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SEMI-PERSISTENT CSI FEEDBACK OVER
PUSCH

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] The present Application is a continuation of U.S.
application Ser. No. 16/229,800, filed Dec. 21, 2018, entitled
“SEMI-PERSISTENT CSI FEEDBACK OVER PUSCH”
which is a continuation of International Application No.
PCT/IB2018/052002, filed Mar. 23, 2018, entitled “SEMI-
PERSISTENT CSI FEEDBACK OVER PUSCH” which
claims priority to and the benefit of the filing date of U.S.
Provisional Application Ser. No. 62/476,483, filed Mar. 24,
2017, entitled “EFFICIENT PERIODIC AND APERIODIC
CSI FEEDBACK OVER PUSCH?” all of which are incor-
porated herein by reference in their entireties.

TECHNICAL FIELD

[0002] The disclosure relates to wireless communications,
and in particular, to semi-persistent Chanel State Informa-
tion (CSI) feedback over Physical Uplink Shared Channel
(PUSCH).

BACKGROUND

[0003] The next generation mobile wireless communica-
tion system (5G) or new radio (NR), will support a diverse
set of use cases and a diverse set of deployment scenarios.
The latter includes deployment at both low frequencies (100
s of MHz), similar to LTE today, and very high frequencies
(mm waves in the tens of GHz).

[0004] Similar to Long Term Evolution (LTE), NR uses
Orthogonal Frequency Division Multiplexing (OFDM) in
the downlink (i.e., from a network node such as a gNodeB
(gNB), eNB, or base station, to a wireless device such as a
user equipment or UE) and uplink (i.e. from wireless device
to network node). In the uplink both discrete Fourier trans-
form (DFT)-spread OFDM (DFT-S-OFDM) and OFDM are
supported.

[0005] The basic NR physical resource can thus be seen as
a time-frequency grid similar to the one in LTE as illustrated
in FIG. 1, where each resource element corresponds to one
OFDM subcarrier during one OFDM symbol interval. FIG.
1 is a diagram of LTE physical resources. Although a
subcarrier spacing of Af=15 kHz is shown in FIG. 1,
different subcarrier spacing values are supported in NR. The
supported subcarrier spacing values (also referred to as
different numerologies) in NR are given by Af=(15x2%) kHz
where a is a non-negative integer.

[0006] Furthermore, the resource allocation in LTE is
typically described in terms of resource blocks (RBs), where
a resource block corresponds to one slot (0.5 ms) in the time
domain and 12 contiguous subcarriers in the frequency
domain. Resource blocks are numbered in the frequency
domain, starting with 0 from one end of the system band-
width. For NR, a resource block is also 12 subcarriers in
frequency. A RB is also referred to as physical RB (PRB) in
the rest of sections.

[0007] In the time domain, downlink and uplink transmis-
sions in NR will be organized into equally-sized subframes
similar to LTE as shown in FIG. 2. FIG. 2 is a diagram of
an LTE time-domain structure with 15 kHz subcarrier spac-
ing. In NR, the subframe length is also 1 ms regardless of
numerology configured. A subframe is further divided into
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slots. For 15 kHz subcarrier spacing, there is one 14-symbol
slot, or two 7-symbol slots per subframe. For subcarrier
spacing of greater than 15 kHz, there are more slots per
subframe.

[0008] Downlink transmissions in LTE and NR are
dynamically scheduled, i.e., in each subframe or slot, the
network node transmits downlink control information (DCI)
about which wireless device data is to be transmitted to and
which resource blocks in the current downlink subframe the
data is transmitted on. This control signaling is typically
transmitted in the first few OFDM symbols in each subframe
in LTE and each slot in NR. The control information is
carried on the Physical Downlink Control Channel (PD-
CCH) and data is carried on the Physical Downlink Shared
Channel (PDSCH). A wireless device first detects and
decodes the PDCCH and if a PDCCH is decoded success-
fully, it then decodes the corresponding PDSCH based on
the decoded control information in the PDCCH. Each wire-
less device is assigned with a C-RNTT (Cell Radio Network
Temporary Identifier), which is unique within the serving
cell. The C-RNTI is used to scramble the CRC (cyclic
redundancy check) bits of the PDCCH intended for the
wireless device. A wireless device recognizes its PDCCH by
checking the C-RNTI used to scramble the CRC (cyclic
redundancy check) bits of the PDCCH.

[0009] Uplink data transmission are also dynamically
scheduled using the PDCCH. Similar to downlink, a wire-
less device first decodes uplink grants in the PDCCH and
then transmits data over the Physical Uplink Shared Channel
(PUSCH) based on the decoded control information in the
uplink grant such as modulation order, coding rate, uplink
resource allocation, etc.

[0010] In LTE, semi-persistent scheduling (SPS) is also
supported in both uplink and downlink, in which periodic
data transmissions are activated or deactivated by the
PDCCH. After the first SPS activation, there is no PDCCH
transmitted for the subsequent data transmissions. The CRC
bits of the PDCCH used for SPS activation or deactivation
are scrambled by SPS-C-RNTI, which is configured for a
wireless device if the wireless device supports SPS.

[0011] In addition to the PUSCH, the Physical Uplink
Control Channel (PUCCH) is also supported in NR to carry
uplink control information (UCI) such as HARQ (Hybrid
Automatic Repeat Request) related Acknowledgement
(ACK), Negative Acknowledgement (NACK), or Channel
State Information (CSI) feedback.

[0012] Although many details of NR PUCCH are still to
be determined, it is envisioned that, similar to LTE, PUCCH
resources will be pre-allocated in a cell and shared by all
wireless devices.

PUCCH in LTE

[0013] LTE uses hybrid-ARQ, where, after receiving
downlink data in a subframe, the terminal attempts to decode
it and reports to the base station whether the decoding was
successful (ACK) or not (NAK). In case of an unsuccessful
decoding attempt, the network node can retransmit the
erroneous data.

ASUS EX2038-p.22
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[0014] Uplink control information (UCI) transmitted from
the wireless device to the network node consists of:

[0015] HARQ-ACK/NACK for received downlink
data;

[0016] Downlink CSI; and

[0017] Scheduling requests (SRs), indicating that a

mobile terminal needs uplink resources for uplink data

transmissions.
[0018] This UCI information is carried on the Physical
Uplink Control Channel (PUCCH). In order to provide
frequency diversity, frequency resources for the PUCCH are
switched on the slot boundary, i.e., one RB consists of 12
subcarriers at the upper part of the spectrum in the first slot
of a subframe and another RB at the lower part of the
spectrum during the second slot of the subframe or vice
versa. This is often referred to as PUCCH frequency hop-
ping. An example is shown in FIG. 3. FIG. 3 is a diagram of
an Uplink L1/L.2 control signaling transmission on the
PUCCH. If more resources are needed for the uplink control
signaling, e.g., in case of very large overall transmission
bandwidth supporting a large number of users, additional
resources blocks can be assigned next to the previously
assigned resource blocks.

PUCCH Formats

[0019] There are 5 PUCCH formats defined in LTE, i.e.,
PUCCH format 1 to format 5, each capable of carrying a
different number of UCI bits. The following is a list of
combinations of UCI on different PUCCH formats in LTE:

[0020] Format 1 for positive scheduling requests (SR).

[0021] Format la for 1-bit HARQ-ACK or for 1-bit
HARQ-ACK with positive SR.

[0022] Format 1b for 2-bit HARQ-ACK or for 2-bit
HARQ-ACK with positive SR.

[0023] Format 2 for a CSI report when not multiplexed
with HARQ-ACK.

[0024] Format 2a for a CSI report multiplexed with
1-bit HARQ-ACK for normal cyclic prefix.

[0025] Format 2b for a CSI report multiplexed with
2-bit HARQ-ACK for normal cyclic prefix.

[0026] Format 2 for a CSI report multiplexed with
HARQ-ACK for extended cyclic prefix.

[0027] Format 3 for up to 10-bit HARQ-ACK for FDD
and for up to 20-bit HARQ-ACK for TDD.

[0028] Format 3 for up to 11-bit corresponding to 10-bit
HARQ-ACK and 1-bit positive/negative SR for FDD
and for up to 21-bit corresponding to 20-bit HARQ-
ACK and 1-bit positive/negative SR for TDD.

[0029] Format 3 for HARQ-ACK, 1-bit positive/nega-
tive SR (if any) and CSI report(s).

[0030] Format 4 for more than 22 bits of UCI including
HARQ-ACK, SR (if any) and periodic CSI report(s) (if
any).

[0031] Format 5 for more than 22 bits of UCI including
HARQ-ACK, SR (if any) and periodic CSI report(s) (if
any).

[0032] Format 4 for more than one CSI report and SR
(if any).

[0033] Format 5 for more than one CSI report and SR
(if any).

[0034] PUCCH format 1 is used for carrying SR only,
while PUCCH format 1a/1b are used to carry one or two bits
ACK/NACK information, respectively, or one or two bits
ACK/NACK with SR.
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[0035] A CSlreport consists of multiple bits per subframe.
Transmission of CSI reports on the PUCCH is handled by
PUCCH formats 2, 3, 4, and 5, which are capable of multiple
information bits per subframe.

[0036] PUCCH format 2 can carry a payload of at most 11
bits. Variants of format 2 are format 2a and 256 which also
carries HARQ-ACK information of 1 and 2 bits, respec-
tively, for normal cyclic prefix. For extended cyclic prefix,
PUCCH Format 2 can also carry HARQ-ACK information.
For simplicity, they are all referred to as format 2 herein.
[0037] PUCCH format 3 is designed to support larger
HARQ-ACK payloads to support carrier aggregation (CA)
with up to 5 component carriers (CCs), and can carry up to
10 or 20 HARQ-ACK bits for FDD and TDD, respectively.
PUCCH format 3 can also carry SR, and support up to 21
bits total. PUCCH format 3 can also carry CSI.

[0038] Information bits or symbols for PUCCH formats
1-3 are code division multiplexed on to a RB. Different
wireless devices can be semi-statically configured with
particular PUCCH formats 1-3 resources and multiple wire-
less devices can be supported in the same RB.

[0039] PUCCH formats 4 and 5 carry still larger payloads,
mainly used for carrier aggregation (CA) with up to 32
component carriers (CCs). PUCCH format 4 can be config-
ured with up to 8 RBs. PUCCH format 5 occupies one RB
and UCI for two WDs can be multiplexed in the same RB.
[0040] PUCCH uses either BPSK or QPSK modulation.
Table 1 is a summary of the supported PUCCH formats in
LTE.

TABLE 1

Supported PUCCH formats in LTE

PUCCH Modulation
format scheme

Number of UCI bits
per subframe

Number of coded bits
per subframe

1 N/A N/A N/A

la BPSK 1 1

1b  QPSK 2 2

2 QPSK 20 Up to 11

2a  QPSK + BPSK 21 Up to 11

2b  QPSK + QPSK 22 Up to 11

3 QPSK 48 Up to 10 for FDD and

20 for TDD
4  QPSK Up to 288 per PRB >22
5 QPSK Up to 144 per PRB >22

Transmission Schemes

[0041] In LTE, multiple transmission schemes are sup-
ported including:

[0042] Single antenna port scheme;

[0043] Transmit diversity scheme;

[0044] Large delay CDD (Cyclic Delay Diversity)
scheme;

[0045] Close-loop spatial multiplexing scheme;

[0046] Multi-user MIMO (Multiple Input and Multiple

Output) scheme;

[0047] Dual layer scheme; and
[0048] Up to 8 layer transmission scheme.
[0049] In addition, there are ten transmission modes

(TMs), i.e., Mode 1 to Mode 10. Each Transmission mode
is associated with a transmission scheme. A wireless device
is semi-statically configured with one transmission mode.
For each transmission mode, the CSI contents are generally
different. For example, TM3 is associated with a large delay
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CDD scheme, generally referred to as open-loop transmis-
sion mode. In TM3, a precoder matrix indication (PMI) is
not reported in CSI and only one channel quality indication
(CQI) is reported regardless of rank 1 or rank 2. TM4 is
associated with a closed-loop spatial multiplexing scheme,
generally referred to as closed-loop transmission mode. The
CSI report includes PMI, rank indication (RI) and CQI. TM9
is associated with the “up to 8 layer transmission scheme”
and the CSI report in this TM includes RI, PMI and CQI.
However, in LTE Third Generation Partnership Project
(3GPP) Release-14 (referred to as Rel-14), semi-open-loop
transmission and an advanced CSI codebook were intro-
duced to TMs 9 and 10 and the CSI contents are different in
each case. For semi-open-loop, either no PMI or partial PMI
is fed back depending on the number of antennas and
codebooks used. For advanced codebook based CSI, higher
resolution CSI is fed back from wireless device to base
station and there are more CSI bits to feedback. TM10 is also
associated with the “up to 8 layer transmission scheme” but
can support CSI feedback for more than one serving trans-
mission point or cell, so it is often referred as the CoMP
(Coordinated Multiple Transmission Point) mode. In gen-
eral, the CSI contents and payload size are different for
different TMs.

[0050] LTE supports carrier aggregation of up to 32 com-
ponent carriers (CCs) in the downlink. Each CC acts as a cell
and one of them is a primary cell or carrier. Only the primary
carrier may have an associated uplink carrier. In this case,
ACK/NACK, SR, and CSI for each downlink component
carrier are aggregated and transmitted on the single uplink
carrier. The aggregated UCI payload size thus can be quite
large.

[0051] To simplify the transmission schemes, NR will
support only two transmission schemes, i.e.:

Scheme 1: Closed loop transmission

Scheme 2: Open loop and semi-open loop transmission
Dynamic switching between transmission schemes may be
supported. Carrier aggregation may also be supported in NR.

CSI-RS Transmission

[0052] Similar to LTE, in NR a unique reference signal is
transmitted from each antenna port at the network node for
downlink channel estimation at a wireless device. Reference
signals for downlink channel state estimation measurements
are commonly referred to as channel state information
reference signal (CSI-RS). For N antenna ports, N CSI-RS
signals are required, each associated with one antenna port.
[0053] By measuring on CSI-RS, a wireless device can
estimate the effective channel the CSI-RS is traversing
including the radio propagation channel and antenna gains at
both the network node and the wireless device. Mathemati-
cally, this implies that if a known CSI-RS signal x, (i=1, 2,

., N,)) is transmitted on the ith transmit antenna port at
network node, the received signaly, =1, 2, ..., N, ) onthe
jth receive antenna port of a wireless device can be
expressed as

Yi=h oy
where h, ; is the effective channel between the ith transmit
antenna port and the jth receive antenna port, n; is the
receiver noise associated with the jth receive antenna port,
N, is the number of transmit antenna ports at the network

node and N, is the number of receive antenna ports at the
wireless device.
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[0054] A wireless device can estimate the N, xN,,_ effec-
tive channel matrix H (H(i,j)=h; ;) and thus the channel rank,
precoding matrix, and channel quality. This is achieved by
using a predesigned codebook for each rank, with each
codeword in the codebook being a precoding matrix candi-
date. A wireless device searches through the codebook to
find a rank, a codeword associated with the rank, and
channel quality associated with the rank and precoding
matrix to best match the effective channel and the noise. The
rank, the precoding matrix and the channel quality are
reported in the form of a rank indicator (RI), a precoding
matrix indicator (PMI) and a channel quality indicator (CQI)
as part of CSI feedback. This results in so-called channel
dependent precoding, or closed-loop precoding. Such pre-
coding essentially strives to focus the transmit energy into a
subspace which is strong in the sense of conveying much of
the transmitted energy to the wireless device.

[0055] A CSI-RS signal is transmitted on a set of time-
frequency resource elements (REs) associated with an
antenna port. For channel estimation over the whole system
bandwidth, CSI-RS is typically transmitted over the whole
system bandwidth. The set of REs used for CSI-RS trans-
mission in a subframe is referred to as a CSI-RS resource.
From a wireless device perspective, an antenna port is
equivalent to a CSI-RS that the wireless device shall use to
measure the channel. Up to 32 (i.e. N, =32) antenna ports are
supported in NR and thus 32 CSI-RS signals can be con-
figured for a wireless device.

