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5 Selecting Between Normal and Virtual Dual Layer ACK/NACK

Technical Field:
[0001] The teachings herein relate generally to control

10 signaling in wireless networks, and particular embodiments
detail ACK/NACK signaling for data received in grouped
downlink resources.

15 Background:

0002] The following abbreviations and terms are herewith

defined:
3GPP third generation partnexship project
ACK acknowledgement
20 DL downlink
DTX discontinuous transmission
eNB Base Station/Node B of an LTE system
E-UTRAN evolved UTRAN
FDD: frequency division duplex
25 H-ARQ hybrid automatic repeat (or retransmission)
request
LTE long term evolution of 3GPP (also known as
3.9G)
MCS modulation and coding set (or scheme)
20 MIMO multiple ioput multiple output (related to

antenna configuration)

NACK negative ACK
Node B base station or similar network access node
OFDM orthogonal frequency division multiplex
35 PDCCH physical downlink control channel
PDSCH physical downlink shared channel
PMI precoding matrix index

PRRB rhysical resource block



3.9G MCSnodul ati on and codi ng set (or schene) 30M MOwul tiple input
multiple output (related to antenna configuration) NACKnegative ACK Node
Bbase station or simlar network access node OFDMort hogonal frequency

di vision multipl ex 35PDOCHphysi cal downlink control channel PDSCHphysi cal
downl i nk shared channel PM precoding matri x i ndex PRBphysical resource

bl ock 2 PUCCHphysi cal uplink control channel PUSCHphysi cal uplink shared
channel TDDtine division duplex UEuser equi pnent (e.g., nobile
5equipnent/spgppgn) physical uplink control channel

PUSCH physical uplink shared channel
TDD time division duplex
UE user equipment (e.g., mobile
5 equipment/station)
UL uplink
UMTS universal mobile telecommunications system
UTRAN UMTS terrestrial radio access network

10 [0003] 3GPP is standardizing the long-term evolution (LTE) of
the radio-access technology which aims to achieve reduced
latency, higher user data rates, improved system capacity and
coverage, and reduced cost for the operator. The current
understanding of LTE relevant to these teachings may be seen

15 at 3GPP TR 36.213 v8.3.0 (2008-05) entitled Physical Layer
Procedures (Release 8), which is attached to the priority
document as Exhibit A, Both FDD and TDD are considered in
LTE, and the non-limiting examples of the invention detailed
below are described within the context of the TDD mode.

20
[0004] Allocations of radioc resources are given in LTE on the
PDCCH. A particular UE listens to the PDCCH at its
designated time and sees if it is allocated UL and/or DL
resources. If this is the case, the UE maps the allocation

25 information in the PDCCH to the PDSCH or PUSCH as the case
may be. In the case of an UL allocation, the UE sends its
data on the allocated UL resource and maps that resource to a
control channel where it listens for the eNB’s ACK/NACK for
the UL data. In the case of a DL allocation, the UE tunes to

30 the mapped DI, resource and monitors for data from the eNR,
and maps that DL resource to a control channel where it then
sends its ACK/NACK for the DL data (specifically, the lowest
control channel element index of the PDCCH which carries the
DI, control information DCI maps to the UL channel which

35> carries the ACK/NACK). Each PDCCH gives multiple
allocations, and the typical scenario is that there will be
more DL allocations than UL in a given PDCCH. These

teachings assume that typical scenario.
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may be Rawh Arandel WRNJRLMRHL10 (AGPR TIE RN WehitB3ngSorygot o, Italy,
Febégar%CKs/NACKSy and is performed by a logical AND operation on
the ACKs/NACKs for the various DL resources to generate a
single ACK/NACK report, which allows the PUCCE formats
already defined for LTE to be reused (PUCCH Format l/lA/lB).
This ACK/NACK mode has broadly been named “AN-bundling”

25 (where AN is short for ACK/NACK). It is to be hard-coded
(from specifications; e.qg., TS 36.213 at Exhibit A of the
priority document) as to which DI subframes are jointly
acknowledged in which UL subframe, and thus depends on which
TDD configuration is active.

30
[0006] When a UE is configured for dual layer reception (e.q.
MIMO}, it carries two bits on its uplink ACK/NACK channel.
These bits are needed to acknowledge each of the layers (the
term layers and streams are used interchangeably). Bowever,

35 if the UE is not assigned exactly the same PRB resources (or
transmission parameters) in all subframes within the ACK/NACK
bundling window it will have limited correlation between
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sub- bundg dows to achieve a gain. Such sub-bundling has been
described for single streamcase by the inventors in US Provisional Pat ent
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Transnlgg?gn§§% gbgygergéggéﬁﬁéﬁ ggp%?%kggrob é%?ﬁ%rggg %gheavy LTE
TDE'S afeaehegreohpHe tpr copifigudecanbht tasdExmLsi:tnaa-: dpaémstm@am

above-r ef-gh8n¢8diBHO%KhA BRALrPBEENERERPELCALI2A be integrated with

MIMO. Higher layer configuration may be used in order to
optimize the use of the bits.

20

Summarx:
[00057 In a first aspect thereof the exemplary embodiments of

this invention provide a method comprising: receiving an

25 allocation of downlink resources and monitoring the allocated
downlink resources on 1 layers for data (1 is a positive
integer); generating a resource-specific bit for each of the
respectively monitored allocated downlink resources; based on

a pattern of the allocated downlink resources, selecting from
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resources in a first mode and a second algorithm that bundles
the downlink resources in a second mode; using the selected
first or second algorithm on the generated resource-specific
bits that correspond to the downlink resources as bundled

35 according to the respective first or second mode to generate
1 reply bits; and transmitting the generated 1 reply bits.



15 considers howto configure a UE to do virtual dual-streamtransm ssion
and describes that it could be integrated wwith M MO Higher |ayer
configuration nay be used in order to optimze the use of the bits. 20
Summary: [NWIn a first aspect thereaf the exenplary enbodi nents of this

i nvention provide a nethod conprising: receiving an 25 allocation of
downl i nk resources and nonitoring the all ocated downlink resources on /

| ayers for data (/ is a positive - integer); generating a resource-specific
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resources; and the processor is further configured to use the

15 selected first or second algorithm on the generated resource-
specific bits that correspond to the downlink resources as
bundled according to the respective first or second mode to
generate 1 reply bits. The at least one transmitter is
configured to transmit the generated 1 reply bits.

20
[0011] In a third aspect thereof the exemplary embodiments of
this invention provide a method comprising: sending an
allocation of downlink resources and transmitting data on the
allocated downlink resources; responsive to receiving a reply

25 bit that is a negative acknowledgement of the transmitted
data, selecting from among at least a first algorithm that
bundles the downlink resources in a first mode and a second
algorithm that bundles the downlink resources in a second
mode based on a pattern of the allocated downlink resources;
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from the
selected algorithm; and retransmitting the data that is the
subject of the negative acknowledgement in the allocated
downlink resources which are indicated by the bundling window
and layer combination.

35
00121 In a fourth aspect thereof the exemplary embodiments of
this invention provide an apparatus comprising recelving

means, processing means and sending means. The receiving



selection is based on a pattern of the allocated downlink resources; and
the processor is further configured to use the 15 selected first or second
al gorithmon the generated resource-specific bits that correspond to the
downl i nk resources as bundl ed accordifg to the respective first or second
node to generate / reply bits. The at |east one transmtter is configured
to transmt the generated / reply bits. 20 M In a third aspect thereof the
exenpl ary enbodi ments of this invention provide a nmethod conprising:
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resolrce-specific bits that correspond to the downlink

Brief Description of the Drawings:

{013] The foregoing and other aspects of these teachings are
made more evident in the following Detailed Description, when
20 read in conjunction with the attached Drawing Figures.

[0014] Figure 1 is an illustration of a sub-bundling principle
for TDD configuration #5 for a single-layer UE.

25 [0015] Figure 2 illustrates at the uppermost timing diagram an
illustration of a ‘normal’ dual-layer transmission and at the
lowermost timing diagram a ‘virtual’ dual-layer transmission
according to an exemplary embodiment of the invention.

300 j00ie] Figure 3 ia a gimplified block diagram of variouve

electronic devices that are suitable for use in practicing

the exemplary embodiments of this invention.

