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channel state feedback.

BACKGROUND

Recent increase of mobile data usage and emergence
of new applicationsg such as gaming, mobile TV and streaming
content have motivated the 3G Generation Partnership Project
(3GPP) to work on the Long-Term Evolution (LTE) in order to
ensure 3GPP s competitive edge over other, competitive
cellular technologies.

LTE has been set aggressive performance
requirements which rely on physical layer technologies, such
as Orthogonal Freguency Division Multiplexing (OFDM) and
Multiple-Input Multiple-Output (MIMO) systems to achieve
these targets. Some main objectives of LTE are to minimize
the system and User Equipment (UE) complexities, to allow
flexible spectrum deployment in existing or new frequency
spectrum, and td enable co-existence with other 3GPP Radio
Access technologies (RATs).

In the LTE concept defined in the ongoing 3GPP

work on standardization, the downlink will support fast

" channel dependent scheduling in both thHe time and frequency

30

domains. A conventional downlink scheduling concept
according to the prior art, may be described with stages 1:1

-~ 1:4, as illustrated in figure 1. A base station 100, which



2 is referred to as an enhanced NodeB, or eNodeB in LTE, comunicating
with a UE 101, transmts reference signals to UE 101 in a first stage 1:1.
The reference signals can be used by UE 101 to determ ne the present
downl i nk channel 5 quality. After having determ ned the downlink channel
quality on the basis of the received reference signals, UE 101 sends one
or nore channel state feedback reports, which in this context typically
are represented by Channel Quality Indication (CQ) reports, back to
eNodeB 100 in a second 10 stage 1:2. In eNodeB 100, the content of the one
or nore CQ reports can be retrieved and used by a scheduler (not shown),
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shown), to perform resource allocation. UE 101 is informed
of the resource allocation in a next stage 1:3, which is
followed by transmission of downlink data over the allocated
15 resource, as indicated with a final stage 1:4.
More on this issue can be found in “3G Evolutiomn:
HSPA and LTE for Mobile Broadband” E.Dahlman, S.Parkvall,
J.8kd1d, P,Beming, Academic Press, 2007.
In one embodiment proposed for the LTE, UEs wiil
20 be capable of transmitting different types of CQI reports,
such as full CQI reports, partial CQI reports, and
differential CQI reports. In this context, full CQI reports
are defined to cover the whole downlink transmission
bandwidth scheduled for a UE. Different full CQI reports
25 may, however, have different frequency resolution and may
also Dbe filtered and processed in different ways. In
addition, different full CQI reports may be encoded in a
variety of alternative ways. Partial CQI reports on the
other hand cover only a part of the downlink transmission
30 bandwidth. The covered part of a partial CQI report may be a

set of contiguous, or a set of distributed resource blocks.



3 Differential CQ reports may contain an encoded version of the update
vector relative to a previous CQ report. Furthernore, for CQ reports used
together with different antenna configurations, such as SISO (Single-in 5
Single-Qut), MSO (Miultiple-In Single-Qut), SIMO (Single-In Miltiple-Qut),
or MMO (Multiple-In Multiple-Qut), transm ssion could also be different.
For MMO, a CQ report nmay include information, such as e.g. transm ssion
rank and/or pre-coding weights and/ ar other feedback paraneters 10 to be
used by the eNodeB nultiple antenna transm ssion schenme. In one proposal
for LTE presented in 3GPP, the UE may have a set of rules that specifies
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In one proposal for LTE presented in 3GPP, the UE
may have a set of rules that specifies the conditions for
CQI reports to be transmitted. According to this proposal,
15 each CQI transmission trigger is associated with a specific
type of CQI report in such a way that when a triggering
criteria is true, the UE transmits a CQI report of an
associated type. This procedure is similar to how compressed
mode is parameterized in WCDMA. For WCDMA compressed mode,
20 each UE is provided with a transmission gap pattern set
(TGPS) consisting of transmission gap patterns (TGP}, each
defining a transmission gap of a configurable length that is
used for a specific measurement purpose. CQI reports may be
specified in a similar way, wherein each UE has a CQI
25 reporting trigger set (CRTS), consisting of one or more CQI
reporting triggers (CRT)} that specify when a specific type
of CQI report shall be transmitted.
Figure 2 illustrates a table of a CQI trigger
configuration for a UE, according to the prior art described
3 above. The table comprises a plurality of CQI reporting
triggers, CRT 1-n, configured for the UE. Each CRT is
associated with one of the CQI report types, CQI A-X. When



associated wth one of the CQ report types, CQ A-X. Wen 4 for exanple
the trigger criteria specified by CRT 1 is true, a report type defined by
CQ Awll be transnmtted fromthe UE to an eNodeB, as indicated in the
table. A CRT is typically expressed in terns of a logical 5 expression

whi ch may invol ve one of, or a conbination of, tinmers, events, and
conditions, consisting of logical statenents such as AND, OR, NOT, WHEN,
and/or IF. Asinple periodic CQ repprting trigger may consist of just a
periodic timer and a rule that a certain CQ report shall be 10 transmtted
every tinme the timer expires. In another exenplified scenario, a sinple
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exemplified scenarieo, a simple event based CQI reporting
trigger may configured to state that a certain type of CQI
report shall be transmitted every time the triggering event,
such as e.g. a handover event, occurs. A condition that
15 could be included in the decision to transmit a certain CQI
report or not, is e.g. if the downlink activity is above a
specified threshold.
CQI reports may also be transmitted in different
ways. A CQI report could be transmitted on a dedicated
20 control chénnel resource, or on a scheduled resource
provided on a shared channel. CQI reports may occur at known
time instances and use a format known to the eNodeB, or the
occurrence and format may be more dynamic. In the latter
case the MAC header typically needs to include information
25 about how the CQT report was transmitted, or else the eNodeB
may have to perform blind detection on the CQI transmission
format. '
What types of CQI reports a UE shall use, and what
criteria that will trigger them, are typically set-up by
30 higher layer signaling, e.g. RRC signaling. In addition to
configuring rules, defining when and how CQI reports are to

be transmitted, the eNodeB also have the option to



configuring rules, defining when and how CQ reports are to be
transmtted, the eNodeB al so have the option to 5 explicitly request for
CQ reports on demand, typically by wusing RRC signaling. The LTE uplink is
based on single-carrier nodulation and uses frequency, tine and code
division 5 nultiple access principles (FDVA, TDVA and CDMA). The LTE
upl i nk consists of physical uplink control channels and data channel s that
are orthogonally frequency nultipl exegl. The single-carrier property of the
LTE uplink makes it inpossible for a UE to transmit on a physical control
10 channel and a physical data channel in the sane
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10 channel and a physical data channel in the same
transmission-time-interval {TTI). Hence, if a UE 1is
transmitting data on a physical data channel, the control
information that must be sent in the same TTI must also be
sent on the physical data channel. The UE will use the
15 physical control channel to transmit control signaling only
in the case when the UE has no data transmission, and, hence
is not using the physical data channel.
There are at least three types of control
signaling that may be sent in-band on the physical data
20 channel in case the UE has uplink data to transmit, namely
Hybrid ARQ (HARQ) ACK/NACK feedback for downlink data
transmissions, scheduling requests and COI repoxts.
The current assumption in 3GPP regarding the HARQ
feedback and the scheduling request is that the HARQ will
25 consist of one bit per MIMO stream, while the scheduling
request might consist of just a single bit, indicating if a
UE hag data it wants to transmit or not.
The CQI repeorts on the other hand can be
gignificantly larger. The amount of bits that can be spent
30 on the CQI reporting may depend on a number of different
criteria, such as: downlink transmission mode, e.g. SISO or

MIMO; type of downlink traffic, e.g. VoIP or Web; downlink



30 on the CQ reporting may depend on a nunber of different criteria, such
as: downlink transm ssion node, e.g. SISOor MM) type of downlink
traffic, e.g. VolP or Wb; downlink 6 radio characteristics, e.qg.
coherence tine and/or coherence bandw dth; current uplink |oad and/or
current downlink activity. Furthernore, while the HARQ feedback and the
schedul i ng request signaling are vital for the conmmunication 5 protocols to
~work at all, the CQ reports can be sgen nore as performance enhanci ng
feature for the downlink. The nore uplink resources that are spent on CQ
reports, the better |ink adaptation and schedul i ng decisions can be nade,
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10 may be achieved. As for signaling in general, there is,

however, a trade-off between the amount of resources that

are used for signaling and the amount of resources available

for transmission of user plane data traffic. In current

gstate-of-the-art it is known that it is beneficial to adapt
15 the CQI reporting scheme to the conditions listed above.

A drawback with prior art CQI reporting mechanisms
is, however, the 1lack of flexibility’ as to the use of
available resocurces.

In order to fully support all possible CQT

20 feedback schemes in all possible scenarios one would need to
allocate an unreasonable amount of physical resources for
uplink physical control signaling.

Even with a limited number of schemes applied, new
feedback schemes are difficult to introduce, especially if

25 they require that the uplink physical control channels need

to be re-designed.

SUMMARY
The present invention aims to solve at least some of
30 the problems mentioned above by providing a more efficient

use of the uplink physical contrel channel.



30 the problens nentioned above by providing a nore efficient use of the
upl i nk physical control channel. 7 The present invention relates to a

met hod for triggering of a CQ reporting transmi ssion froma UE. More
specifically, the invention relates to a nethod in a user equipnent, UE
for providing channel state feedback fromthe 5 UE to a base station, using
one of two different types of information, wherein the second type of
information is less detailed than the first type. Initially, it is

determ ned whet her the UE has received an uplink grant fromthe base
station or not. If 10 the UE has received an uplink grant, a first type of-:
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state feedback information is transmitted to the base
station on the granted resource. If, however, the UE has not
received an uplink grant, a second type of channel state
feedback information is instead transmitted on a dedicated
15 resource, or no channel state feedback information is
transmitted at all. Hereby, the uplink physical control
channel can be more efficiently dimensioned since only less
detailed channel state feedback information in a format
comprising very few bits is transmitted on this channel.
20 Such information could for example comprise the selection of
a specific antenna from an antenna arxay. More detailed
channel state feedback information in a format comprising a
large number of bits is transmitted on the granted resource.
Ssuch information could for example comprise frequency
25 information on resouxce block level.
Thus, the invention limits the amount of overhead
that must be allocated in a “dedicated” way for channel
state feedback, while still allowing detailed feedback to be
transmitted on a scheduled resource. Without the present
30 invention these dedicated resources would need to be
dimensioned to handle worst case QI reporting demand,

including possible MIMO requirements. Moreover, the reserved



30 invention these dedicated resources would need to be dinensioned to
handl e worst case CQ reporting demand, i ncluding possible M MO

requi renents. Moreover, the reserved 8 physical control channel resources
woul d be wasted if the UE transmtted uplink data, since the uplink
control signaling would then be transmtted using the schedul ed resource
instead and the reserved resources would not be used. By 5 inplenenting the
suggest ed nechani sm the uplink contrgol channel can instead be configured
to a mninmumrequirenent. According to one aspect of the invention, a UE
receiving a grant when it has no uplink data to transmt, sends channel
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upl i nk guamanhted resource, even if no other condition that normally
triggers a CQI report transmission . is wvalid. As a
consequence, the base station may interpret a scheduled
uplink transmission that only congists of channel statement
feedback, such as a CQI report, as an implicit signaling of
15 an empty buffer status information message and/or as an
acknowledgement on the uplink grant message that was
transmitted in the downlink.

