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METHOD FOR COMPRESSING WIRELESS CHANNEL STATE

INFORMATION FEEDBACK

TECHNICAL FIELD

This disclosure is directed to channel reference signal transmission and channel

state information feedback in a wireless communication system.

BACKGROUND

Reliability in wireless communications systems employing multiple-input and
multiple-output (MIMO) technologies relies critically on signal processing such as precoding
and beam forming prior to signal transmission via wireless channels. Parameters for such
signal processing may be derived from measurement of reference signals transmitted via the
wireless channels and fed back between wireless devices. Efficient transmission of the
reference signal and feedback information helps reduce an overall communication resource

consumption of the wireless communication system.

SUMMARY

This disclosure relates to channel state information reference signal configuration,
precoding, and transmission, and channel state information feedback configuration,
compression, and transmission in MIMO wireless communication systems. The various
embodiments provide channel state information reference signal and feedback schemes
which facilitate a decrease of the amount of information that need to be transmitted and
reduce communication resource overhead for channel state information configuration and

feedback.

In one implementation, a method for handling wireless channel state information
(CS]) report is disclosed. The method may be performed by a wireless terminal device.

The method may include receiving a CSI reporting time configuration from a wireless access
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wireless access network node within a time window of a time length determined according to
the CSI reporting time configuration; generating a CSI feedback based on the plurality of CSI-
RSs; and reporting, by the wireless terminal device, the CSI feedback to the wireless access

network node.

In a first aspect, a method for reporting wireless CSI is disclosed. The method
may be performed by a wireless terminal device. The method may comprise receiving, by the
wireless terminal device, CSI reference signals (CSI-RSs) transmitted from a wireless access
network node; generating, by the wireless terminal device based on measuring the CSI-RSs,
one or more indicators associated with one or more nonzero elements in a CSI feedback
information in a vector space determined by a set of first basis vectors, a set of second basis
vectors, a set of third basis vectors; and transmitting, by the wireless terminal device,
information pertaining to the one or more nonzero elements in the CSI feedback information
and pertaining to the one or more indicators to the wireless access network node, wherein the
information pertaining to the one or more indicators comprises a positional information of the
one or more nonzero elements in the vector space; and wherein the positional information
comprises: a first index, a second index, and a third index into the set of first basis vectors,
the set of second basis vectors, and the set of third basis vectors, respectively; or an index
representing a linearization of a first index, a second index, and a third index into the set of
first basis vectors, the set of second basis vectors, and the set of third basis vectors,

respectively.

In another implementation, a method for handling wireless CSI report is disclosed. The
method may be performed by a wireless access network node. The method may include
transmitting a CSI reporting time configuration from to wireless terminal device; transmitting
a series of a plurality of CSI reference signals (CSI-RSs) to the wireless terminal device within
a time window of a time length determined according to the CSI reporting time configuration;
and receiving a CSI feedback generated by the wireless terminal device based on the plurality

of CSI-RSs.



In a second aspect, a method for reporting wireless CSI is discloses. The method
may be performed by a wireless access network node. The method may comprise transmitting,
by the wireless access network node, CSI reference signals (CSI-RSs) to a wireless terminal
device; and receiving, by the wireless access network node, a CSI report based on measurement
of the CSI-RSs by the wireless terminal device. The CIS report may comprise information

pertaining to one or more indicators associated with one or
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more nonzero elements in a CSI feedback information generated by the wireless terminal
device in a vector space determined by a set of first basis vectors, a set of second basis vectors,
and a set of third basis vectors; and information pertaining the one or more nonzero elements;
wherein the information pertaining to the one or more indicators comprises a positional
information of the one or more nonzero elements in the vector space; and wherein the positional
information comprises: a first index, a second index, and a third index into the set of first basis
vectors, the set of second basis vectors, and the set of third basis vectors, respectively; or

an index representing a linearization of a first index, a second index, and a third index into the
set of first basis vectors, the set of second basis vectors, and the set of third basis vectors,
respectively.

In a third aspect, a wireless communication device comprising one or more
processors and one or more memories, wherein the one or more processors are configured to
read computer code from the one or more memories to implement the method according to the
first aspect.

In a fourth aspect, a wireless communication device comprising one or more
processors and one or more memories, wherein the one or more processors are configured to
read computer code from the one or more memories to implement the method according to the

second aspect.

In some other implementations, a communication device is disclosed. The
communication device main include one or more processors and one or more memories,
wherein the one or more processors are configured to read computer code from the one or more

memories to implement any one of the methods above.

In yet some other implementations, a computer program product is disclosed. The
computer program product may include a non-transitory computer-readable program medium

with computer code stored thereupon, the computer code, when executed by one or more,
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processors, causing the one or more processors to implement any one of the methods above.

The above embodiments and other aspects and alternatives of their implementations

are explained in greater detail in the drawings, the descriptions, and the claims below.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates a wireless access network including a wireless access network

node and a user equipment.

FIG. 2 illustrates principles for precoding channel state information reference signal
by the wireless access network node of FIG. 1 for improving channel state information

feedback by the user equipment of FIG. 1.

FIG. 3 illustrates an exemplary mapping between elements of a channel state

information reference sequence and a plurality of radio resource blocks.
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FIG. 4 illustrates another exemplary mapping between elements of a channel state

information reference sequence and a plurality of radio resource blocks.

FIG. 5 illustrates another exemplary mapping between elements of a channel state

information reference sequence and a plurality of radio resource blocks.

FIG. 6 illustrates a resource block configuration for a channel state information

reference signal.

FIG. 7 illustrates principles for compression of weighting coefficients in channel

state information.

FIG. 8 illustrates an exemplary channel state information triggering and feedback

scheme.

FIG. 9 illustrates another exemplary channel state information triggering and

feedback scheme.

FIG. 10 illustrates bit sequence configuration for feeding back weighting

coefficients in channel state information.

DETAILED DESCRIPTION

As shown in FIG. 1, a wireless access network 100 may include a wireless user
equipment (UE) or wireless terminal device 104 and a wireless access network node or base
station 102. The wireless access network node 102 may be backhauled to a core network
(not shown). The UE 104 may communicate with the wireless access network node 102 via
over-the-air channels 110. The wireless access network node 102 and the core network may
be configured to transmit and route voice, data, and other information between the UE 104
and other UEs, data networks, or other wireless core networks terminated at the edges of the
core network. The UE 104 may include but is not limited to a mobile phone, a tablet, a
laptop computer, a smart home electronic device or appliance, a remote sensor device, and

the like. The over-the-air channels 110 may include downlink channels 120 for
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communicating data and control signals from the wireless access network node 102 to the UE
104 and uplink channels 130 for communicating data and control signals from the UE 104 to
the wireless access network node 102. The over-the-air channels 110 may be implemented
by allocating radio resources in frequency and time over one or more transmitting antennas
and receiving antennas 140 and 150. The radio resources may be organized as radio

resource blocks (RBs) each containing a plurality of radio resource elements (REs).

The multiple transmission and receiving antenna system described in FIG. 1 may
be referred to as a MIMO wireless access system. The MIMO system may be used to
achieve data transmission diversity for increased transmission accuracy, or data multiplexing
for increase transmission throughput, or a combination thereof. The MIMO system may
further be used to achieve multi-stream or multi-layer RF beam forming based on diversity
for enhancing wireless signal at, for example, particular wireless UEs in a multi-UE
environment. Data may be precoded and mapped to radio resources and the multiple
transmission antennas for transmission via the over-the air channels characterized by, e.g., a
channel transmission matrix. The precoding, for example, may be achieved via data
transformation using a linear combination of sets of basis vectors selected from one or more

predetermined codebooks.