[0017] Figure 4 is a process flow diagram according to an

35 exemplary embodiment of the invention.



resources as bundl ed according to the respective first or second node to
generate / reply bits. The sending neans is for transmtting the generated
1 reply bits. 15 Brief Description of the Draw ngs: [On] The foregoing
and ot her aspects of these teachings & e mde nore evident in the foll ow ng
Det ai | ed Description, when 20 read in conjunction with the attached Draw ng
Figures. [00n] Figure 1 is an illustration of a sub-bundling principle for
TDD configuration #5 for a single-layer UE. 25 NOB] Figure 2 illustrates at
the uppePebailed Rerpimdgicam an illustration of a "normal’ dual -1 ayer
transm sgggn Ak agdeléﬂleorl WAL IR HIILBMLApa kG yaha dYal - | ayer

transmi saion Accor to an exenpl ary i ment e_invention.
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section psevxmuﬂ&kxtdnmqmv@mide:qnhﬂnkgrouﬁﬁeaefomabemhl&aspbEhemwéBbion
that 1s fe81dftd a6l Atk TR 'lgntﬁs% ey, 96! Hde concepts

that could pursue but” are not necessarily one ave been
preV|ouSWEiQﬁnﬁﬁﬁ\Rﬂthe[ﬂﬁ%ﬂﬁ&PtIFWeﬁ@ﬁoﬂéal@ﬁlé@stbﬂﬁeﬁﬁP§éCﬁﬁép@ated

herei n, ahatid sidlestdditadd d HeS (38 At ByNahNs9bnakh taikhe

desi iption and clainms in this application and is not admtted to be prior
art Qy i HeFusi™n in this 10 section. p0191 It is initially noted that the
exanpl es and explanatlons bel ow are in the context of a LTE network, but

enbodi |on S d y L.oyed in any
15 net&g&ﬁﬁpro ocoHInSuc ]§%r¥or exg 11q‘ E&KﬁgﬂﬁgbéggaFgﬁégggg1%ns

tel ecomhﬁﬁ@atamﬁrsyﬂteemqrem?ﬁstqﬁ al Irﬁdlrmtaxmélss budt winbkinesMs( gifobal
system f%&%d&ﬁ%ﬁ%&%@@ ll\ﬁ@\é%l }avm » Cﬂ)ec%q%l@'y\é'ds'l?in \R;\%J tiple

access, also known as 3G or RAN) | ocal area net
W VAR (vﬁﬁ fWRG kgorotocol, such as for example UTRAN (universal moblle

telecommunications system terrestrial radio access network),
GSM (global system for mobile communications), WCDMA
(wideband code division multiple access, also known as 3G or
UTRAN)}, WLAN (wireless local area network), WiMAX (worldwide
20 interoperability for microwave access) and the like, in
which downlink transmissions are multiplexed to different
users. Further, the various names used in the description
below (e.g., PDCCH, PRB, etc.) are not intended to be
limiting in any respect but rather sexrve as particularized
25 examples directed to specific LTE implementations using
current LTE terms for a clearer understanding of the
invention. These terms/names may be later changed in LTE and
they may be referred to by other terms/names in different

network protocols, and these teachings are readily adapted

A s e -~ S B o e 1o, ~ e, e
20 and extended to such other protocols.

[0020] As an initial matter, first is detailed the inventors’

proposal for LTE for a single layered UE which is used later

below to explain basics of the virtual dual-layer ACK/NACK
35 signaling for a dual-layer configured UE according to these

teachings.



20 interoperability for m crowave access) and the like, in which downlink
transm ssions are nultiplexed to different users. Further, the various
nanes used in the description below (e.g., PDCCH PRB, etc.) are not
intended to be limting in any respectg but rather serve as particularized
25 exanples directed to specific LTE inplenentations using current LTE
ternms for a clearer understanding of the invention. These terns/nanmes nmay
be |l ater changed in LTE and they may be referred to by other terns/nanes in
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singl e A pid iNhs Rxdditl AWk ASSLURABRbN! BEEXhEPAl Jinf rBhEeS has
been propg;e whi ch _provi dés a good solution for all TDDdﬁgﬂflguratlons
except forPSY cdhtilgutitilon SEPLs Ky rrReTSBESCRipE) SHPR Loyl - s=pL
subframe switching fromDL to UL). nR21 Configuration Sw tch-poi nt Subfrane

nunber @ odicity0 1 2 3456 7 8 9 05 nsDSUUUDSUUWU 15 nsDSUUDDSUUD 25
nsDSUDD% B%D

Configuration Switch-point Subframe number
periodicity 1 2 5
5 ms
5 ms
5 ms
10 ms
10 ms
10 ms
5 ms

10 Table 1: Uplink-downlink allocations
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[0023] Some modifications to the Downlink Assignment Index can
be made to support up to full activity in downlink (e.g. 9 DL
assignments for each ACK/NACK bundling window) while still

15 supporting a single ACK bit in uplink. This still causes a
large number of retransmissions and thus a reduction of
spectral efficiency. It has therefore been proposed in
multiple contributions that higher order ACK/NACK be used to
improve the performance.

20
jgiz4] The context is the special case of having 2 ACK bits
available; e.g. eguivalent to dual layer MIMO ACK/NACK which
requires the same PUCCH resource reservaﬁion as single layer
ACK/NACK although a better link budget. This is the most

25 simple case and with some simple rules for TDD configuration
O9DI.:1UL, it will be shown that pgrformance can be improved

with minimal changes to current LTE procedures.
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Assi gnnent | ndex can be made to support up to full activity in downlink
(e.g. 9 DL assignnents for each ACK/ NACK bundling wi ndow) while still 15
supporting a single ACK bit in uplink. This still causes a | arge nunber of
retransm ssions and thus a reduction of spectral efficiency. It has

t herefore been proposed in multiple contributions that higher order

ACK/ NACKod2g used 1rny idaae ke operbobranggl 29 (R2Ad dhe sopgextthe spec;
case of ha\ avallable arg &ﬁ&lvalent t o dual 141 MO ACK/ NACK whi ch

3 0" Belr guPEERTSs FAEI & FLGBLCACRYRACK

requires
al t hougmcalﬂme;,umd lUmlanbudget © EhbSraset REKANACK2busdhphe wasadoand W th

sone S'%%f%ﬂ“&f%%dé“&fTQRQ§“@Uo %tbOBF%thlwknd %smééllpf %?%g%?ggggures

performance can be 1 current
9 [OR] Fot FrDmusor .| g@r aeiveiT cpsleds SPébIteSmChhéSethaé shoyn sibf Fagege

associ ated sMdrenl iidh e rl%n%m%w 8 Supahe Layeramesfisured YE;and the 9
subfranqgggK/NA bundllnq_mnn ow, first divide it into tmgésub bundl i ng

wi ndows HSGLY (dFtarsesiiling ggrdsiong HaFBiRo#BA SPPTPURHLANEs that shown

i n Fi gureintdvs Haven bewposedicd hagedebnt @ bundl epsubkpapes where it is likely
t hat schedul i ng decisions within the sub-bundling wi ndow have been nade

based on a sane CQ report.
10 {0026 Again use the assumption of a single ACK/NACK channel

but now use the flexibility of QPSK (quaternary phase shift
keying) transmission to allow for larger downlink scheduling
flexibility. Denote the ACK/NAK bits as (b;, bz) for each
of the two sub-bundling windows shown in Figure 1 (subframes

15 1-5 and subframes 6-9). As just one particular example, the
transmitted symbols as a function of the ACK/NACK state of
each of the sub-bundling windows are shown in Table 2 (an
exact constellation mapping can be different without
departing from these teachings).

20
[0027
st sub~ 2nd sub- Transmission
bundling bundling on ACK/NACK
window window channel
ACK DTX +1
NACK DTX -1
DTX DTX 0
ACK A 1
: 1— 7} e
ACK ( .]) '\[2 A
N , N
NALK ACK ﬁm § o j}' J—:’g
DX ACK ~J
R |
ACK NACK U+J}2§f
A 1
NACK NACK (_.HJ,).Wi,
DTX NACK J




| o prg Again use the assunption of a single ACK/ NACK channel but now use
the flexibility of QPSK (quaternary phase shift keying) transm ssion to
allow for larger downlink scheduling flexibility.Denote the ACK/ NAK bits as
(bn bA for each of the two sub-bundling w ndows shown in Figure 1
(subfranmes 15 1-5 and subfranmes 6-9). As just one particular exanple, the
transmtted synbols as a function of the ACK/ NACK state of each of the

sub- bundl i ng wi ndows are shown in Table 2 (an exact constellation mappi ng

can be diatiler ent Ewhinpddt tdapsmi bBgoh r @EpEHESRy (RAGRINGAINd12hd 0027] 1st
sub- bu Iig% w%n%gw 2nd sub- bundling wi ndow Transm ssi on on ACK/ NACK
channel "ACRCBTREETERACK DTX -1 DTX DTX O

[0028] One design principle is to transmit multiple ACK/NACK

5 bits on a single ACK/NACK channel using PUCCH formats la/lb.
With this approach, no additional PUCCH resource needs to be
reserved for the transmission of multiple ACK/NACK bits,

{0029] This approach to single-layer transmission easily re-

10 uses the Downlink Assignment Index definitions for the 4-
subframe sub-bundling window and can also be used for the 5~
subframe sub-bundling window if limiting the UE to 4/5
dynamic DL assignments in that window. Alternatively,
methods proposed for single ACK/NACK for TDD configuration #5

15 can be used here as well to allow a UE to access 100% of the
DL capacity.

