@rmhﬁﬁﬁr,@ﬂéafammlét@d bk tedepabmiter a f or

each data %%Dgﬁ (ps then nodul ated (i.e., synbol napped) based on a
particul ar l'ation schene (e.g., BPSK, QSPK, N*PSK or M QAM sel ected

for that d treamto provide ulatio The data rate, _coding,
and_ modul atVBRTT or AbEERTGEY SEreR ) e %ﬁﬂaaémﬁ T BamaseayE e 5fls
perforned Qy QEQQ&F&QEM@I%QS 4[2@%8111&-&?5& pPeiebiptisan2 syrRRubitd sy 21 | data
streans are then provided a
demodulator 440, and processed by a RX data processor 442 to extract the reserve link
message transmitted by the receiver system 450. Processor 430 then determines which
pre-coding matrix to use for determining the beamforming weights then processes the

extracted message.

[0076] In an aspect, logical channels are classified into Control Channels and
Traffic Channels. Logical Control Channels comprises Broadcast Control Channel
(BCCH), which is DL channel for broadcasting system control information. Paging
Control Channel (PCCH), which is DL channel that transfers paging information.
Multicast Control Channel (MCCH) which is Point-to-multipoint DL channel used for
transmitting Multimedia Broadcast and Multicast Service (MBMS) scheduling and
control information for one or several MTCHs. Generally, after establishing RRC
connection this channel is only used by UEs that receive MBMS (Note: old
MCCH+MSCH). Dedicated Control Channel (DCCH) is Point-to-point bi-directional
channel that transmits dedicated control information and used by UEs having an RRC
connection. In aspect, Logical Traffic Channels comprises a Dedicated Traffic Channel

(DTCH), which is Point-to-point bi-directional channel, dedicated to one UE, for the



M MO processor 420, which may further process the nodul ation synbols (e.g.,
for OFDM. TX M MO processor 420 then provides NT nodul ati on synbol streans
to NT trawemnexerss(TMIR) 422a through 422t. |n certai nPCWfulseom/08BmE? ons, TX
M MO processor 420 applies beanform ng weights to the synbols of the data
streams and to the antenna from whi ch thé7symbol is being transmtted.
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460 t hendenodul at'es, d@l nt eP | eaves, and decodes each dete ted synbol stream
to recoverchh&wkwEhéPHXﬂdmanﬂ@cmnhawdamaoﬁDLehmnmEhmdﬂﬂocbﬂsmhg by RX data
processor 460 is conplenmentary to that performed by TX M MO processor 420
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Shared Data Channel (DL-PSDCH); UL Power Control Channe FUPCCH) Paging

Indicator Channel (PICH); Load Indicator Channel (LICH); The UL PHY Channels

comprises: Physical Random Access Channel (PRACH); Channel Quality Indicator

Channel (CQICH); Acknowledgement Channel (ACKCH); Antenna Subset Indicator

Channel (ASICH); Shared Request Channel (SREQCH); UL Physical Shared Data

Channel (UL-PSDCH); Broadband Pilot Channel (BPICH).

[0079] In FIG. 6, a methodology 600 is depicted for transmitting augmented CRC
in an LTE (Long Term Evolution) PDCCH for SPS. At the eNB, a determination is
made that SPS is warranted (block 602), and if not the methodology exits (block 604)
continuing to perform dynamic scheduling. If warranted, then SPS constraint rules for
PDCCH payload are accessed (block 606). These constraint rules are applied on the
PDCCH payload in order to augment validity checking at the UE (block 608). The
PDCCH payload is then computer for CRC and the CRC is added to the payload (block
610).

[0080] In FIG. 7, a methodology 700 is depicted for receiving augmented CRC in
LTE PDCCH for SPS at the UE. If false alarm PDCCH SPS grant is decoded as an
uplink grant, the UE will repeatedly transmit on some random resources every serving

interval. UE will look for Ack/Nak feedback on PHICH and will randomly decode an



for a nunber of data streans froma data source 436, nodul ated by a
nodul at or 480, conditioned by transmtters 454a through 454r, and
transm t two 2bexck7378 transmitter system 410. [0075] At tPamAIsRe@B8768YSt em
410, the nodul ated signals fromreceiver system 450 are received by

ant ennas 424, conditioned by receivers 428, denpdul ated by a denpdul at or

440, and pr esse ocessor 442 to.extract the reserye |ink
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Channel s conpri ses a Broadcast Channel (BCH), Downlink Shared Data Channel

(DL- SDCH) anpreaiapddhagsiistrtedloscpapiein Qaméera@pmd)ﬁo thegperlinkof UE power
saving (DRX cycle is indicated by the network to the UE), broadcasted over
entire cel l[0682 nagpethuing WY FIGSDuhe BE nobdicds cmbsshge etsPOCIOT (boddken02).
control/traffic channels. The UL Transp ?nﬁ Channel s conprises a TIfﬁindom
Access Charibés mﬁw&g_ﬁa,nbgm@@aégqtro 704, uplink (UL) grant 706, compact downlink (DL)

assignment 708, DL assignment 710 for a SIMO (single input multiple output) UE, DL

assignment 712 for a MIMO (multiple input multiple output) UE. In block 714, the
type of PDCCH message is determined. A determination is made as to whether this
PDCCH message is a semi-persistent scheduling (SPS) grant (block 716), if not the
methodology 700 exits at 718. If SPS is indicated, then the UE performs augmented
SPS grant/assignment validity checking as depicted at 720.

[0083] In block 722, constraint rule(s) are accessed for the type of PDCCH
message. In an exemplary aspect, an illustrative format of PDCCH for UL grants is

indicated in TABLE 1.

Format 0 — UL-SCH N.RB= N_RB= N_RB
assignments 25 50 =100
Field Bit- Bit- Bit- Notes
Width Width | Width
Flag formatO/fformat1A 1 1 1
differentiation
Hopping flag 1 1 1
Resource allocation & 9 11 13 Starting RB & number of consecutive
explicit hopping RBs
MCS 5 5 5 32 levels of MCS (compute TBS from RB
assignment




Channel (REQCH), an Uplink Shared Data Channel (UL-SDCH) and plurality of
PHY channels. The PHY channels conprise a set of DL channels and UL

channel s.wpQO®WB175MRe DL PHY channel s conpri ses: Comon PCratS2@amsreed
(CPICH); Synchronization Channel (SCH); Conmmon Control Channel (CCCH);
Shared DL Control Channel (SDCCH) Mul ti d8st Contr ol Channel (I\/CCH) Shar ed

UL Assi gn nt— Channel (SU \CH)-— 'A"'\l/nn\nl nrlnanre t Channel A ys| cal
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a net hodol ogy 700 is detplk cB8®d for41r ecei vb ng augrrent ed CRC in LTE PDCCH for

SPS at the "JE%U” f,ﬁb&e{ Iar onteF rant oles. &ranetd as an uplink

grant, the r epea e ransm on sone randomresources every
serving interval . UE will |ook for dback on .PHI nd will
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collide with other UL-SCH transm ssions and therefore hurt system

t hr oughput SPEHRDEGHMEednai AgezrvationrfaneB Crabiity hb;eClQ@gE(xp@nal 6R€i) ng fal se
o 21 9, LSRSLRR S5 IR M R BRSO BbEY
does not kmgssapdafayload (16 726). Then a determination is made as to whether the

computed validity check value (X-CRC) matches the appended CRC (block 728). If so,

then in block 730 the eNB transmits only the allowed SPS PDCCH grants. Thus, with

reference back at block 724, the UE ignores SPS PDCCH grants that do not meet the

rules. This augmented checking ensures that more false alarms SPS PDCCH grants are

ignored by UE.
[0085] In exemplary aspect, the following eNB constraint rules can be used.