[0056] In NR, the following three types of CSI-RS trans-
missions are supported:

[0057] Periodic CSI-RS Transmission: CSI-RS is trans-
mitted periodically in certain subframes. This CSI-RS
transmission is semi-statically configured using param-
eters such as CSI-RS resource, periodicity and sub-
frame offset similar to LTE.

[0058] Aperiodic CSI-RS Transmission: This is a “one-
shot” CSI-RS transmission that can happen in any
subframe. One-shot signifies that CSI-RS transmission
only happens once per trigger. The CSI-RS resources
(i.e., the resource element locations which consist of
subcarrier locations and OFDM symbol locations) for
aperiodic CSI-RS are semi-statically configured. The
transmission of aperiodic CSI-RS is triggered by
dynamic signaling through the PDCCH. The triggering
may also include selecting a CSI-RS resource from
multiple CSI-RS resources.

[0059] Semi-Persistent CSI-RS Transmission: Similar
to periodic CSI-RS, resources for semi-persistent CSI-
RS transmissions are semi-statically configured with
parameters such as periodicity and subframe offset.
However, unlike periodic CSI-RS, dynamic signaling is
needed to activate and possibly deactivate the CSI-RS
transmissions. An example is shown in FIG. 4. In
particular, FIG. 4 shows the timing of semi-persistent
CSI-RS transmission.

In NR, two types of CSI feedback may be supported for
closed-loop transmission, i.e., Type I and Type II.

[0060] Type I is codebook based PMI feedback with
normal resolution targeting single-user MIMO (SU-MIMO)
transmissions

[0061] Type II is an enhanced CSI feedback with higher
resolution targeting multi-user MIMO (MU-MIMO) trans-
missions
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[0062] Two different codebooks will be designed for the
two feedback types. With Type 1I feedback, there are more
bits for PMI feedback than in Type L.

CSI Reporting:

[0063] In LTE, wireless devices can be configured to
report CSI in periodic or aperiodic reporting modes. Peri-
odic CSI reporting is carried on the PUCCH while aperiodic
CSl is carried on the PUSCH. The PUCCH is transmitted on
one or more preconfigured numbers of physical resource
blocks (PRBs) and uses a single spatial layer with quadra-
ture phase shift keying (QPSK) modulation. PUSCH
resources carrying aperiodic CSI reporting are dynamically
allocated through uplink grants carried over the PDCCH or
the enhanced PDCCH (EPDCCH), and can occupy a vari-
able number of PRBs, use modulation states such as QPSK,
16 quadrature amplitude modulation (QAM), and 64 QAM,
as well as multiple spatial layers. So the PUSCH is more
flexible in terms of resource allocation in adapting to UCI
payload size and also modulation/coding rate in adapting to
the channel conditions.

[0064] InLTE, a periodic CSIreport can occur in the same
subframes as those containing SPS PUSCH, in which case
the periodic CSI reports are piggy backed on the PUSCH.
This allows periodic CSI to be transmitted using link adap-
tation, and so periodic CSI can be transmitted in a more
spectrally efficient manner than on the PUCCH (which
always uses QPSK with a fixed number of resources).
However, periodic CSI reports are formed such that they fit
in the preconfigured small payload of the PUCCH, and so
may carry less information even when they are piggy backed
on the PUSCH, for example by the use of codebook sub-
sampling. By contrast, aperiodic CSI reporting on the
PUSCH uses the full resolution of the CSI feedback, and is
not subsampled. Furthermore, periodic CSI reporting in LTE
requires that at least one PUCCH resource be configured for
the wireless device, which is a waste of PUCCH resources
which are reserved and may be unused even if the periodic
CSI is always carried on PUSCH. Therefore, while LTE can
transmit periodic CSI on PUSCH with semi-persistent
resource allocation, such CSI is generally less accurate than
aperiodic CSI on PUSCH

[0065] In LTE, the PDCCH uplink (UL) grant allocates a
single resource for all content to be carried on the PUSCH,
including UL-SCH (UL Shared Channel, carried on
PUSCH), CSI (including RI, CRI (CSI-RS resource indica-
tor), relative power indicator (RPI), CQI, and PMI), and
HARQ-ACK. (Because the size of the message is deter-
mined according to the reported RI, CRI, and/or RPI when
CSI is piggy backed on the PUSCH, the network node does
not know at the time of the UL grant what the size of the UL
CSI will be. The network node must therefore allocate extra
resources to ensure that both the CSI and the other content
will fit on the PUSCH resource. It should also be noted that
CSI on the PUSCH always carries complete CSI messages
for each cell, CSI process, and/or eMIMO-Type: all config-
ured parameters (i.e., one or more of RI, CRI, RPI, CQI,
PMI) to be reported for the cell, CSI process, and/or
eMIMO-type are reported together in one transmission on
the PUSCH.

[0066] The wireless device is generally required to update
each new CSI report whether it is reported periodically or
aperiodically. However, if the number of CSI reports to be
produced is greater than the number of CSI processes, the
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wireless device is not required to update the CSI report in
order to limit the wireless device computation complexity.
This does not however signify that the wireless device is
forbidden from updating the report, and so whether a CSI
report will be identical to a prior transmitted report in this
case is not known.

[0067] In NR, in addition to periodic and aperiodic CSI
reporting as in LTE, semi-persistent CSI reporting will also
be supported. Thus, three types of CSI reporting will be
supported in NR as follows:

[0068] Periodic CSI Reporting: CSI is reported periodi-
cally by the wireless device. Parameters such as peri-
odicity and subframe offset are configured semi-stati-
cally using higher layer signaling from the network
node to the wireless device.

[0069] Aperiodic CSI Reporting: This type of CSI
reporting involves a single-shot (i.e., one time) CSI
report by the wireless device which is dynamically
triggered by the network node, e.g. by the DCI in the
PDCCH. Some of the parameters related to the con-
figuration of the aperiodic CSI report is semi-statically
configured from the network node to the wireless
device but the triggering is dynamic.

[0070] Semi-Persistent CSI Reporting: similar to peri-
odic CSI reporting, semi-persistent CSI reporting has a
periodicity and subframe offset which may be semi-
statically configured by the network node to the wire-
less device. However, a dynamic trigger from the
network node to wireless device may be needed to
allow the wireless device to begin semi-persistent CSI
reporting. In some cases, a dynamic trigger from net-
work node to wireless device may be needed to com-
mand the wireless device to stop the semi-persistent
transmission of CSI reports.

With regard to CSI-RS transmission and CSI reporting, the
following combinations will be supported in NR:

[0071] For periodic CSI-RS transmission
[0072] Semi-persistent CSI reporting is dynamically

activated/deactivated;
[0073] Aperiodic CSI reporting is triggered by DCI.

[0074] For semi-persistent transmission of CSI-RS,
[0075] Semi-persistent CSI reporting is activated/

deactivated dynamically;
[0076] Aperiodic CSI reporting is triggered by DCI.

[0077] For aperiodic transmission of CSI-RS,

[0078] Aperiodic CSI reporting is triggered by DCI;
[0079] Aperiodic CSI-RS is triggered dynamically.

CSI Frame Work in NR:

[0080] In NR, a wireless device can be configured with
N=z1 CSI reporting settings, M=1 Resource settings, and one
CSI measurement setting, where the CSI measurement set-
ting includes =1 links and the value of [ may depend on the
wireless device capability. At least the following configu-
ration parameters are signaled via RRC at least for CSI
acquisition.

[0081] N, M, and L are indicated either implicitly or
explicitly.
[0082] In each CSI reporting setting, at least: reported

CSI parameter(s), CSI Type (I or II) if reported, code-
book configuration including codebook subset restric-
tion, time-domain behavior, frequency granularity for
CQI and PMI, measurement restriction configurations.
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[0083] In each Resource setting:
[0084] A configuration of S=1 CSI-RS resource set
(s);
[0085] A configuration of K =1 CSI-RS resources for

each set s, including at least: mapping to REs, the
number of ports, time-domain behavior, etc.;
[0086] Time domain behavior: aperiodic, periodic or
semi-persistent;
[0087] RS type which encompasses at least CSI-RS.
[0088] In each of the L links in CSI measurement
setting: CSI reporting setting indication, Resource set-
ting indication, quantity to be measured (either channel
or interference)
[0089] One CSI reporting setting can be linked with
one or multiple Resource settings;
[0090] Multiple CSI reporting settings can be linked.
At least, the following are dynamically selected by L1 or 1.2
signaling, if applicable.
[0091] One or multiple CSI reporting settings within the
CSI measurement setting;
[0092] One or multiple CSI-RS resource sets selected
from at least one Resource setting;
[0093] One or multiple CSI-RS resources selected from
at least one CSI-RS resource set.

Control Signaling

[0094] LTE control signaling can be carried in a variety of
ways, including carrying control information on the PDCCH
or the PUCCH, embedded in the PUSCH, in medium access
control (MAC) control elements (“MAC CEs”), or in radio
resource control (RRC) signaling. Each of these mecha-
nisms is customized to carry a particular kind of control
information.

[0095] Control information carried on the PDCCH, the
PUCCH, or embedded in (‘piggy backed on’) the PUSCH is
physical layer related control information, such as downlink
control information (DCI), uplink control information
(UCI), as described in 3GPP Technical Specification (TS)
36.211,36.212, and 36.213. DCl is generally used to instruct
the wireless device to perform some physical layer function,
providing the needed information to perform the function.
UCT generally provides the network with needed informa-
tion, such as HARQ-ACK, scheduling request (SR), channel
state information (CSI), including CQI, PMI, RI, and/or
CRI. UCI and DCI can be transmitted on a subframe-by-
subframe basis, and so are designed to support rapidly
varying parameters, including those that can vary with a fast
fading radio channel. Because UCI and DCI can be trans-
mitted in every subframe, UCI or DCI corresponding to a
given cell tend to be on the order of tens of bits, in order to
limit the amount of control overhead.

[0096] Control information carried in MAC CEs is carried
in MAC headers on the uplink and downlink shared trans-
port channels (UL-SCH and DL-SCH), as described in
3GPP TS 36.321. Since a MAC header does not have a fixed
size, control information in MAC CEs can be sent when it
is needed, and does not necessarily represent a fixed over-
head. Furthermore, MAC CEs can carry larger control
payloads efficiently, since they are carried in UL-SCH or
DL-SCH transport channels, which benefit from link adap-
tation, HARQ), and can be turbo coded. MAC CEs are used
to perform repetitive tasks that use a fixed set of parameters,
such as maintaining timing advance or buffer status report-
ing, but these tasks generally do not require transmission of
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a MAC CE on a subframe-by-subframe basis. Consequently,
channel state information related to a fast fading radio
channel, such as PMI, CQI, RI, and CRI are not carried in
MAC CEs in LTE up to Rel-14.

[0097] 2D Antenna arrays

[0098] Such antenna arrays may be (partly) described by
the number of antenna columns corresponding to the hori-
zontal dimension N,, the number of antenna rows corre-
sponding to the vertical dimension N, and the number of
dimensions corresponding to different polarizations N,,. The
total number of antennas is thus N=N,N N . It should be
pointed out that the concept of an antenna is non-limiting in
the sense that it can refer to any virtualization (e.g., linear
mapping) of the physical antenna elements. For example,
pairs of physical sub-elements could be fed the same signal,
and hence share the same virtualized antenna port. An
example of a 4x4 array with cross-polarized antenna ele-
ments is illustrated in FIG. 5. In particular, FIG. 5 is a block
diagram of a two-dimensional (mx1) antenna array of cross-
polarized antenna elements (N,=2), with N,=4 horizontal
antenna elements and N =4 vertical antenna elements.
[0099] Precoding may be interpreted as multiplying the
signal with different beamforming weights for each antenna
prior to transmission. A typical approach is to tailor the
precoder to the antenna form factor, i.e., taking into account
N, N, and N,, when designing the precoder codebook. Such
2D codebooks may not strictly relate vertical or horizontal
dimensions to the dimensions that antenna ports are asso-
ciated with. Therefore, 2D codebooks can be considered to
have a first and a second number of antenna ports N, and N,
wherein N, can correspond to either the horizontal or ver-
tical dimension, and so N, corresponds to the remaining
dimension. That is, if N;=N,,, then N,=N,, while if N,=N_,
then N,=N,. Similarly, 2D codebooks may not strictly
related antenna ports to polarization, and be designed with
cophasing mechanisms used to two combine beams or two
antenna ports, as described in the following section.

DFT-Based Precoders

[0100] A common type of precoding is to use a DFT-
precoder, where the precoder vector used to precode a
single-layer transmission using a single-polarized uniform
linear array (ULA) with N, antennas is defined as

’ om0 6Tlm Equation 1
. ¢
1 ejZﬂ-l-bTW
wip(l, Ny, O1) =
VN,
. ¢
ST oy

[0101] wherel=0, 1,... O;N,-1 is the precoder index and

O, is an integer oversampling factor. A precoder for a
dual-polarized uniform linear array (ULA) with N, antennas
per polarization (and so 2N, antennas in total) can be
similarly defined as

wip(l) } [WID(Z) 0 H 1 } Equation 2

= 0 wip(D) || e/

W Z,N,O = .
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[0102] where ¢’ is a cophasing factor between the two
polarizations that may for instance be selected from a QPSK
alphabet

[0103] A corresponding precoder vector for a two-dimen-
sional uniform planar arrays (UPA) with N,xN, antennas
can be created by taking the Kronecker product of two
precoder vectors as w,(l,m=w, 5(IN,,0)®w, ,(n,N,,
0,), where O, is an integer oversampling factor in the N,
dimension. Each precoder w,,(I,m) forms a DFT beam, all
the precoders {w,,(1m), =0, . . . , N;O,-1; m=0, . . .,
N,O,-1} forma grid of DFT beams. An example is shown
in FIG. 6, where (N,,N,)=(4,2) and (0,,0,)=(4,4). In par-
ticular, FIG. 6 is a diagram of an example of oversampled
DFT beams with (N ,N,)=(4,2) and (0O,,0,)=(4,4).
Throughout the following sections, the terms ‘DFT beams’
and ‘DFT precoders’ are used interchangeably.

[0104] More generally, a beam with an index pair (1, m) can
be identified by the direction in which the greatest energy is
transmitted when precoding weights w,,(l,m) are used in
the transmission. Also, a magnitude taper can be used with
DFT beams to lower the beam’s sidelobes. A 1D DFT
precoder along N, and N, dimensions with magnitude taper-
ing can be expressed as

j2-0- 55—
Bo ¢ 01N1

Jjomlgh
pre” O

wip(l, N1, 01, B) =
Ny
J2m (N~ 1)DTN1

Bni-1€

, m
om0
yoe 02M2

R m
ol
Y1€ 02N

1
wip(m, Ny, Oy, 7) =
VN2
SNV
YNp-1€ o, N

where 0<@,,y,=<1 (i=0,1,...,N;-1; k=0, 1, .. ., N,-1) are
amplitude scaling factors. p,=1, y,=1 (i=0, 1, , N,-1;
k=0, 1, . . ., N,-1) correspond to no tapering. DFT beams
(with or without a magnitude taper) have a linear phase shift
between elements along each of the two dimensions. With-
out loss of generality, we assume that the elements of w(l,m)
are ordered according to w(l,m)=(1,N,,0,.5)®w, 5,(n,N,,0,,
y) such that adjacent elements correspond to adjacent
antenna elements along dimension N,, and elements of
w(l,m) spaced N, apart correspond to adjacent antenna
elements along dimension N ;. Then the phase shift between
two elements w,(lLm) and w,(lm) of w(lm) can be
expressed as:

wey (L m) = wy, (L, m)- (;2] eI )
S1
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where

$,=1,N,+i, and s,=k,N,+k, (with 0=i,<N,, 0=N,, O<k,<N,,
and 0=k ,<N,) are integers identifying two entries of the
beam w(l,m) so that (i,i,) indicates to a first entry of beam
w(l,m) that is mapped to a first antenna element (or port) and
(k,.k,) indicates to a second entry of beam w(l,m) that is
mapped to a second antenna element (or port).