- [0030) Via its UL link adaptation methods, the eNB can for each
- duplexing period of 10 ms predict if a UE can support 2~bit

20 ACK/NACK so that it can schedule more than 4 DL assignments
to a UE. If only ™1-bit” ACK/NACK can be supported, the
scheduling flexibility is limited to schedule the user in
only a single sub-bundling window. By making smart mapping
of sub-bundling windows to match CQI latencies, this is

25 expected to be a minor limitation in practice.

DUAL-LAYER ACK/NACK BUNDLING:
[0031] Now c¢ongider the case where the UE is capable of dual
layer transmissions, and the DL resources the UR monitors for

20 its data must be ACK/NACK A on each stream/layer.
Embodiments. of this invention for dual~layer bundling specify
a behavior rule, known in advance to both the eNB and the UE,
that determines/dictates how the 2 ACK/NACK bits should be
used depending on the received scheduling pattern and the

35 nature of the scheduling pattern for the DI resources over
which the data is to be received. Essentially, each DL
resource will generate an ACK or NACK. At this point the

generated ACK/NACK is not sent, so term each of these bits
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intermediate bits or resource-specific bits. The UE selects
one or another of two different algorithms to logically
combine (AND) various ones of those resource-specific
ACK/NACKs, and the selection is based on the scheduling

5 pattern of the resource allocation itself. The UE then
logically combines the individual ACK/NACK’s according to the
selected algorithm and only then sends the ACK/NACK that is a
single bit representing the logical combination of the
bundled resources. Because there are two layers the UE

10 generates two bits, but a single selection based on the DL

pattern is used to generate them both.

[0032] To illustrate an exemplary embodiment of the invention,
consider Figure 2. Like Figure 1, this is an illustration

15 of TDD configuration #5 (9DL:1UL} but for a dual layer UE.
Note that this example is non-limiting and these teachings
may be used generally for all TDD configurations where
ACK/NACK bundling is specified (e.g. when DL resources exceed
the amount of Ul resources). As well these teachings may

20 alsoc be extended to other wireless protocols.

[0033] It is useful to first discuss the two ways a UE can use
its ACK/NACK bits. As it has been configured (higher layer)
to be a dual-layer UE, it always has 2 bits available (QPSK

25 symbol) . At the topmost timing diagram of Figure 2 is shown
what we consider for simplicity a default or ‘normal’ mode.
There are nine DL subframes in each of the first and second
layer. The UE creates two ACK/NACK bits, one for each of the
layers and each aggregating using the AND operation the

30 Lndividual ACK/NACKs the UR determined Lor each DL sublrame.
Define as a,,; the ACK/NACK corresponding to subframe n (where
n ranges from 1 to 9 DL subframes for the example of Fiqure
2) and layer 1 (where 1 ranges from 1 to 2 for the dual layer
example of Figure 2). Then the UE creates its two ACK/NACK

35 bits as:

4, = AND(ai,l 2891581584 1,85,,86),07,,0g:89; )

4, = AND(“t,z 3@y 038,849,085 5,865,05 9,055 ’a9,2)
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[0034) In this instance the aggregated bit A; aggregates all
the resource-specific ACK/NACK bits in layer 1, and the
aggregated bit A, aggregates all the resource-specific
ACK/NACK bits of layer 2. Note that this is a simple logical
AND function across all the DL subframes for an individual
layer. This is an extension of the single-layer ACK/NACK
procedure noted above and so we term this the ‘normal’ dual-

layer configuration in terms of ACK/NACK.

[0035] The second mode can also be called sub-bundling but
instead we term this as using a ‘virtual’ dual-layer
transmission in terms of ACK/NACK. An example is shown at
the lowermost timing diagram of Figure 2. Like Figure 1, the
sub~bundling splits between subframes 1-5 and subframes 6-9.
There are still two layers and so two ACK/NACK bits are
transmitted. But in this ‘virtual’ dual-laver transmission
the first bit is aggregated from all the ACK/NACK’s of the
individual DL resources in both/all lavers for a first subset
of the allocated DL resources, and the second bit is
aggregated from all the ACK/NACK’s of the individual DI,
resources in both/all layers for a second subset of the
allocated DL resocurces (where the first and second subsets do
not overlap and fully encompass the whole of the allocated DL
resources, consistent with the .sub-bundling concept in
general). It can be seen that the DL subframes within the
bundling window are divided into two parts and for each part
is created a separate ACK/NACK. Using the specific example
cf 5/4 split shown in the lowermost timing diagram of Figure
4, the two ACK/NACK biits are created as:

A, = AND (al,l 2y 583558, ,851,8) 9509 95832, sz )

Ay = AND(ag,, 0y, 851,05, 5,875,855 855)

(00367 In this instance the aggregated bit A, aggregates all
the resource-specific ACK/NACK bits of all layers {(both
layers in this example) for only a first sub-set of the
subframes (subframes 1-5 in this example), and the aggregated



10 Table 2: Exanple transm ssion dependi ng on sub-bundling w ndow st at e.
[Oon] One design principle is to transmt nultiple ACK/NACK 5 bits on a
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mul tiple ACK/ NACK bits. [Oon] This approach to single-layer transm ssion
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used dependi ng on the received scheduling pattern and the 35 nature of the
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recei vedse ERsential | Yo g@&% OUr G& Widda1GeRENALe @k AR or NACK At
this point the generate I's ‘not’ sent, so termeach of these bits
operation is performed. Whether there is 5/4 division or a

15 4/5 division or any other division of the sub-bundles/window
sizes makes no difference to the underlying concept of
different aggregations to generate the ACK/NACK for different

patterns of DL resources.

20 [0038] For a correct interpretation between the eNB and the UE
it is important that the same mode is assumed at both ends of
the transmission/reception link. To this end there is a need
for a set of standardized rules, s0 the mode does not need to
be signaled explicitly. This can be done by higher layer

25 configuration (e.g., medium access control layer, or some
other layer higher than the physical layer). Until that can
be adopted for I[YE (e.g., Release 9), there is proposed a
dynamic rule that automatically selects the best method in a
way which is clear without ambiguity to both the eNB and the

3U Uk

[0039] To understand one particular motivation behind the
invention, it is useful to detail in which situation the two
modes are preferred. When we AND the individual ACK/NACKs it
35 is best for the communication system if those individual
ACK/NACKs are as correlated as possible. Otherwise there is
an unnecessary amount of retransmission ongoing. With that

in mind two rules or guidelines are presented:



11 internmediate bits or resource-specific bits. The UE sel ects one or
another of two different algorithns to logically conbine (AND) various ones
of those resource-specific ACK/ NACKs, and the selection is based on the
scheduling 5 pattern of the resource aklocation itself. The TIE then

| ogi cal | y conbi nes the individual ACK/ NACK s according to the selected
algorithmand only then sends the ACK/NACK that is a single bit
representing the |ogical conbination of the bundled resources. Because

t here ar er h | E-1 ey e selection
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topnost tim I agram of Figure is shown mhat we, conskﬁ$r for sinplicity
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firsp and saeendtl ayeprefherbE €benhes tMO KA NACK: hidsiioneibategach of
t he Iayersﬁﬁggﬂﬁﬁgh aggregating using the AND operation the JU i ndivi dual

ACK/ NACKB eterm ned fox each Di, subflLanme, Define as am the
ACK/ NACK correspondi ng to subframe n (where n ranges from1l to 9 DL
subframﬁmﬂorcﬁ £ ofg EﬁLg_‘_ s Al @ rt /fo(rva%%l/ e-a3pges froml
to 2 for t ual” [ ayer exarrp gure creates its two

ACKI mmwwx%sw e iJG)NND(faIH“ e@lp%afrrpnaztileaswf%ér fPathe ag, 1,a9) A2

= ANB (allﬁhu@?a&@é/l\ﬂé’m(z’m@ﬂlc?d &y 2 1,96, 'AkigRad.cintaYyad)n 11@ [00M In

thls |nstance t e ag egated bit Al ag regates aIIAéi e .res urc ecific
ACK/ NACKEHTR 6 l1S R e agdt %&g‘ﬂ@ taesc 9% he

resourceeﬁitmwiwﬁ that is defined so that UE can determine if there
is large correlation in time or not. This change criterion
is used to identify the “very same resources” noted above,
20 The algorithm that would be used in the UE to determine the
ACK/NACK method to use (and also in eNB based on its own
created DL assignments so that it can interpret ACK/NACK
correctly) is in an exemplary embodiment formulated as

follows:
25 IF change criterion exceeded
USE virtual dual-layer ACK/NACK method.
OTHERWISE
USE normal dual-~layer ACK/NACK method
END
30 This algorithm runs for each full DL bundling window.