In addition, by introducing the proposed channel
state feedback triggering procedure we can avoid sending

20 unnecessary CQI reports, thereby saving control channel
resources.

another embodiment further comprises the step of
only transmitting the channel state feedback information if
the channel state feedback trigger criteria specified for

25 the UE is found to be wvalid.

According to yet another embodiment, the less
detailed type of channel state feedback information is
periodically transmitted if the UE has no uplink grant,
while the more detailed, first type of channel state

30 feedback information is periodically transmitted if the UE

does have an uplink grant.



while the nore detailed, first type of channel state 30 feedback
information is periodically transmtted if the UE does have an uplink
grant. 9 According to another enbodinent, two alternative ways of
transmtting channel state feedback information of the first type is
provi ded. According to this enbodinment, both presence of an uplink grant
and uplink data is 5 considered. If the UE has uplink data and an uplink

grant, a scheduled uplink transm ssion will consist of both channel state
f eedback information and uplink data. If, however, no wuplink data is
present, a schedul ed uplink transm ssion wll consist of only channel

state feedback i tjon,. 10 I i tr m SSi Q rding to
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and tran%fgééfi ehne%bodiments may be utilized as a signaling of an
empty buffer status information to the base station, or as
an acknowledgement of an wuplink grant that has been
transmitted in the downlink. -
15 According to yet another embodiment, the report to
be used for transmission of the respective channel state
feedback infdrmation may be dependant on the size of the
received uplink grant, i.e. a base station may be able to
select the size of a requested channel state feedback report
20 by varying the uplink grant size, and the UE will be able to
recognize the size as an indication as to which amount of
information that is required by the base station. 1In
addition, such a mechanism will offer an alternative to
blind detection, since the base station knows what channel
25 state feedback information format to expect. According to
the suggested embodiment, the size of the uplink grant
received at a UE is compared to a threshold, T1 channel
state feedback information is prepared and transmitted in a
report of a first type, having a size associated with T1
30 only if the uplink grant size exceeds Tl. Such a comparison
may also be gradually repeated for one or more thresholds,

T2..Tn, wherein Tl > T2 .. > Tn, and wherein each threshold



report of a first type, having a size associated with Ti 30 only if the
uplink grant size exceeds Ti. Such a conparison nmay also be gradually
repeated for one or nore thresholds, T2..Tn, wherein Ti > T2 .. > Tn, and
wherein each threshold 10 is associated with a specific report type. The
size of the wuplink grant nmay be defined to represent an indication of the
bandw dt h, the nodul ation size, and/or the code rate associated with the
uplink grant. 5 Alternatively, the rqgaining avail able energy for data
transm ssion may be included on the uplink as a condition for transm ssion
of the channel state feedback information. According to another aspect, a
UE for prlgwadgs%&laégdcm{me& §%@é§f{@e§%‘x‘% f@@thﬁeuélke 8rbagg station
is presented, conprising ermning unit for determ ning whether the
UE has ré%é#@@dggﬁnﬁpﬂﬁﬁkQﬁ%ﬁﬁfﬁﬁﬁﬁnQQM¥QQ¥9§en§téPldﬁdéﬁaﬁb?n Phe UE al so
conprisesia tEAMAdCh NG RN foad 1t ii0naNSitd T gy Al i ¢34 Lype ehrehannel
state feedback 15 infornmation to the base station on the granted resource
if the UEsRsdaredcviidy the ypllink gramt. or a second type of channel state
feedbgck informaii ol Oni34¢di GHLAERSMEE alhi N 1D! eﬂgrgg; aphyhas been
received. Alternatively, no” channel state Teedback infor ion at all is
transm t 98d¢a ntpangmisdign eragceprr iigicluded cormnrfdle skl eédbadk is only
transmi ttc%%&l%l&ﬁs%isetfé%s%urs%gghv% uphé Nkngdhall - Jedranaidehagbodi ment,
the determning unit nay further adapted to determ ne whet her relevant
channel sinflogmataedback trlgger criteria specified for said UE is valid or
25 not. Accor dingedo-dihis egbodidtetle ghannel stahe keedhackdipbor mation

is only transmitted if also the channel state feedback tri gger Criteria is
f oundiot o dheryglli ptate feedback from the UE to a base statlon is

presented, comprising a determining unit for determining
whether the UE has received an uplink grant from the base
station or not. The UE also comprises a transmitting unit
for ﬁransmitting a first type of channel state feedback
15 information to the base station on the granted resource if
the UE has received an uplink grant, oxr a second type of
channel state feedback information on a dedicated resource
if no uplink grant has been received. Alternatively, no
channel state feedback information at all is transmitted in
20 the latter scenario, i.e. channel state feedback is only
transmitted in response to a received uplink grant.

In another embodiment, the determining unit may be
further adapted to determine whether relevant channel state
feedback trigger criteria specified for said UE is valid or

25 not. According to this embodiment, channel state feedback
information is only transmitted if alsoc the channel state
feedback trigger criteria is found to be wvalid.

The channel state feedback information is typically
transmitted in a report generated by a generating unit.

30 According to yet another embodiment, the generating
unit may be adapted to periodically generate a second, less

detailed report type if the UE has no uplink grant, while a



The channel state feedback information is typically transmtted in a
report generated by a generating unit. 30 According to yet another

enbodi ment, the generating unit may be adapted to periodically generate a
second, less detailed report type if the UE has no uplink grant, while a
11 second, nore detailed report type is instead generated if the UE does
have an uplink grant. According to another, alternative enbodi nent, the
determ ning unit may be adapted to cespare the size of a 5 dynam c uplink
grant to a threshold, Tl1l, and to generate a report associated with Tl, if
the size of the uplink grant exceeds Tl. The determning unit nmay al so be

adapt ed tQcoghadudkky de@heabasSHePodt PEYEEAULE it caRe gRhePRELYt REEShOl dS
as descri bed above. If a report Is required for all 10 occasions, the

smal | est tigr FEhEPES VD&l &Pk 0¥ one enbodi ment, the determining unit

may al so be adapteshdi@g Ned udeckRBR NiaNGeauatlabl @meBaigimi or cdat a
transm ssion on the uplink as a condition for generating a channel state

f eedback deggaspining Begbr BRHg o 3ARAPLEAot R rCARFE | EE Mt afodPF n2a base

statign, &R&EShEQiﬁksgbﬁwgé hdscRrovisted for, obi@idy R@neehaangl state
feedback froma UE. According to one aspect of the invention, it is the
pr esence ¥SPFEWISPARLAEEA ViR HBL, bhlsethg #1i%h hdine MRYd8Ks IFRBEschedul er

to providgaRad0 Mp!l ifike 0pAPErAOnENE Bt Nrakden dp Becghygrddiecdownl i nk
channel state feedback required for |link adaptati on and/or channel

dependentgradiaddyi HEPFt i BnRTESEAYD FMHatOMOECENTOF R ieshCedSr esour ce.
Thus, in acéasgegggiig@ée HAld onpeeds rehannel; st atgut eegdback i afior mati on

al though there is no on 25 going uplink transm ssion, an uplink grant can
be sefit facsmsicne. bhlke Headidiest Fbrapheld 13k BnP6EnBPi ®n. If the schedul er

In one embodiment, the determining unit may also be
adapted to include remaining available enexgy £for data
transmission on the uplink as a condition for generating a
channel state feedback report.

15 According to yet another aspect, a method in a base
station, comprising a scheduler is provided for obtaining
channel state feedback from a UE. According to one aspect of
the invention, it is the presence of downlink data in the
base station that triggers the scheduler to provide an

20 uplink grant to the UE in order to receive the downlink
channel state feedback required for link adaptation and/or
channel dependent scheduling of downlink data to that UE on
the granted resource. Thus, in case the base staticn needs
channel state feedback information although there is no on-

25 going uplink transmission, an uplink grant can be sent from
the base station to obtain the information. If the scheduler
has deteymined that channel state feedback is required, an
uplink grant is generated, and the uplink grant is provided
to the UE in order to receive the channel state feedback on

30 the granted resource.

According to another embodiment, it is also

determined whether downlink data is present in the base



has determ ned that channel state feedback is required, an wuplink grant is
generated, and the uplink grant is provided to the UE in order to receive
t he channel state feedback on 30 the granted resource. According to

anot her enmbodi ment, it is also determ ned whether downlink data is present
in the base 12 station or not, and if this is the case, an uplink grant is
generated and provided to the UE, in order to receive downlink channel
state feedback on the granted resourge. According to yet another

enbodi nent, the |l oad of the 5 uplink is considered, determ ning at the
base station whether the uplink load is below a threshold, th or not. If

this is the e,_an upli , t. 1S.0 r a i d o.the UE
CIhermﬁngaFﬁgﬁs?En% ?hﬁnggd%{%%'sfif gﬁgvgﬁﬁgg cﬁﬁﬁﬁék ??3?% fBedback
i nf or mat igenerstedoizdeld prnovhdet ob 0= oNFoeI nimt reafderc. td\n repkink grant may

be provided to th E for . th LRO of .receivi an uplink transm ssion
on the gggﬁPeankrg%%%Fgeftgﬁgtggﬁ?ﬁa§§6”1éﬁ%t gﬁgﬁgglr%?§¥§£feedback. The
retrieved upli nkateansimgs sbogetrayndtiernr Embasiddehy, t tiee blas@ ©F shation to

esti te the pligk &?%ﬂ%ﬁ&e ual it efQﬂﬁHl”katad%ﬁtaH£Qan%%Q95 ghanne
depen ent'® &ﬁeduflng ot K 8% 3 1 romx hE “UE. ?bré%y, theé“uSE of both
upl i nk praeithgrande wohirsc edid ¢ GRlloweporhsesihwlde dh rirt edt . TME schedul er

can thus, place %gg channel st te}ge%g%%c§ re og%gtqﬂe£%§ource%eao where it
wants to Shé St uﬁ??%k Thd R Ferna?igepy, T

EUpETTKgrant may be
provi ded tico tHee WHE foathetrikespyr ppsesighalbmat seqiingedipfdmipyridingni zat i on.

Accordi ng, LRLKS! R0PLNGL ARDSE! 512 D008 S all 0lyo1 GOAPELSEOQ R sehedul er
adapt ed 8286t £ éRanAer 8tate Br¥eetdback®f foma UE I's prOV|8ed. The
scheduyl erongetpyi sesféic.

An uplink grant may be provided to the UE for the
purpose of receiving an uplink transmissicn on the granted
resource, containing at least channel state feedback. The
retrieved uplink transmission may then be used by the base

15 station to estimate the uplink channel gquality for link
adaptation and/or channel dependent scheduling of uplink
data from the UE. Hereby, the use of both uplink probing and
non-scheduled CQI reports can be limited. The scheduler can
thus place the channel state feedback reports on resources

20 where it wants to probe the uplink channel. Alternatively,
the uplink grant may be provided to the UE for the purpose
of maintaining uplink synchronization.