[0105] o, =B,y, and o=y, are real numbers. o=l
(i=s,,s,) if magnitude tapering is used; otherwise o, =1.

!

A= ——
O\N;

is a phase shift corresponding to a direction along an axis,
e.g. the horizontal axis (“azimuth”).

m

Ap= ——
27 02N,

is a phase shift corresponding to direction along an axis, e.g.
the vertical axis (“elevation”).
[0106] Therefore, a k™ beam d(k) formed with precoder
w(l,,m,) can also be referred to by the corresponding pre-
coder w(l,,m,), i.e. d(k)=w(l,.m,). Thus a beam d(k) can be
described as a set of complex numbers, each element of the
set being characterized by at least one complex phase shift
such that an element of the beam is related to any other
element of the beam where d,, (k)=d, (k)(x &/ PR A2
®a,, n(e’z"Alk)P(e’z"A“)q where d(k) is the i” element of a
beam d(k), o, ,, is a real number corresponding to the i and
# elements of the beam d(k); p and q are integers; and A, ,
and A, are real numbers corresponding to a beam with
index pair (1,,m;) that determine the complex phase shifts
&A1k and &2 respectively. Index pair (l,,m,) corre-
sponds to a direction of arrival or departure of a plane wave
when beam d(k) is used for transmission or reception in a
UPA or ULA. A beam d(k) can be identified with a single
index k where=1,+N,0O,m,, i.e, along vertical or N, dimen-
sion first, or alternatively k=N,O,l,+m,, i.e. along horizon-
tal or N, dimension first.
[0107] Extending the precoder for a dual-polarized ULA
may then be done as

1
wap pp(l, m, ) = [ef‘p } ®@wap(l, m) =

wa(bm) 1 [wplm) 0 !
ePwop (L, m) _[ 0 wap(l, m)} el

Equation 3

[0108] A precoder matrix W, 1, for multi-layer trans-
mission may be created by appending columns of DFT
precoder vectors as

WszP(R):[WszP(Zhm1a¢1)WszP(szm2a¢2) B

Wop pplpMp.Pp)]
where R is the number of transmission layers, i.e. the
transmission rank. In a special case for a rank-2 DFT
precoder, m;=m,=m and 1,=1,=1, there is
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WD pp(L,m, 1, ¢2) = [wap pp(l, m, ¢1) Eq. 1

wap(l, m) 0 H 1 1 }

wap pp(l, m, $2)] = 0 wapm) || et o2

For each rank, all the precoder candidates form a ‘precoder
codebook’ or a ‘codebook’. A wireless device can first
determine the rank of the estimated downlink wideband
channel based on CSI-RS. After the rank is identified, for
each subband the wireless device then searches through all
the precoder candidates in a codebook for the determined
rank to find the best precoder for the subband. For example,
in case of rank=1, the wireless device would search through
W ppl,0) for all the possible (k,1,¢) values. In case of
rank=2, the wireless device would search through W, 55
®(k,1,9,,9,) for all the possible (k,1,¢,,¢,) values.

MU-MIMO

[0109] With multi-user MIMO, two or more users in the
same cell are co-scheduled on the same time-frequency
resource. That is, two or more independent data streams are
transmitted to different wireless devices at the same time,
and the spatial domain is used to separate the respective
streams. By transmitting several streams simultaneously, the
capacity of the system can be increased. This however,
comes at the cost of reducing the signal to interference plus
noise ratio (SINR) per stream, as the power has to be shared
between streams and the streams will cause interference to
each-other.

[0110] When increasing the antenna array size, the
increased beamforming gain will lead to higher SINR,
however, as the user throughput depends only logarithmi-
cally on the SINR (for large SINRs), it is instead beneficial
to trade the gains in SINR for a multiplexing gain, which
increases linearly with the number of multiplexed wireless
devices.

[0111] Accurate CSI is required in order to perform appro-
priate null-forming between co-scheduled users. In the cur-
rent LTE 3GPP Release 13 (Rel.13) standard, no special CSI
mode for multi-user (MU)-MIMO exists and thus, MU-
MIMO scheduling and precoder construction has to be based
on the existing CSI reporting designed for single-user
MIMO (that is, a PMI indicating a DFT-based precoder, a RI
and a CQI). This may prove quite challenging for MU-
MIMO, as the reported precoder only contains information
about the strongest channel direction for a user and may thus
not contain enough information to do proper null-forming,
which may lead to a large amount of interference between
co-scheduled users, reducing the benefit of MU-MIMO.

Multi-Beam Precoders

[0112] The DFT-based precoders discussed above and
used in LTE Rel-13 calculate cophasing across pairs of
(typically differently polarized) ports. If more than one beam
d(k) is used in CSI reporting, beams are not combined with
the cophasing, but port pairs associated with a selected beam
are cophased. Consequently, such DFT-based precoders can
be considered as ‘single beam’ precoders. Multi-beam pre-
coders are therefore an extension, where cophasing is
applied across beams as well as port pairs. One such
codebook is described herein. While the multi-beam code-
book is described with two dimensions of the codebook
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relating to horizontal and vertical dimensions for concrete-
ness, the codebook is equally applicable to a general case
where the first or second dimension relates to horizontal or
vertical antenna ports, as described above.

[0113] D, is defined as a size NxN DFT matrix, i.e. the
elements of D, are defined as

Further, we define

Ry(g) = diag([eﬂ"'o'% PN ejz"'(N’”%])

to be a size NxN rotation matrix, defined for O=q<I.
Multiplying D,, with R,{q) from the left creates a rotated
DFT matrix with entries

1 jerkit+g)
e N .

[Ry (@)D ]k,l =

The rotated DFT matrix R,{(qQ)D,=[d, d, . . . d,] consist of
normalized orthogonal column vectors {d,},_ " which fur-

thermore span the vector space €. That is, the columns of
R, {(q)D,, for any q, is an orthonormal basis of €.

[0114] A codebook design extending the (rotated) DFT
matrices that were appropriate transforms for a single-
polarized uniform linear array (ULA) as discussed above to
also fit the more general case of dual-polarized 2D uniform
planar arrays (UPAs) is a starting point. A rotated 2D DFT
matrix as Dy (95,92)~Ry, (q) DNH)®(RNV(q D )=d,
d, dy, v, ] is defined. The columns {d,},_, "> of Dy v (45+92)
constitutes an orthonormal basis of the vector space CVz,
Such a column d, is henceforth denoted a (DFT) beam. A
dual-polarized beam space transformation matrix suitable
for a UPA is created, where the upper left and lower right
elements correspond to the two polarizations:

By vy (qyvs gu) =

L @Dy vy (qvs qn) = [DNV'NH(qV, o) ° } =
’ 0 Dyy vy gy, qi)
di d . dywy & O 0 .. O
[0 0 o 0 0 d d .. deNH}_

[b1 b2 ... bony vy -

The columns {b,}, ,**"™# of By, r (q5-q;) constitute an

orthonormal basis of the vector space €% Such a
column b, is henceforth denoted a single-polarized beam
(SP-beam) as it is constructed by a beam d transmitted on a
single polarization
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HE

The notation dual-polarized beam is introduced to refer to a
beam transmitted on both polarizations (which are combined
with a polarization cophasing factor &%,

) d
1.€. bDP = [ejad D

[0115] Utilizing the assumption that the channel is some-
what sparse, sufficient channel energy is captured by only
selecting a column subset of By, ., (9;:qz). That is, it is
sufficient to describe a couple of the SP-beams, which keeps
down the feedback overhead. So, select a column subset I
consisting of Ngp columns of By, ., (q5+9z), to create a
reduced beam space transformation matrix B; =[b, ., b; -, -
S S S’

- bravp]- E-g., select column numbers [=[1 5 10 25] to
create the reduced beam space transformation matrix B, =
[by bs by bos].

[0116] A general precoder structure for precoding of a
single layer is:

€1 €1
¢ ¢ Nsp
w =By, =[bxy brgy - bigovg ] = Z cibrg(p-
i=1
CNsp CNsp

where {c,},_, ™" are complex beam cophasing coeflicients.
The precoder w in the equation above is described as a linear
combination of beams constructed by cophasing a k” beam
b, with cophasing coefficient c,. Such a beam cophasing
coeflicient is a complex scalar that adjusts at least the phase
of a beam relative to other beams according to c,b,. When
a beam cophasing coefficient only adjusts relative phase, it
is a unit magnitude complex number. It is in general desir-
able to also adjust the relative gain of beams, in which case
the beam cophasing coefficient is not unit magnitude.
[0117] A more refined multi-beam precoder structure is
achieved by separating the complex coefficients in a power
(or amplitude) and a phase part as

jar
o Vo1 e
c2 Vp2 /2
w= B : =By . =
ja
CNsp Pgp €7 NP
v p1 0
el el
0 VP, €2 e2
Big : =B VP :
g 0 . .
" *Nsp " *Nsp

0 \/PNSP
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As multiplying the precoder vector w with a complex
constant C does not change its beamforming properties (as
only the phase and amplitude relative to the other single-
polarized beams is of importance), one may without loss of
generality assume that the coefficients corresponding to e.g.
SP-beam 1 is fixed to p,=1 and &’*'=1, so that parameters for
one less beam needs to be signaled from the wireless device
to the base station. Furthermore, the precoder may be further
assumed to be multiplied with a normalization factor, so that
e.g., a sum power constraint is fulfilled, i.e., that |{w||*='. Any
such normalization factor is omitted from the equations
herein for clarity.

[0118] In some cases, the possible choices of columns of
By, (95-4z) are restricted so that if column i=, is chosen,
s0 1s column i=i,+N N, That is, if an SP-beam correspond-
ing to a certain beam mapped to the first polarization is
chosen, e.g.

this would imply that the SP-beam

0
bigrnyny = [dio }

is chosen as well. That is, the SP-beam corresponding to the
said certain beam mapped to the second polarization is
chosen as well. This would reduce the feedback overhead as
only N,,,=N,/2 columns of B, . (q,,9,,) would have to be
selected and signaled back to the base station. In other
words, the column selection is done on a beam (or DP-beam)
level rather than an SP-beam level. If a certain beam is
strong on one of the polarizations it would typically imply
that the beam would be strong on the other polarization as
well, at least in a wideband sense, so the loss of restricting
the column selection in this way would not significantly
decrease the performance. In the following discussion, the
use of DP-beams is generally assumed (unless stated other-
wise).

[0119] In some cases, the multi-beam precoder is factored
into two or more factors that are selected with different
frequency-granularity, in order to reduce the feedback over-
head. In such cases, the SP-beam selection (i.e. the choice of
matrix By ) and the relative SP-beam powers/amplitudes (i.e.
the choice of matrix VP) is selected with a certain frequency-
granularity while the SP-beam phases

e

e
ie. the choice of matrix

" Nsp

is selected with another certain frequency-granularity. In one
such case, the said certain frequency-granularity corre-
sponds to a wideband selection (that is, one selection for the
entire bandwidth) while the said another certain frequency-
granularity corresponds to a per-subband selection (that is,
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the carrier bandwidth is split into a number of subbands,
typically consisting of 1-10 physical resource blocks
(PRBs), and a separate selection is done for each subband).

[0120] In a typical such case, the multi-beam precoder
vector is factored as w=W W, where W, is selected with a
certain frequency-granularity and W, is selected with
another certain frequency-granularity. The precoder vector
may then be expressed as

[0121] Using this notation, if the said certain frequency-
granularity corresponds to a wideband selection of W, and
the said another certain frequency-granularity corresponds
to a per-subband selection of W,, the precoder vector for
subband 1 may be expressed as w,=W, W,(1). That is, only
W, is a function of the subband index 1.

[0122] Recently, 3GPP has specified a multi beam pre-
coder design in its new advanced CSI codebook supporting
one and two spatial layers with the following form in 3GPP
TS 36.213 section 7.2.4, with 2 beams;

1 Viy.ky PPgs Vi +my ky.my
wy
31

Ky mp.pa1ad3 \/— 4
P+ p2) | Yo Vet + p‘p‘?zv"1+ml,k2+m2)

v=1,2

For one layer:
D= 1
Wkl»kzymlymzpquqzqs kakzymbmz,p,qquyq} 4

and for two layers:

w®@ -
kikpmy,mp.p.q1 1,G2,1,43,191,2+42,2:93,2

1

1 2
/—2 [Wkl,kz,p,ml,M2,q1,1,q2,1,q3,1 qu,kz,p,ml,M2,q1,2,q2,2,q3,2]
where:
O = eﬂm/Z
e 2miNa1)
”m:[l €0 .. ¢ 02N ]
2l v - 97
Vlvmz[um 0Ny, ... o 0N ”m]

Here, v,,, corresponds to a 2-dimensional beam b, (i) as

defined above. This is referred to as a 2 beam codebook in

3GPP, since v;,, and V. ., & .., are chosen on a wideband

basis, and if an SP-beam v, ,,0orV, .. . ... corresponding to
. : vy Ry, =

a certain beam mapped to the first polarization is chosen, e.g.
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this means that the SP-beam

0
bigrnyny = d,

is chosen, as described above. In this sense, there are two
wideband dual polarized beams, and each of the 4 single
polarized components of the 2 beams are combined inde-
pendently on a subband basis. Therefore, the sums

Viy gy + Pa3 pvkl +m) kp+my }

Pq (Vkl,kz +¢q, pvk1+m1,k2+m2)

can be equivalently written as

[Clvkl,kz + 3PV g ey vy }

C2Viy ey F CAPVY ey ety

Ngp/2-1

Z c2ir1d; Ngp

=0
= Cibroin=w With Ng, = 2N, =4,
Nepr2 21: iDig(y=w sp dp

Z c2d; -

i=1

with ¢;=1. It can also be observed from 3GPP TS 36.213
section 7.2.4 that indices q;, q,, and q; correspond to the
codebook index i,. The codebook index i, can be a subband
PMI, as it can be reported per subband, and corresponds to
W, as defined above. It can be observed that if p=0, that is
if a single beam v, ;, is used, then only index q, affects the
value of Wy o aranas » @0d S0 subband PMI for the
first beam is identified by q,. Furthermore, q,, and q; affect
the relative phase of the second beam v, ., . .,,, to the first
beam v, ;.. and therefore can identify the subband PMI
corresponding to a second beam.

[0123] Finally, the relative power p in 3GPP TS 36.213 is
identified by a relative power indicator (‘RPI’), and desig-
nated as I, therein.

SUMMARY

[0124] One problem with existing systems is how to
acquire CSI feedback for NR where the transmission
schemes can be dynamically selected for each new DL-SCH
scheduling. A solution is to configure CSI feedback for all
possible transmission schemes and CSI feedback types in
parallel so that the network node has all the information. A
problem with this approach is the overhead and wireless
device complexity.