THE CHANGE CRITERION:
{00411 In general the virtual dual-layer ACK/NACK method
enables a very significant gain potential (e.g. 11% for above

35 case in simulation), and so the change criterion can be made
guite aggressive and only facilitate the normal dual-layer
ACK/NACK method when the UE is relatively certain that there

is a high correlation between the performance of each of the



5 ACK/ NACK bits of layer 2. Note that this is a sinple |ogical AND function
across all the DL subfranmes for an individual |ayer.This is an extension of
t he single-layer ACK/ NACK procedure noted above and so we termthis the
‘normal ' dual -l ayer configuration in fernms of ACK/ NACK. 10 [Om The second
node can al so be called sub-bundling but instead we termthis as using a
"virtual' dual -layer transm ssion in terns of ACK/ NACK. An exanple is shown
at the | owernost tining diagran1of Figure 2., Like Figure 1, the 15
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subframes (subfrages 1-9.Lp LHL$. ?§§g§(§§§m§§§%f I regated 13 bit A2

aggregates all the resource-speci ts of all layers for only a
second subsePTBERWAEEsuUbfranes (subfranmes 6-9 in this exanple). Like the

“nofsal’ tra”S”‘S@BE”v@%EébheQuQQOYﬁ BRI Ack$NACR ABLBo&OgI cal AND 5
function, but unli ke that "~ nornal Fgorlthn1th|s ACK is across all the
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the DL assignments. This is seen as a bit less aggressive
(the extent of how less aggressive depends on the extent of
the overlap that triggers the switch between normal and
virtual modes, PRBs that are identical across x number of

25 active DL assignments), and as above the inventors’ initial

simulations show a gain to be exploited by more aggressive

use of the virtual mode.

0044) Tt should be noted that the above definition of “exactly
30 the same physical resources” could be extended Lo be any
combination of:
¢ PRBs allocated
¢ MCS selected (for both layers)
s PMI (precoding matrix index) information
35
[0045] Any various combinations of these can be used to

determine the proper correlation between layers so as to



15 4/5 division or any other division of the sub-bundl es/w ndow si zes nmakes
no difference to the underlying concept of different aggregations to
generate the ACK/ NACK for different patterns of DL resources. 20 [008] For
a correct interpretation between the e\B and the UE it is inportant that

t he sanme node is assunmed at both ends of the transm ssion/reception |ink.
To this end there is a need for a set of standardized rules, so the node
does not need to be signaled explicitly. This can be done by higher |ayer

25 confi | , i CGess r L AYET o O @&g; er layer
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not ed abmum: wireless links 20 with the eNB 12.

{00471 The terms "connected," "coupled,™ or any variant

20 thereof, mean any connection or coupling, either direct or
indirect, between two or more elements, and may encompass the
presence of one or more intermediate elements between two
elements that are "connected" or "coupled" together. The
coupling or connection between the elements can be physical,

25 logical, or a combination thereof. As employed herein two
elements may be considered to be "connected" or "coupled"
together by the use of one or more wires, cables and printed
electrical connections, as well as by the use of
electromagnetic encrgy, such as electromagnetic energy having

30 wavelengths in the radlio freguency region, the microwave
region and the optical (both visible and invisible) region,

as non-limiting examples.

[0048] The eNB 12 also includes a DP 12A, a MEM 12ZB, that

35 stores a PROG 12C, and a suitable RF transceiver 12D coupled
to one or more antennas 12E {(two shown). The eNB 12 may be
coupled via a data path 30 (e.g., Iub or S1 interface) to the
serving or other GW/MME/RNC 14. The GW/MME/RNC 14 includes a



20 The algorithmthat would be used in the UE to determ ne the ACK/ NACK

nmet hod to use (and also in eNB based on its own created DL assignnents so
that it can interpret ACK/NACK correctly) is in an exenplary enbodi nent
formul ated as follows: 251 F change criyerion exceeded USE virtual

dual -1 ayer ACK/ NACK net hod. OTHERW SE USE nor nmal dual -1 ayer ACK/ NACK net hod
END iu This algorithmruns for each nal, DL bundling w ndow. THE CHANGE
CRITERION: png In general the virtual dual-layer ACK/ NACK net hod enabl es a

very sighificant i.n.p tial .(e.qg. 11%for, ,abo 3 iR _sinulation),
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the 15 layers throughout the entire bundling period. The change criterion
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i nf osmat e, Aesh cat e R isd gl 1IN0 iupen shardovery, 1eFC thabutschirelulese

typi cal is.that _the 5 eNB and UE fall i
i tort oS hE T S R o S RETT. P JaPnanenc s O 8 Einple
exanpl e senbialess t heOrad | ovhanip reaf, oruhd atNFoscofist e ssiggeé &logdhiet Filst o

clarify fhe, changge. gLt 'r@-é; J!é: . ;J%%ﬁ%ﬁ!ﬁmﬁct%%q‘é'ﬁﬁgo%x%%&% et he
same physical resources S uring a active aSSI%pnents i nsi de
bundl i ng™ &Rl UEs in one message, such as the PDCH noted above).
10  Generally, the eNB 12 of an LTE system is fairly autonomous
in its scheduling and need not coordinate with the GW/MME 14
excepting during handover of one of its UEs to another eNB or

an access node of another radio access system.

15 [00s0] At least one of the PROGs 10¢, 12C and 14C is assumed to
include program instructions that, when executed by the
associated DP, enable the electronic device to operate in
accordance with the exemplary embodiments of this invention,
as detailed above. Inherent in the DPs 10A, 12A, and 144 is

20 a clock to enable synchronism among the various apparatus for
transmissions and receptions within the appropriate time
intervals and slots required, as the scheduling grants and
the granted resources/subframes are time dependent.

25 {00511 The PROGs 10C, 12C, 14C may be embodied in software,
firmware and/or hardware, as is appropriate. In general, the
exemplary embodiments of this invention may be implemented by
computer software stored in the MEM 10B and executable by the
DP 10A of the UE 10 and similar for the other MEM 128 and DP

30 LZA of the eNB 12, or by hardware, or by & combination of
software and/or firmware and hardware in any or all of the

devices shown.

[0052] In general, the various embodiments of the UE 10 can
35 include, but are not limited to, mobile stations, cellular

telephones, personal digital assistants (PDAs) having

wireless communication capabilities, portable computers

having wireless communication capabilities, image capture



USE normal dual -1 ayer ACK/ NACK net hod. OTHERW SE 15USE virtual dual -1 ayer
ACK/ NACK net hod END [ 0043] O course other inplenentations of this concept
may choose ot her bal ances, e.g. "exact" can be re-fornul ated as 20
“overlapping” requiring that just a sigpgle FRB is used in all the DL
assignnments. This is seen as a bit |ess aggressive (the extent of how | ess
aggressi ve depends on the extent of the overlap that triggers the switch
bet ween nornmal and virtual nodes, PRBs that are identical across X number

of 25 acééve %& @uéhQQ”E %9 taf”g%ﬁ% d%é%1;§EWlQ%§ Egréomﬁﬂ E FlOH

si nul ati ONS - Show & gath & expiont Aggressrve use o
V|rtual ﬂ@ﬁ@bllltFQQA4qam1n§ﬂﬁﬂnxﬁﬁﬁahﬂﬂMQQ vhaeleke sbovRengemitaion on of

"exactly ! I extapdsdnkhe kg any
conb nat ool PREs T bt o S e PASi oy PrEEh hbée%s i

(precodi Yit” #bE §$ XS THEEA 3 kGt RARAGH 195 1ef8 dRprPeych ERBRGEVE St erion for
whi cls mepé piit giadd) witd Xedre aeddeiad aduag sRefher eroesiiagnowsmaee 1t asFi gure 3

f i1l ' lified bl f devi
that - ar SRERERET o h YR S arET GIRY O CBERRRAY 5 oLRBRACAACS O Lhis

i nvent i opuch nflmguirans8. a wirel ess network 9 is

[0053) The MEMs 10B, 12B and 14B may be of any type suitable to

10 the local technical environment and may be implemented using
any suitable data storage technology, such as
semiconductor-based memory devices, magnetic memory devices
and systems, optical memory devices and systems, fixed memory
and removable memory. The DPs 10A, 12A and 14A may be of any

15 type suitable to the local technical environment, and may
include one or more of general purpose computers, special
purpose computers, microprocessors, digital signal processors
(DSPs) and processors based on a multi-core processor
architecture, as non-limiting examples.

