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DESCRIPTION

TECHNICAL FIELD

[0001] The present disclosure relates generally to Channel State Information, CSI, reporting in
wireless communication networks, and in particular to methods in a radio node and a User
Equipment (UE) and corresponding radio node and UE for handling aperiodic CSI reporting
separately for flexible and static subframes.

BACKGROUND

[0002] In the field of radio communication in cellular networks, the term "User Equipment, UE"
is commonly used and will be used in this disclosure to represent any user-controlled wireless
terminal, mobile phone, tablet or device capable of radio communication including receiving
downlink signals transmitted from a radio node and sending uplink signals to the radio node.
Further, the term "radio node", also commonly referred to as a base station, e-nodeB, eNB,
etc., represents any node of a wireless cellular network that can communicate uplink and
downlink radio signals with UEs. The radio nodes described here may, without limitation,
include so-called macro nodes and low power nodes such as micro, pico, femto, Wifi and relay
nodes, to mention some customary examples. Throughout this disclosure, the term "BS" or
"eNB" is often used to denote a radio node.

[0003] In a cellular network for radio communication, a Time Division Duplex (TDD)
configuration of subframes may be used for uplink and downlink transmissions in cells where
consecutive subframes are comprised in a repeatable radio frame. The subframes are
reserved for uplink transmissions from User Equipments (UEs) to a serving radio node and for
downlink transmissions from the radio node to the UEs such that uplink and downlink
transmissions do not occur at the same time within the cell. A subframe is basically defined by
a preset time period of a certain length, typically 1 millisecond (ms), and each subframe may
comprise two time slots of 0.5 ms each. Further, a radio frame comprises a predefined number
of consecutive subframes, e.g. ten subframes. In such a network, different radio nodes are
able to use different configurations of subframes, e.g. depending on the current need for uplink
and downlink radio resources, respectively.

[0004] An example of different TDD configurations that can be used by radio nodes in different
cells is shown in the table of figure 1 comprising seven different TDD configurations 0 - 6 each
having ten subframes 0-9 including downlink subframes "D", uplink subframes "U" and so-
called special subframes "S". The special subframes S are configured with one part reserved
for downlink, another part reserved for uplink, and a guard period between the two parts
allowing neither uplink nor downlink. It can be seen in this example that the first three
subframes 0 - 2 and subframe 5 are reserved for downlink D, special S, uplink U, and downlink
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D, respectively, in all TDD configurations 0 - 6, while the remaining subframes 3, 4, 6 - 9 can
vary in different TDD configurations. The latter subframes 3, 4, 6 - 9 may be referred to as
flexible subframes having a variable link direction, and the former subframes 0-2 and 5 may be
referred to as static or fixed subframes having a fixed link direction.

[0005] In this disclosure, the term "flexible subframe" thus denotes a subframe in which the
direction of transmission, i.e. downlink or uplink, may differ between different cells so that the
flexible subframe may be used for downlink transmission in one cell and for uplink transmission
in another cell. Further, a flexible subframe may differ from one radio frame to another in the
same cell so that the flexible subframe is used in the cell for downlink in one radio frame and
for uplink in another radio frame. Thereby, transmissions in flexible subframes may, at least in
some radio frames, cause interference between different neighboring cells as follows. In this
disclosure, the expression "during a flexible subframe"” should be understood as in the flexible
subframe or in a subframe that overlaps in time with the flexible subframe depending on if the
UE is served by the radio node that applies the subframe scheme with the flexible subframe or
if the UE is served by a neighboring radio node that applies a subframe scheme with a
subframe that overlaps or coincides in time with the flexible subframe.

[0006] When different TDD configurations are used in two neighboring cells, interference may
occur across the cells during a flexible subframe where downlink is permitted in one cell and
uplink is permitted in the other cell at the same time. In this description, the term "neighboring
cells" means that they are close enough to one another so that transmissions in one cell can
potentially cause interference in the other cell. Interference due to different TDD configurations
in neighboring cells can be either 1) downlink to uplink interference when a downlink
transmission from a radio node of one cell disturbs an uplink reception in a radio node of the
other cell during a flexible subframe, or 2) uplink to downlink interference when an uplink
transmission from a UE in one cell disturbs a downlink reception in a UE in the other cell during
a flexible subframe. Of these two scenarios, 1) refers to interference between radio nodes
which is more or less predictable and this interference can be controlled quite accurately since
the radio nodes in the neighboring cells are in fixed positions relatively far away from each
other such that the downlink signals from one radio node are not very strong when received in
the other radio node.

[0007] On the other hand, scenario 2) above refers to interference between UEs which is more
unpredictable since the UEs move around and may sometimes be located quite near each
other while being served by different radio nodes, e.g. when both are located close to the
borders of their respective cells. This scenario is illustrated in figure 2 where a first UE denoted
"UE1" is located near the border of a first cell 1 served by a first radio node "BS1" using a TDD
configuration allowing the UE1 to transmit uplink signals "UL1" in a certain subframe. At the
same time, a second UE "UE2" is located near the border of a second cell 2 served by a
second radio node "BS2" using another TDD configuration allowing UE2 to receive downlink
signals "DL2" in the same subframe, thus being a flexible subframe in this context. Since UE1
and UE2 happen to be quite close to one another but relatively far away from their respective
radio nodes, the uplink signals UL1 transmitted with high power from UE1 will interfere strongly
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with the relatively weak downlink signals DL2 received by UE2 during the flexible subframe.
This UE to UE interference "I" is illustrated by a dashed arrow.

[0008] Figure 3A shows two examples of TDD configurations which can cause UE to UE
interference across neighboring cells 1 and 2. In cell 1, TDD configuration 1 of figure 1 is used
and in cell 2, TDD configuration 2 of figure 1 is used. It can be seen in both of figure 1 and
figure 3A that flexible subframes 3 and 8 are configured differently in the two cells such that
they are uplink subframes in cell 1 and downlink subframes in cell 2, hence potentially causing
UE to UE interference | from cell 1 to cell 2, illustrated by dashed arrows in figure 3A. In this
case, UE1 can be called an "aggressor UE" and UE2 can be called a "victim UE". Likewise,
cells 1 and 2 can be called "aggressor cell" and "victim cell", respectively. It is thus a problem
that, in a radio communication network allowing different TDD configurations with one or more
flexible subframes in different cells, downlink radio signals received by a victim UE in a victim
cell during a flexible subframe, may be subjected to interference caused by an uplink
transmission from an aggressor UE in an aggressor cell during that subframe, e.g. depending
on the relative distance and locations of the UEs which are typically unpredictable.

[0009] In wireless communications, Channel State Information, CSI, refers to channel
properties of a radio communication link. This information basically describes how a signal
propagates from the transmitter to the receiver. The CSI makes it possible to adapt
transmissions to current channel conditions, which may be helpful for achieving reliable
communication with high data rates in a cellular network. The CSI needs to be estimated at the
receiver, typically the UE, and it is usually quantized and reported back to the transmitter,
typically the radio node serving the UE. This report is commonly referred to as CSl feedback. A
CSI report may comprise a Channel Quality Indicator, CQl, a Precoding Matrix Indicator, PMI
and/or a Rank Indicator, RI.

