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DOWNLINK CONTROL INFORMATION SET SWITCHING
WHEN USING CARRIER AGGREGATION

BACKGROUND

(00011  As used herein, the tenms “user equipment” ("UE"), "mobile station” ("MS7), and
“‘user agent” ("UA"Y might in some cases refer o mobile devices such as mobile
telephones, personal digital assistants, handheld or laptop computers, and similar devices
that have telecommunications capabilities. The terms "MS,” “UE,” "UA,” user device,” and
“user node” may be used synonymously herein. A UE might include components {hal
allow the UE {o communicate with other devices, and might also include one or more
associated removable memory modules, such as but not imited to a Universal integrated
Circuit Card (UICC) that includes a Subscriber ldentity Module (SIM) application, a
Universal Subscriber Identity Module (USIM) application, or a Removable User identity
Module (R-UIM) application. Alternatively, such a UE might consist of the device iteelf
without such a module. In other cases, the term “UE” might refer to devices thal have
similar capabilities but that are not transportable, such as deskiop computers, sei-lop
hoxes. or network appliances. The term "UE” can also refer to any hardware or software
component that can terminate a communication session for a user.

00021 As telecommunications technology has evolved, more advanced network
access equipment has been introduced that can provide services that were not possibie
previously. This network access equipment might include systems and devices that are
improvements of the eguivalent equipment in a traditional wireless telecommunications
system. Such advanced or next generation equipment may be included in evolving
wireless communications standards, such as Long-Term Evolution (LTE) and Lik-
Advanced (LTE-A). For example, an LTE or LTE-A system might be an Evolved
Universal Terrestrial Radio Access Network (E-UTRAN) and include an E-UTHAN node B
(or eNB), a wireless access point, a relay node, or a simifar component rather than a
traditional base station. As used herein, the term “access node” refers to any component
of the wireless network, such as a traditional base station, a wireless access poini, relay
node or an LTE or LTE-A node B or eNB, that creates a geographical area of reception
and transmission coverage allowing a UE or a relay node to access other components in

a telecommunications system. In this document, the term “access node” and "access
1
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device” may be used interchangeably, but it is undersiood thal an access node may
comprise g piurality of hardware and software.

BRIEF DESCRIPTION OF THE DRAWINGS
00031 For a more compilete understanding of this disclosure, reference 18 now made
{o the following brief description, taken in connection with the accompanying drawings
and detailed description, wherein like reference numerals represent ike parts.
00047 Figure 1 is a diagram of a communication system, in accordance with an

embodiment of the disclosure.
100081  Figure 2 is a diagram fllustrating aggregation of carriers, in accordance with an

embodiment of the disclosure.
000681 Figure 3 is a diagram illustrating alternative implementations of carmer

aggregation, in accordance with an embodiment of the disclosure.
I0007]  Figure 4 is a diagram illustrating adding a CIF field to a Release-8 DU while
retaining any existing padding bits, in accordance with an embodiment of the disclosure.
f0008]  Figure 5 is a diagram Hlustrating adding a CIF field to a Release-8 DU while
removing any existing padding bits, in accordance with an embodiment of the disciosure.
[0008] Figure 6 is a diagram illustrating a two-way handshake procedure for
performing DCI set switching, in accordance with an embodiment of the disclosure.
100101  Figure 7 is a flowchart illustrating a method for performing DCI set switching, in
accordance with an embodiment of the disciosure.
10011] Figure 8 idllustrates a processor and related components suitable for
implementing the several embodiments of the present disclosure.

DETAILED DESCRIPTION
100121 1t should be understood at the outset that although illustrative implementations
of one or more embodiments of the present disclosure are provided below, the disclosed
systems and/or methods may be implemented using any number of technigues, whether
currently known or in existence. The disclosure should in no way be limited to the
Hustrative implementations, drawings, and techniques illustrated below, including the
exemplary designs and implementations illustrated and described herein, but may be
modified within the scope of the appended claims along with their full scope of

equivalents.



CA 02779299 2012-04-27

WO 2011/053857 PCT/US2010/054849

{0013]

A5 used throughout the specification, claims, and Figures, the foliowing

acronyms have the following definitions. Unless stated otherwise, all terms are defined

by ana follow the standards set forth by the Third Generation Parinership Program

(3GPP) technical specifications.

i0014] “ACK  is defined as "Acknowledgement.”

00181 “AM is defined as "Acknowiedged Mode.”

001e] “ARQ is defined as "Automatic Repeat Requssl”

00171 “CA" is defined as "Carrier Aggregation.”

00181 “CCE" is defined as “Control Channel Element.”

10018]  "CI is defined as "Carrier indicator.”

100201 “CIF’ is defined as “Carnier Indicator Field.”

(00247 "DCU is defined as "Downlink Control information.”

100227 “eNB’is defined as "E-UTRAN Node B.”

00231  “FDD" is defined as Frequency Division Duplexing.”

00247 "HARQ' is defined as “Hybrid Automatic Repeat Request.”
1002581 “LTE" is defined as “Long Term Evolution.”

100261 “LTE-A" is defined as "LTE-Advanced.”

10027 "MAC" is defined as “Media Access Control”

100287 “NACK’ is defined as "Negative Acknowledgement.”

00281  “PDU is defined as "Protocol Data Unit.”

100307 "RAN is defined as "Radio Access Neltwork.”

100311  “Release” followed by a number refers to a version number of the 3GPP
spacificalions.

00321  "RLC7 is defined as "Radio Link Control.”

13033]  “RNTP is defined as “Radio Network Temporary identifier.”
00341 “RRC is defined as Radio Resource Confrol.”

60381 “PDCCH” is defined as “Physical Downlink Control Channel.”
00381 “PDCP” is defined as "Packet Data Convergence Protocol.”
(00377 “PDSCH’ is defined as "Physical Downlink Shared Channel.’
10038] "PUSCH’ is defined as "Physical Uplink Shared Channel.”
80381 “SDU” is defined as "Service Data Unit”

3
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00407 "SFNT is defined as “Systermn Frame Number.”

00447  “SRB is defined as "Signaling Radio Bearer”

100427 “TDLD is defined as "Time Division Duplexing.”

100431  "Tx is defined as "Transmission.”

100441 “UE’ is defined as “User Equipment.”

00451 The embodiments described herein relate to DCI set swilching procedurss. A
DCH set is one or more discrete instances of download control tink information transmitied
from the eNB to the UE. A DCI set might refer {0 the set of non-ClF DCls or to a set of
CiF DCis, where a non-CiF DCI does not include a Carrier Indicator Field (ClF) while 3
CiF DCI does include a CIF. DCI set switching refers to procedures for swilching from
using non-CiF DCls to CIF DCls, or from using CIF DCls to non-CiF DCls, or from using
CIF DCis with a CIF of a certain length to CIF DCls with a different length CiF field.

00461 Currently, issues exist with respect to DCI set switching when using carmer
aggregation. In carrier aggregation, multiple component carriers might be aggregated
and can be allocated in a subframe to a UE. An example of an issue that can arise wilh
regard to DCI set switching when using carrier aggregation is to ensure that the eNB and
UE do not lose contact with each other during the DCI set switching procedure. Contact
might be lost as a result of errors, such as a NACK-t0-ACK error. The eNB and the Uk
might also lose contact with each other because corresponding DCH formats in each of
multiple DCI sets might have different lengths. For this reason, the eNB could be
transmitting a DCI format with one length, while the UE is atlempling to blind decode that
DCI format with respect to a different length. These issues are described in more detall
below.