According to yet another aspect, a base station,
comprising a scheduler adapted to obtain channel state

25 feedback from a UE is provided. The scheduler comprises a
generating unit, adapted to determine whether channel state
feedback is required oxr mnot, and, in case channel state
feedback ig required, the generating unit is further adapted
to generate an uplink grant in order to receive channel

30 state feedback from the UE on the granted resource. The

uplink grant is then transmitted by a transmitting unit,



generating unit, adapted to determ ne whether channel state feedback is
required or not, and, in case channel state feedback is required, the
generating unit is further adapted to generate an uplink grant in order to
recei ve channel 30 state feedback fromthe UE on the granted resource. The
uplink grant is then transmtted by a transmtting unit, 13 and a
receiving unit is adapted to receive channel state feedback in response to
the transmtted uplink grant. Accordiipg to one alternative enbodi nent, the
generating unit is adapted to provide an uplink grant to the 5 UE in order
to receive downlink channel state feedback required for |ink adaptation

and/ or chapnel %eem@ﬁm uﬁgbe_d;gl Iofg Feéddcawnlféaﬂél%t aHa@nkMe sPEcan the

granted resource if it found that the base station has downlink data.
10 Acccw(ﬁQ%ébFGkah%t?ﬁﬁPQQ@@oGPnﬁhﬁ txansdtecatPhgnling¥ant.s adapted to

provide an uplink.g5aiihf0 ¢he YRel f dilcehBathound dpabiihBge Upl gk | oad at
the UE is below a specific threshold, th. The threshold is typically

adapt ed SIigeieTeRART Wplh fle @éﬁ@tﬁﬂoh$o@#ﬁ#ld@E§anPﬂlﬁbt9#&??ﬂﬁ$aﬁh9ely
af f ectsed.y Elt g.)ﬁ‘;?c%:\r/cf%'é‘ngtéorBé%'él@@OtMnlﬁ'mOdbmelt@%aggn%fe%td'bﬁgk unit may

be adapte a UE wth an uplink grant for the purpose of
recei vi ngeamigghi nkorr ahimk sskdaptatione agAdaredchesert celenmmeestn t he

uplink traps n Iy at st..ch elgst ate d he

schedul er naghgﬁhg Sgpgg'bég%?gd ?%ﬁﬁsgothgﬂﬁpﬁrik%%%aﬁgﬁlg§%§ﬁ6§o estimate
the upl imdeccirgrnéE dtalipt foboe Fhak bdapbase optaktpwrhashdnv@lingependent
schedul i Qf uplink data fromthe UE. The generating unit nmay be adapted
to provide a UE with an uplink grant for the purpose of maintaining uplink
25 symWchr oni zat | decomliner e pnekhert feborimeamit. | f§cuappeRriinge unit

is adapted to provide an uplink grant to the UE if it is
found that the uplink load at the UE is below a specific
threshold, th. The threshold is typically adapted such that
uplink data from other UEs will not be negatively affected.
15 According to yet another embodiment, the generating
unit may be adapted to provide a UE with an uplink grant for
the purpose of receiving an uplink transmission on the
granted resource, wherein the uplink transmisgion comprises
at least channel state feedback. The scheduler may also be
20 adapted to use the uplink transmission to estimate the
uplink channel quality for 1link adaptation and/or chamnel
dependent scheduling of uplink data from the UE.
The generating unit may be adapted to provide a UE
with an uplink grant for the purpose of maintaining uplink
25 synchronization. Alternatively, the generating unit may be
adapted to generate an uplink grant of variable size,
enabling the base station to request for channel state

feedback information of a variable size.



adapted to generate an uplink grant of variable size, enabling the base
station to request for channel state feedback information of a variable
size. 14 BRI EF DESCRI PTI ON OF THE DRAW NGS.The present invention wll now
be described in nore detail by neans of exenplary enbodi ments and with
reference to the acconpanying drawings, in which: 5 - Figure 1 is a basic
overview of a signalling procedure between a user equi pnent and an eNodeB,
according to the prior art. - Figurgg2 is a table indicating a
configuration of CQ report triggers, according to the prior art. 10 -
Figure 3 is a flowchart illustrating a procedure for providing a CQ

report froma user eqﬁﬁ@rﬁ%@h@,@mﬁl\@ﬁeﬁm RLQHEEBY to the prior art. -
Figure 4a is a flow chart illustrating a procedure for selecting a CQ

report in user ediieppERcenpcioyentipn ¢illsngrcbeRtinided. 1o W¥ure 4b is a
flow Chaﬁgtaﬂug%rﬂéaw G RLAGRAULS tembodﬁﬁé@@g e 3iPH reeRPLACL N a user

equi pment, according to another enbodiment. - Figure 5 is a flow chart
i|lust rattpngha ¢ cuadmydngodravings) det |W|1?gcbc CQ report in a user

equl pRent, ARGOLIILNG, 1 o) 4EL:BNOLASL ED8Y! Ao qraaiiQ BrBoksufe! | OW char
illus atl ng pr ocedur & ecting a regport [ user ‘equi prent,
accordi ng tletwerot keusalkt egnapineet eatd diumesifodedt -addogding 7t stie bl ock

di agram schrematl c%l ly illustrating an eNodeB, adapted to request for a
CQ report, accordi ng to any of the described enbodinents. - Figure 8 is a
bl ock di agraigurechendti @aldabld | isdi@dting aa configuration of CQI

report triggers, according to the prior art.

10 - Figure 3 is a flow chart illustrating a procedure £or
providing a ¢CQI report from a user equipment to an
eNodeB, according to the prior art.

- PFigure 4a is a flow chart illustrating a procedure for
gselecting a CQI report in user equipment, according to

15 one embodiment.

- Figure 4b is a flow chart illustrating a procedure for
selecting a CQI report in a user equipment, according to
another embodiment.

- Figure 5 is a flow chart illustrating a procedure for

20 selecting a CQIL report in a user egquipment, according to
yet another embodiment.

- Figure 6 is a flow chart illustrating a procedure for
selecting a CQI report in a user equipment, according to
another alternative embodiment.

25 - Figure 7 is a block diagram, schematically illustrating
an eNodeR, adapted to request for a CQIL report, according
to any of the described embodiments.

- Figure 8 is a block diagram, schematically illustrating a
UE, adapted to provide a CQI report to a base station,

30 according to any of the described embodiments.



UE, adapted to provide a CQ report to a base station, 30 according to any

of the described enbodinents. 15 Figure 9 is a flow chart illustrating a
procedure for an eNodeB requesting a CQ report froma UE, according to
one enbodinment. Figure 10 is a flow chart illustrating a procedure for an

5 eNodeB requesting for a CQ report froma UE, according to another
enbodi nent. DETAI LED DESCRI PTION Briefly described, the present invention
involves 10 a method, a user equi pmapt and a base station adapted to
handl e channel state feedback reports in a nore flexible way. Mre
specifically, a channel state feedback procedure is provided which

utilises thﬁeé%g Ces a]a\@dfa%h%r o&llhgﬁ,p%%qé%slbor}%roo e(c:ihann(il st at e

f eedback nor icient is ac ng upllnk gr ant
avallab|I|t§N¢¢ﬂ&)rQQu£S¢haBnei @QEIEE¢@EUbéUMnrep@Et|mgcbrdgg@rSoused for
det er m ni ng b qgﬁgb E w to send channel state feedback from a UE i.e. a
channel stai'e feedback reporting rule is set-up at the UE, specifying that
t he channel Fidwatee fteddbackl20 cleqmor tivigmswirkkingl ¥ prbwwﬁﬁﬂ@eﬁoa BfAspective

UE has obt aj an u Ilnk grant _or er tlvel i r ant

avai | §b| | i tyﬁl R oI Garadot 6%be 1 orﬁegpolrﬁ: gf% Lﬁ;em%ﬁ gla/ﬂi ch type
of channel s¢aaﬁbdhaadbab&dim¢mul to transmt. By usi ng an uplink grant,
al one or in conbination 25 with other channel state feedback trigger

criteria, a base station will also be able go get nore out of using
channel state feedback rep@EEaILEaan$EHIHTiomossibIe with prior art

solutions, In thepkollo oo, XGB! e stbodrente el oi3g.ot 2t

i0 a method, a user edquipment and a hase station adapted to

handle channel state feedback reports in a more flexible

way. More specifically, a channel state feedback procedure

is provided which utilises the resocurces available for

transmission of channel state feedback more efficiently.

15 This is achieved by including uplink grant availability into

the c¢hannel state feedback reporting triggers used for

determining when and how to send channel state feedback from

a UE, i.e. a channel state feedback reporting rule is set-up

at the UE, specifying that the channel state feedback

20 reporting will rely on whether a respective UE has obtained

an uplink grant or not. Alternatively, wuplink grant

availability is configured to be the only trigger,

gspecifying which type of channel state feedback report to

transmit. By using an uplink grant, alone or in combination

25 with other channel state feedback trigger criteria, a base

station will also be able go get more out of using channel

state feedback reports than what is possible with prior art
scolutions.

In the following exemplified embodiments, channel

30 state feedback reports delivered from UEs will consequently

be referred to as CQI reports and base stations will be

referred to as enhanced LTE base stations, i.e. eNodeBs.



be referred to as CQ reports and base stations will be referred to as
enhanced LTE base stations, i.e. eNodeBs. 16 Furthernore, the channel
state feedback rules, specifying when to transmt a CQ report, which may
be expressed in terns of a |ogical expression involving one or a

conmbi nation of tinmers, events and/or conditions, will be referred to as ~
5 CQ reporting triggers. It is, however, to be understood that the

descri bed enbodi nents may be applicahkke also for other conparabl e channel
state feedback inplenmentations. Figure 3 is a sinplified flow chart
illustrating a procedure for providing channel state feedback in the form

10 of CQ_ . reports froma UE to an de di o the .RLL art. In a
first stgblr%glﬁ,m?ﬁ%' crgilLl erclggfJrl 8? \ﬁ%’éﬁea% e%%%\%{(t oﬁgee%i’vesg)e&l??ggént t ypes
of CQ repent o tymimeality a dedl nedpast spesidh edampbbee ewptrhssed eience to
figure 2 conglfggrfd as. -a CRTSsQYOE'\bde%’vi'nS ggl |c\j/§raedcotrr%.aggiggcel ved 15

by the Ui‘—_;.erf“r? a néx ogs]’[cé’lp:)L P8 Lot iThuous checki ng procé‘ ure, for

det er m niafy tilvet-her etdrec CRNG A1 exdnditdpes) fwill bye tefeCRES ke &ul fill ed,
is initi ‘?cd'rel fo tth riteria ofxta J(':RT jﬂgwf ournd L9 %% fuul felr| Itegdi n a step
302, 4 % re;?orrt oF t §g|9§§5éct|ve sE’ype W 1T be ransmntdt ed By the 20 UE,
as il | ustthattedths tdesarxfibrdl esibbediddB8ts | mayhbeewgplithble CRTscr Eberia i s not
fulfilled, . .the checki procedure, i epgated.startj again with step
301, 11 CIBFE SPEPEr =i RRrEG LoF BT Tt oty pRB TSP T 886r (s confi gur ed
for the UE, the Ehgokd gy jpr ocedimps idiikeld BHeowepkatiedi Bocoeitighya25 for

each Teport Lupe. EOUI QUS| Vay UCh, ADNOGRINE d ol deCdl Ag gD, O
transmt reports | eaves no’' room T or exibiTitTy asto thée use of
avai habl efr esplr egsoxirs arémm awia tof am meNedeBt hatcoadilge tet theved froma