[0010] CSI feedback is typically used to support the performance of a wireless access network
in various respects. For example, it is commonly used as a basis for different RRM
functionalities such as scheduling, link adaptation as well as interference coordination. It can
also be used for rank and precoding matrix recommendations for MIMO transmission. In LTE,
two CSI reporting schemes are supported: periodic CSI| reporting and aperiodic CSl reporting.
The following disclosure relates to aperiodic CSI reporting for a TDD system where fast or
flexible UL/DL reconfigurations are employed.

[0011] It is expected that wireless data traffic will become more and more localized in the
future, where most UE users will be in hotspots, or in indoor areas, or in residential areas.
These UE users will thus typically be located in clusters within a limited area of a cell served by
a radio node, and the UEs will produce different UL and DL traffic at different times to and from
the radio node, respectively. This essentially means that a dynamic feature to adjust the UL
and DL resources to instantaneous (or short term) traffic variations would be required in future
local area cells. In this case, a TDD system which has the flexibility to dynamically allocate the
UL/DL resources depending on current traffic situation becomes very attractive.
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[0012] As described above, today, there are seven different TDD UL/DL configurations defined
in LTE, shown in the table of figure 1, providing a range of 40% - 90% resources for DL. It can
be seen in figure 1 that for example TDD configuration 5 has much more resources for DL
than, say, TDD configuration 0. In current specification, the UL/DL configuration is semi-
statically configured, thus it may not well match the instantaneous traffic situation which may
vary quite rapidly. Faster TDD reconfigurations, hereafter referred to as "dynamic TDD", have
shown good performance potentials in both UL and DL, especially at low to medium system
load, and dynamic TDD will become a standardized feature of LTE Rel-12. It should be noted
that more TDD configurations than the ones listed in the table in figure 1 may be introduced in
the future. The herein suggested solution is not limited to the existing TDD configurations;
rather it is equally applicable to new configurations defined in future.

[0013] Different signaling methods are being considered to support dynamic TDD
reconfigurations with different time scale. Theoretically, each subframe could be allocated as
either UL or DL. However, this would pose big challenges to operations like DL/UL switching,
random access, radio link monitoring, handover, etc. Moreover, it would be virtually impossible
to achieve backward compatibility with legacy UEs. Therefore, it is more practical to
dynamically change between UL and DL among a subset of the subframes, e.g. by changing
between the different TDD configurations in figure 1. In this case, the subframes can be
divided into two types: static subframes and flexible subframes. The static subframes have
fixed link directions for all TDD configurations, while flexible subframes can be either UL or DL
in different TDD configurations, and can thereby be dynamically changed between UL and DL,
e.g. by change of TDD configuration for a cell, as described above.

[0014] It may be up to the eNB to configure the set of flexible subframes depending on the
traffic situation. One possible way is to signal two different UL/DL TDD configurations to a UE,
such that the flexible subframes are determined implicity by the two reference TDD
configurations i.e., as said above, the subframes in which the link directions in the two TDD
configurations may be different are defined as flexible subframes. Figure 3B shows an
example where reference TDD configuration 0 is used for UL and reference TDD configuration
2 is used for DL. In this example, the static downlink subframes, which may include normal
subframes and special subframes, are subframes 0, 1, 5 and 6, while the static uplink
subframes are subframe 2 and 7, the subframes 0-2 and 5-7 thus being static subframes with
fixed link directions. The remaining subframes 3, 4, 8 and 9 are flexible subframes which can
be used for either uplink or downlink transmissions.

[0015] Considering UE reception in the two types of subframes, the interference situations may
be different in different subframes, e.g. as described above with reference to figures 1-3B. In
static DL subframes, the inter-cell interference is generated by neighboring eNB(s), while in
flexible subframes the inter-cell interference could either be generated by neighboring eNB(s)
or by certain UE(s) served by the neighboring eNB(s) which are currently scheduled for UL
transmissions. To deal with the above different interference situations, separate CSI
measurements should be employed for the two types of subframes so that DL scheduling as
well as link adaptation can be properly performed for both types of subframes on the basis of
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the respective CSI measurements. Thus, there is a need for mechanisms for handling such
separate CS| measurements.

[0016] The 3GPP document "CSI Measurement and Report for TDD elMTA", R1-133364,
discloses the extension of the prior art UL grant in order to indicate the subframe set applicable
to a requested aperiodic CSI measurement. This is done in order to be able to trigger aperiodic
CSl for flexible DL subframes in TDD.

[0017] The 3GPP document "On aperiodic reporting of CS| Processes”, R1-124541, discloses
that the conventional trigger for aperiodic CSI in CoMP includes two bits of CSI request field, in
order to identify the concerned set of CSI processes.

SUMMARY

[0018] It is desirable to find methods for handling separate CSI measurements for static and
flexible subframes. In this disclosure, a solution is described for triggering a UE to perform
aperiodic CSI reporting for static downlink subframes and for flexible downlink subframes
separately. This is achieved by methods and nodes as described in the appended independent
claims. The solution is robust, easy to implement and introduces very little overhead, and
further has low impact on current standardization, e.g. minimizing need for changes.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] The invention will now be described in more detail by means of exemplifying
embodiments and with reference to the accompanying drawings, in which:

Figure 1 shows different TDD configurations in LTE

Figure 2 shows an exemplifying scenario where interference due to dynamic TDD with
different TDD configurations in neighboring cells may occur.

Figure 3A shows two different TDD configurations, and the possible interference which may
occur when used simultaneously in neighboring cells.

Figure 3B shows a frame structure of dynamic TDD for UL reference configuration 0 and DL
reference configuration 2.

Figure 4 is a flow chart illustrating a method to be performed by a UE, according to an
exemplifying embodiment.

Figure 5 is a flowchart illustrating a method to be performed by a radio node according to an
exemplifying embodiment.

Figures 6 and 7 are block schemes illustrating possible implementations of a UE according to
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exemplifying embodiments.

Figures 8 and 9 are block schemes illustrating possible implementations of a radio node
according to exemplifying embodiments.

DETAILED DESCRIPTION

[0020] In prior art specification, an aperiodic CSI report is triggered by uplink grants (DCI
format 0/4) carried by a Physical Downlink Control Channel, PDCCH, or an Evolved PDCCH, E-
PDCCH. If an aperiodic CSI report is triggered in subframe n, a UE shall perform CSI
measurements on an implicit CSI reference resource and perform aperiodic CSI reporting
using a Physical Uplink Shared CHannel, PUSCH, in subframe n+k, where k is the scheduling
timing delay for PUSCH. The CSI is determined for a group of downlink physical resources
denoted "CSI reference resource" in 3GPP. For aperiodic CSI reporting, the CSI reference
resource corresponds, in the time domain, to the subframe of the corresponding CSI request.
That is, the CSI reference resource is implicitly decided by the subframe in which the request
for an aperiodic CSI report was sent. In dynamic TDD, UL transmissions in both static
subframes and flexible subframes are scheduled by the UL grants sent in static DL subframes.
The inventors have realized that there are problems with the current specified request
mechanisms for aperiodic CSI schemes for dynamic TDD deployment when the aperiodic CSI
measurement and report made by the UE for the static and the flexible downlink subframes
should be requested separately.