[0047] The embodiments described herein provide for at least seven difierent
techniques for addressing these and other issues. In one embodiment, an activation time
may be specified such that the UE may receive an RRC command and transmit an RRC
acknowledgement such that the eNB may reduce or eliminate the possibility of a NAUK-
t0-ACK error occurring on the uplink transmission from the UE. NACK-to-ACK errors are
described in detail below. The time in which the eNB might not be aware of a NACK-o-

ACK error from the UE may be referred 10 as an uncertainty window.
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10048}  In a second embodiment, the eNB might not assign resources o the UE via the
PDCCH during an uncertainty window. This procedure reduces the likelihood of the UL
receiving PDCCH communications that the UE cannot blind decode.

00437  In a third embodiment, the eNB may transmit DCls from both DCH sels during
the uncertainty window. When using this technique, which DOl set the Uk was currently
using is less relevant, because DCls from both sets would be present on the PDCCH.
00801 In a fourth embodiment, a new DOl format might be provided. The new DCI
format could be defined such that the UE might always search for the new DCI format on
the PDCCH, regardiess of the current multi-carrier configuration of the UE.

(00811 In a fifth embodiment, dual DCI set blind decoding may be performed at the Uk
in a technique that might be referred to as a two-way handshake. In this embodiment, the
(JE signals the eNB that the UE is monitoring both DCI sets so that the eNB may switch
to using the new DCI set. In tumn, the eNB signals the UE that the eNB is no ionger
transmitting the old DCI so that the UE can stop monitoring the old DO set.

[0052] In a sixth embodiment, a specification or determination is made regarding
which DCI set is to be used when ambiguous DCI lengths are present. In a seventh
embodiment, a swilch may be made fo non-ambiguocus fransmission mode before
switching DCl sets., Both of these embodiments are described in defail beiow.
Furthermore, these seven embodiments are exemplary only, as additional embodiments
are provided herein.

00531 Figure 1 illustrates an embodiment of a RAN 100, which may be a LTk or LTE-
A network as described in the 3GPP specifications. Figure 1 is exemplary and may have
other components or arrangements in other embodiments. In an embodiment, RAN 100
may be an LTE-A network and may include ons or more access nodes 110 and 140, one
or more relay nodes (RNs) 120, and one or more UEs 130. Figure 1 shows a second
access node 140 being present. Either access node 110 or 140 may be an eNB, a base
station, or other component that promote network access for the Uks 130. Uks 130 may
communicate with each other via RAN 100, may communicate wilh the various
components of the RAN 100 shown, and may also communicate with other components

not shown. RAN 100 may enable a wireless {elecommunications system.
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S084] Figure 2 is a diagram lllustrating aggregation of carriers, in accordance with an
embodiment of the disclosure. in LTE-A, carrier aggregation might be used in order to
support wider ransmission bandwidihs and hence increase the potential peak data rate,
for example, o meet LTE-A requirements. In carrier aggregation, mullinle component
calriers are aggregated and can be allocated in 2 subframe to a Uk, as shown in Figure
2. In this example, sach component carrier 210a, 210b, 210¢, 2104, and 210e has &
width of about 20 MHz. The fotal system bandwidth is about 100 MHz. it is noted that
component carriers may have other bandwidths such as 10MHz. The Uk may receive or
fransmit on a multiple, such as up to five, of component carriers, for example, depending
on the UE’s capabilities. In addition, depending on the deployment scenario, camier
aggregation may occur with carriers located in the same frequency band and/or carners
iocated in different bands. For example, one carrier may be located at 2 GHz and a
second aggregated carrier may be located at 800 MHz.

1005581  In LTE-A, one option to transmit a PDCCH in carrier aggregation is to transimit
the PDCCH on a different carrier than the carrier on which the corresponding PDSCH s
transmitted by using an explict CIF. The embodiments described herein provide
solutions and UE procedures to resolve various issues, including but not limited to, those
related 1o the infroduction of the explicit CiF.

00581 One of the issues associated with carrier aggregation is design of the PRDUCH.
Currently, two options currently exist for PDCCH design. Option 1 is that the PDCCH is
transmitied on the same carrier as the carrier on which the corresponding PDSCH s
transmitted, and option 2 shows that the PDCCH can be transmitted on a carrier different
from the carrier on which at least one of the corresponding PDSCHSs is transmitied.

100571 In the first option, the PDCCH on a component carrier assigns PDSCH
resources on the same component carrier and PUSCH resources on a single linked
uplink component carrier. In this case, no carrier indicator field is present. That 18, the
Release-8 PDCCH structure may continue o be used with the same coding, same CCk-
based resource mapping, andg DG formats.

00581 Regarding the second option, the PDCCH on a component carrier can assign
PDSCH or PUSCH resources in one of multiple component carriers using the carrier
indicator field. In this case, Release-8 DCI formats are extended with & 1 — 3 bit camer

G
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indicator field. The remainder of the Release-8 PDCCH slructure may be reused with the
same coding and same CCE-based resource mapping.

f00591 Figure 3 is a diagram ilustrating slternalive implementations of carrier
aggregation, in accordance with an embodiment of the disclosure. Figure 3 shows the
above two alternatives. The first allermnative, shown at amrow 300, shows the PDOCH is
transmitted on the same carrier as the carrier on which the PDECH is transmitted. The
second alternative, shown at arrow 302, shows that the PDCCH can be fransmiited on &
carrier different from the carrier on which the PDSCH is transmitted. For this second
alternative, a CIF may be used fo indicate the carrier on which PDSCH or PUSCH 18
allocated. The CIF reqguires additions! signaling bils that are added to a DCI, for either a
downlink resource grant or uplink resource grant, to allow PDCCH signaling on a PDCCH

monitoring carrier to refer (o resources on a different carrier.
f00601 Table 1 through

00611 Table 4, below, contain the bit lengths of all of the DCUis for different
bandwidths and also for the cases of FDD versus TDD, and two transmission antennas
at the eNR versus 4 fransmission antennas. DCis 0, 1A, and 3/3A may always have the
same length. The lengths of DCis 18, 1D, 2, and 2A vary, in part, based on the number
of fransmission antennas in use ai the eNb.

I00682]  Table 1: DCI format sizes in LTE Release-8. This table relates to FRD with two

transmission antennas at the eNB.
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0066} DU Set Swilching

F0087T  An issue not fully addressed by the existing fechnical specifications is DUI set
switching when carrier aggregation is in use. The embodimentis described herein relate
to DCI set switching when carrier aggregation is in use. The following paragraphs briefly
summarize some of these embodiments, as well as issues relating to DCI set swilching.
100881 A DCI set refers either to the set of Non-CIF DCls, such as Release-8 LCls, or
to a set of CIF-DCls. Muiltiple CIF-DCI sets with different length CIF fields may exist, A
CIF field may have a length from 1 {o 3 bits, possibly more.

006891 DO set switching refers to a procedure of switching from using Non-CiF-DCis
to CIF-DCls, or from using CIF-DCls {o Non-CIF-DCls, or from CiF-DCIs with a certain
length DCI field to CIF-DCIs with a different length DCI field. The embodiments described
herein mainly describe switching from Non-CiF-DCls to CIF-DCis, but all of the identified
oroblems and proposed solutions may be equally applicable for switching in the opposite
direction. Thus, the embodiments are not limited to switching from Non-CiF-DCls to Cli-
OCls, but include any kind of DCI set switching.