To increase the efficiency and reliability of signal transmission, the set of basis
vectors for precoding of data channels for a transmitting end may be selected to match the
over-the-air channel transformation characteristics. ~As such, the transmitting end may need
to acquire channel state information (CSI) in order to determine the selection of the
precoding basis vectors and their linear combination coefficients. The CSI may be obtained
as a feedback from a receiving end of the wireless channel. In particular, the transmitting
end may first transmits a reference signal, referred to as a CSI reference signal or CSI-RS, to
the receiving end via the over-the air channels. The receiving end may receive and measure
the transmitted reference signal and generate a set of feedback parameters and include the set
of feedback parameters in a CSI feedback report (or CSI report for simplicity) transmitted

back to the transmitting end. The set of feedback parameters, for example, may include a
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recommended selection of the precoding basis codebook vectors and their coefficients. The
basis codebook vector coefficients, for example, may include amplitudes and phases of the
coefficients. These parameters in the CSIreport may be further quantized prior to being fed
back in order to reduce the amount of information needs to be transmitted (e.g., only
quantization level indexes into a predetermined quantization table may need to be

transmitted).

The transmission end can be either the wireless access network node 102 or the
UE 104 of FIG. 1. Correspondingly, the receiving end may be either the UE 104 or the
wireless access network node 102. For clarity purposes, the description below refers to the
wireless access network node 102 as the transmitting end and the UE 104 as the receiving
end. As such, the term “transmitting end” and “wireless access network node”/ “base
station” may be used interchangeably.  Likewise, the term ‘“receiving end” and
“UE”/“wireless terminal device”/“terminal” may be used interchangeably. However, the
underlying principles described below similarly apply to scenarios where the UE 104 is

transmitting end and the wireless access network 102 is the receiving end.

As such, the design of the CSI-RS, the configuration of the CSI-RS, the
transmission of the CSI-RS, the measurement accuracy of the transmitted CSI-RS, and the
feedback generation and transmission of the CSI are all critical components of a
high-performance MIMO system. For example, the transmission of the CSI-RS signal by
the transmitting end and the feedback of the CSI report by the receiving end consume radio
resources. As such, improving the design of the CSI-RS and CSI report, and increasing the
efficiency of the transmission of the CSI-RS signal and the CSI feedback report help reduce
downlink and uplink radio resource consumption and lower the overhead of the wireless

communication system.

As described in the various implementations in detail below, the efficiency of the
MIMO system may be enhanced in several manners with respect to the CSI-RS design and
transmission, and the CSI feedback process. In one exemplary implementation manner, a

selected set of spatial domain basis vectors (from a predetermined spatial domain codebook)
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and their coefficients at various frequencies or subcarriers in, e.g., orthogonal frequency
division multiplexing (OFDM), maybe collectively transformed into a set of frequency
domain basis vectors (among a predetermined frequency domain codebook) and
corresponding frequency domain coefficients to reduce the number of basis vectors and
coefficients that may need to be transmitted in a CSI feedback report, by taking advantage of

the frequency domain correlation.

In another exemplary implementation manner, the transmission side, e.g., the
wireless access network node may obtain a certain candidate codebook basis vectors for
downlink transmission in some manner for configuration CSI of the receiving end. For
example, the wireless access node may obtain a set of candidate codebook basis vectors by
additionally measuring the uplink channel in a certain manner based on, for example, channel
reciprocity. As such, the transmitting end can use this candidate codebook basis vector
information to improve the performance of the CSI feedback from the receiving end (e.g., the
wireless terminal device), or to reduce the CSI feedback overhead and reference signal
overhead. More specifically, the CSI feedback mechanism may be enhanced to provide
improved measurement of the CSI-RS and more accurate determination of the CSI
parameters by the receiving end by being give candidate precoding parameters containing the
candidate codebook basis vectors selected by the transmitting end.  Identification
information of such candidate basis vectors may either be carried in the CSI-RS signal when
transmitting the CSI-RS signal or be transmitted via some other channels. In such a manner,
the receiving end may obtain candidate basis vector selection information from the received
CSI-RS. Such information may facilitate an improved determination of the CSI feedback
parameters by the receiving end. For example, by determining the selection information for
the candidate basis vectors via the information carried in the CSI-RS signal or transmitted by
the transmitting end via some other channels, the receiving end may focus on derivation and
determination of more accurate linear combination coefficients for these candidate basis
vectors. The determination of the candidate basis vectors by the transmitting end may be
based on other reference signal received by the transmitting end from the receiving end, e.g.,

a sounding reference signal (SRS) transmitted from the receiving end to the transmitting end,
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under the principle or assumption of reciprocity of uplink and downlink channel

characteristics.

In yet another implementation manner, the UE may be mobile and moving with
appreciable speed (e.g., the UE may be in a moving car or train). In such situations, the
receiving end may need to frequently provide CSI feedback for the transmitting end to keep
track of changes in channel characteristics and to adjust the precoding parameters in time
accordingly, leading to large radio resource consumption over time. In some
implementations, the receiving end, rather than sending a CSI feedback report each time a
CSI-RS is received, may compress multiple CSI feedback information in time domain. As
such, time correlation between CSI feedback information of multiple CSI-RSs may be
exploited to enable a transmission of a reduced number of CSI feedback reports for a
plurality of CSI-RSs, thereby reducing the accumulative radio resource consumption and
overhead in transmitting CSI report over time. The transmitting end, after receiving a
compressed CSI feedback, may anticipate or predicting precoding parameters for future times

(due to the motion of the receiving end) using, e.g., extrapolation.

In yet another implementation manner, the information that is included in the CSI
feedback may be further compressed based on a sparsity of the information. For example,
only nonzero elements may need to be fed back. In particular, for the precoding coefficients
in a vector space formed by various sets of basis vectors selected from corresponding
codebooks, only the nonzero elements and their positional information in the vector space
may be transmitted. Such positional information, for example, may be coded and

represented by various indexes of various dimensions.

Precoding based on spatial domain codebook basis vectors and frequency domain codebook

basis vectors

For a high-precision CSI feedback implementation, the terminal feeds back
precoding information by measuring CSI-RS. The precoding information for each

transmission stream or transmission layer may be organized in the form of a precoding matrix.
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The number of columns of the precoding matrix fed back by the terminal may be referred to
as channel rank or rank indicator, RI. A precoding vector for each transmission layer may
be represented as a linear combination of a set of spatial codebook basis vectors from a
predetermined spatial codebook. The term “codebook basis vector” may be alternatively
referred to as “basis vector”. This set of spatial codebook basis vectors may be referred to
as a first basis vector set. The linear combination of the first basis vector set may be
represented by a set of weighting coefficients each comprising an amplitude and a phase.
The terminal may determine the first basis vector set and calculate the set of weighting
coefficients based on the measured CSI-RS and the first basis vector set, and further
quantizes the amplitude and phase information of the weighting coefficients. The weighting

coefficients for the first basis vector set may be referred to as a first coefficient set.

In order to improve the performance of the CSI feedback, it is usually necessary to
report the amplitude and phase information of the first coefficient set for each frequency
subband. A frequency subband represents a frequency domain granularity in precoding
process. A frequency subband for CSI feedback may be configured by the wireless network
node via resource allocation signaling. For all RBs included in the CSI feedback resource
bandwidth, a consecutive number (M) RBs form one subband. The CSI feedback
bandwidth may include N subbands of size M. In 5G wireless systems, for example, such a
subband may be referred to as a PMI (Precoding Matrix Indicator) subband, which may be
equal to the CQI (Channel Quality Information) subband, or 1/R of the CQI subband, where

R is a positive integer.

For the above CSI feedback method by the terminal, for the nth subband (n

=1,...N), the precoding vector f,of a certain transmission stream or layer can be expressed as:

fn = Wicy

wherein, W; includes the first basis vector set (spatial domain basis vectors), and ¢, is a
vector formed by the first coefficient set. In general, the information in W; may be for

broadband feedback. In other words, the information in W; may be the same for different
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frequency subbands (different index n) in the entire CSI feedback bandwidth. Specifically,
the number of spatial codebook basis vectors included in the first basis vector set included in
W; may be L. Correspondingly, the first coefficient set vector ¢, may be a vector of
dimension L. The number of L spatial codebook basis vectors are selected from the
predetermined spatial codebook. In other words, the number of columns of W; may be L.
For example, W; may be a block diagonal matrix, and the vectors contained in W; are the
first basis vector set. For the precoding vector f,,, the first coefficient set vector ¢, of all

subbands may be represented by the following first coefficient matrix C.