CQ repo rpt]:":i.o'?:"c %l’al:'rt:a.lt nC ga %%rls tq usacleipt y3 d‘orf ngh%d Q:Q:i%terg.ge f%yo %ﬁgn and
how to deliver different types of QI rxeports, typically
defined as specified above with reference to figure 2,
configured as a CRTS by eNodeB, is delivered to and received

15 by the UE. In a next step 301, a continuous checking
procedure, for determining whether the CRT criteria
specified by the CRTS is fulfilled, is initiated. If the
criteria of a CRT is found to be fulfilled in a step 302, a
CQI report of the respective type will be transmitted by the

20 UE, as illustrated with a final step 303. If, however, the
CRT criteria is not fulfilled, the checking procedure is
repeated starting again with step 301. If there are a
plurality of different types of CQI reports configured for
the UE, the checking procedure will be repeated accordingly

25 for each report type. Obviocusly, such a procedure for
deciding when to transmit CQI reports leaves no room for
flexibility as to the use of available resources or ag to
what information that can be retrieved from a CQI report.

Accurate channel gquality knowledge at the eNodeR

30 is mainly required when data is transmitted in the downlink.

When there is no downlink data transmission taking place,

there is, however, no or very small need for detailed CQI



30 is mainly required when data is transmtted in the dowlink. Wen there
is no downlink data transm ssion taking place, there is, however, no or
very snmall need for detailed CQ 17 reports. Furthernore, when the UE is
receiving data in the downlink, there will typically also be transm ssion
activity in the uplink, and, thus, CQ reports should preferably be sent
mai nly when the UE is anyway transmtting in the uplink 5 in response to
downlink transmissions, as this will ¢ nimze the anount of

sem -statically allocated CQ resources. For this reason, the CQ overhead
can be reduced by defining two different CQ formats, wherein a first

format ug I hay er Ak, bi S;US the UE
PO | AR Hhe AURDET WBbnDLRS UkS 1 %gcé@vn‘?ﬁé'"@&ﬂaogﬁ}v‘é}?@

woul d 10 fransnit data 1n the up anyway, while a secon ormat using a
smal | er Gowbkinkf thers wslhs@tplfqarllmalﬁpahgrrtwamsseﬁnyactstwt he

Lransm sg)08nst LYEL © A:%d,dié%%rerﬁgf Yegdits 'HBLRARRBLSILON GaseS, having
different sizes Tor the two reporting formats, Suc aprocedure w | |
not conpfévateaindy whenovee WE St mauvaye tragentthing tie she wpbodt nent, two

different, tygﬁo(j’l&f t ﬁP ST rafliskl ggsasag él&"éé‘ La39! H%ﬁ%é&pe, e a
coar se type resolution type, i.e. a detail type,
respect i vbéyamavet spéCEémEfquaﬁéYC@llmpﬁﬁﬂl Fl20eEPigeRs- cf9Xeria

associ al ofl; ¥ LL IS EnbMBo PRy L AROIS LUPES. buded WP defiRUER @uyay that if

it is folun received an uplink grant from an eNodeB during a
CRT checé&iffehentUEQH Ifbrtnaaﬂsnwmelaemtaalfllééthfgméﬂ'esftﬂwl anl&ey eport

using tNg.ghapt 89 nasauras, ublde:q Gaal a%&gﬂw L&Al WO Subll g T eport

will be ransmt on "t he dedi cafed upl physi cal control channel, if
no upd i nkrgnemit ha@tabeem\ thecuplégk AHW@hodeﬂ%ﬁagﬁﬁeﬂ@QﬁO?@p'brt

g:![ :a:/:ar yuQESSrQi ngallte(} tn@m%e%n%?dbgggt i¥.Vi L£ec§]%ap%$%gaingﬁgs-é{bﬁ urt her

only. Since the transmission structure is different for the
two transmission cases, having different sizes for the two
CQI reporting formats, such a procedure will not complicate
15 the overall structure.
According to one embodiment, two different types
of CQI reports, specified as a low-resolution type, i.e. a
coarse type, and as a high-resolution type, i.e. a detailed
type, respectively, are specified and the CQI reporting
20 trigger criteria associated with these two CQI report types
is set-up in such a way that if it is found that a UE has
received an uplink grant from an eNodeB during a CRT check,
the UE will transmit a detailed high-resolution CQI report
using the granted resource, while a coarse low-resolution
25 CQI report will be transmitted on the dedicated uplink
physical control channel, if no uplink grant has been
received. A method of managing CQI report delivery according
to this embodiment will now be described in further detail
with reference to figure 4a.
30 The first two steps 400, and 401 are executed in
the same manner as for the prior art described above,

referring to figure 3. In a subsequent step 403, however, it



with reference to figure 4a. 30 The first two steps 400, and 401 are
executed in the sanme manner as for the prior art described above,
referring to figure 3. In a subsequent step 403, however, it 18 is
determned if the UE has received an uplink grant or not. The presence of
an uplink grant at the UE is unconditionally interpreted by the UE as an
indication that a CQ report of a first type (type 1) is to be transmtted
to the eNodeB on 5 the granted resourge. Such a transm ssion, which may
conprise both data and channel state feedback information, is transmtted
in a step 404. 1f, however, no uplink grant is present at the UE, a CQ

report of;_a p IS4 0 hannel state feedback
i nf or mat i6n dlggg?lg%i%élgi? 'Ettr%n?ﬁl ﬁ %d&gén@lade e%igcggg%nge 1E‘)‘Eltjﬁstcec’,r é“s)gi' ndi cat ed
in anot IThe prepedds. ofAlarenpatinkepyant et tohee UE €8 unepotiticakigynati ve may

be confi gur i ruct t UE to .nat ransm t, any report _at all,
i.e. a C%%tr%gg%rgife?:g%ﬁ%/e “[krefnssna‘l‘n[ e 1’?8£f'(ﬁ% Bbueh (@%Qé:ﬁpﬁ’g?i HE grant is
present at f£i¥stt hepéE(tyseoridiing too mnatrhesménbed i teenthe wiiodkBWoh| be

describeqd,with reference to figurge 4b, also_other trigger . criteria,

dof 1 néd SLACRITERFELr | Aot e it ou2ah R RHBLEP T ng AR Pobe of cQ
report t@dmpaisal bothodutheabll. cBendbe ERIter feedbackminnrgathenbased on
the tine.sj t st _transm ssjon repart ak.pl ace, and/ or
whet her 1tsher?:c'f%rnes§gﬁfé%o%/\%||£n 15.3%“3{)/% yi)]tékglécé%sveaﬁprneode‘%pﬂ&g Fhr8Shol d  or
not. I|n fisgueséhr stepred@d,ard &l werequitva emdednd tIpet Heypaes

al ready.32 own in figures .3 and 4a xt st%p.néoz however . the

rel evant SOPPELTTE (B hSERBRSY I?Q?%a%n@ 2EF LBFP RS Bor SV AP d, no CQ
reporip i $et ransmeniteedd and a dedicated resource, as indicated in
another step 405. Alternatively, the type 2 CQI report
alternative may be configured to instruct the UE to not
transmit any CQI report at all, i.e. a CQI report is only
transmitted to the eNodeB of an uplink grant is present at
15 the UE.

According to another embodiment, which will be
described with reference to figure 4b, also other trigger
criteria, defined as CRT criteria, is considered when
determining what type of CQI report to transmit from the UE.

20 The CRT criteria may e.g. be based on the time since the
last transmission of a CQI report took place and/or whether
the present downlink activity exceeds a predefined threshold
or not.

In figure 4b, steps 400 and 401 are egquivalent to

25 the ones already shown in figures 3 and 4a. In a next step
402, however, the relevant CRT criteria is checked. If the
CRT criteria is not wvalid, no CQI report is transmitted, and
the checking procedure is restarted at step 401. If, on the
other hand, the CRT c¢riteria is found to be wvalid, it is

30 determined if an uplink grant is present at the UE in a next
step 403. If an uplink grant 1s not present, a coarse CQI

report of type 2 is transmitted in a step 404, while a more



the checking procedure is restarted at step 401. If, on the other hand,
the CRT criteriais found to be valid, it is 30 determned if an uplink
grant is present at the UE in a next step 403. If an uplink grant is not
present, a coarse CQ report of type 2 is transmtted in a step 404, while
a nore 19 detailed report of type 1 is instead transmtted in another

step 405 if an uplink grant is present at the UE. Also in this scenario,
the type 2 report alternative nay bejgconfigured to instruct the UE to not
transmt any CQ report 5 at all. Including uplink grant availability in
the CQ reporting triggers has large inplications on the practical usage

of the Cled=8RQH! $epstNCEe HBHLA 1 LPQIdr2 Y rRfsmiSEId!id YnAnkpt nore
pur poses conpared to what can be 10 achieved with other state of the art

sol uti onsSteR eddl &7 BIL 1A ONGAEB iFaPEGETEX AfpltdegUEnt 2ASOELR specific
resource ¢y thenBviposed PeriOr B NG pplink,¢hapnelirstippti gp,

regardless if it has received a scheduling request fromthe “UE or not. If
the UE r &PEIG8Te8 Fneinfitamcthyber HEsh? t19th e nesieQrny efoF treperthe gr ant ed
resoursce,zit hgischeduler will be provided with information about the uplink
and downlink channel quality at the sanme tinme. Such a procedure may be
used as a nore ef feetnding| updaaki virans ch¥pherbELbAUHI A, thshef8Ionly a

referenceignahg ¢2ELYLAY AQsi ELPEORELON: b i A (AN (.0 figm the UE.
In the situation™when™a UE has an Uplink grant but no uplink data buffered

for transiiagsi off &heQCQlypeeRer¥BpofintecEhted Wy THROWNode®, Paplicitly
i ndi cat e, d&fihero,eNgdeB .t hatd he,LE0as %mBQl:éélf t@ghf?r%atangaﬁs o

consequence 25 for the eNodeB, requesting for enpty er status
i nf orWat iashigyecheyicNodeiBni $tatse afuddref lardusolpesonsi iy sgheduler