100701 In an embodiment, the CIF may include additional signaling bits that are added
to a DO format to allow PDCCH signaling on a PDCCH monitoring carrier o refer {o
POSCH or PUSCH resources on a different carrier. The CIF may be used for eilher a
downlink resource aliocation or an uplink resource grant.

100741 Non-CIF-DCls may refer to DCls which do not include a CIF, such as the
Release-8 DCIs. This embodiment may also include the situation where the length of the
{iF was zero,

00721  CIF-DCls may include an additional CIF of length 1-3 bits with all relevant DCls
to indicate the carrier on which PDSCH or PUSCH is gllocated. A DCI set may refer
gither to the sat of Non-CIF-DCIs or {o a set of CIF-DCls. Multiple CIF-DCH sels may
exist with each CIF-DCI set having different length CiF fields.

[0073] DCI X may refer to a specific DCI format or length in a particular DCI set, such
as (but not limited to) the set of Non-CIF-DCIs.  DCI X+ may refer {o the corresponding
DCI format or length in a different DCI set, such as (but not iimited to) the set of Gl
DCIs. DCI X+ may have a greater length than does DCI X, due to the presence of the

additional Cii- field.
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i0074]  One case where DCI X and DCI X+ might have the same length is if DCI X has
been padded to avoid an ambiguous DO length. Ambiguous lengths include 12, 14, 16,
20, 24, 26, 32, 40, 44, and 56, and possibly others. in an example, if DOl X includes one
padding bit and DCI X+ includes g one-bit CIF, then DO X and DCI X+ might have the
same length. A further example of this situation would be DCI 1A for a bandwidth of 10
WMiHz. This DCI has a length of 27 bits, of which 1 bit is a padding bit in order to avoid the
ambiguous length of 28 bits. However, the corresponding DCI 1A with a 1-bit ClF would
also have a length of 27 bits, because the exira padding bit would not be required in this
case.

160751  Understanding of DCI set swilching may be enhanced by an understanding of
RRC signaling. In RRC signaling, an RRC command refers to an RRC message sent
from the eNB to the UE to order a specific RRC procedure to be performed. Examples of
such a procedure include multi-carrier activation, reconfiguration, or deactivation. RRG
acknowledgement refers to an RRC message sent from the UE {o the eNB to
acknowledge that an ordered RRC procedure has been successiully, or possibily
unsuccessfully, completed.

100781 As mentioned above, some issues exist relating to the procedure of switching
from using one DCI set, referred to as the old DCI sst, to using another DCI set, reterred
to as the new DCIl set. For example, switching may occur from a Non-ClF-DCl set to &
CIF-DCI set. such as in muli-carrier activation or the configuration of a subset of active
carriers as PDCCH moniioring carriers. In another example, switching may occur from a
CIF-DCH set to a Non-CIF-DCI set, such as in multi-carrier deactivation or the
configuration of all active carriers as PDCCH monitoring carriers. In yet another axample,
switching may ococur from a CIF-DCI set with a CiF length of M to a different CIF-DUI set
with a CIF length of N (M # N), such as in multi-carrier reconfiguration, where the length
of the CIF field is changed.

100771 An embodiment for swiiching DCI sefs may be described using the foliowing
steps. These steps also illustrate network entry for a UE capable of supporting muliipie
carriers. First, a UE capable of supporting multiple carriers may perform network entry as
a Release-8 UE, even if the UE is a Release-10 UE. The eNB may use Non-CiF-DUIs 10
send PDCCH information to the UE. Second, the multi-carrier Uk may signal its mulii-

10
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carrier capabilities 1o the eNB via the ULk capability exchange procegure. Third, the eNB
may reconfigure the UE for multi-carrier operation, which includes the use of CiF-D{CIs on
the PDCCH as dedicated control signaling fo that UE. Broadcast PDOCH signaling, such
as sysiem information (SERNT!) and paging (P-RNT1) might confinue to use Non-Cik-
DOIs.

00787 At one or more points during the above procedure, both the eNB and Uk might
need to switch from using one DI set to using a different DCI set. The exact time points
for DCI set switching may not necessarily be the same for the eNB and UE. An issue
relating to DCI set switching in this procedure is to ensure that the eNB and UE do not
lose contact with each other during the DCI set switching procedure. Loss of contact
between the eNB and UE is potentially possible because comresponding DCH formats in
sach of the two DCI sets may have different lengths. Hence, the eNB could be
transmitting a DCI format with one length, such as DCI X from the Non-CIF-DCI set, while
the UE is attempting to blind decode that DCI format but with a different length, such as
DG X+ from the CIF-DC set, Various aspects of this issue are discussed beiow.

100791 When a UE is instructed to perform an RRC procedure, including the switching
of DCI sets no fixed activation time might be associated with the particular RRC
orocedure in LTE. Certain RRC procedures do have processing delay requirements, in
that the UE might be expected to complete a particular procedure within a certain periad
of time as measured from the time the UE successfully received the RRC comimand
initiating that procedure. However, the exact time at which the UL applies a ragio
resource configuration might be unknown at the eNB. Hence, a window of uncertainty
exists during which the eNB might be unsure as fo the current configuration of the UE.
[0080] For these reasons, an eNB might not be completely sure that a Ut has
verformed an instructed RRC procedure untll the eNB receives back an RRU message
from the UE acknowledging a successful completion of the procedure. The eND may
hypothesize that the UE has successfully received the RRC command initiating the
orocedure when an HARQ ACK for the physical layer transport biock containing the RRG
command is received from the UE. However, there is a small but non-zero probabiiity
that the UE may signal a HARQ NACK, but the eNB decodes this signal as an ACK. This
tvpe of error may be referred to as a NACK-to-ACK error.

11
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00811 In such a situation, the eNB may behave as if the Uk has received the RRC
command when in fact the UE has not. Because the eNB has incorrectly received a
HARQG ACK for the transport block containing the RRC command, the eNB may not, ano
some cases will never, perform any further HARQ retransmissions of that transport block.
Al some time later, when the eNB sxpects to receive the RRC acknowledgement
message from the UE but does not, the eNB may realize that the UE never in fact
received the original RRC command. This time period during which the eNB is unaware
of the error may be equal to at least the sum of the RRC procedure’s processing delay,
as described above, and the time used to perform an uplink transmission. This laller time
period may be further lengthened if uplink HARQ retransmissions, or even RLO ARQ
retransmissions at worst, are necessary or desirable.

00821 NACK-to-ACK errors are expected o be relatively rare. However, in a full
network deployment with many eNBs and an even larger number of UEs, even a small
individual probability of this error occurring may result in a large total number of NALK-{o-
ACK errors occurring. An alternative method for obtaining a reliable acknowledgement
for dala transmission is through the use of an AM RLC ACK of the RLC SDU (PUCFH
PDU) containing the RRC command. However, this ACK may also be delayed since the
receiving AM RLC entity may not issue an immediate STATUS report, which provides
ARG ACK/NACK information. Additionally, the MAC PDU containing such a STATUS
report may also be subject to uplink HARQ retransmissions, and thereby incur further
deiay.

[0083] As described in the preceding paragraph, when an eNB instructs a Uk to
switch DCI sets, the eNB may not be completely sure that the UE has actually received
and/or acted upon the RRC command to perform the switch until the eNB receives the
corresponding RRC acknowledgement message back from the UE. The UE transmits
this RRC acknowledgement on the uplink, which may necessitate receiving an uplink
grant, that is DCI 0, on the PDCCH from the eNB. However, if the UE is o switch DCI
sets. such as from using DCI 0 to DCI 0+, and the eNB cannot be sure of this action
having been performed until the eNB receives the RRC acknowledgement message, then
a question arises as to whether the eNB should use a DCI 0 or BCI 0+ on the PDCCH o

14
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send an uplink grant o the UE so that the Uk can fransmit this RRC acknowiedgement
message.