C11 - C1n

B LLl CLN]
Each column of the first coefficient matrix C include one of the ¢, vectors. If the
amplitude and phase information of the elements in the feedback C matrix is directly
quantized, a large feedback overhead may be incurred. As shown below, compression of
the C matrix along the subband dimension may help reduce the feedback overhead for the

weighting coefficients without much sacrifice on performance, by taking advantage of

frequency domain correlation between the weighting coefficients.

Specifically, the C matrix may be transformed by conjugate transposition to
obtain CT. The column vectors of CT may be represented by b, (I=1, .., L). The
terminal may then select another basis vector set D, from a second codebook (frequency
domain codebook), referred herein as a second basis vector set (frequency domain basis
vector set), and represent by as a linear combination of basis vectors of the second basis
vector set with a second coefficient set a;:

bl = Dlal

where b; is an N-dimensional vector. The second basis vector set D; includes a total of K
vectors, and the second coefficient set a; is a K-dimensional vector. Each element of a;
includes an amplitude and a phase. The terminal calculates and identifies D; and a;, and

feeds back W;, D, and q, in the CSI report to the wireless access network node. D; may
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be the same for all /, or may be different. When D; is the same for all /, it may be

represented simply by D.

Because of correlation in the frequency domain, the dimension of the a;, K, may
be significantly smaller than N. As such, the information to be fed back for a; may be

smaller than that of ¢, above, improving feedback overhead.

In some implementations, the first basis vector set above may include a set of
column vectors in the identity matrix, or Kronecher product of orthogonal DFT vectors or

DFT vectors. The second basis vector set may include DFT vectors.

Precoding the CSI-RS using candidate first basis vector sets

In some implementation, the transmission end, e.g., the wireless access network
node, can estimate candidate first basis vector set(s) prior to transmitting the CSI-RS. The
transmitting side then process (precode or map) the CSI-RS as described below before
transmitting the CSI-RS to the receiving end for CSI measurement and feedback. As such,
the transmitting end can provide this candidate codebook basis vector information to improve
the performance of the CSI feedback from the receiving end (e.g., the wireless terminal
device), and/or to reduce the CSI feedback overhead. More specifically, the CSI feedback
mechanism may be enhanced to provide improved measurement of the CSI-RS and more
accurate determination of the CSI feedback (selection of basis vectors, determination of the
various matrices and weighting coefficients above). For example, more suitable precoding
matrices (basis vector sets) may be identified (e.g., selected from the candidate basis vectors)
by the receiving end. Further, more accurate weighting coefficient vectors may be
calculated by the receiving end. The determination of the candidate basis vectors from a
predetermined codebook by the transmitting end may be based on various means. For
example, it may be based on analysis by the transmitting end of one or more other reference
signals received by the transmitting end from the receiving end, e.g., a sounding reference
signal (SRS) transmitted from the receiving end to the transmitting end, under the principle

and assumption of reciprocity of uplink and downlink channel characteristics.
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In some implementations, the CSI-RS may be processed or mapped by the
transmitting end using the candidate first basis vector set (spatial domain basis vectors) prior
to transmission. In particular, if the first basis vector set include a set of column vectors in
the unit matrix, the CSI-RS may be precoded by the candidate first basis vector set. In other
words, the wireless access network node may obtain the candidate first basis vector
information in some manner and load the candidate first basis vector information into the
CSI-RS during transmission. For example, CSI-RSs of L transmission ports may be
mapped on the antennas by precoding, and transmitted to the terminal. The terminal may
feed back transmission port selection information through a refined first basis vector set

selection (spatial or port basis vector selection).

In some other implementations, the wireless access network node may obtain a
candidate set of first basis vectors (spatial domain basis vectors) and candidate set of second
basis vectors (frequency domain basis vectors) in some manners. Further, the wireless
access network node may send a precoded or virtualized CSI-RS precoded/mapped with
information of the two candidate basis vector sets to the terminal. The terminal receives and
measures the CSI-RS and may determine the candidate basis vector sets recommended by the
wireless access network node and select a refined or optimal first basis vector set and second
basis vector set from the candidate basis vector sets. The terminal may further determine
the second weighting coefficient set (see above) and feedback optimal second weighting
coefficient information to the wireless access network node. The determination of the
candidate sets of first basis vectors and second basis vectors may be based on measurement
by the wireless access network node of one or more other reference signals, e.g., SRS,
received by the wireless access network node from the terminal, under the principle and
assumption of reciprocity of uplink and downlink channel characteristics. In these examples,
the first basis vector set and the second basis vector set may comprise sets of column vectors

in the unit matrix.

The underlying principles of the implementations above are illustrated in FIG. 2.

Specifically, the CSI feedback mechanism 200 shown in FIG. 2 includes precoding/mapping

12
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the CSI-RS for transmission by the wireless access network node 102 (shown as 204) using
information it obtains by measuring the SRS from the terminal 104 (shown as 202). As a
result of the additional precoding matrix information (candidate basis vector information)
carried by the CSI-RS, the CSI feedback 206 including codebook basis vector selection and

corresponding weighting coefficients may be more accurate and more efficiently transmitted.

The precoding/mapping step 204 of FIG. 2 may be implemented in various
manners. For example, CSI-RS sequences of L transmission ports may be mapped to a set
of groups of frequency domain radio resources using a matrix (the matrix generally includes
a vector) Wy, The set of mapped frequency radio resources within resources allocated to
the CSI-RS may be referred to as first radio resources (or radio resource allocation(s)). The
first radio resources may be configured as groups of first radio resources. Each group of
first radio resources may include multiple radio resource blocks (RBs). The distribution of
the groups of first radio resources in the radio resource allocation(s) may be determined by
the mapping Wy, Because the mapping is determined W, which may include the
CSI-RS precoding/mapping information (e.g., candidate basis vector set information), the
candidate basis vector information would be precoded/mapped in the manner in which the
groups of first radio resources are distributed in the radio resource allocation(s) for the
CSI-RS. The implementations below describe various exemplary manners for mapping

between the CSI-RS sequence and the radio frequency resources.

In a first exemplary mapping implementation for a particular CSI-RS port / in the

CSI-RS of the L transmission ports, elements of the CSI-RS sequence sl(m) may be mapped

to N radio resource elements (NEs) as:
sU™ED
m) O
In other words, the port / CSI-RS sequence s;"~ is mapped to N REs by s;"° ©fy,, where

symbol ® denotes element-by-element product. The vector f, is an N-dimensional

column vector representing a candidate basis vector (e.g., second basis vector or frequency
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domain basis vector). M candidate vectors may be provided (m =1, ..., M). On these N

CSI-RS REs, the transmitted signal by the transmitting end may be expressed as:

vec(Xym) = vec(vlsl(m)ff;l) = vec(v,fT)s™

where v; represents a precoding vector that maps the CSI-RS on port [ to multiple

transmitting antennas.

Ignoring noise and interference, the signal received and measured by the terminal
may be denoted as:
H, H,

Vim = vec(Xym) = vec(v;fl)s
Hy Hy

(m)
l

where H,, represents the channel matrix on the nth CSI-RS RE. Knowing y;, and Sl(m),

H,
Zim = vec(v;fl) may be solved by the terminal. Further, the feedback
Hy

precoding matrix may be determined by
vec(W) = 3 c™vec(v,fF).

In other words, the optima precoding is a linear combination of vec(v,f%,). Therefore, the

strongest eigenvector for ZHZ may be the optimal solution of weighting coefficients cl(m),

where Z is a matrix comprising L*M column vector Z, y,.