[0021] The reason for transmitting UL grants in static DL subframes is to enable backwards
compatibility, and to avoid introduction of new UL scheduling and HARQ timing designs which
would entail substantial additional complexity to both eNB and UE. By backwards compatibility
is meant e.g. that any UE, irrespective of which DL TDD configuration that is used, should be
able to receive the UL grant. Thus, since in prior art the CSI reference resource depends on,
and for the time domain in fact is, the DL subframe in which the aperiodic CSI was triggered, it
will always be in the same type of subframe, namely a static subframe. This is not compatible
with the need to request aperiodic CSI also for flexible subframes, as realized by the inventors.

[0022] The inventors have realized that a solution is needed for enabling aperiodic CSI
requests for both static and flexible subframes, respectively. It is desirable that this solution
introduces as little overhead as possible, is easy to implement, and that it is further favorable if
the solution entails a minimum of changes to the current standards.

[0023] According to the prior art, there is a possibility to trigger aperiodic CSI reports for
different carriers and for different CSI processes. The possibility to trigger a CSI report for
different carriers is related to Carrier Aggregation, CA, where a UE may be configured with a
number of different carriers, on different radio frequencies, which may require different CSI
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reporting. The alternative to trigger aperiodic CSI reports for different CSI processes is related
to a technique referred to as "Coordinated MultiPoint transmission and reception”, CoMP. A
CSl process could be explained as follows: A transmission hypothesis in CoMP is composed of
two parts: signal hypothesis and interference hypothesis. The signal hypothesis specifies
transmission point(s), TP(s), from which data is assumed to be transmitted, and the
interference hypothesis stands for interference suffered during the assumed data transmission.
CSI corresponding to one transmission hypothesis is defined as a CSI process. A CSl process
is determined by the association of a signal hypothesis and an interference hypothesis, where
the signal hypothesis and interference hypothesis are measured through or on CSI-RS and
interference measurement resource (IMR), respectively. However, this is not related to different
subframe sets comprising either static or flexible subframes.

[0024] The inventors have realized that in order to enable separate requesting or triggering of
aperiodic CSlI reports for static and flexible subframes respectively, a new scheme to address
different types of subframes is needed. Below, such a scheme will be described with reference
to illustrative drawings. The solution will first be described from the perspective of a UE, and
then from the perspective of a radio node, BS or eNB.

[0025] In the following description, triggering a UE to perform aperiodic CSI reporting is
sometimes referred to e.g. as a "CSl request” or a "CSl report request”.

Method for User Equipment. UE

[0026] Examples of embodiments of a method performed by a UE, for handling separate
aperiodic CSI| reports for one or more static subframes, in which the direction of signal
transmission is fixed, and one or more flexible subframes, in which the direction of signal
transmission is variable, will now be described with reference to a flowchart depicted in figure
4. The UE is configured to be operable in a wireless communication system applying dynamic
TDD. The method comprises the following actions, which actions may be taken in any suitable
order.

Action 401

[0027] The UE receives a trigger for an aperiodic CSI report as part of an uplink, UL, grant
from a radio node, e.g. a BS, in a static DL subframe. The trigger indicates a CSI subframe set,
out of at least two alternative CS| subframe sets. One of the at least two alternative CSI
subframe sets relates to the one or more static subframes, and another one of the at least two
alternative CSI| subframe sets relates to the one or more flexible subframes.

[0028] The UL grant gives permission to the UE to transmit in an UL subframe. The UL grant
may be sent in downlink control information, DCI. The term "UL grant" is here considered to
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encompass also Random Access grants. The received UL grant comprises, in a CSI request
field, one or more bits indicating the CSI subframe set. The indicated CSI subframe set may
refer to or comprise the one or more static subframes, or, the indicated CSI subframe set may
refer to or comprise the one or more flexible subframes. For example, when the trigger or
indicator comprises two bits with the value "01" this may be defined to indicate that an
aperiodic CSI report is requested for the one or more flexible subframes. Correspondingly,
when the two bits have the value "11", this may be defined to indicate that an aperiodic CSI
report is requested for the one or more static subframes. The trigger may further take on other
values, e.g. "00", which may be defined to indicate that no aperiodic CSl report is requested at
this time. The bits in the CSI request field may thus be seen as a trigger that indicates a CSI
subframe set for which an aperiodic CSl report is requested. The indication or trigger may be
received e.g. over a PDCCH or an E-PDCCH.

[0029] In some embodiments, the trigger may further indicate one or more CSI processes.

Action 402

[0030] This action may be regarded as implicitly included e.g. in action 403 (and therefore
have a dashed outline), but is shown in figure 4 to facilitate understanding. When the trigger is
received, the trigger needs to be decoded, i.e. the UE needs to determine which type of CSI
subframe set that is indicated by the trigger, i.e. if the one or more subframes in the indicated
CSI subframe set are flexible or static. This could alternatively be expressed as that the UE
needs to determine which trigger, out of a plurality of triggers, was comprised in the UL grant.

Action 403

[0031] The UE performs an aperiodic CSI measurement for a CSl reference resource in the
indicated CSI subframe set.

[0032] When the trigger indicates, or is determined to indicate, a set of static subframes, i.e.
the one or more static subframes, as the CSI| subframe set, the CSI measurement will be
performed for at least one CS| reference resource in the set of static subframes.
Correspondingly, when the trigger indicates, or is determined to indicate, a set of flexible
subframes, i.e. the one or more flexible subframes, as the CSI subframe set, the CSI
measurement will be performed for at least one CSI reference resource in the set of flexible
subframes. The CSI measurement need not be performed on the exact resources defined as
the CSI reference resource, but could be performed on radio resources corresponding to or
representing the CSI reference resource. In other words, the CSI measurement should
represent a measurement performed on the CSI reference resource. The CSI reference
resources for the different CSI subframe sets could be predefined, such that both the UE
receiving the indication or trigger and the radio node sending the indication or trigger agree on,
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i.e. have a common understanding on, which resources are the CSI reference resource for
each respective CSI subframe set. The UE and radio node should further agree on the
definition of the trigger, which could also be predefined. This information on trigger and CSI
reference resources could be provided to the UE and/or radio node as part of a setup
procedure, and/or e.g. be otherwise communicated or updated from a management node to
the radio node and from the radio node to the UE, e.g. via RRC signaling. How the CSI
reference resource may be defined will be described in more detail further below.

Action 404

[0033] The UE reports a result of the CSI measurement to the radio node.