of an eNodeB may for example grant a UE a specific resource
for the purpose of performing uplink channel estimation,
regardless if it has received a scheduling request from the
UE or not. If the UE responds to the grant by transmitting a
15 CQI repoxrt on the granted resource, the scheduler will be
provided with information about the uplink and downlink
channel quality at the same time. Such a procedure may be
used as a more effective alternative to channel sounding,
where only a reference signal, carrying no information is
20 transmitted from the UE.
In the situation when a UE has an uplink grant but
no uplink data buffered for transmission, a CQI type 2
report received by the eNodeB, implicitly indicates to the
eNodeB that the UE has no uplink data, and as a congequence
25 for the eNodeB, requesting for empty buffer status
information by the eNodeB will be superfluous, resulting in
reduced signaling,
The described channel sgtate feedback procedure can
enable the scheduler of an eNodeB, which typically consists
30 of an uplink scheduling function and a downlink scheduling
function, to perform a trade-off between uplink and downlink

capacity. If the downlink scheduling function requires a CQI



reduced signaling. .The described channel state feedback procedure can
enabl e the schedul er of an eNodeB, which typically consists 30 of an
uplink scheduling function and a downlink scheduling function, to performa
trade-of f between uplink and downlink capacity. If the downlink scheduling
function requires a CQ 20 report to be delivered, it can check with the
uplink scheduling function if the corresponding UE has an uplink grant or
not. If the UE already has an uplink sgrant, the scheduler can expect a CQ
report to be transmitted on the 5 granted resource. If, however, the UE
does not have an uplink grant, the downlink scheduling function may

request . LRe;up! Lok 3chedyliagd Ungl! 0p.4 0 sehgdul g hhe,corespopdi ng  user
in the nea Future, even 1T the ‘cofresponding user has -~ nhot "Rade . any
schedul i sghedglieny . fifkctimn upf i bkel cadrespdmivngl OUE heasiphinkpdtiledul i ng
function chgose. .to @ vg t u rant _ju i t he sakg of

transm tglg%étt %(% z%t'relglor%et % E?%%gd%\%rl]% n hs?:l %aﬁ{(i ﬁﬁa?é’nc on

request egcheflulen tée otpmrt HalRl tdmmpr deride updanskikoad o3 hhgh, i.e.

hi gheg t S i fi t shol d _value . th pLink schedul.ing_function 15
may p%iog?gﬁggdugﬁ%ﬁ&%ggfaqgﬁadgﬁﬁgﬁﬁﬁl ?%nﬁ% h%?e%sé?g,quaﬁh,a?hus, no
resour cesipwiihk beapsedthor dG@hlimposthartpldsg |fomgtdasnt heyupkijnkst oad

remai ns high e f c e ed to keep..uplink users
synchron?;%dgpiﬁgpc(%ﬁ%%ﬁgggaﬁggegﬁé%g%ié% 892 r?%%éﬁugfspﬁgdgﬁgdeB in
responseuerainetbé veshmpfutnkregr @venmay bbe usedréspashingosthehdoad on t he

cont rol SPRARER 6, ShERAl £oRbREL 8 Ol URURE SR N E SRTe, i
si t uavi onsewuphihlovediesichl inhe fsndietd erayc ahod5echoosivd cheeepethe users
synchr Onig%:gxdltf 9{159 £oex|' algkilevesla}fcel %qu transmitting the CQI report that
the downlink scheduling function requested. If, on the other
hand, the present uplink load is high, i.e. higher than a
specified threshold wvalue, the uplink scheduling function
15 may prioritize uplink data transmission from other users,
and, thus, no resources will be used for CQI reporting as
long as the uplink load remains high.
Channel state feedback may alsc be used to keep
uplink wusers synchronized. The channel state feedback
20 retrieved by the eNodeB in response to a received uplink
grant may be used to control the load on the uplink
synchronization channel, allowing the eNodeB to gain direct
control of which users to keep in synchronized state. For
example, in situations with low load, the scheduler can
25 choose to keep the users synchronized for a relatively long
time period in order to provide a guicker response time once
new data arrives at the UE. Thus scheduled CQI reports may
be used instead of synchronization probes on the uplink
synchronization channel.
30 In situations when the UE is power limited on the
uplink it may not be able to transmit a CQI report and data

in the same TTI. For coverage reasons it would then be



time period in order to provide a quicker response tinme once new data
arrives at the UE. Thus scheduled CQ reports nay be used instead of
synchroni zati on probes on the uplink synchronization channel. 30 In
situations when the UE is power |limted on the wuplink it nmay not be able
to transmt a CQ report and data in the same TTlI. For coverage reasons it
woul d then be 21 beneficial to have the option to turn off CQ reporting
in cases where it has been found thaj the energy left for data

transm ssion has fallen below a threshold. Therefore, also the remaining
avai | abl e energy for data transm ssion could 5 be included in the CQ

reporting.LLk | HESJA ; r t nd.~gda @ﬂﬁpi ions are
time mul t?p{lexe 10‘;]&% h% eﬁpﬁ@nk%?)%tlgg rtgm?@gfq %ff§t %geﬂcagp%{épor i“?{g fromthe
TTI wil | cageévevheovidr Hasmbeed CBundrehat nihe enaxays ettt her ddt synbol s,

and_hence,Lhgn SO 1l ;Jagé%t DAL L AMARRED | NGHERSELye T SlODCB MRy

interpret an a nce report that shou have been included
accor di ngheoremei iR s idmblediccwtriovn fiolvatdatthe tyewemibebolr cormiad that UE

IS zero rib .m0y e hi_s L.op, .can S to avoid
expli%itbgiﬁﬁgrgﬁgﬁégp?hgug%%é%%%ggﬁggoﬁgggéggeﬁére f%”1§9§%§er imted
UEs. It Fepatte podsidize trrmorisisienshersudgdest edltihiemed ot atlee f eedback

Besoct at FRE-ERersAG R A R e R B A E ek L UE Bt 2 O ik
resour cegina 20 ppyémkliesioed cEEgmante neaime hén bergmsevitordliegudata i n such a
way that s%ﬁ{ﬁ/ UE LRatyd escpﬁgu!e%%.riﬂ t&’} QB@’.’"&%\!& P?Qrt d%%k,"ebé‘” upl i nk
grant for-a Ut ur & upln transm ssign. hi's7inplicit uplink grant may
e. g. ibe basedassdt hEhposibdeR wely tihretadpwmelti nkn r ebeence afl @caf®dn
descriptgggogg &H&t should have been included according to one CTR
as an indication that the power headrcom of that UE 1s zero
or below a minimum level. This option, thus can be used to
avoid explicit signaling of the power headroom for severely
15 power limited UEs,

It 1s also possible to combine the suggested
channel state feedback procedure with a rule that provides
uplink grants implicitly, e.g. by associating every downlink
transmission with an implicitly granted uplink resource. An

20 uplink resource grant may then be pre-configured in such a
way that every UE that is scheduled in the downlink can
derive an uplink grant for a future uplink transmission.
This implicit uplink grant may e.g. be based on the position
of the downlink resource allocation description on the

25 downlink scheduling control channel. Such a rule could be
beneficial since we know that when there is downlink data to
transmit to a UE, transmission of HARQ feedback, TCP
feedback, and CQI reports in the uplink will be reguired. In
one alternative embodiment, a flag in the downlink

30 assignment could be used to indicate 1if a downlink
assignment is to be associated with an implicitly granted

uplink resource or not.



25 downl i nk scheduling control channel. Such a rule could be beneficial
since we know that when there is dowlink data to transmt to a UE,

transm ssi on of HARQ feedback, TCP feedback, and CQ reports in the uplink
will be required. In one alternative enbodinent, a flag in the downlink 30
assignnment could be used to indicate if a downlink assignnent is to be
associated with an inplicitly granted wuplink resource or not. 22 Also the
use of DRX/DTX, i.e. Discontinuous regeption/ Discontinuous transm ssion,
in the UE may affect the procedure for delivery of CQ reports. A UE
operating in a DRX/ DTX node may fail to produce an expected CQ report of

5 a certain type ;Sig Bcet Lo %S(‘eonfdﬁurtggc/qunot | |este551r58 Lbgnudaanl i nk

ref erence synbol s aI of the time. Thus cQ ggering criteria may
al so i ncreceptivygr Mtslcgntmgam@lwnsmasnen t he l:JEel HYEiman &ofdcd n DRX/ DTX

d ; t
tr)rgsgdo(r)nglgél Sl nglr@ f%)gé?vatl :ﬁp%ffetcgz Lé%ﬁr@n re ergﬁgghsl%o gl,oo\r/ml | e
a pr ocesselRXDTY epdet mpasti brrolpyedugei ansexdeatmih ik repefterence synbol s
fromgseveral, JJi5 (R 1415 afitb%s o%@igg%&dt&f Loei U d s oty DRX mode.

A CQ~ repor |ng rur'e accor ing to t I red Invention can be set-up
stating dhenlirk ar¢fewsica nsywieluphlhk ogr ame whéme t hEhUE, has @ upl i nk

data to it . S fe report on
the gr a{r:l%fﬁgsr es uré(-:rel,t%%\ggn m%sla%%ot hltezr%t gi?lltk{%gtﬁ' ng%?%afgéa?dgngl
trigger swiaeﬂ@tr rdpolUE ticansnhasseohais DRYADTX Aode 20 oohselUéhciel the

eNodeB cf é%t e8g5C Qxﬁén?ldc ‘éoéa%shé\f.ar;lﬁ"é o%tﬁgg gy fonsists of
channel ate ack;  such as™ a as an i'np Pl t S|gnallng of
an ehpt ysuhmIeE evhstraptdonnbor rhei downksvages femwtcas sanbatknovikiebgenent
a processed CQI report based on observations of downlink
reference symbols from several TTIs may instead be
transmitted if the UE is not in DRX mode.
A CQI reporting rule according to the claimed

15 invention can be set-up stating that if a UE obtains an
uplink grant when the UE has no uplink data to transmit, it
sends channel state feedback, such as a CQI report on the
granted resource, even if no other CRT criteria that
normally triggers a CQI report transmission is valid. As a

20 consequence, the eNodeB may interpret ‘a scheduled uplink
transmission that only consists of channel state feedback,
such as a CQI report, as an implicit signaling of an empty
buffer status information message, and as an acknowledgement
of the uplink grant that was transmitted in the downlink.

25 An alternative procedure for managing CQI report
delivery in a UE according to another embodiment will now be
described with reference to figure 5. According to this
embodiment, also presence or absence of uplink data in the
UE is considered and two different type 1 CQI reports, i.e.