20
{(00s4] According to exemplary embodiments of the invention from
the perspective of the UE then and with reference to Figure 4
there is provided a memory embodving a computer program that
is executable by a processor for performing actions directed

25 to sending a reply to allocated downlink resources, and an
apparatus and a method that includes at block 402 receiving
an allocation of downlink resources and monitoring the
allocated downlink resgsources for data (on I layvers for data,
in which 1 is an integer), generating a resource-specific bit

30 for each of the respectively monitored allocated downlink
resources, at block 404 selecting from among at least Ltwo
distinct aggregations based on a pattern of the allocated
downlink resources where each aggregation aggregates at least
a portion of the allocated downlink resources (e.9g.,

35 selecting between a first algorithm that bundles the downlink
resources in a first mode and a second algorithm that bundles
the downlink resources in a second mode), at block 406
generating a reply bit using the selected aggregation (e.q.,



adapted for comunication between a UE 10 and a Node B 12 (eNB). The
network 9 may include a gateway OWnobility 10 managenent entity MVE/radi o
network controller RNC 14 or other radio controller function known by
various ternms in different wireless cggnuni cation systens. The DE 10
includes a digital processor (DP) 10A, a nenory (MEM 10B that stores a
program (PROG 100, and a suitable radio frequency (RF) 15 transceiver 10D
coupled to one or nore antennas 10E (two shown) for bidirectional wireless
conmuni catsions theesclaetas m;&etv\bfebeééndumﬁ&ﬁm tdh the ehddarfawn The

terms "c SN +{o) o y _vari ant eo any

connect | arogirEgspeRt e Pres i EreYBFe fitnd St Ml e o) mor e

el enent s FegRU IR eﬁcbupdésdtheCprése%chcﬁhenmeapeauuuﬁ|ﬁunﬂtmmha1e

el ement s shebhaeRokUo 8l sERALS Lhat .a5e, "LONDECL AL Ar picoupl gk toget her
n be phys

The ¢ upI| ng ot connection between enents_ca ica 25
| ogi cal , “GF ﬁm&BHBPﬁaFP8ng?ﬁ@FéE?d 2ep byp by d(heten 1y t3id’Sel ement s may be
consi dered to be "connected” or "coupl ed" together by the use of one or

nore wr o rlnte electrlcal connectjon as by the
ise of ofE ¢ ShagRelriaBherys tncachobe Sl OGS by towi e 30
wavel engPHstheg ﬁﬁereadtoohseqaeacyoeegaom;nqlmaIapmmw&meeﬂdgnmm-aﬂﬂ t he

opti cal ﬁBQBthkSkQES 20ds1 ﬁéﬁséﬁ#gﬂe 1?@ Q§?égg%é¥fgﬁé ng, exampl es. ROA

The eNB 12_al so i ncl u es a stores a 120,
and '@ suPPall 8 RerEiansei vee d40PNEbulbl BRSQWI MR AITIRF @lankeaRastdPE (two

shown) . TheeehB 1ﬁuﬂeuebeaﬁeuxﬁb§@ M2 Acdind 2 pad i SO Gohe *%0%48'

i nterfac to the serV|n MVE/ RNC 14. The GW MVE/

i ncl udesgét 15 pfi4al 3 R/%(/I}i’ﬁﬁ ?‘P\‘S‘%%Ef OF ERILE PREYS T 4 - B85 ui t abl e

nDden1an&ﬁmertrandcehaeelﬁn@écBh@maﬁlﬁém &@@m@@ﬁt&ﬂncgemuﬁdtéé“%ﬂﬁNB 12 over

the lub 5 th|n S, a scheduler 12F that
Bi@% §9€h't£ggL%% uf er O?% %on? %Ia?%FQQ?F1?/r|%$n s

schedul es the various us
subfhaneserbiiclei schedus by, Ofhehehﬁﬁbemdee@esee@@scecﬁ@ﬁﬁﬁ&ﬁ&amhtdft$m

schedul i Dga §F apH§ i&y@t&a' éﬁ{d%é'%f%f'&%&ﬁéﬂtéff %éf%#%% in one

message, such as the PDCH not ed above 10 General df an LTE

systen1|ge?%f?F?saﬁtB%%hﬁu%lYna?¥%3%c%%HU?fn@m%nﬁt hotweobikrmte with
the GV Mikr 14i eReepht NGuldir bigs handoNEr 4 @fn PNgk Of e dd$rdds. t 0 anot her eNB or

an access node of another radi o access system

20 [005%6] In accordance with another more particularized
embodiment, selecting from among at least two aggregations
includes selecting between two aggregations, and the
selecting is based on a change criterion indicative of how
correlated in time are the allocated downlink resources.

25 Further and more particularized is where the change criterion
is whether or not the allocated downlink resources comprise
at least overlapping or even exactly the same physical
resource blocks within a bundling window that is defined by
either of the two differvent aggregations.

20
[0057) In accordance with another more particularized
embodiment, the reply bit is an acknowledgement or negative
acknowledgement of data received or not received on the
allocated resources, and wherein selecting from among at

35 least two aggregations includes selecting between a first
aggregation that is a logical AND operation of all
acknowledgement or negative acknowledgment bits for all of

the allocated resources per layer and a second aggregation



15 [On] At |east one of the PROGs 100, 120 and 140 is assuned to include
programinstructions that, when executed by the associated DP, enable the
el ectronic device to operate in accordance with the exenplary enbodi nents
of this invention, as detailed above.zfnherent in the DPs 10A, 12A, and 14A
is 20 a clock to enabl e synchroni sm anong the various apparatus for

transm ssions and receptions within the appropriate tinme intervals and
slots required, as the scheduling grants and the granted

resour casfaub(y amss, are Uge, dependent 25,1 0001, The) PROGR. 400,120, 140

may be e odi'éd i i °So tware, re an har as 1S approprlate
In genernggatiitve exdmomaedgarbedbisat §oof 2t Ailsarevenef orhensyl becahpllenent ed

by corrm%eesro@%fets\/\@rc%o%fsoEn%(itllg1%h@a'§/§%1OBFaﬁéh@z<e§mabcbﬁe by the DP 10A. of
the NE 10 and sim./lar for the other MEM 12B and DP 3012A of the eNB 12, or

by hafcW&ﬁ%?lQﬂlqﬁ}%&dcdﬁbWHéFﬁoﬁthS§69Fﬁﬁ?eaﬁﬂﬁ?%?t$??ﬁ%%?%rﬁﬁﬂshardmare
in apy otrwcaldc]@ﬂ‘owtlieeig@&wn@es)xsh@mtlb@n]acknogmegement Hei var Fous

enbodi e t S t h 10 can 5 i ncl.u o] i d to, nobile

statlonéﬂ"céFi ta%quﬂéﬂﬁoHéQ Oﬁgrggngﬁe E&?g%gggség%hf%éﬁ(PEms) havi ng
mnreIesgxﬁunnmmﬁnamm@nOéawabnhluseallpaﬂﬂabaﬁedodpwnéiékhéﬁﬁﬁgrﬂﬁseless

communi Gad, %@a}p%'& oo e MEIGHG AR %edl%§e9@ﬁtcgﬁb§ys@p§so@ ghtal

caneras having w rel ess conmuni cation capabilities, %anlng devi ces havi ng
wirel ess e SOvEr 18Fp ASISOVEICES, 2RGESE §9éré@¥e§ d pl ayback appliances
havipg wirel ess communi cation capabllltles I nternet appliances 5

tt I nt t d t abl it
O 1 or miB & RH U OPEOPRES B ind o LHP-Roch PuRCEIBRS. SO0BSE The

VEMs 1OBukaB'am@gh4lfnmmebelqhaaﬂyn@yﬂet&uﬂedbbbove 10heheekwoak technica
envi r onMeniyANg 1Y 108 1 TRl C IR &d S g%t%nxsnw kaBh¢odatBashelLAgenk

t echnol ogy, such as Sem conddctor-base evi ces, nmagnetic nenory
deV|ces-%ﬁﬁPQ§¢§ﬁen@ndoﬂﬁﬁ@aweﬁeﬁﬁmyI@@@WC@§taﬁé0§y§b§n§E flﬁééfﬁéﬁﬁﬁy and

renpyabl & g e UEThE ORH1e1 3R p1124:8Nd s14A MRYnbR1ekg@RkEnt the

network does not retransmit any of the data it previously
sent on any of the allocated downlink resources. If instead
the reply is a negative acknowledgement, the network selects
from among at least two distinct aggregations based on the

20 allocation of downlink resources where each aggregation
aggregates at least a portion of the allocated downlink
resources, determines a bundling window and layer combination
from the selected aggregation, and retransmits the data that
it sent previously in the allocated downlink resources that

25 are indicated by the bundling and layer combination.

