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DESCRIPTION

TECHNICAL FIELD

[0001] The present disclosure relates to methods and devices for Channel State Information
(CSl) feedback in a communication system.

BACKGROUND

[0002] The Third Generation Partnership Project (3GPP) communication standards of Long
Term Evolution (LTE) use Orthogonal Frequency-Division Multiplexing (OFDM) in the downlink
(DL) and Discrete Fourier Transform (DFT) spread OFDM (DFTS-OFDM) In the uplink (UL).
The basic LTE downlink physical resource can thus be seen as a time-frequency grid as shown
In figure 1, where each resource element (RE) corresponds to one OFDM subcarrier
(subcarrier spacing Af = 15 kHz) during one OFDM symbol interval (including cyclic prefix).

[0003] The next generation mobile wireless communication system (5G or New Radio [NR]),
which I1s currently under standardization in 3GPP, will also use OFDM in DL and both OFDM
and DFTS-OFDM in the UL. In addition to sub-carrier spacing Af = 15 kHz, more subcarrier

spacing options will be supported in NR, i.e. Af = (15 x 29%) kHz, where a is a non-negative
Integer.

[0004] In the time domain, LTE downlink transmissions are organized into radio frames of 10
ms, each radio frame consisting of ten equally-sized subframes (numbered 0-9) of length
Tsunbrrame = 1 Ms, as illustrated in figure 2. Each subframe is further divided into 2 slots each

with 7 OFDM symbols in a normal cyclic prefix configuration. A similar frame structure will also
be used In NR, In which the subframe length iIs fixed at 1 ms regardless of the sub-carrier
spacing used. The number of slots per subframe depends on the subcarrier spacing

configured. The slot duration for (15 x 29) kHz subcarrier spacing is given by 2% ms assuming
14 OFDM symbols per slot.

[0005] Furthermore, the resource allocation in LTE 1s typically described in terms of resource
blocks (RB) or physical resource blocks (PRB), where a PRB corresponds to one time slot (0.5
ms) of seven symbols (numbered 0-6) In the time domain and 12 contiguous subcarriers In the
frequency domain, whereby one PRB consists of 7 by 12 RE. Resource blocks are numbered
In the frequency domain, starting with 0 from one end of the system bandwidth. The minimum
resource unit for scheduling is a PRB pair, 1.e. two PRBs over two slots in a subframe. For
convenience, PRB Is used also to refer to a PRB pair in the rest of the text. In NR, a PRB also
Includes 12 subcarriers in frequency but may span one or more slots in the time domain. The
minimum resource unit for scheduling in NR can be one slot, to achieve reduced latency and
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Increased flexibility. To simplify the discussion, subframe is used when scheduling Is discussed.
It should, however, be understood that it is also applicable to slot in NR

[0006] Downlink transmissions are dynamically scheduled, 1.e., in each subframe the base
station transmits control information about to which terminals data is transmitted and upon
which resource blocks the data i1s transmitted, in the current downlink subframe. This control
signaling 1s typically transmitted in the first 1, 2, 3 or 4 OFDM symbols in each subframe In
LTE. A downlink system with 3 OFDM symbols as control is illustrated In figure 3. In NR, the
exact control signaling is still under discussion, but it is likely that the control signal will also be
transmitted in the first OFDM symboils.

Physical Channels and Transmission Modes

[0007] In LTE, a number of physical DL channels are supported. A downlink physical channel
corresponds to a set of resource elements carrying information originating from higher layers.
The following are some of the physical channels supported in LTE:

 Physical Downlink Shared Channel, PDSCH
 Physical Downlink Control Channel, PDCCH
» Enhanced Physical Downlink Control Channel, EPDCCH

[0008] PDSCH is used mainly for carrying user traffic data and higher layer messages. PDSCH
IS transmitted in a DL subframe outside of the control region as shown in figure 3. Both PDCCH
and EPDCCH are used to carry Downlink Control Information (DCI) such as PRB allocation,
modulation level and coding scheme (MCS), precoder used at the transmitter, etc. PDCCH 1s
transmitted In the first one to four OFDM symbols in a DL subframe, 1.e. the control region,

while EPDCCH is transmitted in the same region as PDSCH. PDCCH and PDSCH will also be
supported in NR

[0009] Similarly, the following physical UL channels are supported in both LTE and NR

» Physical Uplink Shared Channel, PUSCH
e Physical Uplink Control Channel, PUCCH

[0010] Different DCI formats are defined in LTE for DL and UL data scheduling. For example,

DCI formats O and 4 are used for UL data scheduling while DCI| formats 1, 1A, 1B, 1C, ID, 2,
2A, 2B, 2C, 2D are used for DL data scheduling. In DL, which DCI format is used for data

scheduling 1s associated with a DL transmission scheme and/or the type of message to be
transmitted. The following are some of the transmission schemes supported in LTE:
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e Single-antenna port

o [Transmit diversity (TxD)

e Open-loop spatial multiplexing
e Close-loop spatial multiplexing
e Up to 8 layer transmission

[0011] PDCCH is always transmitted with either the single-antenna port or Transmit Diversity
scheme while PDSCH can use any one of the transmission schemes. In LTE, a UE iIs
configured with a transmission mode (TM), rather than a transmission scheme. There are 10
TMs, 1.e. TM1 to TM10, defined so far for PDSCH in LTE. Each TM defines a primary
transmission scheme and a backup transmission scheme. The backup transmission scheme iIs

either single antenna port or TxD. Following is a list of some primary transmission schemes In
LTE:

e [M1: single antenna port, port O
e TM2: TxD

e [M3: open-loop SM

e [M4: close-loop SM

e [M9: up to 8 layer transmission, port 7-14
e [TM10: up to 8 layer transmission, port 7-14

[0012] It i1s noted that In this respect, TM9 and TM 10 are identical, but they differ in other
respects. In TM1 to TMO6, cell specific reference signal (CRS) Is used as the reference signal
for both channel state information feedback and for demodulation at a User Equipment (UE),
while In TM7 to TM10, UE specific demodulation reference signal (DMRS) Is used as the
reference signal for demodulation.

Codebook-based precoding

[0013] Multi-antenna techniques can significantly increase the data rates and reliability of a
wireless communication system. The performance iIs In particular improved If both the
transmitter and the receiver are equipped with multiple antennas, which results in a multiple-
iInput multiple-output (MIMO) communication channel. Such systems and/or related techniques
are commonly referred to as MIMO.