30 detailed reports are introduced, namely a full type 1 CQI

report, comprising only channel state feedback information,



of the uplink grant that was transmtted in the downlink. 25 An alternative
procedure for managing CQ report delivery in a UE according to another

enbodi ment will now be described with reference to figure 5. According to
this enbodi ment, al so presence or absence of uplink data in the UE is
considered and two different type 1 CQ reports, i.e. 30 detailed reports

are introduced, nanely a full type 1 CQ report, conprising only channel
state feedback information, 23 and asconbined type 1 CQ report,
conprising a conbination of uplink data and channel state feedback
information. In resenblance to the previous enbodinent, also this

enbodi meghastakbibthéd £ CPn&bﬂUi}éﬁ&@f GorfgFieifh & PubEna@fon !l ustrated
with a first step 500, followed by the initiation of a procedure for

cont i nuo@§| yrtheeidatg pRE cbmTee! spadief if8GBFk hni ¥ tiifna next step 501,

a checking of CRIh Crbb&hbfandt arst GhedOgre P WLl e@Bodithddtk 588t in a
subsequent step 503. In resenbl ance to the previous 10 enbodi nent, no
upl i nk gtBat PRPPRERRIE reftSs Wikl Hee CrafimssrdnchiaaCtPHee,D £Q report

in a stepg>04s lif1ushONEYEr widh HPkipke gk8BY E60f OwBL1SMdEppresent in step
503, it is determned whether there is uplink data present in the UE in a
next stepnibbatieperndi My SF¥oRREvEer 9yl | aRNERUPYSdY15CHREEETt et he UE or

not, a fgklhsor sgecoidad, Qle r@d® tirpfa A4ie sty Isoiheacknsenihgr
transm ssion of "the channel state feedback information. Accordingly, no
upl i nk defaCRiFl Frifesia tin rp tHeer rHitonidds @f o0 aPldrk gYpRt 110@ report in

a step é? seéH@HEa- éfi|§@3fepﬂ£t FBYnPA 6Bl | @i ednko 20e¢oBLaI N
anything frome.g. 10 % channel quality information, |eaving remaining
spaceal enpmpodipenip) Siochvphdik quadnty InnfEemiifonreFrlifisti®adtBpl i nk data

is preseptp ansonbineds LyPE e CF JdAPOFdpMd | 1R€ ot ratgm §6£d, 185
I||UStra%2ge$LLP an uplink grant is found to be present in step 503,
it is determined whether there is uplink data present in the

UE in a next step 505. Depending on whether uplink data is

15 present in the UE or not, a full or a combined CQI report of
type 1 will be chosen for transmission of the channel state
feedback information. Accordingly, no uplink data will

result in the transmission of a full type 1 CQI report in a

step 506. Such a detailed report may be configured to

20 contain anything from e.g. 10 % channel quality information,
leaving remaining space empty, to 100 % channel quality
information. If instead uplink data is present, a combined

type 1 CQI report will be transmitted, as illustrated with

another step 507. Once a report has been delivered from the

25 UE, the CRT checking procedure is repeated, starting with
step 501. If the eNodeB provides the UE with an uplink grant
according to the described embodiment it will, however, not

know if it is to expect a type 1 CQI report or a type 2 CQI

report since it does not know if the UE has uplink data or

30 not. The eNodeBR therefore will have to perform blind

detection to determine whether a type 1 CQI report is a full

or a combined version.



anot her step 507. Once a report has been delivered fromthe 25 UE, the CRT
checking procedure is repeated, starting with step 501. If the eNodeB
provides the UE with an uplink grant according to the described enbodi nent

it will, however, not knowif it is to expect a type 1 CQ report or a
type 2 CQ report since it does not know if the UE has uplink data or 30
not. The eNodeB therefore will have to performblind detection to

determ ne whether a type 1 CQ reportsis a full or a conbined version. 24

The introduction of an uplink grant of a dynam c size may enabl e the eNodeB
to implicitly know the transm ssion format of received channel quality

i nformation and,mta_h%trgaue&gxﬁdsfaaaowlflﬂk %Irta%li:n%tf' ve dghdliiand 5

detection. The use of such namc u grant will now™ be |IIustrat ed
in yet a®btdhermayrboeiaeie V\ll‘-111¢1 r@N@d@lcet@o inplieitly. Ay i rthe gure 6,

the initial, a{fs%amn%ggéxgg EPge é%&%&gﬁ% LG3LLY  RECLAIA0 the same

procedures as steps |gure 5 report of type 2 is
10 transandt edhms. a uredlmve-dechanrmwarrfﬁt e@lﬁmlaﬂlfvenomplbwkld grant is

pr esent uple rants,| e t grdde 51 the, size of
t he u%l |% %‘%‘gln%%wmihle %%ec%gs:ygg?le% iC1r)(1r§1urJ'%E ﬁgﬂ%nﬁ g]fn step 605, it is
det er m niedl whtuhieratede igi aetofanatiwr wpbiodkngnanwyiel ceeligrends st t hr eshol d

T 1 TR gale d5 RS GaS81q8: 0% 1 R0 tnflli dV R b NAKOS, SBREITIC STze,

size 1, as ociated Wi th the“conparison step, Iis transmtted to eNodeB in a
step 60660¢f60410mverbasm¢@1§nfz@@n‘fqmngpltr-lFf-‘k ngantpﬁ@efﬁ#ﬁ?ﬁeraﬁt han TI,

the proc .ep e r apt al |
conpar edggfgﬁ 5%% E)gt ﬁ%‘%ﬁ%lsd\é\%?eq?ng g:,\gfé Ig: %@ tﬁe%a%JTn yuntil
a match tsamémlmb,d bnea dédichtzal m‘hamkﬁeluphlﬁke@r%- |l§ _bpg@hnkhan a
threshol d, ,gpd & QRehEPREL L0 USR] Pnk NE- LRSAECHLYEent at

the UE, the size of the uplink grant will be considered in a
step 605. In step 605, it is determined whether the size of
that uplink grant exceeds a first thresheold Tl. If this is
15 the case, a CQI report of type 1, having a specific size,
size 1, associated with the comparison step, is transmitted
to eNodeB in a step 606. If, however, the size of the uplink
grant is smaller than T1, the procedure may be repeated,
wherein the uplink grant is gradually compared to smaller
20 thresholds, T2..Tn, where Tl > T2 > .. > Tn, until a match is
found, i.e. the size of the uplink grant is bigger than a
threshold, and a CQI report corresponding to the respective
comparison step is transmitted. A final comparison is
illustrated with a step 607, which results in either the
25 transmission of a size n type 1 CQI report o©or no report at
all. The smallest threshold, Tn may have a small amount or
even be set to 0 if it is required that a CQI report is to
be transmitted on each occasion when the CTR criteria has
been found to be valid.
30 A simplified block diagram of a base station,
exemplified as an eNodeB, adapted to operate in accordance

with at least the embodiments described above, will now be



conparison step is transmtted. A final conmparison is illustrated with a
step 607, which results in either the 25 transm ssion of a size n type 1
CQ report or no report at all. The snallest threshold, Tn nay have a
smal | amobunt or even be set to O if it is required that a CQ report is to
be transmtted on each occasion when the CTR criteria has been found to be
valid. 30 A sinplified block diagramof a base station, exenplified as an
eNodeB, adapted to operate in accordagce w th at |east the enbodi nents
descri bed above, will now be 25 described with reference to figure 7. It
is to be understood that, for sinplicity reasons, units which are not
necessar

for the .understandi ng of_.t he claiped. invention_have been
onitted. g‘?%c}fjébeac*]sw& or%]geﬂ%n &t St dd RS l7al fglffﬁ '?:so Ejenﬁﬂ??]é%te?f nthis
docunent thae, t bobesimildepret edaasns pxenpdd futeidH egiecabtunéésssanii ch nay be
i npl emeng ed single units of _in.combjnation, with .other units in any of
vari ous %%Esi% e §?t?ﬂ%1%0858%%quejsméer§t&ﬁéld e L™ adapt ed
10 to adombisdédat gtschedusisg bei waen thacedoseB ajmhtoneldr umiye UES,
represent ed here by, UE_800. The schedul er 701, . whi.ch typically includes
separgt emﬁﬁ'f:f%rkeaand‘“dmﬁﬁlisnkgog‘dﬂ%‘athl i MG f et ihs WSFKE‘%%) 2% onprises a
gener at i agempl i cf031ogdept editi@ sget efindne mafyet ber oipArRAehtstdatas 15 '
feedback informatjon is required or, not according to predeterm ned rules
confi gur%ﬁ“?lg‘? YRESS P atf eFOFRD HHY (15T e%%!%‘?euré?ﬁ%@q MYgrdnt to be
transm tv&fdidws tgesib1800ayshen it is found that channel state feedback

information is ﬁ%l rl‘{%%g Arc}otdpl [ nkrgr agt genﬁlr %;[uﬁd b O{jhg 3chedéjl er 701 is
20 transmitted t ENCEERe O ETRTIFE® a2t PANS ?Fné ni £99F of a
transcei ¥6r adadniatththaperéasi i beedackthyhiefbdgBy and one or
more UEs, represented here by UE 800. The scheduler 701,
which typically includes separate uplink and downlink
scheduling functions (not shown), comprises a generating
unit 703, adapted to determine whether channel state
15 feedback information is required or not according to
predetermined rules configured for the scheduler 701, and to
generate an uplink grant to be transmitted to the UE 800
when it is found that channel state feedback information is
required. An uplink grant generated by the scheduler 701 is
20 transmitted to the respective UE via a transmitting unit 704
of a transceiver 705, and channel state feedback, which may
be transmitted to the eNodeB 700 in response to the uplink
grant, is received bif a receiving unit 706 of the
transceiver unit 705. Also rules for how to interpret the
25 information retrieved £from channel state feedback, orY
absence of expected channel state feedback, will be
specified in the configuration of the scheduler.
Also a UE operating in accordance with at least
the embocdiment described above, will require modifications.
30 A simplified block diagram of a UE, according to one
embodiment, will now be described with reference to figure

8. Also in this figure, units and functions not necessary



be transmtted to the eNodeB 700 in response to the uplink grant, is
received by a receiving unit 706 of the transceiver unit 705. Also rules
for howto interpret the 25 information retrieved from channel state

f eedback, or absence of expected channel state feedback, wll be

specified in the configuration of the scheduler. Also a UE operating in
accordance with at |east the enbodi nent described above, wll require

nodi fications. 30 A sinplified block_diagramof a UE, according to one
enbodi nent, will now be descri bed wi th reference to figure 8. Also in this
figure, units and functions not necessary 26 for the understanding of the

cl ai ned inve i on have be he 800 c atln with an
eNodep. 760, PRbnBPRCES i e | HGCuiAIBET Favegonet abrng S5 repor
when t heorsipaeid..i ether iuer Baoi scémunthdaeibg valtid, aacccendﬂéug Sobo any of the
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criteri asien foHdf idpleedrioa @@iteﬁﬁd id Mesinawhet ber valﬂ.@spﬂﬁidr\fﬂngq report
is to be transmtted or_ nqgt. Qovi ouslg the determining unit 802 is 10

conf i’gurtéd oY d@feFH?n@m]v?ﬁgf‘H%?t%ndﬁi‘? ey r RV as Beedt T @ e ded by the
recei Vi nghiNi 40180fh0fhed tdoapseeby¥el dotbrBORindfubit 8662 andiaptedr esent at

the UE or not. The determning unit 802 also may deter et.her the UE
has upl itk EHFTMIPS MhREREST 12 oFSFRACEIVE &drdi ﬁr&ﬁer%ﬁel%ig%@rﬁﬁ\ﬁ unit may