[0059] Further in this regard from the network perspective, the
network may also send to the UE signalling indicating a
changeover point at which one or another of the aggregations
30 are to apply, such as the change criterion detallied above.
This may be sent by the MME or other higher network node to
the eNB and then signaled to the UE, and is preferably done
in signaling in a higher layer than the physical layer (e.g.,
medium access control layer).
35
[0060] For the aspects of this invention related to the
network, embodiments of this invention may be implemented by

computer software executable by a data processor of the eNB



15 type suitable to the I ocal technical environnent, and may include one or
nore of general purpose conputers, special purpose conputers,

m croprocessors, digital signal processors (DSPs) and processors based on a
mul ti-core processor architecture, aszpon-limting exanples. 20 pm
According to exenpl ary enbodi nents of the invention fromthe perspective of
the UE then and with reference to Figure 4 there is provided a nenory
enbodyi ng a conputer programthat is executable by a processor for

per f or m 1y, aﬁxdmr@ dive iRed Jr0 1@@@%@%@1 bgpby harakheeat gd ggwgl i nk
resources, ,and an a;)qp%rat us and a rr%:ag i ncludes at bl ock

recei vi Ny Qgﬁgﬂﬁ%ﬁﬁﬂ F @R 15 QﬂﬁFées SRY Hofi EBPFHGSt AE al | ocat ed
downl i nkthries curees: ifoar rddtzaelonol thay eks thbleddbaicen abcebsingstan

i nteger),q t%%!%[ at ur Ci, i.t. 30 _for e

respectl Ve rrt)nlétﬂgj%uglL ?ﬁ%%cgff‘;&%g% lhv%ﬁ}%ﬁggog?&e%e 9191%9 &@g&bgel ecting
fro am@nﬁa«tt%a&zfttwed@qammabd@gmg@t done @é§§§8§ﬁra0§atlb@r REof the

al | ocat edy doywii Nis raso x%%%s‘@?ﬁrQO%a%IEo%gr%QaUyORaQBGﬁEQat 8% 8f Least a
portion of the all ocafb downl i nk resources 35 . sel ecti n etween a

first alGOFHHYMRO D Ed e e & ndo R dr‘fl?rreesgb’g(’,‘@?”’fl Algt f“rsstr F8d€ and a
second altgostiduind theatndusades i htedowilionls nesaestestep desecopdiobde), at

bl ock 40§, re bit using the sel. ti .(e.g., 19
usi ng the se (ﬁn %65} ch%r%s en%r )E)seo S5 AGEEt K 6%% %%Ogg%ergg i §:
r esdlr cexigpracitfy ,c Whidakst laad dmrmgmwd o eheogddrimiaitiknr @§09¢©@$aa1s bundl ed

accor di ng 40 they nespectdve.fiidst 19 58cand mdetiegenerate / reply bits),
and at blog%;408 5Q§$énsﬁit€Pﬁ5§tﬁ% é%ﬁ%rateg%repﬁynblts (1 reply bits).

[ 0055] In accordance with a nore particul ari zed enbodi nent, one of the

aggr egatigoens Irf RGOS, atsieng:lae:ﬂ@)eerenmdﬁ{ént@f nfake ORI RieheseUr ces and
anot her .of .the, aggre atlons i,s for 10 only a porti of the downlink
resourc éﬁr(fﬂé?g% P SRR Ipé[Vé)rosge FertSan 9 Sar' Gl S zed i s

t hal. 5t hecaegdbl dhiindtsrac thilonst enépldd <l torard ddreudienglreadapdr: |1 s a f| rst

| ayer - ancuhr et ah. st e AgaragRl L Aner ey, Luanplits ugh ! hat

t he sai aggregati ons ‘generat es a reply t he
al | ocat eFREHFUMEY & 0P leasmtefd am [heasivango Ivéyé@ O’Célﬁﬁ taﬁ@esﬁ;lSd anot her

of the aggr eGAlingIenBENYIALES & HBRIe Mt A QRTAldhith W Ye | €ast two
| ayers for dlfferent subgroups of the downlink resources.
executed by a con roller, microprocessor or other computing
20 device, although the invention is not limited thereto. While
various aspects of the invention may be illustrated and
described as block diagrams, flow charts, or using some other
pictorial representation, it is well understood that these
blocks, apparatus, systems, techniques or methods described
25 herein may be implemented in, as non-limiting examples,
hardware, software, firmware, special purpose circuits or
logic, general purpose hardware or controllexr or other

computing devices, or some combination thereof.

fa
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various components such as integrated circuit modules. The
design of integrated circuits is by and large a highly
automated process. Complex and powerful software tools are
available for converting a logic level design into a

35 semiconductor circuit design ready to be etched and formed on

a semiconductor substrate.



20 p0561 In accordance with another nore particul ari zed enbodi nent,
selecting fromanong at |east two aggregations includes selecting between
two aggregations, and the selecting is based on a change criterion

i ndi cative of how correlated in tine ape the all ocated downlink resources.
25 Further and nore particularized is where the change criterion is whether
or not the allocated downlink resources conprise at |east overl apping or
even exactly the sanme physical resource blocks within a bundling w ndow

that is Qﬁi'rﬁ%héﬁéﬁgt'Hﬂbﬁﬁa§l@%ohgoPgb@&@%@”%ga§9ﬁ8§§§éOn§ncp(e§71 In

accordance with another nore particufarize odiment, the reply bit is an
acknowl SHJENEHN HiGtegdidlid deRroRnedGensRECoPeaasa: r e ePFRdIBFenot

recei vedcam tdnial |anaied resqur Q%%,tea&dnﬂhelt@lc@ sgbetbéngef rom anong at 35

| east two__aggregati ons incl.udes s | ect between fir egati on t hat
S e R B S R T hhiPe e aran el RabapRoghed

acknbw edgientotbides ifopr =l Iwedfl talse lablraa:ataedofesoar«eeerperdbay‘nen and a
second agoiegal | ool e diSin fb%gécggmAuQnQBSng'89r8u1@|Bas Feeﬁe

acknow edgenent or negative acknow rou
al l'ocat éapmféwﬂoest%rwhﬁmt. @eeleayeee aFefteﬁéﬁrahaeﬁo?éeﬁaurpnem ari zed

i's wherefdheatsele d@gﬁgemzqn genehat Q%k@)t%yaﬁen@!\hﬁdﬁﬁ@@bl b
negatlve acknovvl t its far different bundl.l %/l&’ndows of the

al | ocat &t g4 CafHE o AR Yi §Tal ﬁa ated downl i nk
resd)(]rca%alqaelrcdtaym and anot her of which is dlfferent subgroups of the

al l ocated downlink resources across all layers. 10 [Oon] Fromthe
perspective of the network, the actions are the mrror image of the

si gnal | i[9%§* d éteiilcard atns\ief L catd omet wordk alemds tillva saleyc ReFeReand sends dat a

on the aldacaifd (dpowndduk SIBIAUL S, t@Rd rreqe%vﬁs athe ra_%pkzxew bsf kg the
UE. Different 15 fromthe UE, if the reply bit is an acknow edgenent the

net wor k TRIEE G ﬂ&%@ﬁl@%nwhee K& dddta SR IPPEFHLERs Py ted®on any of
t hEla{Ml Qﬁ:&i(ﬁ(ﬂ)dﬂ@ﬂﬂﬁ m@aﬁs@f C%l'l*i)wekffex:c n%tr@a@nWelmemioyaufscatae@et ore
ackno the n sel ects from.anop st tinct
aggr egat ons e(?f%lel&’gt?n O[#] a"1nI V&S c}flc?L S&ﬁlﬁnéaﬁ sgﬁt}:ﬁ gr e each
aggr egatdanpaagdr édat esomtl indasing epdnodioendfs tdfe tdlilsodatves tdomwnl i nk

resources, determ nes a bundling w ndow and | ayer conbi nation fromthe

sel ected a%gregatl on, and retransmts the data that it sent previously in
the al | d¥&dedlddwiamidasssdhesesn ide Porgext mdi @Rdd By-3the bundl i ng and

| aygp C;emjd”éﬁtniﬁ@fts E Q&S‘ézalllliurfbte:ﬁeaﬁpldarasefjnbdt a-,<{ ﬁcgﬁ:{j% fmmlﬁae iR tiMy lartt
per spective e net wor al so " sen 0 e signal ling indica |ng a
changeoVerpéi ﬁ’tunﬁ%emfcﬁ“%%élﬁatéﬁé’tsné’rn fvatl??é)%ﬁ@j‘a\i %é’ 38‘
apply, mmgm@@haﬂmmrl t"lems)n wigtlad |teck alossnt b Sharm)bdéﬁl sent by t he
MVE or hj tvvorknd e, eNB,and t he edtothe UE,
and is g)rare]:fq{elrca ]1%r c}’or? TH & tbr?’da "Tn%gl'h et aeﬂ/cgcr %t(% T e fﬂ?y 1 cal
| ayer (@H’g)qdlmmtlﬁnidm};f,ccm rmJlJJ derdnderstood by those skilled

25 in the art that certain modifications or changes may be made

therein without departing from the scope of the invention as

set forth above, or from the scope of the ensuing claims.