[0125] Another problem is how to exploit the features of
the PUSCH for better spectral efficiency when reporting
CSI. Periodically reported CSI in LTE is designed for
transmission on the PUCCH, and so is less spectrally
efficient and/or provides lower resolution CSI than CSI
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reported on the PUSCH. Additionally, CSI reported on the
PUSCH is not designed for very large variably sized pay-
loads in LTE, and the network node is not aware if the CSI
size overflows the resource allocation it provides when
requesting an aperiodic report, which forces the network
node to allocate excess resources to ensure there is no
overflow. Finally, CSI can’t be retransmitted in the PUSCH,
which reduces the spectral efficiency of CSI feedback.
[0126] Some embodiments of the present disclosure aim to
solve some of the noted problems by using the PUSCH,
instead of the PUCCH, to carry CSI in semi-persistent CSI
reporting. As discussed below in detail, in some of these
embodiments, control signaling identifies at least one char-
acteristic of how CSI should be transmitted. In some of these
embodiments, one or more of the following are applicable:
[0127] Semi-persistent CSI reporting is activated or deac-
tivated dynamically by using DCI. The reference network
node to wireless device transmission scheme (used to com-
pute CSI), CSI feedback type and other related CSI param-
eters such as CSI-RS resource are also indicated in the DCI.
[0128] More specifically, the wireless device can be con-
figured with multiple CSI reporting settings using higher
layer signaling from the network node and the DCI that
activates semi-persistent CSI reporting selects one of the
CSI report settings. A CSI report setting contains a trans-
mission scheme, CSI feedback type and other related CSI
parameters.

[0129] The PUSCH resource is allocated dynamically in
the DCI based on the CSI payload size according to the
reference transmission scheme and CSI feedback type.
[0130] Modulation, coding rate, and/or number of layers
for the PUSCH transmission can also be specified in the
DCI.

[0131] Long CSI reports can be split into multiple PUSCH
transmissions.
[0132] The base station can be informed when CSI mes-

sage sizes are larger than expected.

[0133] Aperiodic CSI can be retransmitted to improve
spectral efficiency for CSI reporting. Such retransmissions
may use HARQ with multiple redundancy versions for
further enhanced efficiency.

[0134] According to one aspect, a user equipment for
transmitting semi-persistent Channel State Information, SP
CSI, on a physical uplink shared channel, PUSCH, is
provided. The user equipment includes processing circuitry
configured to receive a control signaling message for con-
figuring the user equipment with at least one SP CSI report
configuration on the PUSCH, the message identifying a SP
CSI reporting periodicity; and receive physical layer control
signaling for identifying and activating the at least one SP
CSI report configuration. The user equipment also includes
transmitter circuitry configured to transmit a plurality of SP
CSI reports, the reports being transmitted with the SP CSI
reporting periodicity and according to the physical layer
control signaling and the control signaling message.
[0135] According to this aspect, in some embodiments, the
processing circuitry is further configured to receive physical
layer control signaling to de-activate a previously activated
SP CSI report configuration. In some embodiments, the
control signaling message is a radio resource control, RRC,
message. In some embodiments, the at least one SP CSI
report configuration includes at least one SP CSI report
setting. In some embodiments, the at least one SP CSI report
configuration includes at least one SP CSI resource setting
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or an association to at least one SP CSI resource setting. In
some embodiments, the at least one SP CSI report setting
includes at least a CSI feedback type. In some embodiments,
the at least one SP CSI report setting includes at least a
frequency band over which the SP CSI is to be measured and
reported. In some embodiments, the at least one SP CSI
report setting further includes a slot offset for each of the at
least one SP CSI report configuration. In some embodi-
ments, the at least one SP CSI report configuration further
includes a special cell radio network temporary identifier,
C-RNTI. In some embodiments, the at least one SP CSI
resource setting includes at least one of a resource for
channel measurement and a resource for interference mea-
surement.

[0136] In some embodiments, the physical layer control
signaling is a downlink control information, DCI, signaling
on a physical downlink control channel, PDCCH. In some
embodiments, the physical layer control signaling includes
information about resource allocation and modulation for
the PUSCH carrying a plurality of SP CSI reports. In some
embodiments, the physical control signaling includes a
coding rate. In some embodiments, the identifying includes
information about the at least one SP CSI report configura-
tion in the downlink control information, DCI. In some
embodiments, the activating is implicitly indicated by a
combination of bit fields in the downlink control informa-
tion, DCI. In some embodiments, the special cell radio
network temporary identifier, C-RNT], is used to scramble
a cyclic redundancy check, CRC, bits corresponding to the
downlink control information, DCI, wherein, optionally, the
special CRNTI is used only to scramble the DCI used for
one of activating and deactivating the at least one SP CSI
report configuration. In some embodiments, at least one of
the activating or deactivating of the at least one SP CSI
report configuration is partly indicated by the special cell
radio network temporary identifier, C-RNTI, used in scram-
bling a cyclic redundancy check, CRC, bits corresponding to
the downlink control information, DCI, in the physical layer
control signaling. In some embodiments, a plurality of SP
CSI reports from different user equipments can be multi-
plexed in the PUSCH. In some embodiments, the multiplex-
ing is spatial multiplexing.

[0137] In some embodiments, different components of a
plurality of SP CSI reports are coded independently. In some
embodiments, the processing circuitry is further configured
to receive physical layer control signaling for identifying at
least one characteristic of measuring and transmitting SP
CSI. In some embodiments, the at least one SP CSI report
configuration includes an association to at least one SP CSI
resource setting.

[0138] According to another aspect, a method in a user
equipment for transmitting semi-persistent Channel State
Information, SP CSI, on a physical uplink shared channel,
PUSCH, is provided. The method includes receiving a
control signaling message, the control signaling message
configuring the user equipment with at least one SP CSI
report configuration on the PUSCH, and the message iden-
tifying a SP CSI reporting periodicity. The method also
includes receiving physical layer control signaling identify-
ing and activating the at least one SP CSI report. The method
also includes transmitting a plurality of SP CSI reports, the
reports being transmitted with the periodicity and according
to the physical layer control signaling and the control
signaling message.
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[0139] In some embodiments, the method further includes
receiving physical layer control signaling to de-activate a
previously activated SP CSI report configuration. In some
embodiments, the control signaling message is a radio
resource control, RRC, message. In some embodiments, the
at least one SP CSI report configuration include at least one
SP CSI report setting. In some embodiments, the at least one
SP CSI report configuration includes at least one SP CSI
resource settings or an association to at least one SP CSI
resource setting. In some embodiments, the at least one SP
CSI report setting includes at least a CSI feedback type. In
some embodiments, the at least one SP CSI report setting
includes at least a frequency band over which the SP CSI is
to be measured and reported. In some embodiments, the at
least one SP CSI report setting further includes a slot offset
for each of the at least one SP CSI report configuration. In
some embodiments, the at least one SP CSI report configu-
ration further includes a special cell radio network tempo-
rary identifier, C-RNTI. In some embodiments, the at least
one SP CSI resource setting includes at least one of a
resource for channel measurement and a resource for inter-
ference measurement. In some embodiments, the physical
layer control signaling is a downlink control information,
DCI, signaling on a physical downlink control channel,
PDCCH.

[0140] In some embodiments, the physical layer control
signaling includes information about resource allocation and
modulation for the PUSCH carrying a plurality of SP CSI
reports. In some embodiments, the physical control signal-
ing includes a coding rate. In some embodiments, the
identifying includes information about the at least one SP
CSI report configuration in the downlink control informa-
tion, DCI. In some embodiments, at least one of the acti-
vating or deactivating is implicitly indicated by a combina-
tion of bits corresponding to the downlink control
information, DCI. In some embodiments, the special cell
radio network temporary identifier, C-RNTI, is used to
scramble a cyclic redundancy check, CRC, bits correspond-
ing to the downlink control information, DCI, wherein,
optionally, the special C-RNTT is used only to scramble the
DCI used for activating or deactivating the at least one SP
CSI report configuration. In some embodiments, at least one
of the activating or deactivating of the at least one SP CSI
report configuration is partly indicated by the special cell
radio network temporary identifier, C-RNTI, used in scram-
bling a cyclic redundancy check, CRC, bits corresponding to
the downlink control information, DCI, in the physical layer
control signaling. In some embodiments, the plurality of SP
CSI reports from different user equipments can be multi-
plexed in the PUSCH. In some embodiments, the multiplex-
ing is spatial multiplexing. In some embodiments, different
components of the plurality of SP CSI reports are coded
independently. In some embodiments, the physical layer
control signaling identifies at least one characteristic of
measuring and transmitting SP CSI.

[0141] According to another aspect, a base station for
adaptively configuring semi-persistent Channel State Infor-
mation, SP CSI, on a physical uplink shared channel,
PUSCH is provided. The base station includes processing
circuitry configured to transmit a control signaling message
to configure a user equipment with at least one SP CSI report
configuration on the PUSCH, the message identifying a SP
CSI reporting periodicity. In some embodiments, transmit
physical layer control signaling identifying and activating
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the at least one SP CSI report configuration; and receiver
circuitry configured to receive a plurality of SP CSI reports,
the reports being transmitted with the periodicity and
according to the physical layer control signaling and the
control signaling message.

[0142] According to this aspect, in some embodiments, the
processing circuitry is further configured to transmit physi-
cal layer control signaling to de-activate a previously acti-
vated SP CSI report configuration. In some embodiments,
the control signaling message is a radio resource control,
RRC, message. In some embodiments, the at least one SP
CSI report configuration includes at least one SP CSI report
setting. In some embodiments, the at least one SP CSI report
configuration includes at least one SP CSI resource settings
or an association to at least one SP CSI resource setting. In
some embodiments, the physical layer control signaling
identifies at least one characteristic of measuring and trans-
mitting SP CSI.

[0143] According to yet another aspect, a method in a base
station for adaptively configuring semi-persistent Channel
State Information, SP CSI, on a physical uplink shared
channel, PUSCH, is provided. The method includes trans-
mitting a control signaling message to configure a user
equipment with at least one SP CSI report configuration on
the PUSCH, the message identifying a SP CSI reporting
periodicity. The method also includes transmitting physical
layer control signaling identifying and activating the at least
one SP CSI report. The method also includes receiving a
plurality of SP CSI reports, the reports being transmitted
with the periodicity and according to the physical layer
control signaling and the control signaling message.
[0144] According to this aspect, in some embodiments, the
method further includes transmitting physical layer control
signaling to de-activate a previously activated SP CSI report
configuration. In some embodiments, the control signaling
message is a radio resource control, RRC, message. In some
embodiments, the at least one SP CSI report configuration
includes at least one SP CSI report setting. In some embodi-
ments, the at least one SP CSI report configuration includes
at least one SP CSI resource settings or an association to at
least one SP CSI resource setting. In some embodiments, the
physical layer control signaling identifies at least one char-
acteristic of measuring and transmitting SP CSI.

[0145] According to yet another aspect, a user equipment
for transmitting semi-persistent Channel State Information,
SP CSI, on a physical uplink shared channel, PUSCH, is
provided. The user equipment includes a receiver module
configured to: receive a control signaling message, the
control signaling message configuring the user equipment
with at least one SP CSI report configuration on the PUSCH,
and the message identifying a SP CSI reporting periodicity;
and to receive physical layer control signaling identifying
and activating the at least one SP CSI report configuration.
The user equipment includes a a transmitter module config-
ured to transmit a plurality of SP CSI reports, the reports
being transmitted with the periodicity and according to the
physical layer control signaling and the control signaling
message.

[0146] According to this aspect, in some embodiments, the
physical layer control signaling identifies at least one char-
acteristic of measuring and transmitting SP CSI. In some
embodiments, the at least one SP CSI report configuration
includes an association to at least one SP CSI resource
setting.
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[0147] According to another aspect, a base station for
adaptively configuring semi-persistent Channel State Infor-
mation, SP CSI, on a physical uplink shared channel,
PUSCH, is provided. The base station includes a transmitter
module configured to: transmit a control signaling message
to configure a user equipment with at least one SP CSI report
configuration on the PUSCH, the message identifying a SP
CSI reporting periodicity, and to transmit physical layer
control signaling identifying and activating the at least one
SP CSI report configuration. A receiver module is configured
to receive a plurality of SP CSI reports, the reports being
transmitted with the periodicity and according to the physi-
cal layer control signaling and the control signaling mes-
sage.

[0148] According to this aspect, in some embodiments, the
physical layer control signaling identifies at least one char-
acteristic of measuring and transmitting SP CSI. In some
embodiments, the at least one SP CSI report configuration
includes an association to at least one SP CSI resource
setting.

BRIEF DESCRIPTION OF THE DRAWINGS

[0149] A more complete understanding of the present
embodiments, and the attendant advantages and features
thereof, will be more readily understood by reference to the
following detailed description when considered in conjunc-
tion with the accompanying drawings wherein:

[0150] FIG. 1 is a diagram of LTE physical resources;
[0151] FIG. 2 is a diagram of an LTE time-domain struc-
ture with 15 kHz subcarrier spacing;

[0152] FIG. 3 is a diagram of an Uplink L.1/.2 control
signaling transmission on PUCCH;

[0153] FIG. 4 is diagram of semi-persistent CSI-RS trans-
mission;
[0154] FIG. 5 is a diagram of a two-dimensional antenna

array of cross-polarized antenna elements;

[0155] FIG. 6 is a diagram of an example of oversampled
DFT beams;
[0156] FIG. 7 is a block diagram of an exemplary system

for CSI feedback in accordance with the principles of the
disclosure;

[0157] FIG. 8 is a block diagram of another embodiment
of a network node in accordance with the principles of the
disclosure;

[0158] FIG. 9 is a block diagram of another embodiment
of'a wireless device in accordance with the principles of the
disclosure;

[0159] FIG. 10 is a flow diagram of an allocation process
performed by allocation code in accordance with the prin-
ciples of the disclosure;

[0160] FIG. 11 is a flow diagram of an alternative alloca-
tion process performed by the allocation code in accordance
with the principles of the disclosure;

[0161] FIG. 12 is a flow diagram of yet another allocation
process performed by allocation code in accordance with the
principles of the disclosure;

[0162] FIG. 13 is an exemplary flow diagram of a code
process performed by CSI code in accordance with the
principles of the disclosure;

[0163] FIG. 14 is a flow diagram of an alternative code
process performed by CSI code in accordance with the
principles of the disclosure;
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[0164] FIG. 15 is a flow diagram of yet another alternative
code process performed by CSI code in accordance with the
principles of the disclosure;

[0165] FIG. 16 is a flow diagram of an exemplary process
in a wireless device in accordance with principles of this
disclosure;

[0166] FIG. 17 is a flow diagram of an exemplary process
in a network node in accordance with principles of this
disclosure;

[0167] FIG. 18 is a diagram semi-persistent CSI reporting
over PUSCH in accordance with the principles of the
disclosure;

[0168] FIG. 19 is a diagram of CSI reporting over multiple
instances using semi-persistent CSI reporting in accordance
with the principles of the disclosure;

[0169] FIG. 20 is a diagram of retransmission of CSI
according to the delay after a prior CSI report trigger in
accordance with the principles of the disclosure; and
[0170] FIG. 21 is a diagram of CSI reporting over multiple
instances using semi-persistent CSI reporting with joint
activation/deactivation triggering with semi-persistent CSI-
RS in accordance with the principles of the disclosure.

DETAILED DESCRIPTION

[0171] Some embodiments according to the present dis-
closure may provide none, some or all of the following
benefits:

[0172] Able to obtain CSI feedback for different trans-
mission schemes and CSI feedback types, allowing
dynamic switching of transmission schemes to adapt to
channel and/or interference changes;

[0173] Dynamic allocation of resources adapting to the
CSI payload size, so more efficient resource utilization
can be achieved;

[0174] CSI reports need not be subsampled to fit into
the PUCCH, nor do PUCCH resources need to be
configured when CSI are transmitted periodically; and

[0175] The integrity of CSI is always protected and link
adaptation is possible for CSI reporting through
retransmission.

[0176] The teachings in the instant disclosure may be used
with two-dimensional antenna arrays and some of the pre-
sented embodiments use such antennas.