As such, in the implementation above, the CSI-RS sequences of L transmission
ports is linearly transformed or mapped to radio resources using vector fI, as the mapping
matrix W, for each group of the groups of first radio resources. The index m = (1, ..., M)

represents the M groups of first radio resources.

FIG 3 illustrates such resource matching within the first group of radio resources.
FIG. 3 shows first radio resources 300 for transmitting CSI-RS containing a plurality of RBs

shown as various shaded or unshaded horizontally elongated boxes. The plurality of RBs

14
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include an exemplary M=4 groups of RBs where each groups of RBs are represented by one
type of shading. For example, RBs 310, 320, and 330 belong to a one group, RBs 312, 322,
and 332 belong to another group, RBs 314, 324, and 334 belong to a third group, and RBs
316, 326, and 336 belong to a fourth group. Each group may include N RBs, as indicated
by 302, 304, and 306. The mapping between elements of the CSI-RS sequence and the
resource blocks are illustrated by 340, 350, 360, and 370. For example, 340 shows that the
0™ element of the CSI-RS sequence is mapped to N RBs indicated by 310, 320...., 330 via the
N components of fy; 350 shows that the 1% element of the CSI-RS sequence is mapped to N
RBs indicated by 312, 322...., 332 via the N components of f;; 360 shows that the oud
element of the CSI-RS sequence is mapped to N RBs indicated by 314, 324,..., 334 via the N
components of f,; and 370 shows that the 3™ element of the CSI-RS sequence is mapped to

N RBs indicated by 316, 326,..., 336 via the N components of f3.

Each port corresponds to one RE in the RBs. As illustrated in FIG. 3, resource
elements 380 are spatial port 0, and resource elements 390 are for spatial port 1, and so on.
In some implementations, not all REs in a mapped RB are mapped to CSI-RS sequence

elements.

As shown above and in FIG. 3, the first exemplary mapping implementation
achieves mapping of CSI-RS sequence of a particular spatial port to N*M RBs. In the
Example of FIG. 3, each of the box shown as representing an RB may alternatively represent

any other number of RBs.

In a second exemplary mapping implementation for a particular CSI-RS port / in
the CSI-RS of the L transmission ports, the CSI-RS sequences of L spatial transmission ports
(e.g., after space virtualization) may be transmitted on N RBs (rather than N*M RBs in the
first exemplary mapping implementation above). In contrast to the first exemplary mapping
implementation above, the CSI-RS sequences of the L spatial ports are not mapped on the N
RBs in a direct manner, but are mapped to N RBs after performing frequency domain

precoding processing through the frequency domain basis vectors (second basis vectors).
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Specifically, CSI-RS sequence {Sl(l), e sl(M)} of length M for the Ith spatial port

may be mapped on N RBs in the following manner.
fi

1 M .

[s® . s00]|:

fu
where f,, may be an N*1 DFT vector (e.g., a second basis vector), and the wireless access

network node can perform PDP detection using the SRS to obtain f,, (e.g., included in the

FD basis information).

For each spatial port /, the CSI-RS signal transmitted on the N RBs and P
antennas is:
i

=uls® s

Ignoring interference and noise, the signal received by the terminal is:

H, H,
Vi = vec(X)) = (F Q@ vps;
Hy Hy
It can be seen from the above two equations that the transmitted

frequency-domain virtualized CSI-RS, after signal processing, the estimated equivalent

channel matrix is:

(F @vp).
Hy

which is a channel matrix on a new domain after a two-dimensional transformation of the

channel matrix H.

For such an equivalent channel matrix, optimal weighting coefficient information

may be derived by the terminal using W = VCFT, where C represents the coefficient matrix
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Cfl) CfM)
c=|: :
)

Further, vec(W) = (F @ V)vec(C), indicating that the optimal coefficient
matrix € include coefficients on the new domain that matching the channel characteristics

the most after the two-dimensional transform (FQ®V) . Therefore, in some

H,
implementations, the (F ® v;) can be subject to SVD decomposition to
Hy

obtain the strongest eigenvector as the optimal vec(C), which may be quantized for feedback

to the wireless access network node.

The second exemplary mapping implementation above is further illustrated in FIG.

In a third exemplary mapping implementation for a particular CSI-RS port [ in the
CSI-RS of the L transmission ports, the CSI-RS sequences of L spatial transmission ports
(e.g., after space virtualization) may be transmitted on M RBs (rather than N*M RBs in the
first exemplary mapping implementation above or N RBs in the second exemplary mapping

s

implementation above). For a CSI-RS port /, a CSI-RS sequence [ : ] of length N may
)
Sy

be mapped to a CSI-RS resource elements using:

6D)
Sy

fr [ 2.
s

The CSI-RS signal transmitted on the actual P antennas is

vif Tm
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Thus, on M CSI-RS RBs (M<N), one RE is used to transmit the above signals on
each RB, and the CSI-RS signals mapped on the M RBs are

1)
fills

£ s

In this manner, the frequency domain signal is transformed into the delay
time-domain by a linear transformation, and only M RBs are used to estimate the CSI on the

N RBs, further reducing CSI overhead.

In fact, the final precoding matrices for each RB can be written as a linear

combination of v, fT,
W = VCFT = z ™Mo fT,
Im

Therefore, if only power detection is used, the CSI-RS configures above can provide
detection of the strength of different spatial and frequency domain basis vectors with

minimum resource consumption.

The third exemplary mapping implementation above is further illustrated in FIG.
5. Specifically, FIG. 5 shows that the mapping 506 maps N-element CSI-RS sequence to M
resource blocks 502 among N resource blocks 504. Each spatial port corresponds to a

resource element in the M resource blocks 502, as shown by 508 and 510.

In the three exemplary mapping implementations above, the CSI-RS sequence (or
elements in the sequence) is mapped to the frequency domain first resource by a linear
transformation (e.g., a matrix multiplication transformation or an element-by-element product
involving the mapping matrix Wy,,. The resource mapped to the CSI-RS corresponding to
Wi among the resource allocation for the CSI-RS may be referred to as groups of first
frequency domain resource. Further, the number of rows or the number of columns of W,

for the various implementations, for example, may be the following:
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a number of RBs included in CSI-RS bandwidth (or associated/corresponding CSI
bandwidth) (e.g., N above),

a number of frequency domain resource groups (e.g., M)

One of the number of rows or columns of W ,,, may be equal to 1.

Specifically, for a certain CSI-RS port /, the manner in which the corresponding

CSI-RS sequence is mapped to the video resource may be based on at least one of the

following:

<@ T

! fi

Exemplary mapping 1: ¢ |, where a CSI-RS sequence of length
s ||

M is mapped to N*M RBs, and the W ,,,1s a matrix of dimension M*N.

fi
Exemplary mapping 2: [51(1) sl(M)] [ : |, where a CSI-RS sequence of length
fu

M is mapped to N RBs, and the W, s a matrix of dimension M*N.

@
fills
Exemplary mapping 3: | : : |, where a CSI-RS sequence of length N is mapped
s

to M RBs and the Wy, 1s a matrix of dimension M*N..

In order to achieve better measurement of the second basis vector information

over the entire bandwidth, the CSI-RS sequence pattern in each of the exemplary mapping

above, in particular, the distribution of groups of first frequency domain resource over the

entire CSI-RS allocation bandwidth, may follow at least one of the several patterns:

Pattern 1: One or more groups of first frequency domain resource each occupy

consecutive RBs in the entire CSI-RS bandwidth.

Pattern 2: one or more groups of first frequency domain resource is distributed as a
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comb over the entire CSI-RS bandwidth.