100841  When switching from one DCI set {0 another DU set, there is aiso a potential
issue of DCI length ambiguily in ceriain cases. For example, the UE may be in a
fransmission mode where the UE is searching for downlink resource assignment DCis "X7
and “Y” on the PDCCH. DCI X could be DO 1A and DCH Y could be the specific DL
associated with the currently configured fransmission mode. If the UE is switched from
the Non-CIF-DCI set to the CIF-DCI set, then possibly DCI X and DCL Y+, or DCI Y and
DCI X+, may have the same lengths. Because the UE may be unaware of exactly when
the eNB swilches from transmitting the Non-CiF-DCI set to transmitling the CiF-DUI set
on the PDCCH, if the UE successfully blind decodes a PDCCH candidate, the Uk may
not he able to determine unambiguously whether that PDCCH candidate corresponds {0
DCE X or DCI Y+, or alternatively, to DCH Y or DCI X+ Specific examples of such
scenarios can be derived by referring to the DCI format lengths listed in Table 1 to Table
4, shown above.

100851  In an illustrative example, suppose a UE is configured in transmission mode 9,
which uses DCI 1D, or transmission mode 6, which uses DCI 1B. DCis 1B and 1D are of
the same length for a given bandwidth and number of Tx antennas at the eNB, so his
axample applies equally well to both DCI formats.  With two Tx antennas at the e,
DCIs 1B and 1D have a length of 28, 28, or 30 bits, respectively, for bandwidths of 10
MHz 15 MHz, and 20 MHz. DCI format 1A, which must also be searched for, has a
length of 25, 27, or 28 bits, for the same three bandwidths. Suppose that a 1-bit (10 MHz}
or 2-bit (15 and 20 MHz) CIF field was then added {o these DCI formats. Then, DCH 1A+
would have a length of 28, 28, or 30 bits, for the three given bandwidths. In this case,
these lengths are identical to the DCI 1B/1D lengths, so the UE would be unaple to
distinguish between DCI 1A+ and DCH 1B/1D simply by blind decoding.

00881  Similarly, when four Tx antennas are present at the eNB and a3 10 MHz carmer
is used. DCIs 18/1D have a length of 30 bits, while DGl 1A has a length of 27 bils. fa 3-
hit CIF field is used, then DCl 1A+ would have the same length (£7+43=30) as DUis

181D,
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G087 This DCI length ambiguity issue may also exist for the situations where carmers
of different bandwidths share the same PDCCH and/or where gifferent carmriers may be
configured in different transmission modes. This 18sue may be exacerbated by carriers
that are at widely-separated frequencies since such carriers may exhibit different wireless
propagation characteristics and may therefore be more likely to be configured in different
fransmission modes than are carriers that are closely-spaced in fregquency.

00881 The issue of swilching DCI sets while ensuring that PDUCUH communications
between the eNB and UE are not lost has some similarities to the existing procedure of
reconfiguring a UE {o use a different transmission mode. Generally, a Uk may be
configured to operate in one of several possible transmission modes. For each
transmission mode, the UE may be expected to search for DCI 0/1A, which have the
same length, and one of DCis 1, 1B, 1D, 2, and 2A, depending upon the cument
transmission mode. When a fransmission mode change is “instructed,” as an RRC
nrocedure, there is a window of uncertainty between the eNB transmitting the RRC
command and the eNB receiving the RRC acknowledgement. This uncerfainty is
described further above. During this window of uncertainty, the eNB may not be certain
which of the two, either the old or the new, transmission modes the UL is cumrently
operating in.

00891 A solution to this issue may be fo attempt to ensure that the UE may always
search for DCI 1A in every fransmission mode. An eNB can then use DCl 1A 1o send
downlink resource assignmenis {o the UE until the RRC acknowledgement message I8
received back from the UE. The eNB can then swilch, if desired, {0 using the particular
DCl associated with the current fransmission mode, that is DCI 1, 1B, 1D, 2 or 2A.
Similarly, the UE may always searches for a DCI 0 on the PDCCH regardiess of the
currently configured transmission mode. In this manner, the eNB may be able to send,
and in some embodiments is always able {0 send, uplink granis to the Uk.

00901  However, a switch from the Non-CIF-DCI set to a CIF-DCI set, or vice versa, or
between CIF-DCI sets with different length CIF fields, may result in different length DCls,
such as 1A and 1A+, being used on the PDCCH. There is no DCI similar to DCI 1A that
can be received in all possible carrier aggregation modes, for example with CiF field

lengths of 0, 1, 2, or 3 bils.
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100817 A switch from the Non-CIF-DCI set to a ClF-DUI set, or vice versa, or belween
CIF-DCI sets with different length CIF fields, may likely result in a change in length for
DGO as a CIF field is either added or deleted. For this reason, there exists a definite risk
that the eNB may be unable o provide decodable uplink grants fo the Uk, oswilching
transmission modes as described above may not result in a length changs of DCI G, and
in some cases will never result in such a length change. Hence, the eNB may always be
able to continue providing uplink grants o the UE even if the eNB is unsure as o which
transmission mode the UE is currently in, and in some cases may always be able o

continue o provide such uplink grants.
00921 As mentioned above, a DCI set refers either {o the set of Non-CiF-DCls, such

as Release-8 DCIs, or {0 a set of CIF-DCIs. Multiple CIF-DCI sefs with different length
CIF fields may exist. A CIF field may have a length from 1 {o 3 bits, possibly more.

100831 When constructing a CIF-DCI from the corresponding Non-CIF-DCH, such as
DCH 1A+ from DG 1A, it might be necessary to include a CIF field somewhere within the
information bit payload of the DCI. This CIF field may be added at the beginning of the
information bits, following all of the existing information bits, or possibly even somewhere
in the middie of the exisiing fislds.

[0084]  When the information bit payload of a Release-8 DCI format has an ambiguous
hit length, then an additional padding bit with a value of 0 may be appended, and in some
cases is always appended, to the information bit payload. The ambiguous bit length sizes
include 12 14, 16, 20, 24, 26, 32, 40, 44, and 56. In addition, if the payload value plus
any padding bits of a Release-8 DCI 1 is equal to that of DCI 1A for the same bandwiath,
then an additional zero padding bit may be added, and in some cases is always added, 1o
DCH 1 so that DCI 1 and 1A do not have the same length.

1008581 The embodiments described herein each address one or more of the issues
described above. The following embodiments may be considered when asfining the
exact formats of new CIF-DCls, especially when padding bits resulting from application of
the rules described above are included.

I0096] Figure 4 is a diagram illustrating adding a CIF field to a Release-8 DCI while
retaining any existing padding bits. DCI formats 400 all refer o the same DUl jormal
being maodified over time. DCI format 402 shows the original DCI format with one or more

18



CA 02779299 2012-04-27
WO 2011/033857 PCT/US2010/054849

padding bits 403. These padding bits 403 need not be present. DOl format 404 shows
the same DC! format as DCI format 402, with the addition of a Ci 405,

30871 Existing padding bits may be retained, and the CIF field is added. The CiF fielo
need not necessarily be added at the end of the payload. DCI format 406 shows the
same DCI format as DCI format 404, with the addition of one or more further padding bils
407. These further padding bits 407 might be added in order {0 avoid ambiguous total
pavicad lengths. For certain bandwidths, CiF field lengths, DCI formats, and the further
nadding bits 407 might not be necessary or desirable.