[0034] The CSI measurement result is processed by the UE, and the result is presented to the
radio node in an aperiodic CSl report. The report is transmitted in an UL subframe, which may
be defined by the trigger, or be implicitly linked to the subframe in which the aperiodic CSI
report was triggered. For example, the report may be transmitted in a CSI reporting subframe
n, where n is a subframe index.

[0035] In some embodiments, when the indicated CSI subframe set relates to the one or more
flexible subframes, the CSI reference resource is defined, in the time domain, as a single
downlink subframe N-NcQl_ref where Ncal_ref is an offset such that the single downlink
subframe is a valid downlink subframe belonging to the indicated CSI subframe set, and where
n is the subframe index for the CSI reporting subframe.

Method for Radio node, e.q. BS

[0036] Embodiments of the method will now be described seen from the perspective of a radio
node, e.g. a BS. The radio node or BS could in some embodiments be an eNB. Thus,
examples of embodiments of a method performed by a radio node for handling separate
aperiodic CSI| reports for one or more static subframes, in which the direction of signal
transmission is fixed, and one or more flexible subframes, in which the direction of signal
transmission is variable will now be described with reference to a flowchart depicted in figure
5. The method comprises the following actions, which may be performed in any suitable order.

Action 501

[0037] This action may be considered to be implicitly included e.g. in action 503, but is
schematically illustrated here to facilitate understanding. For this reason the action is outlined
with a dashed line. The action could be described as the radio node determining whether there
is a need for an aperiodic CSI report from a UE. When there is, an aperiodic CSI report request
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is to be transmitted to the UE as part of DL control information, as previously described.

Action 502

[0038] As for action 501, this action may also be considered to be implicitly included in action
503 or in action 501. The action could be described as to determine whether an aperiodic CSI
report is needed for flexible subframes/resources or for static subframes/resources. This could
be determined in association with determining the possible need for requesting an aperiodic
CSl report e.g. in action 501.

Action 503

[0039] The radio node indicates to a UE, in an UL grant in a static DL subframe, a CSI
subframe set, out of at least two alternative CSI subframe sets, in or upon which the UE should
perform CS| measurements for a CSI| reference resource, where one of the at least two
alternative CSI subframe sets relates to, e.g. refers to or comprises, the one or more static
subframes, and another one of the at least two alternative CSI subframe sets relates to, e.g.
refers to or comprises, the one or more flexible subframes.

[0040] When it is clear that there is a need for an aperiodic CSI report for a certain type of
subframe, flexible or static, a request for such a report is to be signaled from the radio node to
the UE. That is, such a report should be triggered by the radio node. The action could
alternatively be formulated as that a report is requested by use of an indicator or trigger. The
indicator, or trigger, comprises at least one bit, and different values of the at least one bit, such
as "01", "0" or "11" may be referred to as different triggers indicating different CSI subframe
sets, e.g. the one or more static subfames or the one or more flexible subframes, and being
linked to different CSI reference resources depending on what CSl subframe set is indicated.

[0041] In some embodiments the indicating may further comprise indicating one or more CSI
processes to the UE.

Action 504

[0042] The radio node receives a CSI report from the UE in the indicated CSI subframe set.
The CSI report comprises a result of the aperiodic CSI measurement.

[0043] The CSI report is received in response to the aperiodic CSI| report request comprising
the indication or trigger as described above. When the trigger indicates a CSl subframe set of
flexible subframes, the CSI report will relate to a CSl reference resource in one or more flexible
subframes. Correspondingly, when the trigger indicates a CSI| subframe set of static
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subframes, the CSI report will relate to a CSI reference resource in one or more static
subframes. The CSI report is received in an UL subframe, n, which may be implicitly known
and depend on the subframe in which the CSI report was requested. The UL subframe n is
thus the CSI reporting subframe where the CSI report that comprises the result of the aperiodic
CSI measurement indicated by the CSI subframe set is received at the radio node.

[0044] In some embodiments, when the indicated CSI subframe set relates to the one or more
flexible subframes, the CSI reference resource is defined, in the time domain, as a single
downlink subframe N-NcQl_ref where Ncal_ref is an offset such that the single downlink
subframe is a valid downlink subframe belonging to the indicated CSI subframe set, and where
n is the subframe index for the CSI reporting subframe.

CSl reference resources

[0045] When the UE receives a trigger for an aperiodic CS|I measurement and reports
according to the above, the UE should measure a signal representing or corresponding to a
signal transmitted on a CSI reference resource, e.g. in terms of channel measurement and/or
interference measurement, and further determine a CS| from the measurement. The CSI
reference resource is a frequency-time resource for which the UE should determine CSI. The
CSl is then reported to the radio node and used by the radio node, e.g. for scheduling in
corresponding resources, as previously described.

[0046] In an exemplifying embodiment of the method described above, the CSI reference
resource for the flexible subframes, i.e. the flexible subframe set, may be defined as follows:

« In the time domain, the CSI reference resource may be defined e.g. as a single downlink

subframe n-ncq rer Where ncqy rer is the time offset between the CSI reporting
subframe, n, and the single downlink subframe, also denoted CSI reference resource
subframe.
o where ncqy rer should be such that the CSI reference resource is in a valid downlink
subframe belonging to the set of flexible subframes. ncg ref may be configured, and
thus known to the UE and radio node, as part of a setup procedure, and/or be provided
or updated as part of control signaling, e.g. RRC signaling,

» In the frequency domain, the CSI reference resource may be defined as the group of
downlink physical resource blocks corresponding to the band to which a derived CQl
value relates.

[0047] By "valid downlink subframe" is meant a subframe which is scheduled for downlink
communication or at least configured for downlink communication.

[0048] In the embodiments above, one or more bits may be added in downlink control
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information, DCI, to trigger the UE to perform CSI measurements and deliver an aperiodic CSI
report for a fixed, i.e. static, subframe or for a flexible subframe. Alternatively, one or more
existing bits in DCI may be used to trigger the UE to perform CSI measurements and deliver an
aperiodic CSI report for a fixed, i.e. static, subframe or for a flexible subframe. For example,
when an added or existing bit in the DCI is set to 1 (or 0) it may be a trigger for an aperiodic
CSl report for a fixed, i.e. static, subframe, and when this bit in the DCI is set to 0 (or 1) it may
be a trigger for an aperiodic CSI report for a flexible subframe. A combination of one or more
existing bits and one or more added bits may also be used for triggering different aperiodic CSI
reports.

[0049] In case of carrier aggregation, when a UE is associated with at least two carriers, the
aperiodic CSI request field in UL grants comprises two bits. Similarly, for UEs applying CoMP,
which are configured with a plurality of CSI processes, the aperiodic CSI request field, or CSI
information field, in UL grants comprises two bits. However, for UEs configured with one carrier
and only one CSI process, the aperiodic CSI request field in UL grants comprises only one bit.
For such single carrier, single CSI process UEs, the aperiodic CSI request field could be
updated to comprise more than one bit, e.g. two bits. For UEs where the aperiodic CSI request
field already comprises more than one bit, these bits could be re-used and redefined.