15 take dhencsi Zeurf, 2nl8¢ewNethaipld et vientoTCconsbEteriad iven beV\lhen
det er m ni ng V\/m ch verS| on of channel state feedback informatign to

transni tSrREIEERTr OForer ngOPWﬁﬁt}E}Ych]P%rii‘ater‘%Hé’&gf W4t §P2t HE UE in one
or npy e LSRRl it SE&hin tihdbhed 4R ap3ILfk algr@nt WhkB tﬂte@ngener ating

unit 801. ChcedZOb tgﬁ availabjility (t)__f g2l Pl | ntk ! rs%gt e%ndnlt %ppl i cabl e,
t he receive Y e receiving unl of a tr iver u

of UE 800 and is present at the UE or not. The determining
unit 802 also may determine whether the UE has uplink data
to transmit or mnot. In addition, the determining unit may
15 take the size of a received uplink grant into consideration
when determining which version of channel state feedback
information to transmit. The CQI reporting trigger criteria,
specified for the UE in one or more CRTs 806, is stored
within, or in association with the generating unit 801. Once
20 the availability of an uplink grant, and, if applicable, the
validity of the remaining CRT criteria, has been determined
by the determining unit 802, a CQI report is generated by
the generating unit 801. The chosen CQI report is then
transmitted to the eNodeB 700 via a transmitting unit 807 of

25 the transceiver unit 805.
The operating steps of an eNodeB according to one
embodiment will now be described with reference to figure 9,
where scheduling is activated in a first step 900. When it
is determined by the scheduler of eNodeB that a CQI report
30 is required in a next step 901, the scheduler generates an
uplink grant in a step 904, and transmits an uplink grant to

the respective UE in a final step 905. The scheduling then



validity of the remaining CRT criteria, has been determ ned by the
determning unit 802, a CQ report is generated by the generating unit
801. The chosen CQ report is then transmtted to the eNodeB 700 via a
transmtting unit 807 of 25 the transceiver unit 805. The operating steps
of an eNodeB according to one enbodinment will now be described with
reference to figure 9, where scheduling is activated in a first step 900.
When it is determ ned by the schedul;er of eNodeB that a CQ report 30 is
required in a next step 901, the schedul er generates an wuplink grant in a
step 904, and transmts an uplink grant to the respective UE in a final

step 905pr3_&§3<%”&%@'é|rbﬁlﬂgi}henwggreﬂ{ %%ed:axa%gegg %Lyawx@ggae' nthe CQ

report is awaited one alternative, the st represent ed by
checki ng®"¢ F?elt@éfﬁéittli"en et Hep &@\ﬂdnmﬁrikb@ar‘amfeﬁqmteslehy oreqigng i .e. if

downl i nku@@t@ortdartlehewheéﬂ@ftaa&ﬂ%m Hatls es_%ng akehbesp ,g%gdeiﬁe an up' I nk

grant is generated in step 904 and transmtt I'n step whi'le no UL
grant istiraneiditfeddatr hEewi she Assapceivat Pie 1emlm¢|8|¢ent agf te

configuratdsun of 5nt hg, £ipdeR L, de _g,rl&egr\gltgg 5@ rfecré%d gg%f i.gure 10,

where 10 the first ep 90 e final steps are the sane
as descr?%&ﬁm%tﬁﬁel@éﬁ%§€&mm3@ntno | 9L sgepn®902s  transmitdetder m ned
whet her gdoynkjink data is present or not. If downlink data is present, the
uplink | oad of the eNodeB is conpared to a threshold, th in a next step
903, and if the 25 upliarodtdye igiaumgnto b bel owmbimmiratheeskdl d, an

upl i nk r S 9 r ans d S 905. If,
however, &g%g%é%gﬁ%%o%g%@%%ggdgggg Qé Qﬁ% & ﬁl 1greisdelnt"“':}ra([;ad is
consloder"e@t%utfé'- ts¥ePhid§e eodi ke :ittealchtaﬁmel 984 atwd f 2¥fdbark theansmi ssi on,

and, thugnddPhddibed in the previous embodiment. In step 902,
it is determined whether downlink data is present or not. If
downlink data is present, the uplink load of the eNodeB is
compared to a threshold, th in a next step 903, and if the

15 uplink load is found to be below that threshold, an uplink
grant is generated in step 904, and transmitted in step 905,
If, however, the uplink load exceeds the threshold, the
present load 1s considered to be too high to initiate
channel state feedback transmission, and, thus, no uplink

20 reguest is allowed to be transmitted at that occasiomn.

To conclude, with more efficient control channel
handling, the total available resources of a network can be
more efficiently utilized, resulting in an improved network
capacity.

25 Even though the invention has been described in
relation to the concept of LTE, it could be applied to any
system that applies channel state feedback reporting, such
as e.g. CQI reporting, and scheduled uplink, such as e€.g.
WCDMA with enhanced uplink. The invention is, thus, not

30 limited to the disclosed embodiments, but is intended to
cover variocus modifications within the scope of the appended

claims.



20 request is allowed to be transmtted at that occasion. To conclude, with
nore efficient control channel handling, the total avail able resources of
a network can be nore efficiently utilized, resulting in an inproved
network capacity. 25 Even though the invention has been described in
relation to the concept of LTE, it could be applied to any systemthat
appl i es channel state feedback reporting, such as e.g. CQ reporting, and
schedul ed uplink, such as e.g. WDMA,w th enhanced uplink. The invention
is, thus, not 30 limted to the disclosed enbodi nents, but is intended to
cover various nodifications within the scope of the appended clains. 28
CLAIMS 1. A nmethod in a user equipnent, UE (800), for providing channel
state feedback fromthe UE to a base 5 station (700), characterized by the
steps of - determ ning (403) whether thrRIME has received an uplink grant

fromthe base statipon or.nqt;.- transmttin 404) first type of channel
state feedback ll‘nf‘grrrf'gﬁk%% 9" t ie ‘Hise %?lé?ﬁ’%‘?{ltdn ?ﬁe ( ?zgﬁt‘ eofeorto resour ce
i n case phevifippschawe:Vvedtane upfidedlibagkanizom thandm titd ng (¥ a second

type pf gg nnel éﬁ@%e Epedbac é ntorngtion %% a ggdica ed resource or no
channel “5Tat® feedback I hf & it oA 4 %R (hE GE°REsChot received an
uplink grant, wherditersahiingecoos) t ypetiodr i tiiorvmt has receikbed ess detail ed
than the first t C R2, A%nethod according to claim1l1, further conprising
the step™ b‘% %’T%%?_Ietfg?'ﬂi ?%fﬁ?et%@?“?ﬂegﬁh%%%'el state feedback trigger
criteria specifi-edrfaosmsatindgE(ts4P0avalidt angpaheEechahiel respect i ve
channel Eég‘égagkeegggglkmation to the base station on the granted
10 resource in case the UE has received an uplink grant;
- transmitting (405) a second type of channel state
feedback information on a dedicated resource or no channel
state feedback information in case the UE has not received

an uplink grant, wherein said second type of information is

15 1less detailed than the first type.

2. A method according to claim 1, further
comprising the step (402} of determining whether the channel
state feedback trigger criteria specified for said UE is

20 wvalid and wherein the respective channel state feedback
information is transmitted (404,405) only if said channel

state feedback trigger criteria is wvalid.

3. A method according to claim 1 or 2, wherein if
25 the UE has no uplink grant the second, a less detailed type
of channel state feedback information is periodically
transmitted while the more detailed first type of channel
state feedback information is pericdically transmitted if
the UE does have an uplink grant.
30
4. A method according to c¢laim 1 or 2, further

comprising the step of determining whether the UE has uplink



information is transmtted (404,405) only if said channel state feedback
trigger criteriais valid. 3. A nethod according to claim1l or 2, wherein
if 25 the UE has no uplink grant the second, a |l ess detailed type of
channel state feedback information is periodically transmtted while the
nore detailed first type of channel state feedback information is
periodically transmitted if the TIE d#%s have an uplink grant. 30 4. A

met hod accor di to clai, or further conprising the st of

det er mi nARER wie¥Ner 20¢e 'ﬂ]EjﬂT‘%s Lﬁ%l ihas o 4plinky a@%osi)n%ané"i fulﬁﬁ'é‘ UBais
uplink dgta 0e@,r]i.fpli ra i dul pli tr, } SSigpn ( ) will
consi st gf bot (I:d;nngphgl'?at gltafnesgrgﬁﬂgﬁ in(?gnjmt iv@irﬁ an ﬂég'}i nl??datthRS. A
met hod achanmilrsfatedeedback ibfoymationfand: plink dedapri si ng t he step of

determ ni ng whet her the UE has uplink data and if an uplink grant but no
uplink data is present a scheduled uplink transm ssion (506) will consi st

of only changel <A atené@pdbackcédifigmat k®n. &ainh Meft hograccyr di AgtHep claim
5, wherein said scheduled uplink transmssion is utilized as a signaling
of an eppmprisings ethet astep i Af ordeiermining twhaetbase theat n. tRas A untinkod

accordin 0 ¢lai mb5, eresn, saj S dyl ed i nk angm Ssj IS

utili zedggta ar?n%laclgﬁoﬁﬁgdggw%t ad&?"‘t hg’ﬁﬁpl %k lg’?‘hht #}%t \;\E/;]s%tﬁ‘%g%stm fted in
t he downkghddul8d A plifted aggesdissdnt 0 g8P6PT clill ms cbhndist Wwhebki n ofilpe type
of report to be used for transm ssion of the respective channel state

f eedback channglfdatedaedackdptimation. on the size of the received uplink
grant. 9. A nethod according to claim8, further conprising

6. A  method according to claim- 5, wherein said
scheduled uplink transmission is  utiized as a signaling of
an empty buffer status information to the base station.

7. A method according to claim 5, wherein said
scheduled uplink transmission is utilized as an
acknowledgement of the uplink grant that was transmitted in

the downlink.

8. A method according to any of claims 1-3, wherein
the type of repot to be used for fransmission of the
respective channel state feedback information is dependant

on the size of the received uplink grant.

9. A method according to claim 8, further comprising
the step of comparing the size of said wuplink grant to a
threshold (605) , T1 and wherein the channel state feedback
information is transmitted in a report of a first type (606)
having a size associated with T1 if said wuplink grant size

exceeds T1.



the step of conparing the size of said uplink grant to a threshold (605)
Tl and wherein the channel state feedback information is transmtted in a
report of a first type (606) having a size associated with Tl if said
uplink grant size exceeds TI. 30 10. A nethod according to claim?9,
wherein if said size does not exceeds Ti, said conparison is gradually
repeated for one or nore thresholds (607), T2..Tn, wherein T1 > T2 .. > Tn
and wherein a match results in the transm ssion of a report of an

associ ated size (608). 11. A nethod according to any of the preceding
clainms, wherein the size of the uplink grant is an indication of the
bandwi dt h, the q%dul at i %ﬁé’ i ze, agd/or the. 10 gode rate associated with
the uplink grantt®:12 h8&CREESPEI kg £6*HRAy” of YPFESHt etedi cl ai s,
wher ei n sepai nideg anet | abkecasermy, f eaidatmpirassii Sis ograduatmgt uded on
the uplink as a condition for 15 transm.ssion of the channe] state feedback
i nf or mat FORS24S ¥0%,<81° Byi Prchie thERS ) ,(efogr) ’pF%vi‘aPng"'h%ﬂeofﬁhel state

f eedbackTir o tize UE t:0 a@nbased Stwdderefin( 740match hrésults Cih ethHei s e d b
y: 20 - a determpni n% unit (802) for determ nigg whet her . the UE has

r ecei YedEERPEPHFHICPANE FERITT i Fs @58PSLRbRY o112 d 8 -a transmitting
unit (807) for transmtting a first type of channel state feedback
information to the base 25 station_on the granteg resource in, case the UE
has received an plifk G BFeES8EONECt Y oftch eP%?%&’e@ eedback

i nformat L0RiNg, a wedicGat edneesgtizée, opr fige Chaplielk Sgahar feedback
information. in case the UE has. not recei v%d an. uplink %Eﬁ%:}: i\:/\Qéarei n said

second t}ﬁ@iﬁ?t}?ﬁ(ﬂfnﬁpﬁoﬁaPQWidthr the modulation size,

10 code rate associated with the uplink grant.