In FIG. 8, a methodology 800 can comprise a set of conditions (constraint rules) for UL
SPS grants. The eNB can satisfy constraints rules as follows:

(a) Set format flag to UL grant (1bit) (block 802);

(b) Set NDI to a defined value (new transmission) (1 bit) (block 804);

(¢) Set Aperiodic CQI to a defined value (e.g., Aperiodic CQI not reported) (1
bit) (block 806);

(d) Resource allocation must allocate less than a defined fractions of the
bandwidth (1 bit) (block 808);

(e) Possible restrict MCS, such that the highest modulation is not used (1 bit)
(block 810);

(f) The transmit power control (TPC) command must be set to a pre-defined value (2



for. [0081] As discussed above, false alarmgrants can have quite serious
consequences when sem persistent scheduling is used. Advantageously, the
di scl osedwOrneviari7ens can be made to di scrim nate fal sePalrarSae908wHe
authentic grants. Standardizing a set of rules can dictate if a grant that
indicate SPS is authentic or false alarm?0In this description we focus on

t he uplink, .because the consequences of uplink jamm ng are nore severe than
t he conseq@étﬁkégcgfséﬁlagé al arm on the downlink, although it should be

appr e¢i at eqy{ il APkl ARARnRERRIT: CRRRBINARE) bl bOsd g, down I nk.
[0082] ContThuing wth FIG 7, the UE recelves a nessage on P (bl ock

702) . Thi s debsshgduc@rbitse(fdaske¥14¢ont rol 704, uplink (UL) grant 706, conpact

downl i nk ( asgsi nt .7 DL assignnent 710 for i ngl.e.input
Tl 1 ple. odr BURHTURS. Ben AT A S Vel At RSB T i T i e
out put) UEpaldd Bleebn CRE. the type of PDCCH nessage is determined. A
determnation is nade as to whether this PDCCH nessage is a sem -persi stent

o
grant/ assi goneninty allésdiot YLCIRT Kiang aatheddpi Rtskelildbe d@fecih@ABBY tHeUBlack 722,
o e IR e SRt et

50 = tooToral P95 S P 2T HER e B N e ORI at "0 or
UL G ants. JPSQ84it only idmordshecints asct depilestie chastheth bodhkas T@dsxampliet @) haat i on

is made if the constraint rule r isfi .Restrjctions, or

constrai nt out TR HGELAL ere ied G SbbTheREn iR e hRG Shesose on
for CRC valtiadirh¥siehe®IdRD04Y: i€ iRl AfdRledic ¢ 1 Raki ®fthdefidcasana (¢gnput ed
validity crtugck‘ v;ll EI):(%( f—Cch‘(i)ts determ hced(bfor tthet PDDIQH ryessgggg payl oad
(bl ock 726)ApcTingis GRIet eenoiradt (diaeki WohddieTkasR esouighed heationhevalshpetied
validity Cr}i%gsknovc%hggat %(fo%)«ln etcf;e%lelgd %rggtio%pwedbea%dv%h((ﬁloc% 5083,2 e?r)d‘ (eﬂf S0,

The MCS is a valid MCS for SPS, given the restrictions (block 910).

[0087] These rules constrain 5 bits on the PDCCH payload bits. Therefore the
technique above is similar to extending the PDCCH CRC to 21 bits for SPS grants.

[0088] While false alarms on downlink grants have less serious consequences,
similar techniques can be applied. There are three formats for downlink grants, the

compact DL (See TABLE 2), the SIMO DL (See TABLE 3) and the MIMO DLA (See

TABLE 4).

Format 1A - Compact N RB = N RB= NRB

DL-SCH assignments 25 50 =100

Field Bit- Bit- Bit- Notes

Width Width | Width

Flag formatO/fformat1A 1 1 1

differentiation

Distributed transmission | 1 1 1

flag

Resource allocation 9 11 13 Starting VRB & number of consecutive
VRBs

MCS 5 5 5 32 levels of MCS (compute TBS from RB
assignment. Reduction in number of bits
for MCS in FFS.

HARQ process id 3 3 3 HARQ process ID derived from the
subframe ID (4b for TDD)

Retransmission 3 3 3 Separate new data indicator (1 bit) &

sequence number redundancy versions (2 bits)




then in block 730 the eNB transmts only the all owed SPS PDCCH grants.

Thus, with reference back at block 724, the UE ignores SPS PDCCH grants

t hat do rwO 20eet17378e rul es. Thi s augnent ed checki ng ensecegistévawn3meoy e f al se
al arms SPS PDCCH grants are ignored by UE. [0085] In exenplary aspect, the
foll owing eNB constraint rules can be uséd. In FIG 8, a nethodol ogy 800
can conprise—a—set—of conditions{constraint—rules) for U SPS grants. The
eNB can satlP€fy constraint@ rul es2as f okl ows| TRGrm@end ffrédtlell f1 ag to |UL
grant (| bilth-(bl ock 802); [(b) Sef NNDI t%‘?‘ detpdegyval MAReW transni|ssion)
(1 bit) ; ertodic CO—to —g—
Aperiodic CQ not repdotaked}0 ( 1 b#z) (bKéck 806); (d) Resource allocation

(b ock 806y 1 *eRRCE ArhBly ARG AR AR ATHR BRI Rhndnll 1) o

not used j 810), (f) The transmt I trol (TPC) command
st b sedpy) borREAO I Msiilve Sot R PR RN B kot Frie Cyel ¢
shift for depRedlagincdibdoRic§ 109062 (15iseins!fofntdvi RIT ABISK 1p@>1§&t1mg);@2gpre
defined value (3 bits) (block 814). If not satisfied, then the UE does not
conti nue e\WRibtuaticagranseispprtipe spgatesmoy disirihiutagd (bloskd08b) 61)\ReseUIGRC. [ 0086]
Simlarly, _in.FEl t 0 .S depict ed for. i
constraint$ h?fﬂtleos HP%F a]&_cqélgg&gﬁ%ln?éefgnt%gtfhaztl%%dfﬁ%e g%lgg{l(gﬁgg'lbggéﬂr@% at ed
t hﬁt dt Ih_e UEIooa)r;lw (@d{oﬁgibienastmemcs_rsdchehd?mgh ‘dlhels_t mbheli?ms‘s n;co_ndéed;(u ib'[tghdynam' c
schedul i ng rat her an semi - persi stent scheduling. After figuring that a
grant is g(§p§< @9%53[a}ndt(ﬁéReJPP%Bé@sgont%@u%pgnamaﬁrﬂ%élﬁwsPfﬁr%tckgAl%JQ grants a

t of I L S oL | e: The f t fl i ndi cat
set of ru ggcrﬁlsggg)@g?%)iyl%ﬁégﬂ%{)pr exanpl e: (a) e fornma ag indicates

UL grant (b is set to the defined val ue (new
transm ssion) (block,904); \(&_The Aperiodic CQA is set to the defined
val ue (e'g'agsjgjaﬁgr{téfgr ”.ﬁogq F(?)I% re F‘,r%{)edﬁ—1 | ock 906); (d) The Resource

; 2
al | ocati or Flomy YO T O e TRE Bit Bit Notes
Width Width | Width

Resource allocation 1 1 1 Indication of resource allocation type 0 or

header type 1

Resource allocation 13 17 25 Bitmap with allocation for type 0, set
indication & bitmap therein for type 1

MCS 5 5 5 32 levels of MCS (compute TBS from RB
assignment.

HARQ process id 3 3 3 Maximum 8 HARQ processes

Retransmission 3 3 3 Separate new data indicator (1 bit) &

sequence number redundancy versions (2 bits)

TPC 2 2 2 TPC command for PUCCH

CRC 16 16 16 CRC masked by UE MAC ID

Total: 43 49 55

TABLE 3. PDCCH Formats and Contents — Format 1 for DL assignments in SIMO.

[0090] In FIG. 11, a methodology 1100 utilizes an illustrative set of constraint rules
used by eNB for SIMO (Single Input Multiple Output) DL in accordance to a Format 1
of TABLE 3: (1) Distributed transmission flag indicates not distributed (block 1102);
(2) Resource allocation allocates less than a pre-defined fraction of the bandwidth (1 bit)
(block 1104); (3) Possible restrict MCS, such that the highest modulation is not used (1
bit) (block 1106); (4) Retransmission sequence number indicates a first HARQ
transmission (3 bits) (block 1108).



does not allocate nore than the defined fraction of the bandw dth (bl ock

908) ;
910).

and (e) The MCS is a valid MCS for
[ 00832000 3398r ul es constrain 5 bits on the PDCCH paylusae9oios1669

SPS, given the restrictions (bl ock

Therefore the techni que above is simlar to extending the PDCCH CRCto 2 1
bits for SPS grants. [0088] While false dfarns on downlink grants have |ess

serious con
formats for
TABLE 3) ang} (a0 Rhfek
N RB DL- SCH assi
and Cont entl&E disfegaiaiany RDIC6H owingasiog SPE aad MIjtdent s.
rul es used by eNB for
met hodol og¥okROODL-6G) set NoRBor nRtRB-A NTRBLE 1) (bl ock 1002);
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ve set of
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be applied.. Th
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[ 0089]

conpact is dep

ere

pp re_three
WiRget ofyrules pedmadhL ( see

P RBusth_RB =
PDCCH For mat s

In FIG 10, an

icted as

(2)