00881  In one embodiment, adding a CIF field to a Release-8 DCI may increase the
length of the resulting DCI. The existing Release-8 DCI payload of length M is originally
retained, plus any padding bits that are to be added. A CIF field of length N may be
included in the payioad. If the resulting length (M+N) corresponds to one of the
ambiguous payload sizes listed above, then an additional padding bit may be included. In
addition, if the resulting length of DCI 1+ equals that of DCl 1A+, then additional padding
bits may be included in DCI 1+ until the total length is not equal to that of DG 1A+ and #is
length does not belong to the set of ambiguous sizes, such as those listed above. An
axample of this procedure using DCH 1A is llustrated in Figure 4.

10099] Figure 5 is a diagram illustrating adding a CiF field to a Release-8 DC1 while
removing any existing padding bits, in accordance with an embodiment of the disclosure.
DCH formats 500 all refer to the same DCI format being modified over time. DOl formatl
502 shows the original DCI format with one or more padding bits 503. These padding bits
503 need not be present. DCI format 504 shows the same DCI format as DCH format
502, after removing the padding bits 5§03. DCI format 506 shows the same DUI format as
DO format 504, but with the addition of a CIF 507. DCI format 508 shows the same DCI
format as DCI format 508, but with the addition of one or more further padding bits 5089.
1001001 Note that a Release-8 DCI format 1A may or may not include one or more
padding bits 503. However, if they are present, then the padding bifs 503 may be
removed, as in DCI format 504. A CIF field is then added (507), but might not necessarily
be at the end of the payload as shown. For DCI format 508, the extra padding bit or bits
(509) may be added in order to avoid ambiguous total payload lengths. For certain
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bandwidths, CIF field lengths, and DCI formats, this step mignt not be necessary or
desired.

601011 Thus, in this embodiment, any padding bits that were added to the existing
Release-8 DCI pavicad of length M are removed. There may be "P" such padding bils,
where P could be zero. A CIF field of length N may be included in the payload. i the
resulting length (M-P+N) corresponds to one of the ambiguous payload sizes, such as
those listed above, then an additional padding bit may be included. In addition, if the
resulting length of DCI 1+ equals that of DCI 1A+, then additional padding bils may be
included in DCI 1+ until its length is not equal to that of DCI 1A+ and its length does not
belong to the set of ambiguous sizes listed above. An example of this procedure using
DCH 1A is llustrated in Figure 5.

1001021 DCI Set Switching

001031  As introduced above, the concept of using different DCI sets for different muiti-
carrier configurations might be required or desirable if a CIF field is to be added 10
existing DCI formats. For this reason, defining a procedure for switching between
different DCI sets may be desirable or necessary.

100104] Again, DCI set switching refers to the procedure of switching from LSING one
DO set, referred fo as the old DCI set, to using another DCI set, referred to as the new
DCI set. This procedure may include a switch involving any of the following.

100108] DCI set switching may include switching from Non-ClF-DCIs 1o CiF-DCIs. An
example of this type of switch may occur during multi-carrier activation or the
configuration of a subset of active carriers as PDCCH monitoring carners.

100106] DCI set switching may include switching from CIF-DCis to Non-CiF-DCis. An
example of this type of switch may occur during multi-carrier deactivation or the
configuration of all active carriers as PDCCH monitoring camers.

1001071  DCI set switching may include switching from CIF-DCls with a certain length
DCH field to CIF-DCIs with a different length DCI field. An example of this type of swich
may occur during multi-carrier reconfiguration, where the length of the CiF field 8

changed.
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0008  One specific embodiment of the expected overall format of this procedure o
switch DCl sels can be described via the following steps. These steps aiso illustrate
network entry for a Uk capable of supporting mulliple carriers.

f00408] First, 2 UE capable of supporting multiple carriers {e.g. Rel10) performs
network entry as a Release-8 UE. The eNB uses Non-ClF-DCIs to send PLDCUH
information to the UE. Second, a multi-carrier UE may signal its multi-carrier capabilities
to the eNB via the UE capability exchange procedura. Third, the eNB may reconfigure
the UL for muitﬁvcarrier operation. Reconfiguring may includes the use of CiF-DCIs on
the PDCCH as dedicated control signaling to that UE. Broadcast PDCCH signaling such
as system information, SI-RNTI, and paging, P-RNTI, might continue to use Non-(iF-
IS,

100110] Specify an Activation Time

001111  In ancther embodiment for performing DCI set switching, the RRC command
that orders a switch in DCI sets could also include an activation fime. The activation time
could be in the form of an SFN and subframe offset within that radio frame. The specified
activation time may be sufficiently far in the future that there would be enough time for the
UE to receive the RRC command and then transmit an RRC acknowledgement back 10
the eNB. The eNB would thus have a clear acknowledgement that the Uk would also
switch DCI sets before the switch is scheduled to occur. The eNB and Uk would then
perform a coordinated switch in DCI sets at the same time. This action would eliminate
the uncertainty window where the UE and eNB may not be sure which DCI set the other
antity IS using.

001121 If the eNB did not receive an RRC acknowledgement back from the UE or had
not received an ARQ ACK from the AM RLC entity associated with the coniroi-plane
SRB1 that carries RRC traffic, the eNB would realize that the UE had not received the
original RRC command. The UE might not have received the original RRC command
due to, perhaps, a NACK-to-ACK error.  In such a situation, the eNB would not swiich
DCH sets, but would instead resend the RRC command with a new activation time.
I00113] One potential issue to this approach is that it might not enable the Uk o
perform the DCI set switch in multi-carrier configuration as soon as possible. There may
be various delays in transmitling the RRC command and/or RRC acknowledgement.
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These delays might result, for example, due to downlink HARQ and/or uplink HARQ
retransmissions.  Hence, the activation fime may be set sufficiently far in the fulure {o
account for additional delay potentially introduced by possible downlink and/or uplink
HARQ retransmissions. Sefting the time in this manner reduces the flexibility and
dynamic responsiveness of the system.

[00114] eNB Does Not Assign Resources to the UE During Uncertainty Window
100115] In ancther embodiment for performing DCI set switching, the eNB might not
assign resources to the UE, via the PDCCH, during the uncertainty window described
above. Because there is an uncertainty window during which the eNB may be unsure as
to which DO set the UE is currently using, the eNB could simply avoid sending any
downlink ransmissions or uplink grants to the UE during this uncertainty pericd. The only
exception might be for downlink HARQ retransmissions of the transpont hlock containing
the RRC command, if such retransmissions are required. By temporarily "suspending’
contact there would be no danger in the eNB sending PDCCH communications that the
UE would be unable to blind decode.

f00116] This approach, however, has a few issues. The length of the uncertainty
window could be extended if downlink and/or uplink HARQ retransmissions are reguired
or desired. During this time, all downlink and uplink traffic might be blocked, wnich Wouid
have a temporary impact on throughput toffrom the UE. Further, if there are important
messages to be delivered to the Uk immediately, such as mobility-related signaling, this
solution may incur additional undesirable delay. Another key issue is that the ehNB might
still have a problem in sending an uplink grant fo the UE so that the Uk can transmit the
RRC acknowledgement. If, in fact, the UE did not perform the DCI set switch, such as in
the case of a NACK-to-ACK error, then the eNB might send the UE a DCI 0+, while the
UE would be searching for a DCI 0 (with a different length) on the PDCCH. This situation
assumes a switch from the Non-CIF-DCI set fo a CIF-DCI set. This issue could, however,
be addressed via the solution described immediately below.