[0014] The LTE standard is currently evolving with enhanced MIMO support. A core
component in LTE is the support of MIMO antenna deployments and MIMO related techniques.
Currently LTE Advanced supports up to 8-layer spatial multiplexing with up to 32 or 16
transmitter (Tx) antennas with channel dependent precoding. The spatial multiplexing mode Is
aimed for high data rates in favorable channel conditions. An illustration of the transmission
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structure of precoded spatial multiplexing mode in LTE 1s provided in figure 4.

[0015] As seen In figure 4, the Information carrying symbol vector s i1s multiplied by an N7 x r
precoder matrix W, which serves to distribute the transmit energy in a subspace of the N+
(corresponding to NIt antenna ports) dimensional vector space. The precoder matrix Is typically

selected from a codebook of possible precoder matrices, and typically indicated by means of a
precoder matrix indicator (PMI), which specifies a unique precoder matrix in the codebook for a
given number of symbol streams. The r symbols In s each correspond to a layer and r Is
referred to as the transmission rank. In this way, spatial multiplexing is achieved since multiple
symbols can be transmitted simultaneously over the same time/frequency resource element
(TFRE) or RE. The number of symbols r is typically adapted to suit the current channel
properties.

[0016] LTE uses OFDM In the downlink (and DFT precoded OFDM In the uplink) and hence
the received N x 1 (where Nk Is the number of receive antenna ports at a UE) vector y, for a
certain TFRE on subcarrier n (or alternatively data TFRE number n) 1s thus modeled by

Yn = H,Ws, +e, (1)

where e, IS a noise/interference vector obtained as realizations of a random process. The
precoder W can be a wideband precoder, which Is constant over frequency, or frequency
selective.

[0017] The precoder matrix Is often chosen to match the characteristics of the NrxNT MIMO
channel matrix Hy,, resulting in so-called channel dependent precoding. This i1s also commonly

referred to as closed-loop precoding and essentially strives for focusing the transmit energy
INto a subspace which is strong In the sense of conveying much of the transmitted energy to
the UE. In addition, the precoder matrix may also be selected to strive for orthogonalizing the
channel, meaning that after proper linear equalization at the UE, the inter-layer interference Is
reduced.

[0018] The transmission rank, and thus the number of spatially multiplexed layers, Is reflected
In the number of columns of the precoder. For efficient performance, it is important that a
transmission rank that matches the channel properties is selected.

SU-MIMO and MU-MIMO

[0019] VWhen all the data layers are transmitted to one UE, it is referred to as single user MIMO
or SU-MIMO. On the other hand, when the data layers are transmitted to multiple UEs, it Is
referred to as multi-user MIMO or MU-MIMO. MU-MIMO Is possible when, for example, two
UEs are located In different areas of a cell such that they can be separated through different
precoders (or beamforming) at the Base Transceiver Station (BTS), the two UEs may be
served on the same time-frequency resources (l.e. PRBs) by using different precoders or
beams. In DMRS based transmission modes TM9 and TM10, different DMRS ports and/or the
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same DMRS port with different scrambling codes can be assigned to the different UEs for MU-
MIMO transmission. In this case, MU-MIMO is transparent to UE, 1.e., a UE Is not informed
about the co-scheduling of another UE in the same PRBs.

[0020] MU-MIMO requires more accurate downlink channel information than in SU-MIMO In
order for the eNB to use precoding to separated the UEs, 1.e. reducing cross Iinterference to
the co-scheduled UEs.

Channel State Information Reference Signal (CSI-RS)

[0021] In LTE Release 10 (Rel-10), a new channel state information reference signal (CSI-RS)
was Introduced for the intent to estimate channel state information. The CSI-RS based CSI
feedback provides several advantages over the CRS based CS| feedback used In previous
releases. Firstly, the CSI-RS Is not used for demodulation of the data signal, and thus does not
require the same density (i.e., the overhead of the CSI-RS Is substantially less). Secondly, CSI-
RS provides a much more flexible means to configure CS| feedback measurements (e.g.,
which CSI-RS resource to measure on can be configured in a UE specific manner).

[0022] Two types of CSI-RS are defined in LTE: non-zero power (NZP) and zero power (ZP)
CSI-RS. NZP CSI-RS can be used to estimate the effective channel of a serving transmission
point (TP), while ZP CSI-RS can be used to measure interference, or to prevent interference to
other UEs receiving signals in the ZP CSI-RS resource elements. For simplicity, NZP CSI-RS
may occasionally be referred to as CSI-RS In this disclosure.

[0023] By measuring on a CSI-RS, a UE can estimate the effective channel the CSI-RS is
traversing, including the radio propagation channel and antenna gains. In more mathematical
rigor this implies that if a known CSI-RS signal x is transmitted, a UE can estimate the coupling
between the transmitted signal and the received signal (i.e., the effective channel). Hence If no
virtualization i1s performed in the transmission, the received signal y can be expressed as
y=Hx+e (2)

and the UE can estimate the effective channel H.

[0024] Up to eight CSI-RS ports can be configured for a Rel-11 UE, that is, the UE can thus
estimate the channel from up to eight transmit antennas. In Rel-13, up to 16 CSI-RS ports are
supported.

[0025] Figure 5 shows the REs available for CSI-RS allocations in a PRB. Up to 40 REs can be
configured for CSI-RS. CSI-RS i1s transmitted over all PRBs of the downlink system bandwidth
In order for a UE to measure CSI| over the whole bandwidth.

[0026] CSI-RS can be transmitted periodically on certain subframes, also referred as CSI-RS
subframes. A CSI-RS subframe configuration consists of a subframe periodicity and a

subframe offset. The periodicity i1s configurable at 5, 10, 20, 40 and 80 ms.



DK/EP 3455988 13

[0027] A CSI-RS configuration consists of a CSI-RS resource configuration and a CSI-RS
subframe configuration.

Codebook Based Channel State Information (CSI) Estimation and Feedback

[0028] In closed loop MIMO transmission schemes such as TM9 and TM10, a UE estimates
and feeds back the downlink CSI to the evolved Node B (eNB). The eNB uses the feedback
CSl to transmit downlink data to the UE. The CSI consists of a transmission rank indicator (RI),
a precoding matrix indicator (PMI) and a channel quality indicator(s) (CQIl). A codebook of
precoding matrices for each rank is used by the UE to find out the best match between the
estimated downlink channel H, and a precoding matrix in the codebook based on certain

criteria, for example, the UE throughput. The channel H,, Is estimated based on a NZP CSI-RS
transmitted in the downlink for TM9 and TM10.