[0177] Before describing in detail exemplary embodi-
ments, it is noted that the embodiments reside primarily in
combinations of apparatus components and processing steps
related to methods, wireless devices and network nodes.
Accordingly, components have been represented where
appropriate by conventional symbols in the drawings, show-
ing only those specific details that are pertinent to under-
standing the embodiments so as not to obscure the disclosure
with details that will be readily apparent to those of ordinary
skill in the art having the benefit of the description herein.
[0178] As used herein, relational terms, such as “first,”
“second,” “top” and “bottom,” and the like, may be used
solely to distinguish one entity or element from another
entity or element without necessarily requiring or implying
any physical or logical relationship or order between such
entities or elements. The terminology used herein is for the
purpose of describing particular embodiments only and is
not intended to be limiting of the concepts described herein.
As used herein, the singular forms “a”, “an” and “the” are
intended to include the plural forms as well, unless the
context clearly indicates otherwise. It will be further under-
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stood that the terms “comprises,” “comprising,” “includes”
and/or “including” when used herein, specify the presence of
stated features, integers, steps, operations, elements, and/or
components, but do not preclude the presence or addition of
one or more other features, integers, steps, operations,
elements, components, and/or groups thereof.

[0179] Unless otherwise defined, all terms (including tech-
nical and scientific terms) used herein have the same mean-
ing as commonly understood by one of ordinary skill in the
art to which this disclosure belongs. It will be further
understood that terms used herein should be interpreted as
having a meaning that is consistent with their meaning in the
context of this specification and the relevant art and will not
be interpreted in an idealized or overly formal sense unless
expressly so defined herein.

[0180] Inembodiments described herein, the joining term,
“in communication with” and the like, may be used to
indicate electrical or data communication, which may be
accomplished by physical contact, induction, electromag-
netic radiation, radio signaling, infrared signaling or optical
signaling, for example. One having ordinary skill in the art
will appreciate that multiple components may interoperate
and modifications and variations are possible of achieving
the electrical and data communication.

[0181] It should be understood that, in some embodi-
ments, signaling may generally comprise one or more sym-
bols and/or signals and/or messages. A signal may comprise
or represent one or more bits. An indication may represent
signaling, and/or be implemented as a signal, or as a
plurality of signals. One or more signals may be included in
and/or represented by a message. Signaling, in particular
control signaling, may comprise a plurality of signals and/or
messages, which may be transmitted on different carriers
and/or be associated to different signaling processes, e.g.
representing and/or pertaining to one or more such processes
and/or corresponding information. An indication may com-
prise signaling, and/or a plurality of signals and/or messages
and/or may be comprised therein, which may be transmitted
on different carriers and/or be associated to different
acknowledgement signaling processes, e.g. representing
and/or pertaining to one or more such processes. Signaling
associated to a channel may be transmitted such that it
represents signaling and/or information for that channel,
and/or that the signaling is interpreted by the transmitter
and/or receiver to belong to that channel. Such signaling
may generally comply with transmission parameters and/or
format/s for the channel.

[0182] An indication generally may explicitly and/or
implicitly indicate the information it represents and/or indi-
cates. Implicit indication may for example be based on
position and/or resource used for transmission. Explicit
indication may for example be based on a parametrization
with one or more parameters, and/or one or more index or
indices, and/or one or more bit patterns representing the
information. It may in particular be considered that the RRC
signaling as described herein may indicate what subframes
or signals to use for one or more of the measurements
described herein and under what conditions and/or opera-
tional modes.

[0183] Configuring a radio node, in particular a terminal
or user equipment or a wireless device, may refer to the radio
node being adapted or caused or set and/or instructed to
operate according to the configuration. Configuring may be
done by another device, e.g., a network node 12 (for
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example, a radio node of the network like a base station or
eNodeB) or network, in which case it may comprise trans-
mitting configuration data to the radio node to be configured.
Such configuration data may represent the configuration to
be configured and/or comprise one or more instruction
pertaining to a configuration, e.g. a configuration for trans-
mitting and/or receiving on allocated resources, in particular
frequency resources, or e.g., configuration for performing
certain measurements on certain subframes or radio
resources. A radio node may configure itself, e.g., based on
configuration data received from a network or network node.
A network node may use, and/or be adapted to use, its
circuitry/ies for configuring. Allocation information may be
considered a form of configuration data. Configuration data
may comprise and/or be represented by configuration infor-
mation, and/or one or more corresponding indications and/or
message/s.

[0184] Generally, configuring may include determining
configuration data representing the configuration and pro-
viding, e.g. transmitting, it to one or more other nodes
(parallel and/or sequentially), which may transmit it further
to the radio node (or another node, which may be repeated
until it reaches the wireless device). Alternatively, or addi-
tionally, configuring a radio node, e.g., by a network node or
other device, may include receiving configuration data and/
or data pertaining to configuration data, e.g., from another
node like a network node, which may be a higher-level node
of the network, and/or transmitting received configuration
data to the radio node. Accordingly, determining a configu-
ration and transmitting the configuration data to the radio
node may be performed by different network nodes or
entities, which may be able to communicate via a suitable
interface, e.g., an X2 interface in the case of LTE or a
corresponding interface for NR. Configuring a terminal (e.g.
WD 14) may comprise scheduling downlink and/or uplink
transmissions for the terminal, e.g. downlink data and/or
downlink control signaling and/or DCI and/or uplink control
or data or communication signaling, in particular acknowl-
edgement signaling, and/or configuring resources and/or a
resource pool therefor. In particular, configuring a terminal
(e.g. WD) may comprise configuring the WD to perform
certain measurements on certain subframes or radio
resources and reporting such measurements according to
embodiments of the present disclosure.

[0185] Also note that terminology such as eNodeB and
wireless device should be considered non-limiting and does
in particular not imply a certain hierarchical relation
between the two; in general “eNodeB” could be considered
as device 1 and “wireless device” device 2, and these two
devices communicate with each other over some radio
channel. Also, while the disclosure focuses on wireless
transmissions in the downlink, embodiments are equally
applicable in the uplink.

[0186] The term “wireless device” used herein may refer
to any type of wireless device communicating with a net-
work node and/or with another wireless device in a cellular
or mobile communication system. Examples of a wireless
device are user equipment (UE), target device, device to
device (D2D) wireless device, machine type wireless device
or wireless device capable of machine to machine (M2M)
communication, a sensor equipped with UE, PDA, iPAD,
Tablet, mobile terminals, smart phone, laptop embedded
equipped (LEE), laptop mounted equipment (LME), USB
dongles, computer premises equipment (CPE), etc.
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[0187] The term “network node” used herein may refer to
a radio network node or another network node, e.g., a core
network node, MSC, MME, O&M, OSS, SON, positioning
node (e.g. E-SMLC), MDT node, etc.

[0188] The term “network node” or “radio network node”
used herein can be any kind of network node comprised in
a radio network which may further comprise any of base
station (BS), radio base station, base transceiver station
(BTS), base station controller (BSC), radio network con-
troller (RNC), g Node B (gNB), evolved Node B (eNB or
eNodeB), Node B, multi-standard radio (MSR) radio node
such as MSR BS, multi-cell/multicast coordination entity
(MCE), relay node, donor node controlling relay, radio
access point (AP), transmission points, transmission nodes,
Remote Radio Unit (RRU) Remote Radio Head (RRH), a
core network node (e.g., mobile management entity (MME),
self-organizing network (SON) node, a coordinating node,
positioning node, MDT node, etc.), an external node (e.g.,
" party node, a node external to the current network), nodes
in distributed antenna system (DAS) etc. The network node
may also comprise test equipment. The term “radio node”
used herein may be used to also denote a wireless device
such as a UE or a radio network node.

[0189] Note further, that functions described herein as
being performed by a wireless device or a network node may
be distributed over a plurality of wireless devices and/or
network nodes. In other words, it is contemplated that the
functions of the network node and wireless device described
herein are not limited to performance by a single physical
device and, in fact, can be distributed among several physi-
cal devices.

[0190] Referring now to drawing figures in which like
reference designators refer to like elements there is shown in
FIG. 7 is a block diagram of an exemplary system for CSI
feedback in accordance with the principles of the disclosure.
System 10 includes one or more one or more network nodes
12 and one or more wireless devices 14, in communication
with each other via one or more communication networks,
paths and/or links using one or more communication pro-
tocols such as LTE and/or NR based protocols.

[0191] Network node 12 includes transmitter circuitry 16
and receiver circuitry 18 for communicating with wireless
device 14, other network nodes 12 and/or other entities in
system 10. In one or more embodiments, transmitter cir-
cuitry 16 and receiver circuitry 18 includes or is replaced by
one or more communication interfaces.

[0192] Network node 12 includes node processing cir-
cuitry 20. Processing circuitry 20 includes processor 22 and
memory 24. In addition to a traditional processor and
memory, processing circuitry 20 may comprise integrated
circuitry for processing and/or control, e.g., one or more
processors and/or processor cores and/or FPGAs (Field
Programmable Gate Array) and/or ASICs (Application Spe-
cific Integrated Circuitry). Processor 22 may be configured
to access (e.g., write to and/or reading from) memory 24,
which may comprise any kind of volatile and/or nonvolatile
memory, e.g., cache and/or buffer memory and/or RAM
(Random Access Memory) and/or ROM (Read-Only
Memory) and/or optical memory and/or EPROM (Erasable
Programmable Read-Only Memory). Such memory 24 may
be configured to store code executable by processor 22
and/or other data, e.g., data pertaining to communication,
e.g., configuration and/or address data of nodes, etc.
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[0193] Processing circuitry 20 may be configured to con-
trol any of the methods and/or processes described herein
and/or to cause such methods, signaling and/or processes to
be performed, e.g., by network node 12. Processor 22
corresponds to one or more processors for performing
network node 12 functions described herein. Network node
12 includes memory 24 that is configured to store data,
programmatic software code and/or other information
described herein. In one or more embodiments, memory 24
is configured to store allocation code 26. For example,
allocation code 26 includes instructions that, when executed
by processor 22, causes processor 22 to perform the pro-
cesses describe herein with respect to network node 12.
[0194] The term “network node 12” used herein can be
any kind of network node comprised in a radio network
which may further comprise any of base station (BS), radio
base station, base transceiver station (BTS), base station
controller (BSC), radio network controller (RNC), gNodeB,
evolved Node B (eNB or eNodeB), Node B, gNB, multi-
standard radio (MSR) radio node such as MSR BS, relay
node, donor node controlling relay, radio access point (AP),
transmission points, transmission nodes, Remote Radio Unit
(RRU) Remote Radio Head (RRH), nodes in distributed
antenna system (DAS) etc.

[0195] It is contemplated that the functions of network
node 12 and wireless device 14 described herein are not
limited to performance by a single physical device and, in
fact, can be distributed among several physical devices
locally or across a network cloud such as a backhaul network
and/or the Internet.

[0196] Wireless device 14 includes transmitter circuitry 28
and receiver circuitry 30 for communicating with network
node 12, other wireless devices 14 and/or other entities in
system 10. In one or more embodiments, transmitter cir-
cuitry 28 and receiver circuitry 30 include or are replaced by
one or more communication interfaces.

[0197] Wireless device 14 includes processing circuitry
32. Processing circuitry 32 includes processor 34 and
memory 36. In addition to a traditional processor and
memory, processing circuitry 32 may comprise integrated
circuitry for processing and/or control, e.g., one or more
processors and/or processor cores and/or FPGAs (Field
Programmable Gate Array) and/or ASICs (Application Spe-
cific Integrated Circuitry). Processor 34 may be configured
to access (e.g., write to and/or reading from) memory 36,
which may include any kind of volatile and/or nonvolatile
memory, e.g., cache and/or buffer memory and/or RAM
(Random Access Memory) and/or ROM (Read-Only
Memory) and/or optical memory and/or EPROM (Erasable
Programmable Read-Only Memory). Such memory 36 may
be configured to store code executable by processor 34
and/or other data, e.g., data pertaining to communication,
e.g., configuration and/or address data of nodes, etc.
[0198] Processing circuitry 32 may be configured to con-
trol any of the methods and/or processes described herein
and/or to cause such methods, signaling and/or processes to
be performed, e.g., by wireless device 14. Processor 34
corresponds to one or more processors 34 for performing
wireless device 14 functions described herein. Wireless
device 14 includes memory 36 that is configured to store
data, programmatic software code and/or other information
described herein. In one or more embodiments, memory 36
is configured to store CSI code 38. For example, CSI code
38 includes instructions that, when executed by processor
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34, causes processor 34 to perform the processes describe
herein with respect to wireless device 14.

[0199] Wireless device 14 may be a radio communication
device, wireless device endpoint, mobile endpoint, device
endpoint, sensor device, target device, device-to-device
wireless device, user equipment (UE), machine type wire-
less device or wireless device capable of machine to
machine communication, a sensor equipped with wireless
device, tablet, mobile terminal, mobile telephone, laptop,
computer, appliance, automobile, smart phone, laptop
embedded equipped (LEE), laptop mounted equipment
(LME), USB dongle and customer premises equipment
(CPE), among other devices that can communicate radio or
wireless signals as are known in the art.

[0200] FIG. 8 is a block diagram of another embodiment
of network node 12 in accordance with the principles of the
disclosure. Network node 12 includes allocation module 40,
receiver module 42 and transmitter module 44 for perform-
ing the functions described herein with respect to allocation
code 26, transmitter circuitry 16 and receiver circuitry 18.
[0201] FIG. 9 is a block diagram of another embodiment
of'wireless device 14 in accordance with the principles of the
disclosure. Wireless device 14 includes CSI module 46,
receiver module 48 and transmitter module 50 for perform-
ing the functions described herein with respect to CSI code
38, transmitter circuitry 28 and receiver circuitry 30.
[0202] FIG. 10 is a flow diagram of an example allocation
process performed by allocation code 26 in accordance with
the principles of the disclosure. Processing circuitry 20
causes transmission of a control signaling message to wire-
less device 14, as described herein (Block S100). The
control signaling message configures the wireless device 14
to transmit CSI on the physical channel where the physical
channel is capable of carrying higher layer data and the
message identifies a periodicity, as described herein. Pro-
cessing circuitry 20 causes transmission of a physical layer
control signaling identifying at least one characteristic of
how CSI should be transmitted, as described herein (Block
S102). In one or more embodiments, the at least one
characteristic is at least one of a modulation state, a number
of' spatial layers, and a number of physical channel resources
containing at least the CSI report, as described herein. It is
contemplated that other characteristics can be implemented
and that embodiments are not limited solely to those
described herein. Processing circuitry 20 receives a plurality
of CSI reports, the reports being received with the period-
icity and according to the physical layer control signaling, as
described herein (Block S104). For example, receiver cir-
cuitry, in communication with processing circuitry, receives
a plurality of CSI reports, the reports being received with the
periodicity and according to the physical layer control
signaling.

[0203] FIG. 11 is a flow diagram of an alternative alloca-
tion process performed by allocation code 26 in accordance
with the principles of the disclosure. Processing circuitry 20
causes transmission, via transmitter circuitry 16, of an
allocation of physical layer resources in which at least one
CSI message set is to be conveyed, as described herein
(Block S106). Processing circuitry 20 receives, via receiver
circuitry 18, a CSI size indicator according to the allocation
of physical layer resources, as described herein (Block
S108). Processing circuitry 20 receives, via receiver cir-
cuitry 18, resources within the physical channel that corre-
spond to the CSI message set, the resources containing one
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of a portion of the CSI message and undefined content, as
described herein (Block S110).

[0204] FIG. 12 is a flow diagram of yet another alternative
allocation process performed by allocation code 26 in accor-
dance with the principles of the disclosure. Processing
circuitry 20 receives, via receiver circuitry 18, a first CSI
report in a first time instant, as described herein (Block
S112). Processing circuitry receives, via receiver circuitry
18, a second CSI report in a second time instant, as described
herein (Block S114). In one or more embodiments, the
second time instant is T time units later than the first time
instant.

[0205] Processing circuitry 20 determines whether T is
greater than a threshold (Block S116). If T is greater than the
threshold, processing circuitry 20 determines that the CSI in
the second CSI report has been updated, as described herein
(Block S118). If T is less than the threshold, processing
circuitry 20 determines that the same values of CSI in the
first CSI report and second CSI have been reported, as
described herein (Block S120).