100147] eNB Transmits DCls from Both DCI Sets During Uncertainty Window
100118] In another embodiment for performing DCI set switching, during the uncertainty
window, the eNB could transmit DCis from both DCI sets to the UE. These DU pairs

may refer to the same downlink resources or uplink grant. For axample, i the eNB was
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performing a downlink transmission, it might include both a DG 1A and DCI 1A+ on the
PDCCH for a given subframe. Both DCI formats may both point 1o the same downlink
resources on the PDSCH. Similarly, for an uplink grant, the eNB might include both a
DCH 0 and DCl 0+, with both DCI formats referring to the same uplink resources on the
PUSCH. in this case, it does not matter which DCl set the Uk was currently using,
because DCls from hoth sets would be present on the PDUCH.

0041481 A benefit of using this approach is that the number of blind decodings that the
UE must perform on the PDRCCH is not increased. Furthermore, traffic to and/or from the

UE is not blocked during the uncertainty window, as might be the case for the solution

described above.

100120] However, transmifting from both DCl sets could increase the blocking
probability on the PDCCH, because the eNB might now have to find adaitional space on
the PDCCH for both DCIs. This increased blocking probability could result in ineflicient
use of the PDSCH and/or PUSCH resources within the cell due to PDCCH blocking.
Additionally, a possibility of confusion exists between ambiguous DCI lengihs as
described ahove. Potential solutions to this latter problem are described below with
respect to the embodiments of specifying which DCI is to be used when ambiguous DU
lengths are present, and swilching to non-ambiguous transmission mode before switching
LD setls.

1001211  If the technigue of avoiding assignation of resources o the UE during the DU
set switching uncertainty window were used, as described above, the eNB could then use
the technigue of sending both DCI sets {o send both a DCI 0 and DG 0+ to the Uk when
the eNB wishes fo provide an uplink grant for the Uk to transmit the RRO
acknowledgement. This technigue may ensure that the UE was able 1o receive the uplink
grant, regardless of which DCI set the UE was currently using. By only transmitting
paired DCls from both DCI sets in this limited fashion, that is only to provide the uplink
grant for the RRC acknowledgement, the potential impact on PDCCH blocking may be
minimized.

[00122] In view of this fact, a hybrid solution may be used by combining the techniques
of avoiding assigning of resources during the uncerainty window and sending pairs of
DCl sets. That is, during the transient time, the eNB may try o temporarily block as many
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uplink and downlink fransmissions as possible. In the case any transmissions must be
made, the eNB may transmit DCls from both DCI sets to the Uk,

1001231  In another embodiment, the technique of specifying an activation time can be
combined with this technigue of transmitling both DCI sets during the uncertainty window.
In this case, the eNB might only send both DCI sets {o the UE after the activation time
the eNB does not receive the RRC acknowledgement message, or AM RLC feedback,
from the UE prior to the activation time. In this way, the aclivation time may be sel {0 2
shorter duration. If the UE has not received and processed the RRC command prior {0
the activation time, the UE might still be able to decode the old DU seat.

001247 New DCI Format

00125] In another embodiment for performing DCI set switching, a new DCI format
could be defined that the UE would search for on the PDCCH, regardiess of the current
multi-carrier configuration of the UE. This technigue could be used in order 1o reduce the
ikelihood that the eNB and UE would lose contact with each other, regardless of which
DCI set each entity is using. This technique would be a similar idea o a DCI 1A that the
UF searches for in all transmission modes, as described above with regard to DCI sels
and DI set swilching.

004261 This embodiment might, however, increase the number of blind decodes that a
multi-carrier capable UE would have {o perform. Increasing the number of blind decodes
might undesirably increase the processing and power consumption at the UE. The
design of DCI 1A was optimized in that DCI 1A is the same length as DCI 0 and DCI
334 which the UE must also search for, and hence the UE can search for all of these
DCH formats via a single blind decode on a particular PDCCH candidate.  However,
searching for all DCI formats via single blind decode might not be possible if yel another
DCH format is introduced,

001271  In an embodiment, the new DCI format might have a fixed length regardiess of
the number of activated carriers. Thus, the new DCI format might not include a CiF field
or might include a CIF field with a fixed length equal to the maximum possidle Cir size
(e.g. 3 bits). Additionally, the lengths of the existing DCI formats might vary based on the
length of any CIF field that was included.
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G0128] in addition to a new DI format, a new DO might be defined in such a manner
that the DCI length was different from all other possible DCI formats, including DCls both
with and without a CIF field. This new DOl would allow the UE to unambiguously identity
that DCI vig blind decoding. However, finding a new length that does not “collide” with
any of the existing possible DCI lengths might be difficuit,

001291  In a related embodiment, the UE might be required to always search for DU
1A with no CIF field, and DCI 0, which would be the same length, regardiess of whether
or not carrier-aggregation was enabled. |f found, the DCI 1A or DCI 0 would be assumed
to refer to the anchor carrier or to the carrier which contains the PDCCH. Hence, a Cir
field might not be required. However, this embadiment might result in the UE having to
nerform a greater number of blind decodes, because this technique might add one more
additional DCI lengths that the UE would have 1o search for.

[004130] Dual DCI Set Blind Decoding at the UE / Two-Way Handshake

[00131] Figure 6 is a diagram illustrating a two-way handshake procedure for switching
DCI. in accordance with an embodiment of the disclosure. In this embodiment, as shown
in Figure 8, the old DCI set refers to the DCI set that is being used prior to a DU sat
switch. while the new DCI set refers to the DCI set that is to be used following the DCI set
switch. DCI sets 600 in relation to both the eNB and the UE are presented in Figure €.
004321 After an eNB sends an RRC command ordering a DCI set switch to the Uk, the
eNB may continue to use the old DC! set. When a UE receives an RRC command
ordering a DCI set switch, the UE may temporarily begin monitoring both DCI sets on the
PDCCH. When the eNB wishes the UE to transmit the RREC acknowledgement message,
the eNB may send an uplink grant, DCI 0, to the UE. After the eNB has successfully
received the RRC acknowledgement, the eNB knows that the UE is monitoring both D
sets, and can then switch to the new DCI set. The UE can stop monitoring the old DU
set when one of the following conditions is satishied,

I00133] One condition may be that the eNB sends a further RRC command instructing
the UE {o stop monitoring the old DCI set.  Another condition may be that the Uk has
received a specified number of DCIs that unambiguously belong to the new DCl set. This
number could either be specified as a fixed quantity in the standard or be configurable.
The number may be configurable via RRC signaling. The number could even be included
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as a parameter in the RRC command that originally orderad the DCI set swilch. it may
he desirable to use a value larger than 1 in order 1o guard against false posiive
detections of DCIs on the PDCCH accidenially tniggering this condition prematursly,
[00134] The approach described with respect {o Figure 6 may be considered a two-way
handshake procedure, with the second handshake being either explicit (the first of the
above two conditions) or implicit (the second of the above two conditions). The first
handshake may occur by the UE signaling that it is now monitoring both DCI sets so fhat
the eNB can now switch {0 using the new DCI set. The second handshake may 0CCuf
when the eNB signals, either explicitly or implicitly, that it is no longer transmitting the old
DCI set so that the UE can stop monitoring that DT set.