35 [00601 For the aspects of this invention related to the network,

enbodi nents of this invention may be inplenented by conputer software
execut abl e by a data processor of the eNB 21 12, such as the processor 12A
shown, or by hardware, or by a conbination of software and hardware. For
the aspects of this invention related to the portable devices accessing the
net wor k, enbodi nments of this invention 8y be inplenented by 5 conputer

sof tware executable by a data processor of the UE 10, such as the processor
10A shown, or by hardware, or by a conbination of software and hardware.
Further in this regard it should be noted that the various |ogical step
descriptionsc§36§e may represent program steps, or interconnected |ogic 10
circuits, blocks and functions, or a conbination of program steps and | ogic
circuits, blocks and functions. past] In general, the various enbodi nents
may be i npl edent &dnetHohapaRESiBdor speci al purpose circuits, software
(computer 15 T eafahlg B3 LICHLANT BWARK RACAR.E HATRLARIING ARG E gl UM,
| ogi ¢ or any conpi nati‘on thereof. For exanple, sone aspectS may be

i npl enment ed idewhinidwsoarcesionl/ &yetshior datepiscwkiclmbip dpdntegpt enented in firnmware
or software whic - e A (GORLT ele, v [ 0CesSaL: ot her
conputing 20 devggﬁaggF ﬁoé%ﬁH%ﬁgmgé®gﬁfﬁgﬁE%%hﬁg}mg}%%?%%Q§ﬁéﬁ§@g£é ile
vari ous aspeciiscaiéd tiheniimkventuroes; mimarddetikédiby r at ed and descri bed as bl ock

di T (s . H . . . e
Lo e, 1) o ORI ok SR T N AROSE PE Boad AR W'
met hoFIs deﬁ craam@ 215Ielaf€l: eifmstrmfgpﬂitami talk @naajﬂtegd?é mpmﬁnmmdu'rmsz ihrrgfirslt _
es, har re,  software, fir re, ecial, purpose circuits or logic,
gener al _pur pdleeadAciacoRt algtna e bugRles he oRBIE TR0 G eetops some
conbi nati on trhgdeeof . i 0062] Enbodi ments at ., invent _ans may be _pi: anti

various conponents such as integrated circuit podul es. The desi gn of
i ntegrated circutf89i Eepseieaied If'g?tg%r %Qﬁ’f‘akﬂ@oréfggb%tt@%l 9&“8%%@ e ex and

power f ul sof tspatic bR lgataloPre8¥did BPIHe dvnieRMWESUrtdtdadbliAdbg abtingdgsi gn
into a 35 sem conductor_circult design ready to be etched and fornmed on a
seni conduct orthe (gspertiyedirst or second mode to generate /reply bits; and

transmitting the generated / reply bits.

2. The method of claim 1, in which the first algorithm bundies the downlink
resources according to each of the /layers such that each / ™ reply bit is specific
to resources only on an / " fayer; and the second algorithm bundles the downlink

resources in groups of subframes across all of the / layers such that each /™

er

reply bit is specific to resources within an /™ group of subframes that spans all of

the /layers.

3. The method of claim 2, wherein there are =2 layers and the selecting is

only between the first algorithm and the second algorithm.

4. The method of any one of claims 1 through 3, wherein the selecting is
further based on a change criterion indicative of how correlated in time are the

allocated downlink resources.

5. The method of claim 4, wherein the change criterion is whether or not the

allocated downlink resources comprise at least overlapping physical resource



22 [0o00] Programs, such as those provided by Synopsys, Inc. of Muntain
View, California and Cadence Design, of San Jose, California automatically
route conductors and | ocate conmponents on a sen conductor chip using well
established 5 rules of design as well as libraries of pre-stored design
nodul es. Once the design for a sem conductor circuit has been conpl et ed,
the resultant design, in a standardi zed #l ectronic format (e.g., Opus,
GDSI1, or the like) may be transmitted to a sem conductor fabrication
facility or "fab" for 10 fabrication. p0641 Various nodifications and
adaptati ons may becone apparent to those skilled in the relevant arts in
vi ew of the fbé%féadw%l Abueding: Wigrowthatds defierd By edrgrridee oist WaoRthnmer 15
acconpanyi ng g a¥ddpdsigdipgyver, any and all nodifications of the teachings
of this invention will still fall within the scope of the non-limting

enbodi ments of this invention. [0065] Although described in the context of

particul ar 2Q emhpdimBALS of biainMal WilkfeifRRAER Hoel Qitd SR widihded 4dt thoie art

that a nunber of nodifications and vari ous changes to these teachi ngs may
occur. Thus, aihtated theniinkveatiroes hwsalbibesaparithyeichlaebgursa dlackandthddber i bed
w th respect &)tugl ﬁ%ﬁWl Lowore enbodi nents thereof, it will be understood by
those skille g i the art that certain nodifications or changes nay be
made therein wthout departing fromthe scope of the invention as set forth

aboves Or "t BRe S5ARS: B oh ng S tidifis! BHdThn 3 3Gl Ben dr i /TBLY
bits and each of the resource-specific bits is an acknowledgement or negative
acknowledgement of data received or not received, and wherein the first
algorithm comprises a logical AND operation of all resource-specific
acknowledgement and negative acknowledgment bits for all of the allocated
resources per / " layer, and the second algorithm comprises a logical AND
operation of all resource-specific acknowledgement and negative
acknowledgment bits for all of the allocated resources across ail of the / layers

per /" group of subframes.

8. The method of claim 7, executed by a user equipment in a wireless
communications network in which the allocation is received from a network node

and the generated reply bits are fransmitted to the network node.

9.  An apparatus comprising:

at least one receiver configured to receive an allocation of downlink
resources and to monitor the allocated downlink resources on / layers for data, in
which /is an integer;

at least one processor configured to generate a resource-specific bit for
each of the respectively monitored allocated downlink resources, characterized
in that

the at least one processor is further configured to select from among at
least a first algorithm that bundles the downlink resources in a first mode and a
second algorithm that bundles the downlink resources in a second mode based

on a pattern of the allocated downlink resources;



receiving an allocation of downlink resources and nonitoring the allocated
downlink resources on / layers for data, in which / is an integer;
generating a resource-specific bit for each of the respectively nonitored
al | ocated downlink resources; characterized by based on a pattern of
the allocated downlink resources, selecting fromanong at |east a first

al gorithmthat bundles the downlink resd¥ces in a first node and a second
al gorithmthat bundles the downlink resources in a second node; usi ng
the selected first or second al gorithmon the generated resource specific

bits that correspond to the downlink resources as bundl gecg (glgré?nto t he
respective first U aldeagmyenpgeesssr fuiher & eonfiovmd, tob‘l‘s’tes ¢HASHO 1 i ng

t he gener at e@eﬁoﬁ@@igﬁn@nm 8n the gerldi8tedBbbadckpdifd Bitslthat BombdphdttBanéi r st

al gorithm bundl es the downl i nk resources according to each of the (I ayers
such t hat eamwnllmhr&S@pr;eStﬁStbungleﬁp@@pfdm t%theée‘aaﬁ(?@é%fﬁpysewﬁhmp ¢h

| ayer; and t t bundl es the downlink resources in groups of
subf ranmes ac?ggéﬁ&% “?b?g{etg/ ayers such that each / th reply bit is
specific to resoat cast atiet transmitter/configured o tansoibtheanneratedi reppabits. al | of
the / layers. 3. The nethod of claim2, wherein there are 1=2 |ayers and
the selecting is only between the first algorithmand the second al gorithm
4. The net hoditof Tarappamtad ottlaim®, b whicl thyhfirst alghethei bundies Bl dawniling i s

further based_on a chan criter,i iNdj i ) i me
are the al | odStRYCEHARC gﬁﬁg F%‘E%‘d} @Q@?q%éf.%%rﬁeé‘% tﬂ%h@%c o’? '(r:pgl Bﬁ ﬁ’%d\ﬁ%gtr ein
t he change Clrtbtremm)dfes (lmiy\b&tahel‘“ iayernamd th@ohde%ozdngdbuTlemhaMMes
conprise at | east over in sical resourc ocks thin.a
o | he o niBastrRSY T BB ] OB ER astrevotll BEtef T ale S n bl e
second al gor irkpbit i6 spddifc WWEEEWCOS withiai dan 4" grelipog sabftarrecinanggaresdll off i on
is whether or not the all ocated downlink resources are all the same

physi cal resdféBYBISocks within the bundling window. 7. The method of any
one of clainms 1 through 3, wherein each of the (reply bits and each of the