12. A method according to any of the preceding
¢laims, wherein remaining available energy for data
transmission is included on the uplink as a condition for

15 transmission of the channel state feedback information.

13. A user Equipment, UE (800), for providing
channel state feedback from the UE to a base station (700},
characterised by:

20 - a determining unit (802) for determining whether
the UE has received an uplink grant from the base station or
not,

- a transmitting unit (807) for transmitting a first
type of channel state feedback information to the base

25 station on the granted resource in case the UE has received
an uplink grant, or a second type of channel state feedback
information on a dedicated resource, or nc channel state
feedback information in case the UE has not received an
uplink grant, whevein said second type of information is

30 less detailed than the first type.



30 less detailed than the first type. 31 14. A UE according to claim 13,
wherein said determining unit is further adapted to determ ne whet her

rel evant channel state feedback trigger criteria specified for said UE is
valid or not and wherein said transmtting unit is adapted to only
transmt channel state feedback inforpation if also said channel state
feedback trigger «criteria is valid. 3 A UE according to claim13 or 14,

wherein said .channel s e feedback information is. transnmtted in_a
report gener afléd bea gL%er at"f‘??é’r&ll'ﬁgt (é@l).dfﬁn A U8 accberely t oS8 ai m

15, whergbferfiiflg OCORRALT RO Unliftnée cRRigtél 0 toeT | ey JcwpRich 2
second, less detailed report type In case the UE has no wuplink grant and a
first, noslevantt ai | eltlanmebort statpe i rfeedback t he trighaoes ¢rdoma an $peLiRdgr ant .
17. A UE_according any of_ .clains 13-16, ereln . said.det Nl uni t

i s adapt & t &% t e s‘fai'é ofrsai Pt uﬁlnmk @?%{ﬁ{n togaa{gt h?'%?ﬁm‘@,ﬂgﬂ and
wherei n ggjtd gRner albpd Unkd | Sorglaptpandrit gensiamingl @ raaer t fdedbackr st
type having a size associated with T1 if said size exceeds T1. 18. A UE
accor di ngpfoumatien m 1if, wesei n $aidsai chanpel doslateot teedbagk T1 trigaard
determ ni n% ni t '.3 further adapted to gradually repeat said conparison
procedur("-frI 5% 'sélﬁh or nore thresholds, T2..Tn, wherein T1 > T2 .. > Tn, and
wherein said generating unit is adapted to transmt a report of an

associated size if a conparison match. 32 19. A UE accordi ng t o any, of
claims 13- 18, TeherBi nURi daerardingi niteg 6laim i I3adPt ed% o VAETGRIe $@fhai ni ng

avai | abl en8RgL0Y TQhtcdat ebhBRSKEN SS|fGmiRtide URl | Nkrfisnditted in 2
report generated by a generating unit (801).

16. A UE according to claim 15, wherein said
generating unit is adapted to periodically generate a
second, less (detailed report type in case the UE has no
uplink grant and a firstt more detailed report type in case

the UE does have an uplink grant.

17. A UE according to any of claims 13-16, wherein
said determining unit is adapted to compare the size of said
uplink grant to a threshold, T1 and wherein said generating
unit is adapted to generate a report of a first type having a size associated with T1 if

said size exceeds T1.

18. A UE according to claim 17, wherein if said size
does not exceeds T1, said determining unit is further
adapted to gradually repeat said comparison procedure for
one or more thresholds, T2.Tn, wherein T1 > T2 .. > Tn, and
wherein said generating unit is adapted to transmit a report

of an associated size if a comparison match.



condition for generating said report. 5 20. A nethod in a base station
(700) conprising a scheduler for obtaining channel state feedback froma
UE (800), characterized by the steps of 10 - determ ning (901) if channel
state feedback is required, - generating (904) an uplink grant in case
channel state feedback is required, and - providing (905) a generated
uplink grant to the UE 15 in order to receive the channel state feedback
on the granted resource. 21. The nethod according to claim 20, wherein
said determining step further conprises determining if downlink 20 data
is present in the base station and in case downlink data is present,

generating and providi an upl.i nk rant t the UE in_grder to, receive
EEs OIE:%ngo (EF Y Es dir d&: é 22" The net hod

downl i nk channel”’st 4t e f eedba
accordi ngatd cﬂemammlhimqhenﬁﬁﬂ sas d adkﬁumaﬂ Rongist Bpd urkheLnoofpri ses

determ ning. (903) whet her nk | oad js bel o at hold, th, and in
case t heavgbﬁ‘?}ﬁig | SRS bRy o@?‘é% hr?‘rﬁ?r%lsﬁ?oll G Jeher |‘ﬁgf’éﬁ<d Ft i ding an
upl i nk gran@itibon hiorgendbaldng Téeei dretdpadtaccordi ng to cl aim 20, wherein an
uplink grant is provided to the UE for the purpose of 33 receiving an
uplink transm ssion on the granted resource containing at |east channel

st ate feedback, and mherein the uplink transnission fromthe UE is used

for estimating t pI| hannel uall for ( ﬁf adapt ati on and/ or
channel 5 depen dﬁ% nbno? FFnE ﬁﬁnfrg O} &oprising a

scheduler for obtaining channel state feedback from a UE
(800), characterized by the steps of
10 - determining (901} if channel state feedback is
required,
- generating (904} an uplink grant in case channel
state feedback is required, and
- providing (%05} a generated uplink grant to the UE
15 in order to receive the channel state feedback on the

granted resource.

21. The wethod according to c¢laim 20, wherein said

determining step further comprises determining if downlink

20 data is presgent in the base station and in case downlink
data is present, generating and providing an uplink grant to

the UE in order to receive downlink channel state feedback

on the granted resource.

25 22, The method according to claim 21, wherein said
determining step further comprises determining (903) whether
the uplink load is Dbelow a threshold, th, and in case the
uplink load is below said threshold generating and providing
an uplink grant to the UE.

30

23. The method according to claim 20, wherein an

uplink grant is provided to the UE for the purpose of



24. The nmethod according to claim 20, wherein an wuplink grant is provided
to the UE for the purpose of maintaining uplink synchronization. 10 25.
The net hod according to any of clainms 20-24, wherein the size of the
uplink grant is variable. 26. A base station (700) conprising a schedul er
15 (701) for obtaining channel state feedback froma user equipnent UE
(800), characterized by: - a generating unit (703) adapted to determ ne
whet her channel state feedback is reqyired or not and to generate an
uplink grant in order to receive channel state 20 feedback fromthe UE on a
granted resource in case channel state feedback is required, - a _
transmtti ng.unit é704 1adgpt ed to.transm t t‘gﬁg ugl i nkdgrant to the HE,
and - a FEEETVIHY &R PA706) HRAPTEFSE8™r S¥ei Ve° cHARREFY ~I5581P4TR f eedback
in respossptitnime dd ansisct ce@dnupli Bkage afdedbatk, Arnds@estahi Ofie accor di ng
to claim 22, wherein sai.d generating unit is further ada%t ed to %)rovi de an
upl i nk  GPaMEXt B EREGEIOR el WS Mc dity @SFSWtnIESHBRRERY st e 30
f eedbackupedtk r eHafioel | ikl agppEati ainandldaprahasnekndgpendrahnsrhedul i ng
of . downlink data t tt‘}g_UE on tlgle, ],granteg resource if the base station
has downPFRROGST R, SBRIERIACh AR 3R 4E8Br Hihg” 0 clai m 27, wherein
said generating unit is further adapted to provide an uplink grant to the
UE in case the uplink load js_also belowa 5 threshold, th,. such that
upl i nk data fromiot hE?e Uﬁgtbﬂll aﬁSPrgb‘ég n&GatFiAery g(?'f HREE DA A pase
station ageondi NFahe clai Prividebernsi ntheaiuk geser athiengpuipdsd sof urt her
adapt ed to,gr ovi de an u%{i nk . .
maintaining upli synchronization,
10
25. The method according to any of claims 20-24,

wherein the size of the uplink grant is variable.

26. A base station (700) comprising a scheduler
15 {701) for obtaining channel state feedback from a user
equipment ,UE (800), characterized by:

- a generating unit (703) adapted to determine
whether channel state feedback 1s regquired or not and to
generaté an uplink grant in order to receive channel state

20 feedback from the UE on a granted resource in case channel
state feedback is required,

- a transmitting unit (704) adapted to transmit the
uplink grant to the UE, and

- a receiving unit (706) adapted to receive channel

25 state feedback in response to the transmitted uplink grant.

27. A base station according to claim 26, wherein
said generating unit is further adapted to provide an uplink
grant to the UE in order to receive downlink channel state

30 feedback required for link adaptation and/or channel
dependent scheduling of downlink data to the UE on the

granted resource if the base statlon has downlink data.



10 grant to the UE in order to receive an uplink transm ssion on the
granted resource containing at | east channel state feedback, and wherein
said scheduler is adapted to use the wuplink transm ssion to estinate the
uplink channel quality for |ink adaptation and/or channel dependent
scheduling of 15 uplink data fromthe UE. 30. A base station according to
claim?27, wherein said generating unit is adapted to provide a UE with an
uplink grant for the purpose of mainggining uplink 20 synchronization. 31.
A base station according to any of clainms 26- 30, wherein said generating
unit is adapted to generate an uplink grant of variable size. 25

28. A base station according te claim 27, wherein
said generating unit is further adapted to provide an uplink
grant to the UE in case the uplink load is also below a

5 threshold, th, such that uplink data from other UEs will not
be negatively affected.

29. A base station according to claim 27, wherein

sald generating unit is further adapted to provide an uplink

10 grant to the UE in order to receive an uplink transmission
on the granted resource containing at least channel state
feedback, and wherein saild scheduler is adapted to use the
uplink transmission to estimate the uplink channel quality
for link adaptation and/or channel dependent scheduling of

15 wuplink data from the UE.

30. A base station according to claim 27, wherein
said generating unit is adapted to provide a UE with an
uplink grant for the purpose of maintaining uplink

20 synchronization.

31. A basge station according to any of claims 26-
30, wherein said generating unit isg adapted to generate an
uplink grant of variable size.

25