Di stri but edsdghaasdtordiiion f bag i ndicat es=np3 distributed (bl ock 1004); (3)
Resource 4dlFieacati on nust aBltocat EBit-€SS | BRan pNélegd | ned fractions of tHe
bandwi dth [(1-bit) (block 104&fH; [WdtPoswidhe| restrict MCS, such that |the
hi ghest noO@diqict QRcdtién NOT [used (1 brt) 1Dl oLKdidHER) resRE alloeation type Oor |
Retransm g$igBr sequence nunber indicates a fjgsts HARQ transm ssion (3 bits)
(bl ock 101QResoufcPEIRERton. - DE1BECH NURB = NoBB = BinBEBwSaibcalbned iyge 6,98t SI NO 25
EE)E = 100 Total: 43 49 55 TABLE 3| PDCCH For nph@cafdhd RS B&bistor ydear mat| 1 for
assign S in SIMO [0090] I'n, FIG 1T, a it hodol O utilizes an
illustrat irs-é&qpt of canst int r 1? es u<;2d by I OF‘P)‘?”O'%%H&? ingle | nput
Mul ti pl e QuARQtp)ocdskID N ac¢cBrdance3t o a|Bor maf 3bis fof FDDABLIfs fa3 TDD (1)
Di stribut'(;IIA @gns i sston {iag fngjcates not Arstributed (biock 1102)7] (2)
Resource al V9 al | ocates 1 eks tham'a pre-defined fraction of thg
bandwi dth ( 1 bit) (block|1104);|(3) Po¢ssible restrict MCS, such that| the
hi ghest %S%Fs'tﬁéhéboﬁt not Tgsed (15 DIt ) 5101 OL% e BIMCS (Eomplte TBSHonTRE ! ON
seqguence ”B!BQ?('TrB!kP Icates|a first HARQ assignment.
Retransmission 3 3 3 Separate new data indicator (1 bit) &
sequence number 18t redundancy versions (2 bits)
TrBlk
MCS second TrBlk 5 5 5 FFS if possible to reduce fo 3 bits by
interpretation together with MCS for
first CW
Retransmission 3 3 3 Separate new data indicator (1 bit) &
sequence number redundancy versions (2 bits)
second TrBlk
Precoding information 3 3 3 Precoding matrix (4 bits for 4 Tx, 1-3 bits
for 2 Tx), FFS if this field can be removed
& semi-static configuration is used
instead
CRC 16 16 16 CRC masked by UE MAC ID
Total: 55 59 67

TABLE 4. PDCCH Formats and Contents — Format 2 for DL assignments in MIMO.

[0092]

In FIG. 12, as a second exemplary option, consider the following set of

constraint rules depicted as a methodology 1200 comprising the following set of rules used

by eNB for MIMO DL of TABLE 4: (1) Distributed transmission flag indicates not

distributed (block 1202); (2) Resource allocation must allocate less than a defined
fractions of the bandwidth (1 bit) (block 1204); (3) Possible restrict MCS for each of the
two transport blocks, such that the highest modulation is not used (1 bit) (block 1206);

and (4) Retransmission sequence number indicates a first HARQ transmission (3 bits)

for first and second transport block (block 1208).



transm ssion (3 bits) (block 1108).[0091] As a first exenplary option,
consider the followi ng set of rules used by eNB for MMO DL: In an

exenpl ar yweaspext17s7 MO DL cannot be used with SPS, thusPChasisogsseegar ds
any PDCCH indicating SPS and MMO. Format 2-DL-SCH N.RB = N.RB = N RB
assignments for MMO 25 50 = 100 Total: %3 59 67 TABLE 4. PDCCH Formats and

Contents - Format 2 fo assignnents in M MO [0092] FIG 12, as a
second exer‘&?%‘r]y owlé% II?L%%‘iCH%“rtelinH@af & Mrﬁ@ug’é‘fenéf @Qﬁéf?lapvﬂngr ul es

depi ct ed a%la@foﬁﬁtlﬁgg%a@g\ OV;&Q%&QWY'T@C!GMH%Qgelfllo]%érgl%ﬁ]_&Cﬁ&Iuhg% itk gRdnused
by eNB for M MO DL of BLE 4 : Distributed transm ssion tlag i1 ndicates

not di stri Brenean ¢dskesrotode ZOE).14]. 2§n ﬁe@@ﬂmcéleabhmuamg platfoms 130 ¢avarises | ess
th defi ned . f t f .t ndwi dt 1 bit bl ock 1204)., (3
Poasi bi o r Seoef LPTRRITH oF SatecARaRRE I cArisils bop BltsSRTis bRy ¢ ne
hi ghest nmodpbabh@sls 'tr‘énﬁﬁﬂsswh@ @ﬁ’d ﬁec%ptﬂintﬁy A AR VOB Rx®B164 )In particular

Retransni ssi on sequence nunb cates a first HARQ transm ssion (é bits)
for first amegns érn@chde)tlr3ﬁfl§rfoprwl§1pd>£q¢ detsichegk a grOgior sODoBIrsistenictiedul@de an
access ter I r € n | rm 1302 t hat
provi des rrz,kﬁ% orcorqlgcocle?l\%/a%ﬁlal ;Msem Bélrﬂgfp% en%e ?ﬁ%&l@%@%ﬁhg%ml on from

an access nofigra{itlom.a pbéion éfa patdadadirasd,ontthe coargd uhanngl ipdRufiay o vhEQ2
conprises sets of instructions or code (npdul es) 1304-1312 executable by a
processor BeMiPeHatenhschsdHingtas glcondifign §of detarining pryleadeydidiy. Bieans

transcei ver " 3 I ﬂﬂ&n %rgg% e provided
for detecti né Ji)ég@;sn%re#)m%egnflﬂr g(g{lﬁslllt{sﬁ%ecﬁ'%hsche ; Eggﬁlig%atﬁ%ont r ol
channel . Mpapnlsad.nbitahe)mdda®s 646 ercyrovidek tbrfcompeengd ﬁlylcnglpated@yslicr aint on a
portion of a | oad carrjed, on_t control c lid
seni - per si suhlagiBadny Hb S A e oo s hagRSp . G SJHWB%M& idity.
Means (nod lékel)ro@f&%d %r%ralﬁéﬁi{hfﬂgQerﬁloﬁerﬁ%ﬁ{%hélﬂle%%‘altd i doSHRdaneh @peck (CRC)
for the payl oad. Means (nodule) are provided for conparing the conmputed

cycljl f red walida'n@@payﬂmdlé Téae}:dbyatheﬁ@em eddd @Oquopdenthaight heifpaiyinosct g/bgns
612
- accor dascetol i fbAGmerips HRER Tl HirdFani bt e BRI 500

provi des t hadicdtig csaettirt@PtibRUs®Bdin error in the random access response.

[0094] In FIG. 14, an access node (e.g., eNB) 1400 has computing platform 1402
that provides means for causing a computer for transmitting a semi-persistent
scheduling indication for enhanced validity determination by an access terminal (e.g.,
user equipment). In particular, the computing platform 1402 comprises sets of
instructions or code (modules) 1404-1410 executable by a processor 1414 that also
controls transmission and reception by a transceiver ("Tx/Rx") 1416. In particular,
means (module) 1404 are provided for setting a grant for semi-persistent scheduling
(SPS) on a control channel. Means (module) 1406 are provided for imposing a
constraint on a portion of a payload carried on the control channel indicative of valid
semi-persistent scheduling as a condition for determining payload validity. Means
(module) 1408 are provided for computing cyclic redundancy check (CRC) for the
payload. Means (module) 1410 are provided for transmitting the computed cyclic
redundancy check as a CRC field accompanying the payload for granting transmission
of semi-persistent scheduled data in accordance with the validated payload and CRC

field by user equipment.