resource-specific bits is an acknow edgenent or ne ative acknow{ edgenent of
dat a recei vedtor Thetappatadys/eiciaigntp. W@Fﬁh?rﬁ@r?/‘r?s?‘y%[ﬁéﬂ B A e8NS es a

| ogi cal AND QpgraldopR @fnf Hd&@%@ﬁéepset%eﬁlfl haGHRQ cﬁmgﬁrmatth@aécdiﬂgatlve
acknow edgrre(r)f? E?étss? for na'%‘e the al |l ocat eocTertesourc\egs per / th layer, and

the second al@@®ittfm conprises a | ogical AND operation of

al | resource-specific acknow edgenent andnegati ve acknow edgnent bits for all
of the allocated resources across all of the / layers per! th group of
subfranes. 812 THéenpaoduabf ahapne Pf claxes Gtlbush d. whereiedts phieast one a
wirel ess comyy 5&%@@&&@5}@% 16 4 fl?amloﬁbaﬁn%ﬁ A hORF Ll AIgbRER URd uld om a
net wor k node ‘an enerate t8MSr8 T ransm t e network
node. 9An apmﬁcandalgmtfmn bsse[gfurther onatcﬂaeastcrlt&neﬂnmtl\velofb@Wprqmaéﬁwto

recei ve an al, hq@get ér%%c?%“&%ﬁ@ &‘Wg”i gsr?%&rgg and to m_)ni tor t he al I ocat ed

downl i nk resa ‘which / is an integer;

13, The apparatus of claim 12, wherein the change criterion is whether or not
the allocated downlink resources comprise at least overlapping physical resource
blocks within a bundling window that is defined by either of the first algorithm and

the second algorithim.

14. The apparatus of claim 12, wherein the change criterion is whether or not
the allocated downlink resources are all the same physical resource blocks within

the bundling window.

15, The apparatus of any one of claims 9 through 11, wherein each of the /

reply bits and each of the resocurce-specific bits is an acknowledgement or



at | east one processor configured to generate a resource-specific bit for
each of the respectively nonitored all ocated downlink resources;
characterized in that the at | east one processor is further configured
to select fromanong at least a first algorithmthat bundles the downlink
resources in a first node and a second al gorithmthat bundles the downlink
resources in a second node based on a paftern of the allocated downlink
resources; 25 the at | east one processor further is configured to use
the selected first or second al gorithmon the generated resource-specific
bits that correspond to the downlink resources as bundled according to the
respective fiNEERIG agdnirfigeniat ©b dgtnEgeatved) o el Rpcpived ; anghwhatein #2&t one
transmtter geqfi ; t I t gausr b T8P ' ; i The
appar at us of@@?a?%ggﬁﬂ}ﬁﬁw3¥%E§P%eMF?§gt al gé??ﬁﬁ:Bﬁngyégh%ﬁgeéégﬂpgnk
resour ces ac@skepwigdgemenicandmegaidve atlknpaiedasiei hitsafor cllcafl the latleeatey bi t

is specific trO o ayer. ond. Lthm
bundl es t he té%%\({ﬁLﬁ?ﬁb%gZourgé% él‘hnoagjreloa%és.brigf XE;SBW?&;%%@B%%%S%%C%‘ %TCN[? he |
| ayers such tpatatieachof t&ll r epbyubeispesfic peathniowlddgemesburaes widdatine an |

cl'aim 16, “unar S hOPRRPEN s BESR R e Bhockl® fos BB Jnrost L MIFTRETLT 1S

configured t @reg ectubfretnesen only the first algorithmand the second
algorithm 12. The apparatus of any one of clainms 9 through 11, wherein
the at | east one processor is configured to select fromanong at |east the

first al goritiem and &fearstesomdcalrgors, t Wikkas afe f agdabdis abndprieBangeuser
criterion indicativef\ wcorrelated in ti _arethe%nlocated downl i nk

of
resources. FSUIPHE a%ng?u@ $rast | Aiemirpasmifies 1§ RORTIEIRh AR gangmit dPfon i s
whet her or ngfenthged) lepfaiitdo danldminobesour ces conprise at | east
over | appi ng physical resource bl ocks within a bundling w ndow that is
defined by either of the first algorithmand the second algorithm 14. The
appar at us of ¢l aiAmdRod WBRIpALIAg! he change criterion is whether or not the
al l ocated downlink resources are all the sane physical resource bl ocks
within the bundl SAIN wdoMlocatian offHewalpiaieapusesfardnijanshuttiog dataionsthe
through 11, whGraLg dBRRhaksbliEcd dibhtoRbbgngnd each of the
resource-specific bits Is an acﬁﬁo edgenent or 26 negative
acknow edgenent &¥sp@asige tecesareny ar reptyt bir Bdily @dniegative whlktayedgdreeriti ofst
al gorithmco i i.cal I . ce- it
citnow cdgemnt "and" e G Sediih AR A0AY aflesll ¢ sHAAMIER RRETPES o
resour ces perthe¢ dppynlirdyespumad in hdirstenoel aatl gosédommh atgorphiseat aurldeegi thal AND
operation of - =S i i t tve
acknow edgrrer??’ w&h{wgﬁg %C;rlﬁg?ﬁ Prgf% £ %(gongilch{(%%\gt g%&%gggu? egtegi%gsdsleaalwc?tggers
per th group dofvndobfesamess; 16. The apparatus of claim 15, wherein the
apparatus conprises. a.user equi.pnment .and the at |least .one transmitter is
configured to tranemiihe Sifa e ang Gval comBRRR deibMe RBEER 17, A

met hod conprisgorghm; and sending an all ocation of downlink resources and

transmtting dat ?et?anns%arf]t%ng ltAeoggthfﬁatqg \{Wel isu i}ecrteo%?#eg %ggétivgg% gg&lg&égrggntby
in the allocated downlink resources which are indicated by the bundling window
and layer combination.

18, The method of claim 17, wherein the first algorithm and the first mode use a
first bundling window that comprises all of the downlink resources per layer, and
the second algorithm and the second mode use a second bundling window that

comprises only a portion of the downlink resources across at least two layers.



responsive to receiving a reply bit that is a negative acknow edgenent of
the transmtted data, selecting fromanong at least a first algorithmthat
bundl es the downlink resources in a first node and a second al gorithmthat
bundl es the downlink resources in a second node based on a pattern of the
al | ocated downl i nk resources; determ ning a bundling w ndow and | ayer
combi nation fromthe sel ected al gorithmZ27and retransmtting the data
that is the subject of the negative acknow edgenent in the all ocated
downl i nk resources which are indicated by the bundling w ndow and | ayer
conbi nation. ,.18 'Thﬁ qgtpod.of clﬁinll , erein the first algorithm and
the first node ulB® FNOEPT BaRAIT nyIHRRGBE Seiseting Shispmanaong enipfhe frst
downl i nk r esalyoriesn Rk thaketondB@otithen, SPGB duddd WdskhBnaneni i s@es node
use a second.b ndjlngamnndOM/that conprises only a portion of the downlink

resour ces aci¥EQ@UYE o BRW ORGP difne areghe alesateghdowrlink seposFeast ai m 17,
wherein the selecting is fromanong only the first algorithmand the second
algorithm and is further based on a change criterion indicative of how
correl ated i 0 i ke apethoreohiclabaat bdexpomiad B arsangeeediode 2¢f, aTwiselaes hod of
claim 17, exegnQthiNiofhefifsiRSS node of a wirel ess conmmuni cation network.
21. An apparatus conpri sing: nmeans for sending an allocation of

downl i nk resources and transmtting data on the allocated downlink
resources; chara i " ans for selecting in response to
receiving a ?aé}pl %h%:pkgﬁ?%{)g?rgprg’mrggati ve acknow edgenent of the transmtted
data from anpng &teahedst sanding stn aligation luih ddvatinbursbieses had dramshiittikg
resources in it st . nd al gqrithmith bundl es the downl i nk
resources i nd%t%%i@ﬁﬂ@ggtga%@&ﬁagﬁeggu%ﬁt "ﬁa%t@”(zﬁgtbél | ocat ed downl i nk
resour ces; means féroseleketingrini rosghse tbusdkiving avraptowit aimd i$ ayedgative

conbi nation frpm t[hgg sel ect etg z%lagori_ hrré a\r}d meat(r}s for retransmtting
Che data ¢ haPoReoy REOg R et e f ot RE RS PR RIS SdBesieh ISt RIGeRE™

al | ocat ed dowmdtibukdieetheieas|imhicsbures in adirgahede Byd thecbmaldoRthmvmdow and

| ayer conbinatiqn. , .
y %ungies the downlink resources in a second mode based on a pattern of the

allocated downlink resources;

means for determining a bundling window and layer combination from the
selected algorithm; and

means for retransmitting the data that is the subject of the negative
acknowledgement in the allocated downlink resources which are indicated by the
bundling window and ayer combination.