Pattern 3: one or more groups of the first frequency domain resource each occupy n2
RBs every nl RBs in the CSI-RS resources and allocation(s). Specifically, assume
that the entire CSI-RS bandwidth includes C RBs, denoted by RB{1, ..., C}, and a
certain first frequency domain resource group occupies RB{n0+i+nl1*j}, where n0
and nl are positive integers greater than or equal to 1, i is an integer between and
including O and n2, j is an integer greater than or equal to 0, and n2 is a positive
integer. In other words, the certain first frequency domain resource group occupies
consecutive n2 RBs every nl RBs. In some implementations, as shown in FIG. 6, M
first frequency domain resource groups may be configured (resource blocks of
different line types in FIG. 6 represent different groups), and the mapping matrix fy,
on each frequency domain resource group may be an N-dimensional column vector.
Then the mth frequency domain resource group occupies RB{(m-1)* nl+i+nl1*M*}}
(for example, in FIG. 6, group m=1 occupies 602 and 604, group m=M occupies 606
and 608) where i=1,...,n2,j=0,...,N-1.  For the mth frequency domain resource group,
among the total n2*N RBs occupied, the kth element the CSI-RS sequence s, is
mapped for transmission to the terminal by fI as represented by sff, to RBs {k,
k+N2,..., k+(n2-1)N} among the n2*N RBs where k=1,...,n2. In other words, the kth
element the CSI-RS sequence s is mapped to RB{(m-1)*nl+k+ n1*M*j} of the entire
bandwidth. The values for nl and n2 above may be set as fixed numbers.
Alternatively, nl and n2 may be configured via signaling, such as radio resource

control (RRC) signaling.

After the CSI-RS is transmitted by the wireless access network node to the

terminal, the terminal measures the CSI-RS and measures CSI according to corresponding
CSI setting, where the CSI includes information for selecting the first frequency domain
resource groups as discussed above and weighting coefficient amplitude and/or phase

information corresponding to the selected first frequency domain resource group.

The related parameters of the first frequency domain resource group and some
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parameters set for CSI may be related to each other. For example, the number of the first
frequency domain resource groups associated with a CSI report may be related to a size of
the subband (or CSI subband) for the CSI report, where the subband may be a CQI subband
or a PMI subband. Specifically, each CQI subband may correspond to one subband CQI
value, and each PMI subband nay correspond to one precoding matrix, and the size of a CQI
subband may be an integer multiple of the size of a PMI subband. For example, the number
of RBs included in each subband may be equal to the number of first frequency domain
resource groups multiplied by the number of RBs of each first frequency domain resource
group within the subband. Further, in each subband, the RBs occupied by the first
frequency domain resource group in the subband may be continuous. Alternatively, the RBs
occupied by portion of the first frequency domain resource group within the subband may be
distributed in as a comb within the subband. For a comb distribution within a certain
subband, the mth first frequency domain resource group of the M first frequency domain
resource groups occupies {m+M*i} RBs of the subband, where i=0, ..., R-1 and R is a
positive integer greater than or equal to 1, indicating the number of RBs occupied by portion
of each first frequency domain resource group within each subband. In a special case, the
subband size may be equal to the number of frequency domain resource groups, as shown in

some of the exemplary implementations above.

In some implementations, the number of selected first frequency domain resource
groups by the terminal and the size of the subband size included in the CSI report may be
related. Specifically, the size of the subband may be greater than or equal to the number of
selected first frequency domain resource groups. For example, if the CSI feedback
bandwidth or the number of subbands included in the CSI-RS bandwidth is S, then it may be
required that the subband size be greater than or equal to p*S, where p is a positive real
number less than 1. Further, it may be required that p*B/K is smaller than or equal to K,
where K is the number of RBs included in the subband, and B is the number of RBs included
in the CSI-RS or CSI bandwidth; or that (MR)? > pB, where M is the number of the first
frequency domain resource group as configured, and R is the number of RBs occupied by

each of the first frequency domain resource groups in each subband.
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In some implementations, the number of rows or columns of the mapping matrix
W corresponding to a certain first frequency domain resource group is equal to the number
of the first frequency domain resource group selected by the terminal for CSI report. For
example, the number rows or columns of the mapping matrix may be p multiplied by the
number of subband, rounded to nearest integer, where p is a positive real number less than

one.

The above solution can be extended to using multiple CSI-RSs for CSI feedback.
Specifically, in each of the CSI-RSs, the CSI-RS sequence is mapped to the frequency
domain resource by linear transformation (for example, using mapping matrix Wpgp). Each
of the CSI-RSs corresponds to a Wy, Further, in this type of CSI-RSs, the density of the

CSI-RS RB in the entire bandwidth may be low, for example, less than 1/2.

In some implementations, the terminal feeds back a CSI report for one or more
CSI corresponding to such one or more CSI-RSs. The terminal may calculate weighting
coefficient information according to the selected CSI and/or port information in each selected
CSI, and feeds back the weighting coefficient information to the wireless access network

node.

In some implementations, in a CSI report, the related CSI-RSs may satisfy certain
constraints. For example, the number of RBs included in each subband may be required to
be equal to the number of CSI-RSs multiplied by the number of RBs that each CSI-RS
occupies in each subband, with the latter may be determined by CSI-RS resource density
multiplied by the number of RBs in the subband, wherein densities of all CSI-RSs are the
same. It may also be required that K* d=1, where K is the number of CSI-RSs and d is the
CSI-RS resource density. In a particular example, the subband size may be equal to the
number of CSI-RSs, in which case the CSI-RS resource density is 1/subband size. In
another example, if the number of reported CSI-RSs is p multiplied by number of subbands,
then it may be required that the subband size is larger than or equal to p multiplied by the
number of subbands, where p is a positive real number less than 1. Further, it may be

required that p*B/size <= size, where “size” is the number of RBs included in the subband,
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and B is the number of RBs included in the CSI-RS or CSI bandwidth. In one example, the
number of rows or columns of the mapping matrix Wy, corresponding to the CSI-RS
resource is equal to the number of CRIs selected for reporting, which may be p multiplied by

number of subbands, where p is a positive real number less than 1.

Finally and to summarize, the mapping implementation above (e.g., in FIGs. 305)
are merely examples. In general, CSI-RSs may be configured and provided with CSI-RS
resource allocations for transmitting the CSI-RSs. Each CSI-RS resource allocation may
include CSI-RS resource blocks. Each CSI-RS resource block may include CSI-RS
resource element. For the mapping of CSI-RS sequences, one or more groups of CSI-RS
resources may be selected from the CSI-RS allocations. Each group of CSI-RS resources
may include one of: a group of CSI-RS resource allocations, a group of CSI-RS resource
blocks, a group of CSI-RS resource elements. The CSI-RS sequences may be mapped to the

one or more groups of CSI-RS resources.

In some implementations, CSI-RS resources that are within a group of the one or
more groups of CSI-RS resources and that are mapped to a CSI-RS sequence corresponding
to one CSI-RS port are associated with identical channel characteristics. In some other
implementations, the one or more groups of CSI-RS resources are associated with different

channel characteristics.

In some implementations, via the mapping above, a group of the one or more
groups of CSI-RS resources may be distributed in the one or more CSI-RS resource
allocations as a contiguous set of resource blocks, a comb structure of resource blocks, or a
plurality of sets of a first predetermined number of contiguous resource blocks, separated by

a second predetermined number of resource blocks.

In some implementations, the one or more CSI-RS resource allocations above
may be associated with one or more CSI report settings which determines a number of CSI
subbands (as described above, which can be CQI subbands or PMI subbands) and where in a

number of resource blocks in one CSI subband is determined by a number of groups of
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CSI-RS resources multiplied by a number of resource blocks for a group of CSI-RS resources
within the one CSI subband. Further, via the mapping above, resource blocks of the group
of CSI-RS resources within the one CSI subband is distributed within the one CSI subband as
a continuous set of resource blocks, a comb structure, or as a plurality of sets of a first
predetermined number of contiguous resource blocks, separated by a second predetermined
number of resource blocks. The values for the first predetermined number second
predetermined number above may be set as fixed numbers. Alternatively, they may be
configured via signaling, such as radio resource control (RRC) signaling. The above
distribution of resource blocks for a group of CSI-RS resources in the entire CSI-RS resource
allocation or within a CSI subband may be combined in any manner. The two sets of
predetermined first number and second predetermined number may be the same or may be

independent.