[0029] The CQI/RI/PMI together provide the downlink channel state of a UE. This Is also
referred to as implicit CS| feedback since the estimation of H, Is not fed back directly. The

CQI/RI/PMI can be wideband or sub-band depending on which reporting mode is configured.

[0030] The RI corresponds to a recommended number of data symbols/streams that are to be
spatially multiplexed and thus transmitted in parallel over the downlink channel. The PMI
iIdentifles a recommended precoding matrix codeword (in a codebook which contains
precoders with the same number of rows as the number of CSI-RS ports) for the transmission,
which relates to the spatial characteristics of the channel. The CQIl represents a recommended
transport block size (1.e., code rate) and LTE supports transmission of one or two simultaneous
(on different layers) transmissions of transport blocks (i.e. separately encoded blocks of
Information) to a UE In a subframe. There Is thus a relation between a CQIl and an Signal-to-
Interference-plus-Noise Ratio (SINR) of the spatial stream(s) over which the transport block or
blocks are transmitted.

[0031] A codebook of up to 32 (previously 16) antenna ports has been defined in LTE. Both
one-dimensional (1D) and two-dimensional (2D) antenna array are supported. For LTE Rel-12
UE and earlier, only a codebook feedback for a 1D port layout is supported, with 2, 4 or 8
antenna ports. Hence, the codebook Is designed assuming these ports are arranged on a
straight line. In LTE Rel-13, codebooks for 2D port layouts were specified for the case of 8, 12
or 16 antenna ports. In addition, a codebook 1D port layout for the case of 16 antenna ports
was also specified in LTE Rel-13.

[0032] In LTE Rel-13, two types of CSI reporting were introduced, i.e. Class A and Class B. In
Class A CSI| reporting, a UE measures and reports CSl based on a codebook for the
configured 2D antenna array with 8, 12 or 16 antenna ports. The Class A codebook Is defined
by five parameters, 1.e. (N1, N2, O1, O2, Config), where (N1, N2) are the number of antenna
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ports In a first and a second dimension, respectively and (O1,02) are the DFT oversampling
factors for the first and the second dimension, respectively. Config ranges from 1 to 4 and
defines four different ways the codebook is formed. For Config=1, a PMI| corresponding to a
single 2D beam iIs fed back for the whole system bandwidth while for Config € {2,3,4}, PMIs
corresponding to four 2D beams are fed back and each subband may be associated with a
different 2D beam. The CSI consists of a Rl, a PMI and a CQIl or CQls, similar to the CSI

reporting in pre Rel-13.

[0033] In Class B CSI reporting, In one scenario (also referred to as "K>1"), the eNB may pre-
form multiple beams in one antenna dimension. There can be multiple ports (1, 2, 4 or 8 ports)
within each beam on the other antenna dimension. "Beamformed” CSI-RS are transmitted
along each beam. A UE first selects the best beam from a group of beams configured and then
measures CS| within the selected beam based on the legacy codebook for 2, 4 or 8 ports. The
UE then reports back the selected beam index and the CSI corresponding to the selected
beam. In another scenario (also referred to as "K=1"), the eNB may form up to 4 (2D) beams
on each polarization and "beamformed” CSI-RS i1s transmitted along each beam. A UE
measures CS| on the "beamformed” CSI-RS and feedback CSI based on a new Class B
codebook for 2, 4, 8 ports.

[0034] In LTE Rel-14, Class-A codebooks for additional one- and two-dimensional port layouts
with 8, 12, 16, 20, 24, 28 and 32 antenna ports were specified. In addition, an advanced Class-
A codebook was Introduced with higher resolution channel feedback to support MU-MIMO
operations. However, a UE can only be configured semi-statically with either the regular Class-
A codebook based feedback or the advanced codebook-based CSI feedback.

CS/ Process

[0035] In LTE Release 11, CS| processes are defined such that each CS| process is
associlated with a CSI-RS resource and a CSI-IM resource. A CSI-IM resource I1s defined by a
ZP CSI-RS resource and a ZP CSI-RS subframe configuration. A UE In transmission mode 10
can be configured with one or more (up to four) CSl processes per serving cell by higher layers
and each CSI reported by the UE corresponds to a CSI process. The multiple CS| processes
were Introduced to support Coordinated Multi-Point (COMP) transmission in which a UE
measures and feeds back CSI| associated with each transmission point to an eNB. Based on
the received CSls, the eNB may decide to transmit data to the UE from one of the TPs.

CS/ reporting

[0036] For CSI reporting, both periodic and aperiodic (i.e. triggered by eNB) reports are
supported, known as P-CS| and A-CSI respectively. In a CSI process, a set of CSI-RS ports are
configured for which the UE performs measurements. These CSI-RS ports can be configured
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to be periodically transmitted with 5 ms, 10 ms, 20 ms etc. periodicity. The periodic report may
use PUCCH format 2, or its variants (2a, 2b) and has a configured periodicity as well, e.g. 20

ms. Rl, PMI, CQl may be reported on different subframes in some case due to the payload
size limitation of PUCCH format 2.

[0037] In case of aperiodic CSI reporting, a UE reports CSI only when 1t Is requested by the
eNB. A CSI| reporting request i1s carried in an uplink DCI| (1.e. DC|I 0 or DCI| 4) and the
corresponding report Is carried in a PUSCH configured by the DCIl. PUSCH is generally able to
carry a much larger payload than PUCCH and thus CSI can be sent in one subframe.

[0038] For a given CSI process configured for a UE, both periodic and aperiodic CSI reporting
can be configured. Periodic CSI| can be used for the UE to report CSI periodically even there Is
no data to send to the UE. This can be used to obtain long term CSI at the eNB. On the other
hand, aperiodic CSl can be used only when there 1s data to transmit to the UE, it can provide
more Iinstantaneous CSI to track fast channel variations and thus better channel utilization.

[0039] Different feedback reporting modes may be used for periodic and aperiodic CSi
reporting. For example, wideband PMI and CQI report could be configured for periodic CSI
reporting while subband PMI| and CQI report could be configured for aperiodic CSI reporting.
However, for the same CSI process, the same codebook is used for both.

[0040] In some scenarios, the CSI feedback may be restricted to a subset of the codewords In
a codebook by means of codebook set restriction configuration. In this case, a UE measures
CS| based on the configured subset of codeword In the codebook. In some other cases,
subsampling of the codebook can be used to reduce the periodic CS| feedback overhead.