[0050] Some potential advantages that may be achieved by implementing the solution
according to any of the above-described embodiments include improved performance and/or
capacity in the cellular network since UEs are enabled to provide more accurate and useful CSlI
reports when dynamic TDD with both static and flexible subframes is employed. The UEs can
be triggered to perform the CSI reporting in a simple manner and with a minimum of signaling
overhead. Implementing the solution will also have very low impact on the standard, e.g.
minimizing standard changes.

Embodiments of nhodes

[0051] Below, implementations of a UE and a radio node, e.g. BS, will be described with
reference to figures 6-9. The UE and radio node are configured to perform at least a
respective one of the methods described above with reference to figures 4-5. The nodes will
be described in brief in order to avoid unnecessary repetition.

User Equipment. UE

[0052] Embodiments described herein also relate to a UE, operable in a wireless
communication system. The UE is configured to perform at least one embodiment of the
method performed by a UE described above. The UE is associated with the same technical
features, objectives and advantages as the method described above and illustrated e.g. with
reference to figure 4.
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[0053] Below, an exemplifying UE 600, configured to enable the performance of an above
described method for handling separate aperiodic CSI reports for one or more static
subframes, in which the direction of signal transmission is fixed, and one or more flexible
subframes, in which the direction of signal transmission is flexible, will be described with
reference to figure 6. The UE 600 is configured to be operable in a wireless communication
network and can thus be assumed to be operable e.g. to communicate with a radio node
serving the UE and to perform measurements related to radio signals. The part of the UE 600
which is most affected by the adaptation to the herein described method is illustrated as an
arrangement 601, surrounded by a dashed line. The UE 600 and arrangement 601 are further
configured to communicate with other entities via a communication unit 602 comprising means
for wireless communication. The UE 600 or arrangement 601 may be assumed to comprise
further functionality 606, for carrying out regular UE functions.

[0054] The arrangement part of the UE may be implemented and/or described as follows: The
arrangement 601 comprises processing means 603, such as a processor, and a memory 604
for storing instructions, the memory comprising instructions, e.g. computer program 605, which
when executed by the processing means causes the UE 600 or arrangement 601 to receive a
trigger for an aperiodic CSI report as part of an UL grant, from a radio node, in a static DL
subframe. The trigger indicates a CSI subframe set, out of at least two alternative CSI
subframe sets. The execution of the instructions further causes the UE 600 or arrangement
601 to perform an aperiodic CSI measurement for a CSl reference resource in the indicated
CSI subframe set, and to report a result of the CSI measurement to the radio node, where one
of the at least two alternative CSI subframe sets relates to the one or more static subframes,
and another one of the at least two alternative CSI subframe sets relates to the one or more
flexible subframes, as previously described. The UE 600 or arrangement 601 may be
configured to report the result of the CSI measurement to the radio node in a CSI reporting
subframe n.

[0055] An alternative embodiment of the UE 600 is shown in figure 7. Figure 7 illustrates a UE
700, operable in a wireless communication network. The part of the UE 700 which is most
affected by the adaptation to the herein described method is illustrated as an arrangement
701, surrounded by a dashed line. The UE 700 or arrangement 701 comprises a
communication unit 702 configured to communicate with other entities in wireless
communication. The UE 700 or arrangement 701 may further be assumed to comprise further
functional units 706, for carrying out regular UE functions.

[0056] The UE 700 or arrangement 701 comprises a receiving unit 703, configured to receive
a trigger for an aperiodic CSl report as part of an UL grant, from a radio node, in a static DL
subframe. The trigger indicates a CSI subframe set, out of at least two alternative CSI
subframe sets.

[0057] The UE 700 or arrangement 701 further comprises a measurement unit 704,
configured to perform an aperiodic CSI measurement for a CSI| reference resource in the
indicated CSI subframe set. The UE further comprises a reporting unit 705, configured to
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report a result of the CSI measurement to the radio node. The reporting unit 705 may be
configured to report the result of the CSI measurement to the radio node in a CSI reporting
subframe n.

Radio node, e.q. BS

[0058] Embodiments described herein also relate to a radio node, or BS, operable in a
wireless communication system. The radio node is configured to perform at least one
embodiment of the method performed by a radio node described above. The radio node is
associated with the same technical features, objectives and advantages as the method
described above and illustrated e.g. in figure 5.

[0059] Below, an exemplifying radio node 800, configured to enable the performance of an
above described method for handling separate aperiodic CSI reports for one or more static
subframes, in which the direction of signal transmission is fixed, and one or more flexible
subframes, in which the direction of signal transmission is flexible, will be described with
reference to figure 8. The radio node 800 is configured to be operable in a wireless
communication network. The part of the radio node 800 which is most affected by the
adaptation to the herein described method is illustrated as an arrangement 801, surrounded by
a dashed line. The radio node 800 and arrangement 801 are configured to communicate with
other entities, such as UEs and MME via a communication unit 802 comprising means for
wireless communication and possibly means for wired communication. The radio node 800 or
arrangement 801 may be assumed to comprise other further functionality 806, for carrying out
regular radio node functions, such as scheduling.

[0060] The arrangement part of the radio node 800 may be implemented and/or described as
follows:

The arrangement 801 comprises processing means 803, such as a processor, and a memory
804 for storing instructions, the memory comprising instructions, e.g. computer program 805
which when executed by the processing means causes the radio node 800 or arrangement
801 to indicate to a UE, in an UL grant in a static DL subframe, a CS| subframe set, out of at
least two alternative CSI subframe sets, in or upon which the UE should perform an aperiodic
CSI| measurement for a CSI reference resource, where one of the at least two alternative CSlI
subframe sets relates to the one or more static subframes, and another one of the at least two
alternative CSI subframe sets relates to the one or more flexible subframes. The execution of
the instructions further causes the radio node 800 or arrangement 801 to receive a CSI report
from the UE comprising a result of the aperiodic CSI measurement in the indicated CSI
subframe set. The radio node 800 or arrangement 801 may be configured to receive the CSI
report from the UE in a CSl reporting subframe n.

[0061] An alternative embodiment of the radio node 800 is shown in figure 9. Figure 9
illustrates a radio node 900, operable in a wireless communication network. The part of the
radio node 900 which is most affected by the adaptation to the herein described method is
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illustrated as an arrangement 901, surrounded by a dashed line. The radio node 900 or
arrangement 901 comprises a communication unit 902 configured to communicate with other
entities in wireless communication and possibly also in wired communication. The radio node
900 or arrangement 901 may further be assumed to comprise further functional units 906, for
carrying out regular radio node functions, such as scheduling.

[0062] The radio node 900 or arrangement 901 comprises an indicating unit 903 configured to
indicate to a UE, in an UL grant in a static DL subframe, a CSI subframe set, out of at least two
alternative CSI subframe sets, in or upon which the UE should perform an aperiodic CSI
measurement for a CSI reference resource, where one of the at least two alternative CSI
subframe sets relates to the one or more static subframes, and another one of the at least two
alternative CSI subframe sets relates to the one or more flexible subframes. The radio node
900 or arrangement 901 further comprises a receiving unit 904, configured to receive a CSlI
report from the UE comprising a result of the aperiodic CSI measurement in the indicated CSI
subframe set. The radio node 900 or arrangement 901 may be configured to receive the CSI
report from the UE in a CSl reporting subframe n.