The term resource block (RB) is herein used to refer generally to a resource block
in a resource allocation, such as a resource block allocated for any of the CSI/CSI-RS
purposes. The term “CSI-RS resource block™ is herein used to refer to a resource block
within the resource blocks allocated for CSI-RS that are mapped to the CSI-RS sequence.
Likewise, the term resource element (RE) is herein to refer generally to a resource element in
any resource block. The term “CSI-RS resource element” is herein used to refer to a
resource element within the resource elements that are mapped to the CSI-RS sequence in a

CSI-RS resource block.

Transmitting candidate basis vector information via separate channels

Alternative to the CSI-RS precoding or mapping described above, the candidate
basis vector information may be transmitted to the terminal using explicit or implicit
signaling. For example, the wireless access network node may inform the terminal of a
candidate second basis vector set {d,, d,,...,dy} as determined by the wireless access
network node using an explicit or implicit signaling via corresponding signaling channels.
The explicit signaling may include but is not limited to MAC CE signaling, whereas the

implicit signaling may include but not limited to embedding the candidate basis vector
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information in CSI-RS related configuration parameters, such as sequence initialization

parameters, cyclic shift parameters, and the like.

In some implementations, the wireless access network node may configure the
candidate second basis vector information for selection by the terminal in a trigger signal of
an aperiodic CSI-RS. For example, for a predefined second basis vector set, including M
second basis vectors, the information about candidate second basis vector selected by the
wireless access network node may be configured in the CSI-RS trigger signal for notification
to the terminal in at least one of the following manners including but not limited to: (1)
configuring the selection of the candidate second basis vectors as a bitmap, and (2)
configuring the selection of the candidate second basis vectors using the combination number
coding scheme of M-select K, where K is a positive integer less than or equal to M

representing the number of candidate basis vectors.

While the description above refers to the second basis vectors and candidate
second basis vectors (frequency domain basis vectors), the underlying principle applies to

other basis vector sets.

CSI compression

In a practical application scenario, the UE 104 of FIG. 1 may be a mobile terminal
device and may move relative to the wireless access network node 102. Such a motion may
lead to time variations of the characteristics of the wireless channels. The wireless channels
are thus affected by Doppler Effect. In the case where the UE moves at an appreciable
medium to high speed, the time variation of the wireless channel characteristics may need to
be taking into consideration for the design and transmission of CSI-RS and CSI report. For
example, CSI-RS may need to be respectively and frequently transmitted by the wireless
access network node 102 and measured by the UE 104 such that the channel variation may be
tracked throughout the motion of the UE 104. Frequent transmission of, for example, the
CSI report, may appreciably increase the transmission overhead and decrease the radio

resource utilization efficiency of the wireless system.
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In some implementations, the CSI reports by the UE may be compressed in time
such that not every CSI needs to be fed back. For example, a single CSI report may be
feedback for multiple CSI-RSs. For another example, the number of CSI report may be
smaller than the number of multiple CSI-RSs. In particular, a Delay Doppler method may
be utilized to compress the characteristics parameters of the wireless channels by the UE in
the time domain to reduce the time domain overhead of the CSI feedback. For example, the
UE may only need to send a reduced number of, e.g., a single, CSI reports corresponding to a
plurality of CSI-RSs received from the wireless access network node by the UE within a
CSI-RS measurement window, where the CSI of a plurality of CSI-RSs are aggregated and
time-compressed. After receiving the time-compressed CSI report(s), the wireless access
network node recovers the CSI information for the measurement time window and
extrapolates (or predict by periodicity) the channel information for a subsequent future period

of time. As such, high precision CSI may be achieved with lower transmission overhead.

The principles described above are further illustrated in FIG. 7. Specifically,
FIG. 7 shows compression of subband based CSI feedback. The underlying principles apply
to other frequency domain CSI feedback. Cub 702 of FIG. 7 illustrates a compressed CSI
feedback information, e.g., weighting coefficient matrix in a basis vector space as determined
by the terminal from multiple CSI-RSs received in time. Dimension 704 of the compressed
coefficient cube 702 shows a compressed time dimension representing the multiple CSI-RSs
that may be transmitted in various time slots 706. The size of the original time dimension
may be T and the compressed time dimension may be represented by N. Dimension 708 of
the compressed coefficient cube 702 shows the subband dimension 710 (which, for example,
is related to the number of the second basis vector set or the frequency domain basis vector
set discussed above). The size of the original subband dimension may be S and it may
compressed to M. Dimension 712 of the compressed coefficient cube 702 shows the
transmission port (or spatial) dimension 714 (which is related to parameter L for the
weighting coefficients for the second basis vector set or the frequency domain basis vector
set discussed above). The spatial dimension 712 is shown as L (in some implementations,

polarizations may be included in the spatial dimension. For example, considering two
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possible polarization basis, the combined spatial and polarization dimension may be of size
2L). . As described in more detail below, the task of compression is to compress an
original weighting coefficient cube of dimensions L*S*T to the compressed weighting
coefficient cube 702 of dimensions L*M*N by the terminal. The time dimension
compression, in particular, may be achieved by exploring time domain correlation of the
weighting coefficients. In such a manner, the information that needs to be transmitted for
CSI can be reduced and the CSI transmission efficiency in radio resource consumption may

be improved.

In some exemplary implementations under the principles described above, the
spatial domain and frequency domain compression of the original weighting coefficients may

be performed as below to obtain spatial and frequency compressed weighting coefficients C:.

_ _|a
171;172;"',1&/2 0 Z.L,S
0 V1, V2 v, V2l ¢

_ _|la
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The spatial and frequency compressed weighting coefficient C on the T time slots
forms a three-dimensional matrix of L*M*T, and the weighting coefficient vectors in the
time dimension of size T is then compressed into the size N by DFT vectors (TD, or
time-domain basis). Specifically, the weighting coefficient time vector of size T for a
particular spatial dimension (port or beam) [ and frequency domain basis m may be

compressed into size N following:

1 1
Cim l l l
. _ m m
= [v; Uy
Cl,m g Im
The basis vectors [vll’m vf\',m above for performing time domain compression may be

referred to as a third basis vectors. Thus, the time-compressed weighting coefficients for a

CSI layer of in a certain first basis vector (spatial) space and/or a certain second basis vector
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(frequency) space on T time slots are linear weighted combinations of N third basis vectors.
The terminal determines or obtains the third basis vector information, and amplitude and/or
phase information of the compressed weighting coefficients in the third basis vector space for

feedback to the wireless access network node.

As discussed previously, the set of first basis vectors, the set of second basis
vectors, and the set of third basis vectors may be from a first codebook, a second codebook,
and a third code book, respectively. In addition, at least one of the set may be selected by
the terminal from a corresponding set of candidate basis vectors. Such candidate basis

vector sets may be configured by the wireless access network node.

To compress the time-varying CSI by using the correlation of the CSI parameters
in the time domain, multiple time domain samples of the CSI-RS, e.g., multi-slot CSI-RS,

may be used, as shown in FIGs. 8 and 9.

FIG. 8 illustrates multi-time slot CSI-RS configuration 800 for periodic CSI-RS
transmission and for triggering compressed CSI reporting. A measurement time window T
(820) may be configured by the wireless access network node for the terminal. The CSI
report may be triggered by a DCI or a specific CSI trigger signal, as shown by 830. In FIG.
8, the periodic CSI-RS are received by the terminal as shown by 802-812. The example of
FIG. 8, the CSI-RSs are transmitted periodically and received by the terminal with a
periodicity of two time slots. The time slots are shown by the empty boxes 801. The
shaded boxes within the time slots represents the CSI-RSs. The time window T value may
be measured in unit of the periodicity. The time window 820 encloses the CSR-RSs that the
terminal is configured to measure and compress upon the CSI report is triggered by a DCI or
a specific CSI triggering signal 830. Specifically, the terminal, once receiving the trigger
830, may begin compressing CSI information measured during the time window 830. Once
the compression result is obtained, the terminal then transmit the CSI report to the wireless

access network node, as shown by 840.