[0095] What has been described above includes examples of the various aspects. It

is, of course, not possible to describe every conceivable combination of components or



control field that augnents the check field to mtigate possibility of the
check field indicating correct reception with an error in the random access
response.wpo@i7i7a FI G 14, an access node (e.g., eNB) PCA0B201a93m6MpUt i NQ
platform 1402 that provides means for causing a conputer for transmitting a
sem - persi stent schedul ing indication f oR4enhanced validity determi nation

by an access term nal ppent). In particular, the capputing
pl at f or m 1483049, ?szegp%r@t)%%@f drseEbIgets BTSSR EBReD OytoBaaf 8%1)‘“&12161&{12410

execut abl e u'PMleaarn%Q;?F‘e%§§}{1ze1ﬂ1%f‘rn5r§ﬁrﬁﬁle§9orﬁt%ét{dﬁk 2nd g@rﬂﬁﬁétﬁw%k A Iﬁu@lee
reception by a transceiver ("Tx/ . In particular, means (nodul e)
1404 are prioeodiely.dhe syt ﬂ}g:caﬁcgtlamtntétmiledwembqaea:slilsuoéraﬂte%hasjul i ng (SPS)

Conet rai nt THCCOR B Var e b B LRI RSB PP ERher

i ndi cative cgfimyal i d sem -persistent scheduling as a condition for

determ ni ng &/I oad validity. Means (nodule) 1408 are g}r ovi ded for

conput i ng 9‘59 lc rbmﬂmwndh@tﬂga(m@}e Yagious Rencpand et rmnéémhe(a’mml e)
1410 are pr n ti ng. t he cl [ gheck as
a CRC fiel éi acgfg)gg cor% oﬁen% ﬁewées ?1 u dts S gt%mrgang Hlecl}ii f'{alll% S‘Eemrgls Sllng?rzi? o d

sen - per si sféfemncéfmeﬂué@ ”)dmecatd dbsatimudansmpmdn& drbntoralet eat@ebspayd, oad and
CRC field by user equi pnent [ 0095] What has been described above incl udes
exanpl es ofunfeseogRyishdisaisdctogny compenenghichnesiorm e spedifedfiaction escri be
every concejyv 0 of, [ poses of
descri bi ng%%@é%@o@@g%%ggg fﬁr?dﬁéﬁ!él R]a %‘%@qg‘%%%ﬂ n%? %t {he git may
recogni ze tehaitvalenty t]ﬁmdﬂsd:iemdcsﬁnhmreatmhmhsmafmdnp&rerﬁmcatomon$heaheeeipossi bl e.

Accordi ngly, the subje eC|f t| on i nte o enbrace all such
alterati onéﬂuﬁﬁratﬂdqueépﬁlah oeciivall VRS rSg L ﬂalﬁo SFicoRRiEs tat e VaRPYSi t and

scope of t Q@pe%‘%lqﬁélg%ja &ys&iriBs wh998 LohpPuBArdatisild fledRMhdving &9RfHcL © the

various functions perfornmed by the above descri bed conponents, devices,
circuits, @ysciueabée antdudtions Farkperfotrhiagitey ags {ridiel evditmgf ﬁleweﬁemmc@oczlso a

" " b t tepded, t
N R A R R SN R R
function ofto bhig dﬁ@ € Wémﬂ iR PRARARHINY Sudh featdrd MREHE @d}ﬁﬂnné‘(mﬁtﬁ ahe b bnoreeven

t hough not structural X
other features of the other implementations as may be desired and advantageous for any

given or particular application. To the extent that the terms “includes,” and “including”
and variants thercof are used in either the detailed description or the claims, these terms
are intended to be inclusive in a manner similar to the term “comprising.” Furthermore,
the term “or” as used in either the detailed description of the claims is meant to be a
“non-exclusive or”.

[0098] Furthermore, as will be appreciated, various portions of the disclosed
systems and methods may include or consist of artificial intelligence, machine learning,
or knowledge or rule based components, sub-components, processes, means,
methodologies, or mechanisms (e.g., support vector machines, neural networks, expert
systems, Bayesian belief networks, fuzzy logic, data fusion engines, classifiers . . . ).
Such components, inter alia, can automate certain mechanisms or processes performed
thereby to make portions of the systems and methods more adaptive as well as efficient
and intelligent. By way of example and not limitation, the evolved RAN (e.g., access
point, eNode B) can infer or predict when a robust or augmented check field has been
employed.

[0099] In view of the exemplary systems described supra, methodologies that may

be implemented in accordance with the disclosed subject matter have been described



equi valent to the disclosed structure, which perfornms the function in the
herein illustrated exenplary aspects. In this regard, it will also be
recogni zewlot2h@y11v747@ vari ous aspects include a system asPeEUS2@9/037669
conput er - r eadabl e nmedi um havi ng conput er execut abl e i nstructions for
perfornming the acts and/or events of theZ29arious methods. [0097] In
addition, while_a particul ar, feature may. have been dj scl osed with respect
Lo only onéMiTreGeviseas s pw %fﬁlﬁﬁ-sw%g%gﬁpﬁlg&sﬁ%%tj a9y Yonbi ned wi th
one or  mor &y o A{on! BRIMIESIMeil M AV arld R GMRALAI SLAS HHI0ERY, PR 191 I ed
and advantageous for any given or particul ar application. To the extent

t hat the tendestopdend deseciatadthat thealaioicd giibjest dnattar isanot §mithe by dtfc @vrer ofsed i n

ei ther the detailed description or the,.glai these ternms are intended to
be. 1 ol s JB DRk iy by Seut Wbl Rder A0 P Fas oty vHBPHBT o, ¢ he
term™or” afodsadn Whatil BEficttdend@sselibrthel@n VbROVON ndf allilBstedte BBcltsS meant
to be a "non-exclusive or". [0098] Furthernore, as wl| be appreciated,
various pomedydresegtiradie intplsaicotidd nafkadelagicsrdyseriich dgrimedrddifienalyeitor

consi st of ALukbL ¢l Aler LA ELL NG % TBARISLERLNLG ALy Ki1OUD S, O rul e
based conpdnents, sub- EHponent s, processess heans,  nmethodol 681es, or

mechani s bedgGtored bip P bitticleatrdnuiRelit Reficilitad frahspoaingaimnd Sranefsatigtsusly st ens,
Bayesi an bel i ef networKks, fuzz¥ | ogi c, data fusion engines, classifiers .
) . Such RedhRsioirgiesso cpmpriersail ha terpiticle obraneaeture as wscHdeahisns or

processes Recf QTS BSEDY cdfoiBkfioBALH AQDS At fblifug R B A0g bR hods

nore adaptive as we S e Intelli1gent. exanpl e and
not |im t atdeoike, daheeremohactd RAN (e. g., access point, eNode B) can infer or

predi ct wh obus r . augnent ed check field has.been | oyed. [0099] In
vi ew of thi{f@QM ﬁ#@ﬂ@%?‘ é_ﬁ@eﬂ@@gm%w BHPRLaD U BRI O BErEUSHIRt iy be

| mpl ement eghdifiAGE WHBOGEn Watt Nhhhi8 s&iHIC bORRIPIRRELEY ret@E & heRAY & been
describedwith reference to several flow diagrans. ile for purposes of

si npl i ci t y inforporptcd hartcinoenly tdide retchbidiel thgiesrmrgcd awmabdatsdescorifbegd as a
series of Dbl.ocks,.it |s.to be understood and appreciated.that the clainmed
Sub] ot mactEreTgmasE Tty S 3 S Ge A Gp SRR ErBLRE S dhe bl acks
may occur idiscfishice A BlichO blefostha BteMnce@RENT thedidclositetald crplally Bit@sis from
what is depicted and described herein. Mreover, not all illustrated bl ocks

herein supersedes any conflicting material 1ncorp0rate({ herein by reference. Any

material, or portion thereof, that is said to be incorporated by reference herein, but

which conflicts with existing definitions, statements, or other disclosure material set

forth herein, will only be incorporated to the extent that no conflict arises between that

incorporated material and the existing disclosure material.



may be required to inplenent the nethodol ogi es descri bed herein.
Additionally, it should be further appreciated that the nethodol ogi es

di scl osedwben®/n7&8e capabl e of being stored on an arti eCe/uskoosmsisbact ur e
to facilitate transporting and transferring such nmethodol ogies to
computers. The termarticle of manufactul®&, as used herein, is intended to
enconpass a conputer program accessi ble from any conputer-readabl e devi ce,
carrier, or nedia. [00100] It should be apgreciated t hat any patent,
publication, or other disclosure nateftaIMSin whole or in part, that is
said to be\VﬁﬁQ§8ﬁﬁ&%ﬁg by reference herein is incorporated herein only to
the extent that the incorporated material does not conflict with existing
definitions, statenents, or other disclosure material set forth in this

di scl osure. As such, and tq the extent npecessary, the disclosure as
explicitly set florth Agribe f%fﬁ&?lglélaés%ﬁw 188 HIAFadOD Y SIS al

i ncor por at ed hehﬁkeﬁﬁyagﬁ&?&%ﬁﬁ%nn%%Bde%dﬁﬂbﬁbumﬁéLPort'0” thereof, that is
said to be incorporated by reference herein, but which conflicts with

exi sting defi ni ticohang statsermhos a portiontc@rpagiosd casigd en it @miral clsenhelf or t h
her ei n, mﬁthqﬁ%% ge ﬂ$cor orat.ed to the e.ﬁeni Hﬁ t no conflictr%QLses
bet ween t hATIFHEEPHSPT SAN AP ERPOUAS CRBIERY &qridgh iRy Batlead validity;
material . Cbgjj V5 What is clainmed is: 1. A nmethod for receiving a scheduling
i ndi cation, conprising: detecting a grant or assignment on a control
channel ; veri f yitigsmitermeitreediving ohaceoptanes with dfc paypaliondbe eentiol elpnogl t he
control cha {.ndi ive. of val] . Qr S| ndi.£ipn for
det er i ni nab pagrsad & ariclfingliot Byt e ShERkiRondRShHIEER! 4 PRI AR nce
wi th the payload on the control channel in response to a determ nation that
the constraint on the portion of a payload is verified. 2. The nethod of
claim1, further conghedngibord eficlaig ﬁéﬁl ricmpriping fakinhpasagtionat thes not et
even if CYGbhGIRIUAIaNGEGPRCYohS olBldandy ctag igikDod of claim 1, wherein

the grant or assignnen s tor-sem persi stent schedul ing.