00135 This embodiment has a number of benefits. The two-way handshake
orocedure likely does not block downlink/uplink traffic foffrom the UE, as might the
embodiment described with respect to the eNB avoiding assigning resources during the
uncertainty window. The two-way handshake procedure also does not increase ihe
nrobability of blocking on the PDCCH, as might the embodiment described with respect {0
the eNB transmitting DCis from both DCI sets during the uncertainty window. The two-
way handshake procedure also may help ensure that the eNB and UE do not accidentally
iose contact with sach other due fo a NACK-1o-ACK error on the physical layer transport
hiock that contains the RRC command ordering the DO set switch.

[00136] Nevertheless, some additional blind decoding, and hence additional
processing, might be used by the UE during the handshaking process involved with
switching DCI sets. However, this additional processing would be only on a temporary
hasis. Hence, the additional processing may not result in significant incremental power
consumption, especially if multi-carrier mode reconfigurations do not occur frequently.
0011371 When the UE is monitoring two DCI sets, there is a possibility that certain DU
formats in both of the DCI sets may have the same length. In this case, the Uk might not
know which DCI was intended in the event of a successiul blind decoding on the PDUCH.
For example, DCI X and DCI Y+ might have the same length, so the Uk would not be
able to unambiguously differentiate between these two DCI formats during the time period
where the UE is monitoring both DCI sets. This situation may benefit from the use of one

of the solutions described with respect to the embodiments of specifying which DGl is to
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be used when ambiguous DCI lengths are present or switch o non-ambiguocus
transmission mode before switching DCI sets, as described below.

I00138] Specifying Which DCI is {0 be Used When Ambiguous DU Lengihs Are
FPresent

1001381 In ancther embodiment useful for performing DCE set swilching, a
determination or selection may be made regarding which DCl is {0 be used when
ambiguous DCI lengths are present. When there exists a possibility of ambiguous DCI
lengths during a DCI set switch, such as when DCI X and DCH Y+ have the same lengihs
as described above, a determination or selection may be made regarding which DU
format is to be avoided or assumed not to be present. The following paragraph provides
an iffustrative exampie of this embodiment.

100140] Suppose there are two Tx antennas at the eNB, the multiple carriers all have
20 Mz bandwidth, and the UE is currently configured for transmission mode 3. If the Uk
is currently using the Non-CIF-DCI set, then the UE might be searching for DG 1A (28
bits} and DCI 1D (30 bits) on the PDCCH. [f the UE is reconfigured for multi-carrier
operation with a 2-bit CIF field, then DCI 1A+ would have a length of 30 bits and DOHAD
would have a length of 33 bits. An additional padding bit might be added to DU 1D+
because 32 bits might not be an allowable length. There would thus be a potential biind
decoding ambiguity between DCI 1D and DCI 1A+, because both would have a length of
30 bits.

10014141  in such a situation, the eNB might be required not to use DCI 1A+ unti the eNB
has received the RRC acknowledgement message back from the UE. After the eNB has
received this RRC acknowledgement, the eNB knows that the UE is now monitoring only
the CIF-DCI set. Consequently, the eNB may now use DCI 1A+ because the eNB knows
that the UE is no longer searching for DCI 10 on the PDCCH. In the opposite direction,
such as when switching from the CIF-DCI set to the Non-CIF-DCI set, the eNB may avold
using DCI 1D until the eNB received the RRC acknowledgement message from the UL,
since there is the potential for confusion with DI 1A+,

100142] Thus, a specification may be made that the unused DCI format is the one
belonging to the DCI set that the UE is supposed to switch o (i.e. the new DCI set),
because there may be the chance that the UE does not know that it is supposed to switeh
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DO sets for some reason, such as the occurrence of g NACK-0-ACK error.  This
embodiment may ensure that the eNB does not send a DO 1A+ that the Uk might
incorrectly interpret as a DOl 1D when the UE is still using the Non-CiF-DC1 set, for
exampie.

1001431 A related alternative embodiment might be for the eNB to avoid using alt DCIs
that may have ambiguous lengths until the RRC acknowledgement is received from the
UE. This technigue may not be possible, however. For example, it may be difficuit for the
eNB fo avoid using DClis of the same length as DCI 1A or 1A+, because DCI 0 & O+ and
DCIs 3/3A & 3+/3A+ might also be of the same respective lengths.

001441 Yet another alternative might be 1o specify additional padding bils in cases
where ambiguous DCI format lengths might exist.  This technigue may eliminate all or
most possible occurrences of ambiguous DCI format lengths.  This technigque may be
complicated, however, due to the number of DCI lengths that already exist and the
nossible different lengths of the CIF field, such as 1, 2, or 3 bits.

001481 Switch to Non-Ambiguous Transmission Mode Before Switching DG Setls
1001461 In another embodiment useful for performing DCI set switching, a switch o a
non-ambiguous transmission mode may be made before swilching DCI sels. Tne
possibility of having ambiguous DCI lengths during a DCI set swilch, such as DCI X ana
DCH Y+ having the same length, may only occur for certain transmission modes. The
examples provided above with regard to DCI sets and DCI set swifching might only apply
to transmission modes 5 and 8, for instance. If the UE is in such a potentially ambiguous
transmission mode, the eNB might first reconfigure the UE to an intermediate "sate’
unambiguous transmission mode. Thereafter, the eNB might instruct the UE to switch
DCI sets, and then finally reconfigure the UE back to the desired fransmission mode.
Such a non-ambiguous safe fransmission mode might be transmission mode 1 (singie
transmit antenna at the eNB) or transmission mode 2 {fransmit diversity from the eNB)
depending upon the number of fransmit antennas at the eNB.

100M47] For example, suppose the UE was in single carrier mode and in transmission

mode 5. In order to switch the UE to multi-carrier mode, the following steps could be

performed.
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100148] Furst, the eNB may send an RRC command to the Uk instructing the UE o
switch 1o transmission mode 2. Second, the Uk may send an RRC acknowledgement (o
the eNB stating that the Uk had switched transmission modes. Third, the eNB may send
an RRC command o the Uk instructing the Uk to swilch to mulli-carrier mode, with all
carriers operating in transmission mode 2.

001481 Fourth, the Uk may then send an RRC acknowledgement to the eNB siating
that the UE had activated multiple carriers. Fifih, the eNB may send an RRU command
to the UE instructing the UE to switch back {o transmission mode 5 on either all or &
subset of the multiple carriers. Finally, the Uk may send an RRC acknowledgement to
the eNB stating that the UE had switched fransmission modes.

0045801 This embodiment might involve signaling and performing three separate
consecutive RRC procedures, rather than just one DCI set switch, Additional delay might
result with respect {o performing the overall multi-carrier reconfiguration.  Furthermore,
additional signaling overhead might be incurred with respect to sending RRC commands
and RRC acknowledgements for each of the three RRU procedures.

1001581} Figure 7 is a flowchart illustrating a method for performing DCI set swilching, in
accordance with an embodiment of the disclosure. The method shown in Figure /7 may
be implemented in either a UE or an access node, such as those shown in Figures 1
through 3, while carrier aggregation is being used. The method shown in Figure 7/ may
be implemented using a processor and/or other components, such as those shown in
Figure 8. The method shown in Figure 7 may be implemented using procedures such as
those described with respect to Figures 4 through 6.

10011521 The process begins as the processor causes either a Uk or an access node 10
cause a swiich between a first downlink control information (DCH set and a secona DU
set while carrier aggregation is being used (block 700). The process terminales
thereatfter.