While in the example of FIG. 8, the terminal is configured to compress CS-RS
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measurement within a window of T immediately before the CSI triggering 830, in some other
implementations, the terminal may be alternatively configured to use other time windows of

T that is not later than the CSI triggering 830.

Further, in order to ensure that the first CSI feedback has sufficient number of
CSI-RS to compress, it is may be necessary to limit the CSI triggering 830 to after

transmission of at least the time window T.

This compression scheme above may increase the signal processing complexity of
the terminal. In particularly, the terminal may be limited to the number of CSI-RSs it can
process within a reasonable amount of time. The above scheme thus may further include
mechanisms that can be used to ensure that the terminal does not have to operate beyond its
capability. For example, the terminal may notify the wireless access network node of its
capability by reporting a maximum time window Ty according to its processing capability.
As such, the wireless access network can configure the time window T for the terminal to be
at most of value Ty. In some implementations a CSI reference resource may be specified to
represent a reference time, and the triggering of the CSI report may be configured such that
there may be no other CSI-RS between the CSI reference resource and the triggering 830, or
there may be no other CSI-RS between (or between and including) the last symbol of the CSI
reference resource and the first symbol of, e.g., the triggering 830. In such a manner, the
terminal only needs to keep track of T number of most recent CSI-RSs preceding the CSI
reference resource rather than more CSI-RSs, reducing the processing requirement of the

terminal.

FIG. 9 further shows illustrates an exemplary multi-time slot CSI-RS
configuration 900 for periodic CSI-RS transmission and for triggering compressed CSI
reporting. In the implementation of FIG. 9, CSI may be triggered, as shown in 930, by, for
example, DCI or other triggering signal, including a triggering CSI-RS, that may be sent from
the wireless access network node to the terminal. The CSI triggering 930 may initiate a CSI
measurements of subsequent CSI-RSs (shown as 902-908) for compression and CSI reporting

(shown as 940).
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Such a triggering signal, e.g., a triggering CSI-RS, may be configured to include
CSI report time information or configuration that the terminal may use to configure its CSI
measurements, compression, and reporting. For example, the triggering information may

include but not limited to:

e A time slot offset indicating a number of time slots between a DCI or other signaling

for triggering the CSI feedback and a first CSI-RS following the triggering signal.

e The number of CSI-RSs for measurement and compression (e.g., 920 of FIG. 9,
showing an exemplary number of CSI-RSs that are configured to be measured and
compressed for reporting at 940). The number of CSI-RSs, in particular, may be
configured to less than T, above (as reported by the terminal as a maximum number
of CSI-RSs that the terminal can process for compression according the processing

capability of the terminal).

e Number of time slots between two adjacent CSI-RSs.

In the situation involving aperiodic CSI-RSs, a CSl-reference resource may also
be specified to represent a reference time. The triggering of the CSI report may be
configured such that there may be no other CSI-RS between the triggering 930 and the CSI
reference resource, or there may be no other CSI-RS between (or between and including) the

last symbol of the triggering 930 and the first symbol of the CSI reference resource.

In some other alternative implementations, a CSI triggering (such as DCI trigger)
may trigger more than one multi-CSI-RS sets. Such multi-set configuration may be

specified by a bitmap.

In the implementation illustrated in FIG. 9, because the CSI-RS is aperiodic or
acyclic, the time needed to receive T number of CSI-RS may be too long. In some
implementations, a separate threshold number T; may be configured such that if the time
from the CSI trigger to the CSI report transmission is less than or equal to T;, the CSI is

directly transmitted. If, however, the time from the CSI trigger to the CSI report
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transmission is greater than T, the CSI is reported multiple times. Each time the content of
the report is different. A DCI may trigger multiple such reports. The number of multiple
CSI reports and the time interval between the CSI reports may be configured by the wireless

access network node.

In some other implementations, the measurement time window T above may
include aperiodic CSI-RSs prior to the triggering 930 as well as CSI-RSs after the CSI
triggering 930. In other words, the CSI-RSs before and after the CSI triggering may be
combined to generate the CSI report. These CSI-RSs may even be transmitted using

different resource allocations but may be related with respect to transmission ports.

In some implementations, the rank indicator (RI) for the T time slots above may
be the same. As such, only one RI may be fed back by the terminal. In some other
exemplary implementations, each of the T time slot may have different RI and these different
RIs be separately feedback in the compressed CSI report. In such situation, the PMI may be
determined by the maximum value of the multiple Rls and then fed back to the wireless

access network node.

Enhanced transmission of compressed CSI report

In the compressed CSI feedback mechanism described above, after determination
of the third basis vector, the size L*M*T weighting coefficient matrix may be compressed
into a size L*M*N weighting coefficient matrix. The amplitude and phase information in
the compressed weighting coefficient matrix needs to be fed back to the wireless access
network node. In general, due to the sparsity of the transformed channel domain, most of
the elements in the compressed coefficient matrix are zero element. As such, rather than
reporting the entire matrix, only the position information and the amplitude/phase
information of the nonzero elements need to be fed back, which can effectively reduce the

CSI feedback overhead.

Several exemplary implementations for position information feedback for the
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nonzero elements in the L*M*N-dimensional weighting coefficient matrix are described
below. In some exemplary implementations, the position of the nonzero elements may be

fed back using a bit map. The dimensions of the bit map may be L*M*N.

In some other implementations, coordinate value (X, y, z) of each nonzero element
in the three-dimensional coordinate system of (L, M, N) may be used for positional feedback
as three separate positional indexes. A values (x, y, z) may be used as indexes or indicators
for indicating that a nonzero coefficient is for the weighting coefficient for the xth first basis
vector, the yth second basis vector, and the zth third basis vector. An specific coding of
such position information, for example, (x, y, z) may be jointly coded with the bit width of
logo(L*M*N). Specifically, the value of a linearized index of the joint coding, i = L*x +
M*y+z,ori=L*x+N*z+y, ori =M*y+ N*z + x may be report. Alternatively, (X, y, z)
may be independently reported. Specifically, the bit width for x, log, (L), the bit width of y,
logoM, and the bit width of z, logoN may be reported.

In yet some other implementations, the L*M*N weighting coefficients may be
divided into K groups, with each group having, for example, LMN/K -coefficients.
Correspondingly, the L*M*N vector space may be divided into K sub-vector spaces.
Positional information of a nonzero element in a group may include three separate
indexes/indicators for indicating the position of the nonzero element in corresponding
sub-vector space. For the linearized index of joint coding i above, the value i'=mod (i,
LMN/K) for nonzero elements within each group may be fed back instead. The weighting
coefficients in different groups may be mapped in a certain predefined order. A fourth
index may be used to identify a sub-vector space. In some implementations, for a total of
Ko nonzero coefficients, the starting position of the coefficients in each group is fed back
using (K-1)*loga(Ko) bits as the fourth index for identifying each group. For example, if the
L*M*N weighting coefficients are divided into two groups, each group includes L*M*N/2
coefficients. The first and second group include weighting coefficients corresponding to the
first half of the CSI-RS ports and the second half of the CSI-RS ports. The number of

feedback bits for the starting position of the weighting coefficients in each group would be
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log, K.

The amplitude, phase, and position of the above nonzero coefficients may be
mapped to a group of uplink control information (UCI) bit sequence in various exemplary
manners. One example is shown in FIG. 10. After the bit sequence corresponding to the
amplitude, phase, and position values of each coefficient are concatenated, as shown by
1002-1012 of FIG. 10, they are mapped in the UCI bit sequence in the order of the
coefficients. In some implementations, a total K. coefficients may be divided into A
groups, shown as two groups (segments) 1020 and 1030 in FIG. 10, each of which contains
amplitude, phase, and position values corresponding to Ki/A coefficients. As further
shown by the bit sequence 1000 of FIG. 10, these groups of coefficients and their positions
may be mapped in the UCI bit sequence in order of coefficients and in order of grouping.
Additionally, according to the resources allocated by the PUSCH and parameters such as
beta_offset, the terminal may omit one or more of the A groups and then perform UCI
transmission for CSI feedback. The orders for the coefficients or grouping above may be

based on a priority ranking.