3. The method of claim 1, wherein the grant or assignment is for semi-

persistent scheduling.

4. The method of claim 1, further comprising verifying the constraint on the
portion of the payload by detecting an uplink grant flag, a new data indicator set to a
pre-defined value, an aperiodic channel quality indicator set to a pre-defined value, a
resource allocation allocated to less than a pre-defined fraction of bandwidth, and a

restricted modulation and coding scheme that does not use highest modulations.

5. The method of claim 1, further comprising verifying the constraint on the

portion of the payload by detecting an uplink grant flag.

6. The method of claim 1, further comprising verifying the constraint on the

portion of the payload by detecting a new data indicator set to a pre-defined value.

7. The method of claim 1, further comprising verifying the constraint on the
portion of the payload by detecting an aperiodic channel quality indicator set to a pre-

defined value.



4. The nmethod of claim1, further conprising verifying the constraint on
the portion of the payl oad by detecting an uplink grant flag, a new data

i ndi cat orweeaenown7#8pr e- def i ned val ue, an aperi odi ¢ chanmelr/usaeivios1669

i ndi cator set to a pre-defined value, a resource allocation allocated to

| ess than a pre-defined fraction of band@&/dth, and a restricted nodul ation
and codi ng sche that does not use highest nodul ati.ons. 5. The nethod of
claim1, furthef co ﬁﬁ@%@oi}%ﬁqlﬁlm h&u&% CEBREFIPAIVREIYHHE PRLOBYRIOR thE t he
payl oad by gﬁiﬁ%ﬂtﬁ@p%ﬁba@d&lg‘ dyfecﬂﬁggtresfo{n%_g-all@cati-gh%lw@att&p_@ 18ds thdred el
further coﬁ$r|5|ng verifying the constraint on the portion of the payl oad
by det ect i nigfisedhizaetidatod bambividtt or set to a pre-defined value. 7. The nethod
of claim1, further conprising verifying the constraint on the portion of
t he payl oad by detecting an aperiodic channel quality indicator set to a

pre defined val ye. 8. ThRendiBid@tiam E'f@r&lﬁ@r%ombﬁﬁihg%ri%fg)ﬂhi: ShmgraitR bh fid ng
the constraint on the portion of the payl oad by detecting a resource

al | ocat i on particacditteaipaydodddysdetdsting a restiectebmodeldtion aust ¢ogingofchpan dwk deds. 9.
The net hod cl.ai.m further conprising verifying the constraint on the
portion ofngﬁgm65§F%%@0%¥mHg§60ting a restricted nodul ati on and codi ng
schene that does not use hi ghest nodul ations. 10. The nethod of claiml1,
further conprising detecting a conpact downlink assignnent for

seni - per si st ent 18cheddeimgihodiaf clarpel, fpls gowprising datcdiong # eqmppst deBMHI si ng
verifying int an: i of the payload by detecting a
distributeégﬁggﬁgﬁﬁéﬁ%g%p?ﬁggggg?%?%ﬁﬁ%t i ndi cated, 12. The nethod of claim
10, further conprising verifying the constraint on the portion of the

payl oad by detecting resource allocation allqcated.less than a pre
Gefined fractionlof  HaRANGERTO! clgm Hh mﬁ%pwm%méﬁnﬁdbeﬁwrﬁ on

CO”DriSingtH@ﬁhﬁUﬁBng@ﬁwﬁgﬁﬁ%H&E&h@%ﬂﬁhﬁ%mEaﬁhhﬁﬁmﬁBnhﬁgs&%&h@@d by
detecting a restricted nodul ati on and codi ng schene that does not use a
hi ghest nododiedtédyn.

12.  The method of claim 10, further comprising verifying the constraint on
the portion of the payload by detecting a resource allocation allocated less than a pre-

defined fraction of bandwidth.

13.  The method of claim 10, further comprising verifying the constraint on
the portion of the payload by detecting a restricted modulation and coding scheme that

does not use a highest modulation.

14.  The method of claim 10, further comprising verifying the constraint on
the portion of the payload by detecting a retransmission sequence number indicating a

first Hybrid Automatic Repeat-reQuest (HARQ) transmission.

15.  The method of claim 10, further comprising verifying the constraint on
the portion of the payload by detecting distributed transmission flag set to not indicated,
a resource allocation allocated less than a pre-defined fraction of bandwidth, a restricted
modulation and coding scheme that does not use a highest modulation, and a
retransmission sequence number indicating a first Hybrid Automatic Repeat-reQuest

(HARQ) transmission.



14. The method of claim 10, further conprising verifying the constraint on
the portion of the payload by detecting a retransm ssion sequence nunber

i ndi cati rgoaodwrsi7sHybri d Aut omati c Repeat-reQuest (HARBCTIUS2009/08B89 on. 15.
The net hod of claim 10, further conprising verifying the constraint on the
portion of the payload by detecting distEPbuted transnission flag set to
not i ndi cat ed, resqource al] ocation allocated |ess than pre-defined
fraction of bandfi dt Frffleénqt@9ﬁ@v@dﬂr%talaﬂr&tbmaﬁmaa&e%fm%g@mm that does

not use a RiGhesinTAdM AL 'in%'[lt m@tp1CodtFlit (BIMD) %éj%fs) r?iﬁﬂg%%%ﬁgdd'l‘ﬁ& ber

indicating a first Hybrid Automatic peat-re transm ssi on. 16.

The nmethod of claim1, further conprising detecting a downlink assi gnnent
for single input nultiple ou . $§% sem - per.si stent scheduling. 17. The
et hod of ol atmiZe. ARRRpOt S ol GrBE PPy T heTaedEF ST BRoE he
PorF|0n_0ftﬁ&ﬁnﬂéﬂbpﬁﬂpQMoQ@B?@&b&Q@QuﬁMﬁ%ﬁk@W&ﬁgnﬁﬁﬁﬂﬂﬁ%%ﬁﬁ&ﬁnéh@g _

i ndicating not distributed. 18. The nmethod of claim 16, further conprising

veri fyi ng tdistrilbwedt rai nt on the portion of the payload by detecting a
resource allocation allocated |less than a pre defined fraction of
bandw dth. 19. The nmethod of claim 16, further conprising verifying the

constraint on the. portthe@nctidd éfhdaipad, Gathdbyomptidag varifymerths térsehiddon
nodul ati on and codi ng schene that does not use a ﬁhghest nodul ati on. 20.

The met hod tiF pastian af the paylaed he detegigrd epargesdlacpiemlocpied desp dtanaime- on t he

portion of iR Yieads gcting a retransm ssion sequence nunber
indicating(% ??@t @b%r?%uﬁﬁ?ohatic Repeat -reQuest (HARQ transm ssion. 2

1. The nethod of claim 16, further conprising verifying the constraint on

the portion of the payl oad b t.ecti a distributed transm ssion flag
i ndi cati ng not d?stria%ﬁtr%eﬂl}o Of?fi@%fée@?r&}%e@mﬂg ¥eiyme theyconstiaing Any 5

pr e~ def i neqnd 5ibh MO DapRATSY dbiBerird £ R54Hi:8LRAIBH LAY LotindSthoiRdhig

schene that does not use a highest nodul ation, and a retransSm ssion
sequence nuobenotiuselh bmhiestgnadufdtiost Hybri d Aut omatic Repeat-reQuest (HARQ
transm ssi on.

20.  The method of claim 16, further comprising verifying the constraint on

the portion of the payload by detecting a retransmission sequence number indicating a

first Hybrid Automatic Repeat-reQuest (HARQ) transmission.

21.  The method of claim 16, further comprising verifying the constraint on
the portion of the payload by detecting a distributed transmission flag indicating not
distributed, a resource allocation allocated less than a pre-defined fraction of bandwidth,
a restricted modulation and coding scheme that does not use a highest modulation, and a
retransmission sequence number indicating a first Hybrid Automatic Repeat-reQuest

(HARQ) transmission.

22.  The method of claim 21, further comprising determining invalidity of the
portion of the payload by detecting an indication for MIMO semi-persistent scheduling.