[0206] FIG. 13 an exemplary flow diagram of a code
process performed by CSI code 38 in accordance with the
principles of the disclosure. Processing circuitry 32 receives,
via receiver circuitry 30, a control signaling message, as
described herein (Block S122). In one or more embodi-
ments, the control signaling message configures the wireless
device 14 to transmit CSI on the physical channel where the
physical channel is capable of carrying higher layer data and
the message identifies a periodicity. Processing circuitry 32
receive, via receiver circuitry 30, physical layer control
signaling identifying at least one characteristic of how CSI
should be transmitted (Block S124). In one or more embodi-
ments, the at least one characteristic is at least one of a
modulation state, a number of spatial layers, and a number
of physical channel resources containing at least the CSI
report, as described herein. It is contemplated that other
characteristics can be implemented and that embodiments
are not limited solely to those described herein. Processing
circuitry 20 transmits, via transmitter circuitry 28, a plurality
of CSI reports, as discussed herein (Block S126). In one or
more embodiments, the reports are transmitted with the
periodicity and according to the physical layer control
signaling.

[0207] FIG. 14 is a flow diagram of an alternative code
process performed by CSI code 38 in accordance with the
principles of the disclosure. Processing circuitry 32 receives,
via receiver circuitry 30, an allocation of physical layer
resources in which at least one CSI message set is to be
conveyed, as described herein (Block S128), where the
number of available resources is less than the number of
resources required to carry the at least one CSI message set
[0208] Processing circuitry 32 transmits, via transmitter
circuitry 28, a CSI size indicator according to the allocation
of physical layer resources, as described herein (Block
S130). Processing circuitry 32 transmits, via transmitter
circuitry 28, resources within the physical channel that
correspond to the CSI message set, the resources containing
one of a portion of the CSI message and undefined content,
as described herein (Block S132).

[0209] FIG. 15 is a flow diagram of yet another alternative
code process performed by CSI code 38 in accordance with
the principles of the disclosure. Processing circuitry 32
transmits, via transmitter circuitry 28, a first CSI report in a
first time instant, as described herein (Block S134). Pro-
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cessing circuitry 32, via transmitter circuitry 28, transmits a
second CSI report in a second time instant, as described
herein (Block S136). In one or more embodiments, the
second time instant is T time units later than the first time
instant. Processing circuitry 32 determines whether T is
greater than a threshold, as described herein (Block S138).
If T is greater than the threshold, processing circuitry 32
updates the CSI in the second CSI report, as described herein
(Block S140). If T is less than the threshold, processing
circuitry 32 reports the same values of CSI in the first CSI
report and second CSI report, as described herein (Block
S142).

[0210] FIG. 16 is a flowchart of an exemplary process in
a wireless device 14 for transmitting semi-persistent Chan-
nel State Information, SP CSI, on a physical uplink shared
channel, PUSCH. The process includes receiving, via the
receiver circuitry 30, a control signaling message, the con-
trol signaling message configuring the wireless device 14
with at least one SP CSI report configuration on the PUSCH,
and the message identifying a SP CSI reporting periodicity
(block S144). The process also includes receiving, via the
receiver circuitry 30, physical layer control signaling iden-
tifying and activating the at least one SP CSI report con-
figuration and at least one characteristic of how SP CSI
should be measured and transmitted (block S146). The
process further includes transmitting, via the transmitter
circuitry 28, a plurality of SP CSI reports, the reports being
transmitted with the periodicity and according to the physi-
cal layer control signaling and the control signaling message
(block S148).

[0211] FIG. 17 is a flowchart of an exemplary process in
a network node 12 for adaptively configuring semi-persis-
tent Channel State Information, SP CS]I, on a physical uplink
shared channel, PUSCH. The process includes transmitting,
via transmitter circuitry 16, a control signaling message to
configure a wireless device 14 with at least one SP CSI
report configuration on the PUSCH, the message identifying
a SP CSI reporting periodicity (block S150). The process
also includes transmitting, via transmitter circuitry 16,
physical layer control signaling identifying and activating
the at least one SP CSI report configuration and at least one
characteristic of how SP CSI should be measured and
transmitted (block S152). The process also includes receiv-
ing, via receiver circuitry 18, a plurality of SP CSI reports,
the reports being transmitted with the periodicity and
according to the physical layer control signaling and the
control signaling message (block S154).

[0212] For periodic CSI reporting, the CSI is carried on
the PUCCH (except when it collides with the PUSCH in a
subframe for the same wireless device 14, in which case UCI
is piggy backed on the PUSCH). The maximum CSI payload
size would be known by the gNB based on the configured
downlink transmission scheme for which to feedback CSI,
and the CSI feedback type for the periodic CSI reporting.
PUCCH resources would be semi-statically reserved/con-
figured for the WD based on the CSI payload size.

[0213] Although semi-persistent CSI reporting will be
supported in NR, it is unclear whether CSI will be carried on
the PUCCH or the PUSCH. In case of semi-persistent CSI
reporting based on periodic CSI-RS transmission, the semi-
persistent CSI reporting can be considered as a time win-
dowed version of periodic CSI reporting.

[0214] In case of semi-persistent CSI reporting based on
semi-persistent CSI-RS transmission, one option is to con-
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sider it as a time windowed version of both periodic CSI-RS
transmission and periodic CSI reporting. In this case, other
than the dynamic activation and deactivation part, the rest of
the higher layer configurations can be the same as config-
uring periodic CSI reporting.
[0215] However, this means that only a single transmis-
sion scheme is configured and the CSI reporting corresponds
to only the configured transmission scheme and CSI feed-
back type. Given that one of the goals of NR is an ability to
switch transmission schemes dynamically, such a CSI feed-
back for only one transmission scheme is not desirable.
[0216] In another option, different transmission schemes
and CSI feedback types are dynamically indicated during the
activation of semi-persistent CSI reporting. In this case, the
PUCCH resource needs to be reserved based on the worst
case maximum CSI payload size among all the transmission
schemes and CSI feedback types, which is clearly not
efficient in resource utilization.
[0217] While LTE can transmit periodic CSI reports on the
PUSCH scheduled by semi-persistent resource allocation in
order to improve the link adaptation for periodic CSI trans-
mission, such CSI reports are generally less accurate than
aperiodic CSI on the PUSCH. This is because the CSI must
fit into the small payload of the PUCCH. Furthermore, the
PUCCH resources must be allocated when periodic CSI
reporting is configured, which wastes PUCCH resources if
the corresponding periodic CSI is only carried on the
PUSCH.
[0218] In one embodiment, semi-persistent CSI reporting
is activated by using DCI over the PDCCH and the CSI is
reported on the PUSCH periodically until the semi-persis-
tent CSI reporting is deactivated as shown in FIG. 18. In
particular, FIG. 18 is a diagram of semi-persistent CSI
reporting over the PUSCH in accordance with the principles
of the disclosure.
[0219] The subframes over which CSI is reported are
semi-persistently configured through higher layer signaling,
such as periodicity and subframe offset. The activation DCI
may contain one or more of the following information:
[0220] Semi-persistent CSI activation/deactivation
indication;
[0221] CSI-RS resource(s) over which CSI is to be
measured;
[0222] Transmission scheme toward which the CS1 is to
be measured;
[0223] CSI feedback type, e.g. Type I or Type II feed-
back;
[0224] Frequency band over which the CSI is to be
measured and reported;

[0225] PUSCH resource allocation; and
[0226] Modulation and coding rate.
[0227] The semi-persistent CSI activation/deactivation

indication can be either explicitly or implicitly signalled. In
the case of explicit signaling, one or more dedicated bit
field(s) in DCI can be used. In case of implicit signaling, a
combination of certain fields in DCI may be used for the
purpose.

[0228] Some of the parameters such as transmission
scheme and CSI feedback type may be included in CSI
reporting settings configured by the higher layers. In this
case, only the index of the reporting setting is signalled in
the DCI. In an alternative embodiment, transmission scheme
may be defined in one of the links in the CSI measurement
setting. Similarly, CSI-RS resources may be included in the
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CSI-RS resource settings and/or resource sets configured by
the higher layers and the index of resource setting and/or
CSI-RS resource set may be signalled in the DCI.

[0229] Similar to UCI transmission on the PUSCH in LTE
for aperiodic CSI reporting, RI, ACK/NACK, CQI/PMI
information can be independently encoded with different
coding rates and/or transmit power offsets to provide dif-
ferent levels of protection. For robust CSI feedback, rank
one or only rank one transmission may be configured for the
PUSCH. In some cases, CSI feedback for multiple wireless
devices 14 may be scheduled in the same PUSCH resources
as long as network node 12 can reliably receive the CSI
feedback from multiple wireless devices 14 in the PUSCH.
This may be possible when multiple wireless devices 14 are
well separated spatially and/or when network node 12 can
rely on multi-antenna receiver processing techniques to
separate the CSI feedback from multiple wireless devices
14. By allocating the same PUSCH resources to carry CSI
feedback from multiple wireless devices 14, the overall
PUSCH resource allocation overhead can be reduced.

[0230] To distinguish from a PDCCH used for regular
PUSCH transmission, a semi-persistent scheduling (SPS)
C-RNTI may be allocated to wireless device 14 and used to
scramble the CRC (Cyclic Redundancy Check) bits in the
corresponding PDCCH.

[0231] Inone embodiment, the semi-persistent CSI report-
ing can be used to periodically update CSI to keep up with
potential channel variations.

[0232] In another embodiment, it can be used to report a
single large full resolution CSI message over multiple
reports as shown in FIG. 19, in which reports from CSI #1
to CSI #4 represent coarse reports and can be used to form
a CSI report with higher resolution. FIG. 19 is a diagram of
CSI reporting over multiple instances using semi-persistent
CSI reporting in accordance with the principles of the
disclosure. In such a case, wireless device 14 is configured
to report a specific subset of the CSI in each of the reports.
For example, if wireless device 14 is configured for a Type
1T or LTE advanced CSI report that comprises subband PMI
corresponding to a linear combination of two different
beams, then report CSI #1 could carry subband PMI corre-
sponding to beam one, and report CSI #2 could carry the
subband PMI for beam two. In some embodiments, the
subband PMI for a first beam is identified by a first index
associated with a single complex number, and the subband
PMI for a second beam is identified by two indices associ-
ated with two complex numbers.

[0233] In a similar embodiment, when there is too much
CSI data to transmit in one CSI report, portions of the
complete CSI are transmitted in each of the CSI reports CSI
#1 to CSI #4. Additionally, one or more CSI message size
indicators that indicate the size of the complete CSI may be
transmitted in each of the CSI reports. The CSI message size
indicators as well as their values are identical in each of the
CSI reports CSI #1 to CSI #4. A CSI message size indicator
can be a CSI parameter such as RI, CRI, and/or RPI that
identifies the size of a CSI message to transmit. Forward
error correction coding is applied to CSI information bits not
containing the CSI message size indicators, so that the CSI
message size indicators can be independently decoded from
CSI message information bits whose size is identified by the
CSI message size indicators. This allows the size of the CSI
information bits in the CSI messages to vary while allowing
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simple determination of the complete CSI size by decoding
only the CSI message size indicators.

[0234] A CSI message set may be defined herein as the set
of complete CSI messages for all cells, CSI processes,
and/or eMIMO-Types that correspond to a given CSI report
trigger. If the CSI message set contains CSI messages for
multiple cells, CSI processes, or eMIMO-Types, then one or
more CSI message size indicators are transmitted for each
CSI message in the CSI message set, such that the size of the
CSI message set can be determined by the receiving network
node 12.

[0235] Receiving network node 12 can determine the
contents of each CSI report such as CSI #1 to CSI #4
because once the size of the complete CSI message(s) in the
CSI message set are known, the content and format of each
CSI message and therefore each CSI report on the PUSCH
is known. For each CSI report, wireless device 14 transmits
the remaining bits of the CSI message set that fit into the
report, and saves any further bits that are not yet transmitted
for a later CSI report, until there are no CSI messages from
the CSI message set that have not yet been fully transmitted.
[0236] In some embodiments, when there is too much CSI
data to transmit in one CSI report, wireless device 14
indicates that the CSI message set to be carried in the report
has excess size, and the full CSI is not transmitted. Wireless
device 14 first calculates one or more CSI messages to be
reported in a CSI message set according to a CSI report
trigger, determining the number of information bits in the
CSI message set. Wireless device 14 then determines if the
CSI message would occupy more uplink physical channel
resources than are available in an uplink grant associated
with the CSI report trigger. If the CSI message would
occupy more uplink resources than are available, then wire-
less device 14 transmits a complete set of CSI message size
indicators, but not the complete CSI.

[0237] In an embodiment, wireless device 14 determines
the available number of physical resources Q as the total
number of physical resource elements available for uplink
control and/or higher layer data as provided by the resource
allocated in the uplink grant. Wireless device 14 determines
the number of resource elements used for CSI other than the
message size indicators, Q;, and the number of resource
elements used for the CSI message size indicator(s), Qg
QC; may include resource elements containing RI, CRI,
and/or RPI corresponding to one or more cells, CSI pro-
cesses, and/or eMIMO-Types. Qg; may include resource
elements containing RI, CRI, and/or RPI corresponding to
one or more cells CSI processes, and/or eMIMO-Types. The
number of resource elements needed for a CSI message set
is then Qe +Qz; In some embodiments, wireless device 14
may also determine the number of resource elements used
for other information than the CSI message set such as
higher layer data, Q_,,, while in other embodiments
Q,4.,=0 always, even if uplink resource allocations include
higher layer data.

[0238] If Qro+Qr+Q,m.,~>Q, then the CSI message set
size is greater than that will fit in the allocated resources. In
general, when CSI reports are large, Q ->>Qx,, and so it is
likely that the CSI message size indicators will fit in the
allocated resources, that is, Q,<Q. Therefore, when Q¢+
QzAQ,.,>Q, wireless device 14 reports the CSI message
size indicator using a number of layers vz, on which the CSI
message indicator is to be transmitted and the determined
number of resource elements Q;. The CSI report as well as
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any other information beside the CSI report, such as higher
layer data, is then transmitted using Q=QzA+Q'cor+Q e
where Q'¢57Q-Qx~Q, ., and where Q. is the number
of resource elements used for other information beside the
CSI report such as higher layer data, if any. The Q'c;
resource elements may contain a portion of the CSI other
than the message size indicators, such as the first v o
1Q,,Q' - bits of the CST message set that do not contain CSI
message size indicators, where Q,, is the number of bits per
modulation symbol to be used for the CSI report and v, is
the number of spatial layers the CSI other than the CSI
message size indicator is to be carried on. Alternatively,
these resource elements could contain modulation symbols
whose corresponding channel and information bits are not
defined.

[0239] In some embodiments, Qc,; and Qg; are deter-
mined as in section 5.2.2.6 of 3GPP TS 36.212, and Q=N,
(X)'(NslgmbPUSCH'MSCPUSCH'Qm(X)); where NL(X)s MSCPUSCH;
N,,.,~ 5%, and Q,,* are determined as in section 5.2.2.6

of TS 36.212, and Q,,,.,—0. In other embodiments,
Qeoreil(BeoOcod|QVeprl), Where ceil(x) is the least
integer greater than or equal to x. QQ,, is the number of bits
per modulation symbol to be used for the CSI report. O¢,
is the number of information bits to be reported for CSI other
than the CSI message size indicator, and may include CQI
and/or PMI corresponding to one or more cells CSI pro-
cesses, and/or eMIMO-Types, B, is a positive real number
that adjusts the code rate. v, is the number of spatial layers
the CSI other than the CSI message size indicator is to be
carried on. In some embodiments, Qg~ceil(fz0x/Q.,.)s
where Q,, is the number of bits per modulation symbol to be
used for the CSI report. O, is the number of information bits
to be reported for the CSI message size indicator(s), and may
include RI, CRI, and/or RPI corresponding to one or more
cells, CSI processes, and/or eMIMO-Types. 3, 1s a positive
real number that adjusts the code rate, and RI is mapped to
the same resource elements in all layers of the PUSCH.