[0063] The units or modules in the arrangements in the different nodes described above could
be implemented e.g. by one or more of: a processor or a micro processor and adequate
software and memory for storing thereof, a Programmable Logic Device (PLD) or other
electronic component(s) or processing circuitry configured to perform the actions described
above, and illustrated e.g. in figures 4-5. That is, the units or modules in the arrangements in
the different nodes described above could be implemented by a combination of analog and
digital circuits, and/or one or more processors configured with software and/or firmware, e.g.
stored in a memory. One or more of these processors, as well as the other digital hardware,
may be included in a single application-specific integrated circuitry (ASIC), or several
processors and various digital hardware may be distributed among several separate
components, whether individually packaged or assembled into a system-on-a-chip (SoC).

[0064] The indications or triggers described herein can thus be seen as an aperiodic CSI
report request, which term is also used herein. Furthermore, in this disclosure the above terms
"a static/flexible subframe" are not limited to just one static/flexible subframe but should be
interpreted as at least one static/flexible subframe.

[0065] It is to be understood that the choice of interacting units, as well as the naming of the
units within this disclosure are only for exemplifying purpose, and nodes suitable to execute
any of the methods described above may be configured in a plurality of alternative ways in
order to be able to execute the suggested procedure actions. While the solution has been
described with reference to specific exemplary embodiments, the description is generally only
intended to illustrate the inventive concept and should not be taken as limiting the scope of the
solution. For example, the terms "radio node", "User Equipment, UE", "static subframe”,
"flexible subframe”, "trigger”, "CSl report" and "CSI measurement” have been used throughout
this description, although any other corresponding entities, functions, and/or parameters could
also be used having the features and characteristics described here.
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[0066] It should also be noted that the units described in this disclosure are to be regarded as
logical entities and not with necessity as separate physical entities.

ABBREVIATIONS

[0067]

3GPP

Third Generation Partnership Project
CCE

Control Channel Element
CoMP

Coordinated Multiple Point
caQl

Channel Quality Indicator
Csl

Channel State Information
DCI

Downlink Control Information
DL

Downlink
DM RS

Demodulation Reference Symbol
eNB

evolved Node B
(E)PDCCH

Enhanced PDCCH
HARQ

Hybrid Automatic Repeat Request
ICIC

Inter-Cell Interference Coordination
ID

Identity
L1

Layer 1
LTE

Long Term Evolution
MIMO

Multiple Input Multiple Output
PDCCH

Physical Downlink Control Channel
PUSCH
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Physical Uplink Shared Channel

Rel

Release
RRM

Radio Resource Management
RS

Reference Symbol
TDD

Time Division Duplex
UE

User Equipment
UL

Uplink

[0068] Below, in an appendix, some alternative solutions to the triggering of aperiodic CSI will
be mentioned.

Appendix

[0069] An alternative to the explicit signaling or triggering, which is the focus of this disclosure,
could be implicit triggering. For implicit triggering, the aperiodic CSI| request can be
differentiated for static or flexible downlink subframes according to any of the following criteria:

+ The aperiodic CSI report request is carried over uplink grant for static or flexible uplink
subframes; (explained in Embodiment 1 below)

« The CCE index of the uplink grant which carries the aperiodic CSI report request;
(explained in Embodiment 2 below)

« The downlink subframe over which the uplink grant carrying aperiodic CSI report request
is transmitted is special downlink subframe or not; (explained in Embodiment 3 below)

» The index of the downlink subframe over which the uplink grant carrying aperiodic CSI
report request is transmitted; (explained in Embodiment 4 below)

 The HARQ process ID corresponding to the uplink grant carrying aperiodic CSl| report
request; (explained in Embodiment 5 below)

« The CSI process ID in the uplink grant carrying aperiodic CSI report request. (explained
in Embodiment 6 below)

[0070] The above-mentioned criteria will be described in more detail as different embodiments
below. In order to realize these embodiments, a radio node or base station is configured to
transmit a first trigger for a UE to perform aperiodic CSI reporting for a static subframe, and to
transmit a second trigger for a UE to perform aperiodic CSI reporting for a flexible subframe,
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just as in the the case of explicit triggering described previously in this disclosure.

Embodiment 1: the aperiodic CSI report request is carried over uplink grant for static or
flexible uplink subframes

[0071] In this embodiment, when a UE receives an uplink grant or a Random Access
Response grant with a respective CSl request field set to trigger a report, the UE is triggered to
perform aperiodic CSI reporting based on whether the UL grant or the Random Access
Response grant schedules PUSCH transmission in the static subframe or flexible subframes.
This may be realized according to different possibilities:

« If the uplink grant or Random Access Response grant schedules a PUSCH transmission
in the static uplink subframe, the aperiodic CSI reporting should involve a CSI
measurement in one or more static downlink subframes. This scheduling thus
corresponds to the first trigger.

» If the uplink grant or Random Access Response grant schedules a PUSCH transmission
in the flexible subframe, the aperiodic CSI reporting should involve a CSI measurement
in one or more flexible subframes. This scheduling thus corresponds to the second
trigger.

« If the uplink grant schedules PUSCH transmissions in both static and flexible subframes,
e.g. UL/DL configuration 0, the aperiodic CSI| reporting should involve CSI
measurements in both static and flexible subframes. This scheduling thus corresponds
to both of the first and second triggers.

Embodiment 2: the CCE index of the uplink grant which carries the aperiodic CSI| report
request

[0072] In this embodiment, a metric can be defined as a function of the index of the first CCE
of the uplink grant which carries the aperiodic CSI report request. This metric is denoted y,ce.

In that case, the UE determines to report the CSI for the static or flexible downlink subframes
according to predefined rules depending on the metric.

[0073] As one example,
— /
Y(fce - mOd([ndlsf_are ! Aggpn’mh 3 2)
where Indyg; oce is the index of the first CCE, and Aggpgcch is the aggregation level of the UL

grant carrying the CSI reporting trigger. In this embodiment, the UE is triggered to perform
aperiodic CSl reporting for static and flexible downlink subframes when the metric y.cc is 0 and

1, respectively, or when the metric yocc is 1 and 0, respectively.

Embodiment 3: the downlink subframe over which the uplink grant carrving aperiodic
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CSl report request is transmitted is a special downlink subframe or not

[0074] In this embodiment, it may be predefined / configured that a UE can determine the
aperiodic CSlI report for the static or flexible downlink subframes based on the subframe (which
may be referred to as a CSI request carrying subframe) when the CSI report request received
by the UE is a special subframe or not a special subframe.

[0075] In this embodiment, the UE may be triggered to perform aperiodic CSI reporting for the
static and flexible downlink subframes when the CSI request carrying subframe is a special
subframe and is not a special subframe, respectively, or when the CSI request carrying
subframe is not a special subframe and is a special subframe, respectively.