23.  The method of claim 21, further comprising verifying the constraint on
the portion of the payload by detecting a distributed transmission flag indicating not

distributed.



22. The nethod of claim 21, further conprising determning invalidity of
the portion of the payload by detecting an indication for M MO
sem - per swotem1137Bedul i ng. 23. The net hod of cl aim 2 1pcrarseéven3menpri si ng
verifying the constraint on the portion of the payload by detecting a
distributed transnission flag indicating2Rot distributed.24. The method of
claim?2 1, further copgprisjng verifying the constraint.on the portion of
the payl oad by ddt ecth @%ﬂqﬁ%ﬁﬁ%@eﬁaﬁr&%f?@aﬂm& Hyue (PeSStAEhoR pre
defined fragtbBRoRbf @?%@Wog& E}{ déeetinbereSREROM 1Rt ﬁld&tﬁd Jess fﬂl{éﬁlta{}ﬁ%—

y

conprising verifying e constraint on the portion of the payl oa

det ecti ng alefiest fraativedf baatlwidthi on and codi ng schene for each of two
transport bl ocks that does not use a highest nodul ation. 26. The net hod of
claim2 1, further conprising verifying the constraint on the portion of

the payl oad by aggt ectiihgGnd@hd®sff RN IS Firfer SOAPENRE vEUYRRIthé BelisEaint BE 2
first Hybrid Automati c Repeat-reQuest (HARQ transm ssSion. 27. The net hod
of cl ai m 2 the pdrtipn pethe paytord By defecting o sgptrigter meodudntion eail gediag seismedor t i on of

t he payl oad etectin ISt transm ssi f.lag indicating not
di stri but ed & gggﬁarn & Oqta ‘glésat ?to({rj?%%ﬁ%ouég élzgrqeets%lgﬁﬁ%h&a pre-defined
fraction of bandw dth, a restricted nodul ati on and codi ng schene for each

of two transport bl ocks that does not use a highest nodul ation, and a

retransni ssi on $8querds maikaseef dlaim Flafiryr somprispg MyHying the iwEring on

Repeat-re : 1 S§1.01: . r ry: &
re(F:) ei vi ng%ﬁié%%gﬁ%atp?ﬁg?@g ?%tgaln%Fﬁsln%g@ase&H&o? n%oﬁﬁgfgld%cgﬁﬁ%%t ecting
a grant or fasdiygmideddtomatiaRepautraduash@dinrQ) transesdord nodul e for verifying a

constraint on a portion of a payload carried on the control channel
i ndicative of valid grant or assignnment as a condition for determning

payl oad validityy andi@ hdihddo M 21, ighd E&Iﬂﬁmih% LASry Rz thEEGHsHhAgoh N
accordance with the payload on the control channel in“response to a

det er mi nat itienparhen of the peplnad budetcctong & distripotetlitonsmoibsian Play inshditing noer i f i ed.

29. A compyt eb, RS AR AMEE tich Aot RS lel! B § pREOSA ibNSH Ak,
a restricted modulation and coding scheme for each of two transport blocks that does

not use a highest modulation, and a retransmission sequence number indicating a first

Hybrid Automatic Repeat-reQuest (HARQ) transmission.

28. At least one processor for receiving a scheduling indication, comprising:

a first module for detecting a grant or assignment on a control channel;

a second module for verifying a constraint on a portion of a payload carried on
the control channel indicative of valid grant or assignment as a condition for
determining payload validity; and

a third module for transmitting or receiving in accordance with the payload on
the control channel in response to a determination that the constraint on the portion of a

payload is verified.

29. A computer program product for receiving a scheduling indication,
comprising:
a computer-readable storage medium comprising,
a first set of codes for causing a computer to detect a grant or assignment

on a control channel;



conprising: a conputer-readabl e storage nmedi umconprising, a first set of
codes for causing a conputer to detect a grant or assignnent on a control
channel ; aweeoomd7¥8t of codes for causing the conputer POTWSRIOWYIBH6I
constraint on a portion of a payload carried on the control channel

i ndi cative of valid grant or assignment a9 a condition for deternining

payl oad validity; and a third set, of codes for causing the conputer to
transmt or receivind SF?P“Q(?EB‘P%QH% ORCRHIREEC SR PHAHIOOT N R COBHEIS P Ehannel

in respons %ohﬁqn%f‘iﬁia?%ogh R&teB8n tBlontBEILARSTR Gy IT valig gféﬁ{ bi on of a

payl oad is verifie An apparatus for recelving a scheduling
i ndi cat i on assgmpertss agondrean bridetermetierpdyhapdavaldigntandr assi gnnent on a

control channel; neans,for verifyihg a constrain n,a portion .of a payl oad
cartied on the contr i mERAHREFOIN P car o8 P M rERETEH SEehRmene e a
condi tion faefor@aice WlihthdgaReyd e \c8hiréli chiininc® RrcBRAIS td Pdctéi@n&Mntthitng or

receiving in accordance with the payload on the control channel in response

to a det er fiheamisornt omthepheionsi gtnasioad ioverifisd. portion of a payload is
verified. 31. An apparatus for receiving a scheduling indication,
conprising: a receiver for detecting a grant or assignnent on a control
channel ; a conpyoi ng A aphetun fopfecwiRingf ydcAgdAingdnditatdinNéorpfristngdor ti on of a
payl oad carried on the control channel indicative of valid grant or

assi gnnent as aMspdfaridsiecting a gRNEPTASHISARCHN bentiphehanely: “and a

transmtter and L Ltl] r ! i nce

W th the paytoad an FRaehE & Pn K L e
t he const r ahmincbindidagvof talidrgraft oa apdgingad as § coelitidn fed detd@ninThgepagfopdr at us
of claim 31, .further conprising the conputing platformfor taking no action

if the condfhdifbren s not net even if cyclic redundancy check is net. 33.
The appar atus ofyGhakdPiRhsmiitiid HetcGANRN 5iBMhBEWIRER MBloidh et ecting a

control channel in response to a determination that the constraint on the portion of a

payload is verified.

31.  An apparatus for receiving a scheduling indication, comprising:

a receiver for detecting a grant or assignment on a control channel;

a computing platform for verifying a constraint on a portion of a payload carried
on the control channel indicative of valid grant or assignment as a condition for
determining payload validity; and

a transmitter and the receiver for transmitting or receiving in accordance with
the payload on the control channel in response to a determination that the constraint on

the portion of a payload is verified.

32.  The apparatus of claim 31, further comprising the computing platform

for taking no action if the constraint is not met even if cyclic redundancy check is met.

33.  The apparatus of claim 31, further comprising the receiver for detecting a

semi-persistent scheduling grant or assignment.

34.  The apparatus of claim 31, further comprising the computing platform
for verifying the constraint on the portion of the payload by detecting an uplink grant

flag, a new data indicator set to a pre-defined value, an aperiodic channel quality



sem - persistent scheduling grant or assignment. 34. The apparatus of claim
31, further conprising the conputing platformfor verifying the constraint
on t he powOi2009/10f578he payl oad by detecting an uplink graor/dsb@g/i3menew dat a
i ndi cator set to a pre-defined value, an aperiodic channel qualityindicator
set to a pre-defined value, a resource aPlocation allocated to | ess than a
pre defined fraction of b dth, or are trlcte nmod and codi ng
schene t hatm‘Iin’é%r 30 LRt 5%&%%1%&&5%0&{%%3@0% bﬁ@eifﬁﬁﬁﬁ%g%a Bf-cl ai m
31, furtherRRPfridiodrbgiviBHE LY @fes{rf&lfedjrﬁé@tﬁﬁtid?lganﬁ c%@ﬁg%‘éﬁenﬁj@m ddes
assignment for sem -persistent scheduling. . The apparatus of clalim 31,
further comptusimghashmodwdatmrisi ng platforn1for verlfylng the constraint on
the portion of the payload by detecting a fornmat indication for conpact
downl i nk SPS, distributed transm ssion flag set to not indicated, a
resource al | ocatiison ﬂ%b@ﬁﬁk@ﬂsb?§ﬁnﬁb@ﬂhﬁh&ﬁ%ﬂﬂ@&h@&ﬂs&%éﬁ&H@ﬂd&%anga
bandwi dth, a restricted nodul ati on and cod ing schenme that does not use a

hi ghest nmpdomaegtelewniink assignaanafessemsbenistatssbaddingunber i ndi cating a first
Hybrid Automatic Repeat-reQuest (HARQ transmi ssion. 37. The apparatus of
claim31l, further conmprising the receiver for detecting a downlink

assi gnment for sibngl ehcRppdratibbf tlpine 30Uk doﬁip&@ngsmom@nﬁugqﬂa&mrm

schedul i ng. 38. The apparatus of claim 37, further ngr|5|ng t he conputi ng

pl at f or m f 4ot Yﬁélrfymgrthfgcomﬁtéalemtm APHoneh th@ri@ymitbiymt csfing péOTpRY | oad by
detecting i t a
resour co_arTAeae k! RSt Ao LGRS, (I soEloih Wi
bandw dt h, aafes'oascteraillobﬁd)nrm)ldudtad lessithand peodifirgdSohao of baildwidibsa rstrictesle a

hi ghest nodul ati on, nd a retran si on sequence nu ndj cating a first
Hybrid Aut 6?‘?&@53610%5 sedipg egheaie t %@n?tr%ﬁ%ﬁféf‘é‘?tdﬂo‘{@@lonw}é{ @Qppar at us of
claim 31, r&?én@ﬁﬁssfb%@@ﬁﬁe%b@ﬁuﬂlﬂ@r ih@efinges ﬁFsPHyS'ﬁ(‘i RetdndicR PNt
assignment for rmultiple input nmultiple output”™(M M) sem - per5|stent

schedul i ng.(HARQ)Thmsmppmnat us of cl ai m 39, further conprising the conputing
pl at f orm

37.  The apparatus of claim 31, further comprising the receiver for detecting a
downlink assignment for single input multiple output (SIMO) semi-persistent

scheduling.