[0041] VWWhen multiple CSI processes or multiple downlink carriers (or cells) are configured for a
UE, CSI reporting configuration can be different for different cells or different CSI| processes.
However, for a NZP CSI-RS configuration in a CSI process, only one codebook per rank can
be configured for CSl measurement and reporting; different codebooks for the same CSI-RS
configuration is not supported in LTE .

[0042] Document US 2016/014758 A1 relates to Cooperative Multi-Point (CoMP) system and
provides methods and apparatus based on Dynamic cell Selection (DS) and Dynamic cell
blanking (DB) techniques. There are two feedback schemes for the UE to transmit the
feedback information of DB to the central controller.

[0043] Document WO 2015/115706 A1 defines two types of CSI-RS and corresponding CSi
feedback reports.

[0044] Document US 2015/215093 A1 discloses methods and apparatus for reporting CSl In a
CoMP wireless communication system.

SUMMARY



DK/EP 3455988 13

[0045] It has now been realized that a problem with the current standards, as discussed
above, Is that for a given CSI-RS resource configuration, a single codebook per rank is used
for both periodic and aperiodic CSI| feedback in the existing CSI| feedback in LTE. This means
that the same channel resolution or accuracy i1s reported. In a real network, the channel
Information needed by an eNB iIs different for SU-MIMO and MU-MIMO. More accurate
channel information is needed for MU-MIMO than for SU-MIMO. However, feeding back more
accurate CS| would require more feedback overhead Iin the uplink. Whether a UE can
participate in MU-MIMO transmission depends on the availability of other UE candidates in the
network, which can change over time. Thus when there are no UE candidates available for
MU-MIMO, low overhead CSI feedback based on regular codebook i1s adequate for SU-MIMO
transmission. On the other hand, when there are UE candidates available for MU-MIMO
transmission, CSI| feedback based on advanced codebook should be used to support MU-
MIMO transmission. Therefore, it I1s desirable to be able to switch CS| feedback types
dynamically. The existing CS| feedback does thus not fulfill the CSI| feedback requirements for
pboth SU-MIMO and MU-MIMO transmission while maintaining a low feedback overhead.

[0046] The invention Is defined by the appended claims 1-15.

[0047] In accordance with the present disclosure, a solution to the problem is proposed by
means of methods to feedback CSI| with different accuracies or resolutions, in which more than
one codebook per rank may be configured for a configured CSI-RS resource In either a single
or multiple CSI-RS process.

[0048] The codebooks associated with a CSI-RS resource may be semi-statically signaled to a
UE through Radio Resource Control (RRC) signaling. The codebook used for CSI
measurement and feedback may be dynamically indicated from an eNB to a UE. The dynamic
Indication may be carried over downlink control information through either a downlink or uplink
grant.

[0049] The proposed solution provides a more efficient tradeoff between CS| accuracy and
feedback overhead. For example, when the network load is low and there are not many UEs In
the system for MU-MIMO transmission, CSI feedback with low accuracy or resolution could be
used to save feedback overhead. On the other hand, when there are many active UEs present
In the system and MU-MIMO transmission is beneficial, the CSI| feedback with high accuracy or
resolution may be used.

[0050] In addition, the high accuracy CSI feedback might only be requested from a UE when
the UE 1s a candidate for MU-MIMO transmission.

[0051] Generally, all terms used In the claims are to be interpreted according to their ordinary
meaning In the technical field, unless explicitly defined otherwise herein. All references to
"alan/the element, apparatus, component, means, step, etc.”" are to be interpreted openly as
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referring to at least one instance of the element, apparatus, component, means, step, etc.,
unless explicitly stated otherwise. The steps of any method disclosed herein do not have to be
performed In the exact order disclosed, unless explicitly stated. The use of "first”’, "second" etc.
for different features/components of the present disclosure are only intended to distinguish the
features/components from other similar features/components and not to impart any order or
hierarchy to the features/components.

BRIEF DESCRIPTION OF THE DRAWINGS

[0052] Embodiments will be described, by way of example, with reference to the
accompanying drawings, on which:

Fig. 1 1s a schematic time-frequency grid of REs in LTE;

Fig. 2 Is a schematic illustration of a radio frame in LTE;

Fig. 3 Is a schematic time-frequency grid of control signaling in LTE;

Fig. 4 Is a schematic block diagram of precoding in LTE;

Fig. 5 Is a schematic time-frequency grid of REs for CSI-RS allocation in LTE;

Fig. 6 1s a schematic diagram of an embodiment of a communication system, in accordance
with the present disclosure;

Fig. 7 1s a schematic block diagram of an embodiment of a series of subframes for multi-
resolution CSl feedback, in accordance with the present disclosure;

Fig. 8 Is a schematic block diagram of an embodiment of a series of subframes for triggering
high-resolution CSI feedback, in accordance with the present disclosure;

Fig. 9 1s a schematic block diagram of another embodiment of a series of subframes for
triggering high-resolution CSI feedback, in accordance with the present disclosure;

Fig. 10 Is a schematic block diagram of an embodiment of a series of subframes for triggering
an aperiodic CSI-RS transmission and high-resolution CS| feedback, in accordance with the
present disclosure;

Fig. 11 1s a schematic block diagram of another embodiment of a series of subframes for
triggering an aperiodic CSI-RS transmission and high-resolution CSI feedback, in accordance
with the present disclosure;

Fig. 12 1s a schematic flow chart of example embodiments of a method in accordance with the
present disclosure;

Fig. 13a Is a schematic block diagram of an embodiment of a RAN node, in accordance with
the present disclosure;
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Fig. 13b Is a schematic functional block diagram of an embodiment of a RAN node, In
accordance with the present disclosure;

Fig. 14a 1s a schematic block diagram of an embodiment of a radio device, in accordance with
the present disclosure;

Fig. 14b 1s a schematic functional block diagram of an embodiment of a radio device, In
accordance with the present disclosure;

Fig. 15 Is a schematic illustration of an embodiment of a computer program product, In
accordance with the present disclosure;

Fig. 16 Is a schematic flow chart of an embodiment of a method performed by a RAN node, In
accordance with the present disclosure; and

Fig. 17 1s a schematic flow chart of an embodiment of a method performed by a radio device,
In accordance with the present disclosure.