[0240] In some embodiments, CSI retransmission is sup-
ported. If a first transmission of a CSI report is not correctly
received, a second transmission of the CSI report with the
same information bit payload as the first transmission may
be requested by the network node 12.

[0241] In an embodiment, the wireless device 14 may not
update the CSI report (that is, change the values of the CSI
parameters that are reported) until a predetermined amount
of time has elapsed since the time a prior report has been
triggered. In this way, the information bit payload of the
second transmission of a CSI report can be identical to the
first CSI report, and so the network node 12 receiving the
CSI report can use HARQ combining on the first and second
transmissions. This embodiment is shown in more detail in
FIG. 20. In particular, FIG. 20 is a diagram of retransmission
of CSI according to the delay after a prior CSI report trigger
in accordance with the principles of the disclosure. Here,
CSI report triggers one, two, and three are received by
wireless device 14, and wireless device 14 transmits three
CSI reports, each of which is for corresponding triggers one,
two, or three. CSI report trigger two occurs less than a
threshold time delay TO after CSI report trigger one, while
CSI trigger three occurs more than the TO time delay after
CSI trigger one. Therefore, the WD does not update the CSI
carried in CSI report two, and the same CSI information bits
are reported in CSI report two as for CSI report one. On the
other hand, the WD does update CSI report three, and so the
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information bits in CSI report three may be different from
those in CSI reports one and two.

[0242] In some embodiments, wireless device 14 encodes
each CSI report with one of multiple redundancy versions.
In this way, the first and second transmissions of a CSI report
can use different redundancy versions, allowing better cod-
ing gain in the HARQ combining. The redundancy version
for a transmission of a CSI report can be determined
according to the report timing, such as the time instant in
which the report is triggered, the time to which the CSI
report corresponds (such as the LTE reference resource
subframe), or the time instant in which the CSI report is
transmitted. Alternatively or additionally, a request for the
second CSI report can include an indication of which
redundancy version to use.

[0243] FIG. 20 shows an embodiment where the redun-
dancy version is determined according to the time instant in
which the CSI report is triggered. The redundancy version
number i of the redundancy version RV, is identified by an
index that may be determined as i=(t+t,)mod N, where t
is a time index, t, is a time offset, and N, is the number of
redundancy versions. Since CSI reports 1 and 2 are triggered
in subframes associated with RV, and RV, respectively,
they are encoded using RV, and RV, respectively. Then
since CSI report 2 is a retransmission of CSI report 1, a
receiver can HARQ combine the two reports.

[0244] In some embodiments, when semi-persistent CSI
reporting is jointly triggered for activation/deactivation with
semi-persistent CSI-RS, portions of a complete CSI message
are reported in multiple CSI reports as shown in FIG. 21. In
particular, FIG. 21 is a diagram of CSI reporting over
multiple instances using semi-persistent CSI reporting with
joint activation/deactivation triggering with semi-persistent
CSI-RS in accordance with the principles of the disclosure.

[0245] In this embodiment, the number of CSI reports per
complete CSI message is fixed and this number is semi-
statically configured as part of a CSI report setting. The WD
measures the CSI-RS in each CSI-RS transmission instance
of the activated semi-persistent CSI-RS, and calculates a
complete CSI message once for each such CSI-RS trans-
mission. In this embodiment, the periodicity of the semi-
persistent CSI-RS is given by the periodicity of the semi-
persistent reporting times the number of CSI reports per
complete CSI message. In the example of FIG. 21, the
number of CSI reports per complete CSI message is four,
and the periodicity of the semi-persistent CSI-RS is four
times the periodicity of the semi-persistent reporting.

Some Example Embodiments Include

Embodiment 1A

[0246] A method for adaptively transmitting periodically
reported CSI on a physical channel in a wireless device,
comprising:

[0247] a) Receiving a control signaling message con-
figuring the wireless device to transmit CSI on the
physical channel, the physical channel being capable of
carrying higher layer data, and the message identifying
a periodicity;
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[0248] b) Receiving physical layer control signaling
identifying how CSI should be transmitted,

[0249] i) the signaling identifying at least one of a
modulation state, a number of spatial layers, and a
number of physical channel resources containing at
least the CSI report,

[0250] c¢) Transmitting a plurality of CSI reports, the
reports being transmitted with the periodicity and
according to the physical layer control signaling.

Embodiment 2A

[0251] The method of Embodiment 1A, further compris-
ing
[0252] a) Transmitting a portion of a CSI message set in

a first CSI report, and the remainder of the CSI message
set in one or more subsequent CSI reports.
[0253] b) Including a CSI message size indicator in

each CSI report, wherein

[0254] 1) the CSI size indicator identifies the size of
the CSI message set, and

[0255] 1ii) forward error correction coding is applied
to CSI information bits not containing the CSI mes-
sage size indicator

Embodiment 3A

[0256] A method of indicating excess CSI message size in
a wireless device, the method comprising:

[0257] a) Receiving an allocation of physical layer
resources in which at least a CSI message set is being
conveyed, wherein the number of available resources is
less than the number of resources required to carry the
CSI message set,

[0258] b) Transmitting a CSI message set size indicator
according to the allocation of physical layer resources,
wherein
[0259] i) the CSI message set size indicator identifies

the size of the CSI message set

[0260] c¢) transmitting resources within the physical
channel that correspond to the CSI message set, the
resources containing one of a portion of the CSI
message and undefined content.

Embodiment 4A

[0261] The method of Embodiment 3A, wherein the CSI
message set size indicator comprises one or more of a rank
indication, a CSI-RS resource allocation, and a relative
power indication

Embodiment SA

[0262] A method of retransmitting CSI in a wireless
device, the method comprising,

[0263] a) Transmitting a first CSI report in a first time
instant
[0264] b) Transmitting a second CSI report in a second

time instant that is T time units later than the first time

instant, wherein

[0265] i) If T is greater than a threshold T, the
wireless device is expected to update the CSI in the
second CSI report, and

[0266] 1ii) If T is less than a threshold T, the wireless
device reports the same values of CSI in the first and
second CSI reports.
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Embodiment 6A

[0267] The method of Embodiment 5A, further compris-
ing
[0268] a) Selecting a first redundancy version according

to a first time instant in which the first CSI report is
transmitted; and
[0269] Db) Seclecting a second redundancy version

according to a second time instant in which the second

CSI report is transmitted.
In these embodiments, control signalling identifies at least
one characteristic of how CSI should be transmitted. In one
or more embodiments, the at least one characteristic is at
least one of a modulation state, a number of spatial layers,
and a number of physical channel resources containing at
least the CSI report, as described herein. It is contemplated
that other characteristics can be implemented and that
embodiments are not limited solely to those described
herein. Error correction encoding the first and second CSI
reports with the first and the second redundancy version,
respectively.
[0270] According to one aspect, a user equipment 14 for
transmitting semi-persistent Channel State Information, SP
CSI, on a physical uplink shared channel, PUSCH, is
provided. The user equipment 14 includes processing cir-
cuitry 32 configured to receive a control signaling message
for configuring the user equipment 14 with at least one SP
CSI report configuration on the PUSCH, the message iden-
tifying a SP CSI reporting periodicity; and receive physical
layer control signaling for identifying and activating the at
least one SP CSI report configuration. The user equipment
14 also includes transmitter circuitry 28 configured to trans-
mit a plurality of SP CSI reports, the reports being trans-
mitted with the SP CSI reporting periodicity and according
to the physical layer control signaling and the control
signaling message.
[0271] According to this aspect, in some embodiments, the
processing circuitry 32 is further configured to receive
physical layer control signaling to de-activate a previously
activated SP CSI report configuration. In some embodi-
ments, the control signaling message is a radio resource
control, RRC, message. In some embodiments, the at least
one SP CSI report configuration includes at least one SP CSI
report setting. In some embodiments, the at least one SP CSI
report configuration includes at least one SP CSI resource
setting or an association to at least one SP CSI resource
setting. In some embodiments, the at least one SP CSI report
setting includes at least a CSI feedback type. In some
embodiments, the at least one SP CSI report setting includes
at least a frequency band over which the SP CSI is to be
measured and reported. In some embodiments, the at least
one SP CSI report setting further includes a slot offset for
each of the at least one SP CSI report configuration. In some
embodiments, the at least one SP CSI report configuration
further includes a special cell radio network temporary
identifier, C-RNTI. In some embodiments, the at least one
SP CSI resource setting includes at least one of a resource
for channel measurement and a resource for interference
measurement. In some embodiments, the physical layer
control signaling is a downlink control information, DCI,
signaling on a physical downlink control channel, PDCCH.
In some embodiments, the physical layer control signaling
includes information about resource allocation and modu-
lation for the PUSCH carrying a plurality of SP CSI reports.
In some embodiments, the physical control signaling
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includes a coding rate. In some embodiments, the identify-
ing includes information about the at least one SP CSI report
configuration in the downlink control information, DCIL.

[0272] In some embodiments, the activating is implicitly
indicated by a combination of bit fields in the downlink
control information, DCI. In some embodiments, the special
cell radio network temporary identifier, C-RNTI, is used to
scramble a cyclic redundancy check, CRC, bits correspond-
ing to the downlink control information, DCI, wherein,
optionally, the special CRNTI is used only to scramble the
DCI used for one of activating and deactivating the at least
one SP CSI report configuration. In some embodiments, at
least one of the activating or deactivating of the at least one
SP CSI report configuration is partly indicated by the special
cell radio network temporary identifier, C-RNTI, used in
scrambling a cyclic redundancy check, CRC, bits corre-
sponding to the downlink control information, DCI, in the
physical layer control signaling. In some embodiments, a
plurality of SP CSI reports from different user equipments
can be multiplexed in the PUSCH. In some embodiments,
the multiplexing is spatial multiplexing. In some embodi-
ments, different components of a plurality of SP CSI reports
are coded independently. In some embodiments, the pro-
cessing circuitry 32 is further configured to receive physical
layer control signaling for identifying at least one charac-
teristic of measuring and transmitting SP CSI. In some
embodiments, the at least one SP CSI report configuration
includes an association to at least one SP CSI resource
setting.

[0273] According to another aspect, a method in a user
equipment 14 for transmitting semi-persistent Channel State
Information, SP CSI, on a physical uplink shared channel,
PUSCH, is provided. The method includes receiving a
control signaling message, the control signaling message
configuring the user equipment 14 with at least one SP CSI
report configuration on the PUSCH, and the message iden-
tifying a SP CSI reporting periodicity (S100). The method
also includes receiving physical layer control signaling
identifying and activating the at least one SP CSI report
(8102). The method also includes transmitting a plurality of
SP CSI reports, the reports being transmitted with the
periodicity and according to the physical layer control
signaling and the control signaling message (S104).

[0274] In some embodiments, the method further includes
receiving physical layer control signaling to de-activate a
previously activated SP CSI report configuration. In some
embodiments, the control signaling message is a radio
resource control, RRC, message. In some embodiments, the
at least one SP CSI report configuration include at least one
SP CSI report setting. In some embodiments, the at least one
SP CSI report configuration includes at least one SP CSI
resource settings or an association to at least one SP CSI
resource setting. In some embodiments, the at least one SP
CSI report setting includes at least a CSI feedback type. In
some embodiments, the at least one SP CSI report setting
includes at least a frequency band over which the SP CSI is
to be measured and reported. In some embodiments, the at
least one SP CSI report setting further includes a slot offset
for each of the at least one SP CSI report configuration. In
some embodiments, the at least one SP CSI report configu-
ration further includes a special cell radio network tempo-
rary identifier, C-RNTI. In some embodiments, the at least
one SP CSI resource setting includes at least one of a
resource for channel measurement and a resource for inter-
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ference measurement. In some embodiments, the physical
layer control signaling is a downlink control information,
DCI, signaling on a physical downlink control channel,
PDCCH. In some embodiments, the physical layer control
signaling includes information about resource allocation and
modulation for the PUSCH carrying a plurality of SP CSI
reports. In some embodiments, the physical control signal-
ing includes a coding rate. In some embodiments, the
identifying includes information about the at least one SP
CSI report configuration in the downlink control informa-
tion, DCI. In some embodiments, at least one of the acti-
vating or deactivating is implicitly indicated by a combina-
tion of bits corresponding to the downlink control
information, DCI. In some embodiments, the special cell
radio network temporary identifier, C-RNTI, is used to
scramble a cyclic redundancy check, CRC, bits correspond-
ing to the downlink control information, DCI, wherein,
optionally, the special C-RNTI is used only to scramble the
DCI used for activating or deactivating the at least one SP
CSI report configuration. In some embodiments, at least one
of the activating or deactivating of the at least one SP CSI
report configuration is partly indicated by the special cell
radio network temporary identifier, C-RNTI, used in scram-
bling a cyclic redundancy check, CRC, bits corresponding to
the downlink control information, DCI, in the physical layer
control signaling. In some embodiments, the plurality of SP
CSI reports from different user equipments can be multi-
plexed in the PUSCH. In some embodiments, the multiplex-
ing is spatial multiplexing. In some embodiments, different
components of the plurality of SP CSI reports are coded
independently. In some embodiments, the physical layer
control signaling identifies at least one characteristic of
measuring and transmitting SP CSI.

[0275] According to another aspect, a base station 12 for
adaptively configuring semi-persistent Channel State Infor-
mation, SP CSI, on a physical uplink shared channel,
PUSCH is provided. The base station includes processing
circuitry 20 configured to transmit a control signaling mes-
sage to configure a user equipment 14 with at least one SP
CSI report configuration on the PUSCH, the message iden-
tifying a SP CSI reporting periodicity. In some embodi-
ments, transmit physical layer control signaling identifying
and activating the at least one SP CSI report configuration;
and receiver circuitry 18 configured to receive a plurality of
SP CSI reports, the reports being transmitted with the
periodicity and according to the physical layer control
signaling and the control signaling message.

[0276] According to this aspect, in some embodiments, the
processing circuitry 20 is further configured to transmit
physical layer control signaling to de-activate a previously
activated SP CSI report configuration. In some embodi-
ments, the control signaling message is a radio resource
control, RRC, message. In some embodiments, the at least
one SP CSI report configuration includes at least one SP CSI
report setting. In some embodiments, the at least one SP CSI
report configuration includes at least one SP CSI resource
settings or an association to at least one SP CSI resource
setting. In some embodiments, the physical layer control
signaling identifies at least one characteristic of measuring
and transmitting SP CSI.

[0277] According to yet another aspect, a method in a base
station 12 for adaptively configuring semi-persistent Chan-
nel State Information, SP CSI, on a physical uplink shared
channel, PUSCH, is provided. The method includes trans-
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mitting a control signaling message to configure a user
equipment 14 with at least one SP CSI report configuration
on the PUSCH, the message identifying a SP CSI reporting
periodicity (S106). The method also includes transmitting
physical layer control signaling identifying and activating
the at least one SP CSI report (S108). The method also
includes receiving a plurality of SP CSI reports, the reports
being transmitted with the periodicity and according to the
physical layer control signaling and the control signaling
message (S110).

[0278] According to this aspect, in some embodiments, the
method further includes transmitting physical layer control
signaling to de-activate a previously activated SP CSI report
configuration. In some embodiments, the control signaling
message is a radio resource control, RRC, message. In some
embodiments, the at least one SP CSI report configuration
includes at least one SP CSI report setting. In some embodi-
ments, the at least one SP CSI report configuration includes
at least one SP CSI resource settings or an association to at
least one SP CSI resource setting. In some embodiments, the
physical layer control signaling identifies at least one char-
acteristic of measuring and transmitting SP CSI.