38.  The apparatus of claim 37, further comprising the computing platform
for verifying the constraint on the portion of the payload by detecting a distributed
transmission flag indicating not distributed, a resource allocation allocated less than a
pre-defined fraction of bandwidth, a restricted modulation and coding scheme that does
not use a highest modulation, and a retransmission sequence number indicating a first

Hybrid Automatic Repeat-reQuest (HARQ) transmission.

39.  The apparatus of claim 31, further comprising the receiver for detecting a
downlink assignment for multiple input multiple output (MIMO) semi-persistent

scheduling.

40.  The apparatus of claim 39, further comprising the computing platform
for determining invalidity of the portion of the payload by detecting an indication for

MIMO semi-persistent scheduling.



for determining invalidity of the portion of the payl oad by detecting an

i ndication for M MO sem -persistent scheduling.41. The apparatus of claim
39, furth&o20evpri7’si ng the conputing platformfor verifycmgseéve/oswnst r ai nt
on the portion of the payload by detecti ng a distributed transm ssion flag
i ndi cating not distributed, a resource aPFocation allocated | ess than a
pre-defined fracti on_of bandw dth, a_restricted npdu] ati on and codi ng
scheme for eachf t etapa?rrgtaéfa%C%%éé,ﬁftﬁ%&coawggnﬁd%e ErIBP Y ingingH _
modul at i on foadirginf fld AASHISSLON: PEAIEE IHTRAY vy ARL RAiBilhd st HybrT d
Aut omati ¢ Repeat-reQuest (HARQ transm ssion. 42. "A nethod for transmtting
a schedul i mgnimdsionflagmdicoimpnosdisgibuedcodisogcaalbantionhllahtdiels theyd oad f or

i ndi cating a grant, or .assjgnnent: | Nnposi a nstraint. on a portion of a
payl oad carri-at b (PO BRI Whahhar i naneulfpe B Pt acfrlkr ih

assi gnment oRswe trapeitibl ks kit d6RtRE Tidd Righdwlodamti¥al dndiati¥iradRfission
transmtting a grant or assignnent conprising the payload on a control
channel . 43¢qupnec menbrydnditatioiggi frsuldybridiAutearatic RepedtstQuest ABOBNg t he
constraintU%8$£Q§% no action is to be taken if cyclic redundancy check is
met. 44. THE TEthod of claim42, wherein the grant or assignment is for
sem persi stent scheduling. 45. The nethod of claim42, further conprising
i nposi ng the constraint on the portion of the payload by setting an uplink
grant flag, a néé& dat’amcHeddat snseeing g sghodubogBdiGeEen.LaMPEISIngh ~ aper i odi ¢

channel quality .. ndj: ]@&”? - i . SOur al I ocation
allocated to | ese&slgt'girlfgJl génp%{r%qezr-c e Fﬂ%a%ﬁc%rdgg{ ]:ngﬁg%%@%gﬁg\t/m&d{sﬁ&ﬁ%reﬁg restricted
nodul ati on and dogdosing schreseint bat pdaoem ofatpaykad bagied oh tivochnltrat clomsel 46. The

met hod of c¢laim42, further conprising setti.ng_.a conpact downlink ..

assi gnment tpdipatiyg of -Vb‘éci &Rt i S SRRER iaﬁar.léla?g fopyStaRR HRsIDBHON i
further conggising inposing the constraint on the portion of the payl oad by
setting a format indication for conpact downlink SPS, distributed

transm ssi on f| agnsetitinga gent ordsigament, compriesguhcpayddddonat camrobtheapodlt ed

| ess

43.  The method of claim 42, further comprising imposing the constraint so

that no action is to be taken if cyclic redundancy check is met.

44.  The method of claim 42, wherein the grant or assignment is for semi-

persistent scheduling.

45.  The method of claim 42, further comprising imposing the constraint on
the portion of the payload by setting an uplink grant flag, a new data indicator set to a
pre-defined value, an aperiodic channel quality indicator set to a pre-defined value, a
resource allocation allocated to less than a pre-defined fraction of bandwidth, or a

restricted modulation and coding scheme that does not use highest modulations.

46.  The method of claim 42, further comprising setting a compact downlink

assignment for semi-persistent scheduling.

47.  The method of claim 42, further comprising imposing the constraint on
the portion of the payload by setting a format indication for compact downlink SPS,
distributed transmission flag set to not indicated, a resource allocation allocated less

than a pre-defined fraction of bandwidth, a restricted modulation and coding scheme



than a pre-defined fraction of bandwi dth, a restricted nodul ati on and

codi ng schenet hat does not use a highest nodul ation, and a retransm ssion
sequence WOorzb@v11737di cating a first Hybrid Automati c RepearArse@@astes{ HARQ
transm ssion. 48. The nethod of claim42, further conprising setting a
downl i nk assignment for single input mul 88ple output (SI M) seni-persistent
scheduling., 49. The nmethod of c]Jaim 48, further. conprising inposing the
const rai nt 1 dPRENQPYRe ¢ Bwﬂsﬁt neq#él?%@w YUl 15{FaRBYBS SIS PG ed

transm ssi gyt dRg o M FAADMuRHatd REHEA RO 8L (ﬁARgﬁ%hﬁﬁisﬁbh.ocat ion
allocated | ess than a pre-defined fraction of bandw dth, a restricted

nodul ati on and codi ng schene that does not use a highest nodul ation, and a
retransm ssi on sgquence nunber. indi [ a first rid Automatic
Repea - reQuest (RARGy TEREH SO B8R Bonbitibe Yre MBI | G ¢ her
conpri si ng ,8&bdrhéd & s@@@iﬂpﬁkm@ﬁﬁileg&ﬁﬁﬂféshﬂ()) QathpdrbiStehNRUEduRALt | pl e out put

(M M) sem -persistent scheduling. 51. The nethod of claimb50, further
conprising inposing the constraint on the portion of the payload by setting

an indication f M ] - i.St ch li.ng. :52..T hod.of claim
50, Tur ther coma?i ot ngermmaa AL RED SPbl D e pFe SRiiath R
payl oad by tisepdrtiogofthdipsylohdby edtihg adBiitmsddarankmagionfhigdaditatthgnot
distributed, a resource allocation allocated | ess than a Pre-defi ned

1

fraction oflisyabHed. drpsousceradlopstionratigeapdilssathne A Pandefinsdifingticr pkbrndpéttheach
of 1w I anspafilibhRalifuiblahd dRfite Afknl e Boly %%?%E@%t?ddﬁfhﬁoﬁpﬂldaa
er | a t |

retransm ssi on sequence nu icating ITs utonmatic

Repeat - r e QuesdnsinH8idn)scucans nimb¢randic&ihg afirst Habitid dnenptodepsarreQaest
transmtti rzgé%t@chedul ing indication, conprising: a first nodule for

encodi ng a FaNEMBIRB  payl oad for indicating a grant or assignment; a
second nodul e for inposing a constraint on a portion of a payload carried
on the control channel indicative of valid grant or assignnent as a

condi tion for déOer niliicmaetixedéfodadmAl, fiaitcy compdsing kithing ardoehlenkf or

transm tting:a, 908%: RhdRShARTENpROTRu: i) NEmPRYRAN: Meduling

51.  The method of claim 50, further comprising imposing the constraint on
the portion of the payload by setting an indication for MIMO semi-persistent
scheduling.