DETAILED DESCRIPTION

[0053] Embodiments will now be described more fully hereinafter with reference to the
accompanying drawings, on which certain embodiments are shown. However, other
embodiments In many different forms are possible within the scope of the present disclosure.
Rather, the following embodiments are provided by way of example so that this disclosure will
be thorough and complete, and will fully convey the scope of the disclosure to those skilled In
the art. Like numbers refer to like elements throughout the description.

[0054] Note that although terminology from 3GPP LTE has been used in this disclosure to
exemplify embodiments, this should not be seen as Iimiting the scope of the disclosure to only
the aforementioned system. Other wireless systems, including next-generation radio (NR or
5G), Wideband Code Division Multiple Access (WCDMA), Worldwide Interoperability for
Microwave Access (WiMax), Ultra Mobile Broadband (UMB) and Global System for Mobile
Communications (GSM), may also benefit from exploiting the ideas covered within this
disclosure.

[0055] Also note that terminology such as eNodeB (eNB) and UE should be considering non-
imiting and does In particular not imply a certain hierarchical relation between the two. In
general "eNodeB" could be considered as a first device and "UE" a second device, and these
two devices communicate with each other over some radio channel. Herein, we also focus on
wireless transmissions in the downlink, but the disclosure may also be applicable in the uplink.

[0056] Figure © Is a schematic diagram of an embodiment of a communication system or
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network 1, in accordance with the present disclosure. The communication system 1 comprises
a Radio Access Network (RAN) 2 comprising at least one RAN node 3, e.g. an eNB or other
base station of a cellular communication network in accordance with a 3GPP communication
standard. The RAN node 3 serves a cell 4 of the RAN 2 by means of one or a plurality of
antennas or antenna elements 5, corresponding to antenna ports. Often, the RAN 2 of the
communication system 1 comprises a plurality of RAN nodes/base stations 3, serving a
plurality of cells, but the figure is simplified to only show one RAN node 3 and one cell 4. Radio
devices 6, mobile or stationary, e.g. UEs or other wireless terminals, located within a
geographical area covered by the cell 4 may connect to, and communicate with or via, the RAN
node 3. Any number of radio devices 6 may be located in the cell area, but in the figure are
shown a first radio device 6a and a second radio device 6b. Each radio device 6 comprises
one or a plurality of antennas or antenna elements 7, corresponding to antenna ports.

[0057] Generally, a radio device 6, as discussed herein, may be any wireless device or user
equipment (UE), mobile or stationary, enabled to communicate over a radio channel in the
communication system or network 1, for instance but not Iimited to e.g. mobile phone,
smartphone, modem, sensors, meters, vehicles (e.g. a car), household appliances, medical
appliances, media players, cameras, or any type of consumer electronic, for instance but not
imited to television, radio, lighting arrangements, tablet computer, laptop, or personal
computer (PC).

[0058] In some embodiments of multi-resolution CSI reporting based on CSI-RS transmitted In
semi-statically configured CSI-RS subframes, a UE 6 Is configured to report two types CSls for
the same transmit antenna port layout (N1,N2) signaled to the UE, where N1 and N2 are the
number of antenna ports In a first and a second dimension. For example, N1 can be the
number of antenna ports in the horizontal direction and N2 can be the number of vertical
antenna ports in the vertical direction. The configuration can be semi-statically signaled to the
UE through RRC signaling by its connected eNB 3.

[0059] For CSI measurement, the UE 6 Is signaled with one CSI-RS resource configuration
and a set of CSI-RS subframes for CSI-RS transmission on the configured (N1,N2) antenna
ports. The UE Is also signaled with an interference measurement resource used for both of the
two types CSI, all associated with a single CSI-RS process.

[0060] Alternatively, a UE 6 may be configured with two CSI-RS processes having the same
CSI-RS resource. The first type of CSI 1s associated with one CSI-RS process and the second
type of CSl 1s associated with the other CSI-RS process. This is illustrated in figure 7.

[0061] The first type of CSI may be a CSl of the "CLASS A" type defined In LTE release 13 for
CSI reporting based on an existing "CLASS A" codebook. For example, the codebook may be
configured by (N1, N2, O1, O2, Config num), where O1 and O2 are the DFT beam

oversampling factor and Config_ num Is one of the four configurations defined in LTE release
13. This type of CS|I has generally low resolution and i1s mainly used for SU-MIMO
transmission.
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[0062] The second type of CS| may be a CSl with enhanced channel feedback , 1.e. with high
accuracy and/or high resolution. High accuracy or high resolution CS| means that the CSI can
be used by the eNB to better reconstruct the underlying channel. Let H be the estimated
NrxNT (corrponding to Nr receive antenna ports and ANyt transmit antenna ports) channel

matrix at a UE, and H4, H> be the reconstructed channel matrices based on the first type of CSI

and the second type of CSI feedback, respectively. We have [|H - H5ll < |H - HqlI%, where |- ||

is @ matrix norm. |H - H;{|¢ (/ = 1,2) represents the channel feedback error. In other words, the

channel feedback error is much smaller with the second type of CSI feedback than with the first
type of CSI| feedback. Note that CSI accuracy or CSI resolution is defined here assuming that
the minimum channel feedback error of a CSl calculation method or codebook Is used. For
example, a CSl reporting scheme that only uses part of a codebook to determine a CSl report
IS not considered to have a lower resolution than a CSI| reporting scheme that uses the full
codebook.

[0063] The second type of CSI feedback may be either implicit based on a new codebook or
explicit in which no codebook is used. One example of explicit CSI feedback is to feedback a
quantized version of the estimated channel matrix H or its principle eigen vectors and the

associated eigen values. For example, let hy = |hy|e/®! be the (k,)I" element of H, both the

amplitude |hyy| and the phase ¢,; each may be quantized with certain number of bits, e.g. 4

bits. Let's denote |A|(9 and

as the quantized version of |hy| and ¢,,, where each of |A|(9 and

/\(qgo:)'

Lr
have 24=16 distinct states associated with g, € {0,1,...,15} and Gy € {0,1,...,15}, and the

quantized version of hy; Is then

A A (Qh)
i (%qu;) - . A{QQ)
" = oy

The quantized version of H becomes H with

(q4-9,)
hfd |

as its (k,)" element. H can then be identified in CSI feedback with the set of values of g} and

gy corresponding to each

];(%;%)
'kl -
Alternatively, singular-value decomposition (SVD) of H may be performed as

H — Z\/Z;H}V;H

and only a few dominant eigen values {A;} and the corresponding eigen vectors {v;} may be

quantized and fed back. There can be other ways to feedback H explicitly without a codebook.