081831 The UE and other components described above might include processing and
other components capable of execuling instructions related o the actions described
above. Figure 8 illustrates an example of a system 800 that includes a processing
component, such as processor 810, suitable for implementing one or more embodiments
disclosed herein. In addition to the processor 810 (which may be referred o as a central
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processor unit or LPU), the system 800 might include network connectivity devices 820,
random access memory (RAM) 830, read only memory (ROM) 840, secondary storage
850, and nputioutput (/O) devices 860. These components might communicate with one
another via a bus 870. In some cases, some of these components may not be present or
may be combined in various combinations with one ancther or with other components not
shown. [These components mignht be located in a single physical entity or in more than
one physical entity. Any actions described hersin as being taken by the processor B10
might be taken by the processor 810 aione or by the processor 810 in conjunction with
one or more components shown or not shown in the drawing, such as a digital signal
processor (DSP) 880. Although the DSP 880 is shown as a separate component, the
DSk 880 might be incorporated into the processor 810,

[60184] The processor 810 executes instructions, codes, computer programs, of Scripts
that it might access from the nelwork connectivity devices 820, RAM 830, ROM 840, or
secondary storage 850 (which might include various disk-based systems such as hard
disk, floppy disk, or optical disk). While only one CPU 810 is shown, multiple processors
may be present. Thus, while instructions may be discussed as bheing executed by a
nrocessor, the instructions may be executed simultaneously, serially, or otherwise by one
or multiple processors. The processor 810 may be implemented as one or more CPU
Chips.

I00458] The network connectivity devices 820 may take the form of modems, modem
banks, Ethernet devices, universal serial bus (USB) interface devices, serial interfaces,
token ring devices, fiber distnbuted data interface (FDDI) devices, wireless local ares
natwork (WELAN) devices, radio transceiver devices such as code division muiliple access
(COMA) devices, giobhal system for mobile communications (GoM} radio {fransceiver
devices, worldwide interoperability for microwave access (WiMAX} devices, and/or other
well-known devices for connecting o networks. These network conneclivily devices 820
may enable the processor 810 to communicate with the Internet or one or more
telecommunications networks or other networks from which the processor 810 might
receive information or {0 which the processor 810 might cutput information. The nelwork
connactivity devices 820 might also inciude one or more fransceiver components 825

capable of transmitting and/or receiving data wirelessiy.
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[00156] The RAM 830 might be used to store volatile data and perhaps to store
instructions that are executed by the processor 810. The ROM 840 is a non-volatile
memory device that typically has a smaller memory capacity than the memory capacity of
the secondary storage 850. ROM 840 might be used to store instructions and perhaps
data that are read during execution of the instructions. Access to both RAM 830 and
ROM 840 is typically faster than to secondary storage 850. The secondary storage 850 Is
typically comprised of one or more disk drives or tape drives and might be used for non-
volatile storage of data or as an over-flow data storage device if RAM 830 is not large
enough to hold all working data. Secondary storage 850 may be used to store programs
that are loaded into RAM 830 when such programs are selected for execution.

[00157] The I/O devices 860 may include liquid crystal displays (LCDs), touch screen
displays, keyboards, keypads, switches, dials, mice, track balls, voice recognizers, card
readers, paper tape readers, printers, video monitors, or other well-known input/output
devices. Also, the transceiver components 825 might be considered to be a component
of the 1/O devices 860 instead of or in addition to being a component of the network
connectivity devices 820.

[00158] The following documents are referred to:

[00159] R1-093699, “Way Forward on PDCCH for Bandwidth Extension in LTE-A",

Alcatel-Lucent et al.

[00160] R1-093465, “Component carrier indication scheme for carrier aggregation’,

Panasonic.
[00161] 3GPP, TS 36.212 v8.7.0 (2008-05) “E-UTRA; Multiplexing and channel
coding.”

[00162] 3GPP, TS 36.814.

[00163] The embodiments provide for method and devices for switching between a first
downlink contro! information (DCI) set and a second DCI set while carrier aggregation Is
being used. While several embodiments have been provided in the present disclosure, it
should be understood that the disclosed systems and methods may be embodied in many
other specific forms without departing from the scope of the present disclosure. The

present examples are to be considered as illustrative and not restrictive, and the
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intention is not to be limited o the detalls given herein. For example, the various

elements or components may be combined or integrated in another system or certain

features may be omitied, or not iImplemented.
001841 Also, technigues, systems, subsystems and methods described and Hllustrated

in the various embodiments as discrete or separale may be combined or integrated with
other systems, modules, {echniques, or methods without departing from the scope of the
present disclosure. Other items shown or discussed as coupled or directly coupied or

communicating with each other may be indirectly coupled or communicating through
some interface, device, or intermediate componeant, whether electrically, mechanically, or
otherwise. Other examples of changes, substitutions, and alterations are ascertainabie

hy one skilled in the art and could be made without departing from the spirit and scopse

disclosed herain,
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CLAIMS
What is claimed Is:

1. A method comprising:

reconfiguring from a first downlink control information (DCI) set to a second DCI
set while carrier aggregation is being used; and

monitoring by a user equipment (UE) both the first DCI set and the second DCI set
until at least one of the following conditions has been satisfied: 1) receiving a radio
resource control (RRC) command to stop monitoring the first DCI set, and 2) receiving a
predetermined number of DCI| formats that unambiguously belong to the second DCI set;
and

thereafter the UE monitoring only the second DCI set.

2. The method of claim 1 wherein the predetermined number is one of a fixed

number and a configurable number received from an access node.

3. The method of claim 1 further comprising:
specifying which DCI format is to be monitored when a size of a DCI format in the

first DCI set equals a size of a different DCI format in the second DCI set.

4. A user equipment (UE) comprising a processor configured to:

reconfigure from a first downlink control information (DCI) set to a second DCI set
while carrier aggregation is being used,; and

monitor both the first DCI set and the second DCI set until at least one of the
following conditions has been satisfied: 1) receiving a radio resource control (RRC)
command to stop monitoring the first DC| set, and 2) receiving a predetermined number

of DCI formats that unambiguously belong to the second DCI set; and

thereafter monitor only the second DCI set.

D, The UE of claim 4, wherein the predetermined number is one of a fixed number

and a configurable number received from an access node.
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0. The UE of claim 4, wherein the processor is further configured to:
determine which DCI format is to be monitored when a size of a DCI format in the

first DCI set equals a size of a different DCI format in the second DCI set.

/. An access device comprising a processor configured to:

reconfigure a user equipment (UE) from a first downlink control information (DCI)
set to a second DCI set while carrier aggregation is being used,;

transmit a radio resource control (RRC) command to the UE to stop monitoring the
first DCI set; and

transmit a predetermined number of DCI formats that unambiguously belong to the

second DCI set such that the UE monitors only the second DCI set.

8. The access device of claim 7 wherein the predetermined number is one of a fixed

number and a configurable number transmitted by the access node.

9. The access device of claim 7 wherein the processor is further configured to:
specify which DCI format is to be monitored when a size of a DCI format in the first

DCI set equals a size of a different DCI format in the second DCI set.

10. A method comprising:
reconfiguring a user equipment (UE) from a first downlink control information (DCI)
set to a second DCI set while carrier aggregation is being used,

transmitting a radio resource control (RRC) command to the UE to stop monitoring
the first DCI set; and

transmitting a predetermined number of DCI formats that unambiguously belong to

the second DCI set such that the UE monitors only the second DCI set.

11.  The method of claim 10 wherein the predetermined number is one of a fixed

number and a configurable number transmitted by an access node.
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12.  The method of claim 10 further comprising:
specifying which DCI format is to be monitored when a size of a DCI format in the

first DCI set equals a size of a different DC| format in the second DCI set.
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Figure 6
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