[0279] According to yet another aspect, a user equipment
14 for transmitting semi-persistent Channel State Informa-
tion, SP CSI, on a physical uplink shared channel, PUSCH,
is provided. The user equipment 14 includes a receiver
module 48 configured to: receive a control signaling mes-
sage, the control signaling message configuring the user
equipment 14 with at least one SP CSI report configuration
on the PUSCH, and the message identifying a SP CSI
reporting periodicity; and to receive physical layer control
signaling identifying and activating the at least one SP CSI
report configuration. The user equipment 14 includes a a
transmitter module 50 configured to transmit a plurality of
SP CSI reports, the reports being transmitted with the
periodicity and according to the physical layer control
signaling and the control signaling message.

[0280] According to this aspect, in some embodiments, the
physical layer control signaling identifies at least one char-
acteristic of measuring and transmitting SP CSI. In some
embodiments, the SP CSI report configuration includes an
association to at least one SP CSI resource setting.

[0281] According to another aspect, a base station 12 for
adaptively configuring semi-persistent Channel State Infor-
mation, SP CSI, on a physical uplink shared channel,
PUSCH, is provided. The base station 12 includes a trans-
mitter module 44 configured to: transmit a control signaling
message to configure a user equipment 14 with at least one
SP CSI report configuration on the PUSCH, the message
identifying a SP CSI reporting periodicity, and to transmit
physical layer control signaling identifying and activating
the at least one SP CSI report configuration. A receiver
module 42 is configured to receive a plurality of SP CSI
reports, the reports being transmitted with the periodicity
and according to the physical layer control signaling and the
control signaling message.

[0282] According to this aspect, in some embodiments, the
physical layer control signaling identifies at least one char-
acteristic of measuring and transmitting SP CSI. In some
embodiments, the at least one SP CSI report configuration
includes an association to at least one SP CSI resource
setting.
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Some Embodiments Further Include

Embodiment 1

[0283] A wireless device for adaptively transmitting
Channel State Information, CSI, on a physical channel, the
wireless device comprising:

[0284] processing circuitry configured to:

[0285] receive a control signaling message, the con-
trol signaling message configuring the wireless
device to transmit CSI on the physical channel, the
physical channel being capable of carrying higher
layer data, and the message identifying a periodicity;
and

[0286] receive physical layer control signaling iden-
tifying at least one characteristic of how CSI should
be transmitted; and

[0287] transmitter circuitry configured to transmit a
plurality of CSI reports, the reports being transmitted
with the periodicity and according to the physical layer
control signaling.

Embodiment 2

[0288] The wireless device of Embodiment 1, wherein the
transmitter circuitry is further configured to transmit:
[0289] a portion of a CSI message set in a first CSI
report of the plurality of CSI reports; and
[0290] the remainder of the CSI message set in the
remaining plurality of reports.

Embodiment 3

[0291] A method for a wireless device for adaptively
transmitting Channel State Information, CSI, on a physical
channel, the method comprising:

[0292] receiving a control signaling message, the con-
trol signaling message configuring the wireless device
to transmit CSI on the physical channel, the physical
channel being capable of carrying higher layer data,
and the message identifying a periodicity;

[0293] receiving physical layer control signaling iden-
tifying at least one characteristic of how CSI should be
transmitted; and

[0294] transmitting a plurality of CSI reports, the
reports being transmitted with the periodicity and
according to the physical layer control signaling;

Embodiment 4

[0295] The method of Embodiment 3, further comprising:
[0296] transmitting a portion of a CSI message set in a
first CSI report of the plurality of CSI reports; and
[0297] transmitting the remainder of the CSI message
set in the remaining plurality of reports.

Embodiment 5

[0298] A wireless device for indicating excess Channel
State Information, CSI, message size, the wireless device
comprising:

[0299] processing circuitry configured to:

[0300] receive an allocation of physical layer
resources in which at least one CSI message set is to
be conveyed, the number of available resources
being less than the number of resources required to
carry the at least one CSI message set; and
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[0301] transmitter circuitry configured to:
[0302] transmit a CSI size indicator according to the
allocation of physical layer resources; and
[0303] transmit resources within the physical channel
that correspond to the CSI message set, the resources
containing one of a portion of the CSI message and
undefined content.

Embodiment 6

[0304] The wireless device of Embodiment 5, wherein the
CSI size indicator includes at least one of a rank indication,
a CSI-RS resource allocation, and relative power indication.

Embodiment 7

[0305] A method for a wireless device for indicating
excess Channel State Information, CSI, message size, the
method comprising:

[0306] receiving an allocation of physical layer
resources in which at least one CSI message set is to be
conveyed, the number of available resources being less
than the number of resources required to carry the at
least one CSI message set;

[0307] transmitting a CSI size indicator according to the
allocation of physical layer resources; and

[0308] transmitting resources within the physical chan-
nel that correspond to the CSI message set, the
resources containing one of a portion of the CSI
message and undefined content.

Embodiment 8

[0309] The method of Embodiment 7, wherein the CSI
size indicator includes at least one of a rank indication, a
CSI-RS resource allocation, and relative power indication.

Embodiment 9

[0310] A wireless device for retransmitting Channel State
Information, CSI, the wireless device comprising:
[0311] transmitter circuitry configured to:

[0312] transmit a first CSI report in a first time
instant;

[0313] transmit a second CSI report in a second time
instant, the second time instant being T time units
later than the first time instant; and

[0314] processing circuitry configured to:

[0315] if T is greater than a threshold, update the CSI
in the second CSI report; and

[0316] if T is less than the threshold, report the same
values of CSI in the first CSI report and second CSI
report.

Embodiment 10

[0317] A method for a wireless device for retransmitting
Channel State Information, CSI, the method comprising:

[0318] transmitting a first CSI report in a first time
instant;
[0319] transmitting a second CSI report in a second

time instant, the second time instant being T time units
later than the first time instant;

[0320] if T is greater than a threshold, updating the CSI
in the second CSI report; and
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[0321] if T is less than the threshold, reporting the same
values of CSI in the first CSI report and second CSI
report.

Embodiment 11

[0322] A network node for adaptively configuring Chan-
nel State Information, CSI, on a physical channel, the
network node comprising:

[0323] processing circuitry configured to:

[0324] cause transmission of a control signaling mes-
sage, the control signaling message configuring the
wireless device to transmit CSI on the physical
channel, the physical channel being capable of car-
rying higher layer data, and the message identifying
a periodicity; and

[0325] cause transmission of a physical layer control
signaling identifying at least one characteristic of
how CSI should be transmitted; and

[0326] receiver circuitry configured to receive a plural-
ity of CSI reports, the reports being received with the
periodicity and according to the physical layer control
signaling.

Embodiment 12

[0327] The network node of Embodiment 11, wherein the
receiver circuitry is further configured to:
[0328] receive a portion of a CSI message set in a first
CSI report of the plurality of CSI reports; and
[0329] receive the remainder of the CSI message set in
the remaining plurality of CSI reports.

Embodiment 13

[0330] A method for a network node for adaptively con-
figuring Channel State Information, CSI, on a physical
channel, the method comprising:

[0331] causing transmission of a control signaling mes-
sage, the control signaling message configuring the
wireless device to transmit CSI on the physical chan-
nel, the physical channel being capable of carrying
higher layer data, and the message identifying a peri-
odicity;

[0332] causing transmission of a physical layer control
signaling identifying at least one characteristic of how
CSI should be transmitted; and

[0333] receiving a plurality of CSI reports, the reports
being received with the periodicity and according to the
physical layer control signaling;

Embodiment 14

[0334] The method of Embodiment 13, further compris-
ing:
[0335] receiving a portion of a CSI message set in a first

CSI report of the plurality of CSI reports; and

[0336] receiving the remainder of the CSI message set
in the remaining plurality of CSI reports.

Embodiment 15

[0337] A network node for indicating excess Channel
State Information, CSI, message size, the network node
comprising:
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[0338] transmitter circuitry configured to:

[0339] transmit an allocation of physical layer
resources in which at least one CSI message set is to
be conveyed, the number of available resources
being less than the number of resources required to
carry the at least one CSI message set; and

[0340] receiver circuitry configured to:

[0341] receive a CSI size indicator according to the
allocation of physical layer resources; and

[0342] receive resources within the physical channel
that correspond to the CSI message set, the resources
containing one of a portion of the CSI message and
undefined content.

Embodiment 16

[0343] The network node of Embodiment 15, wherein the
CSI size indicator includes at least one of a rank indication,
a CSI-RS resource allocation, and relative power indication.

Embodiment 17

[0344] A method of a network node for indicating excess
Channel State Information, CSI, message size, the method
comprising:

[0345] transmitting an allocation of physical layer
resources in which at least one CSI message set is to be
conveyed, the number of available resources being less
than the number of resources required to carry the at
least one CSI message set;

[0346] receiving a CSI size indicator according to the
allocation of physical layer resources; and

[0347] receiving resources within the physical channel
that correspond to the CSI message set, the resources
containing one of a portion of the CSI message and
undefined content.

Embodiment 18

[0348] The method of Embodiment 17, wherein the CSI
size indicator includes at least one of a rank indication, a
CSI-RS resource allocation, and relative power indication.

Embodiment 19

[0349] A network node for retransmission of Channel
State Information, CSI, the network node comprising:

[0350] processing circuitry configured to:
[0351] receive a first CSI report in a first time instant;
[0352] receive a second CSI report in a second time

instant, the second time instant being T time units
later than the first time instant;

[0353] if T is greater than a threshold, the CSI in the
second CSI report has been updated; and

[0354] if T is less than the threshold, the same values
of CSI in the first CSI report and second CSI have
been reported.

Embodiment 20

[0355] A method for a network node for retransmission of
Channel State Information, CSI, the method comprising:
[0356] receiving a first CSI report in a first time instant;
[0357] receiving a second CSI report in a second time
instant, the second time instant being T time units later
than the first time instant;
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[0358] if T is greater than a threshold, the CSI in the
second CSI report being updated; and
[0359] if T is less than the threshold, the same values of
CSI in the first CSI report and second CSI are reported.

[0360] As will be appreciated by one of skill in the art, the
concepts described herein may be embodied as a method,
data processing system, and/or computer program product.
Accordingly, the concepts described herein may take the
form of an entirely hardware embodiment, an entirely soft-
ware embodiment or an embodiment combining software
and hardware aspects all generally referred to herein as a
“circuit” or “module.” Furthermore, the disclosure may take
the form of a computer program product on a tangible
computer usable storage medium having computer program
code embodied in the medium that can be executed by a
computer. Any suitable tangible computer readable medium
may be utilized including hard disks, CD-ROMs, electronic
storage devices, optical storage devices, or magnetic storage
devices.
[0361] Some embodiments are described herein with ref-
erence to flowchart illustrations and/or block diagrams of
methods, systems and computer program products. It will be
understood that each block of the flowchart illustrations
and/or block diagrams, and combinations of blocks in the
flowchart illustrations and/or block diagrams, can be imple-
mented by computer program instructions. These computer
program instructions may be provided to a processor of a
general-purpose computer (to thereby create a special pur-
pose computer), special purpose computer, or other pro-
grammable data processing apparatus to produce a machine,
such that the instructions, which execute via the processor of
the computer or other programmable data processing appa-
ratus, create means for implementing the functions/acts
specified in the flowchart and/or block diagram block or
blocks.
[0362] These computer program instructions may also be
stored in a computer readable memory or storage medium
that can direct a computer or other programmable data
processing apparatus to function in a particular manner, such
that the instructions stored in the computer readable memory
produce an article of manufacture including instruction
means which implement the function/act specified in the
flowchart and/or block diagram block or blocks.
[0363] The computer program instructions may also be
loaded onto a computer or other programmable data pro-
cessing apparatus to cause a series of operational steps to be
performed on the computer or other programmable appara-
tus to produce a computer implemented process such that the
instructions which execute on the computer or other pro-
grammable apparatus provide steps for implementing the
functions/acts specified in the flowchart and/or block dia-
gram block or blocks.
[0364] It is to be understood that the functions/acts noted
in the blocks may occur out of the order noted in the
operational illustrations. For example, two blocks shown in
succession may in fact be executed substantially concur-
rently or the blocks may sometimes be executed in the
reverse order, depending upon the functionality/acts
involved. Although some of the diagrams include arrows on
communication paths to show a primary direction of com-
munication, it is to be understood that communication may
occur in the opposite direction to the depicted arrows.
[0365] Computer program code for carrying out opera-
tions of the concepts described herein may be written in an
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object-oriented programming language such as Java® or
C++. However, the computer program code for carrying out
operations of the disclosure may also be written in conven-
tional procedural programming languages, such as the “C”
programming language. The program code may execute
entirely on the user’s computer, partly on the user’s com-
puter, as a stand-alone software package, partly on the user’s
computer and partly on a remote computer or entirely on the
remote computer. In the latter scenario, the remote computer
may be connected to the user’s computer through a local
area network (LAN) or a wide area network (WAN), or the
connection may be made to an external computer (for
example, through the Internet using an Internet Service
Provider).
[0366] Many different embodiments have been disclosed
herein, in connection with the above description and the
drawings. It will be understood that it would be unduly
repetitious and obfuscating to literally describe and illustrate
every combination and subcombination of these embodi-
ments. Accordingly, all embodiments can be combined in
any way and/or combination, and the present specification,
including the drawings, shall be construed to constitute a
complete written description of all combinations and sub-
combinations of the embodiments described herein, and of
the manner and process of making and using them, and shall
support claims to any such combination or subcombination.
[0367] It will be appreciated by persons skilled in the art
that the embodiments described herein are not limited to
what has been particularly shown and described herein
above. In addition, unless mention was made above to the
contrary, it should be noted that all of the accompanying
drawings are not to scale. A variety of modifications and
variations are possible in light of the above teachings
without departing from the scope of the following claims.
What is claimed is:
1. A user equipment for wireless communications, the
user equipment comprising:
processing circuitry configured to:
identify a report configuration for semi-persistent
Channel State Information, SP CSI, on a physical
uplink shared channel, PUSCH; and
deactivate the report configuration, the deactivating
being based on a combination of bit fields in a
downlink control information, DCI.
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2. A base station for adaptively configuring semi-persis-
tent Channel State Information, SP CSI, on a physical uplink
shared channel, PUSCH, the base station comprising:
processing circuitry configured to:
cause transmission of a configuring message to config-
ure a user equipment with at least one SP CSI report
configuration on the PUSCH, and the configuring
message identifying a SP CSI reporting periodicity;
cause transmission of physical layer control signaling
identifying and activating the at least one SP CSI
report configuration; and
receive a plurality of SP CSI reports, the reports being
transmitted with the periodicity and according to the
physical layer control signaling and the configuring
message.
3. The base station of claim 2, wherein the at least one SP
CSI report configuration includes a slot offset.
4. The base station of claim 2, wherein the at least one SP
CSI report configuration includes at least one selected from
a group consisting of:
at least one SP CSI report setting including a slot offset for
each of the at least one SP CSI report configuration; and

at least one SP CSI report setting including at least one of
a resource for channel measurement and a resource for
interference measurement.

5. The base station of claim 2, wherein the identifying and
activating of the at least one SP CSI report configuration is
further based on a semi persistent (SP) radio network
temporary identifier.

6. The base station of claim 2, wherein the processing
circuitry is further configured to cause the identification and
deactivation of the at least one SP CSI configuration.

7. The base station of claim 6, wherein at least one of the
activating and deactivating of the at least one SP CSI report
configuration is based a combination of bit fields in down-
link control information, DCI.

8. The base station of claim 2, wherein different compo-
nents of a plurality of SP CSI reports are coded indepen-
dently.

9. The base station of claim 2, wherein the physical layer
control signaling indicates a slot offset between a slot
carrying the physical layer control signaling and a slot on
which the at least one SP CSI report is transmitted.
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