[0064] The secondary type of CS|I may typically be used for high resolution CSI| feedback
targeting MU-MIMO transmissions.
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[0065] The second type of CS|I may be reported by a UE 6 only when it Is requested, I.e.
aperiodically. The request may be dynamic and only signaled when the UE may be paired with
another UE in a cell 4 for MU-MIMO transmission.

[0066] The first type of CSI may be reported periodically and may also be reported
aperiodically by a UE 6. The dynamic request may also include an indicator to indicate which
type of CS| should be reported.

[0067] In one embodiment, the aperiodic CSI feedback request may comprise or consist of a
CS| measurement request and a CSl report request to provide the UE with more processing
time between a CS| measurement and a CSI report. An example of triggering high resolution
CSI feedback with two requests is shown In figure 8. The CS| measurement request is sent first
In a subframe for a UE to measure CSI followed by a CSI report request in a later subframe for
the UE to report the measured CSIl. The CSI measurement request is sent before or in a CSI-
RS subframe and the CSI report request needs to be sent after the CSI-RS subframe. This
provides more processing time (e.g. >4 subframes) for a UE to measure and report CSI.

[0068] The CSI measurement request may include a CSl type indicator to indicate which CSI
type Is to be measured and reported. The CSI| report may also include uplink PUSCH
resources to carry the CSI report. The subframe Iin which the PUSCH is transmitted is implicitly
signaled as done for normal PUSCH transmission (i.e. n+4 relation, where n Is the subframe
carrying an uplink grant and n+4 i1s the subframe for PUSCH transmission) or explicitly
signaled.

[0069] In another embodiment, the CSI measurement and CS| report requests may be
combined and transmitted by the eNB 3 In the same subframe via a UL grant. An example of
triggering a high resolution CSI feedback with single request 1s shown In figure 9. In this case,
the UL grant is transmitted in a CSI-RS subframe. When the implicit PUSCH transmission
timing 1s used, a UE 6 completes CS| measurement and reports in 4 subframes. Otherwise, an
explicit signaling of PUSCH transmission subframe associated with the uplink grant may be
used.

[0070] In some embodiments of multi-resolution CSI reporting based on CSI-RS In subframes
other than the semi-statically configured CSI-RS subframes, aperiodic CSI-RS transmission In
any subframe may also be supported, iIn which CSI-RS transmission is not limited to the
configured CSI-RS subframes. A CSI-RS transmission in subframes other than the configured
CSI-RS subframes may be triggered by a CSlI measurement request. In this case, a CSI
measurement request is transmitted in the same subframe in which the CSI-RS Is transmitted.
An example of triggering of an aperiodic CSI-RS transmission and high resolution CSI
feedback using two requests i1s shown In figure 10.

[0071] When a CS| measurement request Is received In a subframe, a UE 6 measures CSI
based on the CSI-RS transmitted in the subframe. The type of C3I Is Iindicated in the CSI
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measurement request.

[0072] A CSI report request may be sent in a subframe after the CSl measurement request to
the UE to report the measured CSI.

[0073] Alternatively, the CSlI measurement request and the CSI| report request may be
combined and transmitted in an uplink grant in the same subframe In which a CSI-RS 1Is
transmitted. An example of triggering an aperiodic CSI-RS transmission and high resolution
CSI feedback using a single request is shown iIn figure 11.

[0074] In another embodiment, the high resolution feedback Is requested also based on traffic
type. For example, for burst traffic with short packets, the delay incurred in the aperiodic high
resolution report could mean that MU-MIMO 1s not worth the effort. For a pair of candidate
users, e.g. UEs 6, one or both user-buffers could be flushed before there is a chance to co-
schedule them. In contrast, for more sustained traffic, there may still be a chance to co-
schedule before the buffers are flushed.

[0075] Figure 12 is a flow chart illustrating different embodiments of a method of the present
disclosure.

[0076] In a first step, an eNB 3 configures a UE 6 with two types of CSI reporting based on a
CSI-RS resource:

1. 1. The first type 1s a "CLASS A" codebook based CSI feedback.
2. 2. The second is an enhanced CSl feedback with a higher resolution.

[0077] In a second step, the eNB 3 dynamically triggers CSI| feedback by sending a CSI
feedback request to a UE 6, the request including the type of CSI to be fed back to the eNB

[0078] In a third step, when the CSI feedback trigger (CSI| feedback request) Is received by a
UE 6, the UE measures CS| of the indicated type In the configured CSI-RS resource In a
subframe associated with the trigger and reports back the measured CSl in a later subframe to
the eNB 3.

[0079] General device and method embodiments of the present disclosure are further
discussed below.

[0080] Figure 13a schematically illustrates an embodiment of a RAN node 3 of the present
disclosure. The RAN node 3 comprises processor circuitry 31 e.g. a central processing unit
(CPU). The processor circuitry 31 may comprise one or a plurality of processing units in the
form of microprocessor(s). However, other suitable devices with computing capabilities could
be comprised in the processor circuitry 31, e.g. an application specific integrated circuit (ASIC),
a field programmable gate array (FPGA) or a complex programmable logic device (CPLD). The
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processor circuitry 31 1s configured to run one or several computer program(s) or software
(SW) 151 (see also figure 15) stored in a storage 32 of one or several storage unit(s) e.g. a
memory. The storage unit I1s regarded as a computer readable means 152 (see figure 15) as
discussed herein and may e.g. be in the form of a Random Access Memory (RAM), a Flash
memory or other solid state memory, or a hard disk, or be a combination thereof. The
processor circuitry 31 may also be configured to store data in the storage 32, as needed. The
RAN node 3 also comprises a communication interface 33, e.g. comprising antenna(s) or
antenna element(s) 5 and corresponding antenna ports as discussed herein, as well as
transmitter and receiver means for wireless (radio) communication with radio devices 6 and
possibly for wired or wireless communication with other nodes in the communication system 1
e.g. other RAN nodes or nodes of a core network.