52.  The method of claim 50, further comprising imposing the constraint on
the portion of the payload by setting a distributed transmission flag indicating not
distributed, a resource allocation allocated less than a pre-defined fraction of bandwidth,
a restricted modulation and coding scheme for each of two transport blocks that does
not use a highest modulation, and a retransmission sequence number indicating a first

Hybrid Automatic Repeat-reQuest (HARQ) transmission.

53. At least one processor for transmitting a scheduling indication,
comprising:

a first module for encoding a control channel payload for indicating a grant or
assignment;

a second module for imposing a constraint on a portion of a payload carried on
the control channel indicative of valid grant or assignment as a condition for

determining payload validity; and



a control channel. 54. A conputer program product for transmtting a
schedul i ng indication, conprising: a conputer-readable storage nedi um
conpri si YO 200%11rs8 set of codes for causing a conput er PCO/USe@O®87689 cont r ol
channel payload for indicating a grant or assignnment; a second set of codes
for causing the conmputer to inpose a condtraint on a portion of a payl oad
carried on the conptrol c nel indicative of valid grant or assignnent as a
condition for dé‘ttEIFﬁirFWﬁHGafg’éW%HH“W&ai SR PT aspHAMENE FOTARFiERg theaylgadent or
causi ng thg SaRPULEHndIO transmit a grant or assignment conprising the

payl oad on a control channel. 55. An apparatus for transmtting a
schedul i ng i ndication, conprising: neans for encoding a control channel

payl oad for indigati a grant or assign t: means fagr inposing.a
Bonstraint on agor t i bFOBRUET RagRBLoAs FidiinsRTTRE 2 otedb e BHAHH
i ndi cative cghpHgingd grant or assignnent as a condition for determ ning

payl oad validity; and neans for transmtting a grant or assignnment
conprising the paphpattraepdablestirags mediamrempris®e, An appar at us for

transmitting a schedyld.adf pdi-oat fon,  GRMPLIShIG: 0 2nERIRULNG Blabfior m for
encodi ng a control channel” pay oad for ﬁ%dlcaglng a graﬁt or ~assi ghment ;

t he conput ipaglopd &rfiedicatfn@ra draasiafge@ma@@nst rai nt on a portion of a payl oad
carried on the control channel indicative of valid grant or assignnment as a
condi tion for deter niadeerpdeslofcades Br ceansing thg gemButer iQrigwPse EeomplpRint on

transmtil %%?gticﬂ{ ik ra&[oaﬁ%ﬁ- f'Bathe gcg%? Efr?a{t g ih&%at‘?@eydf%ﬂdg rfiof ONt 1 Ol

channel . 57. e app tus of claim er conpri sing e conputing
pl at f or m f assignmas iang cotnditicofos tde@rminigppdyhaid vabdiagtandn is to be taken if
cyclic redundancy chech.is : :

a third set of codes for causing the computer to transmit a grant or

assignment comprising the payload on a control channel.

55.  An apparatus for transmitting a scheduling indication, comprising:

means for encoding a control channel payload for indicating a grant or
assignment;

means for imposing a constraint on a portion of a payload carried on the control
channel indicative of valid grant or assignment as a condition for determining payload
validity; and

means for transmitting a grant or assignment comprising the payload on a

control channel.

56.  An apparatus for transmitting a scheduling indication, comprising:

a computing platform for encoding a control channel payload for indicating a
grant or assignment;

the computing platform for imposing a constraint on a portion of a payload
carried on the control channel indicative of valid grant or assignment as a condition for
determining payload validity; and

a transmitter for transmitting a grant or assignment comprising the payload on a

control channel.



met. 58. The apparatus of claimb56, wherein the grant or assignnent is for
sem persi stent scheduling. 59. The apparatus of claimb56, further

conpri si nyotzb@/laesvput i ng platform for inposing the constcaiuskon3tehe
portion of the payload by setting an uplink grant flag, a new data

i ndi cator set to a pre-defined val ue, an3aperiodic channel quality

i ndicator set to_a pre-defined gﬁ%ue, a resource allocation, allocated to
| ess than a pre-defi ldd aPpHes shelgrm paryitheriaempgising theeqrppyingd! ati on

and codi ng ¢§¢ -ﬁg%cﬁgﬁanmmyﬁﬁ) Rghesth b'%‘?%%éh%flf &ﬁﬁ%gecﬁﬂdaﬁ'é hERPRT at us

of claimb56, turther conprising the conputing atformfor setting a
conpact dowmdti nk assi gnnent for sem -persistent scheduling. 61. The
apparatus of claimb56, further conprising the conputing platformfor

i nposi ng the constraint on the portion of the payload by setting a format

i ndi cation for egnpagihc@depithiudbr SEea 561 whdréiRUhEgraht ANSLSREMANs fdragmset to
not indicated, a resource allocation allocated Tess than a pre-defined

fracti on ofpctsatenhisetcduling.restrict ed nodul ati on and codi ng scheme that does
not use a highest nodul ation, and a retransm ssi on sequence nunber
indicating a first Hybrid Automatic Repeat-reQuest (HARQ transm ssion. 62.

The appar at us of59¢c| aiThe2@parhitus bhelhint 08 PhitBEM@nipRiging ARPEBRGing! pitfoerom f or
setting a downlink assignnent for single input nultiple output (SIMO)
seni per si stf@nMposing din ¢aRgtraigton thy oginmaf dhuraydgaddiyacting2an uplipk geant flag,
conpri sing,t I l.atfor Iy J.MROS| ] LAt - of

o1 on of “the SRTRUICERD oA B oPE ARG VRPR) ol RERR REITY 1S

i ndi cati ng tneprdidined balueds resoures allvcatombill@attite iesathao agtredefiesisrdchan a

pre-defined _fraction of bandwidth, a restricted nodul ati on and caqdi ng
schene thatOfgﬁatég’Yﬂ%&l’ B GrRequIsHRIANG P ERE S&hﬁ@l%tﬂﬁbciqeéﬁgwsgéﬂéw“sequence
nunber i ndiGafid@nd first Hybrid Automatic Repeat-reQuest (HARQ

transm ssion. 64. The apparatus of claim56, further conprising the

computing platformfor setting a downlink assignnment for nultiple input
multiple output 6%M Nq)hesa%{)grgt%rs oF gltal%? t56, further comprising the computing platform

for setting a compact downlink assignment for semi-persistent scheduling.

61.  The apparatus of claim 56, further comprising the computing platform
for imposing the constraint on the portion of the payload by setting a format indication
for compact downlink SPS, distributed transmission flag set to not indicated, a resource
allocation allocated less than a pre-defined fraction of bandwidth, a restricted
modulation and coding scheme that does not use a highest modulation, and a
retransmission sequence number indicating a first Hybrid Automatic Repeat-reQuest

(HARQ) transmission.

62.  The apparatus of claim 56, further comprising the computing platform
for setting a downlink assignment for single input multiple output (SIMO) semi-

persistent scheduling.

63.  The apparatus of claim 62, further comprising the computing platform
for imposing the constraint on the portion of the payload by setting a distributed
transmission flag indicating not distributed, a resource allocation allocated less than a

pre-defined fraction of bandwidth, a restricted modulation and coding scheme that does



schedul i ng. 65. The apparatus of claim64, further conprising the conputing
platform for inposing the constraint on the portion of the payl oad by
setting awoizn@viaai7son for M MO semi - persi stent schedul i RGT/USE0097DBE69
apparatus of claim&64, further conprisi ng t he conputing platformfor

i nposi ng the constraint on the portion offthe payl oad by setting a
distributed transm ssion flag indicating.not distributed,. ce

resou
al | ocat i on "8F ¥5catgRest @edulatom agd g rerafsfisyion SPAusaes BYMBS: i gy Sta
restricted H%%I@t&ggﬁgggp&ggg@&ﬂs@m@) foksnfiagdh of two transport bl ocks

t hat does not use a highest nodul ation,” and a retransm ssion sequence
nunber indicating a first Hybrid Automatic Repeat-reQuest (HARQ

transm ssion. 64.  The apparatus of claim 56, further comprising the computing platform

for setting a downlink assignment for multiple input multiple output (MIMO) semi-

persistent scheduling.

65.  The apparatus of claim 64, further comprising the computing platform
for imposing the constraint on the portion of the payload by setting an indication for

MIMO semi-persistent scheduling.

66.  The apparatus of claim 64, further comprising the computing platform
for imposing the constraint on the portion of the payload by setting a distributed
transmission flag indicating not distributed, a resource allocation allocated less than a
pre-defined fraction of bandwidth, a restricted modulation and coding scheme for each
of two transport blocks that does not use a highest modulation, and a retransmission
sequence number indicating a first Hybrid Automatic Repeat-reQuest (HARQ)

transmission.