Embodiment 4: the index of the downlink subframe over which the uplink grant
carryving aperiodic CSIl report request is transmitted

[0076] As a possibility in this embodiment, the downlink subframes (e.g. including special
subframes) which can carry the uplink grant may be divided into two groups: 15t downlink
subframe group and 2™ downlink subframe group. It may be predefined that an aperiodic CSI

report request carried over the downlink subframe belonging to the 15t or 2™ downlink
subframe group triggers the UE to perform aperiodic CSI measurement for static or flexible
downlink subframe, respectively.

[0077] As another possibility in this embodiment, another metric can be defined as a function
of the subframe index of the CSI request carrying subframe. This metric is denoted ygup.m. It

may be predefined / configured by the network that the UE can determine the aperiodic CSI
report for the static or flexible downlink subframes according to predefined rules. As one
example, the metric yg,5.;, may be defined as:

Y e = MOd(subFn, 2)

where subFn is the subframe number or index. In this embodiment, the UE may be triggered to
perform aperiodic CSI reporting for static and flexible downlink subframes when ys, 5.5 is 0 and

1, respectively, or when ys,p.mis 1 and 0, respectively.

Embodiment 5: the HARQ process ID corresponding to the uplink grant carrying
aperiodic CSI report request

[0078] As a possibility in this embodiment, the HARQ process IDs can be divided into two
groups (1st and 2nd). The HARQ process ID corresponding to the uplink grant carrying an
aperiodic CSI report request belonging to the 1st / 2nd HARQ process ID group means that the
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UE should perform the aperiodic CSI report for static / flexible downlink subframes respectively
or vice versa.

[0079] As another possibility in this embodiment, a metric can be defined as a function of the
HARQ process ID corresponding to the uplink grant carrying the aperiodic CSI report request,
and the UE can determine to perform the aperiodic CSI report for static or flexible downlink
subframes according to the predefined rules. As one example, a metric y, may be defined as:
7y =mod(hp _1Id,2)

where hp_Id is the HARQ process identity. In this embodiment, the UE is triggered to perform
aperiodic CSI reporting for static and flexible downlink subframes when yp, is 0 and 1,

respectively, or when yp,is 1 and 0, respectively.

Embodiment 6: the CSI process ID in the uplink grant carrying aperiodic CSI| report
request

[0080] As a possibility in this embodiment, the CSI process IDs can be associated with
static/flexible downlink subframes. In an example of the embodiment, two sets of CSI process
IDs can be defined at the radio node or eNB. One set is associated with static downlink
subframes, and the other set is associated with flexible downlink subframes. For the CSI
process associated with static downlink subframes, the corresponding zero-power/non-zero
power CSI RS and DM RS may be configured in static subframes only, while for the CSI
process associated with flexible downlink subframes, the corresponding zero-power/non-zero
power CS| RS and DM RS may be configured in flexible subframes only.
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Patentkrav

1. Fremgangsmade, der udferes af en brugerindretning, UE, til handtering af
separate aperiodiske kanaltilstandsinformation, CSI, -rapporter for en eller
flere statiske underrammer, i hvilke retningen af signaltransmission er fast, og
en eller flere fleksible underrammer, i hvilke retningen af signaltransmission er
variabel, hvilken fremgangsmade er kendetegnet ved:

- at modtage (401) en udlaser for en aperiodisk CSl-rapport som en del af en
uplink, UL, -bevilling fra et radioknudepunkt i en statisk downlink, DL, -under-
ramme, hvor udl@seren angiver en eller flere CSl-processer og implicit angiver
et CSl-underrammeseet af mindst to alternative CSl-underrammeseet;

- at udfere (403) en aperiodisk CSI-maling for en CSl-referenceressource i det
angivne CSl-underrammesaet og

- at rapportere (404) et resultat af CSI-malingen til radioknudepunktet i en CSI-
rapporteringsunderramme n,

hvor et af de mindst to alternative CSl-underrammeseet angar den ene eller de
flere statiske underrammer, og en anden af de mindst to alternative CSl-un-
derrammeseet angar den ene eller de flere fleksible underrammer, og

hvor angivelse af en eller flere CSl-processer og implicit angivelse af et CSI-
underrammesaet af to alternative CSl-underrammeseet omfatter mindst et af
felgende kriterier:

- den aperiodiske CSl-rapportudl@ser beeres over en UL-bevilling til statiske
eller fleksible UL-underrammer;

- det styrekanalelement, CCE, -indeks af UL-bevillingen, der beerer den aperi-
odiske CSl-rapportudi@ser;

- den DL-underramme, over hvilken UL-bevillingen, der beerer den aperiodiske
CSl-rapportudlgser, transmitteres, er en speciel underramme eller gj;

- det Hybrid Automatic Repeat Request, HARQ, -proces-ID, der svarer til den
UL-bevilling, der baerer den aperiodiske CSl-rapportudi@ser; og

- den CSl-procesidentifikator i UL-bevillingen, der baerer den aperiodiske CSI-
rapportudl@ser.
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2. Fremgangsmade ifglge krav 1, hvor, nar det angivne CSl-underrammeseet
angar den ene eller de flere fleksible underrammer, defineres CSl-reference-
ressourcen i tidsdomeenet som en enkelt downlink-underramme n-nCQI_ref,
hvor nCQI_ref er et offset, saledes at den enkelte downlink-underramme er en
gyldig downlink-underramme, der harer til det angivne CSl-underrammeseet.

3. Fremgangsmade ifalge et hvilket som helst af de foregaende krav, hvor ud-
l@seren omfatter mindst en bit.

4. Fremgangsmade, der udferes af et radioknudepunkt til handtering af sepa-
rate aperiodiske kanaltilstandsinformation, CSlI, -rapporter for en eller flere sta-
tiske underrammer, i hvilke retningen af signaltransmission er fast, og en eller
flere fleksible underrammer, i hvilke retningen af signaltransmission er varia-
bel, hvilken fremgangsmade er kendetegnet ved:

- at sende en udlaser for en aperiodisk CSl-rapport til en brugerindretning, UE,
i en uplink, UL, -bevilling i en statisk downlink, DL -underramme, der angiver
en eller flere CSl-processer og implicit angiver (503) et CSl-underrammeseet
af mindst to alternative CSl-underrammeseaet, i hvilke UE'en skal udfere en
aperiodisk CSI-maling for en CSl-referenceressource,

hvor et af de mindst to alternative CSl-underrammeseet angar den ene eller de
flere statiske underrammer, og en anden af de mindst to alternative CSl-un-
derrammeseet angar den ene eller de flere fleksible underrammer; og

- at modtage (504) i en CSl-rapporteringsunderramme n en CSl-rapport fra
UE'en omfattende et resultat af CSIl-malingen til radioknudepunktet i det an-
givnhe CSl-underrammeseet,

hvor angivelse af en eller flere CSl-processer og implicit angivelse af et CSI-
underrammesaet af to alternative CSl-underrammeseet omfatter mindst et af
felgende kriterier:

- den aperiodiske CSl-rapportudl@ser beeres over en UL-bevilling til statiske
eller fleksible UL-underrammer;

- det styrekanalelement, CCE, -indeks af UL-bevillingen, der beerer den aperi-
odiske CSl-rapportudi@ser;

- den DL-underramme, over hvilken UL-bevillingen, der beerer den aperiodiske
CSl-rapportudlgser, transmitteres, er en speciel underramme eller gj;
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- det Hybrid Automatic Repeat Request, HARQ, -proces-ID, der svarer til den
UL-bevilling, der baerer den aperiodiske CSl-rapportudi@ser; og

- den CSl-procesidentifikator i UL-bevillingen, der baerer den aperiodiske CSI-
rapportudl@ser.