[0081] Figure 13b Is a schematic block diagram functionally illustrating an embodiment of the
RAN node 3 In figure 13a. As previously mentioned, the processor circuitry 31 may run
software 151 for enabling the RAN node 3 to perform an embodiment of a method of the
present disclosure, whereby functional modules may be formed in RAN node e.g. In the
processor circuitry 31 for performing the different steps of the method. These modules are
schematically illustrated as blocks within the RAN node 3. Thus, the RAN node 3 comprises a
sending module 35 (e.g. comprised In or in cooperation with the communication interface 33)
for sending, to the radio device 6, information about a first CSI type and a second CSI type for
feedback, as well as for sending, e.g. dynamically, to the radio device 6, a CSI| feedback
request for CSI measurement and feedback of the first CSl type or the second CSI type. The
RAN node also comprises a receiving module 34 (e.g. comprised in or in cooperation with the
communication interface 33) for receiving, from the radio device 6, a CSl| report of the
requested CSI type.

[0082] Figure 14a schematically illustrates an embodiment of a radio device 6 of the present
disclosure. The radio device 6 comprises processor circuitry 61 e.g. a central processing unit
(CPU). The processor circuitry 61 may comprise one or a plurality of processing units in the
form of microprocessor(s). However, other suitable devices with computing capabilities could
be comprised In the processor circuitry 61, e.g. an application specific integrated circuit (ASIC),
a fleld programmable gate array (FPGA) or a complex programmable logic device (CPLD). The
processor circuitry 61 1s configured to run one or several computer program(s) or software
(SW) 151 (see also figure 15) stored In a storage 62 of one or several storage unit(s) e.g. a
memory. The storage unit I1s regarded as a computer readable means 152 (see figure 15) as
discussed herein and may e.g. be in the form of a Random Access Memory (RAM), a Flash
memory or other solid state memory, or a hard disk, or be a combination thereof. The
processor circuitry 61 may also be configured to store data in the storage 62, as needed. The
radio device 6 also comprises a radio Interface 63, e.g. comprising antenna(s) or antenna
element(s) 7 and corresponding antenna ports as discussed herein, as well as transmitter and
receiver means for wireless (radio) communication with a RAN node 3.

[0083] Figure 14b Is a schematic block diagram functionally illustrating an embodiment of the
radio device 6 In figure 14a. As previously mentioned, the processor circuitry 61 may run
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software 151 for enabling the radio device 6 to perform an embodiment of a method of the
present disclosure, whereby functional modules may be formed In radio device 6 e.g. In the
processor circuitry 61 for performing the different steps of the method. These modules are
schematically illustrated as blocks within the radio device 6. Thus, the radio device 6 comprises
a recelving module 65 (e.g. comprised In or In cooperation with the radio interface 63) for
recelving, from the RAN node 3, information about a first CSI type and a second CSl type for
feedback, as well as for receiving, e.g. dynamically, from the RAN node 3, a CSI| feedback
request for CSI measurement and feedback of the first CSl type or the second CSI type. The
radio device 6 also comprises a measuring module 66 for measuring CSl| of the indicated type
based on signals received on a CSI-RS resource. The radio device 6 also comprises a sending
module 67 (e.g. comprised In or in cooperation with the radio interface 63) for sending, to the
RAN node 3, a CSl report of the requested CS| type.

[0084] Figure 15 illustrates an embodiment of a computer program product 150. The computer
program product 150 comprises a computer readable (e.g. non-volatile and/or non-transitory)
medium 152 comprising software/computer program 151 in the form of computer-executable
components. The computer program 151 may be configured to cause a device, e.g. a RAN
node 3 or a radio device 6 as discussed herein, to perform an embodiment of a method of the
present disclosure. The computer program may be run on the processor circuitry 31/61 RAN
node 3/radio device 6 for causing It to perform the method. The computer program product
150 may e.g. be comprised In a storage unit or memory 32/62 comprised in the RAN node
3/radio device 6 and associated with the processor circuitry 31/61. Alternatively, the computer
program product 150 may be, or be part of, a separate, e.g. mobile, storage means/medium,
such as a computer readable disc, e.g. CD or DVD or hard disc/drive, or a solid state storage
medium, e.g. a RAM or Flash memory. Further examples of the storage medium can include,
but are not limited to, any type of disk including floppy disks, optical discs, DVD, CD-ROMs,
microdrive, and magneto-optical disks, ROMs, RAMs, EPROMs, EEPROMs, DRAMs, VRAMs,
flash memory devices, magnetic or optical cards, nanosystems (including molecular memory
ICs), or any type of media or device suitable for storing instructions and/or data. Embodiments
of the present disclosure may be conveniently implemented using one or more conventional
general purpose or specialized digital computer, computing device, machine, or
microprocessor, Including one or more processors, memory and/or computer readable storage
media programmed according to the teachings of the present disclosure. Appropriate software
coding can readily be prepared by skilled programmers based on the teachings of the present
disclosure, as will be apparent to those skilled in the software art.

[0085] Figure 16 I1s a schematic flow chart of an embodiment of a method performed In/by a
RAN node 3, In accordance with the present disclosure, for CSl feedback in a communication
system 1 comprising the RAN node 3 provided with multiple transmit antenna ports 5 for
transmitting data to a radio device 6. The method comprises sending $S1, to the radio device 6,
Information about a first CSl type and a second CSl| type for feedback. The method also
comprises sending S2, e.g. dynamically, to the radio device 6, a CSI feedback request for CSI
measurement and feedback of the first CSIl type or the second CSI type. The method also
comprises recelving S3, from the radio device 6, a CSl report of the requested CSl type.
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[0086] Figure 17 I1s a schematic flow chart of an embodiment of a method performed In/by a
radio device 6, In accordance with the present disclosure, for CS| feedback in a communication
system 1 comprising a RAN node 3. The method comprises receiving S11, from the RAN node
3, Information about a first CS| type and a second CSI type for feedback. The method also
comprises receiving $S12, e.g. dynamically, from the RAN node 3, a CSI feedback request for
CS|l measurement and feedback of the first CS| type or the second CSI type. As used herein,
dynamic transmission and reception may Iinvolve a Physical Downlink Control Channel
(PDCCH). The method also comprises measuring $13 CSI of the Indicated type based on
signals received on a CSI-RS resource. The method also comprises sending S14, to the RAN
node 3, a CSl report of the requested CSI type.

[0087] The communication system 1 may be configured for performing any embodiment of the
method performed in a communication system discussed herein.

[0088] The RAN node 3 may be configured for performing any embodiment of the method
performed by a RAN node discussed herein.

[0089] The radio device 6 may be configured for performing any embodiment of the method
performed by a radio device discussed herein.