The description and accompanying drawings above provide specific example
embodiments and implementations. The described subject matter may, however, be
embodied in a variety of different forms and, therefore, covered or claimed subject matter is
intended to be construed as not being limited to any example embodiments set forth herein.
A reasonably broad scope for claimed or covered subject matter is intended. Among other
things, for example, subject matter may be embodied as methods, devices, components,
systems, or non-transitory computer-readable media for storing computer codes.
Accordingly, embodiments may, for example, take the form of hardware, software, firmware,
storage media or any combination thereof. For example, the method embodiments
described above may be implemented by components, devices, or systems including memory

and processors by executing computer codes stored in the memory.

Throughout the specification and claims, terms may have nuanced meanings

suggested or implied in context beyond an explicitly stated meaning. Likewise, the phrase
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“in one embodiment/implementation” as used herein does not necessarily refer to the same
embodiment and the phrase “in another embodiment/implementation” as used herein does not
necessarily refer to a different embodiment. It is intended, for example, that claimed subject

matter includes combinations of example embodiments in whole or in part.

In general, terminology may be understood at least in part from usage in context.
For example, terms, such as “and”, “or”, or “and/or,” as used herein may include a variety of
meanings that may depend at least in part on the context in which such terms are used.
Typically, “or” if used to associate a list, such as A, B or C, is intended to mean A, B, and C,
here used in the inclusive sense, as well as A, B or C, here used in the exclusive sense. In
addition, the term “one or more” as used herein, depending at least in part upon context, may
be used to describe any feature, structure, or characteristic in a singular sense or may be used
to describe combinations of features, structures or characteristics in a plural sense.

REIN43

Similarly, terms, such as “a,” “an,” or “the,” may be understood to convey a singular usage or
to convey a plural usage, depending at least in part upon context. In addition, the term
“based on” may be understood as not necessarily intended to convey an exclusive set of

factors and may, instead, allow for existence of additional factors not necessarily expressly

described, again, depending at least in part on context.

Reference throughout this specification to features, advantages, or similar
language does not imply that all of the features and advantages that may be realized with the
present solution should be or are included in any single implementation thereof. Rather,
language referring to the features and advantages is understood to mean that a specific feature,
advantage, or characteristic described in connection with an embodiment is included in at
least one embodiment of the present solution. Thus, discussions of the features and
advantages, and similar language, throughout the specification may, but do not necessarily,

refer to the same embodiment.

Furthermore, the described features, advantages and characteristics of the present
solution may be combined in any suitable manner in one or more embodiments. One of

ordinary skill in the relevant art will recognize, in light of the description herein, that the
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present solution can be practiced without one or more of the specific features or advantages
of a particular embodiment. In other instances, additional features and advantages may be

recognized in certain embodiments that may not be present in all embodiments of the present

solution.
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CLAIMS

1. A method for reporting wireless channel state information (CSI), comprising:

receiving, by a wireless terminal device, CSI reference signals (CSI-RSs) transmitted

from a wireless access network node;

generating, by the wireless terminal device based on measuring the CSI-RSs, one or
more indicators associated with one or more nonzero elements in a CSI feedback information
in a vector space determined by a set of first basis vectors, a set of second basis vectors, a set

of third basis vectors; and

transmitting, by the wireless terminal device, information pertaining to the one or
more nonzero elements in the CSI feedback information and pertaining to the one or more

indicators to the wireless access network node,

wherein the information pertaining to the one or more indicators comprises a positional

information of the one or more nonzero elements in the vector space; and

wherein the positional information comprises:

a first index, a second index, and a third index into the set of first basis vectors,

the set of second basis vectors, and the set of third basis vectors, respectively; or

an index representing a linearization of a first index, a second index, and a third
index into the set of first basis vectors, the set of second basis vectors, and the set of

third basis vectors, respectively.

2. The method of claim 1, wherein the set of first basis vectors, the set of second basis

vectors, the set of third basis vectors are selected by the wireless terminal device from a first
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codebook, a second codebook, and a third codebook, respectively.

3. The method of claim 1, wherein at least one set of the set of first basis vectors, the set
of second basis vectors, and the set of third basis vectors are selected from a set of candidate

basis vectors configured by the wireless network access node.

4. The method of claim 1, wherein:

the vector space is divided into a plurality of sub-vector spaces; and

the positional information of one nonzero element in one sub-vector space comprises:

at least one of:

a first index, a second index, and a third index into the one sub-

vector space for the one nonzero element, or

an index representing a linearization of a first index, a second
index, and a third index into the one sub-vector space for the one nonzero

element; and

a fourth index identifying the one sub-vector space among the plurality of

sub-vector Spaces.

5. The method of claim 1, wherein the information pertaining to a nonzero element in the
CSI feedback information and information pertaining to an indicator associated with the

nonzero element are mapped to adjacent locations in an uplink control information when being
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transmitted to the to the wireless access network node by the wireless terminal device.

6. The method of claim 1, wherein:

the one or more nonzero elements are divided into a plurality of groups based on a

priority ranking; and

information pertaining to the one or more nonzero elements and to the one or more

indicators are mapped to an uplink control information according to the priority ranking.

7. A method for reporting wireless channel state information (CSI), comprising:

transmitting, by a wireless access network node, CSI reference signals (CSI-RSs) to a

wireless terminal device; and

receiving, by a wireless access network node, a CSI report based on measurement of

the CSI-RSs by the wireless terminal device,

wherein the CIS report comprises:

information pertaining to one or more indicators associated with one or more
nonzero elements in a CSI feedback information generated by the wireless terminal
device in a vector space determined by a set of first basis vectors, a set of second basis

vectors, and a set of third basis vectors; and

information pertaining the one or more nonzero elements;

wherein the information pertaining to the one or more indicators comprises a positional

information of the one or more nonzero elements in the vector space; and
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wherein the positional information comprises:

a first index, a second index, and a third index into the set of first basis vectors,

the set of second basis vectors, and the set of third basis vectors, respectively; or

an index representing a linearization of a first index, a second index, and a
third index into the set of first basis vectors, the set of second basis vectors, and the set

of third basis vectors, respectively.

8. The method of claim 7, wherein the set of first basis vectors, the set of second basis
vectors, the set of third basis vectors are selected by the wireless terminal device from a first

codebook, a second codebook, and a third codebook, respectively.

9. The method of claim 7, wherein at least one set of the set of first basis vectors, the set
of second basis vectors, and the set of third basis vectors are selected from a set of candidate

basis vectors configured by the wireless network access node.

10. The method of claim 7, wherein:

the vector space is divided into a plurality of sub-vector spaces; and

the positional information of one nonzero element in one sub-vector space comprises:

at least one of:

a first index, a second index, and a third index into the one sub-

vector space for the one nonzero element, or
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an index representing a linearization of a first index, a second
index, and a third index into the one sub-vector space for the one nonzero

clement; and

a fourth index identifying the one sub-vector space among the plurality of

sub-vector Spaces.

11. The method of claim 7, wherein the information pertaining to a nonzero element in the
CSI feedback information and information pertaining to an indicator associated with the
nonzero element are received by the wireless access network node in adjacent locations in an

uplink control information.

12. The method of claim 7, wherein:
the one or more nonzero elements are divided into a plurality of groups based on a
priority ranking; and

information pertaining to the one or more nonzero elements and the information
pertaining to the one or more indicators are received by the wireless access network node as

mapped in an uplink control information according to the priority ranking.

13. A wireless communication device comprising one or more processors and one or more
memories, wherein the one or more processors are configured to read computer code from the

one or more memories to implement the method in claim 1.
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14. A wireless communication device comprising one or more processors and one or more
memories, wherein the one or more processors are configured to read computer code from the

one or more memories to implement the method of claim 7.
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