5. Fremgangsmade ifglge krav 4, hvor, nar det angivne CSl-underrammeseet
angar den ene eller de flere fleksible underrammer, defineres CSl-reference-
ressourcen i tidsdomeenet som en enkelt downlink-underramme n-nCQI_ref,
hvor nCQI_ref er et offset, saledes at den enkelte downlink-underramme er en
gyldig downlink-underramme, der harer til det angivne CSl-underrammeseet.

6. Fremgangsmade ifalge krav 4 eller 5, hvor angivelsen udferes under an-
vendelse af en udlaser, der omfatter mindst en bit.

7. Brugerindretning, UE, (600, 700) il handtering af separate aperiodiske ka-
naltilstandsinformation, CSlI, -rapporter for en eller flere statiske underrammer,
I hvilke retningen af signaltransmission er fast, og en eller flere fleksible under-
rammer, i hvilke retningen af signaltransmission er variabel, hvilken UE er ken-
detegnet ved at veere konfigureret til:

- at modtage en udlgser for en aperiodisk CSl-rapport som en del af en uplink,
UL, -bevilling fra et radioknudepunkt i en statisk downlink, DL, -underramme,
hvor udlgseren angiver en eller flere CSl-processer og implicit angiver et CSI-
underrammeseet af mindst to alternative CSl-underrammeseet;

- at udfere en aperiodisk CSIl-maling for en CSl-referenceressource i det an-
givnhe CSl-underrammesaet og

- at rapportere et resultat af CSI-malingen til radioknudepunktet i en CSl-rap-
porteringsunderramme n,

hvor et af de mindst to alternative CSl-underrammeseet angar den ene eller de
flere statiske underrammer, og en anden af de mindst to alternative CSl-un-
derrammeseet angar den ene eller de flere fleksible underrammer,

hvor angivelse af en eller flere CSl-processer og implicit angivelse af et CSI-
underrammesaet af to alternative CSl-underrammeseet omfatter mindst et af
felgende kriterier:
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- den aperiodiske CSl-rapportudl@ser beeres over en UL-bevilling til statiske
eller fleksible UL-underrammer;

- det styrekanalelement, CCE, -indeks af UL-bevillingen, der beerer den aperi-
odiske CSl-rapportudi@ser;

- den DL-underramme, over hvilken UL-bevillingen, der beerer den aperiodiske
CSl-rapportudlgser, transmitteres, er en speciel underramme eller gj;

- det Hybrid Automatic Repeat Request, HARQ, -proces-ID, der svarer til den
UL-bevilling, der baerer den aperiodiske CSl-rapportudi@ser; og

- den CSl-procesidentifikator i UL-bevillingen, der baerer den aperiodiske CSI-
rapportudl@ser.

8. Brugerindretning (600, 700) ifelge krav 7, hvor, nar det angivne CSl-under-
rammesaet angar den ene eller de flere fleksible underrammer, defineres CSI-
referenceressourcen i tidsdomaenet som en enkelt downlink-underramme n-
nCQI_ref, hvor nCQI_ref er et offset, saledes at den enkelte downlink-under-
ramme er en gyldig downlink-underramme, der harer til det angivne CSI-un-
derrammeseet.

9. Brugerindretning (600, 700) ifelge krav 7 eller 8, hvor udl@seren omfatter
mindst en bit.

10. Radioknudepunkt (800, 900) til handtering af separate aperiodiske kanal-
tilstandsinformation, CSI, -rapporter for en eller flere statiske underrammer, i
hvilke retningen af signaltransmission er fast, og en eller flere fleksible under-
rammer, i hvilke retningen af signaltransmission er variabel, hvilket radioknu-
depunkt er kendetegnet ved at veere konfigurering til:

- at sende en udlaser for en aperiodisk CSl-rapport til en brugerindretning, UE,
i en uplink, UL, -bevilling i en statisk downlink, DL -underramme, at angive en
eller flere CSl-processer og implicit angive et CSl-underrammesaet af mindst
to alternative CSl-underrammeseet, i hvilkke UE'en skal udfere en aperiodisk
CSI-maling for en CSl-referenceressource,

hvor et af de mindst to alternative CSl-underrammeseet angar den ene eller de
flere statiske underrammer, og en anden af de mindst to alternative CSl-un-
derrammeseet angar den ene eller de flere fleksible underrammer; og
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- at modtage i en CSl-rapporteringsunderramme n en CSl-rapport fra UE'en
omfattende et resultat af CSI-malingen til radioknudepunktet i det angivne CSI-
underrammeseet,

hvor angivelse af en eller flere CSl-processer og implicit angivelse af et CSI-
underrammesaet af to alternative CSl-underrammeseet omfatter mindst et af
felgende kriterier:

- den aperiodiske CSl-rapportudl@ser beeres over en UL-bevilling til statiske
eller fleksible UL-underrammer;

- det styrekanalelement, CCE, -indeks af UL-bevillingen, der beerer den aperi-
odiske CSl-rapportudi@ser;

- den DL-underramme, over hvilken UL-bevillingen, der beerer den aperiodiske
CSl-rapportudlgser, transmitteres, er en speciel underramme eller gj;

- det Hybrid Automatic Repeat Request, HARQ, -proces-ID, der svarer til den
UL-bevilling, der baerer den aperiodiske CSl-rapportudi@ser; og

- den CSl-procesidentifikator i UL-bevillingen, der baerer den aperiodiske CSI-
rapportudl@ser.

11. Radioknudepunkt (800, 900) ifalge krav 10, hvor, nar det angivne CSI-un-
derrammeseet angar den ene eller de flere fleksible underrammer, defineres
CSl-referenceressourcen i tidsdomaenet som en enkelt downlink-underramme
n-nCQI_ref, hvor nCQI_ref er et offset, saledes at den enkelte downlink-un-
derramme er en gyldig downlink-underramme, der harer til det angivne CSI-
underrammesaéet.

12. Radioknudepunkt (800, 900) ifalge krav 10 eller 11, hvor radioknudepunk-
tet (800, 900) endvidere er konfigureret til at angive CSl-underrammeseettet
under anvendelse af en udlaser, der omfatter mindst en bit.
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