[0090] The invention Is defined by the appended claims.
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Patentkrav

1. Fremgangsmade til Channel State Information-, CSl-, feedback, udfert af en
radioindretning (6), der kan anvendes | et kommunikationssystem (1), som om-
fatter et Radio Access Network-, RAN-, knudepunkt (3), hvilken fremgangs-
made omfatter:

at modtage (S11), fra RAN-knudepunktet (3), information om en Channel State
Information Reference Signal-, CSI-RS-, ressource, en farste CSl-type og en
anden CSl-type til feedback baseret pa CSI-RS- ressourcen,

at modtage (S12), fra RAN-knudepunktet (3), en CSl-feedbackanmodning om
CSI-maling og feedback, der angiver den farste CSl-type eller den anden CSI-
type;

at male (S13) CSI af den angivne type baseret pa signaler modtaget i CSI-RS-
ressourcen; og

at sende (S14), til RAN-knudepunktet (3), en CSl-rapport om den angivne CSI-

type.

2. Fremgangsmade ifalge et af de foregaende krav, hvor CSl-feedbackanmod-
ningen modtages dynamisk (S12).

3. Fremgangsmade ifelge et af de foregaende krav, hvor informationen ogsa
omfatter information om et sendeantenneport-layout anvendt 1 RAN-knude-
punktet.

4. Fremgangsmade ifalge krav 3, hvor informationen ogsa omfatter informa-
tion om en ferste kodebog for den farste CSl-type og en anden kodebog for
den anden CSl-type.

5. Fremgangsmade ifalge krav 4, hvor den farste kodebog og den anden ko-
debog begge er associeret med det samme antenneport-layout.

6. Fremgangsmade ifelge et af de foregaende krav, hvor informationen mod-
tages halvstatisk, sasom over Radio Resource Control, RRC.
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7. Fremgangsmade ifalge et af de foregaende krav, hvor den anden CSl-type
har en hajere kanaloplasning end den farste CSl-type.

8. Fremgangsmade ifelge et af de foregaende krav, hvor den anden kodebog
tilvejebringer rigere kanaltilstandsinformation end den ferste kodebog.

9. Fremgangsmade ifelge et af kravene 1 til 7, hvor den anden CSl-type er en
forbedret CSI| baseret pa eksplicit kvantisering af en estimeret kanal.

10. Fremgangsmade ifalge et af de foregaende krav, hvor den ferste og den
anden CSI-type er konfigureret i den samme CSl-proces eller | to forskellige
CSl-processer.

11. Fremgangsmade ifalge et af de foregaende krav, hvor CSl-feedbackan-
modningen indeholder bade en CSl-typeindikator og information om CSI-RS-
ressourcen.

12. Fremgangsmade udfert af et Radio Access Network-, RAN-, knudepunkt
(3), der kan anvendes | et kommunikationssystem (1) og er udstyret med flere
sendeantenneporte (5) til transmission af data til en radioindretning (6), der
kan anvendes 1 kommunikationssystemet (1), og til modtagelse af Channel
State Information-, CSI|-, feedback fra radioindretningen (6), hvilken frem-
gangsmade omfatter

at sende (S1), til radioindretningen (6), information om en CS| Reference Sig-
nal-, CSI-RS-, ressource, en ferste CSl-type og en anden CSl-type til feedback
baseret pa CSI-RS-ressourcen;

at sende (S2), til radioindretningen (6), en CSl-feedbackanmodning om CSI-
maling og feedback, der angiver den farste CSl-type eller den anden CSl-type;
Og

at transmittere mindst et CSI-RS-signal i CSI-RS-ressourcen; og

at modtage (S3), fra radioindretningen (6), en CSl-rapport om den angivne
CSl-type.
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13. Computerprogramprodukt (150), omfattende instruktioner, der, nar pro-
grammet udferes af en computer, far computeren til at udfere trinnene i en
fremgangsmade ifalge kravene 1-12.

14. Radioindretning (6) til Channel State Information-, CSI-, feedback, hvor ra-
dioindretningen kan anvendes | et kommunikationssystem (1), som omfatter et
Radio Access Network-, RAN-, knudepunkt (3), hvor radioindretningen omfat-
ter:

behandlingskredsiab (61); og

lager (62), der lagrer instruktioner (151), der kan eksekveres af behandlings-
kredslabet, hvor radioindretningen kan anvendes til:

at modtage, fra RAN-knudepunktet (3), information om en Channel State In-
formation Reference Signal-, CSI-RS-, ressource, en ferste CSl-type og en
anden CSl-type til feedback baseret pa CSI-RS-ressourcen;

at modtage, fra RAN-knudepunktet (3), en CSl-feedbackanmodning om CSI-
maling og feedback, der angiver den farste CSl-type eller den anden CSl-type;
at male CSI af den angivne type baseret pa signaler modtaget i CSI-RS-res-
sourcen; og

at sende, til RAN-knudepunktet (3), en CSl-rapport om den angivne CSl-type.

15. Radio Access Network-, RAN-, knudepunkt (3) til Channel State Informa-
tion-, CSl-, feedback, hvor RAN-knudepunktet (3) kan anvendes | et kommu-
nikationssystem (1), som omfatter RAN-knudepunktet (3) udstyret med flere
sendeantenneporte (95) til transmission af data til en radioindretning (6), hvor
RAN-knudepunktet omfatter:

behandlingskredsiab (31); og

lager (32), der lagrer instruktioner (151), der kan eksekveres af behandlings-
kredslabet, hvor RAN-knudepunktet kan anvendes til.

at sende, til radioindretningen (6), information om en Channel State Informa-
tion Reference Signal-, CSI-RS-, ressource, en ferste CSl-type og en anden
CSl-type til feedback baseret pa CSI-RS-ressourcen;

at sende, til radioindretningen (6), en CSl-feedbackanmodning om CSI-maling
og feedback, der angiver den farste CSl-type eller den anden CSl-type;

at transmittere mindst et CSI-RS-signal i CSI-RS-ressourcen; og
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at modtage, fra radioindretningen (6), en CSl-rapport om den angivhe CSI-
type.
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eNB confiures a UE with a CSI-RS resource and
two types of CSI reportings based on the CSI-RS
resource:
1. The first type is a "CLASS A” codebook based
- CSl feedback

higher resolution

eNB dynamically triggers CSI feedback by sending
a CSl feedback request to a UE including the type
of CSl to be fed back to the eNB

When CSI feedback trigger is received by a UE,
the UE measures CSI of the indicated type in the
configured CSI-RS resource in a subframe
associated with the trigger and reports back the
measured CSl in a later subframe
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